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FOREWORD 

This document, which is a Supplement to the Naval Petroleum Reserve No. 1 (NPR-1) 1979 final 
Environmentallmgact Statement (SEIS), has been prepared by the Department of Energy (DOE). 
Preparation of the SEIS has been a lengthy undenaking that represents the most comprehensive 
effon to date to assess and repon the environmental consequences of NPR-1 activities. 

NPR-1 is a large (74 sqUllre miles) and profitable oil and gas field in south central California 
jointly owned and operated by the federal government and Chevron USA Inc. (CUSA). The 
government's interest is approximately 78% and CUSA's interest is approximately 22%. The 
federal government's interest is under the jurisdiction of DOE. The DOEICUSA relationship is 
set forth in a Unit Plan Contract (UPC) that originally became effective in 1944. The UPC 
provides for producing federal and CUSA properties on NPR-1 in a cooperative manner (as a 
-unit-) that moximizes the value of NPR-1 hydrocarbon resources. 

NPR-1 was established by Presidential Executive Order in 1912 for national defense purposes. 
For the most pan, the facility was maintained in a reserve shut-in status until 1976. Since then, 
production has been at the moximum efficient rate (MER), pursuant to the Naval Petroleum 
Reserves Production Act of 1976 (Public Law 94-258) which was passed as the result of oil 
shortages in the 1970's. MER is the moximum rate that optimizes ultimate hydrocarbon recovery 
and economic return. 

NPR-1 production peaked at approximately 180,000 ba"els of oil/day in 1981. Since then, 
production has declined steadily in a manner typical of oil field operations; cu"ent oil 
production is approximately 70,000 ba"els/day. In addition to oil, NPR-1 produces large 
qUllntities of natural gas and natural gas liquids (NGL's) consisting of propane, butane, and 
natural gasoline. Cu"ent natural gas and NGL production is approximately 305-327 million 
cubic feet/day and 420,000-440,000 gallons/day, respectively. Estimated remaining oil reserves 
in 1988 were 524. 4-831. 5 million ba"els. Estimated remaining gas reserves in 1988 were 
1,790-2,497 billion cubic feet. NPR-1 hydrocarbon product is delivered on-site to CUSA and 
government purchasers. Government receipts are deposited in the United States Treasury. It 
is anticipated that NPR-1 would continue to be profitable until 2010-2025, and perhaps much 
longer. 

The basis for the SEIS proposed action is the April 1989 NPR-1 Long Range Plan which 
describes a myriad of planned operational, maintenance, and development activities over the next 
25-30 years. 1hae activities include the continued operation of existing facilities; additional 
well drilling,· expanded steamjlood operations; expanded waterflood programs; expanded gas 
compression,-gas lift,...gas processing .. and-gas-injection,!.·construction of a new cogeneration 
facility,· construction of a new isobutane facility,· and a comprehensive environmental program 
designed to minimize environmental impacts. Based on the results of planning activities it is 
possible that future development could result in exceeding some of the environmental impacts that 

v 



were projected in the 1979 EIS. Accordingly, the decision was mmJe to prepare an SEIS, and 
a Notice of Intent was published in the Federal Register on April 4, 1988 (53 FR 10922). 

, ... 
The SEIS addresses all major environmental impact areas for the proposed action and 
alternatives to the proposed action. Major areas of investigation include geology and soils, 
wastes, waler, air, the terrestrial biota (including threatened and endangered species), cultural 
resources, land use, socioeconomics, and other risks. The primary areas of concern are 
potential adverse impacts to the endangered San Joaquin Idt fox and to useful groundwater 
aquifers on the periphery of and adjacent to the site. As the analysis indicates, NPR-1 
management recognizes the risks, and comprehensive programs are well established to mitigate 
impacts (and risk of impacts), monitor mitigation success, and design and implement additional 
mitigations, as appropriate. In addition to adverse impacts, the proposed action includes 
numerous activities tlult would impact favorably, including well and facility abandonments, 
habitat reclamation, additional secondary containment facilities, foTlTUll closure of waste sites, 
repair/replacement/relocation of aged facilities in sensitive areas, and reductions in hydrocarbon 
and nitrogen oxide emissions. 

A Notice of Availability of the Draft SEIS was published in the Federal Register on June 5, 1992, 
(57 FR 24038), establishing a public comment period ending July 31, 1992. Comments were 
receivedfrom various public agencies and interested individuals. All comments were considered, 
and the Draft SEIS was revised appropriately. 

Questions regarding the SEIS may be directed to Mr. James C. Killen, DOE, NPRC Technical 
Assurance Manager and the SEIS Project Manager. Mr. Killen can be contacted either by 
writing the Department of Energy, Naval Petroleum Reserves in California, P.O. Box 11, 
Tupman, California, 93276, Attn: James C. Killen, or by calling (805) 763-6038. 
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SUMMARY 

Introduction 
Background and Purpose 

This document provides an analysis of the potential environmental impacts associated with 
the proposed action, which is continued operation of Naval Petroleum Reserve No. 1 
(NPR-1) at the Maximum Efficient Rate (MER) as authorized by Public law 94-258, the 
Naval Petroleum Reserves Production Act of 1976 (Act). The document also provides a 
similar analysis of alternatives to the proposed action, which also involve continued 
operations, but under lower development scenarios and lower rates of production. NPR-1 
is a large oil and gas field jointly owned and operated by the federal government and 
Chevron U.SA Inc. (CUSA) pursuant to a Unit Plan Contract (UPC) that became effective 
in 1944; the government's interest is approximately 78% and CUSA's interest is 
approximately 22%. The government's interest is under the jurisdiction of the United States 
Department of Energy (DOE). The facility is approximately 47,409 acres (74 square miles), 
and it is located in Kern County, California, about 25 miles southwest of Bakersfield and 
100 miles north of Los Angeles in the south central portion of the state. The environmental 
analysis presented herein is a supplement to the NPR-1 Final Environmental Impact 
Statement of that was issued by DOE in 1979 (1979 EIS). As such, this document is a 
Supplemental Environmental Impact Statement (SEIS) . 

NPR-1 was created in 1912 by Presidential Executive Order for national defense purposes. 
Except for significant amounts of production during wartimes, the facility was maintained 
in what was essentially a shut-in reserve status until the mid-1970's; wells were drilled and 
facilities constructed, but for the most part production was limited to only that needed for 
readiness testing. Prompted by oil shortages, in 1976 Congress passed and the President 
signed the Naval Petroleum Reserves Production Act (the Act) providing for the production 
of NPR-1 at the MER, consistent with the UPC and all other laws and regulations, including 
federal, state, and local laws pertaining to the environment. MER is the maximum rate that 
optimizes both economic return and ultimate hydrocarbon recovery. In accordance with the 
Act and the UPC, CUSA's equity share of hydrocarbon product is delivered to them, and 
the government's share is sold by competitive bid in the open marketplace and/or retained 
by the government. Hydrocarbon product includes crude oil, natural gas, and natural gas 
liquids (NGL) consisting of propane, butane and natural gasoline. Government receipts are 
deposited in the United States Treasury, Miscellaneous Receipts Account. Production costs 
are shared between the government and CUSA on the basis of equity ownership of 
hydrocarbon products produced. 

Following passage of the Act, DOE issued the 1979 EIS covering MER production in 
accordance with the requirements of the National Environmental Policy Act (NEP A). The 
scope of the 1979 EIS included all of the drilling, construction, operations and maintenance 
activities normally associated with developing a large and complex oil field utilizing 
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generally accepted primary and secondary hydrocarbon recovery techniques (e.g., naturally 
flowing wells, artificial-lift, gas-injection, waterflooding, etc.). Among other impacts, the • 1979 EIS addressed significant land disturbances, waste generation and disposal (including 
disposal of substantial quantities of saline water produced with oil and gas), and increases 
in air emissions. In addition to the 1979 EIS, an Environmental Assessment (EA) and 
Finding of No Significant Impact (FONSI) were issued by DOE in 1985 to support 
construction and operation of a tertiary recovery steamflood project that had not been 
included in the scope of the 1979 EIS. 

As the result of field maturation and accumulated experience, current plans provide for the 
eventual implementation of recovery strategies and efficiency projects that are more 
aggressive than were originally believed necessary to comply with MER requirements. Most 
notably, current plans include an expanded drilling program (including horizontal drilling), 
a potential that expanded steamflooding may be needed, expanded waterflooding, expanded 
gas-injection operations, expanded gas-lift operations (enhanced artificial-lift), additional gas
processing and compression capacity, cogeneration, and butane isomerization. Based on 
current plans, it is projected that some environmental impacts could exceed those that were 
identified in the 1979 EIS and 1985 EA Accordingly, the decision was made to prepare 
another NEP A document to update the environmental analysis of continued MER 
production. Pursuant to this decision, a Notice of Intent to prepare a Supplemental EIS was 
issued on April 4, 1988 (53 FR 10922). A Notice of Availability of the DSEIS was published 
in the Federal Register on June 5, 1992 (57 FR 24038), establishing a comment period 
ending July 31, 1992. All comments received during the review period were considered and • revisions to the DSEIS in response to the comments were made as appropriate (see 
Appendix H). 

Hydrocarbon Production, Reserves and Economics 

Original recoverable oil-in-place has been estimated to be 1,384-1,691 million barrels. As 
of 1988, 860 million barrels had been recovered, 630 million as the result of MER 
production. Therefore, remaining recoverable oil reserves in 1988 were about 424-831 
million barrels. Oil production peaked in July of 1981 at approximately 180,000 barrels/day. 
Since then, production has declined steadily in a manner typical of oil-field operations. 
During the fiscal year ending September 30, 1990 (FY 1990), oil production averaged 
approximately 82,000 barrels/day. FY 1992 oil production normally averaged 70,000 bar
rels/day. 

Original recoverable gas-in-place has been estimated to be 2,404-3, 1 1 1  billion cubic feet. 
As of 1988, 1,246 billion cubic feet of gas had been produced, leaving 1, 158-1,865 billion 
cubic feet of original recoverable reserves still in place. Essentially all produced gas was 
processed to extract NGL products. As of 1988, over 2.1 billion gallons of NGL's had been 
extracted. Approximately 632 billion cubic feet of processed gas was reinjected into 
producing reservoirs to enhance oil recovery (oil being the more valuable commodity). 
Injected gas quantities are available for future recovery (in addition to original recoverable 
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reserves still in place). In FY 1990, gas production averaged approximately 344 million 
cubic feet/day, gas injection averaged 200 million cubic feet/day, and NGL production 
averaged 541,000 gallons/day. In FY 1992, gas production, gas injection, and NGL 
production averaged approximately 313 million cubic feet/day, 207 million cubic feet/day, 
and 440,000 gallons/day, respectively. 

All quantities of oil and NGL production are divided as equity product between the 
government and CUSA Approximately 60% of total gas production is consumed in 
operations (injection, fuel, etc.). The balance is divided as equity product. 

Cumulative government revenues during the period 1976-1990 were approximately $13.7 
billion. Government costs during the same period were approximately $2.1 billion. 
Government revenues and costs in FY 1990 were approximately $547.4 million and $162.6 
million, respectively. Based on best available information, it is anticipated that NPR-1 
would continue to be profitable through the year approximately 2010-2025. For the period 
1990-2010, a cursory estimate indicates that cumulative government revenues and costs could 
be approximately $14.5 billion and $4.5 billion, respectively. The foregoing figures are 
exclusive of the economic benefits and costs associated with CUSA's 22% interest. 

Facilities 

Of the 47,409 acres comprising the site, approximately 10,360 are owned in fee by CUSA 
Almost all of the remaining 37,049 acres are owned in fee by the federal government. The 
major facilities at the site include: 

• Approximately 2,315 active, idle, and abandoned wells as of 1988. Active wells include 
hydrocarbon producers, waterflood injectors, gas injectors, steam injectors, waterflood source 
water producers, and wastewater disposal injectors. By 1988, approximately 776 hydro
carbon producers had been equipped with pumping units driven either by electric motors 
or internal combustion engines. 

• About 121 tank settings used to separate produced gas from produced oil/water. 

• Five dehydration/lease automatic custody transfer (LACf) facilities for separating oil 
from water, disposing of the water, and transferring custody of oil product to CUSA and 
DOE product purchasers. 

• Approximately 1 12,000 horsepower of gas compression used to transport and inject gas; 
compressors are driven either by electric motors or internal combustion engines. 

• Three on-site gas-processing plants used to extract NGL's from produced gas with a total 
nominal capacity of about 300 million cubic feet/day. A gas-processing agreement with 
CUSA for use of another 60 million cubic feet/day of capacity off-site at their nearby 17Z 
gas plant. 
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• Four facilities for transferring custody of equity gas to CUSA and DOE purchasers, one 
of which is located off-site at CUSA's 17Z gas plant 

• Three facilities for storing, truck loading and transferring custody of equity NGL's to 
CUSA and DOE purchasers, one of which is located off-site at CUSA's 17Z gas plant 

• Three waterflood pump stations driven by electric motors capable of injecting 
approximately 200,000 barrels/day of water into producing formations. 

• One steam-injection plant capable of injecting approximately 5,200 barrels/day of water 
as steam into producing formations. 

• Fresh water system with a capacity of about 42,000 barrels/day. 

• Electrical distribution system with a capacity of about 80 megawatts. 

• Several emergency wastewater sumps (lined and unlined); two landfill/waste handling 
facilities, one of which contains an inactive hazardous waste unit that is in the process of 
being formally closed; a scrap/recycling yard; and numerous old abandoned waste sites 
(approximately 106) that are in various stages of review, investigation and remediation. 

• Thirty-two permits allowing outside parties (third parties) to conduct a variety of surveys, 
construction, operations and maintenance activities on NPR-1 Iands. 

• Numerous building complexes, pipelines, communications systems, air monitoring 
equipment, vehicle fleets, fuel depots, fire water systems, roads, and other infrastructure. 

Operations 

The UPC provides that establishing the time and rate of production are the exclusive right 
of the government. The government also has the exclusive right to carry out the actual 
operation of the site. Production decisions, however (e.g., number, design, and location of 
wells, facilities, etc.), are made by an Operating Committee consisting of one government 
member and one CUSA member, each member having an equal vote. 

NPR-1 operations consist of the following four major areas of activity: operations and 
maintenance; exploratory drilling; development drilling; and the planning, design, 
construction, and start-up of development facilities. Site activities are carried out by a 
permanent staff of approximately 800 DOE, CUSA and DOE contractor employees. In 
addition, approximately 400-500 subcontractor-employees could be on-site at any given time. 
With the exception of the endangered species program, almost all operations are carried out 
by a DOE management and operating contractor. The current management and operating 
contractor is Bechtel Petroleum Operations, Inc. (BPOI). Management and operating 
contractors prior to BPOI included Williams Brothers Engineering Company and Standard 
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Oil Company of California (now CUSA). Endangered species and cultural resource 
activities are carried out by EG&G Energy Measurements, Inc. (EG&G /EM) under 
contract to DOE. Management guidance for the endangered species program is provided 
by an Endangered Species Advisory Committee consisting of representatives from the 
various NPRC organizations, the U.S. Fish and Wildlife Service, California Fish and Game, 
Bureau of Land Management and the California Energy Commission. DOE also has 
contracts with Jerry R. Bergeson and Assoc., Inc., for reservoir engineering support, and 
Research Management Consultants, Inc., for administrative and technical support. The total 
NPR-1 budget, including CUSA's share, was projected in FY 1989 to increase from 
approximately $172 million in FY 1989 to $225 million in FY 1995. 

Proposed Action 
The proposed action is to continue producing NPR-1 at MER in accordance with the 
requirements of the Naval Petroleum Reserves Production Act. This would involve the 
continued operation of existing facilities plus additional development. For the purpose of 
this SEIS, it has been assumed that operations and development activities would be carried 
out as described in the FY 1989-1995 Long Range Plan for as long as the field continues 
to be economic (approximately 2010-2025). The activities included under the proposed 
action to be initiated or continued in accordance with the Long Range Plan (LRP), and 
projected over the foreseeable future years, are summarized as follows: 

• Approximate maximum production quantities would be 80,000-99,000 barrels/day of oil; 
181,000 barrels/day of produced water requiring disposal; 415 million cubic feet/day of 
natural gas; 768,000 gallons/day of NGL's; 272 million cubic feet/day of gas injection; 
254,000 barrels/day of waterflood injection; 37,000 barrels/day of fresh water injection as 
steam; and the acquisition of up to 75,000 barrels/day of fresh water for steam injection and 
other operational purposes. To the extent technically and economically feasible, plans are 
to recycle produced water for use as source water for waterflood operations. The balance 
of waterflood source water requirements would be withdrawn from NPR-1 groundwater 
aquifers in the Tulare Formation. Current groundwater withdrawals for this purpose are 
about 148,000 barrels/day. It is anticipated that as proposed recycling projects become 
operational, groundwater withdrawals could decline substantially. Produced water that is 
not recycled would be disposed of into the Tulare Formation (UIC exempt aquifer). 
Currently, approximately 80,000-100,000 barrels/day of produced water are disposed of in 
this way. As recycling projects become operational, disposal into the Tulare should decline. 

• Continued operation and maintenance of all existing facilities. 

• A program to drill, redrill, or deepen appr-oximately 382 wells, 148 of which would be 
for the proposed steamflood project described below. 
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• A program to perform approximately 2,663 well remedial jobs (such as stimulations, • recompletions, artificial-lift installations, and conversions) as needed to ensure efficient 
operation and maintenance of approximately 2,697 wells. 

• A program to abandon approximately 1,080 wells. 

• Construction and operation of approximately 46,250 horsepower (37,500 horsepower gas; 
8,750 horsepower electric) of additional gas compression for gas-lift projects, gas-injection 
projects, and the continued transportation of field gas as reservoir pressures decline. 

• Construction and operation of compression and processing facilities to compress, 
transport and process up to an additional 100-150 million cubic feet/day of gas on-site 
(fourth NPR-1 gas plant). 

• A phased multi-year initiative to construct and operate a 148-well, 500-acre, 625 million 
BTU /hour steamflood project which, if fully implemented, would increase steam injection 
by approximately 33,000-34,000 barrels/day of fresh water. Implementation of individual 
phases would be dependent on the technical and economic success of preceding phases. 
The need to expand the capability of the fresh water system to accommodate the project 
would be addressed within the scope of each phase. 

• Construction of new facilities and increased use of existing facilities as needed to expand 
waterflooding by approximately 106,000 barrels/day. 

• Construction and operation of a 42 megawatt cogeneration facility. 

• Construction and operation of a 170,000-220,000 gallon/ day butane isomerization facility. 

• Activities to permit third parties to construct, operate and maintain pipeline projects, 
geophysical surveys, and other projects/activities on NPR-1 1ands. Permits would address 
NPR-1 1egal, technical, environmental, safety, security and other requirements for the on-site 
and off-site components of each activity. Approximately 3-4 third-party projects are 
anticipated each year. 

• Projects to investigate, remediate, or otherwise manage numerous old and inactive waste 
sites. 

• A program to reclaim/revegetate by about the year 1998 approximately 1,045 acres of 
disturbed lands not needed for operations. Additional areas also would be reclaimed/ 
revegetated as tbey are identified as no longer needed for operations. 

• A comprehensive environmental program designed to address all aspects of 
environmental protection. 
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Alternatives to the PrQposed Action 

The primary alternatives to the proposed action are (1) no future development (no action) 
(Alternative 1); (2) future development as specified in the proposed action, but without the 
steam expansion, the fourth gas plant, or the cogeneration project (Alternative 2); and 
(3) future development as specified in the proposed action, plus the implementation of 
nonsteamflood tertiary-recovery techniques (Alternative 3). Another alternative is to sell 
the government's interest in NPR-1 (divestiture), a possibility requiring Congressional 
authorization that was identified in the Notice of Intent to prepare this SEIS. Proposed 
divestiture legislation was prepared for Congressional consideration, but to date Congress 
has not acted. For this reason, divestiture is no longer considered to be a viable alternative, 
and therefore it was not analyzed in this document. The U.S. Environmental Protection 
Agency proposed an additional alternative in their review and comment on the DSEIS. This 
alternative, which combines provisions of the no action alternative for the short term with 
provisions of the proposed action for the future, would not satisfy the purpose and need of 
the proposed action, which is to produce NPR-1 at the maximum efficient rate in 
accordance with the Naval Petroleum Reserves Production Act. Therefore, this alternative 
also was not analyzed in detail in this document. 

Alternative 1 is considered to be a continuation of existing operations and maintenance only, 
without additional production-related developments. A detailed analysis of this alternative 
is presented herein. Under this scenario, hydrocarbon recovery would be greatly reduced 
over the long term (by up to approximately 58% of remaining oil reserves and 20% of 
remaining gas reserves), which does not conform to current legislated MER production and 
economic requirements. Alternative 3 was considered and dismissed because it does not 
appear that for the foreseeable future nonsteamflood tertiary-recovery techniques would 
satisfy project goals (based on available technical information and existing economic 
conditions). A viable alternative to the proposed action is Alternative 2, and a detailed 
analysis of this alternative was conducted. 

Alternative 1 and Alternative 2 include all of the development projects needed to maintain 
safety and environmental quality that are included in the proposed action. 

Existing Environment 

The most significant aspects of the existing environment are summarized as follows: 

• Approximate baseline production quantities used in this assessment were: 

Oil - 99,000 barrels/day 
Gas - 365 million cubic feet/day 
NGL's - 654,000 gallons/day 
Produced Water - 100,000-110,000 barrels/day 
Tulare Groundwater Production - 148,000 barrels/day 
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Watertlood Injection - 148,000 barrels/day 
Produced Water Deep Zone Disposal - 10,000- 20,000 barrels/day 
Tulare Zone Produced Water Disposal - 80,000- 100,000 barrels/day 
Gas Processing - 330 million cubic feet/day 
Gas Injection - 188 million cubic feet/day 
Equity Gas Distributed - 118 million cubic feet/day 
Steam Injection - 5,200 barrels/day water 
Fresh Water Purchases - 29,000 barrels/day 

• Almost all of NPR-l is located in the Elk Hills which are on the western side of the San 
Joaquin Valley. Elk Hills consists of a line of hills that are approximately 16 miles long and 
6 miles wide with as much as 1,200 feet of relief. Some of NPR-l, consisting of most of the 
periphery, is located on or immediately adjacent to the valley floor. Almost all development 
has taken place in the upland areas of the site. The lower, flatland areas on the periphery 
of the site are comparatively undeveloped. 

• Subsurface geology at NPR-1 is very complex. Hydrocarbons are extracted from four 
different geologic zones (Stevens Zone, Shallow Oil Zone, Dry Gas Zone, and the Cameros 
Zone) that are made up of 14 separate major reservoirs, or pools, ranging in depth from 
approximately 1,500 to 10,000 feet. Noncommercial hydrocarbons also are present in the 
Tulare Formation where groundwater is present. 

• 

• The southern San Joaquin Valley is an arid region with an average precipitation of • approximately 5-6 inches/year. The excess of evaporation over precipitation is 
approximately 45 inches/year. 

• Numerous older inactive waste sites (approximately 106) are present at NPR-1 as the 
result of past disposal practices that, although allowable under the regulations previously in 
force, are no longer acceptable. All of these sites have been addressed through remediation 
or Preliminary Assessments/Site Investigations. 

• The San Joaquin Valley Air Basin portion of Kern County is a nonattainment area for 
federal and state limits on ozone, and is a serious nonattainment area for particulate matter 
of 10 microns or less (PM1o). Nitrogen oxides (NOx) and hydrocarbons, both of which are 
emitted at NPR-1, are precursors to the formation of ozone. NPR-1 programs are well 
established to control NOv hydrocarbons, and other emissions in accordance with 
regulations. Formal rule-making activities by the Kern County Air Pollution Control District 
and the California Air Resources Board to control PM1o emissions are in progress. NPR-1 
is participating in this activity, and programs to address eventual requirements have been 
incorporated into the planning process. 

• There are no significant surface water resources on or near NPR-l, and low levels of 
precipitation preclude significant run-off. No wetland resources have been designated to 
date. However, some small widely scattered areas have been identified as potential wetland 
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sites. These sites are not in or near any of the areas to be disturbed as the result of the 
proposed action. Plans are to evaluate these sites further for designation as wetlands, and 
to avoid them unless they are determined to not meet wetland criteria. 

• The great majority of NPR-l groundwater is in the Tulare Formation at depths that 
range from approximately 400 to in excess of 1,000 feet. This water is poor quality with no 
known beneficial uses except as watertlood source water. In approximately 1983, the NPR-l 
Tulare Formation was exempted under the Underground Injection Control (UIC) Program 
as an underground source of drinking water when the Environmental Protection Agency 
approved the California Division of Oil and Gas application for primacy pursuant to Section 
1425 of the Federal Safe Drinking Water Act (40 CFR Part 147, Subpart F). In addition, 
the NPR-l Tulare Formation has been permitted since the 1950's by the Central Valley 
Regional Water Quality Control Board for surface disposal of produced wastewater. 
Groundwater beneath the valley floor on the periphery of and adjacent to the site is in the 
Alluvium and Tulare Formation. This groundwater is closer to the surface and it has 
beneficial uses requiring protection. The quality of groundwater on the western margin of 
the San Joaquin Valley in the vicinity of oil and agricultural development is generally lower 
than in other areas of the Valley. This has led some investigators to suspect that oil and 
agricultural activities may have contributed to some groundwater degradation. These 
investigators have theorized that at NPR-l, for example, it is possible that flow paths exist 
in the subsurface above the water table between useful groundwaters and unlined sumps 
that have been used intermittently over the years to dispose of produced wastewater 
(primarily during off-normal situations of short duration). This has been an area of intense 
investigation without resolution because in addition to a very complex hydrogeologic setting 
that is not well understood, there are other investigators who have theorized that lower 
groundwater quality in the western Valley is primarily the result of natural hydrogeologic 
factors. This is an area of continuing assessment by NPR-l and local water authorities. 
NPR-l wastewater sumps posing the greatest risks to groundwater quality are now lined. 

• Construction of a project to recycle approximately 50,000 barrels/day of produced 
wastewater for use as watertlood source water was recently completed. Currently, the 
project is in the start-up phase; however, it does not appear that the facilities installed are 
capable of meeting waterflood water quality specifications. An initiative is in progress to 
identify and implement the actions necessary to make use of this major capital investment 
as intended. Additional recycling projects have been incorporated into the planning process. 

• The northeast comer of NPR-l is adjacent to the western boundary of a planned 20,000 
acre water banking project: the Kern Fan Element of the Kern Water Bank Project. This 
project is part of the California State Water Project for recharging, extracting and storing 
State Water. Project water. -Current plans are to develop the water bank in a manner that 
maintains a safe distance between water that is eventually banked and the poorer quality 
groundwaters that currently are present on the western margins of the San Joaquin Valley. 
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• Projects are in various phases of planning, design and construction to repair, replace, • modify, and relocate facilities on the northeast flank of NPR-1 that pose the greatest risk 
to the water bank and useful groundwaters in that area 

• Cumulative habitat disturbance due to development at NPR-1 amounts to approximately 
6,546 acres (approximately 14% of the site), the great majority of which are in the upland 
areas of the site. Of this, approximately 3,306 acres were the result of MER production. 
To mitigate the impacts of disturbances, a comprehensive habitat reclamation/revegetation 
program was implemented and is well established. Reclamation/revegetation activities have 
taken place on approximately 1,689 acres of previously disturbed area identified as not 
needed for future operations (approximately 4% of the site). This results in a net disturbed 
and developed area of approximately 4,857 acres (10% of the site). 

• NPR-1 supports a diverse variety of flora and fauna, including four federally endangered 
animals (the San Joaquin kit fox, blunt-nosed leopard lizard, giant kangaroo rat, and Tipton 
kangaroo rat); one state threatened animal (San Joaquin antelope squirrel); and one 
federally threatened plant (Hoover's woolly-star). Another 27 plant and animal species that 
have been categorized at various levels of concern less than that of threatened are known 
to be present, or suitable habitat for them exists. Comprehensive endangered species and 
wildlife management programs to minimize biological impacts are well established. 

• The minimum population of the San Joaquin kit fox in a study area comprising about 
half of the NPR-1 site declined from 153 animals in 1981, when population monitoring • began, to approximately 28 animals in 1990. The great majority of the decline occurred 
during the period from 1981-1985. Although the kit fox population was relatively stable 
between 1986 and 1990, ranging from 33-50 animals from 1990-1991, the evidence suggests 
the population may have declined again. Data in 1992 suggests a significant increase. An 
analysis conducted in 1986 indicated that the decline in developed areas was about the same 
as the decline in undeveloped areas. Based on recent observations, very few kit foxes are 
now present in the developed upland areas of the site. The extent to which the foregoing 
is the result of development and/or natural factors is not known. Principal development 
impacts known or suspected to have occurred include vehicle mortality, harassment, and 
potential adverse effects of oil-field chemicals. Principal natural factors include the 
following: a significant decline in food supplies as the possible result of a long period of 
diminished precipitation; an increase in coyote abundance and predation; disease; and the 
possibility that the upland habitat comprising the great majority of the site is not as suitable 
for kit foxes as the lower flatland areas that comprise the site periphery and surrounding 
valley floor. Kit fox mortalities known to have occurred as the result of development 
averaged approximately three foxes/year during the l l-year period 1980-1990, almost all of 
which were due . to WllisiODS with v�hicles . . This decreased to an average of approximately 
one mortality/year during the most current 5-year period. Wildlife conservation and the 
relationship between oil-field development and kit fox population dynamics have been and 
continue to be the major focus of the NPR-1 wildlife and endangered species programs . 
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• A comprehensive sample survey of NPR-1 lands to identify cultural resources was 
recently completed in consultation with the State Historic Preservation Office. There are 
40 recorded archaeological sites and 101 recorded historic sites on NPR-1. No NPR-1 sites 
are presently listed in the National Register. However, 12 prehistoric sites are potentially 
eligible for listing and evaluation of their listing eligibility is planned. Several archaeological 
and historic sites are also known to be present in areas adjacent to NPR-1. 

• NPR-1 1and use is consistent with that of the general area. The areas adjacent to NPR-1 
consist almost entirely of oil and agricultural development. Some small communities are 
present nearby. 

• Kern County has a broad industrial base with oil and agriculture being predominant. 
Kern County is the leading petroleum producing county in California and the leading oil 
producing county in the United States. During 1987, oil production averaged approximately 
675,000 barrels/day, or about two-thirds of the total oil production in the state. In 1985 the 
total value of mineral production in Kern was about $6.5 billion. Kern County is also one 
of the top three agricultural producers in the United States. In 1985 the total value of all 
farm production exceeded $1.2 billion. The Kern County budget in 1987-1988 was 
approximately $443 million. The population of Kern County in 1987 was approximately 
500,000, over half of which live in unincorporated areas. The city of Bakersfield is the most 
populous incorporated area with a population of about 190,000 in 1988. In 1987, median 
household income in Kern was approximately $20,700. The total Kern County labor force 
in 1986 was approximately 224,000, 1 1.8% of which were unemployed . .  

• • NPR-1 operations are subject to the normal kinds of occupational and industrial risks 
associated with oil-field operations. The most significant of these include occupational 
injuries, gas fires/explosions and well blowouts. Occupational injury rates have typically 
been significantly less than the industry average. Since MER production began in the mid-
1970's there have been six well blowouts which is consistent with industry experience based 
on level of activity. There also have been four gas explosions. Assessment and corrective 
action programs are well established to address actual incidents, near misses, and unusual 
occurrences. There have been no well blowouts or gas explosions since 1985. 

• 

Impacts of the Proposed Action 

A summary of the impacts of the proposed action (favorable and unfavorable), together with 
planned mitigation, are provided by Table S-l for each major impact area. Potential 
impacts to the San Joaquin kit fox and useful groundwater aquifers on the periphery of and 
adjacent to the site are the primary areas of concem As explained in the Table, aggressive 
mitigation programs are in place to minimize environmental impacts and risks . 
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Impacts or the Alternatiyes to the Proposed Action 

The near-term environmental impacts associated with Alternative 1 (no action) would be 
essentially the same as the impacts associated with continuing current operations as 
described in the existing environment. However, these impacts would decline rapidly and 
significantly in a manner that parallels the rapid and significant decline in production 
associated with this Alternative. Implementation of Alternative 1 (no action) would disturb 
approximately 7 4 1  acres of habitat on and off NPR-1 over the next 30 years. In comparison 
to no action, the proposed action would increase habitat disturbance by 828 acres, 
Alternative 2 would increase habitat disturbance by 378 acres, and both the proposed action 
and Alternative 2 would increase other areas of significant impact accordingly. Other areas 
of significant impact reduction, by similar comparison, would be air emissions, waste 
generation, fresh water requirements, and site operations safety. 

• 

A viable alternative to the proposed action is Alternative 2 which is the same as the 
proposed action except that it excludes the steamflood project, the fourth gas plant, and the 
cogeneration facility. It has been estimated that the excluded projects could have a 
combined net present value as high as $2 billion: i.e. the net present value of future project 
cash flows at 10% discount factors equals approximately $2 billion. The environmental 
impacts of Alternative 2 would be of the same type as those described for the proposed 
action but smaller in magnitude by an amount that equals the magnitudes of the impacts of 
the excluded projects. The most significant differences between Alternative 2 and the 
proposed action are that under Alternative 2 the drilling program and habitat disturbances • would be significantly reduced. Of the 382 well drilling program associated with the 
proposed action, 148 wells are for the steamflood. If the steamflood project is not 
implemented, this would reduce the drilling program to 234 wells which would have a 
corresponding decrease on spent drilling fluids requiring disposal, risk of well leaks into 
groundwater, and other risks associated with drilling and well operations. Alternative 2 
would result in habitat disturbance to 1 , 1 19 acres on and off of NPR-1 over the next 
30 years which compares to 1,569 acres for the proposed action, or a reduction of 450 acres. 
All of this reduction would occur on NPR-1 .  Accordingly, the 979 acres of habitat 
disturbances on NPR-1 associated with the proposed action would be reduced to 529 acres. 
Other impact reductions would be an 8,500 to 34,500 barrel/day reduction in each of water 
injection as steam, produced wastewater requiring disposal, and fresh water requirements. 

The proposed action represents the Department of Energy's preferred alternative. 
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TABLE 8-1 Summary 01 Impacts aDd MitiRatiOll lor Eacb MJUor Impact Area of the Proposed ActiOll 

Implct Area 
l .  I. Geology 

l .  b. Soill 

2. Wille 

Advene Impacts 

Increalled withdrawII. of oil/produced wlltewlter/ga. from deep producing 
fOrlllltiOlll and continued withdrawal. of IOUree water from groundwater 
Iquifera (for wlterfloodilll deep producing fOrlllltions) could increase the 
poaibility of IUrface IUb.idence or induced seilmic activity in the underlying 
,eolOlic IlrUcturel. 

Development related dillurbancel to approxilllltely 1 ,569 acrel on and off of 
NPR-I over 30 yeara could increalO water borne BOil eroeion in these area •. 
The NPR-I portion of these diaturbance. would be 979 acree. 

I .  The 382-well drillilll program would ,enerate ei,nificant quantitiOl of 
nonhazardoue apent drillilll fluidl. 

2. Si,nificlnt quantitiel of nonhazardOUI produced wallewater with high IoIaI 
dillOlved IOlidl (TDS) would be ,enerated' 

3. Oill, chemicII., Ind produced wallewater could be inadvertently apilled, 
creatilll walle. requirilll diapOllI. 

4. The current very low level of hazardou. walle ,eneration could increase 
.Ii,htly. 

Favonble ImplctslMitigation Prograllll 

I .  Injection of gas and water into deep producilll forlllltiona to enhance 
oil and gas reeovery would reduce the pouibility of IUrface IUblidence Ind 
induced seismicity. Planned projects to recycle _atewater for wlterflood 
use. could reduce groundwater withdrawall liJnifiCllllly. 

2. NPRC facilitie. would continue to be cOlllbUcted to IOIIIIIie .fely 
buildilll codel applicable to Cllifornil. 

3. Older flcilitiel Conllr\lcted to potentillly outdated earthquake codel 
would be evaluated for lOiamic .fety and upgraded II appropriate. 

I .  Amimoto and Soil Conaervltion Service el'Olion control mealUrel would 
be followed in plannilll/de.ign, and operational activitiel. 

2. Implementation of the PM .. control program would decrealO potentill 
conllruction Ind operationa related fU,itive dull emil.ionalwind bome aoil 
erosion rate. over the abort term. 

3. Reve,etation/reelllllltion of approxilllltely 1 ,045 acrel through 1998 
would decrealO potential lOil el'Olion over the Jon,-term on thelO lreal. 

4. Additional areal of exillilll development would be reclaimed followllll 
operational abandonment. 

I .  Toxicity of drillilll fluida hal been reduced due to elimination of 
hazardou. additivel. Wille minimization program initiative. would 
continue in thie regard. 

2. Planned projects to recycle wallewater for waterf100d UIOI ahould 
reduce the volume of wallewater requirilll diapoul. 

3. Inactive walle litel thlt accumullted over decldea of operation, but Ire 
no lon,er needed, would be addrealled/cleanedlclolled in accordance with 
regulationa. Thi. includel the only hazardoul Wille facility on-lite 
(currently inactive). 

4. Projects would be implemented to enhance lecondary containment 
lround tankl. 

5 .  All wa.tel would be diapolled of in accordance with lawI, regulltiona 
and DOE requirementa. 

6. Spill prevention, control and countermealUre (SPCC) plln. 

• 
Other COIIIideratiOlll 

I .  Deep fonnatiOlll Ire relillant to 
IUbeidence due to tight Inticlinal 
Ilructurel. 

2. Producilll zonel Ire weD 
cOIlIOlidated with I low potemial 
for lUbaidence. 

3. NPRC facilidel bave bee. 
cOlllbUcted to applicable Cllifomla 
earthquake codel. 

The lmoulll, duration and 
frequency of precipll8tion and 
IUrface rua-off Ire _II, Ihort, 
Infrequent evellla. 

I .  The propoted drillilll propam 
would be li,nificlntly lmaller than 
the pall program which would 
reduce Impleta correapondinaly. 
Drillilll fluid Wille volumea bave 
liready decrealled by limoll 000-
half aince 1987. 

2. Preeipitation and IUrface ruD
off It NPR-I Ire complratively 
II1II11. 



TABLE �1 (cont'd) 

Impact Area 
2. Wa. 

(cont'd) 

3. Air 

4. a. Surface 
Water 

4. b. Ground 
Water 

• 

Advene Impacll 

Net CO. 1ota1 1U�nded particulate. and PM,. emiuion. would be increaaed. 

No .i.nific:anl advene impacll. 

I .  Si,aificanl quanlitie. of hi,h TDS IIOnhazardou. produced waatewater would 
be diapoaed of on-aite into the Tulare Formation. Si,ruficant quantitiel of 
,roundwater from the Tulare Formation would be withdnwn for waterflood 
IOUree water pUrpoaei. 

2. Durilll off-normal .ituatioDl. email quantitiet of produced wallewater would 
be releaaed to lined and unlined IUmpt and aecondary conllinment IlruclUret 
around tanbp. 

3 .  Oil. chemical •• and produced wallewater apillt would occationally occur. 

4. The propoaed 382-well drillilll proJnm would increaae the ri.b of well. 
leaol1l oil and/or poor quality water into overlyins NPR-I .roundwaten. 

s. If flow patha exill between NPR-I aedimenll and UMble ,roundwater 
aquifen located adjacent to the aite. theae aquifen could be de.nded by NPR-I 
wallewater diapoaed of into the Tulare. 

Favonble lmpaclllMiti,ation Prognma 

7. Walle minimization plan. 

8. Pollution prevention awareneu proanm. 

I .  Net ROO. NO •• and SOz emi •• iOIII would be reduced. HC (a 
component of ROO) and NO. are 0, precunon. 

2. Implemenlation of Kern Counly Air Pollution Control Dilllric:t Rule 427 
NO. reduction pro,nm projecll would continue to reduce exi..m, NO. 
emiuiona. 

3. NO. monitorilll prosnm would contioue. 

4. Fu,itive Roo/HC emi •• ion. monitorilll proanm would contioue. 

s. PM .. control pro,nm would be implemented. 

6. Compliance with applicable law •• replatiOlll. and permita iuuoc1 by 
,ovemment replatory entitiel. 

I .  Projecll to reclaim dnina,e. and reltore local bydrolop: reJime. 
would be implemented. 

2. SPCC Plan would be implemented to reduce apill effec:lI. 

3. See I .b. above. 

I .  Projecll to recycle wallewater for waterflood u •• could reduce di.-a 
into ,roundwater aquifen underJyilll NPR-I.  Tulare arouodwater 
withdnwal allO could be reduced Ii,nific:antly. 

2. Unlined willewater IUmpi that are unnec:elllry would be eliminated 
and cleaned. cloaed. or mana,ed a. appropriate. 

3. Projec:1I would be cOlJ1lleted to enhance aecondary contailllllenl 
facilitiet. 

4. Approximately 1 .080 well. 110 Jooaer Deeded would be abandoned. thu. 
reducilll the rilk of well leab into .roundwater. 

S. SPCC plan. 

6. Wallewater lUmp. on the periphery of the .ite nearell u .. ble 
,roundwater would continue to be lined. 

• 

OIlIer ConIidentiOlll 

I .  Kem County i. in 
IIODIttailllllenl for PM ... 

2. Kern County II Ia 
DODIIttainmenl for Ozone (0,). 
3. Propoaed action would DOt 
quality I. a major modification 
IUbject to new IOUree review or 
PSD review. 

I .  Surface ruo-off i. minimal due 
to ariel c:ooditiOlll. 

2. Umited ... ..,y 1Urface..water 
relOUreel. 

The NPR-I Tulare Formatioa Ia 
exempted under the UIC Propun 
al an undelJround IOUreo of drink-
1111 water. The arounclwlter Ia 
thil aquifer il of poor quality with 
110 known beneficial Ulel other 
than al a potential IOUree water for 
waterfloodilll opentiOlll. 13.0-3 

• 
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TABLE S-l (cont'd) 

Impact Area Advene Impactl 

- - --

4. b. Ground 6. Implementation of the proposed ateamnood project could place additional 

Water (cont'd) demand, on aources of frelh water. 

5. Terrellri.1 
Biola 

Some deatruction of plam, and death or injury 10 animal. would occur. Of 
particular concem are threatened and enda",ered apec:iea, eapec:ially the 
federally enda"ICred San JOilquin kit fox. From 198 1 10 1985, the minimum 
kit fox population in the NPR-I llUdy area declined .i,niflCandy and very few 
foxe. are currendy prelent in developed area.; it is not clear 10 what extent this 
wa. due 10 petroleum production activitie. and/or natural faclora. Future 
impacta on liated lJ*ie. would probably be comparable 10 pall impacll. Kit 
fox impacll ltnown 10 have occurred duri", the I I  year period 1980- 1990 
include: (I) an aven,e of about three kit foxe. have been killed each year a. 
the direct result of operationa; duri", the moat recent 5 yean, this averll,e 
declined 10 one/year; (2) another three/year were killed by vehicles on public 
roIId. adjacent 10, bUt oullide of, NPR-I '. juriadiction, and IOIIIe of thelle 
vehicle. could have been alllOCiated with NPR-I ;  and (3) 47 kit fox dena or 
potential dens were inadvertently dellroyed or intentionally excavated. Duri"l 
the aame period, two blunt-noaed leopard lizard, were killed and four were 
harllaaed; and 72 ,iant b",aroo rlllI were allUmed 10 have been killed when 
their burrow syatema were dellroyed, and another 4 were harll.sed. 

Specific adverN impacll of the propOlled action would include potential for 
vehicle mortality; potential for inadvertent harllaament; potential for contact 
with hydroc:arb0n8 and/or oil-field chemicall; and 10 •• of approximately 1 ,569 
acre. of habitat over 30 yean due 10 development activitie. (or .3 '; of the 
remaini", undeveloped habitat in the _them San Joaquin Valley in 1979), 979 
acrea of which would be on NPR-I (or 2.0'; of the .ite) . Threatened, 
enda"ICred, candidate, or apecie. of apec:ial concern could be impacted .. the 
result of activitie. carried out under the Endan,ered Species Progrllm. 

• • 
Favorllble ImpactsiMitigation Programs 

7. Release. of wastewater to all sumps would continue 10 be limited 10 ofT
normal ,ituations. 

8. An analy.i. that i. in progress 10 a.se •• rislta "lOCiated with hydrolo,ic 
now unc:ertaintiea would be completed. Based on preliminary resulll it 
appean that ,roundwater monitorin, wells could be needed on the 
northeall portion of the .ite. Additional miti,ation measure. would be 
implemented if appropriate. 

I .  Approximately 1 .045 acre. of dillurbanc:e. not needed for operlitiOlll 
would be reclaimed/reve,etated throu,h the year 1998, 685 acre. of which 
would be on-.ite (or 1 .4'; of the .ite). A. additional area. not needed for 
operilliona are identified, they allO would be reclaimed. 

2. A comprehensive enda"ICred apecie. propun would conti_. The 
efTecll of operlltion. and miti,ationa, includina habitat reclamation, would 
be monitored and appropriate prop1lma lo cOllllerve threatened and 
enda"ICred apec:ie. would be implemented. Preactivity survey. would be 
used 10 .ite projecll io minimize impacll. Studie. and reaearch 10 
determine the relationship between operlitiOlll and enda",ered apec:ie. 
would continue. 

3. Thirdl'arty projecll (includi", both OIHite and off-aile componem) 
would be required 10 comply with NPR-I environmelllal, aafety, 1e,.I, 
technical, aecurity, and oCher requiremenll. 

4. The enda",ered apec:ie. pro,rllm would conti_ 10 be manaaed in close 
alllOCiation with applicable replalory apncie. and oCher indullry 
oraanization. or reprellenlativea with enda"lered apec:ie. exper\iae throup 
the Enda"lered Specie. Adviaory Committee, or by oCher appropriate 
meana. 

Other Consideration. 

I .  Kit fox population monitori.., 
commenced in 198 1 .  Immediately 
prior 10 198 1 ,  precipitation wa. 
above averllP, IOIIIetime. aipifi
candy. Followil,. 198 1 ,  precipi
tation declined aipiflClndy. h i. 
auapec:1ed that thi. ha. reauhed in a 
lipificant decline in food supplie. 
that could have contributed 
lipificandy 10 the decline in kit 
fox numben. 

2. Coyote abundance increaaecl 
.pific:andy duri.,. the 1980'. 
when kit fox population decli_ 
were moll aipific:lnl. Coyote 
predation ha. lCCounted for 
approximately 80'; of kit fox 
mortalilie. for which a cauae of 
death could be detennined. 

3. Moll developmeat on NPR-I I. 
in upland area.. There i. evidence 
that upland area. may not be a. 
suitable for kit foxe. a. the 
lowland area. on the periphery of 
and adjacent 10 NPR-I where moll 
kit foxe. now live. 

4. Of the 47 kit fox dens and 
potential dena previoully 
dellroyed, 22 were the reault of a 
Southem California Oa. Company 
third1llrty project (not an NPR-I 



TABLE S-1 (cont'd) 

Impect Area Advene Implcta Flvol'llble lmpaclllMiti,ltion ProJI'llIIIa Other COII8lc1entiona 

5. Tenellrill 5. Other felture. of the comprehenaive Wildlife Milllliemeal Plan would 4. (cont'd) project) on NPR-l 
Biota (cont'd) continue to be implemented in order to minimize implcta on III apeciel and and Bureau of Land Malllp-

their h.bitat. meal .. nda 10 replace aectiolll 
of major public utility I.a 

6. All Endalllered Specie. ProJl'llm activitiea would be conducted in IIlric:t tranuniaaion plpeli ... inlllllied 
ICcorc1aace with requiremenll of permita and pidelinea iuued by 11110 .nd in the 1930' •• Thia_. III 
fedel'lll I,.acie. (lUch a. trappilll permita, etc.). atypic:al project !bat could aot 

be aited 10 .void impac:tI aa 
u_1 bec:au. it involved Ibe 
removal of "elliad.,," pipe-
linea. The SoCai pipeline. 
would beve required rep1ac:e-
meal ineapective of NPR-l 
operationa. 

5. Tbe _inlelllace of a fire 
break around NPR-l, which i. 
palt of the propam 10 proloc:t 
habitat from fire, waa the 
cau. of 66 of the pall 76 
ca •• of mortality and 
be ........ 1Il of lialll b.,._ 
ratl. Tbe oCher 10 ca •• were 
the reault of the SoCal project. 

6. Cultural Approllimately 1 ,569 acre. would be dilllUrbed over a 30 year period, 979 of A comprehenaive IUrvey of NPR-I cultul'lll reaoureea, deli .... In conaulta- laveRiptioaa conducted to 
RelOUree. which would be on NPR-1 . The .. dillUrbaace. could Idvenely affect cultul'lll tion with the State of C.liforni. Hilloric Preaervatioa Office (SHPO), dalo indicate that almoat all 

relOUree •• recently ha. been completed. Baaed on the lUrvey, a comprehenaive IIOIM)jlfield-re"ted cultural 
cultul'lll relOUree malll,.ment plan would be developed and implemellled in relOUreea on NPR-l are 
cOniultation with the SHPO. In addition, 12 prehiatoric: lilea idelCified on located on the periphery of lbe 
NPR-l durilll the IUrvey would be telled 10 determine elill'bllity for IiRi." aile a_y from the majority of 
on the Natiollli Hilloric Preaervltion Reliller. p .. nned JI'OUnd dilllUrbanc:e. 

7. Land Uae An additiOlllI 1 ,569 acre. on Ind off NPR-I would be committed to petroleum I .  Approximately 1 ,045 acre. would be rec .. imedlreve .... ted on and oft' P1aaned development on 
related activitie. over the next 30 yell'll; of thi., about 979 acre. would be on of NPR-I throu,h the year 1998. Of thi., 685 acre. would be on NPR-l NPR-l would be c:oaailloat 
NPR-I (2.0" of the .ite). (1 .4" olthe .ite). AdditiOllll llnd. would be reclaimedlreveptated a. with oil-field developmeal 

facilitie. no longer needed for opel'lltiona are abandoned. already IUrroundi." lIIUCh of 
NPIl-1 . 

2. Activitiel explained in I .b .  and 6 lbove to miti,ate impectl to the 
tenellrial biota Ind Boil. would allO minimize advene lind uae Impacta. 

8. Socia- No .i,nificant advene impacta. An otherwi .. lleep production decline would be reduced Ii,nificantly, and 
economic. petroleum relOUree. ultimately recovered would be increaaed .i,nificantly. 

Thi. would ltabilize the NPR-I employmeat bl .. which in tum would help 
IlIbilize the loc.l tax ba .. , hou.illl markel, and trade aectol'll. Additiollli 
revenue. would be available to off .. t the fedel'lll bud,.t deficit. 

• • • 
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TABLE S-l (cont'd) 

Impact Area Adverae Impacta Favorable Implcts/Mitigation Programs Other Conaideration. 

i 
9. Ri .. ; In addition to the adverae impacta preaented above, NPR-I operations could I .  A multitude of safety and environmental projects would be completed/ I .  Reaervoir preaaure. have and 

Alaesament relUlt in well blowoutl and firea/explolionl, eapecially in connection with ga. continued. Theae are currently in various .tages of plannilll, deli,n, would continue to fall which 
comprellOr operationa. Occupational accidenta would allO occur. construction, and operation and are the direct relult of a myriad of NPR-I diminilhel the po .. ibility of 

and DOE internal invelti,ationalappraiuls includin, thoae alaociated with blowout., firea/exploliona, etc. ! pall firealexploliona, blowouta, and occupational accidentl. 
2. Occupational accident rate. at 

2. The rilk of well blowouta and occupational accidentl would be Ili,htly NPR.-I have been comparatively 
hi,her than for the no action alternative, but u,nifacaotly lesa !baa put low. 
operationa. 

3. NPR-lIDOE poIiciel and procedure. would be coOlilwed that llresa 
inteneive internal inveati,ationalappraiaall and compreheneive .yllema Ihat 
emphasize corrective action identification, implemenlatiOD, and monitoriDi' 
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1.0 INTRODUCTION AND DFSCRIPI'lON OF THE PROPOSED ACTION 

• 1.1 INTRODUCTION 

1.1.1 Background 

• 

• 

The following discussion summarizes the history of Naval Petroleum Reserve No. 1 (NPR-l )  
as it was described in detail in the NPR-l 1979 Final Environmental Impact Statement (EIS) 
(DOE 1979) prepared in accordance with the National Environmental Policy Act (NEPA). 

Located in Kern County, California, about 25 miles southwest of Bakersfield (Figure 1. 1-1), 
NPR-l was created by an Executive Order issued by President William H. Taft on 
September 2,  1912. Except for a period between 1921 and 1927, when the Reserve was 
assigned to the Department of the Interior, management of NPR-l was vested in the Secretary 
of the Navy unti1 1977. Since October 1977, management has been under the authority of the 
Secretary of Energy pursuant to the Department of Energy (DOE) Organization Act (public 
Law 95-91). 

The NPR-l site comprises approximately 47,409 acres (74 square miles) of the Elk Hills, a long, 
narrow ridge about 16 miles long by 6 miles wide, oriented generally east-west in the southern 
San Joaquin Valley (see Figures 1. 1-1 and 3. 1-2). NPR-l includes portions of seven townships, 
identified in Figure 1 . 1-1 by the letters Z, R, S ,  T, B, G, and M. Each township comprises 36 
one-mile-square sections numbered 1 through 36. Each section is uniquely identified by section 
number and township: e.g. , Section 35 in Township R is identified as 35R. NPR-l contains 
production development at various levels in 90% of the 78 sections that lie partially or entirely 
within its civil boundaries. Within the boundaries of NPR- l ,  Chevron U.S.A. (CUSA) owns 
10,360 acres (about 22%),  and the remaining 37,049 acres are owned by the government (about 
78 %). NPR-l is surrounded on three sides by extensively developed oil and gas fields that have 
been in production since the early 1900's. Extensively developed agricultural lands lie to the 
north and northeast of NPR-l .  Naval Petroleum Reserve No. 2 (NPR-2) is south of NPR-l and 
shares a common border with NPR-l in Township B. NPR-2 consists of approximately 30,000 
acres, 10,000 acres of which are owned by the government and have been developed under lease 
to private oil companies since the 1920's. The other 20,000 acres are owned by private oil 
companies. Like NPR-l ,  NPR-2 government lands are under the jurisdiction of DOE. 
Together, NPR-l and NPR-2 constitute what is known as Naval Petroleum Reserves in 
California (NPRC). 

Commercial oil production at NPR-l began in 1919 with a well drilled in the Shallow Oil Zone 
(SOZ) by Standard Oil Co. of California (now CUSA) (DOE 1979). Development of NPR-l 
by private industry yielded about 150. million barrels of oil by 1942. During World War II 
(1942-1945), production was approximately 27 million barrels of oil. Following the war, pro
duction was maintained at a low level until 1976 (essentially shut-in status). 
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Prompted by oil shortages in the mid-1970's, Congress, on April 5, 1976, passed the Naval 
Petroleum Reserves Production Act (Public Law 94-258) ,  which directed that NPR-l and Naval 
Petroleum Reserve No. 3 (NPR-3) in Wyoming be produced for an initial period of 6 years at 
the maximum efficient rate (MER), consistent with environmental and other laws and 
regulations. The Act also provided that following this period the President could extend MER 
production in 3-year increments, if in the national interest and if not disapproved by Congress. 
A fourth 3-year extension beginning April 6, 1991, was authorized based on military 
preparedness, national economic impacts, national energy strategy, and local and regional 
concerns (DOE 199Oa). Changing developments in world-wide politics and military strategies 
will be considered by the Congress and the President in 1994 when the subject of reauthorization 
is by law addressed again. 

The Act defines MER production as the maximum rate of production that optimizes economic 
return and ultimate recovery (see Section 1 .1 .3). Following the opening of NPR-1 in July 1976, 
oil production increased to a peak of about 180,000 barrels/day in 1981.  Oil production 
declined to an average of about 82,000 barrels/day during fiscal year (FY) 1990 and about 
74,000 barrels/day in FY 1991.  During FY 1992, oil production averaged about 70,000 
barrels/day. 

On November 20, 1942, a Unit Plan Contract (UPC) was negotiated between the government 
and Standard Oil Company of California (now CUSA) to cooperatively explore, develop and 
produce all NPR-1 reservoirs underlying lands owned by both the government and CUSA; these 
lands comprise what is referred to as the Unit. The purpose of the UPC is to enhance recovery 
and efficiency by eliminating the possibility of applying competitive production strategies on a 
single reservoir underlying separately owned lands. The UPC was authorized by Congress on 
June 17, 1944, and approved by the President on June 28, 1944. 

The UPC provides that establishing the time and rate of production are the exclusive right of the 
government. In addition, the government has the exclusive right to carry out the actual 
operation of the Unit. However, Unit production decisions (e.g. , number and location of wells, 
facilities, etc.) are made by an Operating Committee consisting of one member representing the 
government and one member representing CUSA, each member having an equal vote. Some 
lands and production within the boundaries of NPR-1 owned 100% by the government were 
excluded from the UPC. These primarily include Asphalto Zone production in Sections 14Z and 
the NE 114 of 26Z, which are under the exclusive control of the government. 

With the exception of endangered species activities, the day-to-day operation of NPR-1 is 
conducted by a management and operating contractor under contract to DOE. The present 
management and operating contractor is Bechtel Petroleum Operations, Inc (BPOI). Prior to 
BPOI, the management and operating contractors-were William Brothers Engineering Company, 
and Standard Oil Company. Endangered species and cultural resource activities are conducted 
by EG&G Energy Measurements, Inc. (EG&G/EM) under contract to DOE. Management 
guidance for the endangered species program is provided by an Endangered Species Advisory 
Committee consisting of representatives from the various NPR-1 organizations, U.S. Fish and 
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Wildlife Service, California Department of Fish and Game, and the California Energy 
Commission. DOE also has contracts with Jerry R. Bergeson & Associates, Inc. , for reservoir • engineering support and with Research Management Consultants, Inc. (RMCI) for a variety of 
technical and administrative support services (prior to January 2, 1992, the support services 
contractor was Systematic Management Services, Inc.) .  

1.1.1 Purpose and Need of Proposed Action and Purpose of the Supplemental EIS 

The purpose and need of the proposed action is to operate and produce Naval Petroleum Reserve 
No. 1 at the maximum efficient rate in accordance with the requirements of the Naval Petroleum 
Reserves Production Act (Public Law 94-258). Congress has directed that maximum efficient 
rate production be continued at NPR-l with the latest 3-year statutory extension of the Naval 
Petroleum Reserves Production Act. This obligates the Department of Energy to produce the 
NPR-l hydrocarbon reservoirs in the most efficient manner possible so as to provide maximum 
returns to the U.S. Treasury and maximize ultimate recovery of hydrocarbons. In order to meet 
the intent of this Congressional mandate, continued and enhanced NPR-l operations are 
necessary. Additional developmental and infill drilling projects and facility development projects 
that satisfy maximum efficient rate criteria are needed to enhance NPR-l 's operating efficiency 
and to offset natural declines in NPR-l 's hydrocarbon production. 

An EIS was released by DOE in 1979 based on development activities that were anticipated at 
that time. In addition, an environmental assessment (EA) was completed to initiate a steamflood 
of the SOZ (DOE 1985a), a project that had not been included in the 1979 document. As a 
result of monitoring activities and consultations with regulatory agencies, it has been determined • that the scope of some impacts, most notably land and wildlife habitat disturbances, are expected 
to exceed the levels projected in the previous assessments. In addition, as the result of improved 
reservoir information, technological advancements,  and changes in economic conditions, it is 
anticipated that future development activities may need to be adjusted/expanded significantly in 
order to ensure continued production in conformance with MER requirements; accordingly, a 
determination was made to prepare a Supplemental EIS (SEIS) to supplement the 1979 EIS 
document. In FY 1988, DOE contracted with Argonne National Laboratory (ANL) to provide 
assistance in the preparation of the SEIS document. 

The remaining portions of this Section describe the SEIS proposed action in greater detail 
(production, facilities, operations, projects, etc.). Section 2 summarizes three alternative 
actions, including the no action alternative, provides a comparative table summarizing the 
impacts of the alternatives, and identifies the preferred alternative. Section 3 describes the 
existing environment on and near NPR- l .  This was accomplished by updating the existing 
environment descriptions that were contained in the 1979 EIS through an evaluation of the 
impacts of activities.. that. have taken place, since then from continued petroleum operations at 
NPR- l .  The updated description provides the baseline against which the incremental effects of 
the proposed action and Alternative 2 are assessed . Probable impacts of the proposed action and 
the alternatives to the proposed action are discussed in Section 4. Section 5 addresses 
unavoidable adverse impacts; Section 6 discusses short-term use and long-term productivity; 
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Section 7 addresses commitment of resources; and Section 8 provides a list of the preparers of 
this document. 

1.1.3 Dermition of Maximum Efficient Rate (MER) 
The Maximum Efficient Rate (MER) is defmed in the Naval Petroleum Reserves Production Act 
of 1976 as "The maximum sustainable daily oil and gas rate from a reservoir which will permit 
economic development and depletion of that reservoir without detriment to the ultimate 
recovery. "  DOE has interpreted this to mean that MER reservoir determinations are to be made 
and updated on a regular basis taking into account the "unique characteristics of each reservoir, " 
and "sound engineering practices designed to maximize both economic return and ultimate 
recovery" (DOE 1 985b). Stated in other words, MER is dependent on an evolving 
understanding of reservoir characteristics; sound engineering practices as these change with 
technological advancements; the economic return of competing development strategies as 
economic conditions fluctuate over time; and the impact of competing strategies on ultimate 
recovery. These characterizations result in MER determinations that are in a constant state of 
change, and this has broad implications in planning future activities and establishing the 
proposed action which is the subject of this document. These implications are discussed further 
in Section 1 .2 . 1 -- Summary of Pro.posed Action. 

1.1.4 Production Summary 

Since its establishment in 19 12,  more than 860 million barrels of oil were produced from 
NPR- 1 through 1988, including about 630 million barrels since 1976. Remaining oil reserves 
are estimated to be between 524.4 million barrels (DOE 1990b) and 83 1 .5 million barrels 
(Jerry R. Bergeson & Assoc. 1988) . Oil production peaked at about 1 80,000 barrels/day in 
July 198 1 .  Since then, oil production declined to an average of about 82,000 barrels/day during 
FY 1990 and about 74,000 barrels/day during FY 199 1 .  In FY 1992 , oil production normally 
averaged 70,000 barrels/day. 

Substantial gas production is associated with oil production (i .e. , gas produced along with the 
oil from the same well bore). This gas contains natural gas liquids (NGL) which are separated 
from the gas into NGL products. Gas and NGL production averaged approximately 344 million 
cubic feet/day and 54 1 ,000 gallons/day, respectively, during FY 1990. In FY 1992, gas 
production and NGL production normally averaged 3 13  million cubic feet/day and 440,000 
gallons/day, respectively. In 1988, remaining gas reserves were estimated to be between 1 , 158 
billion cubic feet (DOE 1990c) and 1 , 865 billion cubic feet (Jerry R. Bergeson & Assoc . 1988). 

Production statistics for NPR-l from FY 1976 through FY 1990 are presented in Table 1. 1 - 1 .  
Production at NPR-l is from four geologic zones located at various depths beneath the surface 
(see Figure 1. 1-2) . Approximately 82 % of all production is from the Stevens Zone, 1 7 %  from 
the SOZ, and 1 % from the Cameros Zone and the Dry Gas Zone (DGZ) . 
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TABLE 1.1-1 NPR-1 Production Statistics, FY 1976-1990 

Natural Natural Gas Uquids 
Fiscal Crude Oil Gas 
Year ( lcr bbl) ( 109 fe) 

1976 3.8 0.8 
1977 36.9 19.5 
1978 43.5 34.3 
1979 52.6 53.3 
1980 58.3 60.6 
1981 62.6 101.0 
1982 60.7 1 19.5 
1983 57.4 121.3 
1984 50.5 129.0 
1985 47.7 134.7 
1986 42.2 127.4 
1987 39.8 125.2 
1988 39.2 130.9 
1989 35.5 134.6 
1990 29.51 125.6b 

TOTAL 660.5 1,418.5 

182,000 barrels/day average in FY 1990. 
b344 million cubic feet/day in FY 1990. 

Gasoline 
( 109 gal) 

0.5 
8.7 

19.4 
35. 1  
40.4 
48.9 
63.3 
61.5 
64.1 
80.7 
69.0 
71 .0 
76.2 
75.7 
65.0c 

779.2 

c541,000 gallons/day gasoline, butane and propane in FY 1990. 

Source: DOE 1988, 1990d; BPOI 1988, 1989. 
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Butane 
( 109 gal) 

0.4 
12.5 
16.4 
21 . 1  
38. 1 
60.7 
73.0 
79.5 
74.6 
72.0 
69.0 
69.8 
7 1.6 
68.8 
58.7c 

785.9 

• 
Propane 
( 109 gal) 

0.7 
13. 1 
20.5 
40. 1 
54.2 
75.9 

100.1 
96.3 
89.3 
96.7 
93. 1  
89.5 
90.0 
86.7 
74. tt 

1001.9 • 
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1.1.5 Facilities Summary 

The major facilities at NPR-l are shown in Figure 1 . 1 -3. These facilities include: 

• Approximately 1 ,253 active wells for hydrocarbon production (flowing, pumping, and gas 
lift), waterflood source water production, gas injection, waterflood injection, wastewater disposal 
injection, and steam injection. 

• Approximately 1 ,055 existing wells that are shut-in (idle) or abandoned (792 shut-in and 263 
abandoned). 

• One hundred and twenty-one tank settings used to separate produced gas from produced oil 
and water, and to meter individual well oil, water and gas production. 

• Five dehydration/lease automatic custody transfer (LACT) facilities used to separate oil and 
water, inject wastewater into disposal wells,  and measure and transfer oil to CUSA and DOE 
purchaser pipelines and trucks. 

• One crude oil tank farm. 

• Numerous gas-gathering compressor plants (one of which has been abandoned) used to 
deliver gas separated at the tank settings to the gas plants for further processing. 

• Two gas-lift compressor facilities used to reinject produced gas back into some oil wells to 
stimulate their production of oil. 

• Four gas-processing plants used to separate NGL products from gas, three of which are 
owned and operated by NPR-l and located on NPR- l ;  the other is a CUSA gas plant which is 
located off-site in Section 17Z, a portion of which can be utilized by NPR-l under a gas 
processing agreement. 

• Four gas-injection compressor plants used to inject portions of the processed gas back into 
producing reservoirs as needed to maintain reservoir pressures for the purpose of enhancing oil 
recovery. 

• One sales gas compressor facility used to transport gas not needed for pressure maintenance 
to gas sales facilities. 

• Four sales gas facilities used to measure and transfer gas to CUSA and DOE purchaser 
pipelines; three of these are located on NPR-l and the other is located at CUSA's 17Z plant 
approximately 3 miles west of the NPR-l western boundary. 

• Three NGL storage and loading facilities for measuring and transferring NGL product to 
CUSA and DOE purchaser trucks, one of which is located at CUSA' s 17Z plant. 
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• One booster pump plant used to deliver water from three to six waterflood source water wells 
to two waterflood plants which inject water into the Stevens Zone to enhance oil recovery. 

• One steam generator facility used to inject steam into the SOZ for enhanced oil recovery. 

• Several emergency wastewater sumps (lined and unlined) ; two landfill/waste handling 
facilities, one of which contains a permitted hazardous waste unit that is in the process of being 
formally closed; a scrap/recycling yard; and numerous old abandoned waste sites that are in 
various stages of review, investigation and remediation. 

• Oil, gas, water, NGL, and condensate pipelines, some of which are pipelines that have been 
installed, and are operated and maintained by outside third parties at their expense for the 
purpose of connecting to NPR-l facilities (such as oil and gas sales facilities) , or to traverse 
NPR-l lands for other purposes that are not related to NPR-l operations. 

• Three building complexes for offices, maintenance, storage, and warehousing. 

• Communications systems; air monitoring equipment; vehicle fleets including fuel depots; 
electrical distribution systems; fire water systems; fresh water systems; road systems; and a wide 
variety of supporting infrastructure. 

For additional information pertaining to facilities refer to Appendix A.  

1.1.6 Operations Summary 

Operations at NPR-l consist of all activities needed to ensure MER production. Generally, this 
involves (1) locating reserves and drilling wells, (2) withdrawal of oil , gas and water from wells, 
and (3) processing and distributing same for sale, injection , and other disposition . Also included 
in operations are processing requests by outside third parties for facility installations on NPR-l 
lands, and issuing permits for same. 

Operations are carried out by a staff of approximately 800 full time government, CUSA, BPOI, 
RMCI, and EG&G/EM personnel, plus up to 400-500 additional subcontractor and vendor 
personnel involved in a variety of construction and support activities. Current revenues are 
anticipated to be approximately $700 million annually, and the total operating budget is about 
$175 million annually. 

Operations are generally broken down into four major areas: (1) operations and maintenance 
(O&M), (2) exploratory drilling , (3) development drilling , and (4) development facilities. These 
areas are described in more detail as follows: 
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Q&M 

• This area includes: 

• 

• 

• All administrative activities such as general management, planning, legal, financial 
management, procurement, contracts, personnel management, inventory control, and audits. 

• All geology and engineering activities, such as reservoir engineering and geology, production 
engineering, facility engineering, corrosion engineering,  and process engineering. 

• All technical assurance activities such as environmental support (including endangered species 
and cultural resources) , health and safety, quality assurance, emergency preparedness, and 
security. 

• All operations and maintenance activities and projects, such as operating , maintaining, 
repairing, and replacing surface facilities; well maintenance/stimulations, such as remedial 
projects and workovers; and environmental remediation and restoration. 

• Processing third-party requests for permits to install, operate and maintain facilities on NPR-l 
lands, and monitoring same for compliance with permit requirements. 

Exploratory Drilling 

This area consists of the drilling, redrilling, deepening, completion, recompletion, and testing 
of wells to discover new reserves, and to obtain new geologic information which could 
ultimately be used to design new programs for the same purpose. 

Development Drill ing 

This area consists of the drilling, redrilling, deepening, completion, recompletion , and testing 
of wells that are needed to enhance the drainage of known hydrocarbon producing reservoirs 
(such as hydrocarbon production offset and infill wells, gas injection wells, waterflood injection 
wells, and steam injection wells) ; water wells that are needed to provide a source of water for 
waterflood operations; and water injection wells that are needed for disposal of produced 
wastewater. 

Development Facilities 

This area consists of the design , construction, installation, and start-up of new surface facilities,. 
or modifications to existing facilities, needed .as the result ofcbanging conditions e.g. , changes 
in environmental , safety, and health laws and regulations; changes in economic conditions; 
technological advances; changes in reservoir conditions and enhancements in reservoir 
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information. Examples of facilities that are affected include gas plants, compressors, tank 
settings, and artificial-lift equipment. • 
For additional information pertaining to operations, refer to Appendix A. 

1.2 PROPOSED ACTION AND ASSOCIATED FACILITIES 

1.2.1 Summary of Proposed Action 

The proposed action is to continue producing NPR-l at MER in compliance with the require
ments of the Naval Petroleum Reserves Production Act. As previously explained (see 
Section 1 . 1.3), this requires activities that are based on the unique characteristics of the 
reservoirs (as this understanding matures with time), technological advancements, and economic 
conditions. Given that these variables are difficult to predict, it is correspondingly difficult to 
determine future activities with precision. However, a range of possibilities has been described 
in general terms in the NPRC FY 1989-1995 Long Range Plan (LRP) , a copy of which is 
provided in Appendix G for reference. The LRP describes two scenarios: a "maintenance" case 
and a " full development" case. The "maintenance" case assumes that production continues, but 
without the benefit of further development -- i .e. , no further drilling , stimulations, efficiency 
projects, etc. As such, this case represents a minimum scenario, both from the standpoint of 
production and environmental impacts. The "full development" case assumes the implementation 
of all ordinary oil-field hydrocarbon recovery techniques (including steam flooding) as needed 
to enhance recovery and operational efficiency in accordance with MER requirements. This 
scenario is much more optimistic from the standpoint of future production levels and • profitability, and it would also result in greater environmental impact. 

In terms of MER requirements, the "full development" case is considered to be the most 
realistic. Accordingly, this scenario is probably the most representative of the types and 
magnitudes of impacts that are likely to result from producing at MER. On this basis, the 
proposed action has been assumed to be "full development" ,  as this scenario is described in the 
LRP (Appendix G) and amplified/supplemented herein, or variations of "full development" that 
have comparable impacts. Alternative I ,  the no action alternative, is based on the "maintenance 
case" . See Section 2. 1 for a description of this alternative. 

The principal elements of " full development" include: ( 1 )  the continuation of current oil and 
natural gas production at NPR-I (LRP maintenance case) , with implementation of additional 
activities to enhance recovery and efficiency, such as infill drilling , well remediation, artificial 
lift, gas-lift, gas injection and water injection ; (2) the expansion of SOZ steam flooding activities; 
(3) construction and operation of a cogeneration power-production facility; (4) construction of 
a fourth NPR-Lgas plant; . (5) �nstruction of butane isomerization facilities; and (6) various 
other development projects required to maintain MER. 

The LRP (Appendix G) presents a discussion of tertiary recovery opportunities that might be 
possible in the future , such as in-situ combustion , chemical flooding, etc. The proposed action 
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does not include any of these techniques because they are not considered viable alternatives for 
the foreseeable future based on available data and the existing economic environment. If these 
techniques become necessary to achieve MER compliance in the future, an appropriate 
assessment and NEP A documentation will be prepared at that time. 

The proposed action includes the implementation of all activities that make up O&M, 
development drilling, exploratory drilling, and development facilities as needed to ensure MER 
production. These activities are intended to achieve MER production goals for each individual 
production wne. The various elements of the proposed action are summarized as follows: 

• Production at MER, estimated in the LRP (Ap,pendix G) to be approximately 99,000 bar
rels/day of oil in FY 1990, declining to approximately 72,000 barrels/day in FY 1995; 365 mil
lion cubic feet/day of gas in FY 1990, increasing to 4 17 million cubic feet/day in FY 1995; and 
654,000 gallons/day of NGL products in FY 1990, increasing to 768,000 gallons/day in 
FY 1995; 

• Remediations, workovers, abandonments, and other operational and maintenance activities 
needed to ensure that approximately 2,697 existing and future wells produce at rates consistent 
with MER and other requirements; 

• Operation and maintenance of existing collection, injection, and distribution systems and 
shipping facilities for oil, gas, NGL's and water (potable, fire, waste, and waterflood source 
waters); 

• Operation and maintenance of the existing gas-processing facilities (nominal current capacity 
of 360 million cubic feet/day); 

• Operation and maintenance of existing storage tanks, process equipment, LACTs and loading 
facilities for crude oil and NGL's; 

• Operation and maintenance of existing gas-injection compression plants (estimated current 
capacity of 299 million cubic feet/day) ; 

• Operation and maintenance of existing gas-lift compressor plants (estimated current capacity 
of 37-38 million cubic feet/day) ; 

• Operation and maintenance of electric power distribution system; 

• Operation and maintenance of existing waterflood source water facilities and injection plants 
(estimated current -eapacity of 200�OOO barrels/day); 

• Operation and maintenance of existing SOZ steam injection facilities which are currently 
injecting approximately 3 , 100 barrels/day of water as steam; 
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• Operation and maintenance of existing facilities for collecting, storing, treating, injecting, 
and disposing of produced wastewater, which is currently approximately 100,000- 1 10,000 bar- • rels/day; 

• Operation and maintenance of a myriad of existing support facilities and infrastructure such 
as cathodic protection facilities, communication systems, vehicle fleets, roads, fresh water 
systems, chemical treatment facilities, and buildings; 

• Development and exploratory drilling, redrilling, deepening and completion/ recompletion 
of approximately 382 wells required to maintain MER production, 148 of which are for the SOZ 
Steam Project; 

• Purchase, construction , operation and maintenance of new facilities such as a 148-well , 
5OO-acre, 625 million BTU/hour steam injection project to increase SOZ steam injection by 
32,805-34,478 barrels/day of water; a new 100-150 million cubic feet/day gas plant; a new 
42 megawatt cogeneration facility; facilities to increase gas injection , gas-gathering and gas-lift 
by 46,250 horsepower (37,500 horsepower gas; 8,750 horsepower electric); facilities to add 
48,000 barrels/day of waterflood injection capacity and increase waterflood injection by 106,500 
barrels/day; additional wastewater handling, treatment and disposal capacity ; a 170,000-220,000 
gallon/day butane isomerization project; and a wide variety of other modifications and additions 
to process facilities, support facilities, and infrastructure, as needed to accommodate MER 
productions and all laws and regulations (including safety and environmental laws and 
regulations) under changing field and economic conditions. 

• Environmental investigation and remediation initiatives such as clean-up and closure of 
abandoned waste sites; groundwater characterization/monitoring initiatives; sump reduction/ 
elimination projects; drainage restoration projects; soil erosion repair and prevention activities; 
air quality enhancement projects; secondary containment projects; etc. 

• Endangered species activities, including monitoring, preactivity surveys, habitat 
restoration/reclamation, and biological/reclamation research and studies. 

• Personnel requirements estimated to be 800 full time government, CUSA and contractor 
personnel , and subcontract personnel varying from a few to 400-500 each day. 

The NPR-l budget for all activities was estimated to increase from $ 1 72,293,000 in FY 1989 
to $224,622,000 in FY 1995. Government revenues were estimated to increase from 
$707,336,000 in FY 1989 to $901 ,659,000 in FY 1995 . 

1.2.2 Description of the Proposed Action 

The proposed action would involve four basic activities: ( 1) drilling of new wells; (2) with
drawal of oil, gas, and water from new and existing production wells; (3) injection of gas, 
water, and steam into new, converted, or existing injection wells as needed to maintain MER 
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production (gas and water are injected into selected wells to dispose of wastewater, to reduce 
the possibility of subsidence, to restore reservoir pressure losses from production withdrawals, 
and as part of recovery operations to ensure that the desired MER is achieved);  and (4) selling, 
delivering, and otherwise distributing oil, NGL's, and gas not needed for injection (DOE 
1979) . This section provides additional descriptions for 22 of the more important elements of 
the above activities. 

1.2.2.1 Reservoir Development Plans 

Stevens Zone 

Main Body B (MBB)lWestern 3 1 S  (W3 1 S) - The management strategy for this reservoir 
includes the maintenance case plus development drilling with infill wells in the northern and 
western portions of the structure. In addition, waterflood expansions are planned in Sections 
34S , 33S, and 32S . See pages 2-18  to 2-35 in the LRP (Appendix G) for more information. 

24Z Sands -- The management strategy for this reservoir includes the maintenance case plus 
development drilling . The maintenance case includes peripheral water injection , gas injection, 
and remedial actions (such as artificial-lift installations, stimulations, recompletions, and 
conversions). Development activities include waterflood surveillance and optimization, plus 
drilling of one new well. See pages 2-35 to 2-46 in the LRP for additional information. 

2B Sands -- The management strategy for this reservoir is the maintenance case only, which 
includes well stimulations and recompletions and installations of artificial-lift equipment. See 
pages 2-46 to 2-52 in the LRP for additional information. 

29R124Z Shales -- This reservoir management strategy includes the maintenance case plus a 
development drilling project. The maintenance case consists of stimulations, recompletions, and 
artificial-lift installations, plus gas and water injection projects to replace voidage and maintain 
reservoir pressure. Development drilling would include two wells. See pages 2-52 to 2-63 in 
the LRP for additional information. 

26R Sands -- The strategy for this reservoir includes the maintenance case and a horizontal 
drilling project. The maintenance case emphasizes remedial activities, such as stimulations and 
recompletions. Production would continue under gas injection assisted by gravity drainage. 
Development drilling would involve horizontal drilling that would improve recovery efficiency 
and that might be capable of sustaining production for an extended period. See pages 2-63 to 
2-73 in the LRP for additional information. 

3 1 S  C/D Shales -.., The management .strategy includes - the maintenance case, plus drilling new 
wells, deepening existing wells currently completed in overlying structures, and a pilot 
waterflood project. The maintenance case includes remedial activities (such as stimulations, 
recompletions, and installation of artificial-lift systems). It is anticipated that approximately five 
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new wells will be required, and five existing wells will require deepening. See pages 2-74 to • 2-85 in the LRP for more information. 

3 1 S  N/A Shales - The management strategy for this reservoir consists of the maintenance case, 
which includes routine remedial activities such as stimulations, recompletions, and artificial-lift 
installations. These activities are directed toward maintaining production levels and conserving 
reservoir energy by shutting-in wells with high gas-to-oil ratios. See pages 2-85 to 2-92 in the 
LRP for additional information. 

Northwest Stevens (NWS) AI-A3 Sands -- The total development strategy for this reservoir 
includes the maintenance case plus a horizontal drilling project. The maintenance case consists 
of maintaining reservoir production and pressure by gas injection to balance voidage and by 
conducting isolation remedial projects. In addition, two horizontal wells are planned. See pages 
2-92 to 2-103 in the LRP for additional information. 

NWS A4-A6 Sands -- The strategy for development of this reservoir consists of the maintenance 
case and a development drilling project. The maintenance case includes remedial actions 
(recompletions and stimulations) and continued peripheral water injections to support reservoir 
pressure and improve production recovery. Development drilling would include two wells. See 
pages 2-1 03 to 2- 1 14 in the LRP for additional information. 

NWS T Sands and N Shales -- The reservoir development strategy is a combination of the 
maintenance case and a hydraulic fracture project (applying high pressure water and sand down 
hole to fracture the producing structure to increase permeability and production). The • maintenance case consists primarily of remedial activities (recompletions and stimulations) and 
one hydraulic fracture test. The hydrofracture project involves continued hydraulic fracturing 
in at least one well/year through FY 1996. Also included are studies for waterflooding that 
(depending on results) could lead to initiation of a waterflood pilot. See pages 2- 1 14 to 2-125 
in the LRP for additional information. 

Asphalto -- The management strategy for this reservoir consists of the maintenance case only. 
This case is directed toward continued primary production of both the Asphalto-Stevens and 
nonunit Antelope shale reservoirs by performing routine remedial activities (primarily pump 
replacements) . See pages 2- 146 to 2- 151  in the LRP for additional information. 

Sha]]ow Oil Zone 

The total development management strategy for the SOZ is a combination of the maintenance 
case plus five production enhancement projects. The maintenance case includes well remedial 
actions to facilitate,production,.which consists of gravity drainage in the eastern SOZ and gravity 
drainage with gas expansion in the western SOZ. Production enhancement projects include 
drilling of six new wells/year through FY 1995 (42 new wells) ; hydraulic fracturing (four wells) 
steam flood pilot phase II (includes four patterns) ; steam flood expansion project (major new field 
expansions through FY 1994) ; and a potential waterflood project for the SS-2/Mulinia sands . 
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Alternative strategies that will be incorporated as appropriate based on simulation and pilot 
testing include waterflooding portions of the SS- I ,  in lieu of steamflooding, and gas injection 
(Querin 1989). See pages 2-125 to 2-146 in the LRP (Allpendix G) for additional information. 

Cameros Zone 

The total development strategy consists solely of the maintenance case. Activities planned 
include one well deepening, nine remedial stimulations, and installation of artificial-lift 
equipment. See pages 2-15 1 to 2-158 in the LRP <Amx;ndix ill for additional information. 

Dry Gas Zone 

Included in the total development strategy for this reservoir are the maintenance case, a remedial 
project, and a compressor project. The maintenance case represents base production with 
remedial actions such as recompletions and artificial-lift installations. See pages 2-158 to 2-169 
in the LRP (Awendix G) for additional information. 

1.2.2.2 Production Quantities 

It has been estimated that continued MER production would result in the production quantities 
shown by Table 1.2-1 .  This table illustrates that as the field matures oil production and gas 
sales would decline; however, gas production, produced water, gas injection and water injection 
would increase. This has major implications, especially from the standpoint of facility 
requirements. These implications are the subject of much of the following description of the 
proposed action. Table 1 .2-2 provides quantities of some of the various product streams by 
producing zone during FY 1988; these quantities are comparatively typical. Fi�ure 1 .2-1 is a 
graphical representation of how crude oil production would probably decline. 

1.2.2.3 Operation, Maintenance, and Personnel Requirements 

The proposed action includes all operation and maintenance activities and procedures needed to 
ensure MER production for all existing and planned facilities, programs and activities, as 
described in AIlpendix A (A.9l and the LRP (A1lpendix G). All currently operating systems 
would be available (with some modification, additions, or replacements) throughout the useful 
life of NPR- l .  

Abnormal conditions (e.g. , oil spills, fires) could occur periodically. Site operations and 
maintenance staff are trained to expect and prevent or mitigate the full range of potential 
abnormal conditions. Specific abnormal conditions are discussed in Section 3.9, Risk 
Assessment. 

Staff requirements for maintaining MER production rates would not change significantly from 
the current levels. This is approximately 800 full time personnel employed by the government, 
CUSA, and contractors. In addition, up to approximately 400-500 subcontractor and vendor 
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TABLE 1.2-1 Summary of NPR-l Proposed Production Program 

Program Element FY 1990 FY 1991 

Oil production (bbl/day) 98,957 95,574 
Produced Water (wastewater) (bbl/day) 129,271 151 , 107 
Gas production (103 fe/day) 65,028 356,643 
Gas injection (103 fe/day) 188, 1 82 195, 101  
Water injection (bbl/day) 200,085 229,862 
Steam injection (bbl/day) 5,200 13,705 
Fuel gas consumption ( 103 fe/day) 20,090 22,465 
Gas sales ( 106 fe/day) 1 18,500 102,250 
NGL extraction ( lW gal/day) 654,270 636,340 
Pool operating costs ($ 1W) 67,450 76,926 
Unit expenditures ($ 103) 174,883 170, 155 
DOE-NPR allotment ($ 103) 9,098 9,057 
Unit revenue ($ 1W) 929,300 928,9 10 

Source: BPOI 1989 

• 

FY 1992 FY 1993 FY 1994 FY 1995 

91,895 83,629 76,286 71,5 15 
171 ,368 175,291 181,067 172,076 
355,958 352,459 351,262 417,414 
200,813 203,994 208,821 271,542 
247,543 252,220 254,521 235,396 

21,410 27,508 32,805 3 1,305 
25,137 27,247 29,167 32,000 
93,4 10 84,950 77,410 69,060 

632,680 623,970 620,600 767,800 
85,476 86,865 88,914 91,246 

165, 103 170,722 164,748 176, 153 
9,521 9,479 9,910 10,382 

944,880 921,360 891,580 901,659 

• 
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TABLE 1.2-2 Production and Disposition of Primary Oil, Gas, and Water Streams at 
MER in 1988 (Oil, ur barrels/day; gas, 10' feet/day; water, 1«r barrel/day) 

Production 
and 

Disposition 

Oil stream8 

Gas Streams 

U sed as fuelb 
NPR-1 gas plantsC 
CUSA gas plantC 
Injectiond 

Water streams 

Stevens /Tulare 
Waterfloodc 
Associated water 

-Oil production by zone . 
bGas production by zone. 
CPlant feed. 
dGas injection by zone. 

Stevens 

92.6 

17.4 
320.0 
30.0 

205.0 

148.0 
76.5 

Zone of Origin 

Shallow 
Oil Asphalto Cameros 

16.4 0.2 0 

1.0 0. 1 0.5 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
18.6 3.8 0.2 

CWater produced from Tulare for waterflooding Stevens. 

Dry 
Gas Total 

0 109.5 

0.4 19.4 
0 320.0 
0 30.0 
0 205.0 

0 148.0 
0. 1 99.2 

Water associated with oil and gas production by zone of origin. (Disposed of into Tulare 
SOZ, Stevens, and Olig.) 

Source: BPOI 1988 . 
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personnel are on-site each day conducting maintenance, construction, and a wide variety of other 
services. 

1.2.2.4 DrilliDa Activity 

Based primarily on Reservoir Development Plans (see Section 1.2.2.1) and Well Remedial 
Actions (see Section 1.2.2.5), additional wells would be required to continue producing at MER. 
Before FY 1974, about 1 ,279 wells had been drilled at the NPR-1 .  Between FY 1974 and 
FY 1988, an additional 1 ,036 wells were drilled, bringing the total to 2,315. Development and 
exploratory drilling and testing through FY 1995 includes an additional 259 new wells, redrills 
and deepenings. Wells are redrilled when mechanical problems or reservoir conditions 
necessitate abandonment of the original well bore. Typically, the redrilled well is completed in 
the same geologic formation as was targeted for the original well. The deepening of a well is 
normally intended to achieve production from a deeper reservoir. Projections for the period 
FY 1996 through FY 2025 include another 123 new wells, redrills and deepenings. This results 
in a total of 382 new wells, redrills, and deepenings and would bring the total well count to 
approximately 2,697. Table 1.2-3 shows an estimate of the distribution of the projected new 
well activity for the periods of interest. Significant activities within each major production pool 
are described below. 

In the Stevens Zone, the MBBIW31S pool is the largest drilling and development project 
planned. Of the 123 new wells planned, 41 are for infill drilling to reduce well spacing from 
20 to 10 acres. Proposed activity in the 26R sand pool of the Stevens Zone includes drilling 
seven horizontal holes. Seven standard vertical wells are also planned. Other well drilling 
activity that may be included for the Stevens Zone includes two new wells in the 24Z sand, two 
new wells in the AI-A3 sands in the Northwest Stevens pool, and two new wells plus deepening 
of an existing well in the A4-A6 sands of that pool. 

Activities planned in the SOZ (SS-l and SS-2 Mulinia) include evaluating the steam flood project 
started in FY 1987. If initial phases of the steamflood prove successful, the SS- l sand 
steamflooding would be incrementally increased in successive years. Alternately, portions of 
the SS-l might be waterflooded depending on the results of steam evaluation and additional 
simulations and pilot testing of waterflood strategies. A waterflood in the SS-2 Mulinia is also 
being considered, as well as a gas injection strategy (Querin 1989). 

In the Cameros Zone, one well is being considered for deepening. Additional development and 
exploratory drilling, completion and seismic work are described in the LRP (Awendix G) in 
Chapters 1 and 2. 

It has been estimated that the.total land disturbance for·the projected 382 new wells to be drilled 
would be 579 acres of land. This is based on the assumptions that approximately 71 % of 
the wells would be sited in previously undisturbed areas and that 2.2 acres would be required 
for each new well pad and ccess road , etc. 
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TABLE 1.2-3 Summary of Well Drilling in 1989 and Projected through 2025 for NPR-18 
�-

Reservoir 

Stevensb 
MBB/W31S 
24Z 
2B 
29R/24Z 
26R 
31S C/O 
31S N/A 
NWS AI-A3 
NWS A4-A6 
NWS T/N 
Subtotal 

Other Zones 
SOzc 
SOZci 

Asphalto 
Carnerosc 
Dry Gas Zone 
Tularer 
Exploration 
Subtotal 

Total 

_ . .  _--- _._-

1989 

10 
1 
0 
1 
1 
0 
0 
0 
0 
0 
13 

7 
0 
0 
1 
0 
0 
0 
8 

21 

� �.- -

1990 

7 
0 
0 
1 
2 
2 
0 
1 
1 
0 
14 

6 
8 
0 
0 
0 
0 
1 

15 

29 

�-.-.. -.. ---

1991 

15 
1 
0 
0 
2 
1 1  
0 
1 
1 
0 
31 

6 
0 
0 
0 
0 
0 
1 
7 

38 

- - - ---

1992 

14 
0 
0 
0 
2 
9 
0 
0 
1 
0 

26 

6 
27 
0 
0 
0 
0 
0 

33 

59 

� .. -.--

1993 

15 
0 
0 
0 
0 
8 
0 
0 
0 
0 
23 

6 
0 
0 
0 
0 
0 
1 
7 

30 

·Includes new wells, redrills, deepenings, and associated tests. 

---- ----

1994 

15 
0 
0 
0 
0 
8 
0 
0 
0 
0 
23 

6 
22 
0 
0 
0 
0 
1 

29 

52 

1995 

15 
0 
0 
0 
0 
8 
0 
0 
0 
0 
23 

6 
0 
0 
0 
0 
0 
1 
7 

30 

1996-2025 

32 
0 
0 
0 
0 
0 
0 
0 
0 
0 

32 

0 
9 1  
0 
0 
0 
0 
0 

9 1  

123 

Total 

123 
2 
0 
2 
7 

46 
0 
2 
3 
0 

185 

43 
148 

0 
1 
0 
0 I 
5 

197 

382 

bStevens Zone section locations are 22R, 23R, 24R, 25R, 26R, 29R, 30S, 36S, 36R, 31S, 32S, 33S, 35S, 2G, 3G, 
4G, 5G, 6G, IB, 2B, 14B, 35R, 24Z, 34R, 16R, 17R, 7R, 8R, 9R, 14R-20R, 27R, 30R, 33R, 14Z, 23Z, and 25Z. 
cDoes not include SOZ steamflood. 
dSOZ steamflood. 
CCarneros Zone section location is 29R, 19R, 30R, 24Z, 26Z. 
'The Tulare Zone is a secondary production zone that is uneconomic to produce at this time. 
Source: Compiled from BPOI 1988, 1989. 
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1.2.2.5 Well Remedial Actions 

To maintain MER, a number of remedial activities would be necessary at wells where 
production has fallen off (including shut-in wells) or other circumstances require a change in 
operation. Major remedial activities include: (1)  Well stimulations -- physical or chemical 
treatment of a well at production zones to revitalize decreasing production; (2) recompletions 
- physical reconstruction of well bores to increase lower-than-expected production rates; and 
(3) conversion - e.g . ,  physically retrofitting a production well to convert it to an injection well 
when production has become uneconomic to maintain or remediate. 

Other remedial activities involve maintaining oil production via well-bore delivery systems. 
When free flow decreases or ceases, flow enhancement/recovery techniques must be applied. 
These techniques consist of using various forms of artificial-lift, including rod pumping, 
electrical submersible pumps, and gas lift. Repressuring the reservoir by gas, water, and steam 
injection (flooding) would also cause wells to flow again.  Table 1 .2-4 lists the number of 
remedial activities planned for each zone or pool. Total projects planned through the year 2025 
would be approximately 2 ,663 , 1 ,288, and 1 ,375 for the periods FY 1989-1995 and FY 1996-
2025 , respectively. Table 1 .2-5 summarizes estimated equipment use (including duration and 
numbers of units required) for new well drilling, well completion , and remedial work. 

1.2.2.6 Light Oil Steamflood Activities 

The SOZ Light Oil Steamflood (LOS F) project was initially planned to be carried out in two 
pilot phases (nOE 1985) which , if successful, would be expanded by implementing up to 
approximately five additional phases. The phase I pilot project, which was placed into 
production in FY 1987, called for producing a 59-acre area of the SOZ by continuous steam 
injection. The project is located in an area that was previously produced on a lO-acre well 
spacing by conventional production methods. Updated plans include a total of 20 project wells 
-- 5 existing wells, 1 3  new wells, and 2 redrills. These wells include 12 producers, 5 injection 
wells, and 3 observation wells. Facilities for the LOSF were completed at a cost of 
approximately $4 million. Newly constructed equipment and piping included the following: 

• Piping and connections from the fresh water system to the steam generator. 

• Piping and connections for a fuel line to supply field gas to the steam generator. 

• Water-filtration system to remove iron and iron oxide corrosion products from the fresh 
water system. 

• A water-softening system to remove naturally occurring calcium and magnesium ions in the 
fresh water system. 

• A 3 ,OOO-barrel fresh water tank . 
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TABLE 1.2-4 Remedial Activities Planned at Existing NPR-l Production Wells 

Activities 1989- 1995 1996-2025 Total Section Locations 

StimuJations 
MBB/W31S Sands 59 202 261 22R, 23R, 24R, 26$, 30S, 36R, 

3 1S, 32S, 33S, 34S, 35S, 2G, 
3G, 4G, 5G, 6G 

24Z Sand 15 15 30 13Z, 24Z 
2B Sand 4 25 29 2B, 35R 
29R/24Z Shales 8 4 12 34R 
26R Sand 53 25 78 26R, 25R, 36R, 31S 
31S C&D Shales 28 57 85 31S, 32S, 36R 
31S N&Z Shales 14 26 40 Same as MBB/21S Sands 
NWS AI-A2 Sands 9 27 36 7R, 8R, 17R, 18R 
NWS A3-A6 Sands 15 26 41 8R, 17R, 16R, 9R 

...... NWS T &S Sands 12 26 38 16R, 17R 
N -'=" SOZ 70 120 190 Many sections 

Carneros 3 0 3 29R, 30R 
Dry Gas Zone ..11 .J! ..11 Many Sections 

Subtotal 321 553 874 
Same as identified above 

Recompletions 
MBB/31S 162 1 18  280 
24Z Sand 1 1  15 26 
2B Sand 6 0 6 
29R/24Z Shales 14 10 24 
31S C&D Shales 38 58 96 
31S N&A Shales 9 26 35 
NWS AI-A3 Sands 6 0 6 
NWS A4-A6 Sands 28 52 80 
NWS T Sand & N Shales 7 13 20 
SOZ 67 91 158 
Dry Gas Zone 22 --.0 22 

Subtotal 370 383 753 

• • • 



• 

..... I � 

TABLE 1.2-4 (Cont'd) 

Activities 

Artificial Lift Installations 
MBB/31S 
24Z Sand 
2B Sand 
29R/24Z Shales 
26R Sand 
3 1S C&D Shales 
3 1S N&A Shales 
NWS AI-A3 Sands 
NWS A4-A6 Sands 
NWS T Sand & N Shales 
Carneros 
Dry Gas Zone 

Subtotal 

Conversions 
MBB/W31S 
24Z Sand 
26R Sand 
31S C&D Shales 
NWS A l-A3 Sands 
NWS A4-A6 Sands 
NWS T Sand & N Shales 
Carneros 
Tulare 
SOZ 

Subtotal 
Total 

Source: Compiled from BPOI 1989. 

1989-1995 

154 
16 
5 

81  
0 

45 
14 
0 
1 
4 
6 

-.2 
335 

10 
2 

58 
20 
13 
1 1  
17 
1 

17 
ill 
262 

1,288 

• • 
1996-2025 Total Section Locations 

34 188 . Same as identified above 
4 20 
0 5 

30 1 1 1  
0 0 

45 90 
16 30 
0 0 
0 1 
0 4 
0 6 

_1 .lQ 
130 465 

0 10 Same as identified above 
0 2 

14 72 
0 20 

54 67 
18 29 
13 30 
0 1 

52 69 
ll8 ill 
309 571 

1,375 2,663 . 



TABLE 1.2-5 Summary or Estimated Equipment Use During New Well Drilling, Remedial Work, and New Well Completion 
Activities at NPR-l 

Type of Zone Depth Drilling- Moving 
Activity . (ft) 

Machine No. Days Machine No. Hours 

New Well Deep 8,500 Engine, diesel 1 30 Crane, diesel 2 10-12 
drilling/ Stevens/Carneros (912 hp) (65-85 tons) (70%) 
deepeningb 

Engine, diesel 1 30 Truck, diesel 6-8 10-12 
(610 hp) (400 hp) (100%) 

Shallow Stevens 7,000 Engine, diesel 7c 20 Same as above Same as Same as 
(380 hp) above above 

Shallow Oil 3,500- Engine, diesel 3 10 Crane, diesel 1 6-8 
4,000 (380 hp) (65 tons) 

Engine, diesel 1 10 Engine, diesel 1 2 
(285 hp) (380 hp) 

Engine, diesel 1 2-4 
(285 hp) 

Remedial Various Various Engine, diesel 2 1-25 Engine, diesel 1 1.5-2 
work/new well (380 hp) (380 hp) 
completion 

Engine, diesel 1 1-25 Truck, heavy-duty 1 2-2.5 
(175 hp) (highway-type) 

rrypically at any one time throughout the NPR-l, there are 3 drilling rigs in operation at the deep Stevens/Carneros or shallow 
Stevens Zones (24 hr/day, 100% utilization), 1 drilling rig at the SOZ (24 hr/day, 100% utilization), and 5 remedial work rigs (24 
hr/day, 90% utilization). 
bWell deepening requires the same equipment as new drilling, but takes less time by about 8-10 days. 
c5 of 7 engines are in operation at any one time. 
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• Pumps and piping to circulate water in the fresh water tank to a heat exchanger at the 
production tank setting . 

• A natural-gas-frred steam generator rated at 62.5 million BTU/hour and capable of delivering 
approximately 3 , 100 barrels/day of 80% quality steam (quality is the weight fraction of dry 
saturated steam contained in wet steam). 

• Insulated piping to four injection wells. 

• A production tank setting to separate and meter liquid and gas production . A 3-phase test 
separator separates and meters oil, water, and gas production for individual wells. A pool 
separator is used to separate liquid and gas production for the remaining wells entering the 
manifold. The liquids are stored in a production tank and eventually pumped through a pipeline 
to the lOG dehydrationlLACT facilities. The gas is collected into a vacuum system with SOZ 
compressors located in Section 3G. Water from the fresh water tank is pumped to a heat 
exchanger at the tank setting, where heat is transferred from the produced fluids to the fresh 
water. The preheated water is then pumped to the steam generator. 

• Modified piping from the wellhead to the production tank setting for 12 production wells. 

The phase II pilot project consists of 12 wells (10 of which will be new) ; 6 wells will be 
producers, 4 will be injectors, and 2 will be observation wells. The phase II pilot project would 
require one additional steam generator, additional piping, and modification of one existing tank 
setting . 

Assuming the phase II pilot project proves successful, proposed future expansions of the SOZ 
steam flooding into other areas could ultimately encompass more than 500 acres (but only about 
35-46% of this area would be disturbed) . Expansion would consist of development of five 
additional areas in five phases of about 100 acres each (Figure 1 .2-2) . The most economically 
promising areas would be developed first, with development of subsequent phases depending on 
the success of the preceding phase. Phase I includes further expansion of the previous projects 
in Sections 3G, 4G, 9G, and lOG,  with primary expansion planned for Section 3G 
(Eigure 1 .2-2) . All other phases would introduce steam flooding to new areas. Phase II would 
be in Sections 35S and 36S . Phase III would be in two separate areas -- one including portions 
of Sections 9G and l OG (essentially expanding on the phase I area) , and one in Section 
1 G, including a small portion in Section 36S. Phase IV would be in Section 36S ,  where it 
would bridge the gap between areas in Section 36S developed in phases II and III. Phase V 
would introduce steam flooding into Section 34S and extend the development of new areas in 
Section 35S initiated during phase II. 

The five-phase LOSF expansion project requires phased construction of steam-generating 
facilities to meet production expansion plans. New facilities would consist of a maximum of 10 
additional 62 .5 million BTU/hour steam-generating units to support expanding steamflood 
activity. The steam generation units would be installed and/or operating on a schedule 
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developed to coincide with implementation of the five phases of stearnflood expansion . 
Table 1.2-6 lists the number of stearn generators expected to be operational and the stearn 
requirements by year and phase. Table 1.2-3 summarizes the number of new wells planned in 
support of the five phases of the project. 

Gas-fired equipment, including each stearn generator unit, would operate on produced gas that 
has been processed at the gas plants. Each unit would occupy about 0.5 acre of land (similar 
to land requirements for tank setting and gas/liquid separation units), for a total of about 5 acres. 
In addition, installation of each unit would result in an additional disturbance of about 1 acre, 
for a total of an additional 10 acres. This would result in 15 acres of disturbance. Also, 
because some of these units would be moved from one location to another as the phased 
expansion is implemented, cumulative area of disturbance could double to as much as 30 acres. 
Abandoned stearn generator sites would be revegetated as the phased expansion proceeds. 

1.2.2.7 Waterflood Activities 

The proposed action includes the operation , maintenance, and construction of all existing and 
planned waterflood facilities. Currently, there are three areas being waterflooded. The 
MBB/W3 1S area is being flooded using the 33S waterflood plant. This facility has a capacity 
of approximately 140,000 barrels/day, and injection is currently about 94,000 barrels/day. The 
other two areas being flooded are in the 24Z area and the 17R area. These areas are being 
flooded using a waterflood plant in 17R. This facility is currently operating at a rate of 
approximately 54,000 barrels/day, and it has a capacity of approximately 60,000 barrels/day . 
The source water for the 33S and 17R plants comes from approximately five active Tulare 
Formation source water wells. These waters are pumped from the source wells to a booster 
pump plant in section 18G and then pumped to the 33S and 1 7R plants. Total source water is 
currently 148,000 barrels/day. 

A 20,000 barrel/day increase in the 24Z waterflood is planned. This expansion would include 
( 1 )  construction of a pipeline and distribution system to extend from the 17R injection plant to 
injection wells in Sections 18R, 19R, 13Z, and 24Z, (2) construction of additional pump 
capacity at the 17R injection plant, and (3) a pipeline connecting the 17R plant to a source water 
well in 8R. 

A new waterflood of the SOZ SS-2 Mulinia is also planned. Initially, preliminary plans are to 
flood a portion of the south flank at a rate of approximately 24,000 barrels/day using 
12 existing idle wells that have been converted from production to injection . This would also 
require the expansion/modification of existing waterflood pumps, piping and related systems. 
Additional SOZ areas would be flooded in stages that would proceed on the basis of the 
technical and economic .success .of each · preceding stage. As in the case of the initial stage, 
preliminary plans are to use existing facilities to the maximum extent possible; accordingly, new 
land disturbances should be minimal . 
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TABLE 1.2-6 SOZ Steamnood Expansion Steam Requirements 

Year 
Phase I Phase II 

1991 8,505 0 
1992 17,010 0 
1993 17,010 7,148 
1994 17,010 14,295 
1995 8,505 14,295 
1996 0 14,295 
1997 0 7,148 
1998 0 0 
1999 0 0 
2000 0 0 
2001 0 0 
2002 0 0 
2003 0 0 

·Six generators operating at half power. 
bFive generators operating at half power. 

Source: Wei 1988. 

• 

--�----� --- --

Steam Requirements (bbl/d as water) 

Phase III Phase IV Phase V 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

10,091 0 0 
20,183 0 0 
20, 183 5,801 0 
20,183 11,603 0 
10,091 11 ,603 10,065 

0 11 ,603 20,130 
0 5,801 20,130 
0 0 20,130 
0 0 10,065 

• 

Number of I 
Total Steam 

Generators 

8,505 6· 
17,010 6 
24,158 lOb 
31,305 10 
32,891 10 
34,478 10 
33,131 10 
31,785 10 
31,759 10 
31,733 10 
25,931 8 
20,130 6 
10,065 6· 
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An initiative is in the planning phase to study the economics of waterflooding the SOZ in 
selected portions of the 8S-1 Mulinia, as an alternative to the planned steamflood. Initial efforts 
would focus on simulation studies. H areas in the 8S-1  are identified as potentially being more 
responsive to waterflooding than steamflooding, field pilot tests would be implemented. To the 
extent pilot tests were successful, SS-1 waterflooding would be expanded appropriately. The 
areas of the SS-1 that could be affected are shown by Fie;ure 3.4-5. 
As the result of increasing waterflood requirements, it would be necessary to increase the supply 
of waterflood source water. Future requirements would increase from the current rate of 
approximately 148,000 barrels!day to 154,521 barrels!day by approximately FY 1994 (see 
Table 1.2-1) or a total increase of about 106,521 barrels!day. Plans are to provide waterflood 
source water by using produced wastewater, thus accomplishing another objective of reducing 
wastewater requiring disposal. 

Produced wastewater availability is projected to be approximately 100,000-1 10,000 barrels! day 
initially, increasing to approximately 181 ,067 barrels!day by approximately FY 1994 (see 
Table 1.2-1) . Produced wastewaters are currently being disposed of by injecting them into the 
Tulare Formation utilizing a separate wastewater disposal system. Rather than continuing this 
practice, plans are to treat, clean, and filter produced wastewaters, and recycle them into the 
waterflood source water system to supplement the water from the Tulare source water wells, as 
needed to satisfy overall · waterflood requirements. Operation of the facility generates small to 
moderate amounts of non-hazardous filter waste residues, which are currently being disposed of 
into the wastewater disposal system. This project is planned in stages that will proceed on the 
basis of the technical and economic success of each preceding stage. 

For additional information refer to ARpendices A.6. and A.7, and the project descriptions in the 
LRP (Al!pendix G). 

1.2.2.8 Gas Injection Activities 

Plans are to construct two surface gas injection facilities for injecting gas into the Stevens 26R 
sand reservoir wells 334A-36R and 312-36R by FY 1995. This would require approximately 
4 acres of land. An initiative is also planned to study the possibility of enhancing SOZ 
production through a gas injection project (Querin 1989) (see Fie;ure 3.4-6) Initial efforts would 
concentrate on simulation studies. These would be expanded to field tests and more 
comprehensive programs, if appropriate. It is anticipated that the program can be implemented 
with existing facilities. 

1 .2.2.9 Gas Compression Facilities 

This involves the installation of ten 1 ,000 horsepower natural gas-fired (NGF) compressor 
drivers and three 1 ,500 horsepower NGF compressor drivers each equipped with pre-combustion 
chamber technology for gas-gathering (see Table 1.2-7 and P49312 described in Table 1.2-1Q).  
Approximately 10 acres of land would be required. 
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TABLE 1.2·7 Number or Planned 
Gas Gathering Compressor 
Installations (FY 1989 through 
FY 1995-) 

Section Total 

19R 3 
30R and 29R 2 
33S 2 
35R 3 
36R 3 

Total 13 

-Each compressor would be 1,000 
hp, except at 19R, where they 
would be 1,500 hp each. 

Source: BPOI 1989 
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1.2.2.10 Closed-Loop Gas-Lift Facilities 

• These facilities would provide additional field gas handling and compression capacity to furnish 
compressed gas for current and future gas-lift wells. One new facility is proposed; also one 
existing facility would be expanded. A new 24Z129R gas-lift facility would be installed; 
preliminary plans are to locate it immediately north of the 3-19R Stevens tank setting. About 
2 acres of land would be disturbed for pad preparation and construction. The facility would 
include the following components: four 1 ,750 horsepower electric motor-driven compressors, 
an electric power substation, a glycol dehydration system, and associated equipment. Currently, 
23 gas-lift wells are in operation in the 24Z129R area, and 9 more are planned. Additionally, 
a new 4-inch pipeline would be installed to supply high-pressure gas to injection well 36S-24Z. 
The pipeline would follow existing right-of-ways with minimal disturbances. 

• 

• 

The existing 4G Main Body B Reservoir (MBB) gas-lift facility would be expanded from 
20 million cubic feet/day to 32 million cubic feet/day by adding a fourth compressor 
( 1 ,750 horsepower electric). There would be no additional land disturbances. 

1.2.2.11 Gas Operations Expansion 

The objective of the proposed gas operations expansion is to sustain continued MER production 
by constructing and operating an additional gas-processing plant as needed to handle projected 
increases in gas production and to reduce reliance on CUSA' s 17Z gas plant. This expansion 
would increase gas-processing capacity by 100- 150 million cubic feet/day. This project would 
also provide additional gas-gathering and injection compression (22,000 horsepower) and it 
would expand other existing related components. Preliminary plans are to site the new plant 
at the Section 35R gas plant complex just northwest of the LTS-2 plant. The project would 
disturb about 15 acres of land, including the plant site, substation, and construction staging area. 
Construction is expected to last 16 months. 

1 .2.2.12 Butane Isomerization 

The butanes produced at NPR-1 consist of commingled normal butane and isobutane. Recent 
trends in the California butane market place suggest that it might be economical to separate the 
two butanes and convert normal butane into isobutane. Unlike normal butane, isobutane is a 
good source for producing lead-free high-octane gasoline, and therefore it is the more valuable 
of the two butane components. 

This project includes the design, acquisition , and installation of a butane isomerization facility. 
The facility, which is proposed for construction over a two-year period, would consist of the 
following components: 

• Butane isomerization unit and fraction facilities for separation of isobutane and normal 
butane, 
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Mixed butane feed storage, and 
Electrical distribution, relief and blowdown facilities, fuel and air supply, process water 
supply, and other utilities. 

About 5 acres of land would be disturbed during site clearing. The facility would be located in 
the existing 35R gas plant complex area. Operational requirements include 973 kilowatt 
electricity, steam at two different volumes and pressures; and a small amount of makeup water. 
The single fractionation column also would be used to recover isobutane contained in the mixed 
butane feed, as well as in the reaction section. The proposed feed rate, based on current butane 
sales, is expected to be approximately 170,�220,000 gallons/day. 

1.2.2.13 Cogeneration Plant 

• 

This facility would include two gas-turbines with an estimated output of 21 megawatts each 
while producing a total of approximately 126,000 pounds/hour of approximately 566 pounds/ 
square inch gauge (psig) steam for process heat. Plans are to locate the plant adjacent to the 
LTS gas processing plants at the 35R complex. The skid-mounted turbines would be packaged 
for outdoor installation. The facility would require about 3 acres of land. The associated 
electrical equipment would be housed in a building of about 4,000 square feet with a heating, 
ventilation, and air conditioning system to provide climate and dust control to protect electronic 
equipment. Ancillary equipment/facilities would include a forced draft decarbonator tower and 
catch tank, two approximately 1 ,900 gallon capacity bulk storage tanks for acids and caustics 
storage, two automatic, co-current regenerated strong base anion exchanger vessel units for • the demineralizer system, one approximately 26,000 gallon capacity waste neutralization 
tank, demineralized water and feedwater storage tankage, an ammonia storage tank, a hook-up 
to existing or installation of a new septic system, along with associated pumps, blowers, piping, 
and control systems. Facility inputs would include natural gas fuel produced at NPR-I 
(approximately 924,000 cubic feet/day) , fresh water from the West Kern Water District 
(WKWD) (approximately 6,500 barrels/day), and selective catalytic reduction with ammonia 
injection (approximately 29 pounds/hour of ammonia), to reduce nitrogen dioxide (NOJ 
emissions. Outputs would include boiler blowdown, system losses, water treatment backwash, 
domestic wastewater, and exhaust emissions. The plant would generate electricity and process 
steam for NPR-l use. 

1.2.2.14 Abandoned Waste Site Closure and Facility DecommiAAioning 

A program is in place to identify, review, investigate, characterize, evaluate, remediate and 
formally close all abandoned unneeded waste disposal sites in accordance with applicable 
regulations and. DOE ,Orders, -including wastewater: sumps,. · chromium spill sites, two arsenic 
contaminated sites, landfills, etc. 

Project facilities and equipment that become inoperable or unnecessary at the end of their useful 
life or upon depletion of the oil reservoirs would be decommissioned and removed. Table 1 .2-8 
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TABLE 1.2-8 Proposed Well Abandonments in FY 1989·1995 
and Projected for FY 1996·2025· 

Fis cal Year Stevens SOZ Total 

1989 - 10 10 
1990 2 23 25 
1991 2 23 25 
1992 2 28 30 
1993 2 28 30 
1994 2 28 30 
1995 ...2 28 J.Q 
Subto tal 12 168 180 

1996-
2025 60 840 900 

To tal 72 1,008 1,080 

·Ass umes same rat e for FY 1996 throu gh FY 2025 as in FY 1995. 

Sour ce: BPOI 1989. 
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shows that approximately 180 wells would be abandoned during the period FY 1989 through • FY 1995, or about 26 wells/year for the foreseeable future. For the period FY 1996-2025, it 
is anticipated that another 900 wells would be abandoned. Wells would be abandoned in 
accordance with applicable regulations. 

A program is in place to remove all asbestos field-wide, almost all of which is installed on pipes 
and process vessels at the 35R gas plant constructed in the 1950's. This program would 
continue. 

The 3G gas plant is abandoned. Under the proposed action, it would be demolished and the 
components would be sold, recycled or disposed of by the demolition subcontractor. 
Alternatives are being evaluated to achieve the objective of relocating, repairing, or replacing 
parts of the 25S dehydrationlLACT and tank setting facilities as needed to increase groundwater 
protection in the 25 S area. 

Other miscellaneous construction reclamation activities associated with expansion or replacement 
of gathering and processing systems are planned. For additional information refer to 
Av.pendix A. lO and LRP project listings. 

1.2.2.15 Power Supply 

The proposed action includes the construction, operation and maintenance of all planned and 
existing power systems. Electric power at 1 15 kilovolts is currently purchased from Pacific Gas • and Electric Company (PG&E) , primarily at the 35R substation. Total connected 
capability is approximately 80 megawatts. Current running load is approximately 24 
megawatts, which is distributed through major substations at 35R, 18G,  33S , 3G, 4G, and 17R 
by 1 15-kilovolt, 12-kilovolt and 4 160-volt transmission systems to gas compressor stations, 
waterflood pump stations, well pumps, cathodic protection facilities, gas plants, and buildings. 
Planned projects to expand waterflood injection, gas-lift compression, well electrifications and 
other projects would increase running load to approximately 50 megawatts. Land disturbances 
for these projects would be minimal since the necessary system capability is already in place. 

A future source for meeting on-site electrical power needs is the cogeneration plant described 
in Section 1 .2 .2. 13. This plant would use a gas-fired generator to produce up to 42 megawatts 
of electricity. The waste heat from the generator would be provided to the gas plants as process 
heat, replacing process heat that is currently being provided by gas-fired boilers and heaters. 
This facility could provide most, if not all, NPR-1 electrical requirements, thus reducing the 
amount of power purchased. 

Another significantsource of power.at NPR .. ,l .is.produced· natural gas which is commonly used 
as a source of fuel for well pumps, compressors, and process equipment such as heaters and 

1-36 • 



r------------------------------ --

• 

• 

• 

boilers. Quantities of natural gas consumed as fuel would increase from approximately 20 
million cubic feet/day in FY 1990 to 32 million cubic feet/day in FY 1995 (see Table 1.2-1). 

For additional information on NPR-l power systems refer to Ap,pendix A.8.3. 
1.2.2.16 Water Supply and Sewer System 

The proposed action includes all activities associated with the water supply and sewer systems. 

NPR-l purchased approximately 29,000 barrels/day of water from WKWD in FY 1988 for a 
variety of purposes: drinking water, construction, process water, drilling operations, fire 
protection, SOZ steamflood, etc. NPR-l recently provided WKWD with projected requirements 
through April 1995 (BPOI 1988). These requirements are expected to increase to 74,800 
barrels/day (3. 1  million gallons) by April 1995.  This increase is primarily due to an anticipated 
stepwise increase in the SOZ steamflood along with smaller contributions from other facility 
projects, such as the butane isomerization project and cogeneration project. West Kern 
Water District has recently determined that due to a reduction in water deliveries to other 
westside oil companies, they would have sufficient water supplies to meet the NPR-l request 
(BPOI 1991). 

Sewage treatment facilities at NPR-I are composed of septic tanks with leach fields. Twelve 
septic systems currently are in use. Additional septic systems could be constructed, if necessary. 
The septic systems are emptied regularly by a subcontractor, and the wastes are hauled off the 
site for disposal. Timing varies from twice/month at I 1G to one to two times/year at all other 
sites. 

1 .2.2.17 Fire Protection 

The proposed action includes the conduct of all fire protection activities, as follows: coordination 
with the Kern County Fire Department, which has primary frre fighting responsibility; the 
operation, maintenance and construction of all existing and planned fire water systems and fire 
prevention/protection/fighting equipment; personnel training; and fire drills. One noteworthy 
activity is the maintenance of a 12 to 20-foot wide fire break around the periphery of the site. 
The fire break is disced 12 inches deep to remove revegetation annually, or as needed to prevent 
the spread of fires . Discing did not take place in 1989 or 1990 because there was insufficient 
vegetation to pose a threat as the result of a continuing drought. To the extent possible, existing 
roads are used to minimize discing requirements; typically, this reduces discing by about 20 % . 

Other planned projects are identified in Table 1 .2-10 and in the LRP (Ap,pendix G); additional 
initiatives will be implemented based on a complete review of fire protection systems including 
the fire water systems . .For more information refer to Awendix A.8.6. 
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1.2.2.18 Roads 

The proposed action includes the construction and maintenance of all roads required for MER 
production. Currently, there are over 1 , 100 miles of primary, secondary and tertiary (unpaved 
access) roads. No new primary or secondary roads are planned; however, unpaved access roads 
would be needed for new wells and new facilities located in areas not currently served by roads. 
These requirements are presented separately in the discussion of wells (see Section 1.2.2.4) , in 
other project descriptions contained herein, and in the LRP (Ap.,pendix G). Abandoned roadways 
would be reseeded and reclaimed as part of the ongoing restoration program. Unpaved roads 
would be watered to minimize fugitive dust in accordance with applicable requirements, as 
appropriate. For additional information refer to Axzpendix A.8. 1 .  

1.2.2.19 Erosion Control and Contemporaneous Revegetation 

• 

Where land disturbance is unavoidable, the extent of disturbances would be minimized as a 
matter of policy. This includes implementation of sound erosion and sediment control practices 
and reclamation during and after the various construction activities. New construction project 
design and specifications would include erosion control and reclamation measures. Culverts 
would be installed and appropriate stabilization methods would be implemented at construction 
crossings of drainageways. Areas of disturbance not needed permanently would be 
contemporaneously revegetated. Topsoil would be conserved and stockpiled for use in future 
reclamation efforts. Disturbed areas would be stabilized and reclaimed consistent with the 
surrounding terrain. Natural drainageways would be reestablished. Annual reclamation plans 
would be prepared for abandonment of access roads, well pads, and other facilities. Site • development and reclamation plans would include (1)  salvaging and protecting topsoil for use 
in site reclamation , (2) revegetating disturbed areas with native and naturalized perennial and 
annual grasses, forbs, and shrubs, (3) applying erosion controls, (4) minimizing damage to on-
site and off-site hydrologic regimes, and (5) minimizing the extent of disturbance to natural 
habitat. 

1 .2.2.20 Endangered Species Program 

There are four major components of the endangered species program. Under one component 
preactivity surveys are conducted for all potential and planned construction , maintenance and 
operations sites. A qualified biologist surveys the sites to ensure that endangered species and 
endangered species habitat are avoided to the maximum extent possible. Since preactivity 
surveys began in 1980, the loss of habitat has been minimized and the loss of kit fox dens has 
almost been eliminated. 

The second component is revegetation of disturbed sit.es that have been abandoned. After the 
sites are revegetated they are monitored annually to document that vegetation has reestablished 
successfully. It is estimated that 625 acres will be revegetated during the period 1990-1998 . 

1-38 • 



• 

• 

• 

The third component encompasses investigations, studies, and research. Currently, the effects 
of large predators on kit fox carrying capacity are being evaluated, as are the influence of food 
supplies on kit fox survival, factors influencing kit fox abundance and distribution, and the effect 
of oil-field chemicals on kit foxes. Techniques to increase prey abundance on burned areas and 
to relocate kit foxes on NPR-l are also being studied. This research will be used to mitigate 
impacts to threatened and endangered species. 

Monitoring and documenting conservation of endangered species and habitat is the fourth 
component. Using a mark-and-capture method, kit fox abundance on NPR-l is assessed 
annually. Kit fox reproduction, mortality and dispersal are also monitored using radio telemetry . 
Blood samples are occasionally collected to monitor diseases in kit foxes. Scent stations surveys 
are used to monitor the abundance of kit fox predators and prey. Other species are also 
monitored to assess the status of their populations on NPRC. (See LRP -APJ)endix G for more 
detail of the Endangered Species Program.) 

1.2.2.21 Future Non-Federal Actions 

NPR-I routinely receives requests for easements, right-of-ways and cooperation/assistance for 
third-party pipelines and other facilities and actions on NPR-l lands. Third-party projects are 
activities conducted on NPR-l lands by others: i.e. , not by DOE and CUSA, otherwise known 
as the Unit (first party), or by the management and operating contractor, currently BPOI (second 
party). Generally, these are projects to conduct geophysical surveys, or to construct, operate, 
and maintain pipelines and ancillary equipment (such as LACT units, pumps, compressors, etc.). 
In some cases, however, they involve other miscellaneous types of facilities and actions . 
Examples of the current inventory of third-party actions include geophysical surveys, pipelines 
and ancillary equipment, sewer facilities, and microwave towers. The projects are always 
carried out by the third-party at its own expense in accordance with the terms of legal 
agreements between appropriate NPR-l entities (DOFlCUSA management and operating 
contractor) and the third party. Usually these agreements are DOE revocable permits which 
specify security requirements, technical requirements (design, engineering, construction, 
operations, maintenance, etc.), environmental requirements, safety requirements, and other legal 
terms. Currently, there are approximately 30 permits in place. Many of these have been 
amended, sometimes on several occasions, to accommodate changing third-party requirements. 

An important non-federal action at NPR-l involves the aerial application of the insecticide 
malathion by the California Department of Food and Agriculture (CDFA), as part of their state
wide curly top virus control program. An environmental assessment of the program was 
prepared by the CDFA in March 1991 and adopted by DOE on April 8, 1992 (DOE 1992a). 
This pest control program is conducted annually by the CDFA throughout the south and central 
portions of California. Except for. 1990 ,_the. CDFA has conducted annual aerial applications of 
the insecticide malathion on portions of NPR-l and NPR-2 since 1987 under the terms of a 
Cooperative Agreement between DOE and CDFA. The term of the Cooperative Agreement was 
extended in 1992 for the period 1992 through 1996 (DOE 1992b) . 
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The CDFA's malathion spraying program controls populations of the beet leafhopper, an insect • that threatens many commercial agriculture crops by transmitting the curly top virus. This insect 
overwinters on the west side of the San Joaquin Valley and migrates back to cultivated croplands 
in the late spring. The amount of acreage on NPR-l and NPR-2 that will be included in the 
program will vary from year to year, but is expected to be approximately 10,000 acres. 
However, the malathion spraying activities will not disturb additional acreage on NPR -1 as all 
ground support activities are restricted to existing developed areas and roads. All program 
activities are monitored and reported by CDFA in accordance with the terms of the Cooperative 
Agreement. For a complete evaluation of the program's impacts and required mitigation, please 
refer to the Environmental Assessment of Curly Top Virus Control in California (DOE 1992a). 

Pipelines that are constructed sometimes pass through NPR-l without actually connecting to 
NPR-l facilities. Except for permit requirements, these projects have no effect on, nor are they 
affected by, NPR-l operations. In other situations, the pipelines tie-in to NPR-l facilities. 
Generally, the purpose of these pipelines is to deliver DOE products to market. Generally, they 
are only one of several pipelines capable of delivering the same product and therefore are not 
necessary for MER production. In all cases, they are installed at the request of the third party 
for the economic benefit of the third party and its customers. However, this also has the 
potential of benefitting the government and the government's purchasers. This is because 
connected third-party pipelines provide more options for distributing product which could result 
in greater demand and more attractive prices for the government's product. Typically, 
significant portions of third-party projects are located off NPR -1 ,  as needed for the third parties 
to tie-in to their existing pipeline facilities located in surrounding areas. Usually, the total length • of a third-party pipeline is less than 3 miles; very rarely it is over 10 miles. The pipeline 
diameters are typically 4- to 8-inch. Construction occurs both above ground and below ground 
on both new right-of-ways and on existing previously disturbed right-of-ways. Pipeline right-of-
ways can vary from 10 feet to 60 feet in width. 

Geophysical surveys use sound waves directed into the substructures to analyze for hydrocarbon
bearing potential. Typically, these surveys are made by emitting and recording the reflections 
of sound waves that have been directed into the subsurface using vibrating or small detonating 
devices. These devices and the necessary recording equipment are usually truck-mounted for 
transport along a right-of-way area of investigation. Sometimes, small, widely spaced drilling 
pads are constructed along the survey route for placement of dynamite charges at depths which 
are typically 100-300 feet deep. The surveys conducted on NPR-l by third parties are generally 
part of a larger analysis of regional substructures. Accordingly, large portions of the surveys 
normally take place off NPR-l .  Geophysical survey right-of-ways are typically 20 feet wide. 

Pipeline and other ·construction· right-of-ways are generally wider than ·surveying· right-of
ways, such as . geophysicaLsurveys, due . to .. the additional area required for construction 
equipment as opposed to survey equipment. 

Third-party projects on NPR-l would undergo environmental, safety, and engineering 
reviews prior to receiving NPR-l permit approval. Third-party activities would be spot 
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monitored to determine if they are in compliance with applicable laws and regulations and permit 
requirements. IT third parties are determined not to be in compliance, appropriate enforcement 
actions would be taken pursuant to the terms · of the permits, including DOE's right of 
revocation, if necessary. 

On the basis of ongoing inquiries and permit applications by third parties, and an analysis of 
historical third-party projects, an estimate of future third-party projects has been made for 
planning purposes (Killen 1990). On the basis of this estimate, the proposed action includes 
three to four third-party projects and geophysical surveys each year. Projects would disturb 
approximately 23 acres per year (total of both on and off NPR-l).  Geophysical surveys would 
affect approximately 226 acres per year (total of both on and off NPR-l).  All disturbed areas 
not needed for future operations and maintenance activities would be contemporaneously 
revegetated by the third party. This is estimated to be approximately 14  acres per year for both 
pipelines and geophysical surveys. Additional details of future plans are shown by Table 1 .2-9. 

1.2.2.22 Miscellaneous 

In addition to the foregoing, the proposed action includes numerous other activities, such as 
replacements necessary as the result of corrosion, and additions, expansions and 
modifications necessary as the result of changing legal/regulatory, technical, and economic 
conditions. Projects are also planned to enhance secondary containment facilities. 

Miscellaneous activities would primarily involve pipeline components, gas processing and 
sales/delivery facilities, oil processing and sales/delivery facilities, NGL storage and 
sales/delivery systems, waste and waterflood source water systems, tank settings, and 
compressor and pump components. For a more complete listing of activities included in this 
Section , refer to the LRP (Appendix G). For convenience, the more important of these 
activities, some of which have been described in preceding Sections, are shown by 
Table 1.2-10. For the most part, the referenced activities are expected to take place on areas 
that have already been disturbed. In the cases of pipelines, however, new disturbances would 
be approximately 50 acres through FY 1 995 . 

1.3 LAND REQUIREMENTS 

Typical unit values of disturbance and volume of earthwork are listed in Table 1 .3- 1. 
Preparation of new sites generally follows a sequence of stripping and stockpiling of topsoil, 
cutting and filling, and watering and compacting to stabilize the site. Table 1 .3-2 summarizes 
the major facilities proposed for NPR-l and lists the estimated land requirements for each type. 
Site preparation activities required for new facilities previously described would involve varying. 
amounts of land disturbance and volumes of surface earthwork. 

Site preparation activities for well pads,  access roads, and similar facilities generally require 
about 7 days/site. Site modifications (e.g. , for tank setting modifications) at existing facilities 
require an order of magnitude less earthwork than for a new facility . 
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TABLE 1.2-9 Annual Average Habitat Disturbancea Associated with Projected Third-Party Pipeline and 
Geophysical Projects at NPR-r 

Acres Affectedb 

Type of On NPR-l Off NPR-l Acres Cont. Reveg.c 
Third-party 

Total On Off Project Number 
Dev. Undev. Dev. Undev. Total NPR-l NPR-l 

Pipelines/Other 
Underground 1.2 19 2.0 0.75 8.0 8.25 12 1.7 10.3 
Aboveground 0.2 4 0.6 0.00 1.7 1.70 2 0.3 1.7 
Subtotal 1.4 23 2.6 0.75 9.7 9.95 14 2.0 12.0 

Geophysical surveys 2.0 226 17.0 96.00 56.00 57.00 
d d d 

, 

aDisturbance numbers are based on informal third-party inquiries, projections based on historical experience, 
and judgement based on general knowledge pertaining to factors associated with site operations. All numbers 
assume implementation of the standard mitigation activities. 
bDev. = developed, Undev. = undeveloped 
cCont. Reveg. = contemporaneous revegetation. 
dlncluded in pipelines/other. 
cFor the purpose of the SEIS it was assumed that none of the acres affected would be on previously disturbed 
lands. 

Source: Killen 1990 
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TABLE 1.2-10 Summary of NPR-l Proposed Projects 

Project 
Title Number Description 

• Stevens tank setting P49313 Modifications are necessary to provide 
modification.- capacity to meet production require-

ments (e.g., larger flow lines, add 
shipping pumps). 

Repair or replace pipelines, P40301A Includes replacement or repair (oil and 
oil and water pipelines. water) necessary to ensure continued 

safe operation. 

Tank setting liquid P49202 Provide secondary containment as neces-
containment. sary on a priority basis at selected 

storage tanks that present danger to off-
site property, potable groundwater, and 
surface water. 

Surge tank repair/replace- P40302 Relocate facilities to the extent possible. 
ment/relocation at 25S dehyd- Clean and inspect remaining facilities, 
ration/LACf and Stevens tanks, make necessary repairs or replace. 
tank setting. 

Artificial-lift projects. P49309 Various artificial-lift installations are 

• planned in production zones experienc-
ing declining pressure [e.g., MBB/31S, 
24Z, NWS (A4-A6), 2B sands, 3 1S N/A 
shales and 29R shales]. 

Replace 16-in. NF SOZ gravity 55008B Replace 7,400 ft. of 16-in. NF gravity 
line. line with approximately 6,000 ft. of lO-

in. and 1,400 ft. of 12-in. fiberglass 
pIpmg. 

LTS vent modifications P47615 Minimization of air pollution related to 
gas venting/stacking and other emission 
sources. 

LTS gas/gas exchanger P48792 Minimization of air pollution related to 
gas venting/stacking and other emission 
sources. 

TS flare bypass P49208 Minimization of air pollution related to 
gas venting/stacking and other emission 
sources. 

" 

• 1-7R TS vapor recovery P48796 Same as above. 
installation 



TABLE 1.2·10 (Cont'd) 

Project 
Title Number Description 

Pipeline repair/replacement P40301B Includes replacement or repair of gas • 
pipelines as necessary to ensure 
continued safe operation. 

New NWS HP pipeline P48767A Replacement of 32,000 ft of 14-in. 
diameter HP pipeline from 1-7R tank 
setting to 35R gas processing facilities. 

Compressor optimization P49312 Implement recommendations of 
implementation· compressor optimization study to ensure 

MER production rates. 

Environmental trigger P40201 Reduction of NOx emissions from 
stationary internal combustion engines 
at NPR-l. 

Minimize gas stacking P48850 Same as above. 

Cameros compressorsl P483 04 Includes, design, construction, and 
installation of low-pressure gas 
compression at 30R to maintain 
Cameros gas production at MER. • 

Install/replace HP gas P48814A Gas dehydrators are necessary for 
dehydrators, and provide P48814B reducing internal pipe corrosion. One 
glycol dehydrators throughout. P403 10 new system is currently planned at 33S 

to control and process discharge gas. 

Gas-lift compressors MBB.I P4775 1C Provide additional compression at 
Gas-lift compressors NWS.I P4775 1D Sections 7R and 4G. 
Gas-lift compressors 4G.1 P49343 

Recylindering of K57 and KS8 P49349 Recylindering compressor units at 1-7R 
compressor units. I tank setting to increase gas-handling 

capacity. 

Condensate collection system. P49304 Project is intended to improve 
condensate collection, reduce 
hydrocarbon emissions, and enhance 
production. 

30R LP gas separation.· P55 127 Includes installation of equipment to 
improve LP gas separation and 
operation of the 30R compressor station. • 



TABLE 1.2-10 (Cont'd) 

Title Project 

• Number 

DGZ program and H2O P49324 
collection. P46121 

35R gas plant upgrade, P48815 
lighting modification, asbestos P49107 
removal and asbestos P47536A 
abatement. P49003 

Abandonment/ demolition of P49102 
3G gas plant. 

24Z gas sales point.· P48878A 

• H2S program project. P49210A 

Cathodic protection P49314 
replacements, anode bed P48724 
replacements and pipeline P49703 
corrosion inspection. 

Gas operations expansion.· P49346 

24Z/29R closed-loop gas-lift P49335 
compressors.· 

Butane isomerization.· P41 104 

Produced water injection and P40309A 
wastewater disposal system. P40307 

• 

Description 

Upgrading of DGZ processing facilities 
to maintain production of sales-quality 
gas and installation of a booster 
compressor are planned. H20 collection 
project includes putting in service 
shutdown separators. 

Projects relate to needed improvements 
to satisfy requirements of the 35R Gas 
plant Safety Analysis Report (SAR). 

Project involves removal of plant cooling 
tower and abandoning the remainder of 
the plant in place. The plant is not 
required and is too expensive to rebuild 
for operation. 

Project involves increasing the capacity 
of 24Z sales point from .60 x 106 fe/day 
to 150 x 106 fe/day . 

Includes monitoring and if necessary, 
installation of equipment to reduce H2S 
concentrations in sales gas. 

Projects include replacement of: 105 
weak ground beds; restore cathodic 
protection to 429 wells. Corrosion 
inspection of critical gas systems 
pipelines to identify problems needing 
correction. 

Project described in Section 1 .2.2. 1 1 . 

Project described in Section 1 .2.2. 10. 

Project described in Section 1 .2.2. 12 

These projects all relate to design and 
installation of wastewater injection 
alternative for Tulare disposal. Includes 
conversion of 24Z and NWR Stevens 



TABLE 1.2·10 (Cont'd) 

Title 

18G wastewater tanks 
improvements. 

Waterflood expansions: SOZ 
(SS-2 and SS-l),Stevens, 
24Z (Phase 2),NWR spare 
pump, and 18G booster pump 
spare.-

35R sump replacement and 
27R oil recovery/ truck 
washout facilities replacement. 

. . 

Industrial hygiene special 
projects. 

New fire protection systems. 

SOZ steamflood expansion.-

Project 
Number 

P55182 

P46263 
P493 08 
P49305 
P49325 
P49322 

P49201 
P48201 

P49104 

P49105 

P40306 

Description 

waterflood to produced water, water • 
knockouts at 10 tank settings per 
year,cleaning of SOZ water to injection 
quality, improvements in 18G 
wastewater tanks, conversion of a 
portion of 33S plant to produced water 
and repairing/replacing 18G /24Z 
wastewater pipeline. 

Projects include installation of injection 
facilities to inject SOZ-produced water 
into production zones. The Stevens 
waterflood expansion will aid in 
eliminating wastewater injection into 
Tulare. The 24Z expansion will increase 
injection capacity at the 17R injection 
plant (e.g., new pump train). 

Includes replacing the 35R sump with 
tankage, a new pipeline that will bring 
Cameros water to be processed at 18G, 
and elimination of 27R oil-recovery 
sumps to be replaced by aboveground • 
facili ties . 

Projects necessary to ensure compliance 
with OSHA and DOE requirements 
related to: Potable water system, bulk 
storage and piping system, bulk storage 
and piping systems for hazardous 
chemicals, upgrading emergency 
showers/eyewashes, and H2S safety 
systems. 

Projects include modifications to fire 
protection systems after review of 
existing systems in order to upgrade 
protection. 

This project is intended to provide 
design, purchase and installation of 
surface facilities for continued expansion 
of the SOZ steamflood. See Section 
1 .2.2.6 for more information. • 
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TABLE 1.2-10 (Cont'd) 

Title Project Description 
Number 

Cogeneration.· P47697 This project is described in Section 
1.2.2.13. 

Chromium cleanup. P78102 Projects are intended to result in 
CERCIA cleanup of P78103 remedial actions to cleanup CERCIA 
hazardous waste sites. hazardous waste sites, including 
Sump cleanup/closure. P78104 abandoned sites; also includes sump 

cleanup and closures. 

Calderon solid waste facility P78106 Includes site characterizations to 
characterization/ cleanup/ determine health threats of both active 
closure. and inactive sites. Includes repairing 

existing areas where erosion damage is 
a problem, and where drainages 
require restoration of habitat for 
wildlife. 

Groundwater monitoring. P79107 Project includes groundwater/vadose 
zone monitoring to determine if 
groundwater contamination has or has 
not occurred at various sites on the 
NPR-1 (e.g., at the 25S lACT area to 
determine potential for contamination 
of the Kern Water Bank project). 

Endangered species program. Numerous Projects include monitoring of 
projects endangered species populations; 

habitat restoration; pre activity surveys; 
development of techniques to enhance 
developed habitats; influence of 
supplemented food supplies on kit 
foxes; investigate the relationship 
between kit foxes and coyotes; 
reclamation of habitat for giant 
kangaroo rats; development of a 
computerized geographic information 
system (GIS); investigation of the 
relationship between oil field practices 
and wildlife. 

·All listed projects (those with and without footnote I) are included in the proposed action. 
Projects with footnote • are production related projects which are not included in the "no 
action" alternative (Alternative 1). Projects without footnote • are included in the "no 
action" alternative because either they are operations and maintenance projects, or they are 
development projects needed to maintain environmental and safety quality. Projects without 
footnote I do not require new land disturbances. 



TABLE 1.3·1 Typical Unit Values for Land Disturbance and Earthwork 
Volumes Associated with Site·Preparation Activities 

Volume of Area of 
Earthwork Disturbance 

Site Preparation (ydl) (acres) 

Well pad 3,000- 2.0 
Well pad access 1,000 0.2 
Steam generation units 400 0.5 
Tank settings (modifications) 400 0.2 

aFor new pads; at existing pads volumes would be much less. 

Source: Jackson 1988. 
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TABLE 1.3-2 Primary Land Requirements Cor Proposed Action 

Number of 
Facility Units On NPR-l 

Federal Facilities 
Wells 382· 579" 

Cogeneration facility 1 3 
Gas Operations Expansion 1 15 
Butane isomerization 1 5 
Gas compression facilities 10 10 
24Z/29R CLGL compressor '4 2 
SOZ Steamflood 10 210C 
Pipeline replacement/maintenance. NAd 50 
Gas injection facilities 2 4 
Subtotal Federal Actions Developed 878 

Non-Federal Third-party Actions 
Pipeline-Developed 30 yearsi NA 101 
Seismic-Affected 30 yearsC NA 3,390 
Subtotal Non-Federal Actions 3,491 

Total Developed Acreagef 979h 

Total Developed and Affected Acreage' 4,369 

Revegetation 
Abandoned Sitesi 625 
Third-Party Pipeline Construction 

Contemporaneousj 60 

Total Revegetation 685 

Net Increase in Developed area 294 

• 

Acres Required 

Off NPR-l Total 

0 579 
0 3 
0 15 
0 5 
0 10 
0 2 
0 210 
0 50 
0 4 
0 878 

590 691 
3,390 6,780 
3,980 7,471 

590 1,569 

3,980 8,349 

0 625 

360 420 

360 1,045 

230 524 
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TABLE 1.3-2 (Cont'd) 

'Number of planned new wells in the full development case includes red rills and deepenings. 
Table 1.2-3 summarizes well drilling planned through 1995 and projected from 1996-2025. 

b Assuming 31  % of planned new wells are developed on existing well pads, approximately 263 wells would result in 
disturbance of 2 acres for a drill pad and 0.2 acre for an access road for each well, or a total of 579 acres. 
cntis estimate is based on land disturbance expected from moving and installing steam generators in the phased steamflood 
expansion areas. 
dNA = not applicable. 
'Total projected temporary disturbance that would result from third-party seismic surveys over a 30-year project life. 
1Jenotes total acreage that would be developed for the life of the project (30 years). 
'Denotes total acreage that would be both developed and temporarily disturbed during the life of the project. 
b750 acres of this is anticipated to occur by 1998. 
iSee Table 3.5-1 for additional information 
jOf the 101 acres to be disturbed pursuant to third-party pipelines on NPR-l, 60 acres would be contemporaneously 
revegetated. Of the 590 acres of third-party pipeline off-site disturbances, 360 acres would be contemporaneously 
revegetated. 
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For typical site preparation projects lasting 7 days (8 hours/day), the following items of 
equipment would be used for the periods indicated: two bulldozers (300 horsepower each) or 
a front loader (days 1-6); one compactor (75 horsepower)(days 1-6); one 4,000 gallon heavy 
duty diesel water truck (IS trips, average one way distance of 3 miles) (days 2-7); and one 
motor grader (75 horsepower) (day 7). An average of three site preparation projects are in 
progress at any one time at the NPR-l site. 

1.4 ONGOING NON-FEDERAL-CONNECTED ACI'lONS 

The permitting process to construct, operate and maintain two third-party pipelines connecting 
to NPR-l facilities were ongoing prior to and during the preparation of this SEIS document 
(Fi2ure 1.4-1). Construction is essentially complete. These projects were assessed separately 
(DOE 1989 and BLMIDOE 1990) and are not evaluated within this document as part of the 
proposed action because third-party projects are routine activities which are considered to be part 
of continuing development; the projects were not needed for MER production; and construction 
was anticipated to be completed before this SEIS is released. For information purposes, the 
impacts of these projects are included in Section 3 as part of the description of the existing 
environment and in the cumulative impact discussions in Section 4. 

1.4.1 SoCal Gas Pipeline 

Southern California Gas Company (SoCal) installed a new aboveground, 3D-inch pipeline which 
replaced 10.4 miles of an existing 26-inch pipeline, and 14.5 miles of an existing 2D-inch 
pipeline. The 26-inch pipeline extends from southern California to northern California and 
almost all of the 10.4 mile section was on NPR- l ;  a small portion was on Bureau of Land 
Management (BLM) land. The 2D-inch line was entirely off of NPR-l .  The new 3D-inch line 
was installed in the 26-inch pipeline right-of-way. The existing 26-inch pipeline was connected 
to an existing 8-inch NPR-l sales gas pipeline. By use of this connection SoCal was able to 
distribute NPR-l ' s  sales gas. The NPR-l 8-inch pipeline was tied in to the new 30-inch 
pipeline. Otherwise, the 8-inch pipeline was not affected. NPR-l 's  sales gas is distributed 
by several pipelines in addition to the SoCal pipeline. 

Project construction was completed on December 10, 1990 and disturbed a total of 
approximately 1 80 acres on and off of NPR- l .  The NPR-l portion of the disturbance was 
estimated to be 75 acres in sections 14Z, 24Z, 25Z, 30R, 32R, 4B, lOB, l IB, 14B, and 13B 
along a 6O-foot right-of-way. Revegetation of the disturbed areas was completed by 
December 3 1 ,  1990. 

1.4.2 Santa Fe Enel'lY Co. Oil Pipeline 

In 1990, Santa Fe Energy Co. completed construction of an aboveground, 8-inch pipeline for 
the purpose of purchasing and transporting DOE oil from NPR- l .  The pipeline extends for 
9 miles between the shipping station at the Section 18G LACf facility on NPR-l and the 
Midway shipping terminal off of NPR-l in Section 31B. The pipeline was constructed above 
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the ground within a 10- to 20-foot right-of-way. Project construction was completed in 
February 1990. The disturbance associated with pipeline installation was about 20 feet wide for 
approximately 0.7 miles of previously undisturbed areas, narrowing to 10 feet for approximately 
8.3 miles where roads or existing right-of-ways were followed. Although the pipeline is about 
9 miles long, only about 1 mile is on NPR-l land. Total disturbance on and off of NPR-l was 
estimated to be 12 acres, of which 4 acres are within portions of Sections 18G, 30G and 3lG 
on NPR-l .  All disturbances are to be revegetated. 
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Naval Petroleum Reserves In California, Tupman, California 93276. 
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2.0 ALTERNATIVFS 

The three primary alternatives to the proposed action are: continued operation, maintenance and 
production of existing facilities, but no future development (no action) (Alternative 1); future 
development as specified in the proposed action, but without the SOZ steam expansion, the gas 
processing expansion (fourth g� plant) , or the cogeneration project (Alternative 2); and future 
development as specified in the proposed action, plus the implementation of other tertiary 
recovery techniques (Alternative 3). Alternative 3 was not evaluated for lack of information, 
as explained in more detail in Section 2.3. 

A fourth alternative would be to sell the government's interest in NPR-l (divestiture) . This 
possibility was announced initially in the Notice of Intent to prepare a Supplemental EIS (53 FR 
10922, Apri1 4, 1988) as an alternative in the context of continued operation and development. 
Analysis of this alternative would have expanded on the 1987 Environmental Assessment of 
Divestiture (DOE 1987). This alternative is now considered highly speculative in the absence 
of congressional action to implement divestiture and, therefore, it is not reasonable to include 
it in this SEIS document. 

As a result of public comment on the DSEIS, a fifth alternative was suggested. The U.S. 
Environmental Protection Agency (EPA) recommended analysis of an alternative that would 
involve implementing the no action alternative for the near term and then proceeding with the 
proposed action at a later date. Though this suggested alternative is technically feasible, it is 
not practical. An analysis performed to estimate oil and gas reserves that would be lost by 
deferring development activities at NPR-l for a period of 10 years concluded that ultimate 
hydrocarbon recovery from NPR-l reservoirs would decrease by approximately 66 million 
barrels of oil and 132 billion cubic feet of natural gas (BPOI 1992). This is due to unfavorable 
changes in reservoir characteristics that would occur which would increase recovery costs. This 
together with the costs of shutdown and restart would render some hydrocarbons uneconomic 
to recover. Because this alternative would not allow DOE to meet the purpose and need for the 
proposed action, which is to produce NPR-l at MER, it was dismissed from further 
consideration in the SEIS. 

Table 2.0-1 provides a comparative summary of the major elements of the proposed action, 
Alternative 1 (no action) , and Alternative 2. A comparative summary of major impacts is 
provided by Table 2.0-2. 

2.1 ALTERNATIVE 1: NO FUTURE DEVELOPMENT (NO ACTION) 

This alternative is based on the -maintenance case- as described in the LRP and provides for 
the continued production of NPR-l by operating and maintaining existing wells and facilities, 
but without the benefit of further development to enhance efficiency or offset natural production 
declines (no new drilling, enhanced recovery, cogeneration, etc.). It does, however, include 
operations and maintenance projects, and development projects needed to maintain safety and 
environmental quality (see footnote at the end of Table 1.2-1Q) . 

2-1 



TABLE 2.0-1 Comparative Summary of Major Elements of Proposed Action, Alternative 1 (No Action) and Alternative 2 

Element 

1. Reservoir 
Development Plans 

2. Production 
Quantities 

3. Operation, 
Maintenance, and 

I Personnel 
Requirements 

4. Drilling Activity 

5. Well Remedial 
Actions 

• 

Proposed Action 

Reservoirs would be developed 
in accordance with LRP "Full 
Development Case" (see 
A��endix G. Cha�ter 2). 

Per Table 1 .2-1 ,  production 
would decline to an uneco-
nomic level by approximately 
the year 2010-2025. 

Operation and maintenance of 
all existing and new facilities 
under' the proposed action until 
approximately 2010-2025. 

382 new development wells. 

Approximately 2,663 remedial 
projects. 

Alternative 1 Alternative 2 
(No Action) 

Reservoirs would be developed Same as proposed action but excluding 
in accordance with development of certain SOZ reservoirs 
"Maintenance Case" (see by steamflood. Development of 
A��endix G. Cha�ter 2). certain Stevens reservoirs would be 

limited by the elimination of the fourth 
gas plant. 

Current production would Production level would be the same as 
decline to an uneconomic level the proposed action, less: approxi-
by approximately the year 2000- mately 8,000-12,000 barrels/day of oil; 
2010 (see Figyres 2.2 through approximately 50 million cubic feet/ 
2-5. �ages 2-2. 2-3. and 2-4 day of produced gas; approximately 
LRP). 100,000 gallons/day of NGL's; and 

approximately 8,505-34,478 barrels/day 
of produced water. 

Operation and maintenance of Approximately the same as proposed 
all existing and proposed facili- action. 
ties under Alternative 1 (no 
action) until approximately 
2000-2010. 

No new development wells. 234 new development wells. 

Approximately 1,500-2,000 Approximately 2,400 remedial projects. 
remedial projects. 

• • 
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TABLE 2.0-1 (cont'd) 
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Element Proposed Action 

6. Light Oil SteaOm- Steam injection would increase 
flood Activities from the current level of 

approximately 3, toO-5,200 
barrels/day of water as steam 
to approximately 35,905-39,678 
barrels/day. 

7. Waterflood Expand current waterflood 
Activities capacity of approximately 

200,000 barrels/day by 48,000 
barrels/day. Peak waterflood 
source water would increase by 
approximately 106,521 barrels/ 
day (from the current level of 
148,000 barrels/day to 254,521 
barrels/day). 

8. Gas Injection, Add approximately 46,250 hp 
9. Gas-Gathering, & (37,500 gas; 8,750 electric). 
to. Gas-Lift 

11 .  Gas Operations Expand NPR -1 gas processing 
Expansion capacity by toO-150 million 

cubic feet/day. Reduce off-site 
gas processing from approxi-
mately 60 million to approxi-
mately 15 million cubic feet/ 
day. 

• 

- ---------- -----.. -� 

Alternative 1 
(No Action) 

Steam injection would continue 
at the current level. (The steam 
project would not be 
expanded.) 

Waterflood capacity and water-
flood source water both would 
be about 200,000 barrels/day. 
(Waterflood capacity would not 
be expanded.) 

No additional hp. 

No gas processing expansion. 
Off-site gas processing would 
be approximately 60 million 
cubic feet/ day. 

• 

Alternative 2 

Same as Alternative 1. 

Same as proposed action. 

Add approximately 16,250 hp (15,500 
gas; 8,750 hp electric). 

Same as Alternative 1. 

I 

I 



TABLE 2.0-1 (cont'd) 

Element Proposed Action Alternative 1 Alternative 2 
(No Action) 

12� Butane Install new 170,000-200,000 No new butane isomerization Same as proposed action. 
, Isomerization gallons/day butane isomeri- facility. 

zation f�cility. 

13. Cogeneration Install 42 megawatt plant. No new plant. No new plant. 
Plant 

14. Abandoned Waste Close approximately 106 Same as proposed action. Same as proposed action. 
Site Closure and abandoned waste sites; 
Facility Decommis- abandon approximately 1 ,080 
sioning wells; demolish 3G gas plant. 

15. Power Supply Increase running load from No additional running load. Running load would be increased to 
approximately 24 megawatts to somewhat less than the 50 megawatts 
approximately 50 megawatts. needed for the proposed action due to 

the elimination of SOZ steam, 
cogeneration, and the fourth gas plant. 

16. Water Supply Increase water supply from No increase in water supply. No increase in water supply. 
approximately 29,000 barrels/ 
day to approximately 74,800 
barrels/ day. 

17. Fire Protection Fire breaks, and facility Same as proposed action. Same as proposed action. 
projects (see Table 1.2-10 and 
LRP). 

18. Roads Maintain existing roads. Same as proposed action. Same as proposed action. 

• • • 
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TABLE 2.0-1 (cont'd) 

Element Proposed Action Alternative 1 Alternative 2 
(No Action) 

19. Contemporaneous Mitigation program for all Same as proposed action. Same as proposed action. 
Revegetation and surface disturbance activities. 
Habitat Recla- Revegetate/reclaim 1,045 acres. 
mati on 

20. Endangered Continue comprehensive Approximately the same as the Approximately the same as proposed 
Species Program program. 13.B-4 proposed action. The only sig- action. 

nificant differences are that 
pre-activity surveys would be 
significantly less because there 
would be signifcantly fewer 
development projects to survey. 

21 .  Future Non- Approximately 3-4 third-party Approximately 3-4 third-party Approximately the same as proposed 
Federal Actions projects/year until 2010-2025. projects/year until 2000-2010. action. 

22. Miscellaneous Variety of miscellaneous Includes only those projects Approximately the same as proposed 
operations, maintenance, safety, comprising operations, main- action. 
environmental, and production- tenance, safety and environ-
related development projects ment, and not those that are 
(see Table 1.2-10 and LRP). production-related (see foot-

note • on the last page of Table 
1 .2-10). 



TABLE 2.0-2 Smnmary Comparison of Impacts for Proposed Action, Alternative 1 (No Action), and Alternative 2* 

Impact Area Proposed Action Alternative I (No Action) Alternative 2 

I .  Geology & Soils 
a. Construction Impacts Construction disturbances to 979 acres on Construction disturbances to SO acres on Construction disturbances to 529 acres on 

(soil erosion) NPR-l .  Construction disturbances to 1 ,569 NPR-l .  Construction disturbances to 741 NPR- l .  Construction disturbances to 1 , 1 19 
acres on and off NPR- I .  acres on and off NPR-l .  acres on Uld oft' NPR-l .  

b .  Operational Impacts 
(subsidence/seismicity) Slight possibility of subsidence and induced The potential for subsidence and induced The potential for subsidence would be lea 

seismicity due to increased withdrawal of seismicity would be less than the proposed than for the proposed action because ps 
source water from the Tulare Formation and action and Alternative 2. withdrawal. could be reduced by as much 
oil and gas withdrawal from deep producing as approximately 50 million cubic feet/day 
formations. of gas. The potential for induced seismicity 

would be less than the proposed action. 

2. Waste 
a. Drilling, Remedials, and Production of drilling wastes associated with Production of drilling wastes associated Production of drilling wastes associated 

Abandonments a 382-well drilling program, 2,663 remed- only with approximately 1 ,500-2,000 with a 234-well drilling program, approx-
ials, and 1 ,080 abandonments. remedials and 1 ,080 abandonments (no imately 2,400 remedials, and 1 ,080 

new development drilling). abandonments. 

b. Produced Wastewater 100,000-181 ,000 barrels/day of produced 100,000-130,000 barrels/day of produced In compu1801l to the proposed action 
wastewater would require recycling or wastewater would require recycling or 8,505-34,478 barrels/day reduction in 
disposal. disposal. produced wastewater would require 

recycling or disposal. 

c. Solid Waste Solid waste quantities from construction and Solid waste quantities from construction Solid waste quantities from construction and 
operation would increase above current and operations would be no more than operations would increase slightly over 
volume of 24,000 cubic yards/year by as current levels. current volume, but less than the proposed 
much as approximately 100 cubic yards/ action. 
year. In addition, approximately 140 cubic 
yards would be generated from one time 
construction projects. 

d. Hazardous Waste Hazardous waste from construction and Hazardous waste quantities from construc- Hazardous waste quantities from construc-
operations would increase slightly above the tion and operations would be no more than tion and operations would increase slightly 
current level of approximately 19,800 current levels. above current levels, but less than the 
pounds/year. 13.H-2 proposed action. 

• • • 
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TABLE 2.0-2 (cont'd) 

Impact Area 

3. Air Quality 
a; Construction Emissions 

b. Operational Emissions 

4. Water Resources 

a. Surface Water 

b. Groundwater 

Proposed Action 

Construction and seismic disturbances to 
approximately 8,349 acres. 

Increases in current emission levels by a 
maximum of approximately 1 33 .6 ,  124.2, 
367.0, 0.7, 5.8, and 85. 8  poundslhour of 
ROO, NO., CO, S02' TSP and PMlo' emis
sions, respectively, as the result of proposed 
new sources. 

No significant adverse impacts. 

I .  A 382-well drilling program, including as 
many as 105 injection wells. Steam injection 
would increase from 3, 100-5,200 barrelsl 
day of water as steam to 35,905-39,678 
barrels/day. 

2. Approximately 100,000- 1 8 1 ,000 barrelsl 
day of produced wastewater would require 
recycling or disposal by injection/sumping. 

• 
Alternative I (No Action) 

Construction and seismic survey distur
bances to approximately 7,52 1 acres. 

Current ROO, NO., CO, S02' TSP, and 
PM 10 emissions would decline over time 
corresponding to declines in oil and gas 
production. 

No significant adverse impacts. 

I .  No new development drilling or steam 
injection. 

2. Approximately 100,000- 130,000 
barrels/day of produced wastewater would 
require recycling or disposal by injectionl 
sumping. 

• 
Alternative 2 

Construction and seismic survey distur
bances to approximately 7,899 acres. 

Increases in current emission levels by a 
maximum of approximately 90.4, 63.3, 
242.6, 0.2, 1 .3 ,  and 1 .3  poundslhour of 
ROO, NO., CO, SOl' TSP, and PM.o' 
emissions, respectively. 

No significant adverse impacts. 

I .  A 234-well drilling program, including 
as many as 60 injection wells. In compar
ison to the proposed action, steam injection 
would be reduced by 8,505-34,478 barrelsl 
day of water as steam. 

2. Produced wastewater requiring recycling 
or disposal would be reduced by 8,505-
34,478 barrels/day in comparison to the 
proposed action due to the absence of the 
steam project. 



TABLE 2.0-2 (cont'd) 

Impact Area 

4. Water Resources (cont'd) 
b. Groundwater (cont'd) 

5. Terrestrial Biota 

6. Cultural Resources 

• 

Proposed Action 

3. Oils, chemicals, and produced waste
water could be inadvertently spilled and 
degrade groundwater. 

4. Fresh water requirements would increase 
from the current level of 29,000 barrels/day 
to a peak of 14,800 barrels/day. 

I .  Development of 1 ,569 acres of habitat on 
and off NPR- I ,  919 acres of which would 
be on NPR- 1 .  

2 .  Revegetation of approximately 1 ,045 
acres: 685 acres on NPR- I and 360 acres 
off NPR- 1 .  

3.  Net decrease of  524 acres i n  undeveloped 
area: a 294-acre decrease on NPR-I and a 
230-acre decrease off NPR- I .  

4. Potential for adverse impacts from 
inadvertent harassment, vehicle mortality 
and contact with hydrocarbons and/or oil
field chemicals would be greatest. 

5. Endangered Species Program activities 
could impact listed/candidate/sensitive 
species. 

Total disturbance on and off NPR-I of 
1 ,569 acres in cOMection with construction 
could adversely affect cultural resources. 

Alternative I (No Action) 

3.  Risk of spills would be less than 
proposed action and Alternative 2. 

4. Slight increase in fresh water require
ments, but much less than the proposed 
action or Alternative 2. 

I .  Development of 141 acres of habitat on 
and off NPR-I , 50 acres of which would 
be on NPR- 1 .  

2 .  Same as proposed action. 

3. Net increase of 304 acres in undevel
oped area: a 635-acre increase on NPR-I 
and a 331 -acre decrease off NPR-1.  

4. Potential for adverse impacts from 
inadvertent harassment, vehicle mortality 
and contact with hydrocarbons and/or oil
field chemicals would be lowest. 

5. Same as proposed action. 

Alternative 2 

3. Risk of spills would be more than 
Alternative I ,  but less than the proposed 
action. 

4. In comparison to the proposed action, a 
15,00540,918 barrels/day reduction in 
fresh water requirements. 13.H-2 

I .  Development of I ,  1 19 acres of habitat 
on and off NPR-I ,  529 acres of which 
would be on NPR-1 .  

2. Same as proposed action. 

3. Net decrease of 14 acres in undeveloped 
area: a 156-acre increase on NPR-I and a 
230-acre decrease off NPR-1 .  

4 .  Potential for adverse impacts from 
inadvertent harassment, vehicle mortality 
and contact with hydrocarbons and/or oil
field chemicals would be slightly less than 
the proposed action alternative. 

5. Same as proposed action. 

Total disturbance on and off NPR-I of 14 1 I Total disturbance on and off NPR-I of 
acres in cOMection with construction could 
adversely affect cultural resources. 

• 

1 , 1 1 9  acres in coMection with construction 
could adversely affect cultural resources . 

• 



TABLE ztcon" d) 

Impact Area 
7. Land Use 

8. Socioeconomics 

9. Risk Assessment 

• 
Proposed Action 

The proposed action would result in a net 
increase in developed area committed to 
petroleum related activities (new disturbance 

less reclaimed acreage) of 524 acres: a 294-
acre increase on NPR-I and a 230-acre 
increase off NPR-J . 

The total budget for drilling, construction, 
and operations and maintenance for the pro
posed action is anticipated to increase from 
approximately $ 1 72 million in FY 1989 to 
approximately $225 million in FY 1995. 
These expenditures would increase incremen
tal output, earnings and employment in Kern 
County. Additional federal revenues would 
be available to offset the federal budget 
deficit. 

I .  Based on experience, 1 -2 blowouts could 
occur during the period 1990-2025. 

2. There would be six closed compressor 
facilities - the facilities most susceptible to 
gas explosions. 

3. Oil production posing a risk of oil spills 
would gradually decline to about 7 1 ,500 
barrels/day by FY 1 995. 

Alternative I (No Action) 

The no action alternative would result in a 
net decrease in developed area committed 
to petroleum related activities of 304 acres: 
a 635-acre decrease on NPR-I and a 331-
acre increase off NPR-J . This would 
amount to an 828-acre reduction in land 
requirements in comparison to the 
proposed action. 

Incremental output, earnings and employ
ment would be significantly less than either 
the proposed action or Alternative 2, as 
would revenues available to offset the 
federal budget. 

I .  Based on experience, the risk of a 
blowout would be negligible. 

2. There would be five closed compressor 
facilities. 

3. In comparison to the proposed action, 
oil production would be reduced by about 
3 1 ,500 barrels/day by FY 1995. 

• 

Alternative 2 

This alternative would result in a net 
increase in developed area committed to 
pet';leu'

m ;"'lilted activities of 74 acres: a 
156-acre decrease on NPR-I and a 230-acre 
increase off NPR-I. This would amount to 
a 450-acre reduction in land requirements 
in comparison to the proposed action. 

The budgets for the SOZ steam project, the 
fourth gas plant and the cogeneration 
facility would be approximately $700-$750 
million through approximately 2025. In 
comparison to the proposed action, incre
mental output, earnings, employment would 
be decreased correspondingly. Revenues 
available to offset the federal budget deficit 
also would be less. 

I .  Based on experience, one blowout could 
occur during the period 1990-2025. 

2. There would be five closed compressor 
facilities. 

3. In comparison to the proposed action, oil 
production would be reduced by about 
8,000-12,000 barrels/day. 

Ihe quantitative and qualitative information provided for the proposed action and the alternatives to the proposed action generally represent maximum impacts that over the 
economic life of the oil-field would decline to negligible levels. In the case of the proposed action and Alternative 2, the oil field would probably be economic until 2010-2025. In 
the case of Alternative 1 (no action) the oil field would decline very rapidly and probably would not be economic beyond 2000-2010. 



Under this alternative, the economic life of the field would expire by approximately 2000-2010. 
The impacts of this Alternative are based on the impacts described in Section 3.0: Description • of Existing Environment (see Section 3.0 and 4.2.1). 

If this alternative were implemented, production would decline rapidly to a level significantly 
below MER (see Fipres 2.2 tbrou&h 2.5 on pa&e 2-2. 2-3. and 2-4 in the LRP). In addition, 
the ultimate recovery of oil and gas reserves would be reduced substantially. It has been 
estimated that nearly S()() million barrels of oil and more than 250 billion cubic feet of natural 
gas reserves would not be recovered, which represents a reduction of S8 % of the remaining oil 
reserves and 20% of the remaining gas reserves (Jerry R. Bergeson & Assoc. 1988). Under this 
alternative, the economic return on the NPR-1 investment to the public would be greatly 
diminished in comparison to that of the proposed action. 

The Naval Petroleum Reserves Production Act of 1976 mandated the production of NPR-1 at 
MER for as long as it is determined to be in the national interest. Continued MER production 
has been determined to be in the national interest. This determination was made for a number 
of reasons, but primarily because the MER strategy maximizes economic benefits to the public 
(the primary equity owner of NPR-1) by optimizing hydrocarbon recovery, revenue, economy 
of scale and return on investment. MER strategy is also consistent with that which is generally 
pursued within the private sector of the oil-field industry. A fourth 3-year extension beginning 
April 6, 1991 was recently authorized by Congress based on economic and military preparedness 
criteria. 

2.2 ALTERNATIVE 2: PROPOSED ACTION EXCLUDING SOZ STEAM EXPANSION, • GAS PROCESSING EXPANSION, AND COGENERATION PROJECT 

This alternative provides for the same activities included in the proposed action, except that the 
148-well, 500-acre SOZ steam project would not be implemented (see Section 1 .2.2.6); the 
expansion of gas processing capacity by 100-150 million cubic feet/day would not be undertaken 
(see Section 1 .2.2. 11); and the 42-megawatt cogeneration plant would not be constructed. 
Table 2.2-1 summarizes the major facilities and associated land requirements for this alternative. 
The impacts of this Alternative are based on the impacts described in Section 3.0 (Description 
of Existing Environment), plus the impacts of new development (see Section 3.0 and 4.2.2). 
As indicated, an additional 1 , 1 19 acres would be developed: 529 acres on NPR-l and 590 acres 
off of NPR- l .  In addition, 1 ,045 acres would be revegetated: 685 acres on NPR-1 and 360 
acres off of NPR-L The net increase in developed areas on and off of NPR-1 would be 74 
acres. 

The strategy set forth in the LRP (Apj)endix G), which is the basis for the proposed action, 
assumes that the expanded SOZ steam project, the fourth gas plant, and the cogeneration project, 
would all be needed to comply with legislated MER requirements; however, this may not be the 
case. These initiatives are under study, and based on analyses completed to date, additional 
analysis is needed to determine if they meet MER criteria. (As discussed in Sections 1 . 1 .3 and 
U, MER strategies are in a constant state of change due to changing reservoir, technical and 
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TABLE 2.2·1 Facilities and Primary Land Requirements for Alternative 2 

Acres Required 

Facility On NPR-l Off NPR-l 

Federal Facilities 
Wells 357· 0 
Butane isomerization 5 0 
Gas compression facilities 10 0 
24Z/29R CLGL compressor 2 0 
Pipeline replacement/maintenance 50 0 
Gas injection facilities 4 0 
Subtotal-Federal Facilities 428 0 

Developed 

Non-Federal Third-Party Actions 
Pipeline-Developed 30 years 101 590 
Seismic -Affected 30 yearsb 3,390 3,390 
Subtotal-Non-Federal Actions 3,491 3,980 

Total Developed AcreageC 529 590 

Total Developed and Affected Acreaged 3,9 19 3,980 
I 
I Revegetation 
, Abandoned Sites 625 0 , 

Third-party Pipeline Construction 
Contemporaneous 60 360 

Total Revegetation 685 360 

Net Increase (Decrease) in 
I Developed Area (156) 230 I 

• 

Total 

357 
5 

10 
2 

50 
4 

428 

691 
6,780 
7,471 

1, 1 19 

7,899 

625 

420 

1,045 

74 
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• 

TABLE 2.2-1 (Cont'd) 

aFor the alternative, it is assumed that the 148 wells projected for the SOZ would not be completed. Thus, 
only 234 wells of the 382 wells that comprise the proposed action (see Table 1.2-3) are included in this 
estimate. Assuming 3 1 % of planned new wells are developed on existing well pads, approximately 161 wells 
would result in disturbance of 2 acres for a drill pad and 0.2 acre for an access road for each well, or a total 
of 357 acres. 
"Total projected temporary disturbance that would result from seismic surveys over a 30-year project life. 
CDenotes total acreage that would be developed during the life of the project (30 years). 
dDenotes total acreage that would be both developed and affected (temporarily disturbed) during the life of 
the project. 
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economic considerations.) Given the uncertainty, this alternative is a viable MER scenario 
requiring analysis. 

If implemented, reserves recovered under this alternative would be less than the proposed action 
by 15-50 million barrels of oil and 800-2,400 million cubic feet of natural gas; oil production 
rates would be less by as much as 8,000-12,000 barrels/day initially (based on information in 
and data taken from Jerry R. Bergeson &. Assoc. 1988; BPOI 1989a; BPOI 1989b; and BPOI 
1989c). In addition, the recovery of up to approximately 50 million cubic feet/day of natural 
gas which is scheduled in the proposed action to occur over the next 15 years would not 
commence under the alternative for perhaps another 5 years and would not be completed for 
perhaps another 25 years after that (based on information in and data taken from Jerry R. 
Bergeson &. Assoc. 1988; BPOI 1989a; and BPOI 1989b). In addition, there could be a much 
greater reliance on processing gas at CUSA' s 17Z gas plant (gas processing at 17Z could 
increase). Subject to verification of assumptions, preliminary analyses of the SOZ steam 
expansion, the fourth gas plant, and the cogeneration facility indicate that at a 10% rate of return 
the projects could have a combined net present value as high as $2 billion. 

2.3 ALTERNA TIVE3: NONSTEAMFLOODTERTIARY OIL-RECOVERY STRATEGIES 

This alternative provides for the same activity included in the proposed action, plus 
implementation of some of the nonsteamflood tertiary recovery techniques that have been carried 
out on a limited basis at other oil fields. Examples of these techniques include alkali surfactant 
polymer injection, micellar polymer injection, carbon dioxide injection, and in-situ combustion. 
Based on a recent study, it has been suggested that these techniques could have future 
applicability at NPR-l (given the right technical and economic circumstances) , and therefore they 
should be studied (Jerry R. Bergeson &. Assoc. 1988). 

Although the techniques described have potential in the long term, it does not appear that their 
implementation can be considered by decision-makers in the reasonably foreseeable future (based 
on limited technical data, and current and expected economic conditions). For this reason, 
studies have not been completed to scope programs to the level of detail needed to address 
potential environmental impacts. Accordingly, it is not possible at this time to include the 
implementation of the described recovery techniques in this document; therefore, they were 
dismissed from consideration without further analysis at this time. 

A discussion of the studies in progress has been included in the proposed action. It is not 
anticipated that the studies would be completed in the near future. When and if the studies are 
completed, proposed implementation projects would be given the appropriate level of 
environmental review, if nonsteamflood tertiary oil-recovery strategies are determined to be 
appropriate at NPR-l .  
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1.4 PREFERRED ALTERNATIVE 

The proposed action represents the Department of Energy's preferred alternative. This 
alternative would involve the continued operation of NPR-l at the MER, the continued operation 
of existing facilities plus additional development as provided in the Long Range Plan. 
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3.0 DESCRlPI'ION OF EXISTING ENVIRONMENT 

The existing environment was established by updating the existing environment descriptions in 
the 1979 EIS: i.e. , by adding the impacts of post-1979 operations to the 1979 EIS descriptions 
and by incorporating such changes as may have occurred naturally during the intervening years. 
This methodology necessitated an analysis of actual impacts from 1979 to the present, and as 
such this section contains many of the impact discussions that are usually reserved for the impact 
sections of a NEPA document. Given that the no action alternative (Alternative 1) is defined 
as continuing existing operations without further development (see Sections 2. 1 and 4.2. 1) it 
should be noted that the impacts described in this section for the period following 1979 are 
essentially the same as would occur if Alternative 1 was implemented. As such, the impacts 
described in this section are the baseline against which the incremental effects of the proposed 
action and Alternative 2 are assessed in subsequent sections. It should also be noted that the 
impacts described in this section also constitute a portion of the impacts associated with the 
proposed action and Alternative 2. The impacts of the proposed action and Alternative 2 being 
the sum of the impacts associated with continuing existing operations plus the impacts of new 
development of the alternative (see Sections 2.2. 4. 1 .  and 4.2.2). 

3.1 GEOWGY AND sons 
3.1.1 Regional Geologic Setting 

NPR-1 is located about 25 miles southwest of Bakersfield near the southwestern edge of the San 
Joaquin Valley in Kern County, California (fiiure 3. 1-1) . The site encompasses almost the 
entire Elk Hills and some surrounding areas (Fiiure 3. 1-2). 

3.1.1.1 Pbysiography 

The San Joaquin Valley is the southern half of a large structural depression called the Central 
Valley of California, which extends for nearly 500 miles parallel to the coast (Figure 3 . 1-1). 
The Sacramento Valley forms the northern half of the Central Valley. 

The San Joaquin Valley is surrounded by the Coast Ranges on the west, the San Emidio and 
Tehachapi Mountains on the south, and the Sierra Nevada Mountains on the east. The Elk Hills 
protrude above the flat, uniform valley with as much as 1 ,200 feet of relief in the southwestern 
comer of the valley. The Elk Hills consist of a line of hills about 16 miles long and 6 miles 
wide. The line is a surface expression of a large anticlinal extension of the Temblor Mountain 
Range, which forms the easternmost part of the Coast Ranges. The juncture of the Elk Hills 
with the main foothills of the Temblor Range is marked by a prominent stream gap called 
Railroad Gap. The hills terminate eastward in low, stream-cut bluffs along the Kern River 
where the river enters Buena Vista Lake. This lakebed is one of several lacustrine and marsh 
deposits that crop out in the San Joaquin Valley. The expansion of these ancient lakes resulted 
in the deposition of extensive clays in the San Joaquin Valley. It is believed that the most 
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extensive of these clays is the modified E-Clay, which lies beneath the Buena Vista Lakebed • (Page 1986). Currently, the lakebed is dry except for two small lakes maintained as part of the 
Buena Vista Recreation Area. During unusually wet years, other portions of the original lakebed 
may become flooded. 

The Central Valley is an elongated trough formed along the depressed western part of the Sierra 
Nevada fault block (Maher et al 1975). The valley is filled with several thousand feet of 
unconsolidated and partially consolidated sediment eroded from surrounding mountains (DOE 
1979) . The sedimentary strata in the eastern part of the San Joaquin Valley dip gently westward 
toward the axis of the Central Valley and reflect the subsurface extension of the westward-tilting 
Sierra Nevada fault block. In contrast, the sedimentary strata beneath the western side of the 
valley dip steeply eastward and are sharply folded, with many faults. The structure of the strata 
was largely determined by the development of the Coast Ranges, specifically the Temblor 
Range. The Temblor Range is composed of a series of tight en echelon folds that diverge from 
the generally southerly trend of the other mountains of the Coast Ranges and plunge 
southeastward into the San Joaquin Valley. The E.k Hills represent one anticline associated with 
the Temblor Range (DOE 1979) . 

A recent seismic correlation study of the modified E-Clay in the southern San Joaquin Valley 
revealed the complexity of the shallow subsurface geology in the region. This study suggested 
the presence of subsurface structures that may divide the valley into as many as eight structural 
subbasins (Kern County Water Agency (KCWA) 1990). 

3.1 .1.2 Stratigraphy 

The Tertiary and Quaternary deposits underlying E.k Hills and nearby areas are up to 24,000 
feet thick. Cretaceous sedimentary rocks below formations of Miocene, Eocene, and Oligocene 
ages are the oldest rocks penetrated by oil and gas wells at NPR-l (Fishburn and McJannet 
1989). Table 3. 1-1 shows the geologic age, relative position, and approximate thickness of the 
formations penetrated at NPR-l and adjacent areas. Fi&ure 3.1-3 shows a generalized geologic 
cross section of the San Joaquin Valley and E.k Hills area. A detailed description of regional 
stratigraphy is presented by Maher et al (1975). Petroleum reservoirs at NPR-l are further 
discussed in Section 3. 1 .2.3, and petroleum production at the site is summarized in 
Section 1 . 1. 4. 

3.1.2 Local Geologic Setting 

3.1.2.1 Geomorphology and Surficial Geology 

The elevations of the. E.k Hills -within NPR-l range from 290 feet above mean sea level (MSL) 
on the valley floor at the northeastern boundary of NPR-l (near Tupman) to 1 ,55 1 feet MSL at 
Hillcrest Point along the main ridge in the western part of NPR-l The southeastern end of the 
E.k Hills beyond the NPR-l boundary is marked by 15 feet high bluffs that have been cut by 
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TABLE 3.1·1 Stratigraphic Units and Their Approximate Thickness 
in the Elk Hills and Vicinity 

Stratigraphic Unit 

Pliocene and Pleistocene Age 
Tulare Formation 

Pliocene Age 
San Joaquin Formation 
Etchegoin Formation 

Carman Sandstone Member 
Tupman Shale Member 

Middle and Late Miocene Age 
Reef Ridge Shale 
Monterey Shale (Antelope Shale) 

Elk Hills Shale Member 
McDonald Shale 
Gould and Devilwater Shale Member 

Early Miocene and Oligocene 
Temblor Formation 

Media Shale Member 
Cameros Sandstone Member 
Santos Shale Member 
Wygal Sandstone Member 
Cymric Shale Member 

Oligocene Age 
Wagon Wheel Formation 

Late Eocene Age 
Kreyenhagen Formation 

Welcome Shale Member 
Point of Rocks Sandstone Member 
Gredal Shale Member 

Source: Modified from Maher et al. 1975 . 
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Thickness (ft.) 

600-2,200 

1,200-2, 100 
1,700-3,500 

900-2,000 
750-2,000 

200-1 ,150 
2, 100-4,100 
1,800-3,300 

80-600 
100-655 

2,900-4,100 
150-560 

0-950 
1,340-3,090 

450 
300 

250-700 

2,300-2,900+ 
900-1,950+ 
400-2,000+ 
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the Kern River and the Buena Vista Slough near the mouth of Buena Vista Lakebed (DOE 
1979). The California Aqueduct extends along the northeastern and eastern boundaries of Elk 
Hills. 

The shape and relief of the hills reflect the anticlinal structure of the underlying rocks. Rocks 
and soils in the Elk Hills are sparsely vegetated and easily erodible. A large number of 
ephemeral streams draining the hills have carved an intricate dendritic pattern of channels and 
gullies. The stream divides are numerous and narrow and have rounded crests; the valley walls 
are generally smooth. Sediments eroded from uplands have been deposited along the base of 
the hills. This action has created a smooth topographic transition into the adjacent flat valley 
except at the southern end of the hills. Slopes are steepest at the eastern and western ends of 
the hills because of erosion by the Kern River at an earlier time and by the ephemeral stream 
running through Railroad Gap (Maher et al 1975). 

The exposed strata in the anticlinal Elk Hills consist of poorly consolidated sandstone, claystone, 
and conglomerate beds of the Tulare Formation of late Pliocene to early Pleistocene age (Maher 
et al 1975) . A fringe of Quaternary-age Alluvium occurs around the perimeter of the hills. 
Fi�ure 3 . 14 is a generalized geologic map of the Elk Hills area. 

The surface geology of Elk Hills was initially mapped and described by Woodring in 1932 
(Woodring et ale 1932). On the basis of this work, Woodring divided the Tulare into Upper and 
Lower members based on color differences in the interbedded mudstones: light buff for the 
Upper member and olive gray for the Lower member. Woodring's map also included Limestone 
A, which he described as lying near the contact point of the Upper and Lower members. 

The subsurface geology of Elk Hills was described by Maher in 1975 (Maher et al, 1975). 
Maher's work was based on his interpretation of well log data and Woodring's surface maps. 
Maher described an upper sandstone and conglomerate, a middle clay, and a lower sandstone 
and conglomerate. The upper sandstone and conglomerate are unconsolidated, medium-to-very
coarse grained sand with thin interbeds of siltstone and claystone. The lower sandstone and 
conglomerate are a poorly consolidated light olive-gray, pyritic, very-fme to very-coarse grained 
sandstone. The sandstone beds are up to 50 feet thick and are separated by much thinner beds 
of siltstone and claystone. The middle clay, which separates the upper and lower sandstones and 
conglomerates, is light olive-bluish color and is slightly dolomitic. Beck (1969) reported small 
gastropods, questionably identified as Amnicoia, in the middle clay subsequently described by 
Maher (1975); consequently, Maher's middle clay is often referred to as the Amnicola clay. 

The middle clay is a part of the anticlinal structure of Elk Hills and is present beneath much of 
NPR-1 (present beneath cross sections A-B, B-C, C-D, G-H, and K-L in Fi&ure 3 . 1 -5). The 
clay does not .appear in boreholes located east of Section 32S along cross section A-F, nor in 
boreholes located north of Section 19R along cross section I-J. Where it does exist, the clay 
member ranges from 20 to 100 feet thick (Maher et al 1975). Along the crest of the Elk Hills, 
the clay is at elevations of 600-1 , 100 feet MSL. Toward the western end of NPR-l ,  the 
elevation of the clay decreases to 120 feet MSL at borehole G and 80 feet below MSL just east 
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of borehole A <Fi&ure 3.1-5). Along the southern edge of NPR-l ,  near Section 18G, the 
elevation of the clay decreases from about 40 feet MSL to 1 , 100 feet below MSL over • a horizontal distance of less than 1 mile (BPOI I987; Maher et al I975). In reviewing 
the geological discussions that follow, it is important to note that Maher (1975) and 
Woodring (1932) descriptions of the Tulare correlate closely and that Maher's lower Tulare, 
middle clay, and upper Tulare all fall within Woodring's Lower member (Remsen, 1990). This 
is illustrated by Fi&ure 3.1-6. 

3.1.2.2 Stratiaraphy and Stmcture 

The geologic strata beneath the Ek Hills are similar to those discussed under regional setting 
(Section 3. 1.1). Except for the Alluvium, the strata beneath the Ek Hills have been folded into 
an anticlinal structure. Although not readily discernible at the surface, this structure consists 
of two large, en echelon anticlines, commonly referred to as the 29R structure and the 3 1S 
structure, and one relatively small anticline known as the Northwest Stevens structure. The axis 
of the 29R structure is oriented in a southeasterly direction, while the 31S structure curves 
eastward. The 29R structure is tightly folded, asymmetrical, and faulted. The 31S structure is 
cut by numerous normal faults, four of which reach the surface. Both structures have broad tops 
and steep flanks. From its structurally highest point, the 29R structure plunges to the west
northwest and terminates in a very sharp nose. The axis of the 31 S structure trends 
southeastward at its western end, but curves eastward and plunges into the San Joaquin Valley, 
where it terminates in a broad, blunt nose (Maher et al I975). The Northwest Stevens structure 
is located in the northwestern area of NPR-l .  It is a small asymmetrical anticline that plunges 
to the west-northwest. The anticline is about 4 miles long and 1 mile wide. The geologic cross • section in Fi&ure 3. 1-3 depicts the subsurface folding and faulting. The folding becomes sharper 
and more distinctly separable with depth. The folding and faulting, along with lithologic 
changes within the geologic formations, are important factors in the entrapment and 
concentration of formation oil , water and natural gas. 

3.1.2.3 Geologic Resources 

The Elk Hills oil field, which constitutes NPR-l ,  is one of the largest in the United States. As 
shown in Fi&ure 3. 1-7, four major oil- and gas-producing zones of NPR-l are, from youngest 
to oldest, the Dry Gas Zone (DGZ), the Shallow Oil Zone (SOZ), the Stevens Zone, and the 
Cameros Zone. 

The DGZ includes all dry gas-bearing rocks above the top of the oil sands of the San Joaquin 
Formation of Pliocene age. The reservoir in the DGZ consists of thin, lenticular, loosely 
cemented sandstone with relatively high permeability. At present, gas production is mostly from 
the Mya sand zone, ..an alternating succession. of shale and lenticular sandstone beds. Dry gas 
produced from these sands is mostly methane (Maher et al 1975). 

The SOZ includes all oil- and gas-bearing rocks of Pliocene age above the ReefRidge Shale and 
below the Subscalez sand zones. The SOZ includes reservoirs in the Etchegoin Formation and 
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in the lowest sandstones of the San Joaquin Formation. The numerous reservoirs of this zone 
include thin, lenticular, highly permeable sandstone, as well as less permeable siltstone and 
shale. Average porosities and penneabilities of the sandstone reservoirs increase upward; the 
highest are found in the Scalez sand zone. The SOZ has estimated recoverable oil reserves of 
165 million barrels (DOE 199O) to as high as 358 million barrels (Jerry R. Bergeson & Assoc. 
1988). The estimate of recoverable gas reserves for the SOZ is 97 billion cubic feet (Jerry R. 
Bergeson & Assoc. 1988), less reserves withdrawn since this estimate was made. 

The Stevens Oil Zone contains all oil- and gas-bearing formations in the upper part of the Elk 
Hills Shale member of the Monterey Shale of late Miocene age. The reservoirs in the Stevens 
Oil Zone are thick, lenticular to tabular, sheet sandstones and thick intervals of fractured 
siliceous shale. Both types of reservoirs have relatively low penneabilities. The estimates of 
remaining recoverable oil reserves in the Elk Hills fields range from 356 million barrels (DOE 
199O) to as high as 500 million barrels (Jerry R. Bergeson & Assoc. 1988). The Stevens 
reservoirs at Elk Hills have estimated recoverable gas reserves of 1 ,583 billion cubic feet 
(Jerry R. Bergeson & Assoc. 1988) ,  less reserves withdrawn since this estimate was made. 

The Cameros Oil Zone consists of one to three thick sandstones of Miocene age in the 
uppermost part of the Temblor Formation. The deepest economic oil production in NPR-l has 
been from the Cameros. Three relatively thick sandstones of low porosity and permeability 
produce minor amounts of oil and a considerable amount of gas and condensate. The estimate 
of remaining reserves of the Cameros Oil Zone in the Asphalto and Elk Hills fields is 5.3 
million barrels of oil and 36 billion cubic feet of gas (BPO! 1989). 

The source rocks for oil at Elk Hills are thought to be shales rich in organic material that were 
deposited by marine waters from middle Eocene to middle Pliocene time. It seems likely that 
much petroleum came from the Tejon basin and the trough of the southern San Joaquin Valley 
basin and was trapped in the Elk Hills structure and other nearby traps in its general migration 
updip toward the western edge of the basin (Maher et al 1975). 

Section 1.2.2.1 and Apj)endix A discuss the important oil and gas reservoirs in the producing 
zones and the history of production at NPR-l .  No mineral resources other than oil and gas have 
been commercially developed within NPR-l .  However, the coarser deposits of alluvium and the 
Tulare Formation could be used as a local source of sand and gravel (DOE 1985). 

3.1.2.4 Surface Subsidence 

Land surface subsidence has not been reported at NPR-l (DOE 1985). The two major geologic 
characteristics that control oil-field subsidence are geologic structure and physical properties of 
producing zones (DOE 1979). ....Geologic structures.under NPR-l could be rated as good to fair 
for self-support, depending on the production zone considered. The Stevens and Cameros zones 
are located within a rather tight anticline at depths of 7,000 to 9,300 feet, respectively. These 
conditions are favorable for resisting subsidence. The SOZ and DGZ, however, are located near 
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the top of the Ek Hills structure, where the anticline is much broader and thus offers less self
support. 

Major physical properties of producing wnes affecting subsidence potential include lithology and 
degree of consolidation. The reservoir rocks at NPR-1 are fairly well consolidated, particularly 
in the deeper Stevens and Cameros wnes, and have only a low to moderate potential for 
compaction. 

3.1.2.5 Seismicity 

NPR-1 is situated in a region of intense seismic activity. Since 1852, 19 major earthquakes, 
with Richter scale magnitudes ranging from 5.9 to 8 (estimated), have been reported in southern 
California. The largest recorded earthquake in this region measured 7.7 and occurred in 1952. 
The epicenter was about 24 miles southeast of the NPR-1 along the White Wolf fault at the 
southern end of the San Joaquin Valley. In addition to the major earthquakes, numerous smaller 
seismic events are recorded each year. For example, since 1973, 353 earthquakes with 
magnitudes of 3.5 or greater have been recorded in the immediate vicinity of NPR-1 . 

Although NPR-1 is in a seismically active region, no historically active faults within NPR-1 
boundaries have been identified by either the State Geologist or the California Division of Mines 
and Geology (California Division of Mines and Geology 1975). Some minor inactive faults and 
other indications of possible faulting are present, however. In addition, some earthquake 
epicenters of Richter magnitude 3.5-4.0 have been recorded near the site, and some larger 
earthquakes have occurred within 10 miles of NPR-l .  The two major active faults in the 
immediate vicinity of NPR-1 are the San Andreas and White Wolf faults. These faults are 
located about 14 miles southwest and 25 miles southeast of NPR-1 , respectively. 

3.1 .3 Geologic Description of Waste-Disposal Areas 
3.1.3.1 27K Waste-Management Area 

An active waste-disposal facility is operated at the 27R site on NPR-1 ,  near the crest of the Elk 
Hills, in the southeastern quarter of Section 27, T30S/R23E (Township R). This site includes 
an oil-recovery facility with two open unlined oil-recovery sumps, approximately 75 feet by 150 
feet each, a truck-washout station with two open unlined sumps, approximately 125 feet by 150 
feet each, an inactive hazardous waste disposal-trench area of 4.5 acres, and a 27. 7-acre 
landfarming field. The topographic relief is low across the waste disposal area, with no steep 
slopes or areas susceptible to erosion and landsliding. No known natural water bodies, springs, 
or seeps exist within 1 mile of the sumps (Kaman Tempo 1987). The 27R site is not within a 
100-year floodplain) , and ·no .perennial er·-ephemeral ·streams exist near the site (Mark Group 
1987). 

The site is underlain by about 1 ,000 feet of unconsolidated silty sands and silt and clay interbeds 
of the Tulare Formation. Nineteen boreholes drilled at the site have shown several silt/clay 
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interbeds beneath the facility. A deep borehole (BEH-14) encountered a layer of dense greenish
gray clayey silts at a depth of 385 feet. This correlates to Maher's middle clay, and it was 
observed to be 75 feet thick based on another deep borehole well that was completed in 
May 1990 (BPOI 1990). 

The May 1990 deep borehole well was drilled to 1 ,000 feet without encountering groundwater. 
Available oil well and geologic data indicate that the groundwater table at the 27R site is 
approximately 1 , 100 feet deep. No perched water table or water-bearing strata exist at the 27R 
site that could be affected by the wastes (Kaman Sciences Corp. 1987). Because of the depth 
of the water table and the existence of the clay layer as a barrier, potential downward migration 
of the leachate from the oil recovery sumps to the groundwater is minimal. No faults have been 
found near the 27R site that could act as migration paths through the clayey silt. Further, 
downward migration would also be inhibited by the high evaporation rate and low rainfall (Kern 
County Water Agency 1987). 

3.1.3.1 lOG Waste-Disposal Area 

The lOG waste-disposal area, located in Section 10, T31S/R24E (Township G), consists of a 
permitted 100acre landfarming unit used only to dispose of drilling fluids and operational oil
field waste fluids. The fluid mixtures consist of water, bentonite clay, barium, sulfate, and 
other additives including corrosion inhibitors, oxygen scavengers, thermal stabilizers and 
weighing agents (DOE 1985). All additives utilized at NPR-l are included on the list of 
approved nonhazardous drilling fluid additives issued by the California Department of Health 
Services in 1982. The lOG site is underlain by Tulare sediments that are stratigraphically above 
the middle clay and below Limestone A. The closest available geologic cross section to the lOG 
disposal area is section M-N C,Fi&ure 3.1-5), located about 1 mile to the east (Maher et al 1975). 
The Tulare Formation is 1 , 100-1,500 feet thick. The middle clay member of the Tulare 
Formation is absent in this cross section. The depth to groundwater is approximately 400-500 
feet below ground surface (Golder 1990). 

A normal fault trending from northeast to southwest occurs at the northwestern comer of Section 
lOG (DOE 1985). The ephemeral streams in the vicinity of the disposal area flow generally 
south toward Buena Vista Creek. Flows would percolate rapidly into the ground. 

3.1.3.3 18G Disposal-WeDs Area 

The 18G area includes eight Tulare Zone produced wastewater disposal wells in Sections 7G, 
8G, and 1 8G (see Fi&ure 3.4-1). The middle clay is present at a depth of 800-1 ,700 feet under 
the 18G disposal area, and it is about 55 feet thick. A groundwater table exists above the 
middle clay and .below Limestone A at.-depths .of 300-400 feet below ground surface (Golder 
1990). 

The disposal wells in this area are perforated starting at between 347 and 428 feet below ground 
surface. The perforation intervals in the wells range from 215 feet to 5 1 1  feet. 
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Although the risk of communication with off-site groundwaters from use of these disposal wells • is unknown, available data suggests that injected water is moving updip and laterally rather than 
downdip towards Buena Vista Valley (Deutsch 1991). See Section D.4.2.2. 

3.1.3.4 24Z Disposal-We& Area 
The 24Z area includes three Tulare Zone produced wastewater disposal wells in Section 24 of 
T30SIR22E (Township Z) and is underlain by Tulare sediments that are stratigraphically between 
Limestone A and the middle clay (Fi&UIe 3.+D. Cross-section data presented by Maher et al 
(1975) indicate that the Tulare is 1,�1,400 feet thick under this area. The middle clay is 60-
100 feet thick and occurs at depths of 500-700 feet. The depth to groundwater is greater than 
700 feet below ground surface (Golder 1990). 

The 24Z wells are perforated starting at between 362 to 424 feet, with perforation intervals 
ranging from 473 to 541 feet. The risk of communication with off-site groundwaters from use 
of these disposal wells is also unknown. 

3.1.3.S 16Z Disposal-Wells Area 

The 26Z area included a Tulare disposal well and an Olig disposal well (see Fi&ure 3,4-7). The 
Tulare well was recompleted into the Olig in FY 1992, leaving disposal into only the Olig Sand. 

3.1.4 Soils 

3.1.4.1 General Description 

The soils of the Elk Hills are fairly typical of those developed from relatively fme-grained, 
alluvial material under semiarid to arid conditions. A characteristic soil tends to be loose, light
colored, well-drained, and loamy in texture, with abundant rock fragments. As with other soils 
occurring in analogous climatic conditions, the Elk Hills soils generally contain an abundance 
of gypsum and alkaline salts and may be calcareous. These soils also tend to have abundant 
plant nutrients (DOE 1979, p. IT-9). 

Some of the local soils that developed from fine-grained materials contain elevated levels of 
salts. Because of the lower permeability associated with these finer grained materials and 
because of insufficient water, these salts have not been leached from the soil. Where such soil 
conditions exist, plant growth is naturally reduced. This also affects vegetative cover in that 
north-facing slopes generally have more vegetation than do the southern slopes. This condition 
occurs in part because evaporative moisture losses tend to be less on the northern slopes. 
Furthermore, southern slopes . .in general tend to .have higher levels of salts than do northern 
slopes, which also can be related to increased rates of water evaporation (Soil Conservation 
Service (SCS) undated). 
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The SCS described, classified, and mapped the soils of the Elk Hills (SCS undated). Although 
26 distinct soil map units were identified, most of these units could be divided among six basic 
soil types: (1) Cajon sandy loam, (2) Elk Hills sandy loam, (3) Elk Hills sandy loam, saline
sodic, (4) Garces fine sandy loam, (5) Kimberlina sandy loam, and (6) Torriorthents soils. 

ARpendix C describes these soil types <Section C.l) and summarizes information on general 
physical and geotechnical characteristics of the Elk Hills soils <Section C.2). Data presented in 
Ap,pendix C describe the clay content, permeability, available water capacity, hydrologic soil 
group, flooding frequency, salinity, shrink-swell potential, and soil erodibility by water and wind 
erodibility group. Although considerable variation exists among the various soil types, most 
soils at the site have about 5-20% clay, a permeability of about 2.0-6.0 inches! hour in the 
surface horizon, an available water capacity of approximately 0. 10-0. 15 inches! inch, and 
salinity values of less than 4 millimboslcentimeter. Most of the soils have moderate infiltration 
and water transmission rates when thoroughly wet, have low to moderate shrink-swell potential, 
are moderately susceptible to sheet and rill erosion, and have wind erosion potentials ranging 
from light to very slight. 

Section C.3 of Appendix C summarizes information available on chemical analyses of major Elk 
Hills soils at disturbed and undisturbed locations. Data presented include pH values and mean 
concentrations of arsenic, barium, boron, cadmium, calcium, chromium, copper, iron, lead, 
magnesium, manganese, molybdenum, nickel, potassium, selenium, sodium, and zinc. 

Two reports recently published by the SCS (undated and 1988) present more detailed 
descriptions of the soils and contain maps (based on aerial photographs) showing the occurrence 
of specific soil map units on NPR-l .  

3.1.4.2 Soil Erosion 

Although the processes and effects of soil erosion by wind and water have been studied intensely 
in the United States since the 1930's, the complex processes of soil entrainment, transportation, 
and subsequent deposition are not completely understood. Currently, it is possible to provide 
only general estimates of erosion rates and quantities for specific site conditions. These 
estimates tend to be more reliable under some specific climatic, pedologic, and land use 
conditions than under others. Erosion under arid to semiarid conditions, with significant surface 
disturbance and modifications, such as those caused by activities at NPR-l ,  provide the more 
difficult circumstances to quantify. Furthermore, estimates of soil loss obtained for these 
circumstances would involve much greater uncertainty than would estimates for farmland in the 
humid, temperate climate of the eastern United States, for example. Techniques that can be used 
to estimate soil erosion quantities are discussed in Section C.4 of Ap.pendix C. 
Due to the age of NPR -1 ,  the sequence, spatial distribution, types of activities that have occurred 
since oil-field development began, and details of past erosion-control and mitigative measures 
implemented are not well known. Consequently, it would be difficult to segregate current and 
past erosion rates and consequences among those that would occur naturally and those resulting 
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from petroleum-development activities. This difficulty is compounded by the potential 
uncertainties associated with procedures available to estimate erosion and the lack of soil loss • or erosion data for any portion of the study site. 'Ibis would make soil study results 
questionable, and therefore no soil studies have been attempted. Logically, most of the activities 
associated with petroleum-field development and production would tend to increase erosion at 
the site. Numerous studies have shown that construction and earth-moving activities analogous 
to those at NPR-l,  including road construction, can cause a profound increase in soil loss unless 
adequate erosion control measures are taken. At NPR-l, an erosion control program was 
initiated in the early 1980's and was fully operational by about 1988. This is discussed in more 
detail in Sections 4.1. 1. 1  and 1.2.2.19. It also is logical that naturally occurring erosion in 
areas such as the E.k Hills is significant. This is supported by studies conducted by the SCS. 
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3.2 WASTE GENERATION AND MANAGEMENT 

3.2.1 Introduction 

Activities at NPR-I generate many types of wastes, almost all of which are nonhazardous wastes 
associated with drilling and oil and gas production. Almost all nonhazardous wastes have been 
disposed of on-site. Prior to 1985, hazardous wastes were also disposed of at an on-site 
permitted hazardous waste site. Since then, all hazardous wastes have been disposed of at 
permitted hazardous waste facilities located off-site in accordance with applicable regulations. 

The three largest waste streams are nonhazardous; these are produced water, spent drilling 
fluids, and solid wastes. Oil and gas production generates approximately 37 million barrels/year 
of produced water, almost all of which is reinjected into the Tulare, SOZ, and Stevens zones; 
some is placed in lined and unlined evaporation/percolation sumps. Up until 1987, well drilling 
generated a total of about 700,000 barrels/year of spent drilling fluids that were disposed of at 
two on-site landfarms in Sections 27R and lOG. As of 1989, this volume had decreased to 
417,000 barrels/year (BPO! 1990b) and by 1990 it decreased to 315 ,000 barrels/year (BPO! 
1991a) .  The reduced level of  drilling activity brought about this reduction and has, midway 
through 1990, eliminated the need to dispose of spent drilling fluids at the lOG landfarm (BPO! 
1990b, 1991a) . A total of about 24,000 cubic yards/year of nonhazardous solid wastes, such 
as construction debris and domestic-type wastes and trash , are removed from NPR-1 for disposal 
in the Kern County solid-waste landfill. NPR-l activities also involve the use of a variety of 
chemicals and other materials (both nonhazardous and hazardous) that can be released with 
wastes generated by normal operation and occasionally by spills. Table 3.2-1 lists annual 
chemical usage exceeding 1 ,000 gallons at NPR- l .  

Programs have been initiated to remediate the impacts of past practices that, although allowable 
under the regulations then in force, are no longer acceptable. For example, in some cases, 
hazardous wastes such as chromium and arsenic were introduced into the environment. Use of 
these chemicals was discontinued by 1983, and cleanup programs have been initiated to mitigate 
impacts. There also is a continuing program to identify other sites contaminated by past 
operations. 

NPR-1 operations are conducted in accordance with the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), as amended by the federal Superfund 
Amendments and Reauthorization Act (SARA), but are specifically exempted from certain 
federal hazardous waste regulations under the Resource Conservation and Recovery Act 
(RCRA). This is because RCRA (Section 3001 (b)(2)(A» exempts specific wastes associated 
with the exploration, -development, --or ·production -of -crude oil and natural gas. The 
reauthorization for RCRA, currently being debated in Congress, may mandate a regulatory 
structure to govern oil-field wastes in the future. The current RCRA exemption does not apply 
to California law. Under California law and the California Code of Regulations (CCR), oil-field 
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TABLE 3.2-1 Annual Chemical Usage at NPR-l (1988) 

Annual • 
Material Main Components Use (gal) 

Methanol Methanol 100 121,970 

Magnicide 434 1-( alkyl amino )-3-amino-propane (48 % ) 76,01 1  
Isopropanol (25 %) 

Magnicide 407 Isopropanol (10%) 43,045 

Core exit 7754 2-Butoxyethanol Acid/amino salts 39,329 
Aromatic naphtha 

Cronox E-200 Methanol (20%) 36, 178 

Glycol Triethylene glycol 33,544 

Kontol KW 132 Oxydiethylene Bis (6%) 33,009 
Methanol ammonium bisulfite 

Magnicide 495 Glutaraldehyde (50%) 28,262 

XC 107 Isopropyl alcohol 22,203 • 
RP 4014 Light aromatic naphtha, Oxylated alkyl 12,898 

phenol, Formaldehyde, Polyglycols 

Calnox 216R Polyacrylate 1 1,975 

SPO 237 Methanol 11,477 

Ethylene glycol Ethylene glycol 1 1,320 

Betz 736 Sodium nitrate, Sodium molybdate 10,595 

YP 168 Heavy aromatic naphtha 10,460 
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TABLE 3.2·1 (cont'd) 

• Annual 
Material Main Components Use 

(gal) 

Oil-Flo safety degreaser Aromatic Hydrocarbons 7,920 

P 6865 Ammonium chloride, Potash, 6,000 
Sodium bicarbonate 

Barquat N-Alkyl dime thy benzyl ammonium 5,765 

Sodium bisulfite Sodium bisulfite 5,400 

Sulfuric acid Sulfuric acid 3,460 

Aquasurf 10-T A Isopropanol (10%) 2,947 

Betz 30K Sodium hydroxide 2,320 

Liquimine II Methoxypropylamine 3 2,320 

• Neutrafilm 436 Octadecyclamine acetate 2,320 

Ethyl mercaptan Ethyl mercaptan 2,000 

Betz 25K Potassium hydroxide 1,420 

Betz Inhibitor 562 Sodium hydroxide 1 ,320 
I-H Benzotriazole 

Slimicide 508 2,2 Dibromo-3-nitril-propionamide 1 ,260 

PD 1 1  Heavy aromatic naphtha 1,200 
Isopropyl alcohol 

Source: Wilkins 1989 . 
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wastes may be considered hazardous if contaminant levels exceed California hazardous waste • criteria (22 CCR 66680, 66699) . 

DOE requires that each DOE facility establish and implement a waste-minimization program to 
reduce the volume and toxicity of all wastes for which the facility is responsible (DOE 
Order 5400. 1).  Several waste-minimization programs have been implemented at NPR-l .  
Utilizing waste hydrofluoric/hydrochloric acid mixtures to stimulate the performance of SOZ 
wastewater disposal wells through acidization has eliminated the need to otherwise dispose of 
these materials. Use of bulk containers for storage of chemicals needed at well-development 
sites has reduced the amount of leftover waste chemicals. Recycling of hazardous materials such 
as degreasing solvents, spent lead-acid batteries, petroleum-based drilling fluids (1 ,500 barrels 
in 1988) ,  and oils (engine, lubricant, crankcase) has been employed to reduce the amount of 
wastes. Currently, NPR-l generates approximately 19, 800 pounds/year (9,000 kilograms/year) 
of hazardous wastes that are disposed of at off-site permitted facilities. 

The following subsections identify requirements (DOE, state and federal) pertaining to hazardous 
and nonhazardous wastes; and the historical and current generation and management of wastes 
at NPR-l ,  including waste streams, volumes and facilities. 

3.2.2 Applicable Regulations and DOE Orders 

As a DOE facility, NPR- 1 follows the provisions of DOE Order 5400. 1 ,  which is the principal 
document defining environmental-protection program requirements. Requirements, authorities, 
and responsibilities are established in this Order to ensure compliance with applicable federal, • state, and local environmental protection laws and regulations; the document also establishes 
guidelines for implementing good management practices to comply with legal and regulatory 
requirements. One of the more important requirements of DOE Order 5400. 1 is to establish 
waste-minimization programs to reduce the volume and toxicity of all wastes. 

NPR-l also must comply with CERCLA and its amendments under SARA to develop and 
implement a program to control or remove environmentally hazardous substances from inactive 
sites. A program to characterize and remediate these sites is well established. NPR-l is subject 
to the PCB regulations authorized under the federal Toxic Substance Control Act (TSCA). 

The California State Safe Drinking Water and Toxic Enforcement Act (Proposition 65) , requires 
the state to publish a list of chemicals known to cause cancer or reproductive harm. Businesses 
must warn the public of any risk of exposure to any of the chemicals listed. Some of the 
constituents of crude oil, and some chemicals imported by NPR- I for use in operations, are on 
the state's list. Accordingly, NPR-l has posted warning signs of the possibility of exposure to 
these substances. 

The California Health and Safety Code, Section 41805 .5 ,  requires the California State Water 
Resource Control Board to rank active and inactive solid-waste-disposal sites throughout the state 
with respect to their potential to adversely affect groundwater or surface water. A solid-waste 

3. 2-4 • 



• 

• 

• 

assessment test report must also be submitted by site operators to the appropriate Regional Water 
Quality Control Board. Provisions of this code directly affect solid-waste-disposal facilities at 
NPR-l (see Sections 3.2.3.2 and 3.2.5 .2) . 

The characterization and closure programs for parts of the waste-management facilities at NPR-l 
(see Section 4 . 1 .2.3) are subject to many regulations, including (but not limited to) the 
following: 

• California Health and Safety Code, Section 41805 .5 , 

• The Toxic Pits Cleanup Act (AB 3566, CA) , which limits use of surface impoundments for 
hazardous waste management, 

• Title 23 of the California Code of Regulations (CCR) , Subchapter 15,  which addresses 
discharges of waste to land , 

• California Department of Health Services hazardous waste site investigation criteria (Interim 
Status Document, CA 4170024414), and 

• Title 22 of the CCR, which categorizes the types and minimum contaminant levels of 
hazardous substances. 

Asbestos was installed at some NPR- l locations, mostly as insulation on pipes and other 
equipment in the 35R Gas Plant that was constructed in the early 1950's. Currently, there is 
a program to remove this asbestos according to applicable regulations which include: 
U.S .  Occupational Safety and Health Administration Regulations OSHA 1910. 1001 ; National 
Emission Standards for Hazardous Air Pollutants (NESHAP) ; and Title 8 of the CCR, Section 
5208. 

Additional regulations and statutes that address the environmental aspects of control and disposal 
of waste and may apply to specific situations on NPR- I include the Endangered Species Act; the 
Clean Water Act; the California Water Code, Section 1 ;  and Title 14 of the CCR, Parts 720, 
1773, 1775 , and 1776 . 
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3.2.3 Historical Waste Generation and Management 

3.2.3.1 Historical Waste Streams 

Nonhazardous Waste Streams 

Almost all of the wastes generated at NPR-l are characterized as nonhazardous. These are 
discussed as follows: 

Wastewater: Produced water is the largest volume nonhazardous waste stream on the site. 
Almost all of this waste is disposed of by reinjection into the Tulare, SOZ, and Stevens Zones; 
some is placed in evaporation/percolation sumps (see Section 3.4 and Appendix D for details). 
Other wastewater streams generated at NPR- l include gas plant cooling tower and process 
effluent, 27R truck wash effluent, pipeline hydrotest effluent, and 36R and 36S car wash and 
each field effluents. 

Drilling Fluids: Another large-volume nonhazardous waste is spent drilling fluid. Drilling 
fluids are complex mixtures that serve many functions in the drilling of wells. Although drilling 
fluids are nonhazardous, they do contain hazardous substances (22 CCR 66699) which are 
needed for effective drilling. Spent drilling muds and liquids are routinely tested and have been 
shown to be non-hazardous (BPOI 199 1b). Hazardous drilling fluid additives are discussed later 
in more detail. 

• 

Spent drilling fluid disposal methods have varied. Before 1974, they were either left in the • 
drilling sumps or reclaimed. Since 1974, most of the spent drilling fluids were deposited in the 
landfarm areas of Sections lOG and 27R pursuant to Central Valley Regional Water Quality 
Control Board (CVRWQCB) Waste Discharge Requirements 73- 14 1  and 73-42 issued in 1976; 
some, however, continued to be left in drilling sumps, and some were spread on roads, 
embankments, and drill pads to aid in soil stabilization prior to 1979. Since mid-1990, all 
drilling fluids have been disposed only in the 27R landfarm (BPOI 1 990b) . ) 

Solid Wastes: Nonhazardous solid wastes have historically been generated in large volumes. 
These wastes consist mainly of paper, wood, metal parts, tires, cardboard, garbage, and 
construction debris. Prior to 1986- 1987 most of these materials were deposited in landfills and 
surface dumps throughout NPR- 1 .  Since then , all of these wastes have been deposited off-site 
at the Kern County landfill. 

Hazardous Waste Streams 

Drilling Fluid .Additives: -Drilling fluids -are -explicitly excluded from designation as a 
hazardous waste under the Code of Federal Regulations ,  Title 40, Part 261 .4 (40 CFR 261 .4). 
In addition to federal regulations, state regulations are also applicable. Inclusion of any 
materials listed as hazardous by the state of California (22 CCR 66300, 66680) will cause the 
state to consider the drilling fluid to be hazardous, if state-defined hazardous substances exceed 

3 .2-6 • 



• 

• 

• 

state-defined limits (22 CCR 66699). Drilling fluid additives utilized at NPR -1 such as 
chromium lignosulfonate, chromates, and dichromates, were designated hazardous by the State 
of California in 1979, but their concentrations in drilling fluids did not exceed the chromium 
limits established by the state in 1985; thus, drilling fluids with chromium additives are not 
hazardous materials. Some individual constituents of drilling fluids are discussed below. 

Chromium Ugnosulfonate - Chromium lignosulfonate was used at NPR-l in drilling fluids at 
over 500 deep wells from the mid-1950's to 1983. This material, produced from the dichromate 
oxidation of lignosulfonate liquor, forms a strongly bound trivalent (Cr+3) chromium organo
complex with lignosulfonate. Cr+3 is a federal (40 CPR 261) and state listed (22 CCR 66680) 
hazardous substance. Chromium lignosulfonate complexes may also contain some hexavalent 
chromium (Cr+6) ,  which is an extremely hazardous substance. 

Although there is some uncertainty about the amount of Cr+6 originally available in 
chromium lignosulfonate, acidic conditions and reactions with native clays and various lignin 
compounds within the borehole would be expected to reduce virtually all Cr+6 to Cr+3 which is 
the less hazardous state (BPOI 1991b). Thus, Cr+6 should not be a problem as a result of past 
disposal of spent drilling fluids that contained chromium lignosulfonate. 

Concentrations of chromium lignosulfonate in a typical drilling fluid vary from 0 % to 4 % • 
Toxicity to various marine animals was observed in tests on chromium lignosulfonate (Neff 
1982; Duke et al 1984). Inorganic trivalent chromium has been found to e�bit relatively low 
levels of toxicity in animals (Languard and Norseth 1986). Warren et al (1981) indicated that 
some Cr+3 organo-complexes were as toxic as Cr+6• The toxicities of other trivalent 
organo-complexes were closer to that of inorganic Cr+3• Data are not available on the toxicity 
of the organo-complexes that were contained in the chromium lignosulfonate spent drilling fluids 
used at NPR-1 prior to 1983. 

Hexavalent Chromium -- Sodium dichromate (Na2Cr2� • 2H20), sodium chromate (Na2Cr04), 
and potassium dichromate (K2Cr2� • 2H20) were used as drilling fluid additives from about 
1954 until 1983. The chromium in these compounds is in the highly toxic hexavalent form 
(Cr+6) .  These compounds are both hygroscopic and quite water soluble. They are listed as 
hazardous materials both by the Environmental Protection Agency (EPA) (40 CFR 261) and the 
State of California (22 CCR 66680). 

When used as an additive to drilling fluid, Cr+6 soon reacts in the borehole with native clays, 
and various lignin compounds, and is reduced to the less hazardous trivalent form (Cr+3) .  The 
trivalent form then binds in general to various non-reactive clays. Tests of the spent drilling 
fluid show that virtually no hexavalent chromium remains (BPOI 1991b). 

Hexavalent chromium compounds were typically stored in bags at the well pads and were added 
to the drilling fluid when needed. Occasionally, the contents of these bags were spilled and 
these spills and/or the bags themselves became inadvertently buried. Chromates and dichromates 
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are soluble in water and can be transported by capillary action to the surface, where they appear • as a powdery yellow to yellow-green deposit that can best be seen after a rain. 
NPR-l drilling logs indicate that as many as 554 wells may have been drilled during the period 
of suspected hexavalent chromium use (1954-1983). To date, 65 Cr+6 spill sites have been 
identified (see Fi&ure 3.2-1>. The State of california requires remedial action to remove 
hexavalent chromium from the soil whenever the concentration exceeds the State of california 
soluble threshold limit concentration (STLC) of 5 milligrams/liter (BPOI 1987). Contaminated 
soils at the 65 hexavalent chromium sites on NPR-l have been properly managed as hazardous 
wastes. Because of their potential for contaminating surface water run-off, a chromium cleanup 
level of 1 part/million was negotiated with the california Department of Health Services, Toxic 
Substances Control Division (CAL-EPA), in 1988. All 65 sites have now been remediated. 
Contaminated soils from all 65 sites have been excavated and hauled to Class I hazardous waste 
facilities for disposal. Verification testing to ensure complete remediation of these sites has been 
completed. 

Chromium tests in the hazardous waste trench area of the 27R waste management facility 
indicate that total chromium (chromium and/or Cr+3 compounds) levels in this area range from 
19 to 210 milligrams/kilogram which is below the CCR, Title 22 TTLC of 2,500 milligrams/ 
kilogram. Hexavalent chromium analyses of the two samples with the highest total chromium 
concentrations (210 milligrams/kilogram and 200 milligrams/kilogram) revealed Cr+6 concentra
tions of 3.60 milligrams/kilogram and 2.60 milligrams/kilogram, respectively. These Cr+6 con
centrations are well below the TTLC for Cr+6 compounds of 500 milligrams/kilogram. Due to 
minimal rainfall, depth to groundwater, and covering of wastes with clean fill, there is little • potential impact anticipated from contaminants in the 27R hazardous waste trench (BPO! 1991b). 
Because of the low levels of chromium encountered at 27R, it was decided to defer further 
review of roads, embankments and drill pads where waste drilling fluids are suspected of being 
spread. This matter will be reviewed further as part of the site-wide cleanup/closure program. 

Corrosion Inhibitor W-41 (Arsenic): During past drilling of wells in the SOZ, an appreciable 
time often elapsed between completion of drilling and production startup. During that interval, 
acidic conditions in the borehole could have caused corrosion of the metal casing and the 
suckerrod assembly, which is a downhole rod that assists in pulling oil out of the ground. To 
minimize this, an arsenic-containing anticorrosion compound, W-41 ,  was added to the borehole. 
Arsenic is considered a hazardous material both by the EPA (40 CFR 261) and by the State of 
California (22 CCR 66680). The W-41 compound (composed of caustic lye and sodium 
meta-arsinite) was used for nearly 50 years, from the early 1920's until 1970 (Suter 1988). 
During this period, no state or federal regulations existed prohibiting the use described. 

The W-41 compound was known to be highly.toxic, and -workers took special precautions when 
using the material. These precautions included use of rubber gloves, avoidance of spills, and 
careful disposal of contaminated equipment. At the SOZ wells where W-41 was used, bottom 
hole testing was carried out before production commenced. Testing equipment, gloves, buckets, 
and other contaminated items were disposed of in an open trench in Section 4G. Spent W-41 
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was removed from the well bores by releasing initial production (oil and water) into six sumps 
at two sites. This practice resulted in what is believed to be localized arsenic contamination of • soils within and possibly adjacent to and down gradient of the sumps. Five of the six sumps are 
in various stages of investigation and remediation as part of the on-going program to formally 
close inactive/abandoned waste sites (see Sections 3.2.4.2. 3.2.4.3. and 3.2.4,4). 

Arsenic -contamination in sumps and other surface areas cannot be located visually because the 
arsenic does not cause soil discoloration. Test results to-date have shown that arsenic 
concentrations in sump sediments can vary by a factor of 100 (Kaman Tempo Division 1987). 
For example, surface concentrations of arsenic in the vicinity of the saltwater brine sump 3 in 
Section 23S are shown in Fiiure 3.2-2. The highest concentrations were approximately 1 ,400 
milligrams/kilogram at the sump intake, and these declined rapidly across the sump to 
approximately 17-66 milligramslkilogram within IS�200 feet. Further characterization and 
remediation planning is in progress. 

Produced Oil and Process Chemicals: Occasional spills and leaks of oil and process chemicals 
at NPR-l also produce hazardous wastes. Detailed records of the number and volume of oil 
spills have been kept since 1979 crable 3.9-1). Most oil is recovered with vacuum trucks and 
is recycled back through the production lines. The volumes of oil not recovered have remained 
more or less constant at a relatively low level. In addition to oil spills, small amounts of various 
process chemicals (such as 1 , 1 ,  l -trichlorethane, waste lubricant oils ,  fluoride salts, carbon 
disulfide, and xylene) have been inadvertently released. 

A study has been completed to evaluate the adequacy of secondary containment facilities at • NPR-l (BPOI 1990a). This study indicated a need to enhance these facilities especially around 
older tanks and bulk chemical-storage containers. Projects to accomplish this are in various 
stages of planning, design, procurement and construction. All new tanks, tank settings, and bulk 
chemical-storage tanks are installed or constructed with adequate secondary containment as 
required by the California Division of Oil and Gas regulations in Title 14 CCR, Part 1773. 

Acids and Neutralized Acids: Well stimulation activities at NPR-l generate approximately 
9,500 barrels/year of spent waste acids (Owens 1992). Both hydrochloric and hydrofluoric acids 
are used in stimulation of work-over wells. Upon retrieval from the wells, these acids either 
are neutralized with lime or soda ash. Prior to November 1985, sodium fluoride salts of 
neutralization were disposed of in the hazardous-waste trenches at the 27R waste-management 
facility. Since 198�, these materials have been disposed of as hazardous wastes at an off-site 
permitted hazardous waste facility. A program recently has been initiated to reuse the acids in 
the SOZ Tulare and disposal-well-acidizing program. When recycled, the material is no longer 
considered a waste (Greenberg 1989). 

Used Lead-Add Batteries: Lead-acid batteries are used for the vehicle fleet and the field 
pumping-unit service trucks. NPR-l has generated about 20 used batteries per month. 
Historically, undamaged batteries were recycled. Damaged batteries were shipped to the 2B 
storage yard, where they were packaged and sold as scrap or shipped off-site to permitted 
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disposal sites. After 1985, damaged batteries were disposed of off-site at permitted hazardous 
waste facilities. More recently, spent batteries have been recycled pursuant to 22 CCR 66822. • 
3.2.3.2 Historical Waste-Manaaement Facllities 

Nonhazardous-Waste-Manaaement FaclIities 

Landf"ills: Three landfills (located at 26S-East, 26S-West, and 35R) were placed in service 
between 1978 and 1982. These facilities were used only for disposal of nonhazardous wastes, 
such as construction wastes, wood, paper, asphalt, concrete, metal strapping, tires, and up to 
50% garbage. The three landfills were taken out of service in 1986-1987 due to new, additional 
operating requirements in the Calderon Act (AB 3525, CA) and have been regraded (DOE 
1989) . Plans are to formally close these facilities; these initiatives are in various stages of 
investigation, internal review, regulatory agency review, and remediation. It is anticipated that 
formal closure with regulatory approval will be accomplished by the end of FY 1993. 

Surface Dumps: Small amounts of trash, paper, glass, wood, pipes, and similar materials have 
been dumped (but not buried) at many small surface dumps on NPR- l .  Pursuant to the initiative 
to identify and formally close all inactive historical waste sites, 24 such surface dumps have been 
identified (Williams Brothers Engineering 1985). These 24 sites are currently in various stages 
of investigation, review, and remediation. 

Sumps: Open, unlined sumps have been used for the disposal of various types of waste- water 
by percolation/evaporation. The two major sources of this wastewater have been (1) drainage • water from gas plants and (2) produced wastewater. These waters are a highly mineralized 
nonhazardous waste. Currently, sumping occurs only on an emergency basis, averaging about 
1 ,000-2,000 barrels/day field-wide at about five different locations. For the period 1979 to 
1989, the average sumping was about 10,000 barrels/day (McLemore 1989). Sumps are also 
used to collect spent drilling fluids and cuttings during drilling operations. Prior to 1974, these 
sumps were also used to dispose of spent drilling fluids. Four sumps at the 27R waste
management facility have been used to recover waste oil and to dispose of water used to wash 
equipment. 

27R and lOG Waste-Mana&ement Facilities: The 27R waste-management facility contains 
a landfarm area, an oil-recovery facility, and a truck-washout facility, all of which are/were used 
to handle nonhazardous materials. 

The landfarming area is a 27-acre field where nonhazardous spent drilling fluids are spread to 
dry and be reworked into the soil. This area was put into service in 1974. Other federally
exempt wastes, such.as .well cellar..wastes, cementr·watet:,. and oily ·polymers are also disposed 
of at the 27R landfarm. The total combined volume of waste disposed of at the landfarm in 
1987 was nearly 500,000 barrels (BPOI 1988a), 
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The 27R facility includes two oil-recovery sumps that receive crude oil and water mixtures from 
oil spills, well cellar cleanout, and storage tank cleanout. These sumps, which have been in 
operation since 1979, are fenced impoundments in the landfarm area. The sumps are netted to 
keep out wildlife. Plans are to replace these sumps with tanks and formally close them. Closure 
is tentatively scheduled to take place in FY 1993 (BPOI 1991b). 

From 1983 to 1990, two sumps disposed of water used to wash down trucks after they had 
unloaded waste cargo or recoverable products. These sumps have now been replaced with 
tankage, and the wastewater is disposed of from the tankage into the produced wastewater 
system. An annual volume of about 80,000 barrels was disposed of by these. sumps (Mark 
Group 1987). One sump is to be formally closed. The other will remain in service as a backup 
in the event truck wash-out and oil-recovery tanks inadvertently overflow. 

The l OG  waste-management facility contains a permitted 100acre landfarm area that has received 
spent drilling fluids. Disposal procedures were similar to those used at the 27R landfarm area. 
Due to the reduced level of drilling activity, the site has not received wastes since midway 
through 1990. In 1989, the facility received 46,000 barrels of waste (BPOI 1990b). 

Hazardous-Waste-Management Facilities 

Sumps: At various times during past operations, wastewater placed in six sumps at two sites 
contained arsenic from W-4 1 ,  as previously explained. In addition, soluble barium, apparently 
from drilling fluids, has been observed in some wastewater sumps. These sumps are discussed 
in more detail in Section 3.2.4. 

Drum Storage and Chemical Containers: Six drum-storage locations have been identified at 
NPR-l (Williams Brothers Engineering Co. 1985). These areas were used for interim storage 
of drums of hazardous and nonhazardous wastes, prior to off-site disposal. In 1985, the 2B 
storage yard was used to collect 2,600 drums, eight pieces of polychlorinated biphenyl (PCB) 
equipment, and more than 1 1 ,000 gallons of solid and liquid waste (including 700 gallons of 
PCB-contaminated oil) . The drums contained petroleum products, acids, bases, corrosion 
inhibitors, neutralized hydrofluoric acid, herbicides, chromium, and arsenic waste. All drums 
from these sites have either been disposed of as hazardous waste at permitted off-site facilities 
or returned to vendors for reuse or recycling (BPOI 1991b). 

Waste-Disposal Trenches: In 1980, a 4.5-acre disposal trench area at the 27R 
waste-management facility was set aside for the disposal of hazardous waste, pursuant to an 
Interim Status Document (CA 4170024414) from the California Department of Health Services. 
Waste sediments from tank bottoms, hydrofluoric salts of neutralization, and sludges from oil 
reclamation and -truck-.washout �umps were..placed In.the.trenches and mixed with soil. This 
area has not been used since 1985, and it is currently in the process of being formally closed. 
Closure activities required to obtain a post-closure permit have been completed during FY 1992. 
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3.2.4 Sites ldentiraed for Characterization 

Several historic waste-management and spill sites that have been identified as requiring 
characterization and possible further remedial action are discussed below. 

3.2.4.1 Hexavalent Chromium Spill Sites 

Field inspections of S54 locations where chromium spills are suspected have been completed, 
65 chromium spill sites were identified <Film 3.2-1), and a program to remediate them is 
underway. Of the 6S sites, 52 have been remediated and verification testing performed. The 
contaminated soils removed from the sites have been disposed of at an off-site permitted 
hazardous waste disposal facility. Subsequently, they have been backfilled. The remaining 13 
sites have been remediated and verified. An annual visual inspection of all potential 554 
chromium sites was initiated in 1986. A visual program to inspect other potential sites is 
continuing. 

3.2.4.2 23S Saltwater Brine Sumps 

The 23S saltwater disposal sumps were used to hold produced water from the SOZ wells; W-41 
(containing arsenic) was used in these wells. Significant arsenic contamination has been found 
in sumps 1 ,  2, and 3 of the 23S system. One sample from sump 3 during initial screening 
evaluations contained 2,630 milligrams/kilogram (BPOI 1987), well above the State of California 
total threshold limit concentration (TfLC) value of 500 milligrams/ kiiogram for arsenic. 

• 

Kaman Tempo Division (1987) subsequently characterized this sump as having a maximum • arsenic level of 1 ,400 milligrams/kilogram (see Fi&ure 3.2-2). Analysis of samples from sumps 
1 and 2 showed extractable arsenic contamination levels above the STLC value of CCR Title 22 
(BPOI 1987). These sumps will be further characterized as part of sump closure plans described 
in Section 4. 1 .2.3 and Table 1 .2-10. 

3.2.4.3 Site lA-6M Well Pad and Sumps 

Site 1A-6M is an abandoned well pad with a primary sump and an overflow sump. In 1960, 
the water in the overflow sump was determined to be contaminated with W -41 ;  the arsenic 
concentration in the water was about 4,500 parts/million. After 1960, both sumps were partially 
filled inadvertently with soil when a new well pad and drilling sump were constructed nearby. 
Three composite soil samples recently were taken in the area between the primary sump and the 
well pad and from the well pad itself. The highest arsenic concentration, 190 
milligrams/kilogram, was in the sample taken on the well pad. Extractable arsenic 
concentrations in the samples ranged from S.O to 8.4 milligrams/liter, compared with the 
California STLC.limiLioI. arsenic of . .s.o . .  milligranWJiter. Accordingly, these soils are 
hazardous, and remedial action alternatives are being considered (Kaman Tempo Division 1987). 
A feasibility study evaluating the alternatives in detail is planned. Based upon the results of the 
feasibility study, a remedial action will be selected. 
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3.1.4.4 4G-W41 Disposal Site 

• The 4G disposal area as discussed in Section 3.2.3.1 ,  consisted of a trench that was used for 
disposal of various materials contaminated with W-41 (arsenic). Investigations at this site 
unearthed piping, tubing, and valves contaminated with arsenic. These materials were removed 
and disposed of at an off-site permitted disposal facility. Additional

· 
sampling has been 

completed to detennine the need for additional remediation. 

Sample analyses indicated the absence of further arsenic contamination (Akers 1991). No further 
characterization or remediation of this site is planned under CERCLA. 

3.1.4.5 3G Gas Plant Coolina Tower 

In 1987, the 3G gas plant was removed from service. Plans are to demolish the facility and 
permit the demolition subcontractor to sell, recycle, or dispose of the components at his/her 
discretion. Among other tests, the internal parts throughout the cooling tower were sampled and 
tested to determine concentrations of various metals. The results showed an extractable copper 
concentration of 30-40 milligrams/liter (using the WET process) for several samples. These 
values exceed the STLC standard of 25 milligramslliter for copper (22 CCR 66699). Thus, 
demolition plans will generate hazardous waste requiring disposal at a permitted hazardous waste 
facility (CCR, Title 22). 

3.1.4.6 Drainageways From 3G Gas Plant 

• Drainageways from the 3G gas plant have received effluent from the facility. The drainageway 
from the western end of the plant supports a more dense vegetation than surrounding areas. 
Analyses of five soil borings and four surface samples taken along the drainageway indicated no 
elevated metals concentrations, but volatiles were present in surface soil and at depths 
up to 7 feet. Contaminant concentrations of 18 milligrams/kilogram tetrachloroethylene; 
18 milligrams/kilogram 1 , 1 ,  I-trichlorethane; 140 milligrams/kilogram methyl ethyl ketone; and 
70 milligrams/kilogram methyl isobutyl ketones were found in the samples. These findings and 
a no-action recommendation were forwarded to the CVRWQCB for their review, and approval 
is expected. 

• 

3.1.4.7 Underground Petroleum Tank Soil Contamination 

During removal operations, it was found that 10 underground storage tanks at three locations 
(36S gas station, 36R gas station, and 36S garage) had leaked. In particular, soil beneath 
several of the tanks was found to be contaminated with volatiles and petroleum hydrocarbons. 
Ten borings up -to. a .depth of-70.feet.w�rilled ·.at .tbese sites. Two of the borings showed 
minor levels of hydrocarbon contamination (Campbe1l 1989a). Based on these results, a no
action alternative was recommended and approved by the Kern County Environmental Health 
Services Department (1989) . 
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3.2.4.8 18R DriIIiD& Fluid Tanks 

From approximately 1974-1978, an attempt was made to recycle used drilling fluids. Eight 
above ground tanks in Section 18R were used to store reclaimed drilling fluids. One of the 
tanks was observed to be seeping oily liquids through pinholes in the tank sides (BPOI 1986). 
Preliminary screening tests indicated that the materials in this tank may have been hazardous. 
Additional samples were obtained and more testing has been completed. The results of the tests 
determined the materials to be non-hazardous (Akers 1991). Currently, three of the four 
remaining tanks still contain solid non-hazardous waste materials, which are to be removed in 
FY 1993. 

3.2.4.9 2B Drum Storage Area 
Approximately 2,600 drums of waste material were kept at the 2B drum storage area until they 
were shipped off-site for disposal late in 1985. Many of the drums were old and were not 
labeled and contained unknown types of waste (Williams Brothers Engineering 1985). 
Subsequently, a complete drum-removal program meeting federal and state regulatory guidelines 
was implemented. Soil staining was noted around groups of drums stored directly on the ground 
and at the transformer-oil-collection tank (Williams Brothers Engineering 1985) . These areas 
have been sampled, tested and determined to be nonhazardous (Golder 1989). No further action 
is needed or planned. 

3.2.4.10 36R Abandoned Gas Plant 

A gas plant was operated in Section 36R between 1915 and 1940 and then dismantled; it could 
have generated hydrocarbon waste streams, the disposition of which is unknown. A layer of 
black ash of unknown origin is deposited around a foundation that remains. Samples of the 
black ash were tested and determined to be nonhazardous (Golder 1989) . Additional 
consideration is to be given to this site as part of the NPR-I cleanup/closure program. 

3.2.4.11 Additional Sump Investigations 

An additional 30 sumps (drilling-fluid sumps, produced-water sumps, and miscellaneous sumps) 
were screened by testing one sample taken from the surface at each sump for possible 
contamination with arsenic or chromium, primarily at the inlets where contaminant levels are 
usually the highest lFieure 3.2-1). Except for arsenic levels in one sample from sump 3 at 23S, 
CCR Title 22 TILe and STLC levels were not exceeded. A further review of these sites is in 
progress as part of the site-wide program to cleanup/close abandoned waste sites. 

The total volume of.arsenic..-contaminated ams J'roJn.,$umps at 23S and I A-6M is estimated to 
be 48,000 cubic yards. Because of low rainfall, depth to groundwater and the remote locations 
of these sumps, no adverse impacts are anticipated to result from the contamination 
(BPOI 1991b) .  
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3.2.5 Current waste Generation and Manqement 

• 3.2.5.1 Current Waste Streams 

• 

• 

Nonhazardous 

DriI1in& Fluids: Drilling fluids and oily water from drilling sumps constitute a large-volume 
waste stream on NPR-1.  NPR-1 drilling fluids have been determined to be nonhazardous as 
defined by 22 CCR 66680 and 66699. These materials have been disposed of at the lOG and 
27R landfann areas. In 1987, well drilling generated 700,000 barrels of these wastes (BPOI 
1988a) .  By 1990, reduced drilling activity accounted for only 3 15,000 barrels of these wastes 
and use of the lOG landfann for disposal was discontinued (BPOI 1991a).  

Soluble Barium: Oil-field sumps could contain all of the necessary species to form soluble 
barium, primarily as the result of the use of barite (barium sulfate) as a weighting additive in 
drilling fluids. Barium, excluding barium sulfate utilized in drilling fluids, is regulated under 
22 CCR 66699. Deeley and Canter (1986) found high concentrations of soluble barium (up to 
6 milligrams/liter) in water from drilling pits at various oil fields around the country. Tests for 
soluble barium were performed at various NPR-1 surface water sources to assess the potential 
for impact to NPR-1 wildlife and resulted in typical concentrations ranging from 0.027 
milligrams/liter to 1 1  milligrams/liter (Suter, 1988). The highest concentration of soluble 
barium measured at NPR-1 was 51  milligrams/liter which was obtained from a wastewater sump 
at site 26Z-3 (Kaman Tempo Division 1988). The 26Z sumps have been taken out of service 
and formally closed . 

Animals exhibit a great range of sensitivity to the effects of soluble barium. The median lethal 
dose (LDso) for ingested soluble barium chloride ranges from 7 to 29 milligrams/ kilogram for 
mice, 90 milligrams/kilogram for dogs, and 800 to 1 ,200 milligrams/kilogram for horses 
(Reeves 1986). The sensitivity of animals at NPR-1 to the effects of soluble barium is not 
known. Closure of sumps (see Section 1.2.2. 14, Table 1.2-10, and Section 4.1.2.3 for details) 
should effectively eliminate any potential problems from soluble barium. 

Produced Water: Approximately 99% of water produced in association with oil production is 
currently disposed of by reinjection into the Tulare Formation, SOZ wells, and Stevens wells; 
the remainder is placed in evaporation/percolation sumps. Current NPR-1 operations generate 
about 37 million barrels of produced water/year (DOE 1989) (see Section 3.2.3 for more 
details). This wastewater stream may also include blowdown water, runoff, and water treatment 
additives such as corrosion inhibitors, biocides, slimicides, and scale inhibitors. Typical 
materials used in inhibitor additives include heavy aromatic naphtha, methanol, thioalkyl
substituted nitrogen heterocycle, .tridecanol,-alkylpyridines .salts, - fatty quaternary ammonium 
chloride, ammonium bisulfite, salts of fatty acid/polyamine reaction products, thiophosphates, 
isopropanol, ethylene glycol, and acid phosphate esters . 

3.2-17 



Solld Waste: Solid waste generated at NPR-l consists mainly of paper, wood, metal equipment • parts, cardboard, garbage, and construction debris. These wastes are placed in receptacles 
outside site buildings, and are gathered from field locations and placed in the solid-waste transfer 
stations at Sections 35R and 36S. Once collected, the solid waste is taken to the Kern County 
landfill located near Taft. These solid wastes are not inventoried, but it is estimated that 24,000 
cubic yards of solid waste are generated annually (DOE 1989). No landfill sites for solid waste 
are active on NPR-l .  

Sewaae: Sewage facilities at NPR-l consist of 12 septic tanks with leach fields. Wastes from 
the septic tank systems are pumped out as necessary by a subcontractor and hauled off-site for 
disposal. Additionally, portable sewage-holding tanks are provided by subcontractors at the 
drilling rigs. Local Kern County ordinances govern the construction and use of septic fields. 
No permits are required (BPOI 1991b) . 

Third-Party Actions on NPR-l: Third-party permits are reviewed by NPR-I environmental, 
engineering, safety, and legal staff to ensure compliance with all environmental regulations and 
DOE Orders. The following third-party actions are evaluated in this subsection: (I) SoCal 30-
inch pipeline and (2) Santa Fe Energy Co. 8-inch pipeline. Construction debris (such as wood, 
scrap metal, and scrap insulation) generated by these projects are be disposed of at the Kern 
County landfill near Taft, or at other permitted landfills, as nonhazardous solid waste. 
Hydrocarbon spills from pumping stations and leaking valves must be managed and cleaned up 
in accordance with the appropriate spill prevention, control and countermeasure (SPCC) plan. 
Water used to hydrostatically test equipment must also be disposed of. Third-party activities are • discussed further in Section 3.4.3. 

Hazardous 

Used on and Lubricants: Used motor oils are recycled. Lubricant streams are generated as 
the result of changing hydraulic fluids, spills of same, oil spills, oily wastewater spills, and 
sludge and other waste-oil solids obtained from facility and well cleaning/maintenance. These 
waste streams are tested, and if they are nonhazardous (CCR, Title 22), they are recycled into 
production facilities. If they are hazardous, they are disposed of off-site at permitted hazardous 
waste disposal facilities. 

Herbicides and Pesticides: Approximately 100 pounds of herbicides and pesticides are used 
by BPOI subcontractors annually at NPR-I ,  usually in conjunction with office building and 
landscape maintenance, and for control of weeds and plants in the vicinity of gas plants and well 
pads as part of the site fire prevention program (Bennett 1992). Such materials are used in 
accordance with accepted practices. Storage containers and applicators used by the 
subcontractors in .this .regard.are.considered.hazardous :waste and are disposed of off-site by the 
subcontractors. Herbicides and pesticides are not stored or disposed of on-site. 
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Tank Bottoms: Aboveground tanks are used at NPR-1 to store crude oil, produced water, 
NGL's, gasoline, and waste oil. Many of these tanks are used as settling tanks where oil, water, 
and sediments are separated. Tank-bottom sediments accumulate in these tanks, and periodically 
they must be removed. These sediments are tested, and if determined to be hazardous, they are 
removed from the site for disposal at a permitted hazardous waste disposal facility. If the 
materials are nonhazardous, that are disposed of at the 27R landfarm. Tank bottoms rarely test 
hazardous; during 1990 and 199 1 ,  a total of 75 cubic yards of tank bottoms have been removed 
from NPR-1 for off-site disposal as hazardous waste (Valentino 1992) . 

Chemical Containers: Hazardous chemicals are used at NPR-1 for the maintenance and 
operation of process equipment and facilities. The chemicals are stored on-site in tanks and 
drums. In many cases, these are owned by BPO! subcontractors who have the primary 
responsibility for their operation, maintenance, and disposal. Storage and handling of these 
hazardous chemicals is required to be carried out in accordance with a hazard communication 
plan that consists of maintaining material safety data sheets (MSDS) on each chemical and 
employee training on chemical handling and management.  As the storage tanks and drums are 
emptied, they are reused or disposed of off-site at permitted hazardous waste facilities. 

Spills of Produced Oil and Process Chemicals: Spills of produced oil and process chemicals 
occur intermittently. All spills are cleaned up immediately upon identification in accordance 
with the facility SPCC plan (BPO! 1992) , and BPO! policy and procedures manuals (BPOI 
1988c, 1988d) . These provide instructions for maintaining an emergency response team, cleanup 
procedures, and documentation . Where subcontractors share these responsibilities, they are 
required to follow the same procedures that have been adopted by BPO!. Detailed reports on 
both major and minor oil spills are maintained. Oil spills are characterized as major if (1) 100 
barrels or  more are released or  (2) 1 barrel or  more enters navigable water. 

Polychlorinated Biphenyls (PCB) : PCB's may be present at NPR- l ,  primarily in electric 
transformer dielectric oils. Of the approximately 400 existing oil-filled transformers in service 
at NPR-l (Williams Brothers Engineering 1985) , none are known to contain PCB's. Of the 400, 
about 300 are older units that might contain PCB's (BPO! 1988b) . The remaining 100 
transformers are relatively new, and they are known to have been purchased PCB-free. The 
transformers that might contain PCB's  have been labeled , and they are inspected quarterly for 
leaks. Transformers are not tested for PCB's  while they are in service. When they are removed 
from service (e.g. , for repairs) , they are stored in the PCB-storage area in the 2B storage yard, 
and they are tested at that time. Transformer oils that test above 5 parts/million PCB, and the 
transformers themselves, are disposed of off-site at a permitted hazardous waste disposal facility. 
Transformers and their oils that do not test above 5 parts/million PCB are either salvaged or 
returned to service depending on their condition. Since 1986, approximately 130 transformers 
have been tested. Three of. these were hazardous -and · were di�posed appropriately.  A recent 
routine EPA investigation of NPR-1 PCB practices indicates compliance with federal 
requirements (EPA 1990) . 
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Asbestos: Asbestos is present at NPR- l .  NPR-l 's goal is to ultimately remove all asbestos. 
This goal, however, is balanced with the strategy of not disturbing asbestos unless necessary by • maintaining asbestos in a manner that prevents it from coming into contact with personnel and 
by removing it only when disturbance is necessary. 

Almost all NPR-l asbestos is on piping and other process equipment in the 35R Gas Plant 
constructed in the early 1950's. It is estimated that there are 3 ,800 linear feet of pipeline 
containing asbestos (DOE 1989) . These areas have been marked, and projects to remove and 
dispose of portions of this asbestos are in various stages of planning, review, approval, design, 
and construction . Other facilities and areas known or suspected of containing asbestos are being 
addressed similarly. Until asbestos can be removed and disposed of, current policy and practice 
requires encapsulation of all friable and exposed asbestos. Asbestos areas are monitored to 
determine airborne particulate levels. Removed asbestos is disposed of off-site at a permitted 
hazardous waste facility. Asbestos-removal subcontractors are licensed by the state and are 
required to pass state examinations and follow a thorough training program. 

Solvent Wastes: Approximately 900 gallons of hazardous solvent wastes are generated annually 
at the 35R and 36S laboratory facilities (Gough 1992) . Operations there include distillations, 
product testing, water analysis, and degreasing. Some of the hazardous solvents used in these 
operations include 1 , 1 ,  I -trichlorethane, 1 , 1  ,2-trichlorethane, carbon disulfide, chloroform, 
toluene, and xylene. Wastes containing these substances are collected in drums and disposed 
of off-site at permitted hazardous waste facilities. Prior to 1988, all liquid waste at 35R was 
disposed of into laboratory drains, which discharged to the 35R sump. This sump is no longer • in service, and is to be formally closed as part of the site-wide cleanup and closure program. 

Used Lead-Acid Batteries: Spent batteries are provided to recyclers pursuant to 22 CCR 
66822. 

3.2.5.2 Current Waste-Management Facilities 

Nonhazardous 

27R Facility: The 27R waste-management facility is a 32 .5-acre site. It consists of a 27-acre 
landfarming area, which includes an oil-recovery area and a truck-washout area that operates 
under CVRWQCB Waste Discharge Requirement 73- 14 1 ,  and an inactive 4.5 acre hazardous
waste-disposal trench which was taken out of service in 1985 . The trench is in the process of 
being formally closed. No hazardous wastes are currently disposed of at this facility. The 
landfarm area is used primarily for the disposal of nonhazardous materials such as spent drilling 
fluids and tank bottoms. The oil-recovery facility includes two sumps that are in use to dispose 
of wastes (primarily water) that are -associated with oil being recovered. Plans are to replace 
these sumps with tanks and formally close them. The truck-washout facility includes two 
additional sumps that until 1990 were used to dispose of waste washwater. These sumps have 
now been replaced with tanks, and they are no longer in service. One sump is to be formally 
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closed. The other sump is to be used as a backup for the truck-washout and oil-recovery tanks 
during off-normal situations (such as tank over-flows) that might occasionally occur. 

lOG Landfann Area: The lOG land farm area is a permitted 10-acre disposal site that receives 
nonhazardous spent drilling fluids. This site operates under CVRWQCB Waste Discharge 
Requirement 73-42. Disposal procedures are similar to those in use at the 27R landfarm area. 
As discussed in Sections 3 .2 . 1 and 3.2.3.2, this site has not received any drilling fluid wastes 
since mid-1990. This facility may be utilized in the future and is still maintained as an 
operational facility. 

Produced-Water-Injection Wells: Produced water is disposed of principally by reinjection. 
Approximately 100,000-1 10,000 barrels/day of wastewater currently are disposed by this method 
(DOE 1989). Stevens Zone wastewater, totaling approximately 72 ,000 barrels/day, is injected 
into the Tulare Zone through 1 1  disposal wells in Sections 1 8G, 7G, 8G, and 24Z. An 
additional 5 ,500 barrels/day of Stevens wastewater is reinjected into four wells in Section 24Z. 
Approximately 1 8,000 barrels/day of SOZ wastewater is injected into the SOZ through two 
disposal wells in 15G and 16G. In addition, approximately 4,000 barrels/day of Asphalto Zone 
wastewater is injected into two Olig wells in Section 26Z. For additional information see 
Section 3.4.2 .4 and Figure 3 .4-7. 

Solid-Waste-Transfer Station: Nonhazardous wastes such as wood , metal equipment parts, 
damaged tools, construction debris, and other refuse from field operations are collected at two 
solid-waste-transfer stations - one each in Sections 36S and 35R. Both stations consist of a 40-
cubic yard dumpster where the wastes are collected for transfer to the Kern County-Taft landfill 
adjacent to the NPR- I site. 

Hazardous 

Section 35R 90-Day Storage Area: Under current practice , hazardous wastes are stored for 
no more than 90 days at a waste-storage area in Section 35R; then they are transported off-site 
for disposal at a permitted hazardous waste disposal facility. 

PCB Storage Area: A small covered and contained pad at the 2B storage yard is used to 
receive electrical transformers and other electrical equipment suspected of being contaminated 
with PCB' s. If equipment is found to be contaminated with PCBs above the California 
hazardous waste limit, it is shipped off-site within 30 days directly from this pad to a permitted 
hazardous waste disposal facility. 
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3.3 AIR RESOURCES 

3.3.1 CUmatolOlY and MeteorolOlY 

The 1979 EIS for NPR-1 (DOE 1979) describes in detail the climate and dispersion 
characteristics that affect air quality in the area surrounding the site. Meteorological and 
climatological data representative of the site area that have become available since the 
preparation of the 1979 EIS and additional information developed using that recent data are 
presented in Section B.1 of Alzpendix B. Included are wind direction and speed, atmospheric 
stability, and mixing-height data needed to perform an air quality impact analysis for the 
proposed action. 

3.3.2 Ambient Air Quality and Current NPR-l FmUsions 

3.3.2.1 Ambient Air Quality 

The 1979 EIS describes in detail the regional and local ambient air quality during the late 1970s 
in the areas surrounding NPR-l .  The data base used was primarily from the ambient air quality 
monitoring network operated by state and local agencies and reported by the California Air 
Resources Board (CARB). Of the six air pollutants for which the National Ambient Air Quality 
Standards (NAAQS) are established (EPA 1971), the levels of ozone (�), total suspended 
particulates (TSP) , carbon monoxide (CO), and sulfur dioxide (SO,) �xceeded applicable 
standards in 1977 in all or parts of Kern County. The level of �, which is a regional air 
quality problem, exceeded the standard throughout the San Joaquin Valley Air Basin (SJV AB), 
including Kern County. Ambient standards for TSP were frequently exceeded at many locations 
in Kern County, and the 8-hour CO ambient standard was exceeded predominantly in the 
Bakersfield metropolitan area. Violations of annual SOz and N02 standards were also recorded 
at isolated monitoring stations within or near Bakersfield. As of 1979, the SJV AB portion of 
Kern County was designated as a nonattainment area (an area not attaining NAAQS) for �, 
TSP, CO, and S02' 

Table B.6 (Section B.2 in Al}pendix B) lists the current NAAQS and the California State 
Ambient Air Quality Standards (CAAQS), which are in general more stringent than the NAAQS 
and cover several more pollutants. Section B.2 presents details of ambient air quality standards 
and other air pollution regulations relevant to the NPR-l project. 

The Kern County Air Pollution Control District (KCAPCD)1 in 1979 adopted a state 
implementation plan (SIP) outlining measures necessary to attain the NAAQS. In 1982 and in 

ISubsequent to the release of the DSEIS, administration of the Dean Air Acts was 
transferred from the KCAPCD to the San Joaquin Valley Unified Air Pollution Control 
District (SJVUAPCD). References to KCAPCD should be read as being equivalent to the 
SJVUAPCD and its counterpart regulations . 
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1986, more stringent, revised plans were adopted. Implementation of these plans has resulted • in steady improvements in several air quality parameters. However, ambient air quality 
standards for 0, and suspended particulate matter have not been attained. 

During the 1987-1988 period, the levels of 0, and suspended particulate matter with a diameter 
less than 10 microns (PM"I) exceeded the NAAQS and CAAQS at one or more monitoring 
stations in western and central Kern County. (See Fi&vre B.6 and accompanying text in Section 
B.2 of AP.Pendix B for a discussion of the basis for dividing the S1V AB portion of Kern County 
into western and central Kern County for air quality planning purposes. The NPR-l site is 
located in western Kern County.) Tables 3.3-1 and 3..J:2 show the current status of ambient air 
quality for 0, and PM10 in western and central Kern County. With respect to NAAQS, the 
S1V AB portion of Kern County had been designated (as of the end of 1987) as a nonattainment 
area for 0, and TSP, an attainment area for S�, and an unclassified area for N�. The 
nonattainment area for CO in Kern County is now limited to the Bakersfield metropolitan area. 

With respect to CAAQS, the SJV AB portion of Kern County is designated as a nonattainment 
area for 03 a serious nonattainment area for PM10' an attainment area for CO, N�, SOl, and 
Pb, and an unclassified area for SO. and H:zS. Further details of current ambient air quality in 
the areas surrounding the NPR-l site are described in Section B.2 of AmKmdix B. 

3.3.2.2 Current Emissions at NPR-l 

The various sources of air pollutants currently released to the atmosphere at NPR-l can be 
grouped into four broad categories: (1) stationary combustion sources, (2) drilling and • construction-related sources, (3) noncombustion oil and gas production sources, and (4) vehicular 
sources. The locations of major existing and proposed stationary combustion sources are shown 
in Fi&ure 3.3-1. Table B.21  in &mendix B gives the locations of other sources by the section 
designation, except for the source types with numerous small sources, such as well pump engines 
that are scattered over the entire NPR-l site area. The air pollutants emitted by these sources 
include (1) reactive organic gases (ROO), (2) oxides of nitrogen (NOx = nitric oxide [NO] plus 
nitrogen dioxide [N�, expressed as NOJ, (3) carbon monoxide (CO), (4) sulfur dioxide (S�, 
(5) sulfate (SO.) , (6) total suspended particulate matter (TSP), (7) particulate matter equal to or 
smaller than 10 microns in aerodynamic diameter (PMlO), (8) hydrogen sulfide (HlS) , (9) lead 
(Pb) , and (10) benzene (CJiJ, Table 3.3-3 summarizes the current atmospheric emissions of 
each pollutant by major source category at NPR-l .  Further details of these emissions are 
provided in Section B.4 of Am>endix B. 

Each major source category listed in Table 3.3-3 represents the dominant emission sources for 
some pollutant. For ROO, the noncombustion production sources are responsible for about 74% 
of the total emissions at NPR -1 ,  with stationary combustion sources supplying about 25 % .  The 
stationary combustion sources are responsible for about 87 % of the NOx and 93 % of the CO 
emissions. Compressor engines and gas-fueled pump engines are the most important of the 
stationary combustion sources of these emissions. Drilling and construction activities are 
responsible for about 80% of the total S� emissions. Vehicular traffic is responsible for 97% 
and 94 % of the TSP and PM10 emissions, respectively. These emissions consist primarily of 
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TABLE 3.3-1 Status of Ambient Air Quality for Ozone in Western and Central Kern County 
Relative to Ambient Air Quality Standards During the 1987-1988 Period· 

Number of Hours (days) Exceeding 
Monitoring Stationb 

California 1-hour National 1-hour 
Standard (0.09 ppm)C Standard (0.12 ppm)d 

1987 1988 1987 1988 

Western Kern County 
Kern Wildlife RefugeC -f 3 (3)' - 0 (0)' 
KemridgeC 37 (to) 5 (3)' 0 (0) 0 (0)' 
McKittrick 224 (43) 9 (2)' 14 (14) 0 (0)' 
TaftC 0 (0) 0 (0)' 0 (0) 0 (0)' 
Maricopac 1 14 (30) 359 (76) 0 (0) 30 (8) 
Maricopa 363 (59) 321 (69) 20 (9) 13 (6) 

Central Kern County 
Oildale 158 (43) 300 (73) 1 (1) 5 (5) 
Bakersfield 256 (68) 289 (76) 12 (to) 8 (5) 
Edison 444 (1 10) 562 (125) 88 (43) 100 (54) 

·Concentrations of air pollutants other than ozone and PM10t i.e., CO, N02 502, Pb, and 
total particulate 504, were all below applicable ambient air quality standards during 1987 
and 1988. 
bMonitoring stations operated by the state unless otherwise noted. Locations are shown 
in Fi�res B.1 and B.9 of Appendix B. 
CNot to be exceeded. 
ct-rhe I-hour 03 standard is attained when the expected number of days per calendar year 
with maximum hourly average concentrations above the standard (averaged over the past 
3 calendar years) is equal to or less than 1. 
cMonitoring stations operated by the Westside Operators. 
nata not available. 
'Data presented are valid but incomplete in that insufficient data points were collected 
to meet EPA or CARB criteria for representativeness due to termination or relocation 
during the year . 
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TABLE 3.3-2 Status of Ambient Air Quality for PM.o in Western and Central Kern County Relative to Ambient Air Quality Standards During the 
1987-1988 Period8 

Number of 24-hour 
Samples Exceeding Annual Mean Concentration (p,g/ml) 

California Standard National Standard 
(50 p,g/m3y ( 150 p,g/m3)d Geometric Arithmetic' 

Monitoring Stationb 1987 1988 1987 1988 1987 1988 1987 1988 

West Kern County 
Kern Wildlife Refugel -b 18i Oi 60. Ii 67.91 - -- --
Kernridgel 36 22i 8 6i 59.5 85.41 n.2 109.1 
McKittrick' 29 131 1 11 45.5 45.91 51 .6 53.61 i 
Taft 24 30 0 2 42.5 50.5 47.7 54.6 

Central Kern County I Oildale 30 37 0 5 56.5 65.4 62.8 77.8 
Bakersfield 37 4 1  1 4 57.4 64.6 64.4 73.3 

·Concentrations of air pollutants other than ozone and PM1o. i.e., CO, N02, S02' lead, and total particulate sulfate, were all below applicable ambient 
air quality standards during 1987. 
bMonitoring stations operated by the state and local agencies unless otherwise noted. Locations are shown in 
Figures 8.1 and B.9 of Appendix B. 
eNot to be exceeded. 
ctnte 24-hour PMIO standard is attained when the expected number of days with a 24-hour average concentration above the standard (averaged over 
the past 3 calendar years) is equal to or less than 1.  
cAll values exceed California annual standard of 30 p,lm3, which is not to be exceeded. 
fAll values exceed national annual standard of 50 p,g/m3• (The PMIO standard is attained when the expected annual arithmetic mean concentration 
[averaged over the past 3 calendar years] is less than or equal to the standard.) 
'Monitoring stations operated by the Westside Operators. 
bData not available. 
IData presented are valid but incomplete in that insufficient data points were collected to meet EPA or CARS criteria for representativeness due 
to termination or relocation during the year. 

• • • 



• 
r ::!'F. T - _ . -' r . _ .  

u.i" i i 122 (ill jln . IIR >- . . _ . . _ . . -i 1M C\I • 1Jtc-._ I !I ll  I I 
. • . 00«Ir , I ; ; . 

r . . _ . .  _ .-j-_ . . - . · ·_ · ·_ · _I.!"AC.�;�+ . . _ ,L . _ .  ,L . . _ . _  

� HZ I ;JZ � 18R i r,:. I I E!1 ISR 1 . L-- . eaw'lInSOll : . r- . 01(1111 ,  4 . 
L . . �_124U2.'lR. C �£Il=!.i:lop L . _ . .  + �s-ur r f" 'lI IY.l ClGlr:n-- . 
Z :m 

. 
142 l,�go I 10R i 21R 

NAVAL PETROlEUM RESERVE NO: 1 
• BUilDING 

IJ COt.IPRESSOR STAnON 

• COMPRESSOR. EXISnNG 

o COt.lPRESSOR. fUruRE 

• BOILER. EXISTING 

1 HEATER. EXlSnNG 

A IIEATER. fUTURE 

� STEAM GENERATOR. [XISnNG 

v STEAM GENERA TOR. fl/TURE 

o COGENERATOR, fUTURE • flARE, EXISTING 

1 4R 

L 

n L .  

N 
t 

• 
1 1R 

I JIl 

18 

IJn 
-L 

6 flAnE, rUTlllU: o 1/2 1 Uft. 
13 AREAS DE SIGNA tEO rOR fU tURE 

STEAMFlCOO EXPANSION (TIlE MAXIMUM 

NUMBER or fU TURE STEAM GEN[RATORS 

Wll OE I I  INel UOING , E XIS liNG UNit ). 

c==. -Scola 

. - . . - · _ · 1 - · · _ · · _ · · '  

185 1 75 
, 

· . · . 
_ .  -r - · · - ·-t · · - · · - · · -�- · ·- · ·-

· . . 
I !lS 1 20S 215 n5 

-1- ·  -j_ . - - -j- _ . .  _j-
J05 I 2!1S i 1nS i 275 . i 

6G 

7G 

lOG 

-1-

8G 1£..(..LJ , 
-1- -i- - � _ .-L.  _ _  . .  -L 

� '7� 1 _ �Q 
-' 

___ V�lJ[Y 

3 . 

245 

LOCATIONS OF MAJOR EXISTING AND PROPOSED NEW STATIONARY COMBUSTION SOURCES AT NPR-1 

• 

FIGURE 
3.3-1 



TABLE 3.3-3 Summary or Existing Source Emissions at NPR-l 

Source Category Total Capaci ty ROG NOli 

Stationary Combustion 
Compressor engines 100,090 hp 321 956 

Boilers and Heaters 452.1 x l(f Btu/h 1 34 
Flares 296 x l(f ffl /d 1 13 
Pump engines 18,000 hp 26 255 
Miscellaneous field engines 3,077 hp 0 0 
Fugitive emissions - � .-.n 
SubtotalC 375 1,258 

Drilling, Construction, and - 14 177 
Maintenance 

Noncombustion Oil and Gas - 1, 128d 0 
Production 

Vehicular Traffic 
On-site - 3 4 
Off-siteC - 4 12 

TotalC - 1,524 1,451 

'Annual average values; multiply by 4.38 to convert to units of tons/year. 
b5% of S02 is estimated to be emitted as SO ... 
cIndividual values may not add up to totals because of rounding. 
dij.30 Ib/hr of �H6 is included in ROG emission rate. 

Emission Rate (lb/h)' 

CO S02b TSP 

1,172 0.4 2.0 
8 0.2 0.9 
3 0.1 0.7 

33 0.0 0.3 
1 0.0 0.0 

� ...0..0 .....0..0 
1,216 0.7 3.9 

38 1 1.9 16.1 

0 0 0 

27 0.4 622.2 
31  1.8 100.8 

1,313 14.8 743.0 

CRefers to vehicle emissions resulting from NPRC employees driving to and from work. 

• • 

PM.o H2S 

2.0 0 
0.9 0 
0.7 0 
0.3 0 
0.0 0 

.....0..0 D..OOl 
3.9 0.001 

13.0 0 

0 0.031 

251.5 0 
35.9 0 

304.2 0.032 

• 
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road dusts. Emissions of H� are minor in comparison with applicable standards. The emission 
sources of H� are noncombustion oil and gas production and fugitive emissions associated with 
stationary combustion sources. The main source of benzene (CJiJ is evaporation from oil spills 
and unburned gas releases. 

The emission values shown in Table 3,3-3 reflect the results of several ongoing and recently 
completed emission-control programs. A vapor-recovery system at NPR-l is connected to all 
of the major storage tanks at the tank settings and LAcr units, as well as to the various liquid 
product loading facilities. The system consists of a vacuum line maintained by suitable 
compressors and connected directly between these sources and the gas plant or the gas-gathering 
system of individual tank settings. Emissions of ROO are significantly reduced by the 
vapor-recovery system. 

A recently completed emission-control program at NPR-l is the NOx reduction project. This 
project, initiated in 1987 and completed in February 1989, involved the retrofitting of 34 
gas-fired internal combustion compressor engines at the 35R gas plant, at the two 
low-temperature separation plants (LTS 1 and 2), and at several on-site compressor stations. 
The retrofit consisted of replacement or modification of the engines with precombustion chamber 
(PCC) or prestratified charge (PSC) technologies. New compressor engines recently installed 
are already equipped with PCC technology and do not require retrofitting. 

A third major emission-control program at NPR-l is the inspection/maintenance (11M) program. 
Values listed for fugitive emissions in Table 3.3-3 are derived from estimates of leakage from 
pipeline connections, valves, seals, and other components. Fugitive ROO emissions represent 
a significant source for these substances in any oil and gas production or processing facility that 
necessarily involves the use of a large number of such components. It is estimated that a 
carefully implemented 11M program can reduce fugitive emissions up to 42 % and 29% from the 
valves serving liquid and gas lines, respectively, and up to 45 % and 47% from the connections 
serving liquid and gas lines, respectively (California Air Resources Board 1981). Another 
fugitive-emission-reduction program at NPR-l involves inspecting tank settings equipped with 
vapor-recovery systems to minimize hydrocarbon leaks. Other types of hydrocarbon emission 
sources often classified as fugitive sources and not subject to the 11M program are listed 
individually in Table B,21.  

Other common emission-control practices utilized at NPR-l include the flaring of gas from 
LTS 1 ,  LTS 2,  and 35R1HPI during upset conditions, rather than direct venting of the gas to the 
atmosphere, and the use of watering to control fugitive dust emissions during site clearing, 
preparation for construction, drilling, and remedial work activities. The extensive use of 
electrically driven oil-well pumping units also significantly reduces combustion-related 
emissions. 
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3.3.3 Acoustic Conditions 

The major audible-noise sources within NPR-I include compressors, steam generators, drilling 
rigs, heavy-duty vehicles, and miscellaneous engines. In areas of the NPR-I remote from these 
noise sources, the acoustic environment is that of a rural location with typical residual sound 
levels of 30-35 decibels (A-weighted) (Miller 1968; Fide1l et al 1981;  BB&N 1984). (A residual 
level represents a low-limit value to which the ambient environmental noise drops frequently, 
but below which it seldom goes.) However, close to the noise-generating facilities, the residual 
environmental noise levels rise to those typical of industrial and construction sites, i.e. , on the 
order of 60-80 decibels (DOE 1978). 

The nearest residential areas to the existing major noise sources within NPR-I are in the towns 
situated along bordering roads, such as Tupman, Dustin Acres, and Valley Acres. If the NPR-I 
were not present, these residences would have residual night time sound levels typical of rural 
communities near a lightly traveled highway (30-40 decibels) (Miller 1968; Fidell et al 1981 ;  
BB&N 1984). However, acoustic emissions from the multitude of sources such as compressors, 
drilling rigs, and well pumps at NPR-I raise the residual background environmental noise levels 
in these residential areas to the range of 40-45 decibels (DOE 1978). These levels are still low 
enough to not be generally noticeable to the community; no complaints have been recorded. 

The ambient environmental noise level in these residential areas is substantially increased when 
traffic is passing on nearby roadways. An automobile can produce a momentary level of up to 

• 

77 decibels when passing along a roadway at a distance of SO feet from a residence. A large, • heavily loaded tractor-trailer truck can create maximum levels as high as 87 decibels when 
passing at a distance of SO feet (Harris 1979; Fuller and Brown 1981). At such times, vehicular 
noise completely masks (makes inaudible) all other environmental background noise, including 
the levels attributable to the noise sources within NPR-l .  

3.3.4 References-

American National Standard Institute, 1976, Acoustical Terminology, Report ANSI SI.I-1960 
(R1976). 

BB&N, Inc. , 1984, Electric Power Plant Environmental Noise Guide, Vol. 1 ,  2nd Ed. prepared 
for the Edison Electric Institute, Washington, DC. 
CARB - See California Air Resources Board 

California Air Resources Board, 1981 , Public Meeting to Consider a Suggested Control Measure 
for the Control of Fugitive Photochemically Reactive·Organic Compounds Emissions from Oil 
and Gas Production Operations and Gas Processing Plants, Stationary Source Control Division, 
Air Resources Board, Sacramento, California, and Ventura County Air Pollution Control 
District, Ventura, California, April. 
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DOE -- See U.S. Department of Energy 

EPA - See U.S. Environmental Protection Agency 

Fidell, S . ,  R. Horonjeff, and D. M. Green, 1981 ,  Statistical Analysis of Urban Noise, Noise 
Control Engineering, 16(2):75-80, March-April. 

Fuller, W. R. , and Ron Brown, 1981 ,  Analysis and Abatement of Highway Construction Noise, 
Wyle Laboratories Research Report WR 81-19, Arlington, Va. , for the U.S .  Environmental 
Protection Agency, Office of Noise Abatement and Control (EPA Report 550/9-81-314a), 
Washington, DC, June. 

Harris, C.M. , ed. ,  1979, Handbook of Noise Control (2nd ed.), McGraw-Hill Book Co. ,  
New York. 

Miller, L. N. , 1968, Power Plant Acoustics, U.S.  Department of the Army Technical Manual 
TM 5-805-9, U.S. Army Headquarters, Washington, DC, December. 

U.S. Department of Energy, 1978, Draft Environmental Impact Statement, Petroleum Production 
at Maximum Efficient Rate, Naval Petroleum Reserve No. 1 (Elk Hills) , Kern County, 
California, Appendix I, Washington, DC, June. 

U.S. Department of Energy, 1979, Final Environmental Impact Statement, Petroleum Production 
at Maximum Efficient Rate, Naval Petroleum Reserve No. 1 (Elk Hills), Kern County, 
California, U.S. Department of Energy Report DOElEIS-0012, Washington, DC, August. 

U.S. Environmental Protection Agency, 1971 ,  National Primary and Secondary Ambient Air 
Quality Standards, 40 CFR, Part 52, Federal Register, 36(228):22384, Washington, DC, 
November 25. 

*Copies of correspondence and unpublished documents included in this list are available upon 
request from James C. Killen, Technical Assurance Manager, U.S. Department of Energy, 
Naval Petroleum Reserves in California, Tupman, California 93268. 
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3.4 WATER RESOURCES 

3.4.1 Surface Water 

3.4.1.1 Surface Drainage Features 

The combined effects of topography and meteorology cause aridity to increase in the San Joaquin 
Valley from east to west and from north to south. Thus, almost all of the streamflow that 
reaches the valley originates in the Sierra Nevada, and much of this is snowmelt (fi�ure 3 . 1 -1). 
Nady and Larragueta (1983) estimated that about 95 % of the 317 million acre-feet of streamflow 
that enters the Central Valley each year is from streams (mostly perennial) draining the eastern 
side of the valley. In contrast, the streams draining the western side of the southern San Joaquin 
Valley are ephemeral and carry water only after sustained periods of significant rainfall. The 
Elk Hills are located near the southwestern edge in the most arid portion of the San Joaquin 
Valley. 

A drainage divide follows the crest of the Elk Hills, causing runoff to flow generally to the north 
and south. Drainage from the northern flank of the hills flows into elongated, nearly parallel 
channels that open onto a gently sloping apron of alluvial material deposited at the base of the 
upland area. This alluvial apron , formed from coalescing alluvial fans, begins at about the 500-
foot surface contour. The primary drainage channels occur at about 0.5 mile increments along 
the flanks of the hills and do not merge into an integrated network. Instead , they individually 
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terminate on the valley floor. The natural course of some of these channels is interrupted by • the California Aqueduct; in such cases, provisions have been made to redirect the surface flows. 
Many of the channels terminate naturally; some terminate in man-made obstructions, termed 
gully plugs, as a means of controlling the spread of potential spills. The drainage pattern to the 
south is generally similar. However, channels draining the central portion of the southern flank 
join Buena Vista Creek in Buena Vista Valley. The natural drainage in this trunk channel is 
southeastward toward Buena Vista Lakebed . Watersheds draining the western part of the Elk 
Hills convey runoff in the direction of McKittrick Valley, which slopes toward the northwest. 

Table 3.4- 1 presents selected characteristics of a sampling of drainage basins in the Elk Hills. 
The data were obtained from 7 l /2-minute topographic maps. The basins were selected to be 
representative of those in the immediate area, and only those specific channels and their 
associated basins were examined. No attempt was made to trace tributary channels based on 
crenulations in contour lines. The data indicate that the channels draining the northern flank 
tend to be larger and have greater relief, a slightly longer main stream channel, and a steeper 
slope than the basins draining the southern flank. For comparison with the basins included in 
the table, Buena Vista Creek has a slope of 71 feet/mile in a 10.6-mile reach adjacent to the 
southern margin of the hills. 

Fi�ure 3 .4- 1 shows the longitudinal profiles of selcted stream channels in this small sample. 
Each profile is relatively straight, as opposed to the smooth , concave profile characteristic of 
alluvial stream channels in more humid environments and under perennial flow regimes. This 
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TABLE 3.4-1 Selected Geomorphic Characteristics of a Sample of 
Drainage Channels in the Elk Hills 

Main Channel 
Channel· Relief Area 

(ft.) (acres) 
Length 

(mi) 

N-4 760 950 3 .43 
N-6 420 347 1.80 
N-8 700 1491 3.38 
N-lO 750 1556 4.12 
N-12 920 1764 4.71 
N-14 750 1208 3.71 
N-16 840 1614 4.57 
N-18 550 631 2.47 
N-22 1 100 4617 7.36 
S-29 459 1 146 2.76 
S-3 1 616 734 3.3 1  
S-37 470 1 1 18 2.57 

' S-40 730 1074 3 .76 
S-42 560 1140 3.42 

·Channels coded with the letter N drain the northern flank of the 
Elk Hills, and those coded with the letter S drain the southern flank. 

Source: Derived from USGS 7 1/2 minute topographic maps . 

3.4-2 

Average 
Slope 

(ft/mi) 

222 
232 
207 
182 
195 
202 
184 
222 
150 
166 
186 
183 
194 
164 
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characteristically straight profile is caused by accumulation of sediment in the middle portions 
of the channels. This is related to the fact that streamflow decreases quickly downstream 
because of infiltration through the stream bed. These illustrations suggest that very little 
sediment and water are being conveyed through the channel from the watershed divide to the 
mouth of the basin. Thus, runoff only rarely reaches the floor of San Joaquin Valley. 
Conditions such as these are indicative of alluvial stream channels in arid environments. 

To date, no wetland resources have been formally designated on NPR-l .  Draft U.S. Fish and 
Wildlife Service National Wetlands Inventory maps were reviewed to determine the potential 
existence of such resources on NPR-l (FWS 1986 a, b, c, d) . This inventory identified 33 
potential wetland locations of various classifications. These locations were identified on the 
basis of photogrammeteric interpretation; none of the locations were field checked by FWS. 

A preliminary evaluation of the above wetland inventory maps was performed to determine the 
nature of these potential resources (Fries 1993 , see ARpendix J). As a result of this review, it 
was determined that 25 of these locations consist of oil field sumps and gully plugs, which are 
not likely candidates to qualify for wetland designation under wetland classification criteria. An 
additional location identified on the inventory consists of a diked impoundment that had been 
developed in the early 1960's with artificial watering to enhance wildlife habitat. The artificial 
watering at this location was discontinued subsequent to the FWS inventory for operations 
related reasons. 

Of the remaining potential sites, 6 consist of portions of ephemeral stream channels, the most 
notable being the lower reaches of Buena Vista Creek located on the south flank of NPR-l .  The 
last site identified on the FWS inventory consists of a lowland site northwest of Tupman in 
Section 23S . This site is associated with the historic channels of the Buena Vista Slough. 

3.4.1.2 Hydrologic Data 

Very little data are available to define the surface-water hydrologic conditions of the Elk Hills 
and surrounding areas, nor are regular data-collection programs in place. In part this is because 
streamflow varies greatly both with time and place, and the streams of the western valley area 
are dry for extended periods. Furthermore, much of this part of the San Joaquin Valley is 
sparsely populated, thus reducing the apparent need for hydrologic analyses and forecasting for 
most of the ephemeral streams. 

Because no recording stations are located in the study area, no data on average or mean flows 
are directly available. However, the supply of water available in a stream at a given location 
can be estimated based on average or mean annual flow or runoff. Using the gauging station 
data that are available, Nady and Larragueta {1983}developed an equation for estimating average 
annual runoff into the Central Valley from ungauged drainage areas. From a drainage area of 
58.9 square miles, they estimated the average annual Elk Hills runoff to be 390 acre-feet/year 
with a standard error estimate of 172 % .  The 390 acre-feet/ year converts to an average runoff 

of approximately 0. 12 inches/year . 
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The Kern County Water Agency has published a compilation of drainage areas and peak 
discharge data for selected streams in the county for the period 1958-1985 (Sorenson et al 1985). • Table 3.4-2 lists the data and corresponding maximum runoff rates for five of the streams 
located near the NPR-l site. The table shows that streamflow varies widely by time and place. 
Drainage areas of similar size can produce peak streamflows that vary by orders of magnitude. 

Several investigations of flood conditions that have been conducted in the vicinity of the Elk 
Hills provide general information on high-flow conditions that might be encountered in the area. 
The Corps of Engineers (1965) evaluated flood conditions in several westside drainages 
intersected by the proposed California Aqueduct route. It was determined that two types of 
floods produce damaging flows in westside streams: rain floods resulting from general winter 
storms, and floods resulting from local thunderstorms that usually occur during summer or early 
fall. In the area of interest, both standard project general floods and standard project local 
floods were considered for each basin. The standard project rainstorm for a particular drainage 
area reflects the most severe flood-producing rainfall depth-area-duration relationship and 
isohyetal pattern of any storm that is considered reasonably characteristic of the hydrologic 
region. Standard project general floods and local floods were computed by taking into account 
appropriate flow losses (such as infiltration), evaluating historical flood records, and estimating 
some hydrographs. 

Of particular interest are analytical results for several watersheds draining portions of the Elk 
Hills, Buena Vista Creek, and other streams in the vicinity of McKittrick and Taft. Table 3.4-3 
summarizes basin, storm, and flood conditions computed by the Corps of Engineers (1965) for 
the westside streams and basins in the immediate vicinity of Elk Hills. Three of the basins • (Southern Pacific, No Name, and Buena Vista Valley) drain a portion of the southern flank of 
the Elk Hills; the remaining basins listed are in the general vicinity of the Elk Hills, but have 
somewhat different characteristics than would probably be encountered within the NPR-l area. 
Much of the information presented in the table and in the Corps of Engineers 1965 report is 
computed, not observed, and the original document should be consulted for full details of the 
procedures and assumptions leading to. the results indicated. 

Federal regulation of surface discharge is provided in 40 CFR 435, which states that wthere shall 
be no discharge of wastewater pollutants into navigable waters from any source associated with 
production, field exploration, drilling, well completion, or well treatment (i.e. , produced water, 
drilling fluids, drill cuttings, and produced sand). w Some stream beds on the NPR-l were 
observed to contain hydrocarbon stain, which is evidence of the presence of oil-field fluids 
within ephemeral channels. As previously discussed in this section, however, the arid climate 
and infrequent channel flows should provide for a low probability for off-site migration of 
surface-water contaminantS. As hydrocarbon stains are identified, they are cleaned up in 
accordance with . .the NPR"l SPCC (BPOI .1992a). Sources are controlled and eliminated by 
NPR-l corrosion control, facility replacement, and secondary containment projects, and the 
SPCC. 
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TABLE 3.4-2 Drainage Area, Peak Discharge, and Maximum Runoff Rate for Selected Streams near NPR-la 

Peak Discharge 

Drainage Rate Maximum Runoff 
Stream Period of Recordb Area (me) Date (fe/s) Rate (fe • mP) 

Sandy Creek Oct. 1979-Aug 1984 12.5 March 1, 1983 220 17.6 
(at Taft) 

Wagon Wheel Creek Oct. 1958-Dec. 1984 1.38 June 6, 1972 338 244.9 
(near McKittrick) 

Sand Creek Oct. 1958-Sept. 1968 0.32 Feb. to, 1978 124 387.5 
(near McKittrick) Feb. 1976-Dec. 1979 

Oil Creek Oct. 1958-0ct 1969 35.0 May 28, 1963 1 1  0.7 
(near Taft) 

Shale Creek Oct. 1958-c 5.86 Feb. 9, 1978 143 24.4 

·Data on period of record, drainage area, and peak discharge are from Sorenson et al. ( 1985); maximum 
runoff rates have been calculated from those data for purposes of this EIS. 
bMany years within each gage record had no measurable flow. 
�is gage was still in operation in 1985 when Sorenson et al. published these data. 

Source: Adapted from Sorenson et al. 1985. 
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T�LE 3.4-3 Summary of Basin Design Precipitation and Flood Conditions for Selected Westside Basins 

Precipitation (inches) 24-b Floods 

General Storm Local Storm General Local 
Drainage Area lo.:yr Normal Peak Vol. Peak Vol. 

Location (mi2) Storm Annual 6-h 24-h 96-h 1-h 2-h 3-h (ft3 Is) (acre-ft) (fe/s) (acre-ft) 

Seventh 8.8 2.2 5.0 1 .26 3.25 5.05 2.06 2.8 3.13 220 102 1 ,650 579 
Standard 

Temblor 82.8 3.0 8.0 1 .69 4.20 6.53 1 . 10 2.0 2.38 3,400 2,410 9,000 4,330 

Brown's 12.0 3. 1 7.9 1 .56 3.89 6. 10 1 .80 2.49 2.79 700 526 2,730 1 , 150 
Canyon 

McKittrick 13. 1 2.9 7. 1 1 .46 3.65 5.70 1 .80 2.50 2.80 700 409 3,300 1 ,230 

Southern 28.8 2.5 5.8 1 .48 3.72 5.74 2.65 3. 15 3.35 750 533 5,900 3,090 
Pacific 

No Name 1 .4 2.2 7.5 1 .32 3.31 5.05 2.65 3. 15 3.35 70 3 1  1,500 195 

Buena Vista 93.0 2.6 6.6 1 .46 3.62 5.68 1 .07 1 .85 2.32 2,860 2,410 10,700 7,230 

Sandy Creek 38.4 2.6 6.2 1 .54 3.82 5.97 1 .40 2.30 2.70 1 , 150 735 7,800 3,500 I 
Source: Corps of Engineers 1965 
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3.4.1.3 Surface-Water QuaUty 

A single surface water sample analysis is available from an ephemeral stream flowing off the 
northeast flank of Elk Hills in Section 19S. As reported by Dale et. al (1966), the water was 
of the sodium sulfate type with total dissolved solids of 1 ,300 milligrams/liter. Dale goes on 
to state that probably this water is typical of water draining from the Elk Hills. These TDS 
levels make surface waters unsuitable for most uses. 

3.4.2 Groundwater 

3.4.2.1 Regional Groundwater 

Within Kern County, groundwater occurs in the surface Alluvium and underlying sediments. 
The sediments containing potable water can be hydrogeologically classified as unconfmed and 
confmed aquifers (KCWA 1987). The unconfined aquifer consists primarily of surface Alluvium 
and is separated from the confined aquifer by the Corcoran clay, or E-Clay (Croft 1972), 
and/or other clays that have the same confining effect (F'i�ure 3.4-2) (hereinafter, these clays 
will be referred to as the E-Clay). The Alluvium is a poorly sorted sand, silt, and clay sequence 
that is difficult to differentiate from the underlying Tulare Formation. The Tulare Formation 
consists of a thick succession of nonmarine, poorly consolidated sands, conglomerates, and clays 
(Maher et al 1975). In the San Joaquin and Buena Vista valleys, the thickness of the Alluvium 
varies from a few feet to several hundred feet (Wilson and Zublin 1988). The Tulare Formation 
varies from 600 to over 2 , 100 feet thick in Kern County. The thickness of the confined aquifer 
is variable and has been defined as extending from the base of the E-Clay to the base of fresh 
water: i.e. , TDS does not exceed 2,000 partslmillion [California Department of Water 
Resources (CDWR) and KCWA 1977; Bean and Logan 1983]. In addition to the unconfined 
and confined aquifers, perched groundwater may exist at shallow depths, i.e. , above the 
unconfined and confined aquifers. 

The depth to groundwater in the San Joaquin and Buena Vista valleys ranges from approximately 
50 feet beneath the Kern River channel to more than 650 feet in southern extremes of the valley 
near the White Wolf fault (KCWA 1987, Plate 4). The depth to perched groundwater is 
typically no more than 20 feet beneath the surface along western margins of the San Joaquin 
Valley (KCWA 1987). 

The extensive agricltural economy in Kern County requires large quantities of water for 
irrigation. Much of this water is obtained from groundwater resources; the rest is supplied 
from northern California through the California Aqueduct or the Friant-Kern Canal. In 1986, 
813,900 acres were irrigated in Kern County, requiring approximately 2,513,600 acre-feet of 
water (KCWA 1987). Municipal and industrial users, excluding NPR-I ,  required about 85 ,000 
acre-feet. 

Groundwater recharge in the valley aquifers is obtained from artificial and natural sources. Kern 
River water is recharged to groundwater through spreading in recharge areas and natural 
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infiltration. State WatJ:r Project water is recharged by the KCWA and by several of the local 
water districts in the Kern River channel, unlined irrigation canals, and other recharge sites. 
The State of California has recently purchased a large tract of land in the San Joaquin Valley 
to be used for the Kern Water Bank Project. WatJ:r banking involves the management and 
storage of water supplies in underground reservoirs for subsequent extraction and use. This tract 
of land is near the northeastern boundary of the Elk Hills (fipre 3.4-3). Precipitation, which 
averages about 6 inches/year in the area, contributes little recharge to the groundwater system. 
In the San Joaquin WatJ:r District, the excess of evaporation over precipitation can be more than 
45 inches/year (Erlewine 1988). 

Fi&ure 3.4-3 illustrates the groundwater surface of the unconfined aquifer in the San Joaquin and 
Buena Vista valleys. The general direction of flow is away from a northeast-southwest trending 
groundwater ridge beneath the Kern River. Maher et al (1975) reported that more than 100 
groundwater wells have been drilled into the Tulare Formation around the southeastern, 
northeastern, and northern sides of NPR-l. The West Kern WatJ:r District (WKWD), 
which supplies freshwater to NPR-l, has groundwater production wells along the northeastern 
side of the NPR-l. The proximity of these wells to Elk Hills is shown by Fi&ure 3.4-3. 

Groundwater in the confined aquifer is generally of lower fluid potential (pressure exerted by 
fluid) than that in the unconfined aquifer. This is thought to be the result of greater groundwater 
withdrawals from the confined aquifer. Bean and Logan (1983) postulated that groundwater 
from the unconfined aquifer flows into the confined aquifer along the margins of the San Joaquin 
Valley. This is due to the thinning of the alluvial cover and consequent disappearance of the 
E-Clay in these areas (Bean and Logan 1983). 

Very limited hydraulic conductivity data exist for the aquifer sediments. Hydraulic conductivity 
is the capacity of a rock to transmit water. A numerical model calibration study estimated that 
hydraulic conductivity of the unconfined and confined aquifers is 48 feet/day and 30 feet/day, 
respectively (CDWR and KCW A 1977). Rector (1983) compiled groundwater data from 
approximately 1 ,000 valley wells. Eight of these wells are located-near the northeastern border 
of the NPR-1 and show an average specific capacity of 40 gallons/minute per foot of drawdown. 
Specific capacity is the yield of a well per unit of drawdown. 

The groundwater basin in the Kern County portion of the San Joaquin Valley has no surface 
outflow except in extremely wet years. This conditioil causes salt magnification (accumulation) 
in the local unconfined groundwater. Surface water imported into the valley during the 1988 
water year introduced approximately 484,000 tons of new salt into the groundwatJ:r basin 
(KCWA 1990). 

The watJ:r quality of the confined aquifer .is normally better than that of the unconfined. This 
condition may be due to the E-Clay providing a protective seal for the confined aquifer (KCW A 
1987). The unconfined aquifer has received salt loading both from natural and artificial 
recharge. Perched groundwater in the San Joaquin Valley generally has a much higher salt 
content than groundwater located at depth. The confined aquifer has a TOS level of 50-500 ppm -
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• throughout most of the San Joaquin Valley (KCW A 1987). The unconfined aquifer, however, 
has TDS values in excess of 1 ,000 ppm in areas along the San Joaquin Valley margins and in 
several isolated locations. The literature suggests several explanations for this. Freeze and 
Cherry (1979) suggest that the age and distance along the groundwater flow path and local 
surface and subsurface activities could be responsible. Bean and Logan (1983) postulated that 
artificial recharge from oil-field wastewater disposal and agricultural irrigation might be 
contributory. Maher et al (1975) and Waldron (1989) suggest the higher TDS groundwater of 
the western areas may also be due to eastward migration of more saline groundwater derived 
from marine sediments in the Temblors. 

3.4.2.2 Regional Produced-Water Disposal 

Wilson and Zublin (1988) compiled data on the method, locations, and volumes of production 
water disposal in the Buena Vista and Midway Valley portions of Kern County. They estimate 
that historically, 3 , 178 million barrels of wastewater have been produced from oil operations 
since the 1900's. Of this amount, 91 million barrels have been reinjected into the subsurface 
in enhanced recovery operations. Another 253 million barrels have been injected into the 
subsurface for disposal; an estimated 2,328 million barrels have been disposed of through 
percolation in sumps, stream channels, and ditches; and 506 million barrels have evaporated. 
Rector (1983) and Bean and Logan (1983) identified the locations of percolation/evaporation 
sumps known to be in existence for at least 20 years (see Fi&ure 3.4-8). Ap,pendix D presents 
a more detailed discussion of the regional groundwater. 

• 3.4.2.3 Elk Hills Groundwater 

• 

The Elk Hills area is located at the southwestern margin of the San Joaquin Valley and is 
separated from the Buena Vista Hills to the south by the Buena Vista Valley. It is a topographic 
highland with as much as 1 ,000 feet of relief with the adjacent Valleys. The Tulare Formation 
is exposed throughout the interior of Elk Hills, while the periphery is a thin cover of Alluvium 
(Maher et al 1975). The sediments that form the confined and unconfined valley aquifers are 
also present at Elk Hills. 

Fi&ure 3,4-2 shows the relationship between Elk Hills sediments, infiltration water, and 
groundwater and San Joaquin Valley sediments. This figure shows that the confined aquifer is 
present near the San Joaquin Valley/Elk Hills interface, but the character and depth of its base 
are not known. It also shows that infIltration water on Elk Hills will move along clay and shale 
units that are dipping down as much as 20 degrees to 30 degrees on Elk Hills in the direction 
of valley aquifers (Fishburn 1990). Hydrologic flow regimes and the precise geology in the 
vicinity of the interface are not known. If flows are along the clay and shale units, and if they 
continue to dip sufficiently,-infiltration water could ultimately be separated at lower depths from 
the confined aquifer. If flow is across the clay and shale units, or if dips are more shallow, 
infIltration water could eventually communicate with the confined and unconfmed aquifers. It 
is possible that the dip, geometry and character of clay beds on NPR-l between Limestone A 
and the middle clay could act as an aquitard (barrier) that prevents migration off of NPR-l 
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(Fishburn 1990). Hydrologic regimes are further complicated by uncertainties over the existence • (and location) of the E-Clay in NPR-l sediments (see Alzpendix D.1). 

A map approximating groundwater surface elevations at Elk Hills has been recently completed 
(Fi&ure 3.4-4). The depth to groundwater in the Elk Hills ranges from 50 to 100 feet 
below the ground surface on the periphery to in excess of 1 ,000 feet below the surface in higher 
elevations. The depth to perched groundwater south of NPR-l near Buena Vista Lake is 20 feet 
below ground surface (KCWA 1987). Water has been observed intermittently at the surface on 
NPR-l in Sections 3G, 4G, and 35S. The source of this water was investigated. Potential 
sources investigated include faulting, leaking wells, natural seepage (springs) , sump leakage and 
leaking underground fresh water pipelines (Nicholson 1989). Based on preliminary findings, the 
most likely source appeared to be leaking underground fresh water pipelines. Water-saturated 
sediment was reported 60 feet beneath a truck washout sump at the 27R waste management 
facility (Kaman Tempo Division 1987; Mark Group 1987). In a subsequent investigation for the 
purpose of characterizing this water, investigators were unable to locate any saturated sediment 
(Kaman Tempo Division 1989) . 

Groundwater within the Elk Hills has both natural and artificial sources. Maher et al (1975) and 
Waldron (1989) suggest that the natural source is recharge from the Temblor Range to the west. 
The artificial source is produced wastewater that has been disposed of by injection into the 
Tulare Formation and by percolation through unlined sumps. 

. 

Groundwater withdrawals within NPR-I total approximately 148,000 barrels/day. This • groundwater is withdrawn from the Tulare Formation for use in the Stevens waterflood program. 

Rector (1983) has interpreted the direction of groundwater flow to be from the Elk Hills into the 
adjacent Valleys. KCWA (1990) has suggested that the flow of groundwater in the northern 
portions of NPR -1 is into the "Buttonwillow structural subbasin" ,  and that flow in the southern 
portions is into the "Buena Vista structural subbasin. It Wilson and Zublin (1988) constructed 
a groundwater surface map for the southern flank that suggests groundwater movement into the 
Buena Vista Valley. 

NPR-l groundwater quality is variable, and generally poor. Groundwater withdrawn in 
association with oil production is highly mineralized and can have IDS values as high as 35,000 
ppm (Stuart 1987). Water obtained from southern flank wells from the Tulare Formation has 
shown IDS values between 4,000 and 6,000 partslmillion; this is the highest quality 
groundwater observed at NPR-l . 

A more detailed treatment of groundwater on the Elk Hills is given in Ap,pendix D. 
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3.4.2.4 NPR-l OperatioDS Related to Potential Groundwater Impact 

Regulations applicable to groundwater protection are presented and discussed in ADpendix D. 
The facilities and activities at NPR-I that have the greatest potential of impacting groundwater 
are: (I) hydrocarbon, equipment lubricant, and fuel spills; solid wastes; and surface soil 
contamination; (2) producing well cellars; (3) abandoned and idle wells; (4) disposal of fluids 
associated with drilling, degreasing and equipment washing; (5) dehydrationlLACT stations and 
associated storage facilities; (6) injection of fluids associated with hydrocarbon recovery 
enhancement; (7) disposal of oil production wastewater; (8) source water withdrawal activities; 
and (9) fresh water activities. These items are discussed in the following subsections. 

Hydrocarbon, Equipment Lubricant, and Fuel Spills and Solid Wastes and Other Surface 
Soil Contamination 

Several NPR-I sites have been exposed to hydrocarbon, equipment lubricant, and fuel spills; 
solid waste disposal; and surface soil contamination (see Section 3.2.3.3 and Table 3.9-1). If 
these sites receive fluid streams, or are exposed to precipitation, the potential exists for 
contaminants to be transported to groundwater. Operations that pose this risk are subject to the 
NPR-l SPCC plan; programs to identify, clean up and formally close inactive historical waste 
sites; and waste disposal permits incorporating practices that minimize risks. 

Well Cellars 

There are two producing wells located on or near alluvial sediments in the 25S area adjacent 
to the Kern Water Bank Project. Sometimes well operations result in the accumulation 
of oil in well cellars which, if not removed, could eventually degrade groundwater. These 
cellars are inspected daily, and accumulations are removed promptly if observed. Each 
producing well is permitted separately by the California Division of Oil and Gas (DOG) and 
regulated in accordance with the provisions set forth in 14 CCR Division 2, Chapter 4. 

Wells 

Production zone brines under high formation pressures may migrate (leak) up an idle or active 
well casing, if the integrity of the casing is compromised. This could also occur if the integrity 
of the cement plugs used to abandon wells is compromised. If leaks such as these were to 
occur, and if they are in sediments that communicate with valley aquifers, degradation of useful 
ground waters could occur. NPR-l has approximately 2,415 existing active, idle and abandoned 
wells, and many of them are in sediments that could communicate with valley aquifers. 
Injection wells have an added risk of leaking; this is covered below under the topic of injection. 
In recognition of the risks associated with. well .operations, stringent laws and regulations are in 
place to govern these activities. Each NPR-l well abandonment is permitted separately by 
DOG and regulated in accordance with the provisions set forth in 14 CCR Division 2,  
Chapter 4.  
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Disposal or Fluids Associated with DriIIin&, Degreasin&, and Equipment Washin& 

Section 3.2 discusses the current waste management facilities on NPR-1 .  The 27R waste 
management facility is located in an area that is stratigraphically above Limestone A. Depth to 
groundwater at this location is in excess of 1 ,000 feet, and studies indicate that groundwater 
communication is highly unlikely (Mark Group 1987 and Kaman Tempo Division 1989). The 
lOG waste management facility is located on sediments that are stratigraphically above the 
middle clay and below Limestone A. These sediments could communicate with useful 
groundwaters, but it is less likely than in areas that are stratigraphically above Limestone A. 

DebydrationILACT Station and Associated Storqe Facllities 

LACT stations and associated storage facilities are located in the northwestern (Sections 24Z and 
26Z) , northeastern (Section 25S), and southern (Sections 18G and lOG) portions of NPR-l .  
These facilities have the potential to leak, and the leaking fluids could migrate through NPR-1 
sediments into useful groundwater aquifers adjacent to the site. The risks associated with this 
are highest at 25S, l 8G and 26Z which are located on or near the Tularel Alluvium contact; in 
addition, the 25S facility is near the boundary of the Kern Water Bank Project. The 24Z facility 
is located on the Tulare Formation in an area that is stratigraphically above Limestone A; this 
area could communicate with useful groundwaters, but the risks are not as great as the 25S, l8G 
and 26Z areas. The lOG facility, which is located on sediments that are below Limestone A and 
above the middle clay, is the least likely to pose a risk to useful groundwaters. 

Facility leaks have occurred; for example, a project was recently completed to repair a leaking 
aboveground tank at 25S.  Plans are to close this facility and divert production to tankage at 23S 
and then to the lOG LACT station (DOE 1991). Groundwater monitoring wells are presently 
being considered for this location (Golder 1990). 

Injection or Fluids Associated with Hydrocarbon Recovery Enhancement 

Gas, water and steam injected into zones to enhance hydrocarbon recovery could leak into useful 
groundwaters by the mechanisms described above for wells. In comparison to producing wells, 
this risk is greater for injection wells because operating pressures are greater. Injection 
operations have an added risk in that injection pressures could exceed formation fracture 
pressures, and fractures in formations could provide another flow path to shallow groundwater 
aquifers. The laws and regulations governing injection operations recognize these risks and have 
been structured to address them. In addition, NPR-l groundwaters at risk are poor quality. 
Currently, NPR-l has 151 injection wells (132 Stevens waterflood, 14 Stevens gas, 2 SOZ 
waterflood and 3 SOZ gas) (BPOI 1991), and they are located in the areas shown in 
Fi�ures 3.4-5, and �, respectively. Each injection well is permitted separately by the DOG 
and regulated in accordance with the provisions set forth in 14 CCR Division 2, Chapter 4. 
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Produced Water Disposal 

Approximately 100,000 to 1 10,000 barrels/day of produced water are currently disposed of 
(injected) into 19 wells. These wells are shown by Fieure 3.4-7. Eleven wells are completed 
within the Tulare Formation and are located in Sections 70, 80, 180, and 24Z (BPOI 1987a-d). 
Two wells completed in the SOZ are located in Sections 150 and 160. The 150 well is outside 
of the boundaries of NPR-1 on CUSA property; by agreement with CUSA, however, the wells 
were constructed and are owned and operated by NPR-1 .  Two wells are completed in the Olig 
in 26Z. Four wells are completed in the Stevens Zone in 24Z. Each produced wastewater 
disposal well is permitted separately by the DOG and is regulated in accordance with the 
provisions set forth in 14 CCR Division 2, Chapter 4. 

On an annual basis, a range of approximately 2,000 to 21 ,000 barrels/day of produced water was 
placed in unlined evaporation/percolation sumps or secondary containment "field-wide" from 
1979 through 1989 (McLemore 1990). This was an average of about 10,000 barrels/ day over 
the l l-year period. Currently, sumping is ordinarily 1 ,000-2,000 barrels/day "field-wide" .  The 
IDS value of wastewater is typically 20,000 - 40,000 parts/million. 

Eight produced wastewater sumps currently are· active, and they are shown by Fieure 3.4-8. 
Records are not readily available on the quantities of wastewater released at individual sumps. 
However, it is known that the overwhelming majority of sumping was concentrated at the lOG 
and 24Z sumps <&wendix D). 

• 

Historically, approximately 14 sumps were located near the contact of the Tulare! Alluvium, • 
primarily for use during off-normal situations (e.g. , to catch tank overruns that would have 
otherwise been uncontained), and as such, some wastewater may have been released into alluvial 
soils. In recognition of this possibility, these sumps have been taken out of service, or they 
were lined. The last phase of this project (18G) was completed in August 1990. 

The risk of communication with groundwater at 24Z, 26Z lOG, l 8G and 2SS is the same as 
presented under the dehydration/LACf station discussion above. The 3SS sump is located on 
sediments that are stratigraphically below Limestone A and above the middle clay. Therefore, 
3SS poses a risk that is similar to lOG. Sumping operations are carried out under the authority 
of CVRWQCB Waste Discharge Permit Nos. 58-491 and 68-262. 

Sumps in operation prior to 1979 were identified by Rector (1983) and Bean and Logan (1983); 
these are shown by Fieure 3.4-9. 

Source Water Withdrawal 

Based on studies and observations, there has been no significant "mining" of groundwater as the 
result of withdrawals from the Tulare groundwater aquifer underlying NPR-l .  NPR-l currently 
withdraws approximately 148,000 barrels/day of Tulare Formation groundwater from six south 
flank source wells for use in Stevens Zone waterflood operations. The water quality from these 
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source wells ranges from approximately 4,000-6,000 parts/million TOS. Source well locations • are given in FiellIe 3.4-7. 

Source water withdrawal from the NPR-l Tulare aquifer is off-set by the injection of 
approximately 100,000-1 10,000 barrels/day of produced wastewater with a TOS value of 
approximately 30,000 ppm TOS into eight Tulare south flank injection wells located updip from 
the source wells (see Fieure 3.4-7). Wastewater injection is a California Division of Oil and 
Gas permitted activity. This results in a net drawdown of the aquifer of approximately 38,000-
48,000 barrels/day. 

Source water withdrawals at NPR - l over the past 13 years have not produced significant declines 
in Tulare groundwater elevations (Phillips 1992). Due to the existence of subsurface clays which 
prevent migration, groundwater mounding has been observed in the vicinity of some of the south 
flank injection wells (Milliken 1992). No adverse impact on Tulare source well water quality 
has been observed to date (BPOI 1992b, Phillips 1992). The source wells are monitored 
monthly for water quality (BPOI 1992c). 

Fresh Water Activities 

NPR-l purchases fresh water from the West Kern Water District (WKWD). NPR-l is 
required to purchase a minimum of 23,500 barrels/day of water but WKWD is not obligated to 
provide more than 48,000 barrels/day. This water is obtained from the WKWD A-line in 
Section 5 of T31S/R25E. In 1988, an average of 29,000 barrels/day of fresh water was • delivered to NPR-l (Filley 1989) , and this has not changed significantly. 

It is estimated that up to 15,000 barrels/day of fresh water are used in construction, remediation 
work, and gas plant operations at NPR-l ; 2,200 barrels/day in steamflood operations; 5,000 
barrels/day for domestic needs; and an additional 6,800 barrels/day for miscellaneous uses 
(Filley 1989) . NPR-l uses bottled water for drinking because of periodic problems with 
chlorination of the fresh water system. 

3.4.2.5 Fate and Transport of Disposed Wastewater on NPR-l 

Subsurface Disposal 

The eight southern Tulare disposal wells have the greatest potential for impacting useful 
groundwater; this is because of their proximity to the useful groundwater in the eastern area of 
the Buena Vista Valley aquifer (KCWA 1987). This aquifer is reported to lie within the Buena 
Vista Valley structural subbasin (KWCA 1990). The southern flank disposal wells are located 
along the central portion oLthe.northem limit.of the Buena Vista Valley. They are completed 
below Limestone A and above the middle clay. Therefore, the wastewater disposed of into these 
wells could communicate with the Buena Vista Valley subbasin aquifers (see Wilson and Zublin 
1988, plate 32A) in a manner similar to that previously presented for the San Joaquin Valley 
(Bean and Logan, 1983) (see Fieure 3.4-2). In recognition of this risk, a project was initiated 
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in 1986 with the objective of reducing or eliminating wastewater injection into the Tulare on the 
southern flank of NPR-l. Recently, construction on a major facilities project to reduce this 
injection by approximately 50" was completed. It has not been possible to put this project in 
operation due to technical difficulties in achieving water quality requirements for waterflood 
purposes. Additional projects to address this difficulty are being evaluated. 

Surface Disposal 

Bean and Logan (1983) speculated that sumps utilized on the northeastern flank of NPR-l may 
be responsible for groundwater anomalies in the adjacent San Joaquin Valley. This speculation 
was based in part on water quality samples obtained from two wells near the northeastern 
boundary of NPR-l , one in 1964 and one in 1969. Studies undertaken following the Bean and 
Logan work show that a groundwater anomaly exists in the area of the two wells tested by Bean 
and Logan, in a northwest-southeast trending structural trough along the western margin of the 
San Joaquin Valley (Rector 1983, CDWR 1990). A more recent study indicates that these 
sumps and wells are loca� in the Buttonwillow subbasin (KCWA 1990), which suggests that 
communication between them is possible. Waldron (1989) suggests, however, that Bean and 
Logan (1983) may have misinterpreted some data in their analysis. He and Maher et al (1975) 
suggest/imply that the source of poor quality groundwater found on the westside of the San 
Joaquin Valley is the result of natural flow from the Temblor Range. 

In recognition of the risks, the NPR-l sumps in question are either no longer in service, or have 
been lined. A more detailed treatment of the fate and transport of disposed water on the Elk 
Hills is given in Awendix D. 

3.4.3 Ongoing Non-Federal-Connected Actions 

The potential impacts from construction and operation of the SoCal third-party pipeline included 
those associated with meeting fresh water requirements, disposal of hydrostatic testing water, 
equipment lubricant and fuel spills, and solid wastes and surface soil contamination. These 
conditions are similar to that described in Section 3.4.2.4. 

It was estimated that the SoCal project would require approximately 23,800 barrels of fresh 
water to hydrostatically test the pipeline. Before beginning the test, the pipeline was swabbed 
clean. After being used, the water was disposed of in the 14Z area by releasing it onto a metal 
plate over an 8-10 hour period in a V-shaped grass-covered draw. Operation of this pipeline 
should not require any additional volumes of water. 

The potential existed for fuel or equipment lubricant spills to occur during construction. In 
addition, operation of-the proposed pipeline and connections may cause unexpected hydrocarbon 
releases due to system breakdowns. These will be managed in accordance with the SPCC plan. 

The impacts, or potential impacts, of the construction and operations of the Santa Fe third-party 
pipeline, and associated mitigative measures, were/are qualitatively the same as described for 
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the SoCal project. The only significant difference is that hydrostatic test water was not released • directly to the soil. This water was obtained from the Santa Fe system, then returned following 
use. 
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3.5 TERRFSTRIAL BIOTA 

This section discusses existing ecological conditions at NPR - 1 ,  including plant and animal 
communities and threatened and endangered species. Some of the discussion includes impacts 
resulting from past development activities, and associated mitigative measures, as needed to fully 
describe development risks. Much of the discussion is based on information collected in 
connection with the NPR-1 and NPR-2 endangered species program. This program involves 
ongoing surveys, field studies and research projects which have been designed to better 
characterize endangered species impacts. Given the long term nature of the studies and research 
projects, most are still in progress; in some respects, therefore, this document serves as a status 
report on the progress of the study and research effort. This is important for several reasons, 
but principally because the NPR-1 population of one endangered species, the San Joaquin kit 
fox, has declined significantly, and it is not clear to what extent contributing factors were related 
to development and/or natural occurrences. The principal development impacts include vehicle 
mortality, harassment, and adverse effects of oil-field chemicals. The principal natural factors 
include the following: an apparent significant decline in food supplies as the possible result of 
a long period of below average precipitation; an increase in coyote abundance and predation; 
disease; and the possibility that the upland habitat comprising most of NPR-1 is not as suitable 
for kit foxes as the lower flatland habitat on the margins of and adjacent to the NPR-1 site. 

The San Joaquin Valley has experienced considerable development over the past century, 
predominantly in the form of agriculture; in addition, development from oil and gas production 
and grazing have also been significant (fwisselman 1967; Heady 1977; Sims 1988). NPR-1 is 
surrounded by areas of oil production (including NPR-2 to the south and several privately 
operated oil fields) , agriculture, and some relatively undisturbed areas (see Section 3.7) .  Most 
development on NPR-1 has occurred within the interior of the site, where topographic relief is 
greatest ; relatively little has taken place in the flats along the perimeter. Approximately 42,552 
acres (90 %) of the site are relati vel y undeveloped. 

3.5.1  Plant Communities 

NPR-1 vegetation is part of a major floristic zone within California known as the Valley 
Grassland (Heady 1977) . Valley Grassland is dominated by annual grasses such as red brome 
(Bromus rubens) , slender oats (Avena barbara) , foxtail fescue (Fesruca megalura) and foxtail 
(Hordeum glaucum) ; and a variety of forbs, especially red-stemmed filaree (Erodium cicurarium) 
(fwisselmann 1967; Heady 1977; O'Farrell and Mitchell 1985; Sims 1 988) . Shrubs such as 
desert saltbush (Arriplex polycarpa) , bladderpod (/someris arborea) , and cheesebush 
(Hymenoc/ea salsola) are also common (O'Farrell and Mitchell 1 985) . 

Prior to settlement, well-drained upland sites apparently were dominated by perennial grasses 
(e.g. , Sripa pulchra, S. cemua, and Poa scabrella) , but numerous annual species were also 
present (Heady 1977; Sims 1988) . The annual grassland now present is apparently a result of 
past grazing activities and the introduction of numerous adventive species from Europe and other 
continents (Heady 1977; O'Farrell and Mitchell 1985 ; Sims 1988) . The new dominants in this 

3 .5-1 

• 

• 

• 



• 

• 

• 

grassland are extremely persistent and effectively resist reestablishment by much of the native 
vegetation even after grazing is stopped. 

Succession in the San Joaquin Valley tends to proceed from forbs in early successional stages 
to annual grasses at climax, although many species found in climax communities also are early 
invaders following disturbance (Heady 1977) . Species found at climax include red brome, 
red-stemmed fIlaree, and slender oats. Species common shortly after slight disturbance (e.g. ,  
discing, off-road operational activities) include red-stemmed fIlaree, fiddleneck (Amsinckia 
tessellata), and desert saltbush (O'Farrell and Mitchell 1985). Construction activities, especially 
those that result in the exposure of saline substrates, generally favor the establishment of desert 
saltbush. Herbaceous species often reinvade slowly after such severe disturbances and usually 
appear under shrubs and in depressions where organic matter and moisture levels are higher. 

Fires have little long-term effect in this community, because few seeds are destroyed by 
grassland fires (Heady 1977) . Redevelopment of herbaceous cover usually occurs within 
3 years, but since most shrubs are killed by fire, they must become reestablished from seed. 
Some shrubs, such as bladderpod and cheesebush, can resprout from undamaged crowns 
(O'Farrell and Mitchell 1985) . In the short term, fire seems to favor forbs, such as 
red-stemmed fIlaree and Medicago hispida (Heady 1977; O'Farrell and Mitchell 1985; Sims 
1988) .  

Common species on NPR-l are those typical for the San Joaquin Valley and include red brome, 
red-stemmed fIlaree, and desert saltbush (O'Farrell and Mitchell 1985) . The distribution of 
vegetation on the site is strongly affected by microclimate. Cooler, moister, north-facing slopes 
tend to support a more diverse, productive plant community. South-facing slopes support fewer 
species and are frequently bare. 

Disturbances that have affected plant communities on NPR-l include grazing, fires, and activities 
associated with operation of the site. Cattle and sheep grazed on NPR-l until the late 1960's 
(O'Farrell and Mitchell 1985) ; current policy prohibits grazing within site boundaries. Fires, 
both natural and man-made, burned approximately 5,455 acres from 1976 to 1988 (Kato 1990a). 

Disturbances at NPR-l since development began in the early part of the century amounts to 
approximately 6,546 acres, including buildings, well pads, gas plants, LACT's, pipelines, third
party projects, and other facilities crable 3.5- 1 ) .  Of this, approximately 3,306 acres occurred 
after the mid-1970' s  as the result of MER production. In addition, an unquantified amount of 
area has been disturbed by accidental spills of oil , oily water, and oil-field chemicals. Since 
1979, approximately 16,439 barrels of oil spilled on NPR-l have not been recovered (see 
Section 3.9) . Almost all of this oil has been contained within the site. Areas where oil has . 
absorbed into the ground are typically disced with clean soil to accelerate natural biodegredation 
processes. Other oil-field chemicals (e.g. barium, chromium, arsenic) associated with past 
production activities have been introduced into the environment as the result of spills, handling 
and disposal practices (see Section 3.2>' 
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TABLE 3.5-1 Areas Disturbed and Available for Reclamation on NPR-l (Acres) 

Development MER 
Type of Development from Inception Development 

Facilities 666 

Well pads and sumps 1,930 

Roads 1,928 

Pipelines 585 

Landfill 1 1  

Wastewater sumps 132 

Borrow or scraped areas 810 

Firebreaks 230 

Other 175 

Subtotal 6,467- 3,227· 

Ongoing Third-Party Projectsb 79b 79b 

Total Development 6,546 3,306 

Developed Areas RevegetatedC 1,689c 1,689c 

Net Areas in Development 4,857 1,617 

• 

Proposed Action 
Reclamation 
( 1990-1998) 

0 

132 

189 

17 

0 

53 

124 

30 

80 

625· 
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TABLE 3.5·1 (Cont'd) 

·Source: Modified from Kato ( 1990a). As of June 1988, total area developed since inception in the 1920's 
was approximately 6,467 acres. Of this, 3,227 acres, were associated with MER production pursuant to 
the Naval Petroleum Production Act of 1976. Approximatley 625 acres of this development has been or 
will be abandoned and is to be reclaimed (revegetated, etc.) between 1990 and 1998 as part of the 
proposed action. These 625 acres are in addition to the 1,689 acres identified in Footnote c. 
"Total disturbed area for SoCal and Santa Fe is 192 acres, of which 79 acres are on NPR·l, (All disturbed 
areas have been revegetated, or are in the process of being revegetated • see Footnote c). 
cAs of FY 1988, a total of 1,689 acres had been revegetated, or revegetation was in progress. Of this, 920 
acres were revegetated naturally, 690 acres were associated with abandonments, and 79 acres were 
associated with the NPR- 1 portion of ongoing third-party projects. 
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A reclamation program has been in operation on NPR-1 since 1985 (see Section 4. 1.5.4; • O'Farrell and Mitchell 1985). As of FY 1988, a total of 1 ,689 acres have been either 
revegetated, or revegetation was in progress: 920 acres naturally, 690 acres associated with 
abandonments, and 79 acres associated with the NPR-1 portion of ongoing third-party projects 
(fable 3.5-1). Another 625 acres associated with abandonments have been identified for 
reclamation through the year 1998. Additional areas of development will be reclaimed as they 
are abandoned. 

3.5.2 Animal Communities 

Despite the relatively harsh environmental conditions, the San Joaquin Valley supports a diverse 
vertebrate fauna. Species inhabiting NPR-1 are those adapted to the arid grassland environment 
of the site or those tolerant of a wide range of environmental conditions. Surveys have 
determined the presence of 2 amphibians, 8 reptiles, 92 birds, and 25 mammals (O'Farrell and 
Scrivner 1987) . No native fish are present; however, mosquitofish (Gambusia affinis) are 
periodically stocked in sumps to aid in mosquito control. Little is known about the invertebrates 
inhabiting NPR - 1 .  

Both the western toad (Bufo boreas) and Pacific treefrog (Hyla regil/a) occur on NPR-1 
(O'Farrell and Scrivner 1987) and are associated with springs and ephemeral water bodies. 

. Several species of lizards and snakes make up the reptilian fauna of the site; included are the 
side-blotched lizard (Uta stansburiana) , western whiptail (Cnemidophorus tigris) , coachwhip 
(Masticophis flagellum) ,  and western rattlesnake (Crotalus viridis) . • 
Approximately half of the bird species found on NPR-1 are either permanent or seasonal 
residents; other species are migratory transients (O'Farrell and Scrivner 1987) . Frequently 
observed birds include the California quail (Cal/ipepla calijornica) , mourning dove (Zenaida 
macroura) , common raven (Corvus corax), Le Conte's  thrasher (Toxostoma lecontel) , western 
meadowlark (Sturnella neglecta) , and lesser goldfinch (Carduelis psaltria) . The northern harrier 
(Circus cyaneus) , red-tailed hawk (Buteo jamaicensis) , American kestrel (Falco sparverius), 
great-homed owl (Bubo virginianus) , and burrowing owl (Athene cunicularia) are commonly 
seen raptors. 

Most of the mammal species on NPR- I are rodents (e.g. , San Joaquin pocket mouse, 
Perognathus inornatus; western harvest mouse, Reithrodontomys megalotis; and deer mouse, 
Peromyscus maniculatus) (O'Farrell and Scrivner 1987) . Other common species are the desert 
cottontail (Sylvi/agus auduboni/) and black-tailed jackrabbit (Lepus calijornicus) . The number 
of coyotes (Canis latrans) on NPR-1 increased noticeably from 1 979 to 1 984, especially in 
developed upland areas (Scrivner and Harris 1986) . Concern over this increase and an increase 
in coyote predation ' on kit foxes prompted the ' establishment of a coyote-control program 
(Scrivner and Harris 1986; Scrivner 1 987; EG&G/EM 1988a) which was in operation 
intermittently at different levels of intensity from 1985 to May 1990, when it was suspended 
pending evaluation of its effectiveness. Coyote scent-station surveys initiated in 1984 indicate 
that coyote numbers have declined since then (Scrivner 1987) (figure 3.5-1) .  
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Table 3.5-2 shows the results of comprehensive wildlife and habitat transect observations • completed in 1979, 1984, and 1989. The number of observations of wildlife, dens and burrow 
systems have varied between 1979 and 1989. Additional population/abundance data are 
presented later on. Programs are in place to mitigate development impacts, and studies are in 
progress to develop additional mitigation strategies-strategies that could have applicability both 
on and off of NPR-l . These studies are also designed to contribute to the objective of 
characterizing the relative magnitude/importance of impacts that may have been caused by 
natural factors and those that may have been caused as the result of development. 

3.S.3 Threatened and Endangered Species 

The intense agricultural development that has occurred in the San Joaquin Valley has increased 
the significance of relatively undisturbed natural habitat to rare native species. Undeveloped 
habitat on NPR-l supports several such species. This section discusses species that have been 
listed as threatened or endangered by either the federal government or the state of California, 
and species that are candidates for such listing, or are considered species of special concern to 
the state. Applicable status categories are defined as follows: 

• Endangered (federal and state) : Any species (plant or animal) that is in danger of extinction 
throughout all or a significant portion of its range. 

• Threatened (federal and state) : Any species (plant or animal) that is likely to become an 
endangered species within the foreseeable future throughout all or a significant portion of its 
range. 

• Proposed (federal) :  Any species (plant or animal) for which proposed rules have been 
published in the Federal Register by the U.S.  Fish and Wildlife Service (FWS) for protecting 
the species as endangered or threatened under the Endangered Species Act. 

• Category 2 (federal) :  Any species (plant or animal) for which FWS has information that 
suggests that proposing to list it as threatened or endangered is possibly appropriate, but for 
which substantial data on biological vulnerability and threat(s) are not currently known to 
support the immediate preparation of rules (Federal Register 1985a) .  

• Category 3C (federal) :  Any species (plant or animal) that has proven to be more abundant 
or widespread than was previously believed, and/or those that are not subject to any identifiable 
threat (Federal Register 1985a) .  Species placed in this category are subsequently dropped from 
consideration for listing. 

• Rare (state) : . Any plant species that is thought to exist in sufficiently small numbers 
throughout its range that it could become threatened or endangered if its environment worsens. 

• Species of Special Concern (state) : Species inventoried by the Natural Diversity Data Base 
of the California Department of Fish and Game Natural Heritage Program. Generally, these are 
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TABLE 3.5-2 Number of Observations of Wildlife, Dens and Burrow Systems During the 1979, 1984, and 1989 
Surveys on NPR-l. ---�� 

Kit Fox Dens 

Jackrabbits 

Cottontails 

Blunt-Nosed Leopard Lizards 

Antelope Ground Squirrels 

Coyotes 

Quail 

Ravens 

Red-tailed Hawks 

Rattlesnakes 

---- -----

Giant Kangaroo Rat Burrow Systems 

·Data for 1989 are preliminary 

Source: EG&G/EM 1990f 
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species that are federally or state listed as endangered, threatened, or rare, or proposed for such, • or restricted in distribution, or associated with habitat that is declining at an alarming rate. 

Species that are federally listed as threatened or endangered, or proposed for such, receive legal 
protection under the Endangered Species Act of 1973. Given that the status of the species in 
the other categories is such that they could be listed in the future, impacts on these species are 
avoided to the maximum extent practical. 

3.S.3.1 Plants 

Hoover's woolly-star (Eriastrum hooven) (federal threatened) is the only listed plant species 
known to exist on NPR-l .  Suitable habitat also exists for the listed Kern mallow (EremaIche 
kemensis) (federal endangered), but it has not been observed on the site to date. No state-listed 
species are known to occur on the site, but four species of special concern to the state are 
present. Table 3.5-3 provides additional information pertaining to these and other plants of 
concern at NPR-1 .  A discussion of these species follows. 

Surveys for Hoover's woolly-star, Kern mallow, California jewel flower (Caulanthus 
caii/ornicus), and San Joaquin woolly-threads (Lemberda congdonil) were conducted in 1988 
(EG&G/EM 1988b). Proposed rules for protecting these species as threatened/endangered under 
the Endangered Species Act were published by FWS in 1989 (Federal Register 1989). The 
survey was conducted in potentially suitable habitat on the site, which was essentially the lower 
flanks of the Elk Hills along the perimeter of the site. 

During field surveys, 28 populations of Hoover'S woolly-star, with an estimated total of more 
than 40,000 individuals, were observed on NPR-1 (EG&G/EM 1988b). These populations were 
located on alluvial fans and plains in Townships B (Sections 4, 10), G (Section 12), R (Sections 
7, 8, 10, 12, 13, 32), and S (Sections 17, 18, 20, 21 , 22, 23, 26) (see Fil:ure 1. 1-1 for section 
locations) . Hoover's woolly-star populations occurred in areas where other vegetation was 
sparse, such as washes and formerly disturbed but currently unused sites (e.g . ,  abandoned or 
little-used roadways) . 

In July 1990, Hoover's woolly-star was federally listed as threatened (Federal Register 1990). 
In 1991, a survey of selected portions of NPR-1 identified 24 populations of Hoover's woolly
star which included many of those populations identified in 1988 (EG&G/EM Unpublished 
Data). Four populations in Township B (Sections 3, 4) and S (Sections 30, 31) were recorded 
at elevations at or above 1 ,000 feet. Populations were found on the rounded crests of ridges, 
upper slopes, alluvial fans, and alluvial plains. In addition to the locations identified in the 1988 
survey, Hoover's woolly-star was identified in Townships B (Sections 3, 12, 13) ,  G (Sections 
1 ,  10), S (Sections 25, 27, 30, 31), ,and ,Z (Section 14) . 

Other locations of Hoover's woolly-star have been identified that were not included in the 1988 
or 1991 survey. To-date, over 150 populations of Hoover's woolly-star have been observed on 
or adjacent to NPR-1 .  Numerous populations have been observed on formerly distu� but 
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TABLE 3.5-3 Federally and State-Listed Plant Species Observed on NPR-l or for Which Suitable Habitat Exists 

Federal State 
Common Name· Scientific Name Status Status 

*Hoover's Woolly-star Eriastmm hooveri Threatened Special 

*Cottony Buckwheat Eriogonum gossypinum Category 3C Special 

*Temblor Buckwheat Eriogonum temblorense None Special 

*Kern Tarplant Hemizonia pallida None Special 

*Gypsum-Ioving Larkspur Delphinium gypsophilum None Special 
-gypsophilum 

California Jewelflower Caulanthus califomicus Endangered Endangered 

Kern Mallow Eremalche kemensis Endangered Special I 
I 

San Joaquin woolly-threads Lembertia congdonii Endangered None 

Lost Hills Saltbushb Atriplex vallicola Category 2 Special 

• An asterisk in front of the name indicates that the species has been observed on NPR-l. 
bAn observation of this species was made during an endangered species survey in 1988. The location was unconfirmed; 
it was either in 12G (on NPR-l) or 13G (off of NPR-l). 

Source: Based on data from EG&G/EM 1988b; California Department of Fish and Game 1988; and Federal Register 
1990. 



currently unused sites (e.g . ,  abandoned or little-used roadways) . Although this species colonizes • disturbed areas and thus benefits from some previous disturbance, its tolerance to ongoing 
disturbance is unknown (EG&G/EM, 1988b). 

Kern mallow, San Joaquin woolly-threads, and California jewelflower were not found during the 
1988 field surveys (EG&G/EM 1988b) . Apparently, suitable habitat for Kern mallow exists in 
the northwestern portion ofNPR-l (Sections 12Z, 13Z, and 14Z) ,  and it is likely that the species 
either exists in low numbers or could establish itself on the site (EG&G/EM 1988b). Potential 
habitat for San Joaquin woolly-threads exists along the northern flanks of the Elk Hills, but these 
habitats may be suboptimal because of the dense cover of red brome present (EG&G/EM 
1988b) . Suitable habitat for California jewelflower probably does not exist on NPR-l 
(EG&G/EM 1988b). The Kern mallow, San Joaquin woolly-threads,  and Californiajewelflower 
were federally listed as endangered in July 1990 (Federal Register 1990). 

In the course of the 1988 survey, four species of special concern to the State of California were 
observed to be present (rare to uncommon): Temblor buckwheat (Eriogonum temblorense), 
cottony buckwheat (Eriogonum gossypinum), Gypsum-loving larkspur (Delphinium gypsophilum 
gypsophilum), and Kern tarplant (Hemizonia pallida) . 

Lost Hills saltbush (Atriplex vallicola), a federal Category 2 species and a state species of special 
concern, may also be present on NPR- l .  This species was observed during the 1988 survey 
(EG&G/EM 1988b) but the exact location was unconfirmed. It was either in 12G which is on 
NPR-l or in 13G which is off of NPR- l .  

3.5.3.2 Animals 

Four animal species that are federally listed as endangered are known to be present on NPR-l .  
These are the San Joaquin kit fox (Vu/pes macrotis mutica) , blunt-nosed leopard lizard 
(Gambelia silus) , giant kangaroo rat (Dipodomys ingens), and Tipton kangaroo rat (Dipodomys 
nitratoides nitratoides) . Three mammal , two bird, and four invertebrate species with Category 
2 status either have been observed, or suitable habitat for them exists. One of the Category 2 
species is the San Joaquin antelope squirrel (Ammospennophilus nelsoni) , which has been listed 
by the state of California as threatened. An additional 1 1  species are listed by the state as 
species of special concern. See Table 3.5-4 for additional information. 

In 1980 and 1987, FWS reviewed several proposed actions on NPR-l and issued Biological 
Opinions on the impacts of these actions on federally threatened and endangered species 
(Martinson 1980; Kobetich 1987). Primarily as the result of the magnitude of the disturbances 
proposed, the 1980 Opinion concluded that impacts might jeopardize the continued existence of 
the San Joaquin kit · fox and the blunt-nosed leopard lizard. The Opinion proposed six 
alternatives to avoid jeopardy to these species, while also allowing NPR-l activities to continue. 

These alternatives focused on a commitment to avoid impacts to the maximum extent practical, 
reclaim disturbed habitat, offset loss of habitats through compensation and mitigation, and study 
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TABLE 3.5-4 Federally and State�Listed Animal Species Observed on NPR-l or for Which Suitable Habitat Exists 

Common Name- Scientific Name Federal Status State Status 

Mammals 
·San Joaquin Kit Fox Vulpes macrotis mutica Endangered Threatened 
·Giant Kangaroo Rat Dipodomys ingens Endangered Endangered 
·Tipton Kangaroo Rat Dipodomys nitratoides nitratoides Endangered Special 
Greater Mastiff Bat Eumops perotis califomicus Category 2 Special 

·San Joaquin Antelope Squirrel Ammospennophilus nelsoni Category 2 Threatened 
·Short-nosed Kangaroo Rat Dipodomys nitratoides brevinasus Category 2 Special 
• Badger Taxidea taxus None Special 

Birds 
·Ferruginous Hawk Buteo regalis Category 2 None 
Mountain Plover Charadrius montanus Category 2 None 

·Cooper's Hawk Accipiter cooperii None Special 
·Northern Harrier Circus cyaneus None Special 
·Golden Eagle Aquila cluysaetos None Special 
·Sandhill Crane Gms canadensis None Special 

. ·Short-eared Owl Asio j1ammeus None Special 
·Burrowing Owl Athena cunicularia None Special 
·Willow Flycatcher Empidonax traill;; None Special 
·Le Conte's Thrasher Toxostoma lecontei None Special 
·Yellow Warbler Dendroica petechia None Special 
·Yellow-breasted Chat · [cteria virens None Special 

Reptiles 
·Blunt-nosed Leopard Lizard Gambelia silus Endangered Endangered 

Inverte brates 
Hopping's Blister Beetle Lytta hoppingi Category 2 None 
Moestan Blister Beetle Lytta moesta Category 2 None 
Molestan Blister Beetle Lytta molesta Category 2 None 
Morrison's Blister Beetle Lytta morrisoni Category 2 None 

-An asterisk in front of the name indicates that the species has been observed on NPR-l. 
Source: Based on data from EG&G/EM 1988b; Federal Register 1985b; O'Farrell and Scrivner 1987; Remsen 1978; and Williams 
1986. 



the kit fox and blunt-nosed leopard lizard. The 1980 Opinion also specified the need for a • subsequent consultation and Opinion to evaluate the results of the studies. 

To comply with the 1980 Opinion, preconstruction surveys were initiated in 1980. These were 
surveys conducted by qualified biologists to determine if threatened and endangered species or 
their habitats were present in areas to be disturbed by construction projects (see Section 4.1.5.4; 
Kato et al 1985; O'Farrell and Scrivner 1987; Kato and O'Farrell 1987). If protected species 
or their habitats were observed, mitigation measures were implemented to avoid or minimize 
impacts. In addition to preconstruction surveys, a program was implemented to reclaim habitat 
(see Section 4.1.5.4; O'Farrell and Mitchell 1985), and a wide assortment of research/studies 
and surveys were initiated on both NPR-1 and NPR-2 to gain insight into the factors affecting 
endangered species population dynamics. 

Prior to the 1987 Opinion, Biological Assessments were submitted to FWS for their use in 
preparing the Opinion, pursuant to the requirements of the Endangered Species Act. During the 
period 1980-1985, immediately preceding the 1986 Assessment, kit fox populations at NPR-1 
had declined significantly. This decline paralleled a significant decline in precipitation and food 
availability, an apparent significant increase in coyote abundance from 1979-1984, and continued 
development. To address the effect of development, the Assessments included a large body of 
information generated in connection with the survey and research requirements contained in the 
1980 Opinion--information that was not available when the 1980 Opinion was being formulated. 
Among other things, this information included an analysis of the kit fox population decline in 
developed and undeveloped areas of the site; at that time no differences were detected. FWS • concluded in their 1987 Opinion (see Amxmdix D that, although "there are no assurances" that 
development activities will not "eventually contribute to the extirpation" of the kit fox from the 
site, development activities are "not likely to jeopardize the continued existence" of the species. 
The Opinion also concluded that development was not likely to jeopardize the continued 
existence of the blunt-nosed leopard lizard or the giant kangaroo rat. The Opinion specified 
several reasonable and prudent measures to minimize impacts. 

The most significant measure was an aggressive habitat reclamation program. This included a 
comprehensive up-to-date inventory of all disturbances before and after MER production; an 
estimate of future disturbances; an estimate of existing or future disturbances that can be 
reclaimed because they are not needed for operations (e.g. , abandoned well pads and roads) ; and 
a program to provide an amount of habitat equal to past and future MER disturbances, through 
one or a combination of on-site reclamation, off-site compensation, or some other equivalent 
means. Since then, it has been established that through the year 1998, approximately 4,056 
acres will have been disturbed as the result of MER--3 ,306 as of 1989 (see Table 3.5-1), plus 
another 750 acres by 1998 (see Table 1.3-2) . It has also been estimated that a total of 1 ,689 
acres have .been revegetated,- or revegetation is in progress: 920 acres naturally, 690 acres 
associated with abandonments identified to date, and 79 acres associated with the NPR-1 portion 
of ongoing third-party projects (see Table 3.5-1). It is anticipated that another 625 acres are (or 
will be) available for future on-site reclamation (see Table 3.5-1) . This results in the need to 
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address a remaining 1 ,742 acres (4,056 - 1 ,689 - 625 = 1 ,742) . Plans in this regard are being 
developed. 

The 1987 Opinion also suggested implementing additional conservation measures that were 
originally suggested by NPRC in the Biological Assessments preceding the Opinion. These 
included changing ·preconstruction· surveys that only address construction projects to 
·preactivity· surveys that address all land disturbances (including those associated with 
operations and maintenance activities) and studies to investigate the effects of oil-field chemicals 
on kit foxes. The 1987 Opinion suggested the need to continue the endangered species program, 
and to reopen consultations in conjunction with the development and release of this SEIS. 
Accordingly, consultation with FWS was reiniated in October 1991 . In December 1992, FWS 
completed a partial draft Biological Opinion and a final draft Biological Opinion in May 1993 
(see APpendix 1.1), which state that the proposed action activities are not likely to jeopardize 
the continued existence of listed species. This consultation is still in progress (for more details 
see Section 4. 1.5-4). 

San .Joaguin Kit Fox 

Prior to European settlement, the San Joaquin kit fox presumably occurred throughout the arid 
plains of the San Joaquin Valley (FWS 1983). Although the kit fox still is found over much of 
its original range, animal numbers have declined (20-43% since 1930), and most of the 
population is now concentrated in the southern half of the valley in western Kern and eastern 
San Luis Obispo counties (FWS 1983). Total population size of the San Joaquin kit fox in 1975 
was estimated at 6,961 individuals (FWS 1983). The kit fox population apparently has declined 
as a result of the rapid conversion of native habitat to agriculture and other developed areas 
(Morrell 1975). Only 6.7% of the valley was estimated to be undisturbed in 1979 (FWS 1985). 
Because of the significance of habitat loss and population declines, the San Joaquin kit fox was 
listed by the federal government as an endangered species in 1967. 

The San Joaquin kit fox has been studied extensively on NPR-l and NPR-2 since 1979 and 
1983, respectively. This section focuses on the current status of the species on NPR-l ,  as 
indicated by study results. The life history of the kit fox is presented as follows: 

Life History of the San Joaquin Kit Fox. 

The kit fox (Vulpes macrotis), of which the San Joaquin kit fox is a subspecies, is the smallest 
fox in North America. Adults weigh between 3 and 7 pounds and are between 24 and 33 inches 
long, including the tail (Samuel and Nelson 1982; O'Farrell 1987). Males weigh approximately 
8 % more than females (Egoscue 1962; Morrell 1972; O'Farrell 1987). 

Female San Joaquin kit foxes are capable of breeding at 10 months of age (O'Farrell 1987),  but 
most animals do not breed until 22 months of age (Morrell 1972; O'Farrell 1984). Kit foxes 
breed during early winter (December to January) (Morrell 1972; Samuel and Nelson 1982; 
O'Farrell 1987) and produce 3 to 5 pups/litter (O'Farrell 1987). Pups do not emerge from their 
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natal den until they are at least 1 month old (Morrell 1972). Both parents provide food for the • pups until they are approximately 4 to 5 months old, at which time the pups begin to forage for 
themselves and disassociate from their parents (Morrell 1972; O'Farrell 1987). On NPR-l ,  
Scrivner et al (1987a) observed that of 129 radiocollared juveniles studied, 37 dispersed from 
their natal den within their first year, and 1 1  did so as adults. The natal dens for the remainder 
of the juveniles were not known. Average dispersal distance was about 5 miles (Scrivner et al 
1987a). 

The San Joaquin kit fox prefers habitats with loose, relatively stone-free soils that are well above 
the water table (FWS 1983; O'Farrell 1987). Such soils allow kit foxes to construct 
underground dens, which they occupy during most of the daylight hours. Relatively flat valley 
floors appear to be the preferred habitat of the kit fox, but they also occur in foothills where 
slopes do not exceed 40 degrees (Egoscue 1962; Morre11 1975; FWS 1983). Sandy washes are 
preferred hunting areas; open areas with grass, or with grass and scattered shrubs, are preferred 
den sites (Morrell 1972). 

Kit foxes occupy underground dens throughout the year (FWS 1983; O'Farrell 1987). The 
occupation of dens changes, however, as foxes abandon one den and move into another; many 
dens in an area are vacant at any one time (Egoscue 1962; Morrell 1972). Dens are only shared 
by mated pairs or family groups (Morrell 1972; O'Farrell 1987). A mated pair may have as 
many as 39 dens distributed over an area of 320-480 acres (FWS 1983). Dens vary in 
appearance and function. Small dens with usually one to three entrances are used for shelter 
during the nonbreeding season; larger dens with three or more entrances are usually used for the • raising of pups (Egoscue 1962; Morrell 1972; FWS 1983; O'Farrell 1987). Kit fox dens are 
widely distributed on NPR-l .  A study conducted on the site in 1984 found dens in all but two 
sections (160 and 16R), and approximately 95 % of all dens showed some sign of occupancy 
(O'Farrell and Mathews 1987). The average density of dens was estimated to be 59.3 
dens/square mile, which is comparable to the density calculated in 1979 (O'Farrell 1980; 
O'Farrell and Mathews 1987). 

Estimates ofleit fox home range size vary, with reported values ranging from 580 to 3 ,500 acres 
(Morrell 1972; Daneke and Sunquist 1984; Zoellick et al 1987). Home range size is estimated 
to be 1 , 143 acres on NPR-l and NPR-2 (Zoellick et al 1987). The home ranges of adjacent 
unpaired adults overlap little, whereas those of mated pairs coincide (O'Farrell 1987; Zoellick 
et al 1987) . 

The San Joaquin kit fox is carnivorous and generally captures live nocturnal prey; however, 
carrion, including road-killed animals, also are consumed (Morrell 1972). Prey items include 
lagomorphs (rabbits and jackrabbits), small rodents, birds, reptiles, and insects (Egoscue 1962, 
1975; Morrell 1972; FWS 1983; O'Farrell- 1987). The importance of different species in the 
kit fox diet varies among locations and seasons and may depend upon the relative abundance of 
prey. San Joaquin kit foxes do not need a source of drinking water, but instead obtain sufficient 
water from their prey (Morrell 1972; FWS 1983; Golightly and Ohmart 1984). 

3.5-15 • 



• 

• 

• 

On NPR- l ,  lagomorphs and kangaroo rats are the most important components of the kit fox diet; 
these two prey types constitute approximately 73% and 13% ,  respectively, of all food items 
(Scrivner et al 1987b). Most (97%) of the lagomorph prey on NPR-l are desert cottontails 
(Kato 1989); the remaining 3% are black-tailed jackrabbits. 

Population Dynamics of the San Joaquin Kit Fox on NPR-l. 
The kit fox population on NPR-l has been monitored semiannually since 1981 on a 28,480-acre 
study area that encompasses the southern half of the site and approximately 2,880 acres in the 
adjacent Buena Vista Valley (Harris et al 1987). This area was chosen because in terms of 
developed and undeveloped areas it is representative of the entire NPR-l site. As previously 
stated, NPR-l itself is approximately 47,409 acres. Fi&ure 3.5-2 shows the relationship between 
NPR-l ,  NPR-2, and the NPR-l study area. 

Minimum known population size (the number of marked individuals known to be alive at some 
point in time) in the study area was determined for each trapping period based on 
capture-recapture data (Harris et al 1987). From 1981 to 1990, the minimum population size 
in the study area declined from 153 foxes in the summer of 1981 ,  when trapping began, to 28 
in the summer of 1990 (Fi&ure 3.5-3). On the basis of winter data only, the decline was from 
165 in the winter 1981-1982 to 19 in the winter of 1990-1991.  This represents an 81 .7%-88.5 % 
decline over the 100year period. The great majority of the decline appears to have occurred 
during the period from 1981 to 1985 . Minimum population size estimates during both winter 
and summer were relatively stable between winter 1985-1986 and winter 1989-1990 and ranged 
between 33 and 50 animals. From 1990-1991 the evidence suggests the population may have 
again declined; in summer 1991, the minimum population size was 10 (Fi&ure 3.5-3) . Data in 
1992 suggests a significant increase. In winter 1991 ,  two foxes were trapped in the NPR-l 
study area. This compares to 16 trapped in winter 1992 (EG&G/EM unpublished data). 
Although the overall population in the NPR-l study area was relatively stable between 1985 and 
1989, the distribution of the population has changed. Currently, very few of the foxes in the 
NPR-l study area occupy the upland developed areas; most are now situated in the more flat 
lowland areas. 

With the exception of the urban areas of Taft and Ford City that fall within NPR-2 (see Fi&ure 
J..1:l), all approximate 30,000 acres of NPR-2 have been studied (Fi&ure 3.5-2). Within NPR-
2's boundaries, where recent development has been significantly less intense than on NPR- l ,  the 
minimum kit fox population has declined from 177 in the summer of 1983 to 74 in the summer 
of 1990 (Fi&ure 3.5-3) . On the basis of winter data only, numbers have changed from 1 19 in 
the winter of 1983-1984 to 67 in the winter of 1990-1991.  This represents a decline of 43.7 %-
58.2 % over a 6-year period. 

Kit foxes on NPR-l and NPR-2 may represent one population rather than two separate 
populations. The two NPRs share a common border in approximately 3 of the 81 Sections that 
fall within NPR- l ,  and the other areas adjoining their borders are contiguous with similar 
habitats and without physical barriers to prevent free movement. It is possible, however, that 
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movement could be affected by factors other than physical barriers, such as habitat suitability • (e.g. ,  uplands versus lowlands), and/or development intensity. 

Table 3.5-5 shows estimated density data for the NPR-1 study area, NPR-2, Buena Vista Valley, 
and the San Joaquin Valley. For the NPR-1 study area, the minimum population of 153 foxes 
in the summer of 1981 computes to a density of 5 .37 animalsl1 ,OOO acres. 

The decline to a minimum population of 10 by the summer of 1991 computes to a density of 
0.35/1 ,000 acres. In the summer of 1983, the minimum population was 1 14 ;  this computes to 
a density of 4.0/1 ,000 acres. 

The density on NPR-2 in the summer of 1983 was approximately 5.90 foxesl1 ,OOO acres, based 
on a minimum population of 177. By the summer of 1991, the density had declined to 
1 .2311 ,000 acres, based on a minimum population of 37. 

During a 14-month period in 1970-1971,  Morrell (1972) observed that an estimated 1 square 
mile area on the Buena Vista Valley floor maintained a population of approximately six kit 
foxes. This conclusion was based on trapping, ear tagging, and radiocollaring in 3 month 
intervals. Six foxes in a 1 square mile area computes to a density of 9.35 foxesll ,OOO acres. 

FWS (1983) estimated that in 1975 the overall kit fox density in the San Joaquin Valley floor 
and foothills was equivalent to 2. 19 foxesll ,OOO acres: 3. 14 for the valley floor and 1 . 88 for 
the foothills. The estimate was based on a 2-year aerial and ground investigation of a 70-110 
square mile area comprising both valley floor and foothills. The kit fox density was determined • by estimating the density of "active" dens, and assuming two kit foxes for each. Although not 
specifically stated, it is believed that the term "active den" , as it was used in this investigation, 
closely corresponds to "pupping den" ,  due to the time and methodology of the den survey. 

Based on information provided by a trapper who had trapped extensively on the west side of the 
San Joaquin Valley, Grinnell et al (1937) reported a gross density estimate equivalent to 1.56 
foxes/ l ,OOO acres prior to 1925. Although this estimate does not appear to have any scientific 
basis, it is useful to consider in the absence of any other information about the period of time 
preceding intense development. 

NPR-l and NPR-2 densities are based on the "minimum" number of foxes known to be alive; 
actual populations are probably considerably higher. Commonly accepted computer models have 
been used to estimate "actual" population size. Generally, however, the NPR-l study area 
sample size has not been sufficient to meet minimum model requirements. For example, 21 
trapping sessions were conducted within the NPR-l study area from the summer of 1981 to the 
summer of 1991 ; only two of.these sessions ' produced sufficient sample sizes and total population 
estimates that were not obviously incorrect. To the extent these two data points are useful, they 
indicate that the actual population exceeds the minimum population by 54%-59% (EG&G/EM 
1990e, Kato 1991). The implication of using "minimum" population data needs to be considered 
when making density comparisons; true densities are probably considerably higher than those 
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TABLE 3.5-5 Estimated Population Densities of San Joaquin Kit Foxes within the San Joaquin Valley 

Location Year 

NPR-l Study Area 1981 
1983 
1991 

NPR-2 1983 
1991 

Buena Vista Valley 1970-1971b 

San Joaquin Valley 

·Sources: 1 = Harris et al. 1987; 
2 = Kato 1989; 

1975c 
Pre-1925 

3 = EG&G/EM 1988a; 
4 = O'Farrell et al. 1987a; 
5 = Morrell 1972; 
6 = Grinnell et al. 1937; and 
7 = EG&G/EM 1990d. 
8 = Kato 1991 .  

Estimated Density 
(No./l ,OOO acres) 

5.37 
4.0 
0.35 

5.90 
1 .23 

9.35 

2. 19 
1 .56 

bStudy based on trapping in a one square mile area of Buena Vista Valley. 
cln areas of suitable habitat. 

Source· 

1,2,3,7,8 
7,8 

2,7,8 

2,3,4,7 
2,7,8 

5 

6 
6 

• 

-. 



derived from minimum populations. Also, individual foxes differ in their tendency to enter • traps, and the comparability of habitats and densities on trapped and untrapped areas has not 
been tested (O'Farrell et al 1986). 

To gain insight into the cause of the population decline on NPR- l ,  a life table analysis was 
performed based on radiocollared kit fox data collected during the period 1981-1988 (see 
Awendix E). Additional analyses are in progress to investigate differences between the period 
1981-1985, when the decline occurred, and the period of relative stability since 1985; the results 
of these analyses will be reported when completed. On the basis of the fecundity and mortality 
investigations that comprise life table analyses, mean fecundity for all age classes was 2.2 over 
the period 1981-1988. Mortality during this period ranged from a low of 0.432 for 2-year old 
foxes to a high of 0.829 (17. 1 .  % survivorship) for foxes less than 1 year old. As a 
consequence, the net reproductive rate was a low 0.56, generation time was 2.0 years, and the 
rate of population increase was approximately -0.30. During the period 1981-1985, population 
curves derived from this rate of increase matched fairly well with those derived from actual 
observations; however, the curves diverge beginning in 1985 when the population began to 
stabilize (see Fieure E.1- 1). 

The conclusion that can be drawn from the foregoing is that if the kit fox population were to 
begin declining again in the near future before it has an opportunity to reestablish itself, kit foxes 
could possibly become extirpated from NPR-l within a few years. As will be explained in more 
detail later , it is possible that in addition to the effects of development, a substantial decline in 
kit fox food supplies, possibly as the result of a decline in precipitation and vegetative • .. production, could have contributed significantly to the population decline that has occurred. 
Therefore, it is possible that if precipitation, vegetative production and food supplies return to 
prior levels, the population could increase, precluding extirpation; or if extirpation does occur, 
it might only be temporary (the population could reestablish). Evidence supporting this was 
observed during recent assessments of kit fox reproduction and population size. Concurrent with 
the significant increase in precipitation during the 1991-1993 water years, the percentage of 
radiocollared female kit foxes that showed evidence of reproducing increased from 18% in 
spring 1991 to 100% in spring 1992 (EG&G/EM 1992). Similarly, the number of kit foxes 
trapped on the NPR-l study area increased from two in winter 1991 to 16 in winter 1992 
(EG&G unpublished data). 

The proximate causes of death of radiocollared kit foxes on NPR-l from 1980-1988 are shown 
by Table 3.5-6. These data are primarily based on mortality monitoring methods discussed by 
Zoellick (1986), and data reported by Berry et al (1987) which identified several contributory 
factors. From 1980-1988, 291 foxes were recovered dead. Approximately 54.6% of these were 
determined to have been killed by predators; 29.9% were classified as unequivocal predation, 
while an additional 24.7%" were classified· as probable predation (factors other than predation 
were unlikely, but they could not be completely ruled out). Almost all predation was by 
coyotes. The cause of death could not be determined for 32.3% of the foxes because carcasses 
were either decomposed or scavenged, or only the collar was found (Berry et al I987) . Vehicles 
caused 10.0% of the mortalities, and 3. 1 % died from other causes. Identified sou.rces of 
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mortality other than predation and vehicles included drowning and burying associated with 
development, disease, and shooting. 

Disregarding foxes for which a cause of death could not be established, SO.7 % of those for 
which a cause could be established were the result of predation, 14.7% were due to vehicles, 
and 4.6% were for other reasons. Cause of death did not appear to be related to the age, sex 
of fox, or year of study. 

Effects of Natural Environmental Factors on Kit Fox Population Dynamics. 

Several natural environmental factors could have played a role in the decline of kit fox numbers 
in the NPR-l study area. These include precipitation, food availability, predation, disease, and 
habitat suitability. The following discussion addresses the role of each of these factors. 

Fi�ure 3.5-4 shows annual "growing season" precipitation for Bakersfield, California, which is 
approximately 25 miles northeast of NPR-l .  Growing season is defined as January-March of 
the current year, plus October-December of the previous year. Growing season is reported 
because precipitation occurring outside of the growing season does not contribute significantly 
to the vegetative production that sustains lagormorphs and small mammals, the primary source 
of food for kit foxes. Growing season precipitation has been below average for 5 of the last 7 
years, and 6 of the last 10 years since 1981 when kit fox population estimating began. In 
comparison, average growing season precipitation was above average (sometimes significantly) 
during the 3-5 year period immediately preceding 1981 .  A further discussion of precipitation 
data is presented in Appendix E. 

Although it is apparent from visual inspection that vegetative production has declined 
significantly since 1981 ,  a site-wide program to obtain the data needed to confirm this 
scientifically has not been in place; however, careful observations of annual production changes 
have been documented at a 320-acre site in Sections 21S/22S where a giant kangaroo rat habitat 
manipulation study has been in progress since 1988. At this site, which is situated on the north 
side of NPR- l ,  where precipitation is greatest, annual production fell from 1 ,596 pounds/acre 
in 1988 to 644 pounds/acre in 1989 to 85 pounds/acre in 1990. 

It is also noteworthy that plant cover on revegetation program control sites averaged 77% in 
1987. By 1990, cover on these sites had dropped to 16% . 

Food availability could affect the kit fox population on NPR-l .  Egoscue (1975), for example, 
determined that the size of the kit fox (Vulpes macrons nevadensis) populations in Utah tracked 
the abundance of black-tailed jackrabbits. In years of low jackrabbit numbers, the density of 
foxes was lower, fewer.litters were produced, ·and average litter size was reduced relative to 
periods when jackrabbits were abundant. Morrell (1972) speculated that the starvation of pups 
was an important factor in limiting the population of San Joaquin kit foxes he studied near 
NPR- l .  In a study of red foxes in Sweden, Lindstrom (1989) determined that growth, ovulation 
rate, mean litter size, and survival were positively correlated to vole population levels. 
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TABLE 3.5·6 Percentage of Radiocollared San Joaquin Kit Foxes Dying from 
Various Causes on NPR·l from 1980 to 1988 

Cause of Death (as % of total deaths) 

Class Number Predationa Vehicle Other Unknown 

Sex 
Male 137 5 1.8 1 1 .0 3.7 33.6 
Female 154 57. 1 9.1 2.6 3 1 .2 

Age 
Pup 126 52.4 9.5 3.2 34.9 
Adult 137 61 .3 1 1.0 2.9 24.8 

Year 
1980-82 76 47.7 1 1.8 0.0 40.8 
1983-85 158 · 57.0 8.9 5.7 28.5 
1986-88 57 57.9 10.5 0.0 3 1.6 

TOTAL 291 54.6 10.0 3.1  32.3 

Cause of Death 
(as % of deaths of identified cause) 

Class Number Predation Vehicle Other 

Sex 
Male 91 78.0 16.5 5.5 
Female 106 83.0 13.2 3.8 

Age 
Pup 82 80.5 14.6 4.9 
Adult 103 81.6 14.6 3.9 

Year 
1980-82 45 80.0 20.0 0.0 
1983-85 1 13 79.6 12.4 8.0 
1986-88 39 84.6 15.4 0.0 

TOTAL 197 80.7 14.7 4.6 

aIncludes mortalities classified as probable predation. 

Source: Based on data provided by EG&G /EM. 
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To examine the importance of food availability in determining the size of the San Joaquin kit fox • population on NPR-1 , the relative abundance of lagomorphs (their preferred source of food) was 
studied concurrently with kit fox population studies (Harris 1986; O'Farrell and Mathews 1987; 
Scrivner et al 1987a; EG&GIEM 1988a, 1989b). From 1980 to 1991, lagomorph abundance 
exhibited a strong decline (Fi� 3.5-5 and Fi&ure 3.5-6). Lagomorph counts were made 
during road surveys between 1980 and 1984. Both cottontail and jackrabbit counts declined 
annually over this period, suggesting that a lagomorph population decline began as early as 1980 
(EG&G/EM 1988a). From 1983 to 1991 ,  lagomorph densities based on transect surveys 
conducted three times a year exhibited a strong decline, especially black-tailed jackrabbits. 
Populations of small mammals increased from 1980 to 1984 <Fi&ure 3.5-6). On NPR-2, where 
the kit fox population decline has been less pronounced, lagomorph populations did not begin 
to decline until 1986 (fi&ure 3.5-7) (EG&G/EM 1989b and EG&G/EM 1990b). Estimated 
densities for NPR-2 in fall 1990 and spring and summer 1991 should be viewed with caution 
because of low sample size. 
Lagomorphs are known to sustain themselves on grasses, forbs and shrubs (Hansen and Flinder 
1969). In addition, it is possible that there is a positive relationship between lagomorph densities 
and shrub cover (Zollick et al 1987). Given the positive relationship between precipitation and 
annual vegetation production (previously presented), it is possible that the decline in lagomorph 
abundance was due, at least in part, to a decline in site vegetative production which occurred 
as the result of a decline in growing season precipitation. 

Changes in prey populations were reflected in the diet of the kit fox. From 1980 to 1984, when • kit fox diet was studied on NPR-l ,  the percentage of fox scats that contained cottontail remains 
decreased from about 83% to about 58% ;  over this same period the percentage of small 
mammals increased from about 10% to about 35% (fi&ure 3.5-6) . Thus, kit foxes appear to 
be able to shift diet in response to changes in prey abundance. 

It is possible that diminished food supplies could result in starvation, diminished reproductive 
capacity, an increase in vulnerability/exposure to predation (due to weakened animals being less 
able to avoid predation and the need to spend more time foraging over a larger area), and an 
increase in vulnerability to other mortality · sources. Lindstrom (1989) found that supplemental 
feeding during periods of low vole abundance increased the number of litters produced by red 
foxes in Sweden. 

In an attempt to characterize the relationship between food supplies and kit fox mortality on 
NPR-l ,  a supplemental feeding study was carried out in 1988 and again in 1989. Results of the 
1988 study suggest a direct and strong relationship between food availability and mortality. 
Between May 1988 and May 1989, the percentage of fed pups surviving was approximately 50% 
compared with less than 10% lor pups that were not fed (EG&G/EM 199Oc). For adults, the 
14-month survival rates for fed and unfed foxes were approximately 70% and 30% ,  respectively 
(EG&G/EM 199Oc). Weight gain was also greater in fed male pups than in control males, but 
no difference was observed in female pups. No evidence of starvation was observed in control 
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foxes. Control foxes may have had higher rates of mortality because they had to spend more • time foraging over a larger area, and thus were exposed to a greater predation risk. 

Based on a preliminary analysis, the results of the 1989 study do not duplicate the results of the 
1988 study. Although it appears that the mortality of control foxes was greater than that of 
treatment foxes, the difference was not statistically significant. The apparent difference between 
1988 and 1989 is that survivorship of control pups was significantly higher in 1989 than in 1988. 
Explanations for this are being analyzed. One avenue of investigation is that control 
survivorship was influenced by the coyote control program. The intensity of the coyote control 
program in 1989 was significantly greater than in 1988 (see Fi&ure 3.5-8). It is possible that 
this contributed to differences in control fox survivorship, thus skewing the comparability of the 
results of the two study years. It is also possible that the sample sizes used in the studies are 
insufficient to produce repeatable results. Plans are to complete the analysis of the 1988-1989 
supplemental feeding studies, and implement a new study, if one can be designed to 
clarify/supplement prior findings. As study results are finalized, they will be reported. 

The mortality data previously discussed strongly suggests that coyote predation has contributed 
significantly to the decline of kit foxes on NPR-l (see Table 3.5-6). Coyotes do not kill foxes 
for consumption (Berry et al 1987) , but rather, predation apparently acts as a mechanism to 
relieve interspecific competition. Such aggressive displacement of sympatric canids has been 
observed for a number of species in North America (Bekoff 1982; Carbyn 1982; Harrison et al 
1989). During much of the period of kit fox population decline, coyote numbers increased 
substantially from the very low numbers observed in 1979 when kit fox numbers were high . 

Several studies have indicated that increased numbers of coyotes have induced population 
declines in both red foxes (Vu/pes vu/pes) (Major and Sherburne 1987; Sargeant et al 1987; 
Harrison et al 1989) and bobcats (Felis rufus) (Litvaitis and Harrison 1989). These studies have 
linked such declines to aggressive displacement of the smaller species by coyotes and a reduction 
in prey abundance because of overlap in diet. 

Coyotes appeared to be more abundant in the developed upland areas of NPR-l than in the 
undeveloped lowlands (based on data taken from Scrivner and Harris 1986, and Scrivner 1987). 
The underlying reasons for higher coyote abundance in developed areas are not known. During 
the period 198 1-1985 when kit fox populations declined, the percentage of kit foxes that were 
killed by coyotes in developed areas was slightly higher than in undeveloped areas (56. 1 % 
versus 53.0%) (based on data in Berry et al 1987). This factor could be contributing somewhat 
to the comparatively lower kit fox population levels in developed areas. This notwithstanding, 
it is clear that coyote predation has been an important factor throughout the site (developed areas 
and undeveloped areas), and for this reason it is unlikely that predation alone can explain 
differences in _ population levels from one area· to another. 

In an attempt to reduce coyote predation, a coyote control program was implemented in 1985. 
As previously indicated, the program was in effect intermittently at various levels of intensity 
until May 1990 when it was suspended pending evaluation (Fi&ure 3.5-8). Control measures 
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included trapping, denning, shooting and aerial gunning. The evaluation of the program is in • progress. Preliminary observations are presented in AP,pendix E. 

Disease can be an important source of mortality in fox populations (Nicholson and Hill 1984; 
Berry et al 1987). The importance of disease in the NPR-1 kit fox population was examined 
from August 1981 to January 1982 and again in June and July 1984 (McCue and O'Farrell 
1988). Serum from trapped adult foxes was tested for the presence of antibodies for 10 
infectious pathogens; presence of these antibodies indicates past exposure to these diseases. The 
occurrence of antibodies was highest for canine parvovirus, tularemia, infectious canine 
hepatitis, and canine distemper. In 1981-1982, only canine parvovirus was observed frequently 
(100% of kit foxes tested). In 1984, canine parvovirus was found in 64%,  tularemia in 3 1  % ,  
infectious canine hepatitis in 2 1  % ,  and canine distemper in 14% of kit foxes tested. Despite the 
presence of these antibodies, no clinical indication of disease was observed. All foxes examined 
appeared to be in good health and none appeared malnourished. As a result of the investigation, 
it was hypothesized that the high kit fox density that existed on NPR-l in 1981 may have 
resulted in the prevalence of disease in the population (McCue and O'Farrell 1988). Given that 
juveniles were not included in the investigation, less information was available about the 
prevalence and effects of disease in juveniles. It was suggested that canine parvovirus in 
particular could have caused high rates of juvenile mortality without being observed by the 
investigators (McCue and O'Farrell 1988). 

Disease was addressed in an investigation (Berry et al 1987) of 225 radiocollared kit foxes 
recovered dead from 1980-1986, 95 of which were juveniles from approximately 1-12 months • old. Seven of the 225 were suspected of having died as the result of disease. Two of these were 
apparently the result of pneumonia. The other five died in their dens, which suggests disease; 
however, they were in advanced states of decomposition which precluded a cause of death 
determination. The investigation concluded that disease was not an important mortality factor 
on NPR-l in the group of dead foxes that were investigated; however, it was recognized that 
disease could make foxes more susceptible to other types of mortality, such as predation. It has 
also been recognized that the role of disease in pups less than 1 month old is not known. Since 
pups do not emerge from their dens until they are approximately 1 month, they were not trapped 
or radiocollared; therefore, they were not · included in any of the groups of foxes that were 
investigated. 

Two initiatives are in progress to expand the understanding of the role of disease. Selected foxes 
are screened routinely for the presence of antibodies associated with three diseases: canine 
parvovirus, canine distemper, and infectious canine hepatitis. These data are maintained and 
analyzed as a matter of standard practice to detect changes from baseline conditions; it will also 
serve as the basis for future investigations that might be appropriate. In addition to antibody 
screening, mortality. differences in.pups less .than 1. month old are being evaluated as part of the 
ongoing analyses of the periods 1981-1985, when the kit fox population decline occurred, and 
the period of relative stability from 1985-present. This could clarify the relative importance of 
this age group in overall mortality, which could be useful information in addressing the role of 
disease. 
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Differences in habitat suitability could be an important factor in the distribution of kit foxes on 
the NPR-1 site. It has been observed that kit fox densities are generally greater in lower flatland 
areas than in upland foothill areas (Egoscue 1962; Morrell 1975; FWS 1983) that comprise the 
great majority of NPR-1.  This suggests that the lower flatland habitat on the margins of and 
adjacent to the site may be more suitable for kit foxes, and could explain in part why very few 
of the remaining NPR-1 foxes are in the developed upland areas. A component of habitat 
suitability is the extent to which it affects predation. As previously indicated, there is evidence 
that during the period of the kit fox decline from 1981-1985 coyote abundance and predation 
were greater in the developed upland areas than in the undeveloped lower flatlands (based on 
data taken from Scrivner and Harris 1986; Scrivner 1987; Berry et al 1987).  This could have 
contributed to comparatively lower kit fox populations in the developed uplands. 

Effects of NPR-l OperatioDS on Kit Fox Population Dynamics. 

The activities that have occurred on NPR-1 since 1976 could have affected kit fox numbers. As 
of June 1988, approximately 6,546 acres (14% of the site) were reported as disturbed as a result 
of development activities (EG&G/EM 1989a) , of which 1 ,689 acres (4% of the site) have been 
reclaimed (Kato 199Oa); of the 6,546 acres, approximately 3,306 acres (7% of the site) were 
disturbed since MER activities began in 1974-1976. These disturbances have probably reduced 
the carrying capacity of the site (O'Farrell et al 1986) and could have contributed to the 
reduction in kit fox numbers. Although foxes frequently use developed areas (O'Farrell 1984, 
1987; O'Farrell et al 1986; O'Farrell and Mathews 1987), there is evidence to suggest that 
development may have had adverse effects. First, the density of kit fox dens was significantly 
lower in areas of greater oil development on both NPR-1 and NPR-2 (Fi�ure 3.5-9) . Second, 
from 1982 to 1985, several measures of reproductive success (pregnancy rate of yearlings, 
number of litters/square mile, number of females successfully raising pups) were lower in 
developed areas than in undeveloped areas (Zoellick et al 1987) . Third, most kit foxes now 
occur along the undeveloped periphery of the site, rather than in developed upland areas. The 
causes of these relationships are not known, but could include direct mortality, loss of dens, 
human disturbance, exposure to oil-field chemicals, or induced changes in habitat quality. 
Evidence regarding the relative importance of each of these factors is discussed in the following 
paragraphs. 

Since 1980 a total of 37 foxes were found dead on NPR-1 which were known to have been 
caused by NPR-1 activities: 34 as the result of vehicle collisions, 1 due to construction burial 
(O'Farrell et al 1987), 1 due to an oil spill, and 1 due to pipe entrapment. From 1980-1988, 
vehicles were the cause of 10% of radiocollared fox deaths annually (see Table 3.5-6) . 
Although 10% vehicle mortality is significant (second only to coyote predation) , it is comparable 
to that reported for the gray fox (Urocyon cinereoargenteus) in rural Alabama (Nicholson and 
Hill 1984). Covering open pipes, preactivity surveys, and the SPCC program precludes open 
pipes, construction burial and spills from becoming important sources of mortality. Several 
measures have also been implemented to control vehicle mortality (e.g. controlling speed and 
off-road driving) . 
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It is unlikely that the loss of dens has resulted in the observed decline in kit fox numbers over 
the past decade. A total of five dens were destroyed inadvertently during construction activities 
and another 20 were excavated intentionally to prevent the burial of foxes (O'Farrell et al I986). 
Further inadvertent loss of dens was eliminated as a result of the implementation of 
preactivity/preconstruction surveys (Kato et al 1985; Kato and O'Farrell 1987; O'Farrell and 
Scrivner 1987). 

Kit foxes do not appear to be particularly sensitive to human disturbance (Egoscue 1962; 
O'Farrell and Gilbertson 1986; O'Farrell et al 1986; O'Farrell 1987) , as evidenced by 
observations of kit fox activity in the immediate vicinity of operating facilities on the site. On 
the basis of these observations, it appears unlikely that this factor could have a strong influence 
on the population dynamics of the kit fox population on NPR-l .  

Oil and oil-field chemicals (e.g. ,  chromium, arsenic, hydrocarbon gases, etc.) have been spilled 
or released on NPR-l (see Section 3.2) and may have been inhaled or ingested by kit foxes 
through contaminated drinking water or prey (O'Farrell et al 1986). Oil-field wastewater often 
contains high concentrations of dissolved solids, salt, and various other minerals and can cause 
death, nervous disorders, tissue damage, and decreased reproduction in livestock and wildlife 
if ingested (Monlux et al 1971 ;  Therklesen 1973). 

Screening samples of tissues, hair, and feces were collected in 1983 from kit foxes occupying 
areas of NPR-l at highest risk of chemical contamination; these samples were analyzed for 
cadmium, vanadium, and selenium (O'Farrell and Scrivner 1987) . The analyses indicated that 
levels of cadmium were low, but levels of vanadium and selenium were relatively high. 
Additional analyses were conducted in 1986-1988, primarily to determine if any additional 
chemicals at NPR-l might require investigation (Suter 1988). Based on the results of the 1983 
and 1986-1988 studies was implemented in 1988 to determine in a more scientific way the extent 
to which oil-field chemicals may be entering the tissue of NPR-l kit foxes and kit fox prey. The 
study strategy was to investigate kit fox fur, soil, water available for drinking, lagomorph, and 
small mammal samples in developed and undeveloped areas of NPR-l ,  developed areas of 
NPR-2, and other areas that are ecologically similar to NPR-l but which have not been exposed 
to oil-field development. 

As a result of the decline in lagomorph populations, it was not possible to collect sufficient 
lagomorph and small mammal samples as originally specified. An analysis of the soil, water, 
and fur portions of the study has been completed (Suter 1992). The analysis concluded it is 
unlikely that oil-field chemicals were responsible for the decline in the NPR-l kit fox 
populations that occurred in the early 1980s. As a result of the definite nature of this 
conclusion, an analysis of lagomprphs and small mammals is not needed. 

Effects of Natural Factors and/or NPR-l Operations on Kit Fox Population Dynamics. 

Differences in prey availability may have existed between developed and undeveloped areas of 
the site which may have contributed to the comparatively fewer number of kit foxes in the 
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developed upland areas of NPR-1 .  In general, lagomorph densities have been higher in the • developed upland areas (Harris 1986; O'Farrell et a1 1986; O'Farrell and Mathews 1987; 
EG&G/EM 1988a, 1989b). Kangaroo rats are more common in the undeveloped lowlands than 
in the developed upland areas (Scrivner et a1 1987b). The differences in the abundance of 
kangaroo rats in developed and undeveloped areas are probably a function of habitat type rather 
than an effect of development (Scrivner et a1 1987b). These differences are not well understood, 
but may be related to shrub densities and cover (Zoellick et a1 1987). 

Differences in lagomorph densities were most pronounced in 1980 and 1981 ,  when the number 
of lagomorphs observed during monthly road surveys was as much as 5 times higher in 
developed areas than in undeveloped areas (Harris 1986). From 1982 to 1985, the numbers of 
lagomorphs observed in developed areas were less than half of the level in 1981 ,  but were still 
higher than in undeveloped areas. Line-transect data from 1986 to 1991 indicate that during this 
period the density of lagomorphs in developed areas was usually higher than in undeveloped 
areas (EG&G/EM 1988a, 1989b, Kato 1991). The significant decline in lagomorph numbers 
in developed areas could have been a result of natural phenomena, such as climatically induced 
fluctuations in food supply, or it could have been a result of habitat degradation caused by 
oil-production activities, or a combination of both (Zoellick et al 1987). 

As discussed previously, lagomorphs, especially cottontails, are the preferred prey of kit foxes 
on NPR-1,  but small mammals such as kangaroo rats also can be important, depending on their 
relative aVailability (see Fi�ure 3.5.9). Following the decline in lagomorphs, insufficient 
numbers of alternative prey may have existed in developed upland areas to support a viable kit • fox population (Zoellick et al 1987). 

Effects of Trapping and Radiocollaring on Kit Fox Population Dynamics. 

Intensive trapping and radiocollaring of kit foxes is part of the Endangered Species Program and 
has occurred on NPR-l since 1980. These activities could have affected kit fox population 
dynamics, if trapping resulted in the death of trapped individuals or facilitated the spread of 
disease. Radiocollars themselves could have conceivably reduced survivorship. 

Based on available evidence, trapping and handling apparently had no direct effect on kit fox 
survivorship. Very few individuals (four) died in traps, or died as a direct result of handling 
or collaring (Berry et al 1987). In addition, it appears unlikely that trapping and handling 
significantly affected the spread of disease, because antibodies for pathogens were more 
prevalent in the beginning of the trapping program (McCue and O'Farrell 1988) before such an 
effect would be expected. 

Radiocollars.can.adversely .affect the animals wearing. them, .  especially during the initial period 
when the animal adjusts to the presence of the collar. Adverse effects, such as the fox's ability 
to capture prey or evade predators, could be subtle and difficult to detect (Kenward 1987). 
Foxes were fitted initially in 1980-1981 with radiocollars weighing 4 ounces; beginning in 1984, 
pups were fitted with radiocollars weighing 2 ounces (Berry et al 1987) . Collars averaged 
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5.2% of fox body weight, ranging from 2.4% to 7.9% .  For 86% of these foxes, the 
recommended maximum weight of 4% of body weight (Cochran 1980) was exceeded. To test 
the effect of radiocollars, the survivorship of 1 15 kit foxes marked with ear tags alone was 
compared to that of 198 that were also equipped with radiocollars. When the apparent effects 
of sex and age on survivorship were considered, no significant differences between the survival 
of ear-tagged and radiocollared individuals were detected (three-factor ANOVA, £ > 0. 1 8  for 
main effect of tag type and statistical interactions) . During the period 1986-1988, all adult foxes 
were converted from 4 ounce collars to 2 ounce collars. 

Documented Cases of Kit Fox Mortality, Harassment, and Den Destruction 

Exclusive of the SoCal third-party project discussed in Section 3.5.4, impacts to kit foxes known 
to have been caused by NPR-1 operations during the 1 1  year period 1980-1990 include 37 
mortalities and 25 dens and potential dens destroyed. Of the 37 mortalities, 34 were the result 
of collisions with vehicles; 1 apparently drowned in an oil spill; 1 was inadvertently buried in 
a den during construction activities; and 1 apparently died when it became trapped in a pipe. 
Mortality by year was: 4 in 1980, 2-198 1 , 5-1982, 10-1983 , 8-1984, 2-1985 ,  2-1986, 2-1987, 
1 -1988, 0-1989, and 1-1990. (The 1990 mortality was an offspring (bred in captivity) of a fox 
relocated to NPR-1 from another habitat that was to be developed--see the LRP (Awendix G) 
for a description of the kit fox relocation program. The NPR-1 program and the fox relocation 
program are permitted separately by FWS. Relocation foxes are not considered to be a part of 
the NPR-1 population.)  Mortality known to have been caused as the result of NPR-1 operations 
during the I I-year period averaged about three foxes/year. During the 5-year period 1986-1990, 
the average was about one fox/year. Of the 25 dens and potential dens destroyed, S occurred 
inadvertently during construction activities. The other 20 were hand excavations during 
construction activities. 

An additional 36 foxes were found dead (about 3/year) as the result of collisions with vehicles 
on state and county roads adjacent to NPR- I ,  but outside of NPR- I ' s  jurisdiction. Some of these 
vehicles could have been associated with NPR-I operations. 

Except for the SoCal project (see Section 3.5.4. 1) ,  there have been no known impacts associated 
with NPR-I third-party projects. 

Blunt-Nosed Leopard Lizard 

The blunt-nosed leopard lizard (Gambelia silus) was listed as endangered in 1967 because of 
continued habitat loss in the San Joaquin Valley and adjacent foothills (FWS 1985). The original 
range of the blunt-nosed leopard lizard incorporated the San Joaquin Valley south of Stanislaus 
County, the .Kettleman and Carrizo Plains, and the Cuyama Valley (FWS 1985). The range of 
the blunt-nosed leopard lizard incorporated 7.5 million acres of the San Joaquin Valley in 1 877. 
Agricultural development and urbanization have eliminated many populations as a result of 
habitat destruction; mining, oil and gas development, grazing, and off-road recreational vehicle 
use have degraded parts of the remaining habitat (FWS 1985) . An estimated 50% of the original 
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habitat was lost by 1960, and the completion of the California Aqueduct, with subsequent • development of irrigated agriculture, further reduced the habitat to small isolated patches (FWS 
1985). By 1979, priority habitat for the lizard had been reduced to 141 ,650 acres in the San 
Joaquin Valley (FWS 1985) . Table 3.5-7 lists the remaining habitat found in 1980 and 1983 by 
wildland units. Wildland units comprise habitat essential for species conservation and do not 
include all remaining habitat. The total for 1983 represents a 19% reduction in wildland habitat 
from 1980 (from 128,530 acres to 104,480 acres) .  In addition, because these units are 
geographically isolated, populations of the blunt-nosed leopard lizard on each unit are 
reproductively isolated from other populations in the San Joaquin Valley (FWS 1985). While 
NPR-1 is not urbanized or developed for agriculture, suitable habitat for the blunt-nosed leopard 
lizard exists in only 28 of the 81 sections that fall within the boundaries of the site; these 28 
sections contain alluvial soils or washes that penetrate the central hills (Kato et al 1987). 

Life History of the Blunt-Nosed Leopard Lizard 

The blunt-nosed leopard lizard feeds primarily on insects. In addition, smaller lizards comprise 
a minor (less than 10%) proportion of the diet of adults (Kato et al 1987b; Montanucci 1967). 
While the blunt-nosed leopard lizard is both an active and passive (sit and wait) forager that 
locates prey by sight, passive foraging dominates the time spent searching for prey (pietruszka 
1986). A passive feeding strategy is more efficient in habitat that consists of small open patches, 
while habitat with dense grass cover requires an active foraging pattern. This could explain, in 
part, the lizard's preference for more open habitats (Iollestrup 1979; Jones 1980; O'Farrell and 
Kato 1980). Chesemore (1980) suggested that 15-30% bare ground may have provided optimum • habitat for the lizards. 

Blunt-nosed leopard lizards will use rodent burrows to escape unfavorable environmental 
conditions (winter or excessive surface temperatures) or to escape predators (FWS 1985). 
Montanucci (1967) describes a related species , the short-nosed leopard lizard as laying eggs in 
a burrow within an enclosure. While Dorff (1981) noted that kangaroo rat and blunt-nosed 
leopard lizard abundance and frequency coincided, other studies found no correlation between 
rodent burrow density and lizard abundance (Chesemore 1980; O'Farrell and Kato 1980). 
Predators of the blunt-nosed leopard lizard iriclude the loggerhead shrike (Lanius ludovicianus), 
American kestrel (Falco sparverius), burrowing owl (Athene cunicularia), roadrunner 
(Geococcyx caiifornianus), San Joaquin whipsnake (Pituophis melanoleucus), coyote, and San 
Joaquin kit fox (Montanucci 1965). 

Blunt-nosed leopard lizards hibernate from September through earJy April, and breeding occurs 
from May to mid-June (Montanucci 1967) . The first eggs are deposited in early June to 
mid-July in underground chambers. Females typically lay one clutch per year, but two clutches 
per year have been observed (Montanucci 1967;. Tollestrup 1982). The average clutch size is 
three, and the young emerge in August (Iollestrup 1979, 1982). Females become sexually 
mature in 9 months, while males do not usually breed until 21 months. Stressful environmental 
conditions, such as low winter rainfall or cool spring temperatures, could reduce reproductive 
activity and limit recruitment during those years (Mullen 1981). 
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TABLE 3.5-7 Amount of Undeveloped Wildland 
within Blunt-Nosed Leopard Lizard Priority 
Habitat Units - San Joaquin Valley Floor 1980 
and 1983 

Acres Remaining-

Unit 1980 1983 

Lone Tree Road 5,200 3,360 
Firebaugh 16,890 13,940 
Whitesbridge 6,500 6,420 
Horse Pasture 2,880 3,790 
Pixley Refuge 4,740 4,680 
Earlimart 1,300 2,080 
Allensworth 14,060 9,200 
Kern Refuge 50,020 34,750 
Buttonwillow 10,200 9,720 
Tupman 16,740 16,540 

TOTALS 128,530 104,480 

aBased on aerial surveys conducted in April of 
each year. Priority habitat units are those land 
parcels identified by the survey teams that appear 
to contain the best remaining habitat and should 
be considered first for protective actions. 

Source: FWS 1985. 
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Males and females maintain separate home ranges, with males actively defending territories 
during the breeding season (follestrup 1979; Montanucci 1965). Overlap between male and 
female home ranges provides opportunities for successful mating (Kato et al 1987a). On NPR-1,  
Kato et al (1987a) calculated home-range size from radiocollared lizards using a minimum 
polygon method. They found that home ranges varied between 1 .3 and 9.4 acres. The lizards 
were found to use primarily washes and alluvial areas on NPR-l .  Radiocollared lizards, while 
not noticeably impaired in movement ability by the radiocollars, were found to have lost an 
average of 13 % and 20% of initial body weight for males and females, respectively, during the 
breeding season. Breeding requires additional energy, and the weight of the radiocollars (7-9% 
of total body weight) could have resulted in the lizards expending more energy than they were 
consuming. Kato et al (1987a) state that these animals gained weight after the breeding season 
but no percentages are given. 

The sizes of home ranges for the blunt-nosed leopard lizard are almost two orders of magnitude 
larger than home ranges for other insectivorous iguanid lizards and are closer in size to large 
carnivorous or herbivorous lizards (Kato et al 1987a). By comparison, the home range of the 
carnivorous, but nonterritorial, leopard lizard, Gambelia wislizenii, averages 0.3 acres 
(Tollestrup 1982). This could be explained in part by the observed weight loss which could have 
resulted in an expansion of home-range in order to increase available foraging area. However, 
optimal home-range size depends on a number of energetic, reproductive, and competitive 
factors (Jones and Krummel 1985). It is not clear, based on energetic factors alone, if this 
weight loss would affect home-range size. The combination of territorial behavior and large 
home-range size may contribute to low population density. 

Calculated population densities of the blunt-nosed leopard lizard vary throughout the San Joaquin 
Valley as a function of habitat structure and food availability, as well as sampling intensity and 
method. For example, Mullen (1981) found that lizards were difficult to sight while walking 
transects, and Kato et al (1987a) stated that visual surveys could not often document the presence 
of radiocollared lizards aboveground. Thus, estimates of population numbers and density must 
include the sampling method to adequately evaluate the uncertainty of any estimate. Tollestrup 
(1979) estimated population densities of between 1 .3 and 3/acre on the valley floor. Sheppard 
(1970) estimated population density at about 0.5/acre in optimal habitat and 0.2/acre in the 
remaining study area near Maricopa in southwestern Kern County. In suitable habitat on 
NPR-1 ,  Kato et al (1987a) , estimated (in a radiocollar study) minimum density at 0.24, 0. 12, 
and 0. 16/acre in three intensively sampled study areas. Based on a review of studies conducted 
in the San Joaquin Valley, FWS (1985) estimated that unmodified valley floor habitat supports 
blunt-nosed leopard lizard densities of approximately l Iacre, while adjacent unmodified foothills 
and washes support less than 0.5/acre. 

Status or the �lunt-Nosed Leopard Lizard on NPR-l. 

The number of sightings of blunt-nosed leopard lizards on NPR-l during comprehensive site
wide biological surveys conducted in 1979, 1984 and 1989 were 18, 1 ,  and 7, respectively (see 
Table 3.5-2). An additional 136 blunt-nosed leopard lizards were sighted in 28 of the 74 
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sections of NPR-l from 1979 to 1987 (Kato et al I987a). The lizards are found at densities of 
0. 16-0.24/acre in washes and areas of low relief located around the perimeter of NPR-l and 
from six sections in the hilly portion of the site (fi&ure 3.5-1Q). Kato et al (1987a) found that 
70% of the blunt-nosed leopard lizards sighted during 1979, 1980, and 1981 surveys occurred 
on flat portions of NPR -1 .  The variability in lizard density is a function of prey availability, 
sex ratio differences, habitat structure, and temperature regimes. Small mammal burrows are 
used to escape predators, lay eggs, and hibernate or escape the hottest and/or coldest parts of 
the day during April through September. The lizards establish territories that average 2.7 acres 
for females to 3.5-5.4 acres for males (Kato et al I987a). The ratio of females to males is about 
1 :2.4; females may be a limiting resource to males, and this might explain the larger territory 
size of the male. Male territories are adjacent to those of females to facilitate mating, and the 
larger male territory allows access to more females (Kato et al I987a). On NPR-l, the diet of 
the blunt-nosed leopard lizard is similar to that found at other sites, with insects comprising 95 % 
of the biomass, and other lizards making up the remaining 5 %  (Kato et al 1987b). 

Documented Cases of Blunt-Nosed Leopard Lizard Mortality and Harassment 

Except for the SoCal project (see Section 3.5.4.1) ,  only five known cases of mortality or 
harassment of blunt-nosed leopard lizards occurred during the period 1980-1990 as the result of 
NPR-l activities: one died when its radiocollar snagged the branches of a shrub in 1982, two 
died in pools of oil in 1982, and two died in well cellars in 1987 (EG&G/EM unpublished data). 

Giant Kan&aroo Rat 
Historically, the giant kangaroo rat (Dipodomys ingens) inhabited l .3-2.5 million acres of 
south-central California (FWS 1987). Because of the widespread development of irrigated 
cropland, the range of the giant kangaroo rat was reduced to 77,fXXJ acres by 1980. Range was 
further reduced to about 40,fXXJ acres by 1985, and the giant kangaroo rat was listed as an 
endangered species in 1987 (FWS 1987). 

Life History of the Giant KaDlaroo Rat. 

The preferred habitat of the giant kangaroo rat is flat terrain with annual grasslands and forbes 
occupying soils that are easily excavated for burrows (Grinnell 1932; Hawbecker 1951). 
Populations usually consist of colonies of individuals occupying acceptable habitat. Braun (1985) 
estimated 8 individuals/acre on a 1O.2-acre study site in the Carrizo Plain, while Grinnell (1932) 
reported historical densities at about 20 individuals/acre. Individuals occupy discrete burrows 
and defend home ranges around these burrows. The home ranges vary in size from 0.005 to 
0. 12 acres (Braun 1985). Male and female home ranges overlap. Individuals harvest seeds, 
which are stored ,in ,burrows for fall and winter-food supplies. Foraging activity occurs during 
2-hour periods after dusk; this is the only time individuals spend aboveground. 
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Status of the Giant Kanproo Rat on NPR-l. 

During comprehensive site-wide surveys conducted on NPR-1 in 1984 and 1989, the number of 
burrow systems observed was 149 and 58, respectively. Giant kangaroo rat burrow systems 
have been found in 30 sections of NPR-1 (O'Farrell et al 1987b) <Fi&ure 3.5-11). The majority 
of the burrows were found in Township B along the Buena Vista Valley, but burrows also were 
found in upland sections of NPR-1 .  Burrow systems were found at elevations ranging from 316 
to 1 ,510 feet, with most occurring on slopes of less than 10" (O'Farrell et al 1987b). 
However, all burrow systems were surrounded by annual vegetation and located in well-drained, 
sandy loams that could be excavated easily. Section 8B in NPR-2, representative of relatively 
good habitat, contained numerous burrow systems at an average density of 28/acre in the 
sampled transects. Evidence of recent burrow activities (e.g., loose dirt, scats, footprints) was 
observed around 92" of all burrow systems. Dominant annual vegetation around the burrow 
systems included red brome, red-stemmed filaree, and Arabian grass; shrubs occurred within 
an average of 3.3 and 5 . 1  yards of burrows in valley and hilly locations, respectively (O'Farrell 
et al 1987b). As part of the Endangered Species Program, a study is currently underway to 
determine whether giant kangaroo rats discriminate against habitat characteristics that can be 
identified and used to characterize preferred habitat. 

Human disturbances occurred within 50 yards of 61 " of 71 intensively analyzed burrow 
systems, while 73" of the burrow systems had disturbances within 100 yards (O'Farrell et al 
1987b). Disturbances included roads, pipelines, and well pads. Although burrows occur in 
areas of intensive oil development (see Fi&ure 3.5-11) ,  the highest density of burrows occurs in 
Township B, where there is little oil and gas development. This distribution pattern is related 
primarily to habitat quality; Township B is located in the Buena Vista Valley, which contains 
prime habitat for the giant kangaroo rat. 

Documented Cases of Giant Kangaroo Rat Mortality, Harassment, and Burrow Destruction 

Except for the SoCal third-party project discussed in Section 3.5.4.1 -, the only known cases of 
the types of impacts identified above during the period 1985-1990 are 66 burrow systems that 
were destroyed during fire break maintenance activities: 42 in 1987 and 24 in 1988. 
Immediately prior to the 1987 fire-break maintenance activity, four kangaroo rats were observed 
leaving their burrow systems, therefore, these four cases were documented as cases of 
harassment. The other 62 systems that were destroyed were assumed to have resulted in the 
death of one kangaroo rat for each system; this assumption was based on the results of trapping 
activities conducted the day before the burrow systems were destroyed. Fire break maintenance 
is not associated with third-party projects. 

Research conducted on.the giant kangaroo rat since 1980 under the Endangered Species Program 
often requires live trapping and releasing of animals to determine their distribution or abundance. 
Since 1980, when live trapping of giant kangaroo rats began, there has been 12 giant kangaroo 
rats deaths out of 1 ,489 captures (unpublished data EG&G/EM). 
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Tipton Kangaroo Rat 

The historical range of the Tipton kangaroo rat (Dipodomys nitraloides nitraloides) has been 
estimated at 1 ,716,480 acres in south-central California (Williams 1985). By 1985, range had 
been reduced to 63,367 acres, of which only 6, 137 acres existed on federal property that could 
be restricted from agricultural development or urbanization. Because of continued habitat 
destruction by agricultural development and urbanization, the Tipton kangaroo rat was listed as 
an endangered species on August 8, 1988 (FWS 1988). 

Life History of the TIpton Kangaroo Rat. 

Tipton kangaroo rats occupy alluvial fan and floodplain areas composed of fine-textured alkaline 
soils that can be easily excavated. The vegetation of these sites consists primarily of grasses, 
with only limited intrusion by shrubs. Burrow systems are constructed in elevated areas within 
these soils to avoid flooding that can occur during winter and spring. The density of burrow 
systems has been found to range from less than l/acre to about 20/acre in favorable habitats not 
subjected to flooding (Williams 1985). Limited evidence suggests that Tipton kangaroo rats 
forage year-round for seeds and will consume green forage and insects when available. Because 
this subspecies sometimes occupies areas subjected to periodic flooding, seed storage may be 
limited (Williams 1985). Extrapolating from data available for the Fresno kangaroo rat, female 
Tipton kangaroo rats probably produce an average of two young/litter (Williams 1985). 

Status of the Tipton Kangaroo Rat on NPR-l .  

Tipton kangaroo rats have been found on approximately 63 acres of NPR-l (Section 23S) that 
border the California Aqueduct. By definition of the range of this subspecies, this is the only 
location that Tipton kangaroo rats can occupy on NPR- l .  On three consecutive nights in 1988, 
25 Sherman live traps were placed in this location and 6 to 12 individuals were captured/night 
(EG&G/EM 1988b) . No oil and gas development occurs on these 63 acres. 

There have been no known impacts to Tipton Kangaroo rats as the result of NPR-l operations, 
including third-party projects. 

San Joaquin AntelQpe Squirrel 

The San Joaquin antelope squirrel (Ammospermophilus nelsonz) originally inhabited 
approximately 3.4 million acres of grasslands in California (Steinhart, 1990) ; less than one 
hundred thousand acres of this currently remains, primarily in the southern San Joaquin Valley, 
Carrizo Plain, Elkhorn Plain, Cuyama and Panoche Valleys. The species has been listed by the 
State of California as .threatened. - In .addition, .it is currently a federal Category 2 species. 

During a comprehensive biological survey of NPR-l in 1984, 271 antelope squirrels were 
sighted in 70 of 82 sections (O'Farrell and Mathews 1987) (see Table 3.5-2) . The greatest 
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number of these (15) occurred in Section 19R. In a similar survey in 1989 ,  72 individuals were 
sighted. 

Candidate Species and Species of Special Concern 

Small-mammal surveys were conducted on NPR-l from 1980 to 1984 (EG&G/EM 1988b) . One 
federal Category 2 species, the short-nosed kangaroo rat (Dipodomys nitraroides brevinasus) was 
observed. The relative abundance of short-nosed kangaroo rats was determined by live-trapping 
along four established transects in various portions of the site. During 20,076 trap-nights, 5 18  
individuals were captured, representing approximately 31  % of  all rodents captured during the 
survey. Most captures were along the transect located on the flat valley floor (EG&G/EM 
1988b). 

Surveys for four Category 2 blister beetles (Table 3.5-4) were conducted on NPR-l from April 
to May of 1988 (EG&G/EM 1988b) . Sixty sections were covered in an initial survey; 12 sites 
(located in Sections 7R, lOR, 1 8R, 28R, 1 8S, 19S ,  20S , 25S, and 31T) were deemed to have 
the most suitable habitat for these species and were studied more intensively. Although no 
individuals of these species were found during the survey , it is possible that this may have been 
due to drought conditions. 

The ferruginous hawk has been observed on NPR-l in the past (O'Farrell and Scrivner 1987), 
but distribution and abundance have not been documented. This species only occurs in the San 
Joaquin Valley during the winter. Neither the greater mastiff bat nor the mountain plover have 
been documented on NPR -1 , but based on habitat present and the range of these species,  they 
could occur. 

3.5.4 Ongoing Non-Federal-Connected Actions 

As explained in Section 1 .4, prior to and during the preparation of this SEIS , Santa Fe Energy 
Company and SoCal initiated projects that involve the construction, operation and maintenance 
of pipeline facilities on and off of NPR- l ;  these pipelines connect with NPR-l sales facilities 
and distribute NPR-l hydrocarbon product. Since the projects were part of continuing 
development and were expected to be constructed before this document is released, they were 
assessed separately outside of the scope of the proposed action; as such, the impacts of these 
projects are considered to be part of the existing environment. Construction of both pipelines 
is now complete. 

As part of the assessments, separate informal and formal consultations with FWS were conducted 
for both projects which resulted in separate nonjeopardy Biological Opinions (Harlow 1988; 
White 1990). The Opinions contained requirements to mitigate impacts, and these requirements 
appear as conditions in the NPR-l permits approving the requests to install the facilities. These 
conditions apply to both the on-site and off-site components of the projects. Compliance with 
permit conditions was assured through routine monitoring by qualified NPR-l biologists. As 
a matter of standard practice, all construction disturbances were revegetated with native seed 
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mixtures following project completion. Revegetation efforts will be monitored to assess 
effectiveness. Additional mitigation measures and project impacts are presented below. 

3.5.4.1 Southern California Gas Company 

Threatened and Endangered Plants 

Populations of Hoover's woolly-star were known to exist within the rights-of-way of SoCal 
pipelines No. 73.90 and No. 85 , both of which were to be replaced. Project preactivity surveys 
of pipeline No. 73 .90 indicated that this species occurred in five locations occupying 8. 1 acres 
of right-of-way (Sections l OB and l lB) (EG&G/EM 1990a; Kato 1990b) . 

Preactivity surveys conducted along the right-of-way for pipeline No. 85 identified two 
populations of Hoover's woolly-star occupying approximately 9.9 acres (Sections 4B, 5B, 9B, 
l OB) (EG&G/EM 1988b and 1990a; Kato 1990b). Destruction of plants within these 
right-of-ways were unavoidable because this project required excavation of existing pipelines: 
i.e. , unlike new pipelines, there was no flexibility where the disturbance was to take place. 
Based on consultations with FWS regarding the effects of this project (White 1990) , it was 
determined that the following mitigative measures required implementation: ( 1) removal and 
stockpiling of topsoil along lines No. 85 and No. 73.90 in areas where Hoover' s  woolly-star was 
found to preserve dormant seeds of this species within the soil; (2) replacement of stockpiled 
topsoil following completion of construction to encourage recolonization of the rights-of-way by 
this species; (3) adjustment of the seed mix used for revegetation of the rights-of-way to exclude 
aggressive non-native grasses; and (4) scheduling of construction to avoid the flowering period 
of this species. 

San Joaquin Kit Fox 

The construction area of the SoCal project was approximately 1 80 acres, 97 of which were in 
the Buena Vista Valley. Surveys indicated the presence of 7 known kit fox dens and 20 potential 
dens (including 4 pipes that could be used as shelter) within the proposed construction corridor 
(EG&G/EM 1990a) , all with the potential of being destroyed as the result of construction. 
Three of these dens were known to have been used in the past by radiocollared foxes, and three 
others showed signs of recent use (scat or prey remains) ; none were pupping dens. The number 
of foxes using these dens was not known, but it was speculated that it could have been from one 
to six. As a matter of standard practice, when den destruction was unavoidable, they were 
inspected for the presence of kit foxes immediately prior to destruction. If foxes were 
determined to be present, they were removed before destruction was allowed to proceed. In 
addition to affecting foxes that might be using the dens in the construction corridor, additional 
foxes inhabiting adjacent . areas could have been affected by construction activities. The 
Biological Opinion specified an incidental take of no more than 2 kit foxes as the result of death 
or injury and no more than 10 cases of harassment (e.g. , forcing or otherwise removing a kit 
fox from a den prior to excavation) . 
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Potential impacts as the result of the SoCal project were determined to be: (1) a temporary 
reduction in carrying capacity, (2) direct mortality, (3) human disturbance, and (4) destruction • of dens. Impacts due to reduced carrying capacity were expected to be temporary because 
reclamation of disturbances shortly after project completion was specified. Direct mortality was 
possible as a result of burying or collisions with vehicles. Vehicle-induced mortality was not 
expected to be significant because it was specified that construction activities be limited to 
daylight hours when kit foxes are not active (EG&G/EM 199Oa). Trapping kit foxes in open 
trenches or burying them in dens was possible, but mitigation measures included in the 
specifications of the project were determined to preclude this from being significant. 
Construction was carried out intermittently over approximately a I-year period of time. 
Construction activities have the greatest potential for adverse impacts from December to May 
when kit foxes breed and care for their young (Martinson 1980). 

Den destruction was expected to be the most significant consequence of the project. Because 
this project involved removal of existing pipelines, no opportunity existed to alter the location 
of the project to avoid existing dens. Therefore, dens being used by foxes were destroyed and 
it cannot be assumed that any foxes forced to leave dens could find equally suitable dens 
elsewhere. Nevertheless, the dens that could have been destroyed represented a small percentage 
of the total number of dens present on NPR-l (EG&G/EM 1990) which suggested that the 
likelihood of finding replacement dens was good and that impacts would be minimal. 

During construction, there were no actual cases of known kit fox mortality or injury, 8 kit fox 
dens were excavated, and 14 potential kit fox dens were excavated. 

Blunt-Nosed Leopard Lizard 

As stated above, the SoCal project was expected to disturb approximately 97 acres in the Buena 
Vista Valley. The Buena Vista Valley portion of NPR-l and adjacent lands contained 81 % of 
the blunt-nosed leopard lizard sightings reported by Kato et al (1987a) . Preactivity surveys 
conducted for the SoCal project found 17 washes and sighted 1 blunt-nosed leopard lizard within 
the construction zone and 2 blunt-nosed leopard lizards within an area immediately adjacent to 
the construction zone (EG&G/EM 199Oa). Assuming 0. 16-0.24 lizardslacre in modified valley 
floor habitat (Kato et al 1987), approximately 16-23 individuals could have been directly or 
indirectly affected. In issuing a nonjeopardy Biological Opinion, FWS (White 199Oa) estimated 
that 27 lizards could inhabit the pipeline corridor, and specified that no more than 5 lizards 
could be killed or harmed, and that there could be no more than 10 instances of harassment. 

It was determined that the SoCal project could impact the blunt-nosed leopard lizard as follows: 
(1) direct vehicle mortality, (2) loss of habitat during construction and the recovery peri()(j 
following reclamation, (3) inadvertent entrapment in collapsed burrows and dens, (4) inadvertent 
wildfires started as a result of welding operations, (5) harassment from the increased levels of 
human activity during construction, and (6) drowning as a result of the release of hydrostatic test 
water. Mitigation measures put in place to minimize impacts included: (1) reclamation of the 
construction corridor to preproject conditions and revegetation to stabilize soils and provide 
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cover and forage, (2) covering open trenches greater than 2 feet deep at the end of each work 
day or providing escape ramps and checking all trenches for trapped lizards before work begins, 
(3) confining all construction activities to the 75-foot construction corridor, (4) cleaning all spills 
as they occur, (5) restricting vehicle speeds to 20 miles per hour, (6) conducting routine 
biological inspections during construction, and (7) surveying any spillway for animals before the 
release of the water used for hydrostatic testing. 

During construction, there were no actual cases of known mortality or injury. Four blunt-nosed 
leopard lizards were entrapped in and had to be removed from the construction trench; these 
were recorded as harassment. 

Giant Kangaroo Rat 

The Buena Vista Valley, where the SoCal Project is situated, is optimal giant kangaroo rat 
habitat. A survey conducted in Section 8B of the Buena Vista Valley found an average of 28 
burrow systems/acre (O'Farrell et ai 1 987b). The project preactivity survey identified 20 
burrow systems within the 75-foot construction corridor and another 9 systems immediately 
adjacent. In issuing a nonjeopardy Biological Opinion, the FWS specified that no more than 20 
burrow systems could be destroyed during construction and that there could be no more than 15 
instances of giant kangaroo rat harassment (White 1 990) . 

Potential impacts to the giant kangaroo rat as the result of the SoCal project, and mitigation 
measures to minimize impacts, were the same as those described above for the blunt-nosed 
leopard lizard. 

During construction, there were no actual cases of known direct mortality, but 10 burrow 
systems were destroyed which were assumed to result in 10 cases of mortality (based on prior 
trapping results and field observations during construction activities) . There were no cases of 
harassment. 

Tipton Kangaroo Rat 

Tipton' s  kangaroo rat is only found in Section 23S on NPR-l .  Since construction did not occur 
in this Section, there were no impacts. 

3.5.4.2 Santa Fe Energy Company 

During construction, there were no known instances of destruction, of endangered or threatened 
plants, or death or injury to endangered or threatened animals. 

Threatened and Endangered Plants 

The Santa Fe pipeline (see Section 1 .3) does not cross areas where threatened or endangered 
plant species or their habitat have been found; therefore, endangered plants were not affected. 
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San Joaquin Kit Fox 

The Santa Fe project had little potential for direct effects on the current NPR-l kit fox 
population because the right of way for this aboveground pipeline was not located within areas 
occupied by many foxes. Preactivity surveys identified four kit fox dens within the construction 
area (Harlow 1988), and the project was designed to avoid contact with these dens. Habitat 
disturbance associated with the project was estimated to be 12 acres, about 4 of which were 
located on NPR-l .  Except for a narrow strip along the right of way occupied by the pipeline 
itself, all disturbances were revegetated following the completion of the project. FWS (Harlow 
1988) anticipated that two kit foxes could be subject to incidental take (killed or injured) as the 
result of the project. 

Blunt-Nosed Leopard I.b.ard 
The pipeline right of way crosses four washes that contain potential habitat for the blunt-nosed 
leopard lizard. Although no lizards were observed during the preactivity survey conducted on 
September 23, 1988, this may have been because lizards were hibernating at that time 
(EG&G/EM 1988c). FWS (Harlow 1988) anticipated that one lizard would be subject to 
incidental take as a result of construction activities. 

Giant Kangaroo Rat 

• 

The project preactivity survey identified 23 giant kangaroo burrows within the 75-foot 
construction zone (EG&G/EM 1988c). The project was designed to avoid direct impact to these • burrows. The FWS (Harlow 1988) estimated that one incidental take of a giant kangaroo rat 
could occur during construction. 
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3.6 CULTURAL RESOURCES 

3.6.1 Regional Setting 

3.6.1.1 History of Archaeological Research 

The southern San Joaquin Valley, which constitutes an appropriate regional context for 
cultural resources in the Elk Hills area, has a long history of archaeological investigation 
(Chavez and URS Co. 1978; Moratto 1984). Studies began with P. M. Jones' examination 
of aboriginal mound sites in Kern County during 1899. This was followed by the discovery 
of Kern County site number 185 (Ker-185), a rockshelter burial site near Bakersfield in 1903 
(Heizer 1951), and reports of the first finds (two burials) along Buena Vista Lake by N. C. 
Nelson in 1909 (Gifford and Schenck 1926). 

The first large-scale project in the region (1923-1925) produced many new site discoveries 
and excavations; however, the focus of the resulting synthesis (Gifford and Schenck 1926) 
was confined to the late prehistoric period. Evidence of earlier settlement did not emerge 
until excavation of a group of shell midden and burial sites along Buena Vista Lake by the 
Civil Works Administration in 1933-1934 (Wedel 1941). Older prehistoric components were 
encountered at several of these sites (Ker-39 and Ker-60), along with hundreds of late 
prehistoric burials (Ker-40 and Ker-41). Another large late prehistoric/historic cemetery 
(Ker-64) on Buena Vista Lake was excavated in 1935 (Walker 1947), and much of the field 
research in subsequent decades has continued to reflect an emphasis on late prehistoric/ 
historic cemeteries [e.g., Tulare County site number 90 (Warren and McKusic 1959)] 
(Moratto 1984). However, renewed investigations of the Buena Vista Lake sites in 1963-
1965 produced evidence of very early prehistoric occupation (Fredrickson and Grossman 
1977). 

3.6.1.2 Prehistory 

The current synthesis of southern San Joaquin Valley prehistory draws heavily on the data 
recovered from the important stratified sites along the margins of former Buena Vista Lake. 
The oldest radiocarbon-dated occupation horizon [8,200-7,600 Before Present (B.P.)] occurs 
among this site group at Ker-1 16 (Fredrickson and Grossman 1977). The assemblage from 
this horizon (containing fragments of points, knives, and crescents) apparently reflects a 
widespread pattern of adaptation to large pluvial lakes in the far west during the terminal 
Pleistocene/early Holocene (Moratto 1984). The discovery of fluted points (dated 
elsewhere to > 1 1,000 B.P.) along the shores of former Lake Tulare suggests even older sites 
further north, but these finds remain undated (Riddell and Olsen 1969). 

Although more arid climates prevailed after 8,000 B. P., and many of the pluvial lakes dried 
up, poor drainage conditions helped create extensive marsh and wetland areas in the 
southern San Joaquin Valley. This habitat provided a rich subsistence base for local human 
populations during the Holocene. Occupation layers that are tentatively dated to the middle 
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Holocene (ca. 4,500 B.P.?) have been excavated at Ker-39 and Ker-60 along Buena Vista 
Lake (Wedel 1941). They contain impoverished assemblages of stemmed and leaf-shaped • points, and milling stones associated with burials (extended position) and former hearths. 

After 3,000 B.P., the prehistoric archaeological record reflects increasingly strong ties to the 
historic native American inhabitants of the region (Gifford and Schenck 1926). Assemblages 
from the upper levels of Ker-39 and Ker-60 contain Brown Ware pottery, coiled basketry, 
lanceolate points, charmstones, shell ornaments, and other diagnostic items (Gifford and 
Schenck 1926; Wedel 1941). Hundreds of flexed burials (with grave goods) have been 
excavated from the associated cemetery sites at Ker-40 and Ker-41. The final phase at 
Buena Vista Lake extends into historic times [e.g., Ker-64 (Walker 1947)]. 

3.6.1.3 Ethnography 

The first Euro-Americans entering the southern San Joaquin Valley found the region 
occupied by the Penutian-speaking Yokuts tribes (Kroeber 1925; Latta 1977; Wallace 1978). 
The Yokuts people appear to have been present in the area for at least several millennia. 
Although sustained by a nonagricultural economy, they lived in permanent villages and at 
remarkably high levels of population density. Each village community is estimated to have 
contained 300-400 individuals (Kroeber 1925). Kroeber (1925) identified three major 
Yokuts groups in the Elk Hills area: Tulamni (southern Elk Hills and Buena Vista Lake 
area), Hometwoli (Kern Lake), and Tuhohi (northern Elk Hills). As in late prehistoric 
times, their economy was based on hunting, fishing, and collecting (Wallace 1978). 

The U. S. Census of 1910 recorded 533 Yokuts, and Kroeber found only a handful of 
survivors during his study; the Tuhohi were completely extinct (Kroeber 1925). Diseases 
introduced by early Euro-American arrivals initially decimated the tribes. An epidemic in 
1833 is believed to have killed at least 75% of the tribal populations (Wallace 1978). The 
influx of gold miners to the region after 1849 caused further disruption and decline. 
Nevertheless, 325 Yokuts were living on the Tule River Reservation in 1970 (Wallace 1978). 

3.6.1.4 History 

Spanish explorers and missionaries were the first recorded Europeans to enter the San 
Joaquin Valley (Gifford and Schenck 1926). As early as 1772, Pedro Fages, accompanied 
by a band of soldiers, visited a village along Buena Vista Lake. Several expeditions were 
sent north from Mexico into the valley in 1806, and attempts at missionizing (largely 
unsuccessful) followed in subsequent years. Most of the Euro-American intrusions during 
the early 19th Century were confined to punitive expeditions for the purpose of recovering 
livestock and capturing slaves. The first Anglo-American explorer to reach the valley was 
Jedediah Smith ( 1827), followed by several others in the final years before California 
became a part of the United States (Bailey 1957; Boyd 1972). 
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• California was annexed as a territory in 1848, and became a state within two years. In 1854, 
several years after the arrival of the gold miners, Fort Tejon was established in the 
Tehachapi Mountains. Establishment of the fort encouraged further settlement of the 
region by merchants and cattlemen. The stagecoach began operating in the area in 1858 
and the telegraph in 1860. Development of a petroleum industry began in 1864 at the 
McKittrick oil seeps. In 1912, NPR-1 was established in the Elk Hills (DOE 1986). 

3.6.2 Elk Hills Resources 

3.6.2.1 Cultural Resources Surveys 

Various cultural resource surveys and evaluations have been conducted on NPR-1 since 1973 
(Schiffman 1975; Chavez and URS Co. 1978; King and Craig 1978; DOE 1986; BPOI 1986; 
Hartzell 1988; Schiffman 1989, 1990; Jackson 1990; Sutton 1990; Yohe 1991;  Peak 1991). 
The most comprehensive effort undertaken was the recently completed survey by Peak 
(1991) which encompassed 18,650 acres on NPR-1. In compliance with requirements of the 
National Historic Preservation Act, this survey was conducted in consultation with the State 
Historic Preservation Office (SHPO) to provide a representative sample of NPR-l's cultural 
resources. 

In addition to the cultural resource surveys, an inventory and evaluation of paleontological 
resources (surface reconnaissance) was undertaken at NPR-1 (Repenning unpublished data). 

• 3.6.2.2 Archaeological Sites 

• 

Peak's comprehensive 1991 survey determined that 40 prehistoric archaeological sites have 
been recorded on NPR-1.  None of these sites are currently listed in the National Register 
of Historic Places (NRHP). However, Peak recommended the testing of 12 archaeological 
sites to determine their eligibility to the NRHP. The potential nomination of NPR-1 sites 
to the NRHP will be addressed in the course of developing a· comprehensive cultural 
resource management plan in consultation with the SHPO. This is further discussed in 
Section 4.1.6. 
3.6.2.3 Historic Sites 

No historic sites are currently listed in the NRHP for NPR-1, although several sites 
(associated with the development of the local petroleum industry) located near NPR-1 are 
listed in the state files (BPOI 1986). Peak determined that 101 historic sites have been 
recorded on NPR-1. The management and evaluation of these 101 historic sites will be 
addressed in the course of developing the cultural resource management plan discussed iIi 
Section 4.1.6. 
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3.6.2.4 Paleontolopcal Sites 

Although important paleontological localities are situated near NPR-1 (most notably the 
McKittrick oil seeps), a broad surface reconnaissance conducted during 1980 found few 
fossil exposures on the site (Repenning unpublished data). 

3.6.3 Ongoing Non-Federal-Connected Actions 

The SoCal and Santa Fe projects were two third-party projects mentioned in Section 3.6.2.1 
that were determined in consultation with the SHPO to have no effect on cultural resources. 
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3.7 LAND USE 

3.7.1 Kern County 

Major land uses within Kern County include agriculture, petroleum production and related 
development, recreation/open space, and several areas of urban development. The land use 
pattern across the county is influenced by the variety of the terrain, which ranges from flat 
to hilly to mountainous, as well as by proximity and access to water. About 60% of Kern 
County's total land area is devoted to agriculture (DOE 1985), including sheep and cattle 
grazing and crop production (e.g., potatoes, alfalfa, grapes and cotton). Most of the 
residential, commercial, and industrial development is located within Bakersfield and its 
surrounding unincorporated metropolitan area, which had an estimated 1986 population of 
more than 270,000 people (see Section 3.8). Other, smaller communities are located 
throughout the county. 

Major federal land holdings within the area include the Sequoia and Los Padres National 
Forests, Kern National Wildlife Refuge, Edwards Air Force Base, China Lake Naval 
Weapons Center, NPR-1 and NPR-2 (Fi�re 3.7-1). In addition, the Bureau of Land 
Management manages extensive federal land holdings, especially in the eastern portion of 
the county. The mountain, desert, and valley environments provide a variety of recreational 
opportunities. Recreational use is often associated with dispersed, open space activities such 
as camping, hiking, hunting, and biking. Visual resources in the region are varied and 
include such features as Red Rock Canyon, fields of colorful wildflowers, and pastoral 
foothills with little or no noticeable human development (Kern County Planning 
Commission 1974). 

Major transportation corridors include Interstate 5, State Route 99, and a network of other 
state, county, and local roads. The California Aqueduct extends north and south through 
the western portion of Kern County. 

3.7.2 Naval Petroleum Resenre No. 1 

NPR-1 consists of 47,409 acres and has been used for petroleum extraction and processing 
since the early 1900's. Oil production, gathering, and processing (and related support 
activities) currently are the predominant land uses within the boundaries of the site. While 
sheep and cattle grazing were widespread on NPR-1 in the past, the practice was 
discontinued on Government lands in 1960 when 500 sheep died after drinking arsenic
contaminated water from a sump in section 6M (DOE 1989). It is anticipated that NPR-1 
lands will continue to be used for petroleum extraction and processing for several decades. 

Various state, county, and private roads are located on the site. State Route 1 19 extends 
through the southeastern section of NPR-1, and Elk Hills Road (county) and Skyline Road 
(private) extend through the center of the site in a north/south and east/west direction, 
respectively. In addition, many paved and unpaved access roads are located throughout the 
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site. Portions of the perimeter of NPR-1 are fenced and/or patrolled to restrict public 
access. 

The great majority of NPR -1  consists of the Elk Hills. The Elk Hills consist of a long 
narrow ridge about 16 miles long and 6 miles wide, with up to 1,200 feet of topographic 
relief. The Elk Hills are sparsely covered with a saltbush/red brome steppe vegetation and 
are fragmented by numerous small canyons and gullies (DOE 1985). The Elk Hills are 
bordered by the flat valley floor, which is part of the southwestern edge of the San Joaquin 
Valley. Much of the periphery of NPR-1 lies within the flat valley floor. Drilling rigs, 
pumps, pipelines, storage tanks, processing facilities, utility lines, and communication towers, 
are prevalent throughout almost all of the Elk Hills portions of NPR-l. 

No public recreation occurs within the boundaries of the NPR-l. The site and portions of 
the surrounding area are considered important habitat for wildlife, including several 
threatened and endangered species (see Section 3.5). A policy of habitat reclamation has 
been pursued on NPR-1 (and NPR-2) lands, including regrading and planting of native 
vegetation on disturbed areas. 

The federal government owns about 78% (37,049 acres) of NPR-1, and with a few 
exceptions, the remainder (10,360 acres) is owned by Chevron U.S.A. (CUSA) 
(Fi�re 3.7.2). Exceptions include the surface rights to 120 acres of the site that have been 
granted to the community of Tupman. In addition, the surface rights to 75% of Section 22S 
are under multiple private ownership. Mineral rights in Section 31 T are shared between 
Atlantic Richfield Company, the federal government, and CUSA The State of California 
is currently contesting the ownership of two sections of land (Sections 16R and 36R) with 
the federal government by claiming entitlement under a 19th century school land grant 
(DOE 1987). Site activities are managed by DOE. Almost all production activities are 
carried out according to a Unit Plan Contract between the federal government and CUSA, 
under which the participants develop the oil field on a reservoir basis rather than a parcel 
basis. Disturbances on NPR-1 as the result of petroleum development activities, including 
third-party projects have been approximately 6,546 acres; 3,306 acres were the result of 
MER production that began in the mid-1970's. A total of 1,689 acres of these disturbances 
have been reclaimed (see Table 3.5- 1). 

3.7.3 Adjacent Land Uses 

Land uses in the area surrounding NPR-1 follow the general patterns found throughout 
Kern County, which are dominated by agriculture and oil and gas extraction and production 
(Fi�re 3.7-3). Surface and mineral rights on lands surrounding the site are owned primari�y 
by major oil companies. The Kern County Year 2000 Plan (Kern County Planning 
Commission 1988) acknowledges the economic importance of petroleum and agricultural 
resources and states that one of its goals is " ... to contain new development within an area 
large enough to meet generous projections of foreseeable need, but in locations which will 
not impair the economic strength derived from the petroleum, agriculture, rangeland, or 
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mineral resources, or diminish the other amenities which exist in the County." This goal is 
to be implemented by enforcement of the 1986 Kern County Zoning Ordinance (Kern • County Board of Supervisors 1986). Information about the major types of land uses 
surrounding the site is presented below. 

3.7.3.1 Oil and Gas Production 

Immediately south of NPR-1 is NPR-2. The federal government owns about one-third of 
the 30,OOO-acre NPR-2 site, and most of the rest is owned by major oil companies. NPR-2 
land owned by the federal government is leased in 17 separate units, with the lessees 
responsible for all development and production operations. The surface characteristics and 
land use patterns on NPR-2 are essentially the same as those on NPR-l. Several large and 
extensively developed oil fields, each covering thousands of acres, are located east, south 
and west of the NPR-1 (e.g., Coles Levee, Midway Sunset, and Cymric oil fields, 
respectively), with additional petroleum development occurring on a smaller scale to the 
north (Bureau of Land Management 1978). Elements of the infrastructure associated with 
petroleum production (e.g., drilling rigs, access roads, storage tanks, pipelines, and power 
lines) are found throughout this area. 

3.7.3.2 Agriculture and Open Space 

Much of the area surrounding NPR-1 consists of agricultural land and open space, with oil 
extraction occurring as a compatible use. Intensive irrigated agriculture is practiced to the 
north and east of the site near the California Aqueduct. Numerous canals, ditches, drains, • and wells serve the farms in this area. Sheep and cattle are grazed to the south and west 
of the site on lands that are not irrigated for crop production. The Bureau of Land 
Management's landholdings in the area (about 5,100 acres) are leased for grazing. In 
addition, numerous oil extraction facilities coexist with these agricultural activities. 

Although various portions of open space have been impacted by grazing, some parcels 
remain in a relatively unspoiled condition and are being sought by the Nature Conservancy 
for habitat reclamation. These lands have been zoned by Kern County as resource areas 
(Kern County Planning Commission 1988), and future commercial or residential develop
ment would be discouraged. Also, the Williamson Act of 1965 provides tax relief for lands 
that are dedicated solely to agricultural or open space purposes. Long-term trends are for 
increasing amounts of land in the San Joaquin Valley portion of Kern County to be 
dedicated to irrigated agriculture (California Department of Water Resources 1986). 

3.7.3.3 Water Banking 

The Kern Water Bank Plan is part of the California State Water Project for recharging, 
extracting, and storing State Water Project water. The Kern Fan Element of the project 
consists of approximately 20,000 acres which is located near the eastern border of NPR-l. 
Only a small amount of this land will be used for long-term recharge. A substantial portion 
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of the remaining acreage may be used for intermittent recharge of local flood flows and 
habitat conservation including the restoration of native habitat suitable for threatened and 
endangered wildlife species. 

About two-thirds of the lands within the Kern Fan Element Project area are currently 
devoted to agriculture, and the remaining one-third is covered in native vegetation (with less 
than 1% located within urban-industrial areas). Oil extraction occurs and is expected to 
continue on about two-thirds of the native vegetation area. It is anticipated that use of the 
area for petroleum extraction would continue at about its present rate, while some irrigated 
cropland would be taken out of production (California Department of Water Resources 
1986). The California Chapter of the Nature Conservancy has formed a consortium with 
the State of California and other organizations to reclaim a large part of the agricultural 
leases expiring within the next 5 years. Several other water districts in the vicinity of NPR-1 
currently are developing plans to join the Kern Water Bank. 

3.7.3.4 Parks and Recreation 

The two major parks in the vicinity of NPR-1 are the 1,585-acre Kern County Buena Vista 
Aquatic Recreation Area and the 955-acre Tule Elk State Reserve. Buena Vista Park is an 
extremely popular local recreational area, featuring boating on two lakes, camping, 
picnicking, swimming, and fishing. Fishing also occurs along portions of the California 
Aqueduct and the Kern River. A 165-acre golf course and park complex is located west of 
the recreational area at the edge of Elk Hills. The Buena Vista Recreation Area received 
336,000 visits during FY 1988 and is nearing carrying capacity. The Tule Elk State Reserve 
shelters a small herd of elk and is considered ecologically sensitive, with most of the area 
closed to public access. The reserve contains a small viewing and picnicking section that 
receives about 30,000 visits per year. 

Several small parks are located in the communities of Taft, Buttonwillow, McKittrick, Derby 
Acres, Valley Acres, Ford City, and Fellows. Kern County's Scenic Highway Plan includes 
a scenic route consisting of Elk Hills Road extending north and south through the center 
of NPR-1, State Route 1 19, and various county roads that border the eastern half of the site 
(Kern County Planning Commission 1974). However, this scenic route is ranked low in the 
recommended order of implementation. 

3.7.3.5 Local Community Development 

Development surrounding NPR-1 includes the incorporated area of Taft and numerous 
unincorporated areas, such as the rural communities of Tupman, Buttonwillow, Derby Acres, 
McKittrick, Dustin Acres, and Valley Acres . .  The city ofTaft and the surrounding developed 
areas of South Taft, Taft Heights, and Ford City have an estimated population of 14,500 and 
cover an area of about 2,000 acres. Taft is largely residential, with some commercial and 
light industrial development. A small airfield is located nearby. Except for the rural 
community of Buttonwillow (population 1,700), the remaining communities mentioned are 
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surrounded by lands zoned for resource use (e.g., agriculture, mineral and petroleum • development, open space) by the county. Some of these areas are considered to be 
hazardous (e.g., floodplain, landslide area, seismic area), and future development is likely 
to be limited. 

3.7.4 Ongoing Non-Federal-Connected Actions 

Major third-party actions at NPR-l initiated prior to and during the preparation of this 
document include the construction, operation and maintenance of two new third-party 
pipelines: SoCal and Santa Fe (see Section 1 .4). SoCal construction which has been 
essentially completed, disturbed about 180 acres of land, 75 acres of which were in 
10 sections along the western and southwestern edges of NPR-1. All 180 acres were 
revegetated. 

The Santa Fe project disturbed about 12 acres of saltbush/grassland habitat, 4 acres of 
which were on NPR-1 (EG&G/EM 1988). Except for a narrow strip along the construction 
corridor occupied by the pipeline itself, all disturbances are to be revegetated. 
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3.8 SOCIOECONOMICS 

The following subsections contain a socioeconomic description of Kern County, the location 
of NPR-1. Included is information on population, income and employment, trade, housing, 
transportation, public services and utilities, and public finances. Special emphasis has been 
placed on the southwestern areas of the county near NPR-1. When possible, separate 
information has been included for Bakersfield and Taft, the communities most likely to be 
affected by operations at the site. 

3.8.1 Population 

The population of Kern County, currently just over 500,000, increased by 74% from 1960 
to 1987. During the 1980's, population grew at an annual rate of 3.2%; growth is expected 
to continue, but at a slower rate, between 1987 and 2010 (Table 3.8-1). Compared with 
1987, total population is expected to be 52% higher in 2010. 

Table 3.8-2 lists the 1980 and 1988 populations of Kern County cities and unincorporated 
areas. In both years, more than half of the county's residents lived in unincorporated areas. 
Bakersfield had the highest concentration of population of any incorporated area, with 
almost 3 1% of the county's 1988 total. Ridgecrest is second with just over 5% of the 
popUlation, and Taft accounts for only 1.2% of the county's population. The population 
distribution by city within the county remained about the same throughout the 1980's. 

• 

In 1980, the median age of Kern County residents was 28.2 years, with 55% of the • 
population being between 20 and 64 years old. School-age children (5-19 years old) made 
up 26% of the population, preschool children (under 5) 9%, and the elderly (65 and older) 
10% (Kern Council of Governments undated). About 70% of the county's population 
consisted of non-Hispanic whites, 22% Hispanics, 5% Blacks, and 3% others. 

3.8.2 Income and Employment 

Table 3.8-3 shows that real median household income in Kern County increased by less than 
1 % from 1970 to 1980 but increased more than 8% from 1980 to 1986. The 1986 median 
household income for Kern County was approximately 17% lower than the U.S. median of 
$24,897 (U.S. Bureau of the Census 1987). 

In absolute terms, the number of Kern County residents below the poverty level decreased 
by 4% from 1970 to 1980 but increased 22% from 1980 to 1986 (Table 3.8-3). Most of the 
increase in absolute terms was due to a general increase in population. The portion of 
residents under the. povertylevel decreased from about 16% in 1970 to about 12% both in 
1980 and 1986. The percentage of the Kern County residents below the poverty level in 
1986 was lower than the overall U.S. percentage of 13.6% (U.S. Bureau of the Census 1987) . 
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TABLE 3.8.1 Kern County Population Growth Trends 

Total 
Year Population 

1960 
1970 
1975 
1980 
1985 
1987 
1990 
1995 
2000 
2005 
2010 

8 1980 to 1987 
b1985 to 1990 

291 ,984 
330,234 
355,808 
403,089 
479,500 
504,200 
539,600 
602,100 
662,600 
7 15,400 
766,000 

Average 
Population Annual Rate 

Density of Increase 
(persons / mi2) (%) 

36 
40 1 .2 
44 1 .5 
49 2.5 
59 3.5 
62 3.28 
66 2.4b 

74 2.2 
8 1  1.9 
88 1 .5 
94 1.4 

Source: Kern Council of Governments undated. 
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TABLE 3.8-2 Kern County Population by City, 1980 and 1988 

Percent of 
1988 County 

City 1980 1988 Total 

Arvin 6,863 8,550 1 .7 
Bakersfield 105,61 1  157,400 30.8 
California City 2,743 3,760 0.7 
Delano 16,491 20,050 3.9 
Maricopa 946 1 ,240 0.2 
McFarland 5,151 6,350 1 .2 
Ridgecrest 15,929 26,850 5.3 
Shafter 7,010 7,625 1 .5 
Taft 5,3 16 6,350 1 .2 
Tehachapi 4,126 5, 175 1 .0 
Wasco 9,613 1 1, 150 2.2 
Unincorporated areas 223,290 257,000 50.3 

County Total 403,089 5 1 1,325 

Source: Californi a Employment D evelop m e nt 
Department (EDD) 1988. 
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TABLE 3.8-3 Trends in Kern County Household Income and 
Poverty Level (in constant 1986 dollars) 

Category 1970 1980 1986 

Income Level 
Median household income ($) 18,974 19,088 20,722 
Mean household income ($) 23,681 23, 137 -a 
Per capita income ($) 6,721 8, 156 -

Poverty Level 
Persons below poverty level 52,051 49,904 60,754 
Percent below poverty level 15.8 12.4 12.3 

aData not available. 

Source: Kern Council of Governments undated. 
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Employment trends in Kern County are shown in Table 3.8-4. The total labor force and the 
number of employed persons increased by about 48% from 1970 to 1980. Between 1980 and 
1986, however, the labor force grew by 24%, while the number of employed persons 
increased only by 19%. The difference is reflected in the increase in the county's 
unemployment rate, which rose from 7.7% in 1980 to 1 1.8% in June 1986. Some of the 
increase in unemployment was due to structural changes in the economy of Kern County 
during this period (Table 3.8-5). From 1980 to September 1987, there was an overall 
increase of 17% in employment; however, some industries grew rapidly (such as 
construction, up 36%) while others decreased (such as wholesale trade, down 8.6%). Mining 
(which includes oil and gas production) and agriculture, two traditionally strong industries 
in Kern County, had employment growth rates of 12% and 3%, respectively. Construction, 
retail trade, finance, insurance, real estate, and service industries each experienced 
employment growth rates of more than 25% from 1980 to 1987. 

With more than $1.2 billion in farm sales and about $4 billion in oil and gas wellhead 
revenues every year, Kern County is a major exporter of farm goods and petroleum to the 
rest of California and the rest of the United States. Many workers in Kern County support 
export industries. Table 3.8-6, which summarizes the findings of a location-quotient analysis 
conducted for this study, identifies industries with substantial export employment (more than 
800 jobs) in Kern County. Individual industries with fewer than 800 export jobs each 
represent less than 0.5% of total employment in Kern County. The entire matrix of 
employment by Standard Industrial Classification (SIC) and the location quotients calculated 
from the analysis are presented in Awendix F. 

Table 3.8-6 reveals that Kern County has a broad base of export industries, but it is unclear 
how much of export employment is based on petroleum and natural gas extraction. The 
level of wholesale and retail trade jobs is due to Kern County's (especially Bakersfield's) 
central location and may not have anything to do with oil and gas production. Trucking and 
warehousing export employment is probably due to agricultural production. Setting those 
categories aside, special trades (SIC category 17) may be the single largest category of 
export employment dependent on oil and gas extraction. However, export employment in 
this category is only about 1% of total employment in Kern County. 

Table 3.8-7 summarizes findings of a shift-share analysis conducted for this document to 
examine the competitive position of Kern County's basic industries relative to the rest of the 
country. The technique examines changes in the structure of employment for the country 
as a whole, over time, and then compares those trends with changes in the local economy. 
Although shift-share analysis does not explain why changes are occurring, it is used as an 
indicator that changes are taking place in employment patterns and that jobs are being lost 
in specific sectors. 

Between 1980 and 1984, Kern County lost jobs in 13 SIC categories and gained employment 
in 27 others. The only SIC categories losing more than 200 jobs were ( 1) manufacturing and 
(2) transportation and public utilities (SICs 20-49). However, Kern County's employment 
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TABLE 3.8-4 Employment Trends in Kern County 

Category 1970 1980 
Average Average 

Total labor force 122,167 180,410 
Number employed 109,539 162, 190 
Number unemployed 7,851 13,489 
Percent unemployed 6.7 7.7 

Source: Kern Council of Governments undated 
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TABLE 3.8-5 Kern County Employment Trends by Industry 

Percent • 
Change 

Industry 1975 1980 1985 1987· 1980-87 

Agriculture 23,640 31,600 26,500 32,522 2.9 
Mining 8,310 11,900 16,400 13,274 1 1.5 
Construction 4,010 7,300 9,000 9,940 36.2 
Manufacturing 8,010 9,300 10,400 10,370 11.5 

Transportation and 
public utilities 6,610 7,700 8,300 7,630 -0.9 

Wholesale trade 6,3 10 7,900 7,600 7,222 -8.6 
Retail trade 19,920 25,700 31,000 32,082 24.8 

Finance, insurance, 
and real estate 3,710 4,800 5,800 6,318 31.6 

Services 16,530 23,600 28,900 30,965 31.2 
Government 30,050 33,000 36,000 39,380 19.3 
Other industries 225 

All industries 127, 100 162,800 180,125 189,703 16.5 

·September 1987. • 
Sources: Kern Council of Governments undated; California EDD 1988. 
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TABLE 3.8-6 Selected Export Employment in Kern County Compared with U.S. Export 
Employment, 1984 Data 

Kern County Employment 

U.S. 
Employment Export 

SIC Description (%) (%) Jobs 

17 Special trade 3.18 5.82 2,422 
42 Truck and warehousing 1.64 2.56 844 
50 Wholesale trade 3.8 5.01 942 
54 Food stores 3.30 5.24 1,775 
55 Auto 2.35 4.1 1  1,613 
58 Eating and drinking 6.68 1 1.65 4,545 
59 Miscellaneous retail 2.67 3.86 1,087 
73 Business services 5.07 6.76 1,551 

Sources: U.S. Bureau of the Census 1986; University of Florida 1977. 

TABLE 3.8-7 Changes in Selected Categories of Employment in Kern County Compared 
with Changes in U.S. Employment, 1980-1984 

Kern County Employment 

U.S. 
Employment Export 

SIC Description (%) (%) Jobs 

17 Special trade 2.5 19.5 868 
32 Stone, glass ( 13.8) 1 18.8 394 
49 Electric, gas service 9.0 159. 1 735 
54 Food stores 12.3 30.6 1 , 125 
58 Eating and drinking 12.5 28.0 2,331 
73 Business services 28.2 46.8 1,979 
86 Membership organizations 24. 1  47.4 594 

Sources: U.S. Bureau of the Census 1986; University of Florida 1977. 
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increased by more than 200 jobs in the categories of general contractors (SIC 15), special • trades (SIC 17), stone, glass, and clay (SIC 32), trucking and warehousing (SIC 42), utility 
services (SIC 45), all SIC categories in wholesale trade (SIC 50 et al), food stores (SIC 54), 
miscellaneous retail trade (SIC 59), hotels and lodging (SIC 70), business services (SIC 73), 
health services (SIC 80), special services (SIC 83), and membership organizations (SIC 86). 

Employment at NPR-l totaled between 1,300 and 1,800 in 1987. The NPR-l management 
and operating contractor, BPOI, employs about 700 persons. Chevron U.S.A (CUSA), 
co-owner of the site with DOE, employs almost 30 persons, depending upon seasonal 
factors, special projects, and other factors. About 60 persons are employed by the DOE. 
Employment by other subcontractors at NPR-l includes 12-15 persons employed each by 
EG&G Energy Measurements, Inc. (EG&G /EM) and Research Management Consultants, 
Inc. (RMCI). Because BPOI relies heavily on subcontractors for such major activities as 
construction and drilling, the number of subcontractor employees in the trades working on 
NPR-l at any one time may range from 500 to 1,000 people. Each material subcontractor 
uses labor to best fit his own needs, and there are no records or systematic procedure to 
estimate person-years of effort employed for many field activities. Acknowledging the range 
for direct and indirect employment, NPR-l may account for up to 10% of all Kern County 
employment in mining and oil and gas extraction. 

3.S.3 Trade 

Kern County is one of the top three agricultural producing counties in the United States. • In 1985, the value of all farm production in the county exceeded $1.2 billion, consisting of 
about one-third fruit and nut crops, one-third field crops, and one-third miscellaneous crops, 
livestock, and poultry. Kern also is the leading petroleum producing county in California 
and the leading county for oil production in the entire United States. The four largest 
employers are government (38,000 workers), services (38,000), retail trade (32,000), and 
agriculture (26,000). Gravel mining and petroleum extraction account for only about 10,000 
employees. The total value of minerals, oil, and natural gas production in the County 
exceeded $6.5 billion in 1985 (California Employment Development Department [EDD] 
1988, p. 3; Kern County Board of Trade 1988, p.25). 

Table 3.8-8 summarizes oil and gas statistics for NPR-l, Kern County, and California. Two 
of every three barrels of oil produced in California are from Kern County, and two of the 
largest fields in Kern County set new production records in 1987, despite falling oil prices. 
In 1987, the Kern County oil-production rate was about 675,000 barrels/day, more than 
twice that of the entire state of Oklahoma. This amount is equivalent to about 222 million 
barrels/year, which is down somewhat from the 256 million barrels/year in 1985 (California 
EDD 1988, p. 29). County .oil production is expected to increase with a new cogeneration 
plant being built in the Kern River field. That plant will ultimately recover millions of 
barrels of heavy crude and produce significant amounts of electricity in the process 
(California EDD 1988, p. 16). Cogeneration facilities permit coproduct sales of electricity, 
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TABLE 3.8-8 Summary of Oil and Gas Production for NPR-l, Kern County, and California 

Production Category/Product NPR-l Kern County 
FY 1987· 1985b 

Cumulative Productiond 
Crude (1<f bbl) 556.0 -c 

Natural gas liquids (106 bbl) 45.7 -

Natural gas (109 fe) 1,026.0 -

Proven Reserves 
Crude (1<f bbl) 361.<1 2,740 
Natural gas liquids (1� bbl) - -

Natural gas (109 ftl) 1,678. If -

Production 
Crude (106 bbl) 39.8 256 
Natural gas liquids (1<f bbl) 5.4 6 
Natural gas (109 fe) 125.0 165 

·DOE 1988. 
bData provided by Kern County Assessor's Office. 
clndependent Petroleum Association of America 1987, pp. 24-25. 
dFor NPR-l, cumulative production values are for the period since 1976. 
eo'. II indicates data not available. 
fAfter July 1, 1988 (Jerry R. Bergeson & Assoc. 1988). 

Source: California Department of Conservation 1985, p.3. 
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20,800 
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30,919 

26,601 
1,357 

26,543 
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1 1  
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which offset the costs of producing oil, thereby increasing the economic life and total • production of the oil fields. 

The availability of land for development in Kern County, which is relatively close to the Los 
Angeles area, suggests long-term potential for future growth. The state's Economic 
Development Department foresees future growth in the tourism industry, which could have 
significant impact on the area's retail sales, hotels, restaurants, services, recreation, travel, 
and entertainment businesses (California EDD 1988, p. 15). 

3.8.4 Housing 

Characteristics of the Kern County, Taft, and Bakersfield housing markets are summarized 
in Table 3.8-9. Bakersfield contains about 33% of all housing units in Kern County, Taft 
about 1.5%. Taft's portion of the county's total units ranges from about 1% to 2% for all 
categories - single-family, multifamily, and mobile homes. Bakersfield has only about 10% 
of Kern County's mobile homes but almost 57% of all multifamily complexes greater than 
five units each. Vacancy rates are somewhat higher in Taft and lower in Bakersfield relative 
to the county as a whole. The absolute difference in vacancy rates between Taft and 
Bakersfield is about 3%. Vacancy rates for rental units were not reported separately . 

. According to the Kern Council of Governments (undated), the total number of housing units 
in the county increased 20% to 184,660 units between 1980 to 1986 and is expected to 
increase by almost 70,000 units, or about 40%, from 1986 to 2000. This is approXimately 
the same rate of growth experienced in the Kern County housing market between 1970 and 
1980. Trends in the composition of housing from 1970 to 1980 indicate a 10% relative 
decline in single-family homes, offset by a 6% relative increase in multiplex units and a 4% 
relative increase in mobile homes. 

3.8.5 Transportation 

Access to the NPR-l site is principally from the Taft-Bakersfield Highway (State Highway 
119) (Fi�re 3.7-1). Other points of access are from Tupman, via Tupman Road; 
McKittrick, via Skyline Road; and Elk Hills Road, which intersects Skyline near the center 
of NPR-1. Payroll records indicate that 85% of NPR-l employees commute from 
Bakersfield, 14% from Taft, and the remaining 1% from a variety of other local areas, such 
as Oildale, Tupman, McKittrick, or unincorporated areas in Kern County. It appears that 
a larger portion of professionals employed at NPR -1 live in the Bakersfield area than Taft, 
but the reverse is true for clerical staff and field workers, including contractors and their 
employees. 

3.8.6 Public Services and Utilities 

Public services and utilities are affected directly by NPR-l operations at the site, as well as 
indirectly by popUlation growth induced throughout Kern County. In general, the most 
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TABLE 3.8-9 Kern County Housing Characteristics, January 1987 

Total Single- 2-4 
Location Units Family Units 

Taft 2,648 1,865 153 
Bakersfield 61,811 38,811  6,890 
Kern County 188,679 125,831 17,997 

Source: California Department of Finance 1987 . 
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5 or 
More Mobil 
Units Homes 

474 156 
14,326 1,803 
25,184 19,667 

Vacancy 
Occupied Rates 
Units (%) 

2,373 10.4 
57,206 7.5 

172, 138 8.8 



significant ongoing socioeconomic effects ofNPR-1 operations are those associated with the • population and economic activity created by the project, as opposed to those directly 
resulting from the operation of the facility. Because the population-related effects are 
dispersed throughout the county (primarily in the cities of Bakersfield and Taft and 
unincorporated areas of Kern County), the effects of NPR-1 operations on the public 
services and utilities are difficult to isolate and are not likely to tax existing capacities. 

3.8.6.1 Police Services 

Police services are provided in the unincorporated areas of Kern County by the county 
sheriff. In FY 1988-89, the Kern County Sheriff's Department had about 450 positions; 
about two-thirds of these positions are sworn officers. In addition, the Sheriffs Department 
also operates the county's detention facilities. These facilities require a staff of 
approximately 500 employees (Kern County 1988). In Taft, the city police department has 
12 sworn officers and 10 reserve officers (City of Taft 1986). 

3.8.6.2 Fire Protection 

Quick-response fire protection services at the NPR-1 site are provided by on-site safety 
personnel during working hours. Additional fire protection services are provided by the 
Kern County Fire Department and the City of Taft Fire Department. 

The Kern County Fire Department operates 44 year-round stations and has 666 authorized • full-time positions. The Kern County stations at Buttonwillow, McKittrick, and Taft would 
provide initial response fire protection services for NPR-l. The Buttonwillow station 
employs a fire captain, one fire engineer, and one fire fighter. The McKittrick station 
employs a fire captain and one fire fighter. The Taft station would provide an initial 
response force consisting of three fire engines, two patrol vehicles, and up to nine, fire-
fighting personnel. 

Currently, the Taft Fire Department employs a fire chief, one fire marshall, three fire 
captains, two fire engineers and two fire fighters. 

3.8.6.3 Schools 

As indicated above, a majority of NPR-1 employees live in Bakersfield and their children 
attend school there, with the remainder spread throughout the westside area of the county. 
Education is provided in Kern County by 37 elementary school districts, 7 unified districts, 
4 high school districts, and 2 community college districts. California State University, 
Bakersfield, is the region's 4-year university (Flaim 1989). 

Table 3.8-10 shows that all of the Taft area schools have excess capacity and could 
accommodate additional student enrollment. Increases in enrollment could, however, 
require additional staffing and operating funds. 
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TABLE 3.8·10 Taft Area School Enrollments and 
Capacities, April 1988 

School District Enrollment Capacitt 

Taft Union High 850 > 1,000 
Taft City Elementary 2,088 3,025 
Maricopa Unifiedb 457 1,000 
Midway 177 225 
McKittrick 40 80 
Elk Hills 102 200 
Belridge 67 120 
Buttonwillow Unionc 376 465 
Lost Hills Union 335 380 

-capacity without switching to year-round schools, double
sessions, or -larger classes. 
bIncludes elementary and high school students. 
CHigh School students attend Shafter High School. 

Source: Data provided by City of Taft 
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Elementary schools in Bakersfield have been experiencing steady growth. In 1987-88, about • 21,000 students attended in the Bakersfield elementary school system (Flaim 1988). 

Although children of NPR-1 employees are concentrated somewhat in the Panama 
Elementary School District in southwestern Bakersfield, the general distribution of students 
throughout the city schools means that the effects of NPR-related population growth are 
small relative to the capacities of the school systems. 

3.8.7 Public Fmances 

Table 3.8-11. which snmmarizes Kern County's sources of fmancing for FY 1988, shows that 
about 45% ($200 million) of the county's revenue comes from intergovernmental sources, 
principally the state of California and the federal government. Property taxes ($132.1 
million) account for about 30% of the county revenues. Total taxes and fees collected 
within the county (including licenses, permits, fines, forfeitures, penalties, charges for 
services, and miscellaneous revenues) total $234 million. The table lists only those property 
taxes collected within Kern County that are allocable to the county budget. Table 3.8-12 
lists the distribution of all $343 million in property taxes collected in the county. The county 
and the school districts share about equally, 36% and 37%, respectively. Special districts 
governed by local boards account for 15% of the total, and the cities account for about 9%. 
The assessed value of CUSA's portion (about 22%) of NPR-1 totaled about $1.5 billion in 
1987. 

Table 3.8-13 shows how Kern County's budget was spent during the 1987-88 budget year. 
Public protection (the courts, police, and similar services) accounted for about $138 million 
(31 %); public assistance for $151  million (34%); general government for $64 million (14%); 
health and sanitation for $34 million (8%); and public ways and facilities for $27 million 
(6%). The categories of education, recreation and cultural services, and reserves each 
accounted for 3% or less of the total. 
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TABLE 3.8-1 1  Summary of Kern County Financing for Budget 
Year 1987-88 

Source of Funds Amount Percent 
($ million) of Total 

Fund balance from prior year 6.5 2 
Current property tax allocation 132.1 30 
Taxes other than property taxes 26.8 5 
Licenses and permits 5.5 1 
Fines, forfeitures, and penalties 6.5 2 
Revenues from use of money and 

property 5.6 1 
Intergovernmental revenues 200.1 45 
Charges for services 51.7 12 
Miscellaneous 5.8 1 
Other financing 1.8 1 

Total 443- 100 

Ffotal is rounded. 

Source: Jackson 1988 . 

TABLE 3.8-12 Summary of Kern County Property Tax Billing 
for Budget Year 1987-88 

Allocation Amount Percent 
($ million) of Total 

County Budget 121.8 36 
Special Districts-Local Boards 51.6 15 
Special Districts-Board of 2.6 1 

Supervisors 
School Districts 127.9 37 
Special Education Programs 6.9 2 
Cities 32.2 9 

Total 343 100 

Source: Jackson 1988 . 
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TABLE 3.8·13 Summary of Kern County Budget Allocations for 
Budget Year 1987·88 

Amount Percent 
Application ($ million) of Total 

General Government 64.0 14 
Public Protection 138.0 31 

Public Ways and Facilities 27.4 6 
Health and Sanitation 34.3 8 
Public Assistance 150.7 34 

Education 8.4 2 
Recreation and Cultural 8.7 2 

Services 
Reserves 11.2 3 

Total 443- 100 

-Total is rounded. 

Source: Jackson 1988. 
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3.9 RISK ASSESSMENT 

This section compares/discusses risks at typical petroleum-production facilities with those 
at NPR-l. 

Two major types of risks are inherent in petroleum-production facilities: (I) fire and 
explosion (which threaten primarily personnel and property and, secondarily, the 
environment); and (2) spills (which threaten primarily the environment). Because the 
hazards of dealing with large quantities of oil, gas, and natural gas liquids are well 
recognized at petroleum-production facilities, standards and precautions to prevent spills and 
accidents are highly developed, as are the capabilities of coping with such events should they 
occur. Despite precautions, a degree of risk remains, which is discussed as follows: 

3.9.1 Historical Risks - National and NPR-l 

One of the notable risks associated with oil-field operations is that of oil spills. Spills and 
leaks are inevitable in the transfer, processing, and storage of large quantities of crude oil. 
Historically, about 3% of nationally reported oil-field spills have involved less than 100 
gallons (2.4 barrels); 82% have involved 100-10,000 gallons (2.4-240 barrels); and 15% have 
involved more than 10,000 gallons (240 barrels) (Ritchie et al. 1973). The major cause 
(about 80% of the cases) of reported spills was pipe failure, which in tum was caused 
primarily by external corrosion (46% of the cases). Other factors causing spills included 
ruptures, external corrosion, and failures of valves and pumps. 

As required by law in recognition of the potential for spills, NPR-1 instituted a spill 
prevention, control and countermeasure plan (SPCC) in 1989 which, among other things, led 
to the installation/ enhancement of prevention and containment facilities throughout the site. 
The SPCC has recently been updated as required by Part 1 12 of 40 CPR (BPO! 1992). At 
NPR-1, most piping is above the ground, and the majority of releases resulted from internal 
corrosIOn. 

Records of the number and volume of spills at NPR-1 have been maintained since 
July 1976. Table 3.9-1 summarizes reported spills from 1979 through 1988. The number 
of spills involving less than 100 barrels has fluctuated from 17 to 33/month, averaging about 
22 spills/month. Although the total quantity spilled/volume produced appears to be fairly 
constant with time (except for 1982), the number of incidents has increased steadily since 
1983. This increase may be attributed, in part, to increasing corrosion associated with aging 
equipment and more stringent reporting requirements. 

Spills of greater than 100 barrels .have occurred on NPR-1 at an average rate of 
6.5 spills/year. The average size of the spill has decreased appreciably since 1983. With 
few exceptions, the oil spilled has been contained, and recovery has approached 65% 
overall. Spilled oil is recovered by use of vacuum trucks and then placed into the 27R oil 
recovery sump. Spilled oil that cannot be recovered is contained within secondary 
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TABLE 3.'·1 NPR·l Oil Spill History 

Category- 1979 1980 1981 1982 1983 1984 1985 1986 

Minor Spills 
Total incidents b 298 209 213 201 218 253 284 -

Barrels spilled 2,452 2,557 1,995 1,6 16 1,619 1,348 1,395 1,379 
Barrels recovered 633 895 1,034 598 620 627 627 645 

Major Spills 
Total incidents 0 2 4 7 6 9 7 7 
Barrels spilled 0 500 632 14,807 1,817 2,091 1 ,303 3,004 
Barrels recovered 0 430 579 1 1,304 1,5 19 1,595 985 2,791 

Total 
Barrels spilled 2,452 3,057 2,627 16,423 3,436 3,439 2,698 4,383 
Barrels recovered 633 1,325 1,613 1 1,902 2,139 2,222 1 ,612 3,436 
Barrels not recovered 1,819  1,732 1,014 4,521 1 ,297 1 ,217 1 ,086 947 

·Minor spills are those involving less than 100 barrels; major spills are those involving 100 barrels or more. 
bData not available . 

• • 

1987 1988 Totals 

390 523 -

2,421 2,584 16,782 
1,237 923 9,500 

5 9 
907 2,152 27,213 
840 1,710 21,753 

3,328 4,736 46,579 
2,077 2,633 29,592 
1,251 2,103 16,987 
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containment facilities or contained within NPR-1 site boundaries by use of berms and 
diversions. To mitigate oil spills, NPR-1 has ongoing corrosion control and pipeline 
monitoring/inspection/replacement programs. See Section 1.2.2.22 and Table 1.2-10 
(Projects P40301A, P40302, P40301B, P48767A, P493 14, P48724, and P49703) for corrosion 
control and pipeline replacement projects included in the proposed action. 

Only limited data exist on the occurrence of accidents involving fire or explosion in oil-field 
facilities; however, some information is available on well blowouts. Based on data taken 
from the 1979 EIS (DOE 1979), the calculated blowout rate for new wells is 0.8 blowouts/ 
1,000 wells drilled and the estimated blowout rate for remedial actions on wells is 0.3 blow
outs/1,OOO actions. Since the mid-1970's, NPR-1 has actually experienced six blow-outs, or 
similar conditions: one in connection with drilling approximately 1, 100 wells; three perform
ing perhaps 15,000 (guesstimate) remedial and workover actions; and two related to day-to
day well operations (non-drilling and non-remedial/workover). This translates into actual 
experience factors of 0.9 blowouts/ 1,000 wells drilled and 0.2 blowouts/1,000 remedial/ 
workover actions. The blowout conditions experienced in connection with day-to-day well 
operations cannot be statistically correlated with industry experience. However, it is 
anticipated that current and future risks would be relatively insignificant compared to past 
risks because reservoir pressures have fallen significantly (and will continue to fall). 

3.9.2 Identification of Potential Risks Associated with Operations at NPR·l 

Risk has two major components--frequency and magnitude. Table 1-5 in the 1979 Final 
NPR-l EIS (DOE 1979) provides a rating of the risks associated with various systems and 
components of the operations at NPR-l. These risks have been rated according to 
frequency of occurrence and magnitude of the consequences. Unacceptable risks are 
generally identified as those that either occur too frequently, even though the consequences 
are fairly minor, or those for which the magnitude of consequences is so great that 
occurrence can be tolerated only in terms of millennia. The primary risks of concern are 
discussed below. 

Because major spills can create serious environmental impacts, large tanks (usually 10,000 
barrels or larger) at NPR-1 are individually diked to limit the extent that oil could spread 
in case of a spill and to facilitate cleanup and recovery. Many smaller tanks are afforded 
the same protection. Containment provisions are based on Division of Oil and Gas 
regulations and requirements set forth in the Porter-Cologne Water Quality Act and 40 
CFR, Part 112. Some smaller tanks (usually less than 1,000 barrels) are currently protected 
by contingency catch basins located in drainage channels downhill of tank settings. Studies 
have been completed and others are underway or planned to determine the feasibility of 
enhancing secondary containment at these tank settings. As the result of the completed 
studies, a project is in progress to enhance secondary containment at approximately 25 tank 
settings. Contingency catch basins also are located strategically throughout NPR-l to 
contain oil spills from sources other than tank settings, including drilling operations, broken 
pipes, and leaking valves. All diked areas at NPR-l meet the 100-year rainfall capacity 
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requirements. Where capacity is limited, two or more catch basins may be placed in a • drainage channel in series. 

With the exception of road crossings, the great majority of pipelines at NPR-1 run above 
the ground and are supported by structural members where necessary. Pipelines typically 
transport various liquid and gaseous hydrocarbons and water at pressures ranging from 
vacuum up to 3,500 pounds psig. At road crossings, pipelines are installed underground and 
are protected against corrosion and damage from vehicles or other heavy equipment. 
Pipelines are labeled at strategic locations to assist in responding to accidents and 
emergencies, such as ruptures that can cause pipelines to whip around causing additional 
damage and/or the release of flammable hydrocarbons. Plans are to study the feasibility 
of enhancing the existing pipeline labeling system so that risks are more immediately 
obvious following accidents and during emergencies. 

Operation of compressor stations is one of the more hazardous operations at NPR-1. 
Closed spaces at these stations are potential locations where leaking gas can accumulate to 
form explosive mixtures. Four explosions have occurred at enclosed compressor stations at 
NPR-1 since MER production began in the mid-1970's, the last of which was in 1985. No 
injuries resulted from these explosions. Portions of LTS-1, LTS-2, HPI, 35R and 33S are 
enclosed, while 36R, 33R, 30R, 17R, and 7R are all open. The enclosed stations and some 
open stations have fire and gas detection equipment installed. Most open compressor 
stations are not provided with detection equipment. 

About 630,000 gallons/day of natural gas liquid products (NGL) were produced at NPR-1 • gas plants in 1987 -- 38% propane, 31 % butane, and 31% natural gasoline. This amounts 
to about 5.5 million barrels/year, which is about half of the total NGL production in 
California. These NPR-1 products are moved to market in MC-330 and MC-331 tank trucks 
on public highways. Given that NGL's are highly flammable, this represents a potentially 
significant risk to the public. Hence, an analysis was undertaken to determine the number 
of vehicle accidents that might occur "off-site" while transporting NPR-l NGL's. 

On the basis of the analysis, it was estimated that 13 vehicle accidents/year could be 
expected based on an estimated 37,230 one-way tank truck shipments (0.00035 accidents/ 
one-way trip). This estimate assumed 150 one-way trips/day during the summer and 50-
S8/day during the winter. In addition, the estimate was based in part, on an analysis 
reported in Appendix C of the 1979 EIS (DOE 1979) of 40 accidents involving tank trucks 
hauling products similar to NGL's ( 1.8-6.3 accidents/million miles for trucks depending on 
highway type). Although there are no known cases of spills associated with tank trucks 
transporting NPR-1 NGL's, based on a severe accident frequency of 9% (Jones et al. 1973), 
one of the 13 accidents could be severe (Le. fuel-air detonation). 

Despite the heavy traffic, the "on-site" safety record at NPR-l facilities where NGL products 
are stored and transported is excellent; accidents have been few and very minor. 
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Wet gas, as taken from the wellhead, always contains trace amounts of radioactive gas, . 
primarily radon. During gas processing, radon can become concentrated in the gas plant 
in the ethane and propane fractions. Studies have shown that radon can produce slight, but 
possibly significant, short-term hazards to workers and consumers (DOE 1979, Appendix C). 
The radon level in California wet gas is well within the normal limits reported from other 
gas-producing areas in the nation. However, liquid petroleum gas (LPG) produced and sold 
in California has the highest radon content of any state, possibly due to the rapid movement 
of the produced LPG to market (radon-222 has a half-life of 3.8 days). In recognition of 
the risks, naturally occurring radioactive material (NORM) surveys, including radon, have 
been performed at NPR-l to establish baseline conditions and to identify areas of concern. 
The results of the survey are being evaluated for appropriate action. It is anticipated that 
within the next 1 -2 years, among other protective measures, a monitoring program will be 
established, signs will be posted, and storage times will be monitored/controlled. 

Recordable occupational injury rates at NPR-l (DOE, contractors and subcontractors) for 
the period 1982-1990 are provided by Table 3.9-2. Injuries per 200,000 man-hours worked 
during this period ranged from 2.48 in 1986 to 8.50 in 1982. During this same period the 
average injury rate experienced by the oil and gas extraction industry according to the 
Bureau of Labor Statistics (BLS) ranged from 7.50 in 1989 to 12.0 in 1982. The NPR-l 
injury rate was below that reported by BLS in each year during the indicated period. The 
most hazardous activities at NPR-l are those associated with drilling operations. 

There have been a total of five fatalities at NPR-l since 1979, the last of which occurred in 
July 1988. Fatality incidents are reported to Cal-OSHA, County of Kern and DOE 
Emergency Operations Center. 

NPR-l reported an average of 525 vehicles in use and 3,748,000 miles of travel/year during 
the period 1983-1987. That level of vehicle use resulted in a total of 41 reported vehicle 
accidents and $52,000 in vehicle losses. Thus, the vehicle accident rate for the period was 
2.2 accidents/million vehicle miles, which is 35% lower than the DOE average of 
3.4 accidents/million vehicle miles. 

During 1982, NPR-l reported 37 vehicle accidents, which resulted in a vehicle accident rate 
of 6.0 accidents/million vehicle miles. During 1988, 18  reportable accidents were recorded 
for nearly 4 million vehicle miles driven. This resulted in a frequency rate of 4.5 reportable 
accidents/million vehicle miles. This was about 32% higher than the DOE-wide average 
of 3.4 accidents/million vehicle miles. About 62% of the NPR-l accidents involved pickups. 
Automobiles were listed in 17% of the accidents and 8% of the losses, while heavier trucks 
accounted for 15% of the accidents and 22% of the vehicle losses . 
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TABLE 3.'·2 NPR·l Recordable Occupational Injury Rates· Compared with 
. Bureau of Labor Statistics (BLS) for Oil and Gas Extraction Industry 

Year Drilling Production 

1982 12.86 6.66 
1983 16.65 5.37 
1984 6.40 4.38 
1985 4.50 2.23 
1986 6.19 3.6 1 
1987 6.82 8.07 
1988 10.35 6.75 
1989 5.39 4.38 

I 1990 3.22 3.90 

·Recordable accidents/200,000 man hours worked. 
bEngineering, Administrative, etc. 
CData not available. 
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4.0 ENVIRONMENTAL IMPACTS OF PROPOSED 
ACTION AND ALTERNATIVES 

4.1 PROPOSED ACTION 

The impacts of the proposed action are those that are associated with the continuation of 
existing operations (see Section 3.0) plus those that are associated with new development 
included in the proposed action as described below. 

4.1.1 Geology and Soib 

4.1.1.1 Constnlction Impacts 

The disturbance and development of approximately 1,569 acres on and off of NPR-1 over 
the next 30 years (see Table 1.3-2) associated with construction projects would increase the 
potential for soil erosion. However, any increase should be relatively short-lived and should 
not result in significant adverse impacts, if appropriate erosion-control and site-rehabilitation 
measures are implemented. Measures planned include those applied in the past (see 
Section 1.2.2.12 and U) using Amimoto (1977) and the Soil Conservation Service (1985) 
as guidelines (see Section 1.2.2.19 for more information). In addition, as part of the 
proposed action, approximately 1,045 acres of development on and off of NPR-1 would be 
subject to erosion control measures pursuant to revegetation activities (see Table 1.3-2). 

4.1.1.2 Operational Impacts 

Potential geologic impacts from the operational phase of the proposed action include surface 
subsidence and induced seismicity. 

Surface subsidence could be caused by withdrawal of oil and gas from the producing zones 
and by pumping water from the Tulare Formation for enhanced petroleum-recovery 
operations. However, based on an evaluation of geologic characteristics (see 
Section 3.1.2.4), plans to reduce Tulare withdrawals for waterflooding by recycling produced 
water and plans to continue the ongoing and proposed water and gas injection programs 
(see Section 1.2.2.1 and 4.1.4.2.2), the potential magnitude of surface subsidence attributable 
to the proposed action should not be sufficiently large to cause damage to critical structures. 
Nevertheless, because of the uncertainties inherent in predicting subsidence, it is possible 
that subsidence could occur. 

Seismic events that could be induced by. activities associated with the proposed action are 
not expected to cause significant impacts to structures at NPR-1 or nearby areas. Although 
oil and gas withdrawals have been known to stimulate seismic events of magnitudes up to 
4.6, such an earthquake would unlikely produce sufficient motion and be of sufficient 
duration to affect properly designed structures. 
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Earthquake design loads for buildings and other structures are determined in accordance • with the procedures contained in the latest edition of the Uniform Building Code. The 
subject code identifies NPR-l as a seismic Zone 4 area (Uniform Building Code 1991). A 
site-specific geotechnical and earthquake engineering study of NPR-l has been completed 
which will be used for the design of more critical structures (Woodward-Oyde 1991). One 
facility that is under review is the 35R gas plant which was constructed in the early 1950's. 
It is anticipated that the review will result in projects to enhance the structural integrity of 
some components of this plant. 

Based on an evaluation of historical natural seismic activity (see Section 3.1.2.5), it appears 
that this does not present a major hazard to the NPR-1. NPR-l is located on sandstone and 
mudstone bedrock of the Tulare Formation and also on alluvial fan deposits that extend 
onto the site. Possible damage due to a major earthquake on either the White Wolf or the 
San Andreas fault would tend to be greatest to any facilities located on the alluvial fan and 
in Buena Vista Valley, where ground cracking, densification, and liquefaction are most likely 
to occur. Thus, the design and construction of any oil and gas storage and shipping facilities 
located in these areas would require careful attention. Well-constructed facilities in the 
elevated portion of the NPR-l should be safe, even in the event of a large earthquake on 
the nearby active faults. The maximum estimated earthquake magnitude for a fault near 
NPR-l is 7.5-8.0 on the San Andreas fault (Woodward-Clyde 1991). 
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4.1.2 Waste Generation 

Reauthorization of the Resource Conservation and Recovery Act (RCRA) is being considered 
by Congress at this time. Oilfield production and exploration wastes currently exempted from 
Subpart C of RCRA may become regulated wastes in the reauthorized legislation. Should this 
occur, RCRA hazardous waste streams at NPRC will increase substantially. However, current 
management practices are already in place which manage these waste streams under state 
hazardous waste regulations. 

Implementation of the proposed action would have several impacts: e.g . ,  those associated with 
the current operations described in Section 3.2, and other impacts associated with intensifying 
enhanced recovery techniques in response to field maturation and natural production declines. 
The most noteworthy impact would be an increase in wastewater due to waterflood and steam
flood operations. Other impacts would decline, such as those from well drilling. A more 
comprehensive discussion of potential impacts and associated mitigation are presented below. 

4.1.2.1 Continuation of Current Oil and Gas Operations 

Under the proposed action, 259 wells (production and injection) would be drilled, redrilled or 
deepened in the Stevens and SOZ zones over the period 1989-1995 . This is an average of about 
36 wells/year, compared with an average of 70 wells/year over the period 1974-1988. These 
same types of well projects would be completed at a rate of about 4/year over the period 1996-
2025 . Thus, the proposed action would sharply reduce well-drilling activity, which, in tum, 
would reduce the volume of spent drilling fluids requiring disposal. The reduction in the 
number of well projects through 199 1 has shown a resulting 45 % reduction in the volume of 
drilling wastes disposed (700,000 barrels/year in 1987 versus 3 15,000 barrels/year in 1990.) 
The toxicity of current drilling fluids is also much reduced because chromium and other 
hazardous additives are no longer utilized (see Section 3.2.3). Therefore, the overall impacts 
from spent drilling fluid, which is a major waste stream, would be sharply reduced; eventually, 
they would probably become insignificant. 

As the implementation of various secondary oil recovery projects continues, the volume of 
another principal waste on NPR-l -- produced wastewater -- would increase substantially. 
Currently, about 100,000 -1 10,000 barrels/day of produced wastewater are generated on NPR-1 .  
This volume i s  projected to increase to approximately 18 1 ,000 barrels/day (see Table 1.2-1). 
Impacts related to handling and disposal of wastewater are discussed in Sections 4. 1.4.2. 1 
and 4. 1 .4.2.2. 

MER is expected to decrease steadily over the next 10 years. The occurrence of episodic waste 
releases (e.g. , .oil spills, leaking storage facilities,- wastes from process chemicals) would be 
expected to parallel the rate of oil production. Thus, impacts from these types of wastes should 
decline. In the near term (the next 10 years) , the increasing age of equipment is not expected 
to be a serious problem. While the oil-production level is still relatively high, profits would be 
optimized by good management practices, such as quickly replacing old equipment with new. 
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As the oil field matures and profits decline, good maintenance practices must steadily receive • a higher priority, otherwise leaks from corrosion, valve and equipment failure, and similar 
sources could cause increased amounts of wastes to be released to the environment. In 
recognition of this, the intensity of corrosion-monitoring activities has increased substantially 
over the past few years and is expected to increase further in the future. 

4.1.2.2 Planned Facility Development 

Some facility construction and operational activities included in the proposed action have the 
potential to cause adverse environmental impacts through the generation and subsequent disposal 
of wastes. These facilities and operations include (1) 24Z129R closed-loop gas-lift, (2) a fourth 
gas-processing plant, (3) cogeneration plant, (4) butane isomerization plant, (5) Stevens and SOZ 
waterflood expansion, and (6) SOZ steamflood expansion. 

Although each of the above facilities is a major construction effort, the total volume of non
hazardous construction wastes generated would comprise only a minor fraction of the approxi
mately 24,000 cubic yards/year of non-hazardous solid wastes currently generated at NPR-1 .  
Table 4. 1.2 .2-1  provides an estimate of the total amount of  non-hazardous construction-related 
waste volumes for the six planned facility projects. The construction debris from these projects 
would be collected as nonhazardous solid waste and disposed of off-site at the Kern County 
landfill near Taft. 

It is expected that a small amount of hazardous waste would also be generated during • construction of each project. This waste would include various solvents, paints, sealants, 
adhesives, waste lubricants, and the containers of these products. It is expected these hazardous 
wastes would increase only slightly the site's current annual 19,800 pound (9,000 kilograms) 
hazardous waste stream. 

Operation-related wastes are discussed below for each of the facilities and summarized in 
Table 4 . 1 .2 .2-2 for reference. As a result of operation of planned facilities, NPR- I ' s  overall 
hazardous waste stream is not expected to increase significantly. 

24Z/29R Closed-loop Gas-Lift 

The closed-loop gas-lift projects are expected to have very little waste-related impact on the 
environment. Three large air compressor engines would generate a small amount of used motor 
oil each year. This facility would include a glycol dehydration system to remove water from 
the incoming gas. Wet gas (containing water) causes substantial corrosion to gas manifolds and 
piping. If unchecked, this corrosion could lead to eventual failure of the system, resulting in 
release of liquids and gases to the environment. The glycol dehydration system would reduce 
corrosion in the gas lines, and thus, reduce the potential for a large hydrocarbon release to the 
environment. Spills and leaks of glycol would be minimized and addressed through the Spill 
Prevention, Control, and Countermeasure (SPCC) plan. No significant waste-related impacts 
are anticipated from construction or operation of this facility. 
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TABLE 4.1.2.2-1 Estimated Volumes of Construction Related Non-hazardous Solid Waste Generation for Planned Facility 
Development Projects· 

PROJECf TOTAL QUANTITIES OF WASTE ESTIMATED 
TO BE GENERATED DURING CONSTRUCfION 

CONCRETE CRATING & PAPER SCRAP METAL 
(cubic yards) (cubic yards) (tons) 

Closed-loop gas-lift 1 10 1 

Gas processing plant 3 30 3 

Cogeneration plant 3 30 3 

Butane isomerization plant 3 30 3 

Waterflood expansion 1 10 1 

Steamflood expansion 1 5 2 

TOTAL 12 1 15 13 

IData represents best estimates available. 

Source: BPOI 1991 



TABLE 4.1.2.2-2 &timated Volumes of Operational Waste Generation For Planned Facility Development Projects1 

PROJECf TYPE WASTE TYPE 

LIQUID SOLID HAZARDOUS 

Closed-loop gas-lift 360 gallons/year used motor oil ( ') C) 
Gas processing plant 120-640 gallons/dar 50-100 pounds/day 12 cubic yards/year used 

glycol filters' 

Cogeneration plant 13.H-2 4 12 barrels/ daf ( ') 13.H-2 C) 
171 barrels/da� 
450 barrels/ day6 

Butane/isomerization plant 120-640 gallons/ day7 50- 100 pounds/day C) 
Stevens/SOZ Waterflood ( ') 50- 100 pounds/day C) 
expansion 

Steamflood expansion 8,500-35,000 barrels/day(8) 50-100 pounds/day C) 
lIt is expected that nominal quantities of all waste types would be generated during operations and maintenance activities. 
2Wastewater stream would be from cooling tower blowdown and spent caustics. 
3Assumed to weigh 8 10 Ibs/yd3. Annual volume equates to 9,720 lbs (4,418kg). 
4Demineralizer system regeneration waste. 13.H-2 
5Potable water wastes (domestic wastewater). 
6Miscellaneous non-hazardous wastewater from heat recovery steam generator blowdown for system losses. 
7Wastewater would comprise cooling tower blowdown. 
8Produced wastewater from steam-injection activities. 
Source: BPOI 1991  
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Fourth Gas-Processing Plant 

Construction of a fourth gas-processing plant represents a major expansion of gas-processing 
capacity at NPR-1 .  In addition to wastewater, it is expected that 50-100 pounds/day of non
hazardous solid waste and 12 cubic yards/year of hazardous waste would be generated during 
operation of the gas-processing plant. Potential waste-related impacts from this plant would be 
minimized by the following mitigation measures: (1) there would be no direct waste discharges 
from this plant to unlined sumps or drainages; (2) drainage from the plant would flow through 
lined concrete ditches into lined collection ponds used for evaporation; (3) all process chemical 
and production storage would be subject to secondary containment; and, (4) waste minimization 
would be achieved through bulk chemical storage (see Section 3.2) .  Waste released from this 
facility, as a result of spills or leaks, should, therefore, be minimal. Spills and leaks would be 
managed through the SPCC plan. 

Cogeneration Plant 

Operation of the proposed cogeneration plant in Section 35R would provide most of the 
electricity needed at NPR-1 .  Small amounts of antiscaling and biocide agents, exact type to be 
determined in the project design process, may be required to be added to the condensate 
feedwater for the system. Caustics and acids (sodium hydroxide and sulfuric acid) would be 
used at this plant as the anion and cation exchangers in a demineralizer system for treating the 
make-up water. The regeneration of the demineralizer system every 24 hours would produce 
approximately 412 barrels of demineralizer system regeneration liquid waste/day (see 
Table 4. I .2.2-2). This waste would be collected in a waste neutralization tank. The wastewater 
would be neutralized to an alkaline pH (7.0 - 8.5). The neutralized wastewater is estimated to 
have a T ADS content of approximately 9,600 parts/million (BPOI 1993) . It is expected that this 
wastewater would meet Class II injection fluid criteria pursuant to the provisions of the July 3 1 ,  
1987 Final Policy for Class II Wells (EPA 1987). Accordingl y, plans for disposal of this 
wastewater into NPR-l Class II Wells would be proposed to the Division of Oil and Gas. 
Disposal by injection into Class II wells would be in accordance with all applicable regulatory 
procedures. Significant adverse environmental effects to groundwater are not anticipated as a 
result of this disposal method. Refer to Section 4. I .4.2 and A��endix D for a detailed 
discussion of potential groundwater impacts as a result of disposal by injection. Treatment of 
the wastewater in the neutralization tank as an integral part of the cogeneration system process 
would not require a RCRA treatment permit. However, this waste treatment process prior to 
disposal would be conducted in accordance with all applicable regulatory procedures of State of 
California Assembly Bill 1772, Permit By Rule Reform. 

In addition to the demineralizer system wastes, small amounts of domestic wastewater, 
(approximately 171 barrels/day),. and miscellaneous non-hazardous liquid wastes from the heat 
recovery steam generators, i .e. , blowdown and system losses of approximately 450 barrels/day 
(see Table 4. 1.2.2-2), would be generated from the operation of the cogeneration plant. The 
domestic liquid wastes would be disposed of in an on-site septic system. If the existing septic 
system capacity at the LTS-l plant in Section 35R is inadequate to dispose of these volumes, a 
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new on-site septic system would be provided. The miscellaneous liquid wastes would be • disposed of by injection into NPR-l Class II Wells in accordance with the above Class II Well 
Policy. 

Butane Isomerization Facility 

The butane isomerization facility is expected to generate some volumes of waste. Cooling tower 
blowdown water and sludges containing water treatment additives, such as antiscaling and 
biocide agents, would be collected and tested prior to disposal in accordance with applicable 
regulations. The quantities and types of water-treatment additives would be determined in the 
project design process. Processing and disposal would be conducted in accordance with 
regulated procedures. Caustics such as sodium hydroxide used in the process would be 
collected, tested, neutralized as required and injected into on-site Class II wastewater disposal 
wells (BPO! 1991).  Spent hydrochloric acid from this process would be injected into on-site 
disposal wells as part of the well stimulation process (BPOI 1991) .  Spent catalysts would be 
regenerated in an on-site regeneration unit to reduce the volume of waste requiring disposal. 
As with the foregoing projects, secondary spill containment, bulk chemical storage and spill 
response in accordance with the SPCC plan would be integral parts of the project. 

Stevens and SOZ Waterflood Expansion 

The Stevens and SOZ waterflood expansion would increase injection water needs from 
approximately 148,000 barrels/day ( 1989) to approximately 254,500 barrels/day ( 1995) (BPOI • 1989) . These additional water requirements are planned to be supplied by recycling produced 
wastewater currently disposed of by injection into the Tulare. Environmental impacts should 
be minimal since very little increase in waste generation is expected (except produced waste-
water, which is discussed in Section 4. 1 .4) .  

Steamflood Expansion 

Many of the new wells to be drilled under the proposed action would be part of the expansion 
of the SOZ steamflood project. A total of approximately 148 new wells (both production and 
injection) would be drilled, redrilled or deepened in this project area over approximately 
30 years. This amount of well drilling activity would not generate volumes of drilling fluid 
wastes requiring disposal in the landfarms on site above the volumes experienced in 1987 
(700,000 barrels/year). Site-wide, the amount of drilling activity has been on the decrease since 
1989. This has resulted in a downward trend of drilling wastes generated each year (see 
Sections 3.2. 1 and 4. 1 .2. 1 ) . Existing landfarm facilities have sufficient capacity to accept the 
volumes of drilling wastes that would be generated from this project. 

As many as 10 new steam generators would be operational if the full expansion of the 
steamflood project is achieved. Small amounts of chemical additives (quantities and types to be 
determined in the project design process) such as water softening, anti scaling and biocide agents 
would be added to the condensate feedwater of the steam generators. It is not anticipated these 
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• chemicals or the wastewater would be released into the environment except as a result of leaks 
or spills. As mentioned in the foregoing project discussions, secondary containment, response 
in accordance with the SPCC Plan and wastewater collection, handling, processing, and disposal 
in accordance with regulated procedures should reduce the potential impacts from such releases. 
The volume of produced wastewater is expected to increase significantly as the SOZ steamflood 
project is expanded. This issue is discussed in Sections 4. 1 .4. 1 .2. 1 and 4. 1 .4.2.2. 

4.1.2.3 General Mitigation 

Environmental concerns at NPR-l focus on compliance with federal, state, and local laws and 
regulations, as well as DOE Orders. DOE Orders address such programs as the pollution 
prevention awareness program, waste minimization/recycling program, environmental protection 
implementation plan, hazardous waste management plan, and the environmental protection policy 
statement; typically, these programs supplement legal and regulatory requirements through the 
implementation of good management practices, which represents significant mitigation activity. 

In the course of planning, designing, approving, funding and implementing site activities, the 
scope of the activities will be reviewed to determine if their scope has changed sufficiently, in 
comparison to the scope described herein, to require additional NEPA assessments. Additional 
assessments would be conducted as appropriate. In addition, proposed action activities would 
be required to undergo NPR-l ' s  pollution prevention, waste minimization and recycling program 
reviews. 

• Potential increases to the site's annual volume of hazardous waste generation as a result of the 
proposed facilities would require careful facility planning, engineering controls, and hazardous 
waste minimization and management practices review. This process and opportunities to reduce 
such waste streams during design would be addressed during the future project-specific 
environmental analyses. 

• 

State regulatory programs, such as the state's Hazardous Waste Reduction and Management 
Review Act of 1989 (SBI4) would also be complied with. Compliance with this Act would be 
required if NPR-l 's  annual hazardous waste stream exceeds 12,000 kilograms. 

Other mitigation activities focus on remediating impacts associated with past and current 
operations. These activities are included in the LRP and the proposed action. The principal 
initiatives are listed below, and the listing is followed by a more detailed discussion. 

• 

• 

• 

Chromium cleanup, 

Inactive · waste site €haracterization· and remediation I 

Programs to minimize wastewater sumping (line sumps, and shut-down sumps and 
replace them with tankage) , 
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• Cleanup/closure of inactive wastewater sumps, 

• Calderon Bill mandated solid-waste facility characterization, 

• Spill minimization and cleanup, 

• Drainage reclamation, 

• 25S dehydration facility tank repair/replacement/relocation, 

• 2-25S Stevens tank setting surge tank repair/replacement, 

• Tank setting secondary containment project, 

• 27R hazardous waste site closure, 

• 3G gas plant demolition, 

• 35R asbestos/removal program, 

• Recycling wastewater for waterflood use (PWI projects), 

• Waste-minimization/recycling program, and 

• Pollution-prevention awareness program. 

Past and current chromium-cleanup activities are discussed in Section 3.2.  Additional actions 
include continuing a visual program to monitor other potential sites. 

Several inactive waste sites have been identified, some of which contained hazardous substances 
such as arsenic; these are discussed in Section 3.2.4. These sites are to be reviewed, 
characterized, remediated and closed in acCordance with appropriate requirements, including 
DOE Orders. 

NPR-l 's objective is to minimize sumping of wastewater by providing additional tankage at 
sump locations so as to reduce the need for sumping to only occasional off-normal situations. 
Furthermore, sumps that are not needed are to be eliminated altogether and formally closed. 
Necessary sumps in sensitive areas are to be lined, to preclude infiltration. 

Wastewater sumps that.have been..abandoned�_ or-are.no longer needed, are to be identified and 
reviewed, characterized, remediated, and closed in accordance with appropriate requirements, 
including DOE Orders. An example of a sump project is the 35R sump. The drainage effluent 
from the existing 35R gas plant and LTS-l compressor building was collected at 35R sump until 
October 1989. The project eliminated the use of this sump by providing surface tankage to 
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collect the drainage. The project also provided facilities to transport the drainage to the 
oil/water production collection system. The 35R sump is no longer in use and is scheduled to 
be formally closed. 

Another example is the 27R sump project. The 27R sump replacement project is designed to 
replace the four oil-recovery and truck-washout sumps with environmentally appropriate above
ground tankage facilities. Three sumps will then be formally closed, and the fourth will be used 
as an emergency catch basin backup for the tankage during unexpected off-normal situations 
(such as tank overflows). Emergency catch basins are to be managed in accordance with the 
SPCC program. 

The characterization program for all Calderon bill regulated solid-waste facilities includes site 
characterization and reporting of results to regulatory agencies of all active and inactive land
farms, landfills, surface dumps, and any other solid-waste facilities (Section 3.2) . 

Spills are minimized through a comprehensive corrosion monitoring and facility replacement 
program. In addition, spill and overflow scenarios are considered in the course of facility design 
to ensure facilities are adequate to prevent/minimize and contain spills. When spills do occur 
they are addressed in accordance with the SPCC plan. 

A drainage-reclamation program is planned, primarily to address historical inactive drilling fluid 
sumps that might have been abandoned in natural drainages. This issue will be addressed in 
accordance with CCR Title 14 Section 1716. 

The 25S dehydration facility and Stevens tank setting projects are to shutdown, repair, replace, 
or relocate various tanks and equipment used in the separation of oil and produced water. These 
tanks have been subject to corrosion and weathering for a number of years, thus creating a 
potential for oil leaks and spills in an area that is near the Tulare/Alluvium contact, the 
California Aqueduct, and the Kern Water Bank Project. 

The secondary containment project is to enhance secondary containment provided for storage 
tanks field-wide, as required to ensure that spills and leaks do not leave NPR-l or cause adverse 
impacts to the environment. 

A project is in progress to formally close the 27R haZardous waste trench. A borehole was 
drilled to 1 ,000 feet to test for and characterize underlying groundwater. Water to this depth 
was not detected. A closure plan to clay cap and monitor the site was released for public 
comment. Closure activities required to obtain a post-closure permit have been completed. 

The 3G gas plant project.includes -demolition of the inactive 3G gas plant and removal of the 
associated cooling tower. The level of copper contained in the cooling tower is above the 
California TILC limit. Debris from the demolition of the cooling tower would be considered 
hazardous waste and would be disposed of in accordance with applicable regulations. 
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The asbestos program involves the phased removal of all asbestos-containing insulation from 
NPR-l facilities and equipment. The overwhelming majority of asbestos at NPR-l is at the 35R • 
gas plant constructed in the early 1950's. Typically, removal projects would be initiated in 
conjunction with projects that disturb existing asbestos. Until it is removed, friable asbestos 
would be encapsulated. Airborne asbestos particulate is and would continue to be monitored. 
Reinsulation would be carried out as necessary with appropriate nonhazardous materials. 

The most significant waste minimization/recycling and pollution-prevention program planned is 
to utilize produced wastewater as source water for waterflood operations, in lieu of using Tulare 
water (pWI projects); this will reduce the quantity of wastewater requiring disposal significantly, 
which is discussed in more detail in Sections 4. 1 .4.2. 1 and 4. 1 .4.2.2.  Other programs in place 
that would be continued include drum recycling, paper recycling, spent lead-acid battery 
recycling, and recycling spent acids, as previously discussed in Section 3.2. 

4.1.2.4 References· 

Bechtel Petroleum Operations, Inc. , 1989 NPRC FY 1989 - 1995 Long Range Plan, Naval 
Petroleum Reserves in California, Tupman, California. 

Bechtel Petroleum Operations, Inc . ,  199 1 ,  Memorandum from R. L. Donahoe to J. C. Killen, 
Responses to DOElHQ Comments on the SEIS, November 8. 

Bechtel Petroleum Opertions, Inc. , 1993 , Memorandum from R. L. Donahoe to Danny A. • Hogan, Water and Wastewater Study, Elk Hills Cogeneration Facility, Tupman, California, 
January 15. 

BPOI - See Bechtel Petroleum Operations, Inc. 

EPA - See U.S.  Environmental Protection Agency 

U.S. Environmental Protection Agency, 1987, Classification of Wells Used to Inject Air 
Scrubber Waste or Water Softener Regeneration Brine Associated with Oil Field Operations, 
Final Policy, Office of Water, Washington DC, July 3 1 .  

·Copies of correspondence and unpublished documents included in this list are available upon 
request from James C.  Killen, Technical Assurance Manager, U.S.  Department of Energy, 
Naval Petroleum Reserves in California, Tupman, California 93276. 

4 . 1 .2-10 • 



• 

• 

• 

4.1.3 Air Resources 

Current levels of air pollutant emissions from NPR-l sources are summarized in Section 3.3.2.2. 

The following sections discuss the atmospheric emissions that are expected to occur under the 
proposed action, compare those emissions to the existing conditions, and assess potential impacts 
on ambient air quality. 

4.1.3.1 Future Atmospheric Emissions 

The new sources of atmospheric emissions to be installed at the NPR-l site for the proposed 
action include (1) 10 gas-frred, 62.5-million-Btulhour heat-input steam generators; (2) 1 8  
gas-fired compressor engines (4-5 ,500-horsepower units, 8-1 ,500-horsepower units, and 1 1-
I ,OOO-horsepower units); (3) 2 gas-turbine-driven, 21-megawatt cogenerators; (4) 2 gas-fired, 
41 .5-million-BTU/hour heat-input heaters; and (5) 2 flares (1  low-pressure unit with 3 1  million 
cubic foot/day capacity and 1 high-pressure unit with 92 million cubic foot/day capacity) . The 
planned locations of these proposed new emission sources are shown in Fi gure 3.3-1 . Estimated 
average emissions from new sources for the year 1996 are summarized in Table 4. 1 .3- 1 .  Details 
of the emission estimates for the proposed new sources are provided in Table B.22 of 
A�ndix B. The year 1996 was chosen for analysis because it corresponds to the projected 
peak level of activity for the proposed steamflood expansion project and, therefore, to the 
maximum level of atmospheric emissions. 

The sources listed in Table 4. 1.3-1 include new pieces of equipment that would be installed 
between now and 1996. Not all of the items of equipment listed in Table 4 . 1 . 3-1 would be used 
directly in connection with the steam flood expansion project. For example, the cogenerators 
located at the 35R facilities also would be used to meet the heating requirements currently 
provided by existing boilers and heaters. About 70% of the new compressor capacity would be 
installed for the proposed fourth gas plant. The equipment emission estimates in Table 4. 1 .3-1 
are based primarily on manufacturers' data and should be considered fairly accurate. However, 
the accuracy of fugitive emission estimates must be considered rather uncertain. The largest 
contributions to new emissions of ROG, NOx, and CO would be the compressor engines. The 
quantities of new emissions of particulates from the compressor engines, steam generators, and 
cogenerators would be relatively small . 

As described in Section 1 .2, new construction projects planned between 1989 and 1996 include 
those for the steamflood expansion, a fourth gas plant, cogenerators, compressors, a butane 
isomerization unit, a closed-loop gas-lift system, and several third-party actions. Table 4 . 1 .3-2 
summarizes the temporary emissions produced by ( 1 )  fugitive dusts and engines of construction 
machines from site-preparation activities and (2) vehicular traffic associated with the additional 
construction workers . and delivery of construction material . Details of the emission estimates 
for these construction activities are provided in Table B.23 of Aypendix B.  

The emission estimates presented in Table 4 . 1 .3-2 for temporary construction activities are in 
most cases for the year 1990, when such activities, including third-party actions, would be at 
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TABLE 4.1.3-1 Summary of Projected Emissions from Proposed New Sources at NPR-l (Proposed Action and Alternative 2) 

Emission Rate ( lh/ht 
Total 

ROGb Source Category Capacity NOli CO S02e TSP 

Compressor engines 37,500 hp 122.6 82.7 345.0 0.2 1 .4 
Steam generators 

and heaters 708 x lW Btu/h 1 .1  28.3 10.3 0.3 3.0 
Cogenerators 42 MWe 5.3 7.8 10.6 0.2 1 . 1  
Flares 123 x l(f fe/day 0.3 5.4 1 . 1  0 0.3 
Fugitive emissions - 4.3 0 0 0 0 

Totalsd 
Proposed Action 133.6 124.2 367.0 0.7 5.8 
Alternative 2c 90.4 63.3 242.6 0.2 1 .3 

·Annual average values for projected level of peak activity in 1996; multiply by 4.38 to convert to units of tons/year. 
bEmissions of C6H6 included in ROG emissions are estimated to be negligible. 
C5% of S02 is estimated to be emitted as S04' 
dlndividual values may not add up to totals because of rounding. 
cExciudes emissions from steam generators and heaters, cogenerators, and 70% of compressor engines. 

• • 

PM10 

1.4 

3.0 
1. 1 
0.3 
0 

5.8 
1 .3 

H� 

0 

0 
0 
0 
1 X 10'" 

1 x 1<r 
1 x 10'" 

• 



• 

• 

• 

TABLE 4.1.3-2 Summary of Projected Temporary Emissions Associated with New-Source 
Construction Activities at NPR-l 

Emission Rate (lb/h)· 

Source Category ROGb NOx CO S02c TSP PM10 

Constructiond 0.6 7.5 1.6 0.5 3.8 1.1 

Vehicular traffi� 
On-site 0.1 0.6 0.3 0.1 62.0 24.3 
Off-site 0.5 3.8 1.8 0.8 6.3 3.1 

Total 1.2 11.9 3.7 1.4 72.1 27.4 

·Annual average values for 1990 unless otherwise noted; multiply by 4.38 to convert to 
units of tons/year. 
bEmissions of C6H6 included in ROG emissions are estimated to be negligible. 
C5% of S02 is estimated to be emitted as S04 
dBased on the disturbance of 64 2.2-acre sites during 1990, when the construction 
activities at NPR-1, including third-party projects, were projected to be at peak level.. 
cAssociated with the peak construction work force and delivery of construction 
material in 1992. 
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their peak level at NPR-1 .  Construction-related emissions during other years would be • substantially less than those shown in the table. For example, the emissions in 1995, when 
construction activities would be limited to the steamflood expansion project, would be less than 
20% of the values listed in the table. The emission estimates listed in Table 4. 1.3-2 for the 
vehicular traffic are for the year 1992, when the on-site construction work force was projected 
to be at its peak level of 300 people. In 1995, the vehicular emissions associated with the 
construction activities would be only one-third of the 1992 levels. 

Compared with the new stationary source emissions, the temporary emISSIons from the 
construction activities and associated vehicular traffic would be relatively small, except for S� 
and particulate matter. 

Table 4. 1.3-3 lists (1) total current emissions from existing sources; (2) projected changes in 
emissions from currently existing sources for the year 1996; (3) net changes in emissions 
between the period 1987-1989 and 1996; and (4) the projected total 1996 emissions. Further 
details are presented in Tables B.24 throu�h B.26. The emission changes listed in Table 4. 1.3-3 
are based on associated activity projections supplied by BPOI, as indicated in the footnotes to 
Table B.24. For example, NOx emissions associated with well-pump engines are projected to 
decrease, because up to 80% of current NOx emissions must be eliminated pursuant to KCAPCD 
Rule 427 (see Section B.2 .2l. The net emission changes between the period 1987-1989 and 1996 
represent the sums of the proposed new emissions and the projected changes in existing 
emissions. The projected total 1996 emissions are the sums of existing emissions and net 
emission changes between now and 1996. As can be seen from the data, some net increases are • expected in emissions of CO, TSP, and PMlO; while net decreases are projected for ROG, NOx, 
and S02 emissions as a result of the proposed action. The net increase in CO emissions would 
be due primarily to the new compressor engines. The net increases in TSP and PMIO emissions 
would be due primarily to increased truck traffic delivering liquid products associated with 
increased production at the new fourth gas plant. 

Currently, the NPR-l emission sources subject to KCAPCD Rule 2 10. 1 (standards for an 
authority-to-construct permit) are permitted under three different stationary sources: 
( 1 )  light-oil-production stationary source; (2) gas-processing stationary source; and 
(3) gasoline-dispensing stationary source. All 10 new steam generators and three 
1 ,5OD-horsepower compressors would belong to the light-oil-production stationary source; the 
remaining 15 new compressors, the 2 cogenerators, 2 heaters, and 2 flares would belong to the 
gas-processing stationary source. Emission increases from these proposed new sources would 
be offset by the emission offset credits accumulated through previous emission-reduction 
programs at NPR- l ,  and the emission offset credits to be obtained through future 
emission-reduction programs at NPR-l pursuant to the requirements of KCAPCD Rule 2 10. 1 
(New Source Review) , and the State and Federal Clean Air Acts (including the conformity 
provisions of the FCAA). 

Table 4. 1 .3-4 lists the cumulative net changes in emissions for all three stationary sources at 
NPR-l for the period December 28, 1976, through May 2, 1989. The cumulative net changes 
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TABLE 4.1.3-3 Summary of Emissions for Existing and Proposed New Sources, 
Projected Changes, Net Changes, and Projected 1996 Sources 

Emissions Rate ( lb/h)8 

Category ROG NOll CO S02b TSP 

Existing emissions 1,524 1,45 1 1,3 12 14.8 743 

Proposed new emissions 134 124 367 0.7 6 

Projected changes in 
existing emissions -388 -768 -10 -1 .0 66 

Net emission changesC,d -255 -644 357 -0.3 72 

Projected 1996 emissionsd,'! 1,270 807 1,669 14.5 815 

PM10 H2S 

304 0.03 

6 0 

25 0 

3 1  0 

335 0.03 

8Existing emissions of C6H6 (0.30 Ib/h) and Pb (0.01 Ib/h) are not expected to change; multiply by 4.38 to 
convert to units of tons/year. 
b5% of S02 is estimated to be SO •. 
eNet emission changes = proposed new emissions + projected changes in existing emissions. 
dIndividual values may not add up to totals because of rounding. 
eProjected 1996 emissions = existing emissions + net emission changes. 
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TABLE 4.1.3-4 Cumulative Net Emission Rate Changes at NPR-l,  December 28, 1976, through May 2, 198'-

Emission Rate (1 b / d) 

Source ROG NOJ( CO S02 SO. PM1IIJ 

Light-oil-production -13,370.08 -3,011 .57 2,387.27 0.90 0.00 7.88 
stationary source 

Gas-processing 1.64 0.48 28.89 
stationary source -16,358.29 -9,260.06 -5 1,218.40 

Gasoline-dispensing 
stationary source 1.5 1 0 0 0 0 0 

Totals -29,726.86 -12,271.63 -48,831 .13 2.54 0.48 36.77 

IAdjusted for authorities to construct issued after December 28, 1976. 
'TsP emissions included in cumulative net emission changes prior to May 2, 1989, are considered to be the same as PM10 emissions. 

Source: Chun 1989. 
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for this period, net increases in emissions from the proposed new sources, and the cumulative 
net changes adjusted for the new source emissions are listed in Tables 4. 1.3-5 and 4. 1.3-6 for 
the light-oil-production stationary source and the gas-processing stationary source, respectively. 
As shown in these tables, all new emission sources would result in increased emissions. 
Therefore, Section V.A of KCAPCD Rule 2 10. 1 (requirement of best available control 
technology) would apply to these sources with respect to all air contaminants for which there is 
a NAAQS (excluding CO) or any precursor of such contaminants (Le. , ROG, NOx, S02, and 
PMlO) · 

If the cumulative net emission change for any contaminant listed in Tables 4. 1.3-5 and 4. 1.3-6 
equals or exceeds the de minimis levels specified in Section l 1 1 .C of KCAPCD Rule 210.r, 
the requirement of lowest achievable emission rate and mitigation (Section V.B of KCAPCD 
Rule 2 10. 1)  would be applicable. The cumulative net emission changes of all air contaminants 
listed in Tables 4.1.3-5 and 4. 1.3-6 are estimated to be less than the de minimis levels, except 
for CO at the light-oil-production stationary source and PM10 at both the light-oil-production and 
gas-processing stationary �ources. Although the cumulative net emission change for CO at the 
light-oil-production stationary source would be greater than the de minimis level, the source 
would be exempt from Section V.B of KCAPCD Rule 2 10. 1 (requirement of lowest achievable 
emission rate and mitigation) . The reason for the exemption is that air quality modeling has 
demonstrated that CO air quality impacts due to the new emission sources at the light-oil
production stationary source would not cause or contribute to a violation of NAAQS for CO, 
in accordance with Section V.B. 1 .b, as shown in Figures B.26 and B.27 (see Section B.5. 
Am>endix B) . 

Because the cumulative net emission changes in PMlO would be greater than the de minimis level 
and because NPR-l is located in a PMlO serious nonattainment area, the cumulative net emission 
increases would be offset by reducing road dust emissions from the paved and unpaved roads 
above and beyond the emission reductions that would be required by the Fugitive Dust Control 
Regulations for the San Joaquin Valley Air Basin. (These regulations have been proposed in 
early 1990 as a component of the San Joaquin Valley Air Basin Air Pollution Control District's 
PMIO nonattainment plan). 

For the purposes of new-source review, EPA Region IX considers the entire NPR-l as a single 
stationary source (BPOI 199 1) .  In addition, the net emission changes are calculated on the basis 
of only those emission increases or decreases that occur between the following two dates: (1) 
the date 5 years before construction of the particular change commences, and (2) the date that 
the increase from the particular change occurs. To be creditable for the calculation of net 
emission changes, actual emission decreases have to meet several conditions, including the 

-so pounds/day for PMIO and 150 pounds/day of any other air contaminant for which there 
is an NAAQS (except for CO); no net increase (0 pounds/day) of emissions of any nonattainment 
pollutant (currently 03 and PMIO) or its precursors, effective July 1 ,  199 1 ;  and 550 pounds/day 
for CO. 
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TABLE 4.1.3-5 Cumulative Net Emission Rate Changes for t·he Light-Oil-Production Stationary 
Source at NPR-l, Adjusted for Proposed Action-
�-

Emission Rate ( lb/d) 

Category ROG NOx CO S02 SO. PMulb 

CUmulative net change, 
Dec. 28, 1976 -
May 2, 1989 - 13,370.08 -3,01 1.57 2,387.27 0.90 ° 7.88 

Increases in emissions 
from proposed new 277.44 838.32 894.24 6.19 0.31 73.68 

sources 

Cumulative net change 
after new source - 13,092.64 -2, 173.25 3,28 1.5 1  7.09 0.31 81 .56 
installation (-2,389.41)b (-396.62) (598.88) (1 .29) (0.06) ( 14.88) 

·Cumulative net changes from Table 4.1.3-4 adjusted for emissions from new sources included in 
the proposed action. 
bValues in parentheses are tons/year. 
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TABLE 4.1.3-6 Cumulative Net Emission Rate Changes for the Gas-Processing Stationary Source 
at NPR-l, Adjusted for Proposed Action· 

- ---�--

Category 

Cumulative net change, 
Dec. 28, 1976 - May 2, 1989 

Increases in emissions from 
proposed new sources 

Changes in emissions from 
eliminating existing 
sources x 0.9b 

Net increases in emissions 

- - - �  

Cumulative net change after new 
source installation 

-�------

ROG 

-16,358.29 

2,929.68 

- to.80 

2,918.88 

- 13,439.4 1 
( -2,452.69)C 

----

Emission Rate (lb/d) 

NOx CO S02 

-9,260.06 -51,218.40 1.64 

2, 142.96 7,912.08 to.5 1 

-541.20 -135.12 -2.30 

1,601 .76 7,776.96 8.21 

-7,658.30 -43,441.44 9.85 
(- 1,397.64 ) ( -7,928.06) ( 1.80) 

• 

SO. PM10 

0.48 28.89 

0.53 65.04 

-0. 12 - 1 1.52 

0.4 1 53.52 

0.89 82.41 
(0. 16) ( 15.04) 

·Cumulative net changes from Table 4.1.3-4 adjusted for increases in emissions from new sources included in the proposed action and 
decreases in emissions from eliminating existing sources. 
�o account for a to% emission reduction to be preserved for Small Source Siting Allowance (KCAPCD Rule 210. 1, IV.E). 
cValues in parentheses are tons/year. 



following: (I) the old level of actual emissions or the old level of allowable • emissions, whichever is lower, exceeds the new level of actual emissions; (2) the decrease is 
federally enforceable at and after the time that actual construction of the particular change 
begins; (3) the decrease has approximately the same qualitative significance for public health and 
welfare as that attributed to the increase from the particular change; and (4) the decrease has not 
been relied upon in obtaining a permit under Prevention of Significant Deterioration (PSD) 
regulations. 

The emission changes for all NPR-I facilities since October 1 ,  1985 (5 years before the 
construction of the steamflood expansion project was to commence) are shown in Table 4. 1.3-7. 
The table lists the emission changes that are potentially creditable in determining the applicability 
of the new-source and PSD reviews. The net emission changes, after adding the emission 
increases from the new sources included in the proposed action, are also shown in Table 4. 1 .3-7. 
The resulting adjusted net changes would be less than zero for NOx, and CO. Although the 
adjusted net change in both ROG and S02 emissions would be less than the significant levels 
defined by the EPA (100 tons/year for ROG and 40 tons/ year for S00,  such changes in TSP 
emissions would be greater than the significant level defined by the EPA (25 tons/year for TSP). 
However, the particulate matter emission increase above the significant level (0. 86 tons/year) 
would be offset by the reduction in road dust emissions from the paved and unpaved roads as 
described earlier in this section. Therefore, the proposed action would not qualify as a major 
modification, and would not be subject to the new-source review or PSD review. All emission 
increases associated with the proposed action would be offset pursuant to the requirements of 
the New Source Review (KCAPD Rule 2 10. 1) in compliance with the conformity provisions of • the 1990 Amendments to the Federal Clean Air Act. 

To meet the above emission-control technology requirements, the new compressor engines would 
be equipped with the low NOx emission precombustion chambers, and the steam generators, 
heaters, and cogenerators also would be equipped with appropriate low NOx combustion 
technology (Le. , low NOx burners and flue gas recirculation for the steam generators and heaters 
and selective catalytic reduction system for the cogenerators) . The emissions of NOx and S02 
from the cogenerators would meet applicable federal new-source-performance standards for new 
gas turbines applicable to all stationary gas' turbines with a peak heat input at peak load equal 
to or greater than 100 million BTU/hour (40 CFR 60 Subpart GG) . 

4.1 .3.2 Air Quality hnpacts 

Upon release from their sources, the plumes containing air pollutants may rise above the point 
of their release due to buoyancy, be transported by wind , and then be transformed into other 
pollutant species. Simultaneously, air pollutants are dispersed through diffusion and turbulent 
motion of the atmosphere, contributing to the ground level pollutant concentration levels. 

To determine compliance with applicable ambient air quality standards and other criteria, air 
quality impacts of the emissions from the existing sources and future sources at NPR-I were 
estimated with computerized dispersion models recommended by the EPA ( 1986) . The models 
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TABLE 4.1.3-7 Cumulative Net Emission Rate Changes at NPR-l, October 1, 1985, through May 2, 1989, Adjusted for Proposed New Sources 

Emission Rate (lb/d) 

Category ROG NOr. CO S02 S04 

Cumulative net change, -3,816.56 -12,932.84 -50,690.39 1.44 0.48 
since Oct. 1, 1985b 

Netincreases in emissions 
from proposed new sources 3, 196.32 2,440.08 8,671.20 14.40 0.72 

Cumulative net change after 
new source installation -620.24 - 10,492.76 -42,019. 19 15.84 1.20 

(- 1 13. 19Y (-1,9 14.93) ( -7,668.50) (2.89) (0.22) 

·TSP emissions included in cumulative net emission changes prior to May 2, 1989, are considered to be the same as PM10 emissions. 
bAs of May 2, 1989. 
cValues in parentheses are tons/year. 

PM 10· 

14.51 

127.20 

141 .71  
(25.86) 

I 



and the model input data are described in Section B.5 of Awendix B. Air quality modeling was • performed for N02, CO, S02, PMIO, H2S, and C6�. Air quality impacts were not modeled for 
03 according to advice from CARB (BPO! 1991). 

The electric power to be generated by the two new cogenerators (42 megawatt total) would 
provide electric power that would otherwise be purchased from the Pacific Gas and Electric Co. 
(pG&E) . Therefore, air pollutant emissions resulting from the generation of the equivalent 
amount of electricity would be eliminated from the PG&E generating system. (About 80 % of 
air pollutants emitted by the cogenerators would be attributed to electric power generation and 
the remaining 20% to heat-recovery steam generation.) 

Air quality impacts estimated for the construction period and for the operational period 
corresponding to the year 1996 are described below. 

Construction Period 

Several activities during the construction period would result in fugitive pollutant emissions and 
thus would affect ambient air qUality. Fugitive dust would be generated by site preparation for 
steam generators, cogenerators, the fourth gas plant, compressors, new wells, and roadways, 
and by the third-party actions. Various combustion-product pollutants would be emitted. from 
the operation of diesel engines used in site clearing and drilling and from the increased vehicular 
traffic on NPR-l during the construction period. All such fugitive emissions are expected to be 
temporary, confined within relatively small areas, and dissipated within short distances from the • sources. Unless they are produced close to or outside the site boundary, these emissions are not 
expected to cause any significant impacts outside the NPR-1 boundary. The conservatively high 
estimate of the maximum 24-hour mean PMIO concentration contribution due to fugitive dust 
emissions from site-clearing activities located some distance away from the site boundary is less 
than 1 microgram/cubic meter at the NPR- l site boundary (Eigure B.29) . The corresponding 
value for the annual averaging period is negligible. However, third-party construction activities 
located close to or outside the site boundary could result in significant impacts on ambient PMIO 
concentrations. 

Since NPR-1 is an operating oil field, use of diesel-powered construction equipment would occur 
concurrently with use of other diesel-powered equipment for day-to-day operation of the oil 
field. Therefore, the emissions from diesel-powered construction equipment were included in 
the air quality modeling for the operational period described below. 

Operational Period 

Because the magnitudes of all net emission· increases-from the proposed new sources would be, 
after emission offsets, less than the significant levels defined by KCAPCD and EPA, no 
significant additional air quality impacts are anticipated from the proposed modifications of 
operations at NPR-1 .  
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The maximum estimated ground-level air pollutant contributions on the site and at the NPR-l 
boundary (or at Elk Hills Road) by the existing sources and future (1996) sources (including the 
proposed new sources) are summarized in Tables 4. 1.3-8 and 4. 1.3-9. These tables also show 
the maximum ground-level ambient concentrations estimated by adding background 
concentrations (including the effects of vehicular emissions at Elk Hills Road and Skyline Road) 
to the contributions attributable to the NPR-l sources. In Table 4. 1.3-8, the estimated maximum 
on-site ambient concentrations are compared with permissible exposure limits (PELs) established 
by the Occupational Safety and Health Administration (29 CFR 1910) .  The estimated maximum 
ambient air quality levels at the site boundary (or at Elk Hills Road) listed in Table 4.1.3-9 are 
compared with applicable California and National Ambient Air Quality Standards (CAAQS and 
NAAQS). As shown in the tables, the estimated on-site ambient levels of all pollutant species 
modeled are less than the applicable PELs. The tables also show that the maximum ambient 
levels (estimated at the site boundary or at Elk Hills Road) of all pollutants modeled are less 
than the applicable CAAQS and NAAQS, except for the maximum 24-hour PMIO concentration. 
The impacts of individual pollutants are discussed below. 

Ozone. Emissions of 03 precursors from the existing sources at NPR-l are about 1 ,500 
pounds/hour each for NOx and ROG. Some increases in the emissions of O:J precursors [ROG 
(134 pounds/hour) and NOx, ( 124 pounds/hour)] are expected from the proposed new sources 
at NPR-1 .  However, because of anticipated reductions in other activities at NPR-l ,  a net 
reduction in emissions of ROG (-255 pounds/hour) and NOx (-644 pounds/ hour) are expected 
between now and the year 1996. Therefore, no increases are expected in ambient ozone 
concentrations in the vicinity of NPR-l as a result of the proposed action. 

Releases from the stack vents at tank settings during upset conditions constitute one of the major 
sources of ROG at NPR-l .  This is the single largest source of hydrocarbon emissions at NPR-l ,  
accounting for about 52 % of the total current emissions of ROG. NPR-l completed a study to 
reduce emissions from the tank settings with high release records and is committed to eliminating 
80-90% of the emissions through the addition of gas compression, facility modifications, and 
other activities to increase operator awareness of the importance of decreasing releases (BPO! 
1988) .  Operator awareness activities are in progress. Gas compression additions and other 
facility modifications are to be completed in accordance with the proposed action schedules 
incl uded herein. 

Another potential source of ROG at NPR- l is the release of these pollutants from anode bed 
wells. There are approximately 650 anode beds field-wide. Each anode bed consists of 
several anode rods vertically stacked in wells approximately 400 feet below ground surface. 
Each anode bed provides corrosion protection for a 300 foot radius, and typically are placed in 
the center of several producing and/or injection wells. The emissions from the anode bed wells 
consist primarily of methane, which is-non-reactive. The anode beds also release small amounts 
of reactive organic gases (ROG's) , which are estimated to constitute about 2 %  of NPR-l 's total 
current emissions of ROG. However, the uncertainty associated with these estimates is very 
large. Emissions from anode bed wells are known to decrease as the level of soil moisture 
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TABLE 4.1.3-8 Maximum On-Site Ground-Level Air Quality Concentration Contributions and 
Ambient Concentrations Estimated for the Existing and Future Emission Sources at NPR-l -------- ------� 

Concentrations 

Existing Future 
Averaging Existing Future Sources Plus Sources Plus 

Pollutant Time Sources Only Sources Only Background- Background-

N02 1 hour 0.28 1 0. 174 0.293 0. 179 
(ppm) Annual 0.021 0.01 1 0.035 0.025 

CO 1 hour 1 .43 1 .41 4.63 4.61 
(ppm) 8 hours 0.49 0.49 2.09 2.09 

S02 1 hour 0.027 0.027 0.157 0. 157 
(ppm) 3 hours 0.015 0.015 0. 120 0. 120 

24 hours 0.003 0.003 0.042 0.042 
Annual < 0.001 < 0.001 0.008 0.009 

S04 24 hours 0.44 0.44 15.9 15.9 
(p.g/m3) 

46.9' 50.4' 
PMIO 24 hours 9.2 9.2 15.8' 16.9' 
(p.g/m3) Annual 1.0 1 . 1  , 

Pb 30 days h h 0. 13 0. 13 
(p.g/m3) Calendar h h 0. 12 0. 12 

quarter 

• • 

Applicable PELb 

TWAc STEV' CLc 

-r 1 - I 

35 - 200 

2 5 -

- - -

- - -

50 - -

• 
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TABLE 4.1.3-8 Maximum On-Site Ground-Level Air Quality Concentration Contributions and 
Ambient Concentrations Estimated for the Existing and Future Emission Sources at NPR-l (Cont'd) 

Concentrations 

Existing Future Existing Future 
Averaging Sources Sources Sources Plus Sources Plus 

Pollutant Time Only Only Background- Background· 

H2S 1 hour 0.009 i -- -- --

(ppm) 

-Includes the background concentration and the effects of vehicular emissions along Elk Hills Road and Skyline. 
bpermissible exposure limits established by OSHA. 
�ime-weighted-average (TWA) is the employee's average airborne exposure in any 8-hour work shift of a 40-hour 
work week which shall not be exceeded. 
dShort-term exposure limit (STEL) is the employee's IS-minute time-weighted average exposure which shall not be 
exceeded at any time during a work day. 
eCeiling limit (CL) is the employee's exposure which shall not be exceeded during any part of the work day. 
f"_" indicates limit not established. 
'Includes the effects of vehicular emissions and road dusts along Elk Hills Road and Skyline Road, 
but not the background concentration. 
hNegligible. 
i" __ " indicates value not estimated. 

• 

Applicable PEL" 

TWAc STELd CLI: 

10 15 -



TABLE 4.1.3-9 Maximum Site-Boundary Ground-Level Air Quality Concentration Contributions and Ambient Concentrations 
Estimated for the Existing and Future Emission Sources at NPR-l 

Concentrations at Site Boundary 
or at Elk Hills Road Applicable Ambient 

Existing Future Existing Future 
Air Quality Standards 

Averaging 
Pollutant Time Sources Only Sources Only Sources Plus Sources Plus 

Background· Background· California National 

N02 1 hour 0.242 0. 166 0.246 0. 170 0.25 _b 

(ppm) Annual 0.021 0.01 1 0.035 0.025 - 0.05 

CO 1 hour 1 .10 1.10 4.30 4.30 20 35 
(ppm) 8 hours 0.49 0.49 2.09 2.09 9 9 

S02 1 hour 0.010 0.009 0.140 0. 139 0.25 -

(ppm) 3 hours 0.006 0.006 0. 1 1 1  0. 1 1 1  - 0.5c 
24 hours 0.001 0.001 0.040 0.040 0.05 0. 14 
Annual < 0.001 < 0.001 0.008 0.009 - 0.03 

S04 24 hours 0. 13 0. 1 1  15.7 15.7 25 -
(",g/ml) 

PMIO 24 hours 2.7 2.4 46.9d 50.4d 50 150 
(",g/ml) Annual 0.2 0.2 15.8d 16.9d 30 50 

Pb 30 days e e 0. 13 0. 13 1 .5 -

(",g/ml) Calendar e e 0. 12 0. 12 - 1.5 
quarter 

• • • 
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TABLE 4.1.3-' Maximum Site-Boundary Ground-Level Air Quality Concentration Contributions and Ambient Concentrations 
Estimated for the Existing and Future Emission Sources at NPR-l (Cont'd) 

Concentrations at Site Boundary 
or at Elk Hills Road 

• 

Existing Future 
Applicable Ambient 

Air Quality Standards 
Averaging Existing Future Sources Plus Sources Plus 

Pollutant Time Sources Only Sources Only Background· Background· California National 

H2S (ppm) 1 hour 0.003 r 0.03 -- -- .. . 

·Includes the background concentration and the effects of vehicular emissions along Elk Hills Road and Skyline Road. 
bt,.It means no standard established. . 

cSecondary standard. 
dIncludes the effects of vehicular emissions and road dusts on Elk Hills Road and Skyline Road, 
but not the background concentration. 
CNegligible. 
rlt •• It indicates value not estimated. 



saturation increases. Anode beds are watered frequently to maintain a high degree of soil • moisture saturation and thus minimize ROO emissions. 

Nitrogen Dioxide. Air quality modeling indicates that NOx emissions from existing and future 
sources at NPR-1 would result in maximum I-hour ambient NO, concentrations of about 98 % 
and 68 % ,  respectively, of CAAQS for NO, (0.25 ppm) at the junction of Elk Hills Road and 
Skyline Road crable 4.1.3-9 and Eeure B.24). The highest annual mean ambient N(h 
concentrations estimated at Elk Hills Road are less than 0.04 ppm, well below the applicable 
NAAQS for N� crable 4. 1 .3-9 and Fieure B.25). 

Carbon Monoxide. The current CO emissions at NPR-1 are estimated to result in a maximum 
I-hour ambient CO concentration of 4.30 ppm lIable 4. 1.3-9 and Fieure B.26>, with 
background concentrations contributing 3.2 ppm and the NPR-1 sources contributing only 1 . 10 
ppm. No increase in the maximum I-hour ambient CO concentration is expected at the site 
boundary between now and 1996, and no changes are expected in the maximum 8-hour mean 
CO concentration (fieure B.27). All of these concentrations are only a fraction of applicable 
CAAQS and NAAQS, and no problem is anticipated in maintaining the ambient standards. 

Sulfur Dioxide. Sulfur dioxide emissions from the existing sources at NPR-1 are small (about 
15 pounds/hour), and a small increase in So, emissions from new sources included in the 
proposed action would be more than offset by the reduction in emissions from other activities 
at NPR-1 ,  such as drilling . Air quality modeling indicates that the current ambient So, 
concentrations at the site boundary for all averaging periods are well below applicable standards • and that there would be no measurable changes in these levels between now and the year 1996 
(fable 4. 1 .3-9 and Fieure B.28)' 

Sulfate. A small fraction (about 5 %) of sulfur compounds from combustion sources is estimated 
to be emitted as S04' Therefore, S04 emissions at NPR-l are estimated to be less than 
1 pound/hour. Since a small net decrease in So, emissions is expected between now and 1996, 
S04 emissions also are expected to decrease. In addition, conversion of So, to S04 during travel 
of the air mass over the NPR-1 site is expected to be insignificant. Therefore, no significant 
impacts of S04 from the existing sources at NPR-1 are anticipated, and no significant changes 
in S04 impacts are expected as a result of the proposed action. The maximum contributions 
from the NPR-1 sources to the ambient 24-hour ground-level S04 concentrations at the site 
boundary are estimated (based on S02 modeling results) to be negligible, i.e. , about 0. 1 
microgram/cubic meter for both the existing and future conditions (fable 4. 1.3-9), 

Nitrate. Nitrates in the atmosphere are derived primarily from the atmospheric chemical 
reactions of NO,.. The NO,. emissions from the NPR-1 sources are subject to these chemical 
reactions and contribute to-the regional levels of atmospheric nitrate. However, a net decrease 
in the emission of NO,. is expected as a result of the proposed action. Therefore, a net decrease 
in impacts is expected. 
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Particulate Matter. Most (94 %) of the PM10 emissions occurring throughout the year at NPR-l 
are road dusts; combustion source stacks and vehicle exhausts contribute the rest of the PM10 
emissions. An intermittent, but important, PMlO emission source of short duration (lasting for 
a 10000y period each April) is maintenance of the flrebreak that extends around and just inside 
the NPR-l boundary. The emission rate of PMlO for this work is small on an annual basis, but 
is large while occurring. The maximum 24-hour and annual mean PMlO concentration 
contributions estimated at the site boundary are 2.7 micrograms/cubic meter and 0.2 
micrograms/cubic meter, respectively, for combustion source emissions only, and about 47 
micrograms/cubic meter and 16 micrograms/cubic meter respectively, when the impacts from 
vehicular emissions,  including road dusts, are added. Since a small increase (3 1 pounds/hour) 
in PMlO emissions is projected between now and the year 1996, the contributions of NPR-l to 
total concentrations are expected to increase only slightly (Table 4. 1.3-9 and Figures B.30 and 
lUll. 
Although these estimated concentration contributions from NPR-1 sources do not by themselves 
exceed the applicable Nt\AQS or CAAQS, the maximum 24-hour mean concentration 
contribution (50 micrograms/cubic meter) is equal to the corresponding CAAQS. When 
background PMlO concentrations are included, the total concentrations would exceed the 24-hour 
CAAQS , and possibly the 24-hour NAAQS (150 micrograms/ cubic meter) and annual CAAQS 
and NAAQS . Contributions from the flrebreak maintenance work are likely to increase the 
probability of causing the 24-hour standards to be exceeded. However, the maximum total PM10 
concentration levels at the site boundary cannot be estimated with a reasonable degree of 
accuracy until measurements are made of on-site ambient levels. The road dust emission 
reductions that would be required by the proposed Fugitive Dust Control Regulations for the San 
Joaquin Valley Air Basin and the additional reductions required to bring down the cumulative 
net emission changes in PMlO to zero at NPR-1 (see Section 4 . 1 .3 . 1) would contribute 
signiflcantly to reducing the ambient PMlO concentration levels at NPR-1 .  Initiatives at NPR-1 
to comply with the Regulations are in various stages of planning and implementation, and they 
include instituting an employee van pool program (approximately 27 eight or flfteen passenger 
vans) , improving on-site roads, modifying vehicles, and addressing on-site ridership. These and 
other initiatives are to be included in a Transportation Management Plan and a PM10 Control 
Plan which, among other things, will specifically address long-term compliance with the State 
and Federal Clean Air Acts. 

Lead. No emissions of lead are expected from any of the equipment that would be installed for 
the proposed steam flood expansion project. 

Hydrogen Sulfide. Very conservative estimates indicate that the maximum ambient H2S 
concentrations from stack vent stacking releases at NPR-1 tank settings are about 10% of the 
appropriate· CAAQS (Table 4. L3-9 and Figure B.32)' Some increases in H2S concentration of 
raw gas produced at NPR- I are expected as a result of proposed steam flood recovery operations. 
However, the ambient air concentration is expected to remain well within the standards. 
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Benzene. The only source of benzene emissions at NPR-1 that may result in any significant • ambient concentrations is evaporation from oil spills (0.26 poundslhour annual average for 
1987). Emissions from other sources, e.g . ,  the benzene in the ROO releases from the relief 
valves at tank settings and LAC!' tanks « 0.02 pounds/hour) , and that in ROO fugitive 
emissions throughout NPR-1 (less than 0.02 poundslhour) , are small and diffuse. Therefore, 
no significant air quality impacts are expected from these sources. 

The benzene component of an oil spill is estimated to evaporate completely within about 1 hour 
after the spill (Stiver et al 1989). The maximum I-hour ambient concentrations of benzene for 
that I-hour period are estimated to be about 66 ppm and 90 ppm at the downwind boundaries 
of a minor spill (10 barrels) and a major spill (250 barrels), respectively. For a worker standing 
at these locations, those concentrations are equivalent to about 1 1  and 8 ppm as 8-hour, 
time-weighted, mean concentrations. These levels are higher than the OSHA's standard for 
benzene permissible exposure limits (PEL's) [8-hour, time-weighted average (TWA) of 1 ppm 
and l5-minute time-weighted, short-term exposure limit (STEL) of 5 ppm]. However, oil and 
gas activities are exempt from these standards (29 CFR 1910. 1028, VI) . The applicable 
standard for benzene PEL's for oil and gas activities is 10 ppm (8-hour TWA) and 25 ppm 
(STEL) (29 CFR, 19 10. 1000, IV) . To avoid an exposure above the benzene PEL's, an oil-spill 
cleanup procedure has been implemented that requires oil-spill cleanup crews to begin cleanup 
operations from the upwind side of the spill. Protective clothing and equipment will be provided 
if benzene levels exceed OSHA standards (BPOI 1992). 

Visibility. Impairment of visibility is caused by the scattering and absorption of light by • suspended particles and gases in the atmosphere. The most important man-made causes of 
degraded visual air quality are fine solid or liquid particles (atmospheric aerosols) and to a lesser 
extent N02 (EPA 1979). The current emissions at NPR-1 of fine suspended particles and N�, 
and their precursors (e.g. , ROO, NO,., SO�, would contribute to visibility impairment in the 
vicinity of NPR-l and the southern San Joaquin Valley. However, the proposed action would 
actually result in significant net decreases (ROO, NO,., and SO� or small net increases (PM1O) 
of such emissions. Therefore, the proposed action is expected to have only minimal adverse 
impacts on visibility in the vicinity of the NPR-l site. 

4.1 .3.3 Acoustical Impacts 

Under the proposed action, new audible-noise sources at NPR-l would include 18 compressors 
with a total rated capacity of 37,500 horsepower, 10 additional steam generators rated at 
62.5-million BTU/hour each, 2 heaters rated at 4 l .5-million BTU/hour each, and 2 gas-turbine
driven cogenerators each rated at 21 megawatts and equipped with exhaust-heat recovery steam 
generators. Table 4.1.3-10 lists the relative acoustic-power- emission levels of the noisiest 
pieces of equipment in use. 

The State of California (1972) requires that each community have a general plan containing, 
among other items, a noise element (California Government Code, Division 1 ,  Planning and 
Zoning, Chapter 3 - Local Planning, Article 5, Section 65302). This requirement is met by the 
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TABLE 4.1.3·10 Typical Acoustic Power of NPR·l Noise Sources 

Equipment Acoutic Power (watts)· 

21-MW gas-turbine system 8.0b 
S,SOO-hp compressor engine 2.6c 
466-hp drilling rig engine u)i> 
62.5 x 1<r-BTU/h steam generator O.72d 
Heavy truck (accelerating) O.32e 

• A-weighted spectrum. 
bMeasured performance data obtained from the manufacturer. 
cDerived from field measurements (Hanna 1989), using 
American Gas Association (1969) model. 
dDerived from the steam generator design specification data 
using the Heitner (1968) model. 
eField measurement data (Sharp and Donavan 1979). 



noise element of the Kern County General Plan issued by the Kern County Department of • Planning and Development Services, the Tupman Rural Community Plan, the Dustin Acres 
Rural Community Plan, and the Valley Acres Rural Community Plan. Collectively,  these 
documents define a requirement for a proposed new facility to provide plans for mitigating noise 
emissions if the proposed action is likely to cause outdoor noise levels in the community to 
exceed 55 decibels, community noise equivalent level (CNEL) or day-night sound level (L.). 
This corresponds to about a 48-decibel residual level for these kinds of acoustical environments 
(Conner 1978; Bishop 1979; Fidell et al 1981 ;  and U.S. Air Force 1987). 

Analyses have been made of both baseline (existing) ambient noise environments and worst-case 
intrusive (future) noise emissions to the residential communities nearest to the NPR-l property 
lines for all phases of the proposed NPR-l steamflood expansion project through the year 1996. 
The probability of hearing increased drilling, steam injection, gas-compression, 
power-generation, and associated trucking activities was investigated using the Fidell 
probabilistic detectability model (Fidell and Horonjeff 1982). These are the only major sources 
that would be audible at the residential communities. Noise from other, smaller sources would 
not be audible at the distances under consideration. Variables in the acoustic model included 
terrain effects (groundcover and hill-shielding), as well as the fundamental attenuation 
mechanisms of spreading, atmospheric absorption, and scattering losses due to air turbulence 
(BB&N 1984). 

Three community locations were selected for analysis (fi&ure 4.1.3-1). These locations are the 
residential sites closest to the areas within the NPR-I where the greatest concentrations of • noise-producing activities would occur during any phase of the proposed action. Table 4. 1.3-11 
lists the distances between those activity locations that are closest to the community and, in tum, 
the residential locations selected because they are closest to the NPR-l noise-producing activities. 
This approach to the selection of source and receiving locations results in conservative numerical 
results. Distances from sources to receptors of interest are mostly in the range from 2 to 7 
kilometers. Sound attenuation over such distances is very large (typically 90 to 150 decibels in 
the middle of the audible-frequency range). 

The results of the modeling analyses indicate that only insignificant increases in A-weighted 
residual noise level would occur in any of the three communities as a result of the proposed 
action: about 3 decibels maximum in Tupman (in the year 2(00), 3 decibels maximum in Dustin 
Acres (in 1991), and about 1 decibel maximum in Valley Acres (in 1996) . These increases in 
the residual environmental noise levels would result in no CNEL or L. levels greater than about 
48 decibels in any community. Therefore, no noticeable impacts are foreseen. 
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FIGURE 4. 1 .3- 1 LOCATIONS OF NEAREST RESIDENCES TO MAJOR NOISE SOURCES AT NPR- 1 
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TABLE 4.1.3-11 Average Distance between Worst-Case (shortest-path) 
Combinations of Noise-Source and Residential Locations Selected 
for Analysis 

Distance to Residential Sites (km) 
Noise Source Tupman Dustin Acres Valley Acres 

Phase I Wells (3G) 5.9 2.6 6.0 
Phase n Wells (35S) 2.2 4.4 9.3 
Phase III(A) Wells (9/lOG) 5.9 2.1 4.3 
Phase m(B) Wells (lG) 3.2 3.7 7.0 
Phaes IV Wells (36S) 2.7 4.5 7.8 
Phase V Wells (34/355) 2.7 4.4 7.0 
Gas-turbine generator (35R) 11.0 10.4 8.3 
Compressor group (33S) 5.1 5.3 7.0 
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4.1.4 Water Resources 

4.1.4.1 Surface Water 

Data presented in Section 3.4. 1 indicate that because of the arid conditions of the area, only a 
small amount of surface-water runoff leaves Elk Hills. Except for a few days each year when 
excess precipitation occurs, the stream channels draining the flanks of the hills do not carry 
natural runoff. Given these circumstances, the actions proposed for future development at 
NPR-l should cause few, if any, significant adverse impacts to the existing surface-water 
resources. 

Although some surface disturbances will occur during the construction of new surface structures, 
access roads, well pads, and other facilities, significant impacts to the surface-water resources 
are not likely because of the lack of surface-water features on the site and the limited ability of 
the surface-water system to transmit water and materials any appreciable distance off the site. 
Even if a major runoff-producing storm were to occur during the period where surface 
disturbance was at a maximum, or following some major accidental release of contaminants, the 
potential for adverse impacts to off-site surface-water resources should be minimal. 

Several measures have been taken to prevent any runoff from entering the California Aqueduct 
along the northern and northeastern perimeter of the Elk Hills. The western side of the aqueduct 
has been constructed with a high berm to divert runoff, and overshoots have been constructed 
at various locations to carry runoff water across the aqueduct for discharge into the Kern River 
Flood Canal. Southeast of the Elk Hills at the eastern terminus of Buena Vista Creek, a dike 
was constructed to divert flow away from the aqueduct and into Buena Vista Lakebed. In 
addition, NPR-l has plans to implement a drainage reclamation program that addresses historical 
drilling sumps that may have been abandoned in natural drainages as a mitigative measure for 
surface water quality protection. 

As discussed in Section 3.4. I and A!lpendix I, 33 sites are identified on draft U.S. Fish and 
Wildlife Service National Wetland Inventory Maps of NPR-l,  Based on a preliminary field 
evaluation (Fries 1993) , 17 of these sites were determined to be produced water sumps; 8 were 
man-made obstructions to control the spread of potential oil spills; I was a diked area; 6 were 
ephemeral stream channels, and 1 was a lowland area associated with the historic channeling of 
the Buena Vista Slough. The evaluation concluded that the 17 produced water sumps do not 
meet wetland criteria the 8 man-made obstacles and the I diked area probably do not meet 
wetland criteria and need to be evaluated further in the springtime to confirm this; and the 
remaining 7 sites may qualify for wetland designation and need to be evaluated in accordance 
with 33 CFR Part 328.3 and the 1987 U.S. Army Corps of Engineers Wetland Delineation 
Manual (Corps of Engineers 1987). _These.recommendations will be followed. In the interim 
the 7 sites that may qualify as wetlands will be protected from operations and development 
activities. 
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4.1.4.2 Groundwater 

Unmitigated, the proposed action has the potential of affecting groundwater resources in several 
ways. The primary considerations are increased quantities of wastewater to dispose of as the 
result of more intense enhanced recovery operations and higher water cuts associated with the 
continued production of a mature oil field. Intensified enhanced recovery operations would also 
increase the need for source water for waterflood and steamflood initiatives. 

The discussion of groundwater impacts, and potential impacts, is presented below in three 
Sections: continuing current operations, planned facility development, and planned mitigation. 
Each Section is further divided into eight impact areas that are considered to be the ones that are 
the most significant. These areas are: (1) hydrocarbon, equipment lubricant, and fuel spills; 
solid wastes; and surface soil contamination; (2) producing well cellars; (3) wells; (4) disposal 
of fluids associated with drilling, degreasing, and equipment washing; (5) dehydration/LAC!' 
stations and associated storage facilities; (6) injection of fluids associated with enhanced 
hydrocarbon recovery; (7) disposal of oil production wastewater; and (8) fresh water activities. 
These eight impact areas were also discussed in Section 3.4.2.4 in terms of the existing 
environment; reference is made to these discussions for additional information. 

4.1.4.2.1 Impacts from Continuation of Current Oil and Gas Activities 

This section addresses the impacts of the proposed action that are associated with current 

• 

operations and not related to development facility projects. These impacts are expected to • continue, and are discussed as follows: 

Hydrocarbon, Equipment Lubricant, and Fuel Spills; Solid Wastes; and Surface Soil 
Contamination 

As the field matures, oil production would decline significantly as previously discussed (see 
Table 1.2-1). This is expected to reduce the frequency and volume of spills correspondingly. 
To reduce the effects of corrosion and lengthen life-cycles of pipelines and equipment, DOE 
implemented an aggressive corrosion control program in 1986. DOE also has begun a planned 
proactive maintenance program that will sustain high standards of equipment reliability and plant 
availability. A strategic plan for implementing a total quality planned maintenance program is 
now being implemented (DOE 1992). This program will enable DOE to effectively manage the 
requirements of its equipment inventory. This should reduce soil contamination significantly, 
as well as potential impacts to groundwater resources. 

The combination of oil and produced water production are expected to increase in the short term 
(declining oil production is expectedto be.more.than offset by-increasing water production--see 
Table 1 .2-1). This should result in some increase in the volume of some solid wastes, such as 
tank bottom sediments. In comparison to current operations, this increase is not expected to be 
significant, and these wastes will be disposed of by the environmentally sound methods discussed 
in Section 3.2. 
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Drilling activity is expected to be significantly less than in the past. This should result in a 
substantial reduction in spent drilling fluids which is one of the most significant waste streams 
on the site. Drilling fluids are discussed further under the topic of disposal of drilling fluids 
below. 

Well Cellars 

Risks associated with well cellars (see Section 3.4.2.4) should decline as production declines and 
wells are taken out of production. 

Wells 

Wells have the potential of impacting groundwater, as explained in Section 3.4.2.4 -- i.e. , wells 
could leak into overlying groundwater aquifers. As the result of the drilling program included 
in the proposed action (see Section 1.2.2.4 and Table 1.2-3), the total number of wells at 
NPR-l is expected to increase by approximately 382-from 2,315 to 2,697 (BPOI 1989). 

In recognition of the risks posed by wells (see Section 3.4.2.4), stringent laws and regulations 
have been put in place to govern the completion of new wells that are drilled, the 
operation/monitoring of active and idle wells, and the abandonment of wells when their 
economic life has expired. These regulations are followed closely and minimal impact to 
groundwater resources is expected. 

As production declines, wells will be taken out of production. Therefore, the risks associated 
with active wells would decline correspondingly. 

Generally, wells that have been removed from production remain in an idle status until they can 
be evaluated for stimulation and/or enhanced recovery opportunities; this, and subsequent periods 
of reactivation, usually take place over an extended period of time. When idle wells are 
eventually determined to have no further economic benefit, they are abandoned. Idle wells pose 
a potential risk for communication of fluids between producing zones if the wells have casing 
leaks. Because of this potential, NPR-l routinely checks idled wells for integrity and takes 
necessary corrective action as required. Abandoned wells are fully "plugged" with a cement 
slurry to prevent any movement of fluids within the well. In the long term, as more idle wells 
are abandoned, the risks associated with idle · wells should decrease and eventually become 
insignificant. 

As abandonments occur, the risks associated with abandoned wells will increase. Given that 
abandoned wells are permanent components of the environment, the regulations that govern this 
activity provide. fot..an . increased level of .envil'Onmental ·protection; accordingly, the risks 
associated with abandoned wells are less than those associated with active and idle wells. 
Therefore, as time passes, and active and idle wells are converted into abandoned wells, the 
potential for impacting groundwater should decrease correspondingly. 
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As of the end of FY 1988, the total number of active and idle wells was approximately 2,055. • Under the proposed action, abandonments planned are ISO and 900 for the periods FY 1989-
1995 and FY 1996-2025, respectively, which is a total of 1 ,080. As explained above, 382 new 
wells are planned to be drilled during the same period. On this basis, active and idle wells are 
expected to decline to 1 ,357 (2,055 - 1 ,0SO + 382 = 1 ,357), which represents a reduction of 
698 (2,055 - 1 ,357 = 698). For additional information pertaining to abandonments refer to 
Section 1.2.2. 14 and Table 1.2-8. 

Disposal of Fluids Associated with Drilling, Deareasin&, and Equipment Washing 

Spent drilling fluids are the most significant waste streams at the site, and therefore they have 
the greatest potential for impacting groundwater. Drilling activity is expected to be significantly 
less than in the past which should reduce the volume of spent drilling fluid requiring disposal 
proportionally (see Section 4.1.2.1).  Current drilling fluids no longer contain the chromium 
compounds that were added to some drilling fluids prior to 1983 (see Section 3.2.3.1) and which 
now pose an environmental removal problem at NPR-1.  Overall, risks to groundwater 
associated with drilling operations are expected to be reduced substantially. 

Waste fluids that are generated from other operations, such as degreasing and equipment 
washing, should decrease over time as production declines and equipment is taken out of service 
and/or used on a less frequent basis. 

Dehydration! LACT Stations and Associated Storage Facilities 

Declining production should lower risks associated with spills, overflows, etc. at these kinds of 
facilities. On the other hand, as the age of these facilities increases, the risk of leaks should 
increase correspondingly. Projects to address these risks are included in the proposed action, 
and they are identified in the Section 4. 1.4.3 pertaining to mitigation. 

Injection of Fluids Associated with Enhanced Hydrocarbon Recovery 

Enhanced recovery activities such as waterflood, steamflood, and gas injection are expected to 
continue and intensify. Accordingly, the risks these operations pose to ground waters should 
increase correspondingly: i.e. , leaking injection wells could provide a mechanism for producing 
formations to leak into groundwaters. Reference is made to Section 3.4.2.4 for additional 
information. 

Currently, there are 151 injection wells at NPR-l (132 Stevens waterflood, 14 Stevens gas, 3 
SOZ gas and 2 SOZ waterflood).  Waterflood injection is approximately 148,000 barrels! day . 
into the Stevens.Zone areas sbow.n by Fi&Ufe 3.4-5.· · Gas injection is currently approximately 
188.2 million cubic feet/day into the Stevens Zone areas shown by Fi&ure 3.4-6. The 
steamflood project is currently injecting approximately 3 , 100-5,200 barrels!day of fresh water 
as steam into the SOZ in the area shown by Fi&ure 1.2-2 <Phase n. The continuation of the 
enhanced recovery programs should pose only a minimal risk to groundwater. This is J:?ecause 
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the injection wells are completed and monitored in accordance with the stringent laws, 
regulations, and DOE Orders that govern this activity, and because injection zones are deep and 
groundwater aquifers are relatively shallow, thus minimizing the potential for communication 
in the event the injection systems fail. The groundwaters at risk (i.e, those that are penetrated 
by the injection wells) are in mc exempt aquifers where the quality of the groundwater is not 
suitable for use for potable water supplies. 

As indicated above, plans are to intensify enhanced recovery operations. The impacts of these 
initiatives are discussed in Section 4.1.4.2.2 (planned facility development) under the enhanced 
recovery discussion. 

Produced Water Disposal 

As the field matures, continued production results in producing proportionally larger quantities 
of water. As a result of these circumstances and increases in waterflood injection quantities 
(described in Section 4.1.4.2.2) , produced water is expected to increase from the current level 
of approximately 100,000-1 10,000 barrels/day to approximately 181 ,  000 barrels/day in FY 1994 
(see Table 1.2-1). 

Disposal of produced water is currently being carried out in accordance with applicable laws, 
regulations and DOE Orders, under the authorities described in Section 3.4.2.4. Produced 
wastewater is disposed of primarily by injection into the Tulare Zone; currently this is 
approximately SO,OOO-l00,OOO barrels/day. Additional wastewater is disposed of by deep 
injection into producing zones - currently approximately 10,000 barrels/day. Some wastewater 
is disposed of by percolation/evaporation in open, lined and unlined sumps/secondary 
containment during off-normal situations (currently approximately 1 ,000-2,000 barrels/day). If 
these disposal methods continue to be utilized, given the quantities of wastewater forecast for 
the future, the impact on NPR-l and adjacent groundwaters could be significant. 

This is especially true for NPR-1 groundwaters in the Tulare Zone where wastewaters are being 
injected and sumped. However, even though the impact on NPR-1 groundwaters could be 
significant, the result is unlikely to be consequential since these groundwaters are in mc 
exempt aquifers which are not known to have any beneficial uses other than as a potential source 
for oil-field waterflood operations (Smith 1986). 

In addition to NPR-l groundwater impacts, there is a potential that usable groundwaters along 
the periphery of the site could be affected. If wastewaters currently being released to unlined 
sumps (which overlie the Tulare Formation) have a flowpath above the water table to usable 
groundwaters near the margins of the site, and/or if the relatively poor quality NPR-1 
ground waters can-flow. into these usable ground waters, then there is a possibility that past and/or 
ongoing wastewater disposal practices could degrade usable groundwaters. (NPR-1 
groundwaters have and continue to receive wastewaters by injection into the Tulare and by 
sumping. In the past, some sumping was into unlined sumps near the Tulare/Alluvium contact) . 
For additional information pertaining to NPR-l groundwater impacts, and the potential for 

4.1.4-5 



groundwater impacts near the boundaries of NPR-1, reference is made to Section 3.4.2.4 and • AP,pendix D where these issues are discussed in greater detail. 

In recognition of the foregoing impacts and risks, projects have been initiated to address them. 
These projects are explained in Section 4.1.4.2.2 under enhanced recovery and produced water 
disposal discussions, and in Section 4.1.4.3 pertaining to mitigation. Generally, the objective 
of these projects is to minimize, or eliminate, injection into the Tulare; to continue reducing 
releases into unlined sumps; and to evaluate NPR-1 groundwater regimes for the purpose of 
assessing and acting on the effects of past and ongoing operations, as appropriate. It is 
anticipated that implementation of the planned mitigation will preclude any significant adverse 
impacts. 

Fresh Water Activities 

In FY 1988, fresh water consumption was approximately 29,000 barrels/day (Filley 1989) (see 
Section 3.4.2.4). These requirements have been increasing, primarily as the result of increases 
in gas processing and well remediation. This trend is expected to continue, but the increases 
are not expected to have any adverse impacts. This is primarily because existing systems should 
be "capable of providing requirements associated with the continuation of current operations. 

Most of the projected increase associated with continuing operations will be due to increased gas 
processing as the result of a projected short-term increase in gas production (see Table 1.2-1). 
In the long term, gas rates are expected to decline in a manner similar to oil rates; therefore, • increased fresh water requirements as the result of gas processing should be temporary. 
Additional water will also be required to support an intensified well remediation program which 
will be needed to offset natural production declines and maintain MER production. Eventually, 
well remediation opportunities will decline, and associated water requirements should decline 
correspondingly (see Table 1.2-4). Increases in the amount of water required for gas processing 
and well remediation should be partly offset by a decrease in water required for the drilling 
program (see Section 4. 1.2.2). 

4.1 .4.2.2 Impacts from Planned Facility Development 

This Section addresses the impacts of the proposed action that are the result of development 
facility initiatives. These impacts are discussed as follows: 

Hydrocarbon, Equipment Lubricant, and Fuel Spills; Solid wastes; and Surface SoU 
Contamination 

Disposal of Fluids Associated· with DFilling,-Degreasing, and Equipment Washing 

The facility projects that comprise the proposed action, including future third-party projects, are 
expected to generate spills, solid wastes, and fluids which could require disposal and which 
could contaminate soils and degrade underlying and peripheral groundwaters. These spills, solid 
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wastes, and fluids are expected to be relatively small, and programs are in place to address them 
in an effective manner (see planned mitigation activities in Section 4.1.4.3); therefore, impacts 
should not be significant. Some examples of the projects included in the proposed action that 
have the greatest potential for these types of impacts are the closed-loop gas-lift projects, the gas 
operations expansion project (fourth gas plant), the cogeneration project, the butane 
isomerization project, the SOZ steam flood project, and waterflood projects. Mitigation activities 
are presented in Section 4.1.4.3. 

Water used to hydrostatically test equipment, including future third-party projects, could impact 
groundwater resources. Hydrostatic test water is typically fresh water that is pressured into new 
and clean pipelines. Following the completion of the tests, these waters require disposal. Given 
that normally the water is fresh and the equipment is clean, it is anticipated that whatever the 
means of disposal, risks should be minimal. Nevertheless, special precautions will be taken. 
More specific plans are identified in Section 4.1.4.3. It is anticipated that these measures will 
preclude any significant adverse impacts. 

Producing Well Cellars, and Wells 

These operations are not included in planned facility development; they were covered' in the 
preceding Section on the continuation of current operations. 

DehydrationlLACT Statiom and Associated Storage Facilities 

As mentioned in Section 4. 1.4.2. 1 ,  dehydrationlLACf facility operations have the potential of 
causing overflows and/or leaks which could degrade underlying groundwater; this includes 
related activities that intensify the use of these kinds of facilities, such as activities associated 
with third-party pipelines that connect to LACf facilities. The 25S area is particularly important 
because of aging facilities that are situated near the California Aqueduct and the Tulare! Alluvium 
contact adjacent to the proposed Kern Water Bank Project in the vicinity of usable groundwater. 
In recognition of the risks posed by these facilities, the proposed action includes projects to 
appropriately repair, or replace, or relocate, or remove the components of the 25S 
dehydrationlLACf and tank setting facilities. Additional information pertaining to this initiative 
is presented in Table 1.2-10, Section 1.2.2. 14, and Section 4.1.4.3. The proposed action also 
includes a site-wide project (including the 25S area), which is in progress, to enhance secondary 
containment facilities; this will provide additional protection for groundwater resources. 
Additional information regarding the secondary containment project is included in Table 1.2-10. 

Injection of Fluids Associated with Enhanced Hydrocarbon Recovery 

Of the estimated ·· 148 new wells -planned far ·the SOZ Steamflood (see Table 1.2-3), 
approximately 60 are injectors. In addition, approximately 5-10 additional injectors are planned 
for the Stevens waterflood, plus 10-15 additional injectors for the SOZ SS-2 Mulinia waterflood. 
Additional Stevens gas injectors are expected to be 2-5 wells. Another 5-15 gas injectors could 
be needed for gas injection into the SOZ. If the SOZ SS-l is waterflooded, this could require 
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25-60 additional water injectors which would be in lieu of all or a part of the SOZ steamflood • injectors previously mentioned. In total, there could be a need for as many as 105 additional 
injectors (steamflood, waterflood and gas injection). 

Within a few years, waterflood injection is expected to increase from the current level of 
approximately 148,000 barrels/day to approximately 254,500 barrels/day (see Section 1.2.2.7 
and Table 1.2.-1>; this is an increase of approximately 106,500 barrels/day, and is to include 
the SOZ and the Stevens Zone. New projects that have been conceptualized to date include a 
20,000 barrels/day increase in the existing 24Z Stevens waterflood (see Fieure 3.4-5), and a new 
24,000 barrels/day waterflood project in the south flank of the SOZ in the SS-2 Mulinia (see 
Fieure 3.4-5). An evaluation is also in progress to determine the benefits of waterflooding all 
or portions of the SOZ SSl as an alternative to steamflooding. The affected areas are shown 
by Fieure 3.4-5. 

Gas injection is projected to increase from 188.2 million cubic feet/day to approximately 271 .5 
million cubic feet/day, or an increase of 83 .3 million cubic feet/day (see Section 1.2.2.8 and 
Table 1.2-1); this increase will be due to an increase in Stevens injection and new injection 
initiatives involving the SOZ. It is anticipated that for the most part the increase can be 
accommodated utilizing existing wells and facilities in the areas denoted by Fieure 3.4-6. 

Steam injection into the SOZ is anticipated to increase from approximately 3, 100-5,200 bar
rels/day of water as steam (see Section 1 .2.2.6 and Table 1.2-1) by approximately 32,805-
34,478 barrels/day (see Tables 1.2-1 and U:6) by FY 1994, or an increase to approximately 
35,905-39,678 barrels/day. For more information pertaining to the SOZ steam project, refer • to Section 1.2.2.6. The areas proposed for steamflooding are shown by Fieure 1.2-2. 

The risks these enhanced recovery projects pose to groundwater are the same as those that were 
explained in Section 4. 1.4.2. 1 .  For the reasons given, i t  i s  not anticipated that these risks are 
significant. 

The expansion of the waterflood and steam flood projects would also increase the need for source 
water for these initiatives. The source water for the steam project would be fresh water which 
is a separate topic of discussion below. As previously mentioned, the additional water required 
for the waterflood program is 106,500 barrels/day. For this program, plans are to provide the 
additional water by recycling produced wastewater; this is referred to as the Produced

' 
Water 

Injection (PWI) Project. The project would have the dual benefit of providing water for the 
waterflood program and reducing wastewater requiring disposal. The wastewater disposal 
component of this initiative is presented separately in the produced water disposal discussion 
presented below and in the mitigation discussion in Section 4. 1.4.3. Additional information 
pertaining to the source-water· component is -discussed as follows. 

Recently, construction was completed on a project to recycle approximately 50,000 barrels/day 
of wastewater for use in the existing waterflood; currently, this project is in the start-up phase 
and is being evaluated. It has not been possible to begin recycling operations because the quality 
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of the water produced by the project does not meet current waterflood source water 
specifications for quality. As designed, the project would reduce by 50,000 barrels/day the 
amount of Tulare water currently being withdrawn as source water for the existing waterflood. 
Additional projects to accomplish the same objective are planned, pending the results of the first 
project. Assuming it proves technically and economically possible to recycle all wastewater for 
use as waterflood source water, this could involve recycling up to 181 , 100 barrels/day (see 
Table 1.2-1). Since the waterflood projects are projected to require up to 254,500 barrels/day 
(see Table 1.2-1), it would be necessary to obtain the balance of 73,400 barrels/day from the 
Tulare (254,000-181 , 100= 73,400). 

Currently, the full amount of the waterflood of 148,000 barrels/day is provided from the Tulare. 
Therefore, it is possible that Tulare withdrawals could be reduced by as much as 74,600 
barrels/day (148,000-73,400=74,600). 

Source Water Withdrawal 

If the PWI projects are unsuccessful, Tulare withdrawals would need to be increased from 
approximately 148,000 barrels/day to a maximum of approximately 254,500 barrels/day. 
Disposal of produced wastewater into the Tulare Formation would be a maximum of 
approximately 181 ,000 barrels/day. The resulting Tulare drawdown would be approximately 
73,500 barrels/day (254,500 - 181 ,000 = 73,5(0). As discussed in Section 3.4.2.4 and 
A,m>endix D. Section D.4.2.2, this is comparable to historic operations which have been 
observed to have had no significant impact on the level or quality of the Tulare aquifer 
underlying NPR-1 or adjacent alluvial aquifers within the Alluvium in Buena Vista Valley. 

Produced Water Disposal 

As mentioned in Section 4. 1 .4.2. 1 ,  the waterflood and steam flood would contribute to increasing 
the amount of wastewater requiring disposal. This poses the same risks to groundwater that 
were discussed in that Section: i.e. , the impact to NPR-l groundwater is expected to be 
significant, but these waters are in a UIC exempt aquifer, they are poor quality, and except for 
oil-field waterflood operations, they have no known beneficial uses. In addition to impacts to 
NPR-1 groundwaters, there is also some possibility that wastewater disposed of on-site could 
migrate into usable groundwaters along the site periphery (see Section 3.4.2.3 and Awendix D). 
In recognition of this possibility, the following mitigation actions are in progress: to eliminate 
or minimize Tulare injection; to continue minimizing releases into unlined sumps; and, to 
evaluate NPR-l groundwater regimes for the purpose of assessing and acting on the effects of 
past and ongoing activities, as appropriate. Discussion on the initiative to eliminate/reduce 
Tulare injection follows. 

As mentioned in the enhanced recovery discussion above, the proposed action includes a project 
that has been constructed to recycle approximately 50,000 barrels/day for the purpose of 
reducing wastewater requiring disposal and to provide source water for future waterflood 
projects; this project is in the start-up phase which is expected to require an extended period of 
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time. When start-up is completed, injection into the Tulare would be reduced by approximately • 50,000 barrels/day from the current level of 80,000-100,000 barrels! day. This would result in 
a continuing need to dispose of approximately 30,000-50,000 barrels/day by injection into the 
Tulare. Produced water is expected to peak within a few years at approximately 181 ,000 
barrels/day (see Table 1.2-1). Therefore, future wastewater quantities available for recycling 
are estimated to be on the order of 131 ,000 barrels!day (181,000-50,000= 131 ,000) .  Additional 
projects to pursue this opportunity are planned as part of the proposed action (PWI projects). 

If it is possible to recycle all wastewater (as described in the enhanced recovery discussion 
above), sumping and Tulare injection would eventually be reduced essentially to zero; this is the 
objective of the proposed action. Having stated this objective, however, it should be noted that 
recycling all wastewater may not be technically possible. This is primarily due to difficulties 
associated with filtering and cleaning produced water for use in waterflood applications. To the 
extent it is not possible to recycle all produced waters, some sumping and Tulare injection might 
continue to be necessary. It is anticipated, however, that whatever sumping and Tulare injection 
might continue, it should be considerably less than the current practice. Additional discussions 
on the recycling initiative are presented in the description of the proposed action in Section 
1.2.2.7, and in Section 4.1 .4.2. 1 under produced water disposal discussions. 

Fresh Water Activities 

As indicated in the enhanced recovery discussion above, and the description of the proposed 
action in Section 1.2.2.6, if all five phases of the SOZ project are completed, the project could • increase fresh water requirements by approximately 32,805-34,478 barrels/day. This, together 
with smaller requirements from other facility projects, such as the butane isomerization project, 
cogeneration plant project, and the continuation of existing operations (see Section 4. 1.4.2.1), 
could result in a peak requirement of approximately 74,800 barrels/day within several years (see 
Section 1 .2.2. 16). Estimates of the fresh water and system capacity requirements for each phase 
of the project will be made during detailed engineering design studies. West Kern Water 
District anticipates having sufficient water supplies to meet the NPR-l fresh water requirement 
for all five phases of the SOZ project (BPOI 1991). 

As explained in Section 1.2.2.6, the SOZ steam flood project is planned to proceed one phase 
at a time with each successive phase being dependent on the economic success of the preceding 
phase. Given the economic uncertainties associated with enhanced recovery projects (particularly 
steam projects), it is a realistic possibility that the SOZ steam project may not be fully 
developed, or it may develop over a period of time that is much longer than currently projected. 
Accordingly, it is possible that added fresh water capacity may not be needed. Whatever the 
outcome, it is not anticipated that fresh water initiatives taken by themselves pose a significant 
threat to NPR-l .groundwater -resources. · 1'he-manner-in which fresh water is used could 
adversely impact NPR-l (e.g. , by injection into the subsurface and increasing the production of 
wastewater requiring disposal), but these have already been discussed. 
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Based on the foregoing uncertainties, and unavailability of off-site information, it is not possible 
to assess off-site impacts at this time. If fresh water requirements exceed the current contract 
limit of 48,000 barrels/day, additional NEPA assessments would be completed as appropriate. 

4.1.4.3 Mitigation 

Water resource impacts would be minimized through the implementation of programs that 
comply with legal, regulatory, and permit requirements, as well as the myriad of DOE Orders 
that go beyond these requirements into good management practices. These include Orders that 
establish requirements in the areas of waste minimization/recycling, pollution prevention 
awareness, environmental protection implementation planning, groundwater protection planning 
and implementation, etc. Specific mitigative measures that are included as part of the proposed 
action are discussed as follows: 

Hydrocarbon, Equipment Lubricant, and Fuel Spi&; Solid Wastes; and Surface Soil 
Contamination 

• Spills would be minimized, cleaned up and disposed of in accordance with the site's approved 
SPCC plan, which incorporates legal and regulatory requirements, as well as applicable DOE 
Orders. 

• Inadvertent spills would be contained through the use of proper secondary containment. 
Pursuant to this, the proposed action includes a field-wide program to upgrade secondary 
containment facilities. A project is currently underway that addresses secondary containment 
at the 25 highest priority facilities. Additional similar projects are planned. 

• Prior to disposal, wastes would be tested to determine if they are hazardous or non
hazardous. Non-hazardous wastes would be disposed of on-site in accordance with all 
requirements. Hazardous wastes would be disposed of off-site at permitted hazardous waste 
facilities. 

• Projects are in progress, and others are planned, to identify, clean and formally close all 
historical inactive waste sites. 

Producing Well Cellars 

• Producing well cellars on or near the Alluvium would be monitored daily. All other wells 
ordinarily would be monitored daily, and no less often than weekly. If fluids are observed in 
the cellars, the fluids would be disposed of expeditiously in a manner that is consistent with the 
procedures described .above· for . spills . and · wastes. In ·addition, corrective actions would be 
implemented to prevent reoccurrences. 
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WeDs 

• Well completions, operations, maintenance, monitoring, and abandonments would be carried 
out in strict conformance with all requirements. 

• Instances of suspected well leakage, such as unexplained surface water observations, would 
be evaluated to determine potential sources. Evaluation results would be used to design and 
implement appropriate corrective actions. 

Disposal of fluids Associated with Drilling, Degreasing, and Equipment Washing 

• Drilling and other fluid wastes would be minimized in accordance with the applicable DOE 
Orders. 

• Drilling fluids would be designed to be nonhazardous, and they would be tested to confirm 
this after use and before disposal. Fluids that are confirmed to be nonhazardous would be 
disposed of on-site at permitted landfarms in strict accordance with Waste Discharge 
Requirements (see Section 3.2.3.2). In the rare instances when drilling fluids could test 
hazardous, they would be disposed of off-site at permitted hazardous waste facilities. 

• Other waste fluids would be disposed of in accordance with requirements by methods that 
cause minimal impacts. For example, the proposed action includes initiatives to minimize 

• 

sumping. One such initiative that is in progress is to install additional tankage at the truck • washout facility at the 27R waste management facility. This tankage would be used to contain 
washwaters that previously were disposed of on a regular basis in two open unlined sumps. The 
wastewater collected in the tankage would be disposed of in the produced wastewater system. 
One sump would be cleaned and formally closed. The other sump would be retained for use as 
an emergency catch basin during off-normal situations, such as infrequent system failures like 
a tank overflow. Additional similar projects are in progress, or are being planned. Emergency 
catch basins would be managed in accordance with the SPCC plan. 

• Hydrostatic test activities would be designed to minimize wastewater requiring disposal. To 
the extent practical, this would involve testing the systems in smaller units (e.g. , different 
segments of third party pipelines) and reusing the water in each individual unit to minimize total 
water requirements. Wastewater releases to the surface would be contained in the general area 
of the test. To the maximum extent possible, only fresh water would be used for tests, and 
equipment would be cleaned beforehand. Wastewater would not be released to alluvial soils. 

DehydrationlLACT Stations and Associated Storage Facilities 

• 25S LACT/dehydration and tank setting facilities would either be relocated to less sensitive 
areas, or they would be inspected and repaired, or replaced, or removed from service, as 
appropriate. 
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• Secondary containment facilities would be upgraded field-wide. Projects are in progress to 
address the most sensitive areas-such as facilities in Section 25S. 

• Third-party pipeline connections to LACT facilities would be controlled through the NPR-l 
third-party permitting process. This provides a structured mechanism to ensure that connections 
granted have a beneficial need, and that they are designed, constructed, operated, and maintained 
in a manner that is environmentally safe, conforming to all environmental requirements. 

Injection of Fluids Associated with Enhanced Hydrocarbon Recovery 

• Well completions, operations, maintenance, monitoring, and abandonments would be carried 
out in strict conformance with all requirements. Particular attention would be paid to injection 
pressures to ensure they do not exceed safe levels, as needed to protect the producing injection 
formations from fracturing and potentially providing a flow path to overlying groundwaters. 

• Instances of suspected well leakage, such as unexplained surface water observations, would 
be evaluated to determine potential sources. Evaluation results would be used to design and 
implement appropriate corrective actions. 

• As explained in Sections 4. 1.4.2. 1 and 4.1.4.2.2, the impacts of the projected increase in 
waterflood source water requirements (which are currently provided by withdrawal from the 
Tulare Zone) would be minimized through the implementation of the wastewater recycling 
program (PWI projects). The proposed action includes a project to recycle approximately 
50,000 barrels/day of produced wastewater. This project is in the start-up phase; when it goes 
on-line, Tulare source water withdrawals would be reduced by the 50,000 barrels/day figure. 
Additional similar projects are planned as part of the proposed action, with the objective being 
to recycle as much wastewater as is technically and economically possible, up to the amount of 
waste water produced (which is expected to peak at approximately 1 8 1 ,000 barrels/day within 
a few years). 

Produced Water Disposal 

• Wastewater quantities would be minimized pursuant to the requirements of applicable DOE 
Orders. Specific objectives and projects to accomplish this have been identified. These were 
discussed in Section 4. 1.4.2.1 and 4. 1.4.2.2 above. In summary, a project is in the start-up 
phase which, when complete, would recycle 50,000 barrels/day of produced wastewater for use 
as waterflood source water, thus reducing wastewater requiring disposal by that amount. 
Additional projects for the same purpose are planned, with the objective being a recycling 
program that eventually eliminates, or substantially reduces, the disposal of wastewater by 
traditional sumping and Tulare· injection methods. 

• Wastewater requiring disposal would be disposed of in strict accordance with requirements 
by acceptable injection and sumping methods that pose minimal threats to underlying and 
peripheral groundwaters. 
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• Releases of wastewater to sumps would be restricted to off-normal situations. Off- normal • situations would be minimized through contingency initiatives that minimize the need to resort 
to surface disposal. For example, the proposed action includes a project to install additional 
wastewater tankage at the 18G dehydration/LACT facility for the purpose of reducing the 
potential for sump releases and eliminating and formally closing one of the two sumps situated 
there; this project is in the construction phase. The proposed action includes other similar 
projects which are in progress, or are being planned. 

• Wastewater sumps at facilities located near the TulareI Alluvium contact would continue to 
be lined. 

• Inactive wastewater sumps that are no longer required would be formally closed. Formal 
closure includes testing for contamination, remediation if necessary, regrading and revegetation. 

• In accordance with DOE Order 5400. 1 ,  a Groundwater Protection Management Plan has been 
approved and put in place; implementation of this plan is included in the proposed action. One 
of the elements of this plan addresses the fact that the potential is not fully understood for past 
and ongoing sumping and Tulare injection to degrade usable groundwaters on the periphery of 
the site. Accordingly, plan implementation includes an initiative to evaluate and attempt to 
understand underlying groundwater regimes. The first step in this initiative is to characterize 
groundwater hydrology to the maximum extent possible based on existing data (principally well 
data from drilling operations). The information collected from existing data will be reviewed 
to determine the need for additional data required to complete a comprehensive risk analysis of • NPR-l operations with respect to on-site and off-site groundwater resources. A draft 
groundwater monitoring plan in this regard has recently been developed for NPR-l (Golder 
1990) and is currently being reviewed. Construction and operation of groundwater monitoring 
wells is being contemplated for the northeast portion of the site. 

• Initiatives to coordinate and cooperate with government agencies and organizations involved 
in local water matters will continue. 
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4.1.5 Terrestrial Biota 

This section discusses the impacts of the proposed action on plant and animal communities, 
including threatened and endangered species. 

As indicated by Table 1.3-2, numerous federal facility projects are anticipated to result in the 
disturbance of approximately 878 acres of NPR-1 lands, or about 2. 1 % of the remaining 
undeveloped habitat. Although exact project locations have not been specified, most will be 
dispersed throughout the developed portions of the site in Townships G, R, and S;  some 
development will occur in other areas, including those that are currently undeveloped. Most 
disturbances should occur prior to the year 1998; some, however, will continue to take place 
over a longer period of time (perhaps until the year 2020-2025).  In addition to the 878 acres 
to be disturbed, 625 acres associated with abandoned facilities, or 1 .5 % of the remaining 
undeveloped habitat, are to be revegetated <Table 3.5-1). This results in a 253-acre net increase 
in developed areas on NPR-1 ,  or 0.6% of the remaining undeveloped habitat. 

Disturbances associated with non-federal projects (third-party projects) are expected to be 
approximately 691 acres: 101 acres on NPR-l (or about 0.2% of the remaining undeveloped 
habitat) and 590 acres off of NPR-1 .  These distUrbances should take place on both developed 
and undeveloped lands (see Table 1.3-2), and they should occur periodically throughout the 
economic life of the NPR-1 project. Of the 691 acres to be disturbed, 420 acres are to be 
revegetated following construction completion: 60 acres on NPR-l and 360 acres off NPR-1 .  

• 

This results in a 271-acre net increase in development; 41 acres on NPR -1 and 230 acres off • NPR- l .  

Total federal and non-federal disturbances on NPR-l are projected to be about 979 acres (878 
+ 101 = 979) , or approximately 2.3 % of the remaining undeveloped habitat. Of this, 685 acres 
are to be revegetated (625 + 60 = 685) , which results in an increase of 294 acres of 
development (979 - 685 = 294) , or 0.7% of the remaining undeveloped habitat. 

Total on-site and off-site disturbances are estimated to be 1 ,569 acres (979 + 590 = 1 ,569). 
Total on-site and off-site revegetation is estimated to be 1 ,045 acres (625 + 420 = 1 ,045) . This 
results in an on-site and off-site increase in development of 524 acres (1 ,569 - 1 ,045 = 524) . 

Another 6,780 acres could be temporarily affected over the next 30 years as the result of non
federal third-party geophysical (seismic) surveys. It is anticipated that approximately one-half 
of this acreage, or about 3,390 acres, would be dispersed over both developed and undeveloped 
portions of NPR-1 ;  the remainder would be on developed and undeveloped areas off-site. 
Seismic surveys should occur periodically throughout the economic life of the NPR-l project. . 

4.1.5-1 • 



• 

• 

• 

A more complete discussion of impacts is presented below. 

4.1.5.1 Plant Communities 

Impacts of the proposed action on plant communities are expected to be qualitatively similar to 
those that have occurred on NPR-l in the past (see Section 3,5,1). The most important impact 
will be the removal of vegetation from the 1 ,569 acres associated with construction activities. 

All proposed federal facilities (approximately 878 acres) and all aboveground non-federal third
party projects (approximately 120 acres) would permanently displace vegetation for the life of 
the respective projects. The major portions of approximately 571 acres disturbed by 
underground third-party projects would cause only temporary impacts to vegetation. This is 
because all construction areas not needed for operations and maintenance activities, such as 
corridors for underground pipelines, would be revegetated following construction. It is 
estimated that of the 571 acres, 420 acres would be revegetated. 

About 226 acresIyear, or 6,780 acres over 30 years, are expected to be affected during seismic 
surveys. This activity would result in the crushing of some vegetation along the survey route; 
however, since the vegetation is not actually removed, adverse impacts are expected to be 
temporary. In some cases, small, widely spaced areas would need to be graded for placement 
of dynamite charges used in survey activities. Impacts would be minimized by adjusting survey 
routes to avoid endangered species and by revegetating graded areas. 

NPR-l soils are often loose and prone to erosion (Soil Conservation Service undated). 
However, erosion should be minimized by revegetation and mulch placement following 
construction, which are part of the existing reclamation program (discussed below). Soil erosion 
could occur nevertheless if major precipitation events occurred during construction of facilities, 
especially if construction occurred on steep or unstable slopes. Under these circumstances, if 
construction activities exposed saline soils, erosion could transport this material and result in 
death or inhibit the growth of intolerant species. 

Operations and maintenance of proposed facilities would have relatively minor, localized 
impacts. Spills of oil and other oil-field chemicals could be expected at a rate comparable to 
that of current operations (see Section 4. 1 ,9). Uncontained oil spills could result in the death 
of plants within the spill area. Plants also could be adversely affected by uptake from 
contaminated soils or by changes in soil chemistry (O'Farrell and Mitchell 1985). 

Operations and maintenance of the proposed facilities could occasionally cause accidental fires 
(see Section 4. 1.9) . . Sucb··fires would cause changes -in-vegetation structure, especially the loss 
of shrubs, but would be expected to have little long-term effect because herbaceous annuals 
resprout during the following growing season (Heady 1977; O'Farrell and Mitchell 1985). 

-- ------- ---
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The impacts of construction, operation, and maintenance of proposed facilities on plant 
communities would be lessened because of the general location of facilities. Most development • would occur in areas previously subjected to extensive development. 

A program to reclaim previous disturbances that are no longer needed for operations (abandoned 
facility sites, roads, etc.) is in progress to compensate, in part, for MER disturbances (see 
Section 3.5. 1 ,  Table 3.5. 1 ,  and Section 3.5.3). Approximately 690 acres have undergone 
reclamation to date and another 625 acres are planned through 1998. 

4.1.5.2 Animal Communities 

The impacts of the proposed action on NPR-l animal communities are expected to be similar 
to those that have occurred in the past (see Section 3.5.2). Most impacts would result from the 
construction of proposed facilities, including third-party pipeline projects and seismic surveys. 
Approximately 1 ,569 acres are expected to be disturbed over the next 30 years as a result of the 
construction of facilities, and a proportionate reduction in carrying capacity is anticipated. 
Animals within construction areas would be killed during construction or would disperse to other 
areas; dispersing individuals tend to have a lower survivorship (Emlen 1984; Ralls et al I986). 
Soil erosion resulting from construction activities could destroy or alter habitat, or decrease the 
productivity of forage plants (see Section 4. 1.5). Seismic surveys would result in temporary 
disturbance of animal communities on a total of about 6,780 acres over the next 30 years. This 
disturbance should be limited to the period of time the surveying activities are actually in 
progress. It is estimated that each survey will affect an average of 1 13 acres over a period • of 2 to 8 weeks (see Table 1.2-9). 

Operations and maintenance activities should have relatively minor effects on animal 
communities. Anticipated impacts include accidental spills of oil and other oil-field chemicals 
(e.g. , barium). Animals occasionally could become trapped in spilled oil (O'Farrell et al 1986), 
or they could ingest oil-field chemicals present in sumps or assimilated by forage which might 
cause or contribute to death, disease or diminished ability to avoid predation. Road 
kills/harassment are also expected, especially in construction areas (see Section 3.8). Accidental 
fires could affect animal communities if animals are harassed, burned or killed, or if fires reduce 
forage. 

Impacts associated with proposed new facilities are expected to be limited to the immediate 
vicinity of the facilities. Impacts associated with the continuation of existing operations will be 
more widespread, but mostly in previously developed upland areas. Impacts associated with the 
Endangered Species Program will be positive. The impacts of new facilities and continued 
operations will be minimized through the implementation of portions of the Endangered Species 
Program such as the -Wildlife-ManagementdP.1an (see Section 4.1.5.4). 
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4.1.5.3 1breatened and Endanaered Species 

In accordance with Section 7(a)(2) of the Endangered Species Act, in 1991 , DOE prepared a 
Biological Assessment to initiate formal consultation with FWS on the effects of continued 
petroleum production at NPR-l (DOE 1991). Pursuant to 40 CFR Part 1505.21,  incorporated 
by reference into this �SEIS is the -Biological Assessment of the Effects of Petroleum 
Production at Maximum Efficient Rate, Naval Petroleum Reserve No. I (Elk Hills), Kern 
County, California, on Threatened and Endangered Species-,  U.S. Department of Energy, Naval 
Petroleum Reserves in California. The document is available upon request from James C. 
Killen, Technical Assurance Manager, U.S. Department of Energy, P.O. Box 11 ,  Tupman, 
California, 93276. Much of the discussio�on impacts to listed species following in this section 
were summarized from the 1991 Biological Assessment (DOE 1991). 

Plants 

As discussed in Section 3.5.3.1,  one plant species federally listed as threatened has been 
observed in the lowland areas of NPR-l along the periphery of the site (Hoover's wooly
star) (EG&G/EM 199Ob) and at a few isolated areas in the uplands (EG&G/EM unpublished 
data). Suitable habitat exists in the lowland areas for two other plant species that are federally 
listed as endangered (Kern mallow and San Joaquin woolly-threads), and a federal Category 2 
plant species was observed (Lost Hills saltbush), but its location was not confirmed to be on 
NPR-l . Four State of California plant species of special concern have been observed (cottony 
buckwheat, Temblor buckwheat, Kern tarplant and gypsum-loving larkspur). The cottony 
buckwheat and gypsum-loving larkspur are widely distributed in the upland areas of the site. 
Kern tarplant is encountered only rarely in the lowland areas. Little information is available on 
the distribution of the Temblor buckwheat on NPR-l .  

Approximately 878 acres are expected to be disturbed as the result of the construction of federal 
facilities on NPR-I (see Table 1.3-2). Almost all of these disturbances are anticipated to be in 
the developed upland areas. Another estimated 691 acres are expected to be disturbed on and 
off NPR-l during construction of third-party pipelines, about one-half of which should be in 
undeveloped lowland areas. In addition, third-party seismic surveys will affect about 6,780 
acres on and off NPR-l over the next 30 years, about two-thirds of which could be in 
undeveloped lowland areas. 

NPR-I projects are sited based on preactivity surveys. With rare exceptions, projects would be 
sited to avoid impacts. In those rare instances where avoidance is not possible, any plants within 
project areas would be destroyed, or crushed. Even in these cases, however, impacts would be 
minimized by designing and implementing initiatives to maximize reestablishment (e.g. , reuse 
of the same topsoil containing -seed .remnants,-prevention of soil erosion, and scheduling of work 
to occur when plants are not flowering) . 
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Animak 

Three animal species that are federally listed as endangered are likely to be affected by the 
proposed action. These include the San Joaquin kit fox, giant kangaroo rat, and blunt-nosed 
leopard lizard. Several federal Category 2 species and species that are listed by the state as 
threatened or of special concern also may be affected (San Joaquin antelope squirrel, short-nosed 
kangaroo rat, and four blister beetles). The Tipton kangaroo rat, a federally endangered species 
present only within Section 23S of NPR-1,  should not be affected because this area is not 
currently developed, and future development is unlikely. 

San Joaquin Kit Fox. 

Impacts on the San Joaquin kit fox that could result from the proposed action are similar to those 
described by O'Farrell et al (1986) for impacts of past NPR-1 activities. These impacts, or 
potential impacts, include direct mortality, loss of dens, loss or alteration of habitat, harassment, 
or ingestion of oil-field chemicals. The apparent role of each was discussed in Section 3.5.3.2. 

Most of the proposed activity would occur within the central hills of the site. Most kit foxes 
are now found in undeveloped areas along the site periphery, away from most activity (see 
Section 3.5.3.2). This is only the current situation, however, at a time when kit fox numbers 
on NPR-l are relatively low compared to the early 1980s. Developed upland areas also 
represent important habitat because as recently as 1984, kit foxes were widespread over the site 
and occurred in all of the areas where activities are proposed (O'Farrell and Mathews 1987). 

Activities in upland areas of NPR-1 should have little effect on the existing kit fox population; 
however, the carrying capacity and the prospects for future recolonization of these areas could 
be affected by the types of impacts that have occurred in the past, such as documented vehicle 
mortality (see Section 3.5.3.2) (O'Farrell and Mathews 1987; O'Farrell and Sauls 1987) . 

Activities that take place in the undeveloped lowlands areas, such as third-party pipeline projects, 
have a greater potential for impacting kit fox populations. As previously stated, this is because 
these habitats currently support most of the remainder of the NPR-l kit fox population. It is 
estimated, for example, that third-party pipeline construction, operation and maintenance will 
disturb 691 acres (101 acres on NPR -1), of which about 304 acres are in undeveloped areas (22 
acres on NPR-l) where most kit foxes now live. This could result in direct mortality, 
destruction of dens, habitat loss or alteration, human harassment, and ingestion of oil-field 
chemicals. The magnitude of impacts would depend on the location of pipeline routes. 

Third-party seismic surveys are expected to affect a total of about 6,780 acres during the 
projected 3o"year active life of NPR-l (3,390 -acres on NPR-1). Of this, about 4,590 acres are 
expected to be in undeveloped areas where many foxes now live (2,880 acres on NPR-l) .  
Although seismic surveys do not involve construction, and thus no permanent habitat disturbance 
is expected, impacts to the kit fox could result from the collapse of dens and human harassment 
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along the survey route. The magnitude of impacts would depend on the location of the survey 
routes. 

It is anticipated that with few exceptions, all site activities would be designed to avoid direct 
contact with kit fox dens, based on information from preactivity surveys (see Section 4.1.5.4). 
In addition, spills would be cleaned up immediately in accordance with the SPCC plan, thus 
minimizing, if not eliminating, the risk of exposure or ingestion of oil-field chemicals. These 
actions should essentially preclude impacts associated with den destruction and spills. Vehicle 
mortality could still occur, but this would be mitigated by controlling speed limits and 
minimizing night driving. Approximately 1 ,569 acres of habitat on and off NPR-l would be 
lost, but a successful program to reclaim approximately 1 ,045 acres associated with abandoned 
facilities {between 1989-1998} would compensate for a large portion of the loss. Some 
inadvertent human harassment would continue. 

Activities associated with the Endangered Species Program may result in the deaths of protected 
animal species. Trapping and radiocollaring kit foxes will continue and will carry the risk of 
inadvertent harassment or death (see Section 3.5.3.2). However, efforts have been and will 
continue to be taken to mitigate this risk. Kit fox traps now used are of a smaller mesh size to 
reduce mouth injuries. Lighter radiocollars with shorter antennas are now being used and 
trapping methodologies have been designed to minimize if not eliminate loss or injury to · the 
animal. Kit fox trapping is authorized under permit from the U.S. Fish and Wildlife Service 
and Memorandum of Understanding with the Department of Fish and Game. Trapping efforts 
follow guidelines established by both agencies. 

Additional mitigation measures to reduce potential effects to protected species are described in 
Section 4. 1.5.4. 

Giant Kangaroo Rat. 

Active burrow systems of the giant kangaroo rat have been found on 30 sections of NPR-I (see 
Section 3.5). While high concentrations of burrow systems occur mostly in the Buena Vista 
Valley and northeast portions of NPR-l ,  isolated burrow systems also have been found in the 
developed, upland portions of NPR-l .  Potential impacts to the giant kangaroo rat as the result 
of construction, operations and maintenance activities, could include ( l )  inadvertent harassment, 
(2) destruction of burrow systems, (3) removal of food sources (annual and perennial grasses that 
produce seed), (4) alteration of soil conditions that increases the difficulty in constructing 
burrows, and (5) ingestion of oil-field chemicals inadvertently released to the environment (e.g. , 
spills) . 

Most activities are anticipated to be in_upland developed areas which should have little effect on 
the giant kangaroo rat. This is because giant kangaroo rats are relatively uncommon in these 
areas. Exceptions to this include construction of well pads and associated roads and third-party 
facilities and seismic surveys, some of which are planned in portions of developed upland areas 
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where giant kangaroo rats have been observed, or in the undeveloped lowland areas where • populations of giant kangaroo rats are greatest. 

New oil-well pads and associated roads are planned throughout the upland portions of NPR-l .  
A total of about 579 acres of disturbances are anticipated. Some of these disturbances are 
expected to be in Sections 20R, 28R, 25R, 32S, 27S, 26S, 60, 7G, and 14R where burrow 
systems have been observed. In these instances, the impacts described above could occur. The 
magnitude of the impacts would depend on the specific location of the pads and roads. 
Preactivity surveys and flexibility in citing well pads, roads and other facilities should minimize 
impacts (Kato 1986; Kato et al I985). Where burrow systems exist in the vicinity of existing 
well pads, O'Farrell et al (1987) found that 99% were located more than 300 feet away. This 
could be an indicator of the tolerance level that giant kangaroo rats have for site activity, which 
to the maximum extent practical would be taken into account in siting decisions. 

Third-party pipelines have the greatest potential for direct impacts on giant kangaroo rats. The 
magnitude of impacts would depend on the specific location of each pipeline. Total disturbances 
are expected to be 691 acres (101 acres on NPR -1) , of which 304 acres are in undeveloped areas 
(22 acres on NPR-l)  where most giant kangaroo rats live. These areas represent important 
habitat for giant kangaroo rat populations. For example, O'Farrell et al (1987) estimated that 
Section 8B, which the authors state as representative habitat in the Buena Vista Valley, contained 
28.2 giant kangaroo rat burrows/acre. Pipelines that are located in the undeveloped lowlands 
could have any of the adverse impacts described above. 

Third-party seismic surveys are expected to disturb 6,780 acres (3,390 acres on NPR-l)  over • 
the next 30 years, of which 4,590 acres are expected to be in undeveloped areas (2,880 acres 
on NPR-l) .  In undeveloped areas, these activities could adversely affect giant kangaroo rat 
populations. Although no construction is involved, and thus no permanent disturbance to 
habitats is expected, impacts could result from the collapse of burrows and harassment along 
survey routes. The magnitude of impacts would depend on the location of the survey routes. 

Preactivity surveys and flexibility in siting well pads, roads and other facilities should minimize 
impacts (Kato 1986; Kato et al 1985) (see Section 4. 1.5.4) . It is anticipated that, with few 
exceptions, these projects and all operations and maintenance activities can and would be 
designed to avoid direct contact with the giant kangaroo rat. In addition, spills are cleaned up 
immediately, thus minimizing, if not eliminating the risk of exposure to or ingestion of oil-field 
chemicals. These activities should essentially preclude impacts associated with burrow systems 
and spills. Habitat would be unavoidably lost, but a successful program to reclaim lands 
(previously explained) would compensate for a large portion of the loss. Some inadvertent 
human harassment would continue. 

Live trapping of giant kangaroo rats, an activity associated with the Endangered Species 
Program, may result in the death of some animals. However, efforts have been made to 
minimize this impact. Baiting is done in late afternoon and trapping is not done during periods 
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of extreme temperatures. Trapping of giant kangaroo rats and other small mammals is done 
under a Memorandum of Understanding from the California Department of Fish and Game. 

Additional mitigation measures to reduce potential effects to protected species are described in 
SectUln 4.1.5.4. 

Blunt-nosed Leopard Uzard. 
Surveys conducted between 1979 and 1981 located blunt-nosed leopard lizards on 28 sections 
containing alluvial areas or washes that penetrate the central hills of the site (Kato et al 1987). 
Of the 83 blunt-nosed leopard lizards found during the survey, 70% were located in flat areas 
(Kato et al 1987). Densities in upland areas have been estimated at less that 0.5 lizard/acre 
(FWS 1985) . 

Potential impacts to the blunt-nosed leopard lizard as the result of proposed activities 
(construction, including federal and non-federal projects, seismic surveys, operations and 
maintenance) are expected to include (1)  vehicle and other direct mortality, (2) destruction of 
small mammal burrows used by the lizard (Kato and O'Farrell 1987), (3) habitat loss or 
alteration, (4) accidental oil spills or wastewater discharges into drainages or washes comprising 
preferred habitat could drown blunt-nosed leopard lizards, coat them with oil or other oil-field 
chemicals, or contaminate portions of their habitat or food supply, and (5) inadvertent 
harassment as the result of human activity. As in the case of the kit fox and the giant kangaroo 
rat, the nature and the magnitude of the impacts are dependent on the specific location of the 
proposed activity. Since most activities are planned to take place in the developed upland areas, 
and since very few lizards are in these areas, most components of the proposed action should 
have little or no impact. Activities that take place in the undeveloped lowland areas, however, 
and especially those in the vicinity of the washes along the periphery of the central hills and in 
valley areas, could have the adverse impacts described above. The nature and magnitude of 
these impacts are expected to be similar to those previously described for the kit fox and the 
giant kangaroo rat. 

As in the case of the kit fox and the giant kangaroo rat, with few exceptions, activities would 
be sited to maximize avoidance through the use of preactivity surveys (Kato 1986; Kato et al 
1985). The other mitigative measures that are applicable to the kit fox and the giant kangaroo 
rat are also applicable to the blunt-nosed leopard lizard (vehicle control, spill cleanup, habitat 
reclamation, etc.). In addition, used pipeline hydrostatic test water will be released very slowly 
to minimize the possibility of flooding washes; washes will be monitored during releases to 
ensure the effectiveness of this measure. 

There has been only one known.case of mortality or harassment to the blunt-nosed leopard lizard 
as a result of research activities carried out under the Endangered Species Program. Future 
activities will maintain the same precautions taken in previous years to avoid death or injury to 
blunt-nosed leopard lizards . 
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Additional mitigation measures to reduce potential effects to protected species are described in • Section 4. 1 .5.4. 

Candidate Species and Species of Special Concern. 

Several federal Category 2 species and state species of special concern are known to occur on 
NPR- l ,  or suitable habitat for these species exists (see Section 3.5.3.2). 

The San Joaquin antelope squirrel and the short-nosed kangaroo rat are the Category 2 species 
most likely to be affected by proposed development. The San Joaquin antelope squirrel is 
relatively common on the site and is known to occur in areas where development of proposed 
facilities will occur (EG&G/EM 1988b and 199Oa). The short-nosed kangaroo rat is common 
also, especially within areas of the Buena Vista Valley (EG&G/EM 1988b). Third-party pipeline 
projects have the greatest potential to affect this species because these projects are most likely 
to occur in their preferred valley floor habitats. 

Impacts to the San Joaquin antelope squirrel and the short-nosed kangaroo rat that could result 
from the proposed action include direct mortality, reduction of carrying capacity, exposure to 
spills of oil and other chemicals, and harassment. The impacts of seismic surveys should be 
more temporary and should be limited to the possibility of direct mortality, harassment and soil 
erosion. The significance of impacts of all proposed projects would depend on the location of 
projects. Preactivity surveys would determine if species are present within project areas, and 
to the maximum extent possible, direct impacts would be avoided. Impacts are not expected to • be significant because of the relative abundance and widespread distribution of these species. 

Live trapping small mammals on NPR-l to monitor population trends will continue and may 
result in the inadvertent injury or death of San Joaquin antelope squirrels and the short-nosed 
kangaroo rat. However, efforts have been made to minimize this impact. Baiting is done in the 
late afternoon and trapping is done during periods of extreme temperatures. Also trapping is 
done under a Memorandum of Understanding from the California Department of Fish and Game. 

Suitable habitat for the four Category 2 blister beetles is thought to exist in Sections 7R, 18R, 
and 28R (EG&G/EM 1988b), where wells and other development are planned. In surveys 
conducted to date, these species have not been observed; however, their presence would continue 
to be investigated in future preactivity surveys, and if they are observed, they would be avoided 
to the maximum extent practical. 

The effects of the proposed action on other Category 2 species and species of special concern 
(see Table 3.5-3 for a list of these species) would be similar to those described in Section 
4. 1.5.2. Their presence. would. ,continue-to be -investigated in preactivity surveys, and direct 
contact would be avoided to 'the maximum extent practical. 

Additional mitigation measures to reduce potential effects to protected species are described in 
Section 4.1.5.4. 
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4.1.5.4 Mitiption 

Programs to mitigate the effects of NPR-l activities on the terrestrial biota have been in effect 
for a number of years, and all personnel, including contractors, subcontractors, third parties, 
etc., are required to comply with applicable requirements. The principal programs include an 
initiative to reclaim abandoned sites, a contemporaneous revegetation program, and a 
wildlife-management plan. These programs would continue under the proposed action, and they 
are explained as follows: 

Reclamation of Abandoned Sites 

The goal of this program is to minimize erosion and reestablish vegetation on disturbed areas 
of the site where facilities are no longer needed and have been abandoned (O'Farrell and 
Mitchell 1985). This program has been in operation since 1985 and has resulted in reclamation 
activities on approximately 690 acres through 1989 (EG&G/EM 1989a). From 1981 to 1983, 
a series of field trials were conducted on NPR-l to evaluate reclamation techniques (O'Farrell 
and Mitchell 1985). The following criteria are currently used in selecting sites for reclamation: 
(1) the site is abandoned; (2) the site is not contaminated: i.e. , there are no factors that would 
limit plant growth such as oil or salt water contamination; (3) there are no factors that limit site 
access; and (4) there are no plans to use the site in the future (EG&G/EM 1989a). 

NPR-l reclamation techniques are similar to those used in other areas of the arid west. Site 
preparation includes (1) cleanup of man-made debris and spills; (2) ripping and discing of 
compacted soils; (3) replacement of removed topsoil; (4) erosion control and recontouring; and 
(5) amendment of soils with fertilizers (EG&G/EM 1989a). Prepared sites are mulched and then 
seeded with a mix of species that depends on the topographic position of the site (e.g. , slopes, 
flats) and soil conditions (e.g. , high salt content) (Wolfe 1986a, 1986b; EG&G/EM 1989a). 
Species used for revegetation include a variety of shrubs and annual grasses, such as desert 
saltbush, buckwheat (Eriogonum !asciculatum), smooth brome (Bromus mollis) , and foxtail 
fescue (Festuca mega/ura) (Anderson 1987; EG&G/EM 1989a). Sites where reclamation 
activities have occurred are monitored after the first, second and fifth growing season. In the 
fifth year, cover and shrub density are compared to control sites to determine the success and 
progress of reclamation efforts. 

Additional information on monitoring and success evaluation are provided as follows: 

Monitoring of reclamation success consists of a subjective (qualitative) evaluation in combination 
with quantitative evaluations of key vegetation parameters. The program has been in operation 
since 1987. Reclamation sites are monitored qualitatively after the first, second, and fifth 
growing season by a. plant ecologist. -_In_ the fifth. year, . sites most likely to meet revegetation 
success criteria (as determined from the subjective evaluations) are monitored quantitatively. 
If the fifth year is a below normal precipitation year (defined as one standard deviation below 
the mean), sampling occurs in the first normal precipitation year after the fifth year. 
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A site is considered successfully revegetated when total plant cover and shrub density are at least 
70% of the average plant cover and shrub density of undisturbed reference areas. Sites meeting • reclamation success criteria after five growing seasons are released from monitoring and 
considered reclaimed. Sites unlikely to meet the success criteria in the fifth year receive 
remedial revegetation work or are deferred for re-evaluation in 5 more years. Results to date 
are summarized as follows: 

• In FY 1985, 1 15 acres were reclaimed (148 sites). Average plant cover in 1991  was 28% 
for 61 sites most likely to meet success criteria. Control sites averaged 35% in FY 199 1 .  

• In FY 1986, 130 acres were reclaimed (272 sites). Average plant cover in 1991  was 30% 
for 98 sites most likely to meet success criteria. Control sites averaged 35 % in FY 1991 .  

• In FY 1987, 130 acres were reclaimed (191 sites). Average plant cover in 1992 was 55% 
for 105 sites most likely to meet success criteria. Control sites averaged 71 % in FY 1992. 

• In FY 1988, 200 acres were reclaimed (396 sites). Average plant cover in 1992 was 50% 
on a subsample of the 396 sites. Control sites averaged 71 % in FY 1992. Revegetation through 
FY 1988 was 690 acres (see Table 3.5,1). 

• In FY 1989, 1 16 acres were reclaimed (173 sites), Average plant cover in 1992 was 49% 
on a sub sample of the 173 sites. Control sites averaged 71 % in FY 1992. 

• In FY 1990, 72 acres were reclaimed (166 sites), Average plant cover in 1992 was 50% on • a sub sample of the 166 sites. Control sites averaged 71 % in FY 1992, 

• In FY 199 1 ,  84 acres were reclaimed (198 sites). Average plant cover in 1991 was 48 % on 
a sub sample of the 198 sites. Control sites averaged 71 % in FY 1992. 

As of FY 1992, approximately 850 acres of disturbed land on NPR-l have been revegetated. 

Plant cover and shrub density at all sites revegetated between FY 1985 and FY 1987 
(approximately 375 acres) were compared with data from reference sites. At present, 26% of 
the sites (91 acres) reclaimed between FY 1985 and FY 1987 have met the criteria for successful 
revegetation in spite of the drought conditions that existed. Additional sites are likely to meet 
the success criteria, when they are reevaluated in future years. Given that NPRC receives 
relatively little precipitation and that two of the last five years had precipitation far below 
average, the success of revegetation on NPR-l is encouraging. 

Contemporaneous Revegetation Prop'8lll 

This program, which was instituted in 1988, is similar to the abandonment reclamation program, 
but instead of abandoned sites, it addresses contemporary construction disturbances on lands that 
are not required for ongoing operations and maintenance activities. It is anticipated that as much 
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as 50-100 acres will be revegetated under this program each year. Limited results to date appear 
to be comparable with those of the abandonment program. 

Wlldlife-Manaaement Plan 

The plan is directed primarily at conserving threatened and endangered species on the site, but 
it also serves to minimize the impacts of operations on other species (O'Farrell and Scrivner 
1987). The plan consists of the following actions: (1) perform preactivity surveys to determine 
the presence of threatened and endangered species and their habitat; (2) revegetate areas 
disturbed by past actions (see preceding descriptions of reclamation programs); (3) monitor 
abundance, health, mortality, reproductivity, and other information on selected animal 
populations; (4) monitor the success of the reclamation programs; (5) control populations of 
coyotes; (6) protect raptors, migratory birds, and other species of concern; (7) implement 
operating guidelines that will contribute to conservation of animals and their habitat; (8) study 
animal conservation and habitat restoration techniques; (9) develop an information and education 
program; and (10) participate in endangered species recovery programs. These elements of the 
wildlife-management plan are discussed in the following paragraphs. In addition, impacts to 
wildlife are considered during the design phase of project development (BPOI 1989), including 
siting projects to maximize avoidance and erosion control. 

Preconstruction/preactivity surveys have been conducted on NPR-l since 1980. The objectives 
of preactivity surveys include (1) minimize the extent of habitat loss, (2) conserve San Joaquin 
kit fox dens, (3) minimize damage to washes used by blunt-nosed leopard lizards, (4) conserve 
giant kangaroo rat burrow systems, (5) prevent impacts to eagles, and (6) protect other species 
of concern (e.g. , federal Category 2 species, and state endangered, threatened and special 
concern species) (Kato et al 1985; Kato and O'Farrell 1987; O'Farrell and Scrivner 1987). Site 
design, the amount of undisturbed habitat in the area, and the type of disturbance is evaluated 
for each project. Recommendations are then made to minimize the loss of habitat, including 
measures to control erosion. Areas where kit fox or giant kangaroo rat dens or burrows are 
found are avoided if possible, and the project is relocated a sufficient distance from these dens 
or burrows to minimize indirect impacts. Attempts are made to minimize any disturbance of 
broad sandy washes, which are the preferred habitat of the blunt-nosed leopard lizard. Impacts 
to eagles and other species of concern are avoided by redesigning or relocating projects when 
these species are found in the project area. Surveys are conducted after a project is completed 
to ensure that mitigation recommendations were followed (Kato and O'Farrell 1987). Currently, 
specific mitigation plans for Category 2 species have not been formalized; however, 
investigations have been conducted in anticipation of the need for mitigation plans in the future 
(O'Farrell and Mathews 1987; EG&G/EM 1988b and 1990a) and avoidance measures are imple
mented informally as practical. These and other actions would be formalized in the future as 
appropriate. 

Since implementation of preactivity surveys, only five cases of inadvertent destruction of kit fox 
dens have been documented (O'Farrell et al 1986), despite the fact that several thousand acres 
were disturbed within the kit fox's range over this same time period. Plans to continue 
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preactivity surveys would significantly reduce impacts of the proposed action. Past operations • have probably had little effect on giant kangaroo rat habitat. Most such habitat is located in 
areas of limited petroleum activities. For blunt-nosed leopard lizard populations, preactivity 
surveys resulted in project changes that reduced impacts to leopard lizard habitat. Only one 
large wash has been disturbed by past activities (Kato 1986). 

An extensive monitoring program has been in operation on NPR-l since 1980. This program 
focuses primarily on the monitoring of reclamation success and populations of several 
endangered species (O'Farrell and Scrivner 1987). The kit fox is the most intensively studied 
species on the site; monitoring for this species has been conducted each year since 1980 and 
includes determinations of (1) population trends; (2) reproductive success; (3) sources and rates 
of mortality; (4) movement patterns and dispersal; (5) density of dens; (6) abundance trends of 
prey, especially lagomorphs; and (7) abundance trends of predators, especially coyotes. The 
giant kangaroo rat and blunt-nosed leopard lizard were monitored on NPR-I in the early 1980s. 
Monitoring efforts for these species have included evaluations of distribution, habitat 
requirements, and relative density. Category 2 species have also been studied on NPR-I to 
determine their relative abundance (EG&G/EM 1988b). 

The coyote control program, implemented to protect the kit fox from predation, was in operation 
from 1985 to May of 1990 (Scrivner and Harris 1986; O'Farrell and Scrivner 1987; Scrivner 
1987). Coyotes have been removed annually by denning, trapping, and shooting. The program 
is implemented by the U.S. Department of Agriculture, Division of Animal Damage Control, 
in accordance with a cooperative agreement with DOE. The program was discontinued in 1990 • pending evaluation of its effectiveness. 

The protection of raptors on NPR - 1  focuses on the adoption of design specifications for electric 
power poles that would reduce the probability of electrocution of birds using these poles for 
perches (O'Farrell and Scrivner 1987). Raptors and other species of concern are protected by 
additional actions, such as hawk silhouettes on windows, screening of oil sumps, sump 
elimination, nest and egg protection, the SPCC plan, and environmental training. In addition, 
raptor and other species benefit from reclamation and other activities adopted to protect 
endangered and threatened species. 

Operating guidelines on NPR-I that are pertinent to wildlife protection include the following: 
(1) maintenance of speed limits to reduce the incidence of road kills; (2) prevention and cleanup 
of oil and other spills; (3) restriction of off-road vehicle travel; (4) covering of sumps that may 
receive oil; (5) fire protection program to prevent and suppress accidental and naturally 
occurring fires; (6) prohibition of hunting, trapping, livestock grazing, agriCUltural activities, and 
casual public access; and (7) restriction of the use of insecticides, rodenticides, and other 
potentially toxic- substances. 

As a means of compensating for impacts that cannot be otherwise offset or fully mitigated, such 
as habitat losses, several studies of endangered species are being conducted on NPR-I to refme 
conservation techniques (EG&G/EM 1989b) and to provide information that could con�bute to 
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recovery; other studies are being planned. Ongoing studies include (1) techniques for increasing 
carrying capacity of developed habitats for the kit fox, such as artificial dens and reintroduction 
of kit foxes, (2) the influence of food supplies on the kit fox, and (3) reclamation of habitat for 
giant kangaroo rats. These are long term studies that are still in progress. 

Threatened, endangered, candidate or species of special concern may be impacted by trapping 
and/or radiocollaring activities carried out under the Endangered Species Program. Efforts have 
been and will continue to be taken to mitigate this risk. Trapping kit foxes and small mammals 
is authorized either under permit from the U.S. Fish and Wildlife Service and Memorandum of 
Understanding with the California Department of Fish and Game. Trapping efforts follow 
guidelines established by both agencies. Endangered Species Program activities outside the 
scope of this document that may be implemented in future years will receive a full environmental 
review prior to implementation. 

An education/training program has been implemented to promote worker awareness of the 
requirements of the NPR-l endangered species and wildlife conservation programs. This 
program focuses on teaching workers about wildlife (especially endangered species), impact 
recognition and avoidance, and impact reporting. This program is given to all permanent NPR-l 
employees, subcontractors and third-party contractors. 

Section 7 Consultation 

As discussed in Section 3.5.3, the FWS rendered a non jeopardy Biological Opinion for the 
continued operation and development of Naval Petroleum Reserve No. 1 at the maximum 
efficient rate of production in 1987 (see Appendix 1.3). On October 9, 1991, DOE 
reinitiated Section 7 consultation with FWS for MER production, due to the proposal to 
implement recovery strategies and efficiency projects that would be more aggressive than 
were originally planned. FWS issued a partial draft Biological Opinion on December 19, 
1992, and a final draft Biological Opinion on May 28, 1993, for this action which also 
concluded nonjeopardy (see Appendix I. l). This consultation is still in progress and when 
it is completed, DOE will comply with all requirements contained in FWS's new Biological 
Opinion. Until the new Biological Opinion is finalized, DOE will comply with all 
requirements of the 1987 Biological Opinion (See Appendix I.2). In addition, projects with 
impacts that are not covered by the 1987 Biological Opinion will not be initiated until they 
have been appropriately subjected to consultation under Section 7 of the Endangered 
Species Act. 

To further reduce potential adverse impacts to listed species on NPR-l, DOE would 
continue to implement an endangered species program including, but not limited to, the 
following . mitigation . .. activities - -that -are .addressed in the 1993 final draft Biological 
Opinion: (I) continue the endangered species worker education/training program; (2) 
continue to conduct pre activity surveys to minimize habitat disturbances and harm or 
mortality to listed species; (3) to the extent feasible, avoid sensitive habitats such as San 
Joaquin kit fox dens, giant and Tipton kangaroo rat burrows, and burrows potentially 
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utilized by blunt-nosed leopard lizards; (4) refrain from destroying San Joaquin kit fox dens • that cannot be avoided until approval is obtained from FWS; (5) continue to implement a 
habitat reclamation program to reclaim disturbed areas that are no longer needed for oil-
field operations; (6) restrict unauthorized off-road vehicle travel; (7) prohibit employees 
from bringing pets onto NPR-1; (8) clean up oil and chemical spills in accordance with the 
Spill Prevention Control and Countermeasure Plan; (9) continue to evaluate sumps and 
catch basins to identify potential hazards to the extent practicable; (10) continue to evaluate 
and, to the extent practicable, remediate well cellar covers posing hazards to wildlife; 
(11) continue utilizing biological monitors with stop-work authority during very critical 
portions of construction projects to ensure that impacts to protected species and their 
habitats are minimized; and (12) continue to prepare an annual report on the status of the 
endangered species program. 

In the 1993 final draft Biological Opinion, the FWS proposed setting aside 5,058 acreas of 
undisturbed habitat on NPR-1 for protected species as one method of compensating for 
habitat losses occurring since 1976 when MER activities commenced. DOE is currently 
evaluating this method of habitat compensation as well as other compensation alternatives. 

4.1.5.5 Cumulative Impacts 

The San Joaquin Valley has undergone considerable development in the past, especially in 
connection with agriculture (Morrell 1975; FWS 1983). It was estimated that in 1979 only 
6.7% of the habitat in the southern San Joaquin Valley remained undeveloped (FWS 1985); • this figure is probably less now because development has continued since 1979. 

NPR-1 is regionally significant because, based on the 1979 estimate, it contains 8% of the 
remaining undeveloped habitat in the southern San Joaquin Valley (FWS 1985). NPR-1 
habitat is also high quality (O'Farrell et al 1986); only NPR-2, the Buena Vista Valley, the 
Elkhorn Plain, and the Carrizo Plain are comparable (O'Farrell et al 1980; O'Farrell and 
McCue 1981; Kato 1986; O'Farrell et al 1986). Habitat quantity and quality make NPR-1 
an important ecological resource. 

NPR-1 is approximately 47,409 acres. To date, development has taken place on 6,546 acres, 
1,689 of which have undergone reclamation (see Table 3.5-1). This results in an existing 
developed area of approximately 4,857 acres (6,546 - 1,689 = 4,857), which leaves 
approximately 42,552 acres (about 90% of the site) in a relatively undeveloped state. The 
proposed action would result in the permanent disturbance of an additional 979 acres on 
NPR-1 (see Table 1.3-2). Assuming a successful habitat reclamation program, the proposed 
action should also result in reclaiming an additional 685 acres on NPR-1: 625 acres 
associated .. with abandonments and .60 . acres associated with third-party projects (see 
Tables 1.2-9. 1.3-2 and 3.5-1). The net result is that over approximately 30 years, developed 
areas will increase by 294 acres (979 - 685 = 294) from 4,857 acres to 5,151 acres, and 
undeveloped areas will decrease correspondingly from 42,552 acres to 42,258 acres (about 
89% of the site). The 294 acres represents 0.6% of all NPR-1 Iands, 0.7% of undeveloped 
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NPR-1 lands, and 0.05% of the undeveloped lands within the southern San Joaquin Valley 
in 1979. 

In addition to NPR-1 development, the proposed action would result in the development 
of another 590 acres off-site (see Table 1.3-2); of this, 360 acres would be revegetated. 
Therefore, the proposed action would increase off-site developed areas and decrease 
undeveloped areas by a total of 230 acres (590 - 360 = 230). Adding this to the on-site 
increase, the total increase is 524 acres (294 + 230 = 524), which represents 0.1 % of the 
undeveloped habitat within the southern San Joaquin Valley in 1979. Exclusive of the 1,045 
acres to be reclaimed (685 + 360 = 1,045), total development is expected to be 1,569 acres 
(524 + 1,045 = 1,569), which represents 0.3% of the remaining undeveloped habitat in the 
southern San Joaquin Valley in 1979. 

In addition to the impacts of the NPR-1 proposed action, several state and private projects 
within the San Joaquin Valley are planned. These include urban development, mineral 
development, wind-energy development, and reservoir construction (Kobetich 1989a). FWS 
believes that these projects will result in significant cumulative effects to the kit fox, blunt
nosed leopard lizard, and giant kangaroo rat (Kobetich 1989a). 

Federal projects within the San Joaquin Valley include the recently completed Mojave-Kern 
River pipelines certified by the Federal Energy Regulatory Commission (FERC), which 
passes near NPR-1, and the proposed Taft, California, Federal Correction Institution, 
approximately 9 miles south of NPR-l. The San Joaquin kit fox and blunt-nosed leopard 
lizard are found in both project areas, but the giant kangaroo rat is found only within the 
area of the proposed pipelines. The FWS issued Biological Opinions on the impacts of 
these projects in 1990 (FWS 1990) and 1989 (Kobetich 1989b), respectively. They 
determined that construction of the proposed pipelines and the correction institution would 
not jeopardize the continued existence of the San Joaquin kit fox, blunt-nosed leopard 
lizard, and the giant kangaroo rat. 

Prior to the 1970's, extensive development occurred on NPR-2 (adjacent to NPR-1); 
development since then has been relatively insignificant because NPR-2 reservoirs are 
essentially depleted. Nevertheless, some of the existing facilities on NPR-2 will continue to 
be operated for the foreseeable future until the reservoirs are entirely depleted. The types 
of impacts, or risk of impacts, associated with past and future NPR-2 operations should be 
similar to those that were presented in Section 3.5 for NPR-l. The cumulative magnitude 
of NPR-2 impacts has not been characterized (almost all NPR-2 development and 
operations occurred many years ago). The magnitude of future NPR-2 impacts should be 
relatively small because the magnitude of future development and operations are expected 
to be relatively small. 

In summary of the foregoing, the past impacts of NPR-1 operations, and the past and future 
impacts of other activities in the San Joaquin Valley, have been significant. The proposed 
NPR-1 action would contribute to these impacts incrementally in the manner that has been 
presented. 
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4.1.6 Cultural Resources 

4.1.6.1 Impacts and Mitigation 

The proposed action includes a variety of land-disturbing activities that could adversely affect 
archaeological sites. These activities are described in Section 1 .2 and include operations and 
maintenance activities, seismic surveys (including third-party seismic surveys) , well drilling, and 
construction of production facilities (including steam flood facilities) , access roads, compressor 
facilities, water injection and pumping facilities, cogeneration facilities, gas processing facilities, 
gas compression and injection facilities, and pipelines (including third-party pipelines). 
Table 1 .3-2 provides a summary of land disturbances associated with each major development 
activity. Over the estimated 30 year economic life of NPR-l it is anticipated that 1 ,569 acres 
would be disturbed on and off of NPR -1 as the result of operation and maintenance, drilling, and 
construction. Another 6,780 acres on and off of NPR-l would be temporarily affected in 
conjunction with seismic surveys. Adverse impacts would be mitigated in accordance with a 
comprehensive cultural resource management plan which is currently being developed in 
consultation with the California State Historic Preservation Office (SHPO) . 

Archaeological remains (artifacts and features) deposited on or near the surface of disturbance 
areas could be displaced , damaged, or destroyed during site activities. Most of the potentially 
affected areas are located in upland areas, where the known distribution of archaeological 
remains suggests that sites are largely confined to surface lithic scatters. Surficial deposits in 

• 

the Elk Hills are of pre-Holocene age (Le. , greater than 1 0,000 bp) , with limited potential for • burial of remains. Therefore, surface impacts are the primary concern in upland areas. The 
sparse vegetative cover on NPR- l allows high surface visibility. Previously undisturbed areas 
along the periphery of the uplands are more likely to have remains that are buried . In these 
areas , the proposed action has a greater potential for subsurface impacts. 

The design of the NPR- l cultural resource management plan is based on the existing cultural 
resource surveys (see Section 3 .6) .  Peak's  199 1  survey , the most comprehensive to date, was 
designed in consultation with the SHPO. Following survey completion , additional consultations 
with the SHPO are to be conducted to formulate the specific components of the management 
plan. It is anticipated that the primary mitigation activity will be resource avoidance, which 
would be maximized through the continued use of preactivity surveys. Prior to commencing 
new land disturbance activities, preactivity surveys would be conducted in a manner that 
appropriately takes into account the resource inventory in the proposed project area. To the 
maximum extent practical, resources identified in project areas would be avoided by siting 
projects in previously disturbed areas (such as installing new pipelines in existing right-of-ways) . 
When it is not practical to site new projects in previously disturbed areas, siting flexibility makes 
it possible, with few. exceptions, to locate projects a sufficient distance away from significant 
cultural resources to avoid impacts. Additional matters that are being considered during the 
process of developing the management plan include evaluating sites for inclusion in the National 
Register of Historic Places; the appropriate scope of preactivity surveys (e.g . ,  surveyor 
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qualification requirements, subsurface testing , etc.) ;  and data recovery, evaluation and reporting 
of potential impacts (individual and cumulative) that are unavoidable. 

Other major federal projects that have been completed or are proposed within the San Joaquin 
Valley include development of the Mojave-Kern River pipelines near NPR-l ,  certified by the 
Federal Energy Regulatory Commission (FERC), and the Taft, California, Federal Correction 
Institution, approximately 9 miles south of NPR-l .  An inventory and evaluation of the 
California portion of the pipelines has been completed (McGuire 1990) . The proposed 
correctional institution's  cultural resource impacts were addressed in the environmental impact 
statement of that project (U.S. Department of Justice 1 989) . Cultural resource surveys 
conducted for this project identified 23 loci and 4 sites requiring evaluation for inclusion in the 
National Register of Historic Places. 

Some operations, maintenance and development activities are anticipated on government property 
on NPR-2 (adjacent to NPR-l) .  Given that NPR-2 reservoirs are essentially depleted, these 
activities are expected to be comparatively infrequent and small in scope. As new projects are 
proposed on government NPR-2 property, affected resources would be identified and impacts 
mitigated in consultation with the SHPO. Appropriate planning and mitigative actions are 
expected to preclude significant impacts to any cultural resources that exist on government NPR-
2 property. For example, during the period 1988- 1990, 1 1  projects on government NPR-2 
property were evaluated, 9 of which were accomplished in consultation with the SHPO. The 
evaluations resulted in identifying 1 site within the project areas that is not eligible for the 
National Register of Historic Places, 78 sites that are probably not eligible, and 1 site that 
potentially is eligible. Of the 80 sites that were identified , 78 were historic oil-field development 
structures/sites (such as wells, brick scatters and trash dumps) which are in excess of 50 years 
old (oil production activities at NPR-2 began in the early part of the century) and the other 2 
sites are prehistoric flake scatters. The evaluations concluded that the projects would affect only 
1 of the 80 sites . In consultation with the SHPO it was determined that the threatened site was 
ineligible for inclusion in the National Register. 
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4.1. 7 Land Use 

4.1. 7.1 Discussion 

To date, approximately 6,546 acres of NPR-l (13 . 8%  of the site) have been disturbed since 
development began in the early part of the century (see Table 3 .5-1); 3 ,306 acres of this (7.0% 
of the site) occurred as the result of MER production that began in the mid-1970's. 
Revegetation activities have been completed , or are in progress, on 1 ,689 acres of these 
disturbances (3 .6% of the site) . Therefore, the existing environment consists of 4 ,857 acres of 
development (6,546 - 1 ,689 = 4,857) (10.2% of the site) . 

The proposed action would result in the development of approximately 979 additional acres on 
NPR-l (2 .0% of the site) over the next 30 years (see Table 1 .3-2) for federal and non-federal 
facilities. The proposed action also includes the revegetation of all land associated with facilities 
that have been, or would be, abandoned because they are not needed for operations. This has 
been estimated to be 625 acres through the year 1998 (see Table 3 .5- 1). In addition, another 
60 acres would be revegetated on NPR- l over the next 30 years in conjunction with third-party 
pipeline projects (see Table 1 .3-2 , footnote e) . Therefore, total revegetation included in the 
proposed action is 685 acres ( 1 .4 %  of the site) . This results in a net increase in developed area 
on NPR-l of 294 acres (979-685 = 294)(0.6% of the site) . Land requirements of individual 
initiatives are summarized in Table 1 .3-2 , and a more detailed description of each initiative, 
including project locations, are provided in Section 1 .2 .2 .  

The proposed action would result in the development of  approximately 590 acres off of  NPR-l 
over the next 30 years, pursuant to the construction of non-federal facilities (see Table 1 .3-2) ; 
360 of these acres would be revegetated as part of the respective construction projects (see � 
LH, footnote j). This results in a net increase in development of 230 acres off of NPR-l (590 
- 360 = 230) . 

Total disturbances on and off NPR- l are estimated to be 1 ,569 acres (979 + 590 = 1 ,569) . 
Total revegetation on and off of NPR- l is estimated to be 1 ,045 acres (685 + 360 = 1 ,045) . 
This results in a net increase in developed area of 524 acres on and off of NPR-l (1 ,569 -1 ,045 
= 524) . 

The proposed action is expected to temporarily affect another 226 acres per year in connection 
with seismic surveys. Over a 30-year period this amounts to 6,780 acres, approximately 50% 
of which should be on NPR- l .  

Historically, oil exploration and production have been conducted on NPR-l and the surrounding 
area since the mid-to:-late 1800's (Maher et al . 1975) .  The proposed action would be consistent 
with this tradition and with the provisions of the Naval Petroleum Reserves Production Act of 
1976. Construction and operational activities associated with the proposed action would be 
consistent with current land use on and around the site and with planning objectives stated in the 
Kern County General Plan (Kern County Planning Commission 1988) . 
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It is anticipated that petroleum development, urban development, agricultural irrigation, and • sheep and cattle grazing would continue on lands surrounding the site. The continued use of 
NPR-l for petroleum development might, in tum, result in some minor increase in commercial 
or industrial development in nearby local communities (see Section 4. 1 .8) .  Proposed site 
activities are not expected to adversely affect the surrounding recreational resources, such as the 
Buena Vista Aquatic Recreation Area, or open space and natural areas, such as the Tule Elk 
State Reserve. Although the increased amount of construction activities and production facilities 
would result in additional visual degradation , these impacts would be only incremental in nature, 
with a minimal number of off-site views affected . 

While few direct adverse impacts to land uses are anticipated , potential risks to groundwater and 
further loss of wildlife habitat could have some indirect impacts. Groundwater and wildlife 
issues are presented in Sections 3.4. 3.5. 4 . 1 .4.  4 . 1 .5 .  Appendix D. and Appendix E. 
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4.1.8 Socioeconomics 

This section discusses potential impacts on population, employment, and trade from 
implementation of the proposed action at NPR- l .  All of the socioeconomic impacts identified 
would be neutral or positive. Continued conventional development and expanded enhanced 
recovery at NPR-l would stabilize otherwise declining petroleum industry employment at the 
site, which in turn would serve to stabilize the tax base, housing market, and trade sectors of 
Kern County. Impact on income, normally a major focus of socioeconomic analyses, is not 
addressed in detail because most of the oil and gas produced at NPR -1 is exported to other areas 
of California, and about 80% of the revenues from all wellhead sales are remitted to the U.S. 
Treasury. (CUSA's share of NPR-l product sales that is spent in Kern County has been 
accounted for in Section 4. 1 .8.3). 

The results of input-output impact analyses summarized below must be considered within the 
context of several special circumstances. First, a return to the baseline conditions against which 
the proposed action is compared would result in lower production and employment levels at 
NPR - 1 .  Without additional development, the petroleum resources of the site would be depleted, 
wells would be abandoned, and direct and indirect employment would decline. Second, the 
proposed action requires hiring few additional permanent employees at NPR-l ,  although 
temporary construction labor could increase total workers on the site by an additional 250 
persons from 1991 to 1993 . Third , even if additional employment were planned, there appears 
to be sufficient surplus labor available for field operations and professional petroleum activities. 
Fourth, most temporary construction workers on the site would likely come from outside Kern 
County because of special skill requirements for these projects. Even if all additional workers 
lived in Kern County, this is still less than a I % change in total employment and not more than 
a 2 %  change in any specific industry. 

4.1.8.1 Population 

Although the proposed action would not substantially increase operational employment at NPR-l ,  
i t  would help stabilize conditions by preventing a decline in employment levels that would occur 
if there were no additional production development (see input-output analyses in Awendix F). 
It should be noted , however, that even if such a reduction in the NPR- I employment level were 
to occur, the effects would be absorbed by other growth in Kern County, resulting only in a 
reduced rate of population growth , not an actual decline in population . 

4.1.8.2 Housing and Public Facilit ies 

The proposed action would not adversely affect housing , transportation , utilities, or other public 
services and facilities in the vicinity of NPR- I because only temporary increases in employment 
are anticipated. Although potential increases up to 30% of the temporary workforce might 
be realized, the housing market and public facilities in local communities appear to have 
sufficient excess capacity to accommodate such growth . 
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4.1.8.3 Employment and Trade 

This section summarizes the results of an analysis in which input-output (I-O) multipliers were 
used to estimate the induced socioeconomic impacts of the additional expenditures that would 
result from the proposed action crable 4. 1 . 8- 1  and Appendix F) . Although NPR-2 expenditures 
are not reported separately and thus are included in the baseline used here, they constitute only 
a small portion of the total. 

For this analysis of impacts, it has been assumed that 75 % of the increased facility costs for the 
steamflood expansion would be expended in Kern County, and 25 % would be expended outside 
the county. These proportions are assumed to reverse for all other investments included in the 
proposed action. The varying proportion of expenditures in Kern County from year to year is 
attributable to different mix of investments between these two categories (steam flood and other). 

The results of the 1-0 analyses, summarized in Appendix F, show small positive increases in 
Kern County output, earnings, and employment from the proposed action. The multipliers used 
in the analyses were generated for Kern County using the U .S .  Department of Commerce's  
Regional Input-Output Modeling System (RIMS II) (U .S .  Department of  Commerce 1988). The 
limitation of this type of analysis is that it assumes that the structure of the local economy (Le . ,  
the relative proportions of  the industries in the county) remains approximately the same 
throughout the forecast period. The projected increases, however, are relatively small compared 
with the county's economy. Moreover, the forecast period is relatively short. On this basis, 

• 

use of 1-0 multipliers was decided to be an appropriate modeling technique for determining • regional impacts of the proposed action . 

In summary, the proposed action at NPR- l would have a small , positive incremental impact on 
the region in terms of increases in induced industrial output, household income, and 
employment. The 1-0 analyses summarized above suggest that in Kern County, the proposed 
action would induce incremental increases of less than 1 % in output values and of less than 
0. 1 % in employment. If the trend of decreasing Kern County incremental expenditures � 
4. 1 . 8- 1 )  i s  extended beyond 1994 , there would be no additional expenditures in the county from 
the proposed action within 5 years. This means that the projected incremental increases in 
output and employment would decrease with time, reaching zero by 1999. 
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TABLE 4.1.8-1 NPR-l Total Development Case, Maintenance Case, and 
Incremental Expenditures in Kern County 

Expenditures ($1,000) 

Total Estimated 
Development Maintenance Proposed Kern County 

Year Case Case Action Increment 

1989 172,293 167,078 ° ° 
1990 187,384 146,191 ° ° 
1991  232,217 147,666 26,680 8,810 
1992 327,036 147,291 107,630 29, 1 1 1  
1993 219,470 139,706 6,570 3,893 
1994 228,029 139,688 2,300 1,725 
1995 224,622 137,988 930 698 

Source: BPOI 1989 

• 

I 
Kern County 

Portion 
of Total 

Expenditures 
(%) 

-
-

33 
27 
59 
75 
75 
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• 4.1.9 Risk Assessment 

Because the proposed action would be similar to past and current operations, the types and 
magnitudes of risks associated with future operations would probably be similar to those 
described in Section 3.9. Experiences over the past approximate 5 years would be 
particularly applicable. It is generally predictable that oil spills, pipeline and tank leaks, 
fires/ explosions, well blowouts, vehicle accidents, and other common types of industrial 
accidents occasionally could occur. A discussion of the most significant risks and mitigation 
measures follows. 

If the blowout data and experience presented in Section 3.9.1 is applied to the activities 
comprising the proposed action (e.g. 382 new wells to be drilled, 2,663 remedial and 
workover actions, etc.), then 1-2 blowouts could occur during the period 1990-2025. In 
addition, a fourth gas plant and additional compressors could increase the possibility of a 
gas explosion. This increase should be offset by the safety precautions that have been put 
in place as the result of formal investigations of past explosions. Given that permanent staff 
levels, budgets, etc. would remain essentially at current levels, other risks such as 
occupational accidents, vehicle accidents, etc., should be essentially unchanged. Aging 
equipment could increase the risk of oil spills. This increase would probably be offset by 
declining oil production. 

Some of the primary programs that are in-place to mitigate risks include: 

• • The SPCC program (see Section 3.2). 

• 

• DOE Orders and other requirements providing for formal reporting systems, internal 
investigations, and development and implementation of corrective actions for occupational 
accidents and near misses, vehicle accidents, fires/explosions, and unusual occurrences. 

• DOE Orders and other requirements providing for formal independent investigations, 
and development and implementation of corrective actions for any of the foregoing incidents 
that are particularly significant. 

• DOE Orders and other requirements providing for periodic formal Technical Safety 
Appraisals, Environmental Surveys, and Tiger Team ASsessments (safety and environmental) 
sponsored by DOE headquarters, and development and implementation of corrective 
actions. 

• DOE Orders and other requirements providing for internal inspections, audits, and 
vulnerability assessments of allDperational, safety, and. environmental activities to determine 
the level of compliance with requirements and to develop and implement appropriate 
corrective actions. Example activities include self-assessments of compliance with OSHA 
requirements, fire and explosion prevention requirements, emergency response requirements, 
general safety requirements, and environmental self-assessments. 
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• Comprehensive quality assurance and quality control programs, pursuant to DOE Orders, 
including, among other things, a Performance Indicator System which tracks/trends safety • and environmental performance indicators. A Comprehensive Corrective Action System to 
track completion of all identified corrective actions is also in place. 

• 
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4.2 ALTERNATIVES 

4.2.1 Alternative 1:  No Future Development (No Action) 

This alternative would continue operation, maintenance and production of existing facilities 
without provision for any potential future development (based on LRP "maintenance case"). 
The impacts of the no action alternative are based on those that are described in 
Section 3.0 (Description of Existing Environment) for the continuation of existing operations 
(see Sections 2.1 and 3.0). These impacts would continue in the near term, but would be 
expected to decrease as hydrocarbon production declines over time. Environmental and 
safety compliance programs and ongoing environmental restoration activities would continue 
(see Table 1.2-10). 

4.2.1.1 GeololY and Soils 

Construction Impacts 

Implementation of this alternative would result in the disturbance and development of 
approximately 50 acres on NPR-1 for the maintenance and replacement of facility pipelines 
(Table 1.3-2). An additional 691 acres of land disturbance on and off NPR-1 are anticipated 
in association with non-federal third-party pipeline actions. Erosion control measures as 
outlined in Amimoto (1977) and Soil Conservation Service (1985) would be followed to 
minimize the impacts of all pipeline projects. As with the proposed action, approximately 
1,045 acres of development on and off of NPR-1 would be subject to erosion control 
measures in conjunction with revegetation activities crable 1.3-2). 

Operational Impacts 

The potential for subsidence and induced seismic activity would be somewhat less than for 
the proposed action. Under this alternative, up to 500 million barrels of oil and 250 billion 
cubic feet of gas would not be recovered. In addition, source water withdrawal from the 
Tulare Formation would remain at 148,000 barrels/day, the current level of withdrawal. 

As in the case of the proposed action, projects to enhance the structural integrity of the 35R 
gas plant would be undertaken if needed. 

4.2.1 .2 Waste Generation 

The amount of waste generated under this alternative would be limited to the wastes that 
result from current _operations ..as.. discussed .in .Section 3.2 but without any new petroleum 
development drilling or facility · construction activities. The three largest waste streams 
currently generated at NPR-1 are nonhazardous produced wastewater (37 million barrels/ 
year), spent drilling fluids and solid wastes (315,000 barrels/year), and nonhazardous solid 
wastes (24,000 cubic yards/year). NPR-1 currently generates only about 19,800 pounds/year 
(9,000 kilograms/year) of hazardous wastes. 
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Generation of produced wastewater is anticipated to increase in the future in an unknown • amount, even without the drilling of new production wells. This is because the water to oil 
ratio of a maturing oil field increases with age. Future use of drilling fluids would be 
limited to well remedial workovers, well abandonments, and groundwater monitoring well 
drilling projects. The amount of spent drilling fluid wastes requiring disposal should be 
significantly reduced, thereby reducing the risks posed by this activity. Generation of 
nonhazardous solid wastes would be no more than current quantities generated. The 
amount of hazardous waste generated as a result of future operations under this alternative 
should also be somewhat reduced, given future waste minimization program initiatives. 

The NPR-1 waste minimization program, which emphasizes source reduction, product 
substitution and recycling of hazardous wastes as a means of reducing the volume and 
toxicity of the waste, would be continued. Programs initiated to investigate and characterize 
solid waste landfills, surface dumps, and wastewater sumps on NPR-1 would continue. 
Likewise, characterization activities and possible future removal actions would continue for 
the hexavalent chromium spill sites, 23S saltwater disposal sumps, 1A-6M well pad and 
sumps, 3G gas plant cooling tower and drainageways, 18R drilling fluid tanks, 36R 
abandoned gas plant, and various miscellaneous NPR-1 sumps. 

4.2.1.3 Air Quality and Noise 

The current level of air pollutant emissions from stationary combustion sources, drilling and 
construction-related sources, noncombustion and oil and gas production sources, and 
vehicular sources are summarized in Table 3.3-3. Total capacity of stationary combustion • 
sources and associated emissions would not increase under this alternative. Emissions 
associated with drilling and construction-related sources would be reduced as a result of the 
cessation of any additional production well drilling and construction activity. Noncombus-
tion oil and gas source emissions would be expected to decline as hydrocarbon production 
declines over time. Vehicular source emissions would be reduced as a result of the need 
for fewer subcontract personnel on-site for construction and drilling-related activities. 

Emission-control programs and practices currently in place at NPR-1 would be continued. 
This includes the use of vapor-recovery systems on major storage tanks at tank settings, 
LACf units, and liquid product loading facilities; the inspection/maintenance (I/M) 
program to control fugitive emissions from pipeline connections, valves, seals and other 
components; tank setting inspections to minimize hydrocarbon leaks; flaring of gas from 
LTS 1, LTS 2, and 35R/HPI during upset conditions, rather than direct venting of the gas 
to the atmosphere; and the use of watering to control fugitive dust emissions. 

The impact of .audible-noise . sources within NPR-l on nearby communities has been to 
increase the residual envirorimental noise levels to the range of 40-45 decibels (DOE 1978). 
Implementation of this alternative could result in slightly reduced noise levels on these 
nearby communities due to the elimination of additional production well drilling and 
construction activity, and reduced traffic levels. 
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4.2.1.4 Water Resources 
Surface Water 

As discussed in Section 4.1.4.1. stream channels draining the flanks of the Elk Hills do not 
carry natural runoff except for a few days each year when excess precipitation occurs. Data 
is available from only a single surface water sample taken at an ephemeral stream flowing 
off the northeast flank of Elk Hills in Section 19S. The total dissolved solids (IDS) 
concentration of this sample was 1,300 milligrams/liter. It is believed this water is typical 
of water draining from the Elk Hills (See Section 3.4.1.3). 

Implementation of this alternative would eliminate construction of future surface structures, 
well pads, and other facilities. Gradually declining hydrocarbon production at NPR-1 would 
further reduce the potential impact of a major accidental release of contaminants followed 
by a runoff-producing storm. NPR-l's plan to implement a drainage reclamation program 
that addresses historical drilling sumps that may have been abandoned in natural drainages 
would be continued under this alternative. 

Groundwater 

The facilities and activities at NPR-1 that have the greatest potential of impacting 
groundwater resources are described in Section 3,4.2.4. Implementation of this alternative 
would result in roughly the same level of potential impacts as currently exists, with the 
following exceptions. As discussed in Section 4.2.1.1. the amount of drilling fluids requiring 
disposal would be reduced significantly, thereby reducing risks associated with that practice 
correspondingly. On the other hand, the amount of produced wastewater requiring disposal 
is expected to increase beyond the current level of 100,000-110,000 barrels/day to as much 
as 130,000 barrels/day as the NPR-1 oil field matures, even without the drilling of new 
production wells. This will further increase the risk of potential impacts to on-site and off
site groundwaters from wastewater disposal practices beyond that which already exists. 

NPR-1 is obligated by DOE Order 5400.1 to implement a groundwater management 
protection program which is to include the development of a groundwater monitoring plan. 
It is anticipated that implementation of the groundwater monitoring plan will provide for 
the detection of significant impacts to groundwater resources caused by NPR-1 activities. 
The groundwater management protection program would provide management controls for 
appropriate response, investigation and corrective actions for any significant groundwater 
impacts detected. 

4.2.1.5 Terrestrial Biota 

As outlined in Section 3.5, the principal NPR-1 development impacts to the terrestrial biota 
have been loss of habitat, vehicle mortality, harassment, and the possible adverse effects of 
oil-field chemicals. As of 1989, 3,306 acres of NPR-1 have been disturbed as the result of 

4.2-3 



MER (Table 3.5-1). Loss of habitat may have contributed to declines in the NPR-l 
lagomorph populations, the primary prey of the San Joaquin kit fox (FiiUre 3.5-7). Impacts 
to kit foxes known to have been caused by NPR-l operations during the period 1980-1990 
include 37 mortalities, 34 of which were the result of collisions with vehicles, and the 
destruction of 25 kit fox dens and potential dens. Oil, oil-field chemicals, and oil-field 
wastewater have been spilled or released on NPR-l (see Section 3.2) and may have been 
inhaled or ingested by kit foxes through contamjnated drinking water or prey. A toxicology 
study to determine the extent to which oil-field chemicals may have contributed to the 
decline of kit foxes on NPR-l has been completed (Suter 1992)(see Section 3.5.3.2). Based 
on the results of the study, it is unlikely that oil-field chemicals were responsible for the 
decline in the NPR-l kit fox population that occurred in the early 1980s. 

Implementation of this alternative would limit future NPR-1 habitat disturbances and 
development to approximately 50 acres on NPR-l for the maintenance and replacement of 
facility pipelines, and an additional 691 acres of land disturbance on or off NPR-1 in 
connection with non-federal third-party pipeline actions. In addition, this alternative would 
also temporarily affect approximately 226 acres/year in connection with seismic surveys. 
Over a 30-year period this amounts to 6,780 acres, approximately 50% of which would be 
on NPR-1. Vehicle mortality rates to NPR-1 site wildlife, including the San Joaquin kit fox, 
would likely decrease as a result of reduced traffic on NPR-1 primary and secondary roads. 
Inadvertent den destruction and intentional den excavations should occur at diminished rates 
in the absence of future production well drilling and construction activity. The potential for 
impacts associated with oil-field chemicals should also be less than in the past due to the 
use of non-toxic drilling muds and decreasing reliance upon surface sumping to dispose of 
produced wastewaters. Listed, candidate, and species of special concern could still be 
impacted by trapping and/or radiocollaring activities carried out under the Endangered 
Species Program. All trapping is conducted in strict accordance with permits and guidelines 
issued by the California Department of Fish and Game and the FWS. 

Mitigation measures agreed upon with the U.S. Fish and Wildlife Service (FWS) during 
consultations pursuant to the Endangered Species Act in 1980 and 1987 would continue to 
be practiced. This includes the continued implementation of the NPR-1 Wildlife 
Management Plan (see Section 4.1.5.4). As required in the 1980 Biological Opinion, NPR-1 
committed to avoid impacts to the San Joaquin kit fox and the blunt-nosed leopard lizard 
to the maximum extent practical, reclaim disturbed habitat, offset loss of habitat through 
compensation and mitigation, study the San Joaquin kit fox, and study the blunt-nosed 
leopard lizard. As a result of the 1987 Opinion, NPR-1 implemented an aggressive habitat 
reclamation program, expanded "preconstruction" surveys that only address construction 
projects to "preactivity" surveys that address all land disturbances, undertook studies to 
investigate the effects ·of .oil-field chemicals on kit foxes, and reopened consultations in 
conjunction with the development and release of this SEIS. 
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All mitigation measures mentioned above, as well as additional measures agreed upon with 
FWS as part of the ongoing Section 7 consultation, would be continued and/or implemented 
as part of this alternative. 

4.2.1.6 Cultural Resources 

As a result of cultural resource surveys conducted between 197 3 -1991, combined with a 
review of existing file data, it has been determined that 40 recorded archaeological sites are 
located on NPR-1 (peak 1991). None of the sites on NPR-1 are currently listed in the 
National Register of Historic Places (NRHP), although 12 archaeological sites possibly 
satisfy the criteria for inclusion in the NRHP. These sites will undergo formal evaluation 
to determine if they are eligible for listing in the NRHP. No historic sites are currently 
listed in the NRHP for NPR-1, although several sites (associated with the development of 
the local petroleum industry) located near the site are listed in the state files (BPOI 1986). 
A total of 101 historic sites have been recorded on NPR-l. Although important 
paleontological localities are situated near NPR-1 (most notably the McKittrick oil seeps), 
a broad surface reconnaissance conducted during 1980 found few fossil exposures on the site 
(Repenning unpublished data). 

Implementation of this alternative would have little or no additional adverse impacts on 
cultural resources. This alternative would result in the disturbance of approximately 
50 acres on NPR-1 for the maintenance and replacement of facility pipelines, 691 acres on 
and off NPR-1 in connection with non-federal third-party pipeline actions and 6,780 acres 
on and off NPR-1 in connection with seismic surveys. NPR-1 is currently in the process of 
implementing a cultural resource management plan which stresses avoidance of cultural 
resources. This plan is being designed in consultation with the SH PO on the basis of a 
comprehensive inventory of site resources. The management plan would be implemented 
under this alternative. 

4.2.1. 7 Land Use 

Of the 47,409 acres that comprise NPR-1, approximately 6,546 acres (13.8% of the site) 
have been disturbed as a result of petroleum extraction activities begun in the early part of 
the century (Table 3.5-1). The remaining 40,863 acres (86.2% of the site) are relatively 
undisturbed lands that serve as natural habitat to several threatened and endangered species 
in the southern San Joaquin Valley, including the San Joaquin kit fox and the blunt-nosed 
leopard lizard. Adjacent land uses include oil and gas production, agriculture and open 
space, water banking, parks and recreation, and local community development (see 
Section 3.7). 

As previously stated, this alternative would result in the development of approximately 
50 acres on NPR-1 for the maintenance and replacement of facility pipelines, and an 
additional 691 acres on and off NPR-1 associated with non-federal third-party pipelines. 
As a part of this alternative, approximately 1,04 5  acres of development on and off NPR-1 
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would be revegetated (Table 1.3-Z). The net result would be a 304-acre decrease in • developed lands on and off NPR-1. 

4.2.1.8 Socioeconomics 

Implementation of this alternative would result in a return to the baseline conditions 
discussed in Section 3.8 and Section 4.1.8. Without additional development, the petroleum 
resources of the site would be depleted, wells would be abandoned, and direct and indirect 
employment would decline. This would result in a slightly negative impact to Kern County 
in terms of employment and trade. Implementation of this alternative would have a 
significant impact to the Federal Government as the revenues received from sale of NPR-1 
hydrocarbons would continually decline from current levels. 

4.2.1.9 I&k Assessment 

As discussed in Section 3.9 the principal types of risks inherent in the operation of 
petroleum-production facilities are fire and explosion (which threaten primarily personnel 
and property) and spills (which threaten primarily the environment). Other risks include 
occupational injury and vehicle accidents. 

. 

Four explosions have occurred at enclosed compressor stations at NPR-1 since MER 
production began in the mid-1970's. The "on-site" safety record at NPR-1 facilities, where 
flammable natural gas liquids are stored, is excellent. Oil spills involving less than 100 bar- • rels have averaged about 22/month, while spills of greater than 100 barrels have occurred 
at a rate of about 6.S /year. Injuries per 200,000 man-hours worked during the period 1982-
1990 ranged from a low 2.48 in 1986 to a high of 8.50 in 1982. During 1982 NPR-1 had a 
vehicle accident rate of 6.0 accidents/million vehicle miles. For the period 1983-1987, 
NPR-1 had a vehicle accident rate of 2.2 accidents/million vehicle miles. 

Implementation of the no action alternative would result in declining hydrocarbon 
production and concomitant site activities in the future. This fact, in conjunction with 
improved safety and operation programs at NPR-1 (see Section 4.1.9), should result in 
reduced risks in all of the above categories. 

4.2.2 Ahernative 2: Proposed Action Excluding SOZ Steam Expansion, Gas Processing 
Expansion, and Cogeneration Project 

As explained in Section Z.Z. this alternative provides for the same activity included in the 
proposed action, except that it excludes the SOZ steam expansion (see Section 1.2.2.6), the . 
expansion of. gas processing -Qpacity · (fourth gas -plant) {see Section 1.2.2.11), and the 
cogeneration plant (see Section 1.2.13). The impacts of this Alternative are those that are 
associated with the continuation of existing operations (see Section 3.0), plus those that are 
associated with new development included in this Alternative (see Section 2.2). Accordingly, 
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the impacts of this alternative would be approximately the same as those described for the 
proposed action, less the impacts of excluded projects. An impact discussion follows. 

4.2.2.1 Geology and Soib 

Construction Impacts 

As in the case of the proposed action, construction activities would increase the potential 
for soil erosion, but adverse impacts should be insignificant as the result of measures 
planned to control erosion and rehabilitate construction sites (see Section 4.1.1.1). To the 
extent this alternative would cause adverse impacts, they should be less than those of the 
proposed action by an amount that is approximately proportional to differences in 
construction disturbances. Construction disturbances associated with the proposed action 
would be 1,569 acres on and off of NPR-l over the next 30 years (see Table 1.3-2). This 
compares to 1,119 acres for this alternative (see Table 2.2-1), or 71% of the proposed 
action. Both the proposed action and this alternative would include measures to implement 
erosion control on approximately 1,045 acres to be revegetated (see Tables 1.3-2 and 2.2-1). 

Operational Impacts 

As in the case of the proposed action, potential geologic impacts (surface subsidence and 
induced seismicity) from the operational phase of this alternative should be relatively 
insignificant (see Section 4.1.2.2). However, to the extent there are risks, they should be 
somewhat less for the alternative than for the proposed action, primarily due to the 
exclusion of the fourth gas plant H implemented, this project would accelerate gas 
withdrawals from the Stevens Zone by as much as approximately 50 million cubic feet/day, 
which could increase the risk of geologic impacts. By not implementing the fourth gas plant, 
the alternative would eliminate this risk. 

The implementation of the SOZ steam expansion should have little or no effect on geologic 
structures over the long term. This is because fluid injection (steam) should be roughly 
equal to fluid withdrawal (hydrocarbons and water). 

The cogeneration project is not expected to impact geologic structures. 

4.2.2.2 Waste Generation 

The impacts of this alternative on waste generation, handling, and disposal would be the 
same as those described for the proposed action, except they would not include the impacts 
of the SOZ - steam expansion, -the- fourth gas plant, or the cogeneration facility (see 
Section 4.1.2). The impacts of these initiatives are discussed as follows: 

The wastes requiring disposal which would be avoided if the SOZ steam expansion is not 
implemented primarily include construction debris, spent drilling fluids (and other drilling 
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wastes), and produced water associated with the expansion. The proposed action provides • for a 382-well drilling program., 148 of which are associated with the SOZ steam expansion 
(see Table 1.2-6) for the SOZ steam expansion, spent drilling fluids, and other drilling 
wastes would be reduced accordingly (approximately 39% reduction). 

The proposed action includes the generation of approximately 100,100-181,000 barrels/day 
of produced water during the period FY 1990-1995 (see Section 4.1.4.2.1 and Table 1.2-1). 

These quantities include an estimated 8,505-34,478 barrels/day between the years 1991 and 
2003 (see Table 1.2-6) for the SOZ steam expansion. By not implementing the SOZ steam 
expansion, produced water quantities would be reduced accordingly. 

With the exception of the generation of potentially hazardous waste that would require 
disposal, impacts avoided by not constructing and operating the fourth gas plant or the 
cogeneration facility would be insignificant. This is because the proposed action would 
essentially mitigate all significant impacts associated with these projects (see Sections 4.1.2.2 
and 4.1.2.3). 

4.2.2.3 Air Quality and Noise 

Construction Emissions 

Construction pollutants and noise for the alternative would be qualitatively similar to those 
that were described or the proposed action in Section 4.1.3.2. The magnitude of these • impacts should be approximately proportional to the magnitude of the respective 
disturbances. For the proposed action, development and/or temporary disturbances would 
occur on approximately 8,349 acres in connection with construction and seismic survey 
activities (see Table 1.3-2). For this alternative, the corresponding disturbances would occur 
on approximately 7,899 acres (see Table 2.2-1). On this basis, disturbances related to this 
alternative would be approximately 95% of those of the proposed action. Assuming the 
same relationship for construction emissions, this alternative would result in construction 
emissions that are approximately 95% of those that are shown for the proposed action by 
Table 4.1.3-2. 

Noise levels associated with the proposed action are expected to increase residual noise 
levels in nearby communities by only 3 decibels maximum (see Section 4.1.3.3). Due to the 
exclusion of the major facility projects in this alternative residual noise level increases on 
nearby communities should be 3 decibels or less. 

Operational Emissions 

Table 4.1.3-1 shows operational emission levels for the proposed action and the alternative. 
As the table indicates, emission levels associated with this alternative would be less than the 
expansion, the fourth gas plant, and the cogeneration plant. 
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4.2.2.4 Water Resources 

Surface Water 

The impacts of this alternative on surface water resources would be qualitatively similar to 
those that were described in Section 4.1.4.1 for the proposed action, but somewhat smaller 
in magnitude due to the exclusion of the SOZ steam expansion, the fourth gas plant, and 
the cogeneration project. Given that surface water impacts for the proposed action were 
determined to be insignificant (primarily due to the arid conditions at NPR-1), they also 
would be insignificant for the alternative. 

Groundwater 

The impacts of this alternative (actual and potential) on groundwater resources would be 
qualitatively similar to those that were described in Section 4.1.4.2 for the proposed action; 
however, the magnitude of these impacts would be somewhat smaller than the proposed 
action due to the exclusion of the SOZ steam expansion, the fourth gas plant, and the 
cogeneration project. The effects of excluding these projects are discussed as follows: 

SOZ Steam Expansion 

• The proposed action, which includes the implementation of the SOZ steam 
expansion, would result in 100,000-181,000 barrels/day of produced water during the period 
FY 1990-1995 (see Table 1.2-1). To the extent it is technically and economically possible, 
plans are to dispose of this waste by recycling it for use as source water in the Stevens Zone 
and SOZ waterfloods. Wastewater that cannot be recycled would be disposed of by 
injection into the Tulare Formation. Current disposal by injection into the Tulare is 
approximately 80,000-100,000 barrels/day. Assuming the recycling initiative were fully 
successful, injection into the Tulare could be reduced to zero. Waterflood source water 
requirements in excess of that available from the wastewater system would be obtained by 
withdrawal from the Tulare Formation. Current withdrawals are approximately 148,000 
barrels/day. If the recycling project were fully successful, withdrawals could be reduced to 
approximately 74,600 barrels/day. For additional explanations or information pertaining to 
the foregoing strategies and impacts, refer to the discussion on Injection of Fluids et al and 
Produced Water Disposal in Sections 12.2.7. 3.42.4. 4.1.42.1. 4.1.4.2.2. and 4.1.4.2.3. 

The expansion of the SOZ steam project could result in generating 8,505-34,478 barrels/day 
of produced water requiring disposal during the period 1991-2003 (see Table 1.2-6). If the 
expansion were not implemented, as this alternative proposes, the produced water and 
Tulare injection .quantities .. desCIibed in the - preceding paragraph would decrease 
correspondingly, along with a corresponding increase in Tulare withdrawal quantities; 
associated impacts would change accordingly. 
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• As explained in the Fresh Water Activities discussions in Sections 1.2.2.16. 3.4.2.4. 

4.1.4.2.1. 4.1.4.2.2. and 4.1.4.2.3. fresh water requirements for the proposed action would be • 
expected to increase from the current level of approximately 29,000 barrels/day to a peak 
of approximately 74,800 barrels/day in 1995, if the SOZ steam expansion were fully 
implemented along with facility projects including the cogeneration plant. The fresh water 

requirements of the SOZ steam expansion are estimated to be 8,505-34,478 barrels/day 
during the period 1991-2003 (see Table 1.2-6). The fresh water requirements of the 
cogeneration plant are estimated to be approximately 6,500 barrels/day (see Section 
1.2.2.13). These quantities would not be required if the SOZ steam expansion and 
cogeneration plant were not implemented, as this alternative proposes. Accordingly, fresh 
water requirements from the West Kern Water District and associated impacts for the 
alternative would be reduced in comparison to the proposed action. 

• The proposed action consists of a 382 well drilling program (see Table 1.2-3), 105 of 
which could be injection wells (see the discussion on Injection of Fluids et al under 
Section 4.1.4.2.2). The drilling and operation of these wells could result in leaks from 
producing formations into overlying groundwater aquifers (see the discussion on Wells in 
Sections 3.4.2.4. 4.1.4.2.1. 4.1.4.2.2. and 4.1.4.2.3). This is particularly true of injection wells 
which. are typically operated at higher pressures. 

The SOZ steam expansion, which is included in the proposed action, consists of drilling 148 
wells, 60 of which would be injectors. H the SOZ steam expansion were not implemented, 
these wells would not be drilled and operated, and the risk of leaks from producing • formations into overlying groundwater aquifers described for the proposed action in the 
preceding paragraph would be reduced accordingly. 

4.2.2.5 Terrestrial Biota 

The impacts of this alternative on the terrestrial biota, including plant and animal 
communities and threatened and endangered species, would be qualitatively similar to those 
described for the proposed action in Section 4.1.5; however, impacts related to development 
area would be smaller in magnitude for the alternative by an amount corresponding to 
respective development area differences. These differences are explained as follows: 

The proposed action would result in the development of 1,569 acres over the next 30 years: 
979 acres on NPR-1 (2.3% of the remaining undeveloped habitat) and 590 acres off of 
NPR-1 (Table 1.3-2). It also would result in revegetating approximately 1,045 acres: 685 
acres on NPR-1 and 360 acres off of NPR-1. This would result in a net decrease in 
undeveloped area of 524 acres: 294 acres on NPR-1 (0.7% of the remaining undeveloped 
habitat) and 230 acres off of NPR-l. 

In comparison, the alternative to the proposed action would result in the development of 
approximately 1,119 acres on and off of NPR-1 over the next 30 years: 529 acres on NPR-1 
(or 1.2% of the remaining undeveloped habitat) and 590 acres off of NPR-1 (Table 2.2-1) . 

4.2-10 • 



• 

• 

• 

In addition, the alternative would result in a net decrease of 74 acres in undeveloped area: 
a 156-acre increase on NPR-l (0.4% of the remaining undeveloped habitat) and a 23O-acre 
decrease off of NPR-l. 

Based on area of development on and off of NPR-l, the alternative would disturb 
approximately 71% of the acreage that would be disturbed by the proposed action 
(1,119/1,569 = 71%). Based on NPR-l only, the alternative would disturb approximately 
54% of the acreage that would be disturbed by the proposed action (529/979 = 54%). The 
NPR-l revegetation program and the other mitigation requirements from the FWS, 
including the NPR-l Wildlife Management Plan, would continue under this alternative. 
Additional mitigation measures agreed upon with FWS during the ongoing Section 7 
consultation would be implemented as part of this alternative. 

4.2.2.6 Cultural Resources 

The potential for cultural resource impacts is dependent upon the magnitude of disturbance 
areas and resource distribution. As explained in Section 4.2.2.3 under the Construction 
Emissions discussion, total disturbance areas associated with the alternative are 
approximately 95% of those associated with the proposed action. In addition, the 
disturbance areas of the SOZ steam expansion, the fourth gas plant, and the cogeneration 
facility (the only projects that are included in the proposed action but are not included in 
this alternative) are all in the developed upland areas of NPR-l where prehistoric cultural 
resources are least likely to be encountered. Disturbances in the lower flatland areas on 
and off of NPR-l (primarily due to third-party projects and geophysical surveys), where most 
prehistoric cultural resources appear to be located, would be approximately the same for 
both the proposed action and this alternative. Given these circumstances, impacts associated 
with the alternative should be approximately the same as those described for the proposed 
action in Section 4.1.6. For both the proposed action and Alternative 2, impacts would be 
mitigated through the implementation of a cultural resource management plan which 
stresses avoidance by taking advantage of inherent project siting 'flexibility and preactivity 
surveys. This plan is being designed in consultation with the SHPO on the basis of a 
comprehensive inventory of site resources. 

4.2.2.7 Land Use 

Land requirements for this alternative would be the same as described for the proposed 
action in Section 4.1.7. except that 450 acres of land for the SOZ steam expansion, the 
fourth gas plant, and the cogeneration facility would not be developed. Land requirements 
for the alternative and the proposed action are summarized by Table 2.2-1 and Table 1.3-2, 
respectively. Total . .development for the- alternative over the next 30 years on and off of 
NPR-l would be approximately 1, 119 acres; this compares to 1,569 acres for the proposed 
action. In addition, both the alternative and the proposed action provide for the 
revegetation of approximately 1,045 acres of disturbed lands on and off of NPR-l over the 
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next 3 0  years. The activities co mprising the alternative would be consistent with current • land use patterns and shou ld not resu lt in significant advers e  impacts. 

On NPR-1, the alternative wou ld resu lt in th e development of an additional 529 acres (1. 1% 
of the site) over the next 3 0  years for federal and non-federal facil ities. As in the case of 

the propo sed action, this alternative also inclu des the revegetation of all land associated with 
facil ities that have been, or will be, ab andoned becau se they are not needed for operations 

( see Section 4.1.7). This h as  been estimated to be 685 acres on NPR-1 (1.4% of th e site). 
The net resu lt is that on NPR-1 the alternative wou ld return approxi mately 156 acres of 

land to its origi nal condition (0.3% of the site). In co mparison, th e proposed action wou ld 
result in a net 294 acre increase in development on NPR-1 (0.6% of the site)( see 
Section 4.1.7). 

Off of NPR-1, th e imp acts that wou ld result from this alternative and th e proposed action 
are the same: both wou ld resu lt in the disturbance of an additional 590 acres over th e next 
30 years, pursuant to the cons tru ction of non-federal facilities, and 3 60 acres of this wou ld 
be revegetated as part of the respective cons tru ction proj ects. The net result is th at 
developed areas off of NPR-1 wold be increased by approxi mately 230 acres. 

In addition to the foregoing disturbances, this alternative wou ld also temporarily affect 
approximately 226 acres/ year in connection with seismic surveys. Over a 3 O- year period this 
amounts to 6,780 acres, approximately 50% of which would be on NPR-l. 

4.2.2.8 Socioeconomics 

The socioeconomic impacts of the alternative would be the sam e as those described for th e 
proposed action in Sections 3.8 and 4.1.8, less the impacts of th e SOZ steam exp ansion, the 
fourth gas plant, and the cogeneration facility. The total budget for drilling, constru ction, 
operations, and maintenance for the proposed action is anticipated to increase from 
approximately $172 million in FY 1989 to approxi mately 225 mi llion in FY 1995. The great 
maj ority of th ese exp enditures would induce incremental output, earni ngs and employment 
for Kern County. The same exp enditures for the SOZ steam exp ansion, the fourth gas 
plant, and the cogeneration facility during the period 1991-2025 would be approxi mately 
$700-$750 million. H these proj ects are not implemented, then output, earni ngs, and 
employment would be reduced correspo ndingly. 

4.2.2.9 Risk Assessment 

The risks associated with this alternative would be the same as those described for proposed 
action in Sections 3.9 and 4.1.9, less risks directly associated with the SOZ steam exp ansion, 
the fourth gas plant, and the cogeneration facility. The most signi ficant risks are discussed 
as follows. 
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The most notable difference between the alternative and the proposed action pertains to 
blowouts during the conduct of drilling operations. As indicated in Section 4.1.9. it appears 
that the proposed action could result in 1-2 blowouts during the period 1990-2025 as the 
result of drilling, remedials, workovers, and well operations. The proposed action includes 
a program to drill 382 wells, 148 of which are associated with the SOZ steam expansion. 
H the SOZ steam expansion is not implemented, then the drilling program would be 
reduced by 148 wells, and the risk of incurring blowouts would be reduced correspondingly. 
The expected blowout rate based on published data and actual experience is 0.8-0.9 blow
outs/l,OOO wells drilled (Section 3.9). 

Under the proposed action, there would be six closed or partially closed major compressor 
facilities (LTS-l, LTS-2, 35R, fourth gas plant, HPI and 33S) of the types where all past 
explosions have occurred. Under this alternative, there only would be five such facilities 
with the exclusion of the fourth gas plant. In addition, gas processing and handling under 
this alternative would be less than the proposed action by up to approximately 50 million 
cubic feet/day for approximately 15 years. Given the circumstances, the risk of explosions 
would be less under the alternative than under the proposed action. 

If the SOZ steam expansion, the fourth gas plant, and the cogeneration facility are not 
constructed and operated, the risk of occupational accidents would be somewhat less than 
otherwise. This would be especially applicable with regard to drilling the 148 SOZ steam 
expansion wells, given that accident rates at NPR-l are highest for drilling operations (see 
Table 3.9-2). 

Given that oil production rates would be somewhat less for the alternative than for the 
proposed action, the risk of oil spills would be reduced correspondingly. The anticipated 
production rates for the proposed action are shown by Table 1.2-1. These would be reduced 
by approximately 8,000-12,000 barrels/day of oil if the SOZ steam expansion and the fourth 
gas plant projects are not implemented. 

Mitigation activities planned for the alternative would be the same as those described for 
the proposed action in Section 4.1.9. 

4.2.3 Alternative 3: Nonsteamf100d Tertiary Oil-Recovery Strategies 

This alternative has been considered and dismissed without further analysis for the reasons 
given in Section 2.3. 

4.2.4 References-
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5.0 UNAVOIDABLE ADVERSE IMPACfS 

5.1 PROPOSED ACfION 

Unavoidable, adverse impacts and risk of impacts (i.e., those significant impacts that cannot 
be avoided with planned mitigation) are presented as follows: 

• Some soil erosion would occur, especially in areas of new construction if major storms 
were to occur before soil stabilization measures take effect. 

• There is some potential for subsidence as the result of withdrawal of oil, gas and water 
from underlying geologic structures. 

• Inadvertent releases of oil or other oil-field chemicals that are not entirely recovered on 
a timely basis could, over a period of time, migrate into and degrade groundwater aquifers. 

• Small net increases in the emissions of CO and particulate matter could occur, resulting 
in marginal, and probably unmeasurable, changes in ambient concentrations of these 
pollutants in western Kern County. 

• There would be unavoidable adverse impacts associated with habitat disturbances. These 
would be the adverse impacts associated with disturbing approximately 1,569 acres over a 
30-year period due to new construction (approximately 979 acres on NPR-1, or 2.3% of the 
remaining undeveloped habitat), less the favorable impacts of revegetating approximately 
1,045 acres (685 acres on NPR-1, or 1.6% of the remaining undeveloped habitat) through 
the year 1998, taking into account the period of time required for revegetation to take full 
effect. 

• Loss of habitat, exposure to hydrocarbons and oil-field chemicals and site activities would 
result in the death, injury and displacement of some plants and animals, including 
threatened and endangered species. Of particular concern are incremental impacts to the 
federally endangered San Joaquin kit fox which currently exist on the site in relatively small 
numbers. 

• If the program to recycle produced water for use as waterflood water does not eliminate 
the need to dispose of produced water into the Tulare Formation, then there is a possibility 
that such wastewater could degrade usable off-site groundwaters. The proposed action 
includes the implementation of a Groundwater Protection Management Program that will 
address the potential risks to off-site groundwater resources that may result from all NPR-1 
operations. 
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5.2 Alternatives 

As discussed in Section 4.2.1, Alternative 1 (no action) would continue the impacts 
associated with the existing NPR-l operation. Significant, unavoidable impacts that would 
occur under Alternative 1 include habitat disturbance of 741 acres on and off NPR-l 
(reduced from 1,569 acres), from construction activities related to maintenance, replace
ment, or installation of NPR-l and third-party facilities necessary for NPR-l oil and gas 
product deliveries under this alternative; loss of an estimated 1.2 billion dollars in federal 
revenues; and slight increases over time in the volume of produced wastewater that would 
require disposal. As discussed in Section 4.2.2, significant, unavoidable impacts that would 
occur under Alternative 2 (proposed action excluding SOZ steam expansion, fourth gas plant 
and cogeneration project) would be essentially the same as described in Section 5. 1 above, 
with the exception that habitat disturbances from new construction on NPR-l would be 
reduced from 1,569 acres to 1,119 acres over the next 30 years. As discussed in Sections 2.3 
and 4.2.3, proposed Alternative 3 (nonsteamflood tertiary oil-recovery strategies) was 
eliminated from detailed analysis. 

5-2 

• 

• 

• 



• 

• 

• 

6.0 RELATIONSHIP BE1WEEN SHORT·TERM USE OF THE 
ENVIRONMENT AND WNG·TERM PRODUCfMlY 

Given the extensive loss of wildlife habitat in the San Joaquin Valley over the past several 
decades, the best long-term utilization of NPR-1 would probably be as wildlife habitat (or 
some other compatible human use). This was the primary use of the site prior to beginning 
hydrocarbon extraction in the early part of the century, and it has continued to be an 
important use even while hydrocarbon extraction has been carried out, especially during the 
time when petroleum production activities were comparatively limited. 

Under the proposed action, the primary short-term use of NPR-1 would be for hydrocarbon 
extraction, which has been the case for most of this century, and especially since MER 
production began in the mid-1970's. This is expected to continue for 25-30 years, depending 
on economic conditions and technological advancements. As explained in the previous 
sections of this document, under the proposed action NPR-1 would continue to be an 
important ecological resource even while MER production activities are being carried out. 
The great majority of the site would continue to be undisturbed. Disturbed areas that are 
not needed for future operations would be revegetated; soil conservation practices would 
continue to be implemented; off-road driving would be prohibited; grazing would continue 
to be prohibited; site access would be controlled; and avoidance would continue to be the 
cornerstone of development activities with respect to threatened and endangered species. 
Given this strategy, the site would eventually be returned to long-term use as wildlife 
habitat, and therefore, short-term and long-term uses should be compatible. This 
notwithstanding, the impacts of the proposed action on NPR-1 habitat would be significant 
for a relatively long period of time. This could result in permanent, or long-term changes 
in the quality of the habitat which could affect the productivity of the site for use by wildlife 
(e.g., wildlife populations could change). Of particular concern would be any impacts on 
the habitat that would adversely affect its use by the federally endangered San Joaquin kit 
fox. 

Current fresh watet requirements are about 30,000 barrels/day. Short-term requirements 
for fresh water could increase to as much as 74,800 barrels/day if the proposed steamflood 
projects are fully implemented in accordance with the indicated schedule along with smaller 
contributions from other facility projects, such as the butane isomerization project, 
cogeneration project, and continuation of existing operations. As explained, the scope and 
schedule of the steamflood projects are uncertain, and it is reasonable to anticipate that 
fresh water requirements may never exceed the current on-site and off-site capability and 
contract amount of 48,000 barrels/day. 

In addition to fresh water, there also will be a need for waterflood source water. Currently 
this is about 148,000 barrels/day and is obtained from the Tulare groundwater aquifer 
underlying NPR-l. If the Produced Water Injection (PWI) projects are fully implemented, 
Tulare source water withdrawals would be reduced to 73,500 barrels/day. If the PWI 
projects are totally unsuccessful, Tulare source water withdrawals could increase to 
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254tOOO barrels/day within several years. In either even� source water withdrawals would • decline to zero within the economic life of the field (about 2010-2025). 

In addition to using the Tulare aquifer for waterflood source watert the aquifer also 
could be used to dispose of produced wastewater. CurrentlYt 100tOOO-1l0tOOO barrels/day 
of wastewater are disposed of into the Tulare. If the PWI projects are fully successfult this 
would be reduced to zero within a few years. If the PWI projects are totally unsuccessfult 
this could increase to approximately 181tOOO barrels/day. 

Based on studies and observationst there have been no significant impacts on the Tulare 
aquifert on or off NPR-1t as the result of on-site wastewater disposal practices or waterflood 
source water withdrawals. Thereforet no adverse long-term effects on Tulare aquifer 
productivity is anticipated to result from the proposed action. 
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7.0 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

As stated in Section 6, the short-term commitment of NPR-1 to petroleum production as 
proposed would not necessarily preclude concurrent use of the site for other purposes, such 
as wildlife habitat (the principal pre development use, along with livestock grazing). Also, 
the site could largely be returned to predevelopment uses andj or other human uses through 
proper reclamation activities as oil operations decelerate and eventually come to an end. 
Thus, NPR-1 land resources would not be irreversibly or irretrievably committed by 
implementation of the proposed action. 

Three significant irreversible and irretrievable commitments of resources would occur with 
implementation of the proposed action: (1) consumptive use of energy (Le., electricity and 
fossil fuels) for construction and operation of production facilities; (2) extraction, sale, and 
consumptive use of oil and natural-gas products from NPR-1; and (3) consumptive use of 
fresh water. A portion of the equipment and materials used in fabrication of project 
operating and transport facilities would also be lost, but much could be salvaged as these 
facilities were phased out over time. The commitment of extracted fossil fuels to sale and 
ultimate consumption would, of course, render them irretrievable for use in the future. 
Commitment of these resources has been mandated by the Naval Petroleum Production Act 
of 1976 -- Public Law 94-258. 
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8.0 PREPARERS/CONTRIBUTORS 

8.1 DOCUMENT PREPARATION 

This Supplemental Environmental Impact Statement (SEIS) has been prepared by the U.S. 
Department of Energy (DOE), Naval Petroleum Reserves in California (NPRC), based on 
a preliminary draft of the document (PDSEIS) prepared by the Environmental Assessment 
and Information Sciences Division of Argonne National Laboratory (ANL 1990), and review 
comments provided by the staffs of DOE-NPRC, Chevron U.S.A Inc. (CUSA), Bechtel 
Petroleum Operations, Inc. (BPOI), EG&G Energy Measurements, Inc. (EG&G /EM), 
Research Management Consultants, Inc. (RMCI), and other interested agencies and parties. 
The project was managed by DOE-NPRC with coordination and technical assistance 
provided by RMCI. The primary preparers/contributors are listed below: 

Name Education/Expertise Contribution 

OOE 
James C. Killen B.S., Chemical Engineering, NPR-l SEIS Project 

25 years petroleum experience, Manager. 
10 years environmental experience, 
13 years at NPRC, 5 years DOE-
NPRC Technical Assurance 
Manager 

RMCI 
Kenneth G. Fries B.A, Environmental Studies, NPR-1 SEIS Project 

12 years environmental experience, Coordinator. 
including 4 years at NPRC. 

Michael V. Phillips B.S. Natural Resources NPR-1 SEIS Project 
Management, 12 years Contributor. 
environ:inental experience. 

Karen Dickinson AA liberal Arts/Business, Wordprocessing, editing. 
9 years experience in wordpro-
cessing, and desktop publishing. 

Juliana Gautreaux 23 years secretarial, wordprocessing, Editing. 
geological technician and technical 
editing experience. 

The majority of the information provided in this document was developed by ANL and 
presented in the ANL PDSEIS. A complete list of ANL contributors is included in the 
PDSEIS, a copy of which will be provided upon request. 

8-1 



8.1 REFERENCES· 

Argonne National Laboratory, Environmental Assessment and Information Sciences 
Division, 1990, Revised Preliminary Draft Supplement to Final Environmental Impact 
Statement (Issued 1979), Petroleum Production at Maximum Efficient Rate, Naval 
Petroleum Reserve No. 1 (Elk Hills), Kern County, California, June. 

·Copies of this document are available upon request from James C. Killen, Technical 
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APPENDIX A: 

DESCRIPTION OF CURRENT FACILITIES AND OPERATIONS 

This appendix describes the production facilities and related support systems, services, and 
operation and maintenance activities currently in place at NPR-l. Summary descriptions 
are provided for production zones and product streams, production-well development, 
injection systems, oil- and gas-gathering systems, product-processing and storage facilities; 
enhanced oil-recovery systems; waste-handling procedures and facilities; support systems and 
facilities; and operations and maintenance activities. 

A.l PRODUCTION ZONES AND PRODUCT STREAMS 

Approximately 82% of all present Unit hydrocarbon production is from the Stevens Zone, 
17% is from the Shallow Oil Zone (SOZ), and the remaining 1% or less is from the 
Cameros and Dry Gas Zones (DGZ). The government also owns 100% of Asphalto and 
Railroad Gap properties, which produce small amounts of oil and gas. 

Reservoir pressure has been severely depleted in the SOZ, and artificial lift with pumping 
units is required. Approximately 100 Stevens wells flow freely and do not require artificial 
lift, while the remaining 300 or so wells require pumping units, electrical submersible pumps, 
or artificial lift by means of gas lift. As pressure is depleted in the Stevens reservoirs, more 
and more of the free-flowing wells will require some means of artificial lift. Estimates of 
the percentages of flowing wells for specific reservoirs are as follows: Main Body B (MBB) 
25-30%, C/D shales 10%, and 29R 5%. Other zones yield only gas and water, and the 
production streams require separation into gas and liquid components after withdrawal. 

Hydrocarbon and water production from individual wells enters a tank setting through a 
manifold header. Production then enters a series of separators where liquids (oil and water) 
and gas are separated. The liquids are separated to production tanks and eventually 
gravitated or pumped to dehydration/lease automatic custody transfer (LACI,,) facilities. 
The water is separated from the oil and currently is disposed of in the Tulare Formation. 
The pipeline-quality oil is sent through the lACT meter, where ownership is transferred to 
the purchaser (DOE 1989). 

The gas stream is subsequently separated in a gas-processing facility into gas liquids that are 
sold and dry gases (primarily methane and ethane) that either are sold, or injected into wells 
of the oil-production zones to maintain reservoir pressure. Gas produced primarily from 
the DGZ is either sent to a gas-processing facility, used as a fuel to run engines for gas 
compression, or is sometimes sent directly to the sales line. 
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A.l.l Dry Gas Zone 

The Dry Gas Zone (Fi�re A.1) consists of thin, channel-like sand bodies within the Mya 
member of the Pliocene San Joaquin Formation. Included are 17 stratigraphic intervals with 
identified gas resources and 57 mapped pools. The zone is being developed with 
compression from 35 wells; 26 are producing and 9 are shut in. 
A.l.2 Shallow Oil Zone 

The SOZ (Fi�re AI) consists of about 17 identifiable sands. In general, the younger sands 
are productive in the eastern portion of the 31S structure, and the older sands of the 
Etchegoin Formation are productive to the west. A pilot steamflood project for the SS-l 
sand (one of the oil-producing sands in the SOZ) was initiated in Section 3G during 
FY 1987. The 59-acre phase I of the project consists of 12 production wells, S injectors, and 
3 observation wells (wells drilled to obtain data on changes in temperature and pressure and 
to help determine steam and oil front movement). 

A.l.3 Stevens Zone 

• 

The Stevens Zone (Fi�re A.2) consists of 1 1  major pools and is the most significant source 
of crude oil reserves in the Elk Hills. The five most productive pools are the Main 
Body B/Western 31S (MBB/W3 1S) sands, 26R sand, 24Z sand, Northwest Stevens (NWS) 
A1-A3, and the NWS A4-A6 sands. The MBB/W31S interval consists of four sands that 
together cover the entire 3 1S structure (the major anticlinal oil reservoir in the region). • Both the MBB and W3 1S sands are produced under a peripheral waterflood project. 
Currently the project consists of approximately 280 wells, including 69 water injectors and 
6 gas injectors. 

The 26R sand is a submarine fan channel sand approximately 1 mile wide on the south
western limb of the 3 1S structure. Fifty completed wells produce from the 26R sand, and 
gas is being injected through eight wells to maintain pressure. 

The 24Z sand is a channel sand about 1 mile wide and up to 1,000 feet thick crossing the 
29R structure in Sections 24Z and 13Z (Fi�re A.2). Currently the 24Z pool has 12 active 
producing wells, 2 gas injectors, and 3 water injectors. A peripheral waterflood was initiated 
in the 24Z pool in FY 1987. 

The production zone of the Northwest Stevens structure consists of thick, massive, deep
water channel sands (the A sands, T sands and N shales). The AI-A2 sands are pressure
maintained by gas injection. The A3-A6 sands are under peripheral water injection to 
maintain reservoir pressure and are produced by 59 wells. 
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A.l.4 Aspbalto Zone 

The Asphalto reservoir is in an advanced stage of depletion (approximately 70% of the 
estimated original oil-in-place has been removed). This reservoir is an extension of the 
Stevens 24Z sand and extends outside the southwestern boundary of NPR-l. Production 
comes from the northeastern quarter of Section 26Z at the southwestern edge of the 
Reserve. Currently there are 1 1  wells producing about 160 barrels/day of oil. 

A.l.S Cameros Zone 

The Cameros Zone (Fi�re A.2) consists of three sands containing oil, gas, and gas 
condensate. The accumulation of gas and oil in the Cameros Zone is controlled primarily 
by the 29R structure (an anticlinal trap) and secondarily by the pinching out of the sands 
to the east. 

A.2 PRODUCI10N WELLS . 

Before inception of the Total Capability Development Program (implemented in 1974 to open 
the NPR- l for commercial production) , about 1 ,279 wells had been drilled at the Elk Hills; 
1 ,036 more wells were drilled between 1974 and FY 1988. 

During the primary development period (1974 through FY 1983) , 926 development wells were 
drilled, an average of 93 wells per year. Since then, about 26 development wells per year 
(average) have been drilled for infill, replacement, waterflood, and steamflooding .  Forty 
exploration wells have been drilled during that same period, with the number drilled each year 
decreasing as the field becomes fully developed. 

The importance of the primary production zones at NPR- l is indicated by the distribution of the 
29 development wells completed in FY 1987. Twenty-four of the wells are producers -- 20 in 
the Stevens Zone and 4 in the SOZ. In addition, five water-injection wells were drilled in the 
Stevens Zone as part of a waterflood program. Table A. l lists the number of development wells 
drilled each year from 1974 through FY 1987. 

By the end of FY 1988, a total of 2,315 wells had been completed since establishment of 
NPR-l .  Of those wells, 1 ,252 were operational -- 1 ,079 were active producers, 1 17 were water 
source/injection wells, 15 were water-disposal wells, 17 were gas-injection wells, and 4 were 
steam-injection wells. Shut-in (idle) and abandoned wells totaled 1 ,055 .  Table A.2 presents an 
inventory of existing wells at NPR-l at the end of FY 1988 . 
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TABLE A.l Number of Development Wells Drilled at NPR-l, 1974 through FY 1987 

Dry Shallow • 
Period Tulare Gas Oil Olig Stevens Cameros Total 

1974-1976 0 12 163 0 81 2 258 
FY 1977 0 5 99 0 63 1 168 
FY 1978 0 6 65 0 47 2 120 
FY 1979 2 3 34 0 43 0 82 
FY 1980 2 0 16 0 46 0 64 
FY 1981 4 0 0 0 42 0 46 
FY 1982 8 0 31 1 61  0 101 
FY 1983 0 0 25 0 62 0 87 
FY 1984 4 0 10 0 15 1 30 
FY 1985 4 0 8 0 10 0 22 
FY 1986 0 0 12 0 10 0 22 
FY 1987 1 0 4 0 24 0 29 
Total 25 26 467 1 504 6 1,029 

Source: DOE 1988. 

• 
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TABLE A.2 Inventory or Completed Wells at NPR·l as or September 30, 1988 

Well Type 

Zone Producer/ Injection/ 
Supply Disposal Shut-ina Abandonedb Total 

Dry Gas 28 0 9 0 37 
Shallow Oil 623 5 535 255 1,418 
Stevens 393 134 257 6 790 
Cameros 10 0 4 1 15 
Other 

Asphalto 1 1  0 6 0 17 
Tulare 1 1C 14d 0 0 25 
Railroad Gap 3 0 10 0 13 

Total 1,079 153 821 262 2,3 15 

i'J'emporarily removed from production because of field operating requirements. 
bAll abandoned wells are plugged. 

. 

cFour wells are water source wells and seven are idle production wells. 
dFourteen wells are designated for disposal of wastewater, and 13 are currently used

' 
for 

this purpose. 
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A.3 INJECTION SYSTEM 

The injection system at NPR-1 consists of the gas- and water-injection elements described as 
follows: 

A.3.1 Gas Injection 

After processing and extraction of liquids, approximately 205 million cubic feet/day of dry gas 
(consisting primarily of methane and ethane) is compressed to 3,500 pounds per square inch 
gauge (psig) through the high-pressure injection (HPI) system and reinjected into selected pools 
in the Stevens Zone. The gas is injected into approximately 17 wells in pools for reservoir 
pressure maintenance. Approximately 13 wells take gas from this system, in which the pressure 
is dropped to approximately 1 ,500 psig for artificial gas-lift use. Compression capacity totals 
270 million cubic feet/day at 3,500 psig. The HPI system has in service six KVR compressors 
rated at 5 ,500 horsepower each and three KVR compressors rated at 4,000 horsepower each. 
Three Clark compressors rated at 888 horsepower each also can provide injection capacity, if 
required. All of these compressors are located at the 35R gas complex (DOE 1989). 

A.3.2 Water Injection 

• 

All injection water for waterflooding the Stevens Zone is supplied from the Tulare Formation. 
Approximately 148,000 barrels/day of Tulare water are pumped from approximately five source 
wells in the south flank of the reservoir to the 33S and 17R waterflood plants. The water is free 
of oil and only requires slight chemical treatment with corrosion inhibitors and biocides. The • 33S waterflood plant supplies water to the MBB waterflood, and the 17R waterflood plant 
supplies water to the NWS and 24Z waterflood. 

Approximately 100,000-1 10,000 barrels/day (4.2 million gallons/day) of produced water are 
removed from oil at the dehydration/LACT facilities. Approximately 80,000-100,000 bar
rels/day of this are disposed of by injection into the Tulare, the SOZ and the Olig; most is into 
the Tulare. Approximately 6,500 barrels/day are disposed of into three wells south of the 24Z 
reservoir to maintain a pressure barrier and prevent migration of Stevens Zone crude oil into the 
Asphalto field (DOE 1989) . 

A.4 OIL- AND GAS-GATHERING SYSTEMS 

Hydrocarbons produced throughout the site first enter tank settings, where oil and gas are 
separated. The wet gas is then collected into vacuum, low-pressure, and high-pressure gas
gathering systems. All of this gas is transported to the 35R gas complex, with the exception of 
gas used for fuel and gas lost due to shrinkage. The gas is then processed , with liquids such as 
propane, butane, and natural gasoline being extracted and sold. The residue gas containing 
primarily methane with some ethane is both sold and reinjected into the Stevens Reservoir . 

A-8 • 



• 

• 

• 

Oil and water volumes separated at the tank settings are gathered in oil and water collection 
lines. The liquids are then either gravitated or pumped to the nearest dehydration/LACT 
facilities. Water is removed and disposed of, and the pipeline-quality oil is metered through the 
LACT unit, where ownership is transferred to DOE purchasers or CUSA. Current gross liquid 
production is approximately 200,000 barrels/day. Gross liquid production is expected to peak 
at about 250,000 barrels/day. Oil currently is shipped off the site through one of five 
dehydration/LACT facilities and then through five pipelines to be marketed via common carrier 
pipelines. Table A.3 lists the section locations and operators of pipelines shipping crude oil off 
of NPR-1 .  Some crude oil product is shipped off-site in trucks. 

Each of the five dehydration/LACT facilities includes a production tank, a settling tank, a 
shipping tank, LACT monitoring and metering equipment, and a LACT pump. The LACT units 
automatically meter and record oil volume as it enters the purchaser's pipeline. If too much 
water is present, it will be sensed by a resistance probe and the oil will be rejected to the 
production tank, where the dehydration process starts over. Dehydration/LACT facilities are 
located in Sections lOG, 18G, 25S, 24Z, and 26Z. LACT meters also are located in 
Sections 30R and 35R, but hydrocarbons are only metered for accounting purposes; no transfer 
of outside ownership takes place at these two locations. 

Additional LACT units may be added, if required. At peak MER, a total of about 
150,000 barrels/day of water would be separated from oil at the dehydration/LACT facilities. 
Crude oil from each of the four oil-producing zones is sent to separate dehydration/LACT 
facilities to keep the oil segregated. Cameros production is metered through a LACT at 30R 
and is commingled with Asphalto and Railroad Gap production at the Asphalto production tank 
setting in Section 2-26Z. Here, oil from the three zones is metered through the 26Z LACT unit 
and sold to the purchaser (DOE 1989) . Characteristics of the two major types of crude oil from 
the SOZ and Stevens Zone are presented in Appendix B of the 1979 Final EIS (DOE 1979) . 

A.S GAS-PROCESSING AND -STORAGE FACILITIES 

The gas-collection, -processing , -injection, and -sales-distribution systems collect gas produced 
from oil and gas wells, process the gas to remove water and natural gas liquids (NGL), and 
pressurize and distribute the gas for injection or sales to customers. Total nominal process 
capacity available is 300 million cubic feet/day. An off-site contract facility can handle an 
additional 60 million cubic feet/day. Current gas production at NPR-1 is about 360 million 
cubic feet/day. 

Typically, the gas is separated from the oil/water/gas stream at the tank settings and transported 
by pipeline for processing at the gas plant complexes in Sections 35R and 17Z. Before 
processing, this gas is commonly referred to as wet gas. Some wet gas is used as fuel for field 
operations, and the wet gas that condenses into a liquid is removed by the condensate-collection 
system. Wet gas is also reinjected into some wells to stimulate the production of oil (gas-lift 
wells) . The remaining wet gas is processed at the gas plants. 
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TABLE A.3 Pipelines Shipping Crude Oil off NPR-l 

Section Number of • 
Location Pipelines Operator 

25S 2 CUSA/DOE 

lOG 1 4 Comers Pipeline Co.1 Arco 

18G 4 CUSA 
1 4 Comers Pipeline Co.1 Arco 
2 Texaco 
1 Santa Fe Energy 

24Z 3 Chevron 
1 Texaco 
1 Anchor Petroleum 

26Z 1 4 Comers Pipeline Co.1 Arco 

Source: BPO! 1989. 

• 

A-lO • 



• 

• •  

• 

The condensate-collection system is a network of piping that parallels the gas piping system . 
Liquid hydrocarbons that condense in the gas-collection systems are removed through traps (or 
boots) into the condensate-collection system. Stevens Zone condensate is gathered throughout 
the reservoir and is pumped behind the 35R Lean Oil Absorption Plant to storage vessels. Here 
it is stabilized and pumped to a nearby tank setting, where it is commingled with Stevens Zone 
production. The condensate eventually is sold with Stevens Zone oil at the 18G dehydration! 
LACT facility. The capability also exists to process this condensate at the gas plants for 
recovery of NGL products, depending on market conditions. 

At MER, total production of natural gas liquids would be about 650,000 gallons/day. Two gas
processing plants, LTS-I and LTS-2, include facilities to extract gas liquids from the rich gas 
at low temperatures and separate them into propane, butane, and natural gasoline products for 
sale. The third gas-processing plant, 35R, uses an absorption process to accomplish the 
separation. This on-site gas-processing complex has a nominal capacity of 300 million cubic 
feet/day. In addition, off-site gas processing and storage is available at Chevron' s  McKittrick 
gas plant, located in Section 17Z. Table A.4 lists the capacity of the on-site gas-processing 
system and the current rate of production . 

The gas-sales system includes facilities and equipment to dehydrate (if required), compress, 
transport through a pipeline system, and meter produced gas for sales. Two basic sales systems 
exist for produced natural gas -- the Stevens system (which handles Stevens [Asphalto] , 
Cameros, and SOZ gas) and the Dry Gas Zone system. Both systems compress and dehydrate 
the gas, which then is transported by pipeline to the sales-metering stations for marketing. The 
capacities of these two sales systems relative to current production are shown in Table A.5. 

Propane, butane, and natural gasoline from NPR-I gas plants are stored on the site and loaded 
for truck shipment. Storage, loading, and transportation facilities are also associated with the 
CUSA gas plant. 

The NGL products are transferred to storage tanks and delivered to contractors through a tanker 
truck loading facility. Product fractions are transferred from accumulation vessels at the 
processing plant site through dedicated 3-inch and 4-inch steel pipelines to pressure vessels 
outside of the plant boundaries. These storage vessels, located in two separate areas of Section 
35R, can hold approximately three days of production. Table A.6 lists the on-site NGL product 
storage capacities by product and location. The storage and loading configurations are estimated 
to be capable of servicing up to 200 tankers/day. 

All liquids currently recovered by the existing on-site processing plants are shipped from NPR-I 
via tanker-trucks with capacities of about 10,000 gallons each. The typical amount of liquid 
hauled per truck is 7,500-10,000 gallons. Peak traffic is about 58 trucks/day during summer 
and 150/day during winter . 
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TABLE A.4 Capacities of Gas-Processing Systems 

Nominal 
Capacity 

System (1Q6 ft3/day) 

Processing (35R & 17Z) 360 
Gas injection 273 
Gas Sales Compression 140 
Low-pressure compression 217 
Vacuum compression 35 
High pressure Systems 450 

Source: BPOI 1988. 
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Current 
Production 

(1Q6 ftl/day) 

365 
195 
137 
176 
18 

369 

• 

• 

• 



• TABLE A.S Capacities of Gas Sales Pipeline Systems 

Current 
Capacity Production 

System (1<r ff /day) (1<r ff /day) 

Dry Gas Zone 21 20 
Stevens 161 1 19 

Total 182 139 

Source: BPO! 1988. 

• 
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Operational Total • TABLE A.6 NGL Product Storage Capacities at NPR-l (Gallons) 

Number of Capacity Operational 
Product Vessels of Each Capacity 

LTS Storage 
Propane 10 77,850 778,500 
Mixed Butane 6 77,850 467,100 
Natural gasoline 4 77,850 3 11,400 

Subtotal 20 1,557,000 

35R Storage 
Propane 5 25,950 129,750 
Mixed butane 6 25,950 155,700 
Natural gasoline 2 51,900 103,800 

Subtotal 13 389,250 

Emergency Storage 
Mixed Butane 1 103,800 103,800 
Mixed butane or 

natural gasoline 2 77,850 155,700 • 
Subtotal 3 259,500 

Grand Total 36 2,205,750 

Source: BPO! 1988. 
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A.6 ENHANCED RECOVERY SYSTEMS 

The NPR-l development program includes several secondary and tertiary (enhanced) oil 
recovery projects. Secondary recovery is achieved by injecting water into injection wells that 
are perforated at or near oil-production intervals. The water is displaced through the reservoir 
at high pressures, and this displaces the oil towards producing wells. This displacement of water 
in the reservoir is referred to as waterflooding and can recover significant incremental amounts 
of oil that otherwise might not be removed. 

Tertiary, or enhanced oil recovery is used to recover residual oil remaining in the reservoir after 
primary and secondary methods have been exhausted. Enhanced oil recovery can be achieved 
by several mechanisms, one of which is steamflooding. Steam is produced on the surface by 
heating very clean water through a steam generator and injecting it through insulated piping into 
a shallow well, some 1 ,000-2,500 feet deep. Heat from the steam significantly reduces the 
viscosity of the oil and increases its mobility. The oil is then displaced toward producing wells. 
Steamflooding is used principally for reservoirs that have heavy oil with gravities between 8 and 
18 degrees API. The SOZ oil for the pilot steam flood has a lighter gravity of approximately 28 
degrees API. Steamflooding lighter oils such as these is termed light-oil steamflooding (LOSF). 

Currently, three waterflood projects and a pilot steamflood project are being operated at NPR-1 .  
The 33S waterflood plant can provide 140,000 barrels/day of water for the Stevens MBB/W3 1S 
waterflood. This project involves about 100 injection wells and 225 production wells. The 
production wells are on 20-acre spacing, with present operations for in fill drilling some wells 
to 10-acre spacing. Currently, approximately 94,000 barrels/day are being injected into the 
MBB/W3 1S. The 17R waterflood plant provides 18,000 barrels/day of water for the Stevens 
A3-A6 waterflood, also referred to as the Northwest Stevens waterflood. The A3-A6 project 
consists of approximately 60 producers and 20 injectors. The 17R waterflood plant also supplies 
36,000 barrels/day of water for the 24Z waterflood. The 24Z project consists of approximately 
12 producers and 12 injectors. The total capacity of the 17R waterflood plant is 60,000 bar
rels/day. 

The SOZ pilot steam flood project was placed into production in FY 1987. The facilities include 
injection of steam through 5 injection wells and production facilities to handle the oil, water, and 
gas from 12 producing wells. The installation consists of a 62.5-million-BTU/hour steam 
generator, water-treatment facilities, flow lines, test and production separators, tanks, and 
shipping pumps. The oil is pumped into the SOZ gravity line near the lOG dehydration and 
sales facilities. The gas goes into the SOZ gathering system near the vacuum compressors in 
Section 3G. 

A.7 WASTE-HANDLING SYSTEMS 

Liquid-waste-disposal facilities at NPR-1 include (1) sanitary-sewage-disposal facilities (septic 
tanks, leach fields, and percolation wells) , (2) water-injection facilities for produced waters, and 
(3) percolation/evaporation ponds for a portion of produced waters and all process wastewaters. 
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Stevens and SOZ wastewater are disposed of into 12 Tulare Zone disposal wells. Eight of the • disposal wells are clustered near the 1 8G LACT facility. The remaining four wells are in 
Sections 24Z and 26Z. The Tulare Zone disposal well in Section 26Z was recompleted into the 
Olig in 1992. Stevens wastewater generated at the 24Z dehydration/LACT facility is disposed 
of as source water for the Stevens 24Z pool (south flank) water injection project and into the 
Tulare Zone disposal wells in Section 24Z. Asphalto wastewater generated at the 26Z 
dehydration/LACT facility is disposed of into a disposal well completed in the Olig Formation. 
Cameros wastewater generated at the gas plant complex in Section 35R is commingled into the 
StevenslSOZ wastewater system for disposal with other waters. The other disposal wells, one 
each in 15G and 16G, are also used to dispose of SOZ and Stevens wastewater. 

Wastewater disposal is currently reaching existing disposal capacity. In response to this, 
projects are in various stages of planning, evaluation , construction and start-up to recycle 
wastewater for use as source water for waterflood projects (in lieu of using Tulare water for 
source water), thus reducing or eliminating the need to dispose of wastewater into the Tulare 
(BPOI 1989) . 

Solid and liquid/solid wastes (such as tank bottom sediments, drilling fluids, and similar waste 
materials generated by well-drilling and production operations) are disposed of at one of the two 
existing state-regulated disposal sites on NPR-1 Oandfarms in Sections lOG and 27R) . Since 
mid-1990, the lOG landfarm has not received wastes due to the reduced level of drilling activity. 
Other solid wastes are collected at two solid-waste transfer stations located in Sections 36S and 
35R. Wastes are placed in 40-cubic yard dumpsters, which are removed when filled and then 
dumped at the Kern County landfill off the NPR-1 site. Current waste-management facilities • are described in Section 3 .2 .5. 

A.S SUPPORT SYSTEMS AND FACILITIES 

A.S.I Road Network 

Three primary roadways dissect NPR-1 .  Skyline Road extends east and west across the field 
for 13  miles, and Elk Hills Road (which is maintained by the county) extends north and south 
for a distance of about 8 miles. On the eastern end of the hills, the North/South Access Road 
extends for about 4 miles, for a total of 25 miles of primary road. NPR-1 also has about 
100 miles of secondary roads and nearly 1 ,000 miles of tertiary (unpaved) access roads. The 
primary roads require routine maintenance and localized resurfacing. Secondary and tertiary 
(access roads) are maintained as necessary to permit access. Abandoned roadways are reseeded 
and reclaimed as part of the site-wide reclamation program. 

A.S.2 Water S�pply 

Water required for producing at MER is provided by three major systems: ( 1 )  freshwater 
system, (2) wastewater system, and (3) Tulare water system. The freshwater supply system 
provides water for fire-fighting and process needs. The wastewater supply system p�ovides 
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supplemental water needed for oil zone injection and reservoir pressure maintenance. The 
Tulare system provides water to meet injection needs. 

The freshwater system has an overall capacity of l .6 million gallons/day and consists of two 
parallel pipelines, one main pump station, two booster stations, and five storage tanks (one each 
in Sections 35S,  32S , and ISR, and two in Section 2SS) with a total storage capacity of 1 million 
gallons. About 630,000 gallons/day of water will be required to meet operational water 
demands through 1994. Currently, fresh water is purchased from the West Kern Water District, 
which is under contract to deliver up to l .  7 million gallons/day at the eastern end of the site. 

The wastewater supply system is being developed so that the water separated from oil 
(production water) in the LACT systems can be reused for waterflooding. 

Water is provided for the three waterflood operations from the Tulare Formation. 
Approximately five source wells drilled in the south flank of the reservoir in Sections l 3B, l 4B, 
and l SG provide l4S,000 barrels/day of water. A fourth source well was completed in 19S7 
in the Tulare Formation in the northwest area of the reservoir in Section SR. This well has not 
performed acceptably and is shut in. 

A.S.3 Power Supply 

NPR-1 has its own electrical power transmission and distribution system, with the power being 
purchased from Pacific Gas and Electric Co. (pG&E). The main intake power supply is from 
a unit-owned metering and service facility at the 35R substation, where PG&E delivers power 
at 1 15 kilovolts. At the l SG and 35R main area substations, power is transformed from 
1 15 kilovolts to the field distribution voltage of 12 kilovolts. The other main area substations 
at Section 33S serve the 33S waterflood plant and the 4G closed-loop gas-lift facilities, and at 
Section 17R serve the 17R waterflood plant and the Northwest Stevens closed-loop gas-lift 
facilities. Power at both these locations is stepped down to 4 , 160 volts. Other, less significant, 
power supplies from PG&E also serve some miscellaneous facilities (e.g . ,  3G and 4G) . The 
field distribution at 12 kilovolts is via overhead lines on wooden poles to the various utilization 
locations, where it is transformed to lower voltages. 

The existing electrical system at NPR- l consists of a connected capacity of SO megawatts, with 
a current running load of approximately 24 megawatts.  After waterflood injection and additional 
gas-lift compression is increased and more electrically-driven pumping wells are added, loads 
are expected to be about 50 megawatts. The electrical service facility at NPR-1 is basically a 
single integrated system. 

The principal users of electric power throughout the facility are the gas plants and compressor 
stations (LTS 1 ,  LTS 2 ,  HPI, 35R, 33S , and 30R) ; water source wells;  some of the oil
producing wells; the water injection facilities; cathodic protection operations; and offices and 
workshop facilities. Natural gas from gas-processing plants is used as fuel to power the plants 
and compressor stations . 
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A.8.4 Telephone 

Telephone service is provided and maintained by Continental Telephone Co. of California. The 
main lines run underground along the North/South Access Road. 

A.8.S Security 

The great majority of 47,409 acres of the site are fenced. Areas that are not fenced typically 
have barriers that would significantly impede attempts of unauthorized entry. All critical areas 
such as gas plants, loading facilities, etc. , are in fenced areas. All roads providing access to 
NPR -1 have locked gates and signs indicating the boundaries of the site. Two main gates 
controlled by security guards provide access to NPR-1 24 hours/day. Four other main gates, 
also controlled by security guards, provide access during daylight hours only. Roving security 
guards patrol the site 24 hours/day. 

A.8.6 Fire Protection 

• 

Fire protection is provided to NPR-1 primarily through the Kern Country Fire Department, with 
stations at McKittrick, Taft, Buttonwillow, and Bakersfield. NPR-1 has fire-response capability 
and a general training program in fire protection and fire-fighting, but the Kern County Fire 
Department is the primary responsible fire-fighting agency; the NPR- l capability is primarily 
one of containment until County resources are in-place. The Taft substation of the Kern County 
Fire Department has a patrol for fighting grass fires and one truck capable of fighting oil fires, 
with provisions for long-distance delivery of both foam and water, and the ability to pump large • volumes of water considerable distances. An additional engine capable of fighting oil fires is 
available at the Fellows Substation (Station 23) . The response time from McKittrick to the 24Z 
area is under 5 minutes. Response time to NPR-1 is approximately 25 minutes from the Taft 
and Buttonwillow stations and more than 45 minutes from Bakersfield. The Kern County Foam 
Cooperative, operated by the Kern County Fire Department, also can respond to fires at the site. 

NPR-l has a separate fire-water system for fighting fires . In addition, wastewater from the 
production system can be used to fight fires. Fire water is commonly stored in tanks at several 
locations. In Section 24Z, only wastewater is available for fighting fires. Additional sources 
are being investigated. The wastewater system is not tied into the freshwater system at any 
location on NPR - 1 .  

The potential for a fire to spread from matches or cigarettes thrown from vehicles along primary 
roads through and bordering the site is minimized by fire breaks constructed parallel to the 
roads. These firebreaks, which were initially about 30 feet wide, are now 12-20 feet wide and 
total about 53 miles long. They are disced annually, if appropriate, and abandoned firebreaks 
are being reclaimed. Firebreaks encompass a total area of about 9 1  acres. 
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A.9 OPERATION AND MAINTENANCE 

Production activities and facilities operation and maintenance are conducted by the management 
and operating contractor (currently BPOI) . Storage and transfers of liquid products are 
controlled through the LACf units and the storage and loading facilities associated with the gas
processing plants. Gas-processing plants are operated on a continuous basis by staff on routine 
shift assignments. The flow of all major product streams into and out of each plant is metered 
and sampled for analysis. 

The LACT units, liquid storage, and loading areas are operated continuously, and incoming and 
outgoing liquid products are metered. Metering equipment and controls are maintained, tested, 
and calibrated on a periodic basis. Special considerations for a variety of abnormal operating 
conditions (e.g . ,  pipeline rupture, explosion) are discussed in Section 3.9 (Risk Assessment). 

Operation of wells and tank settings is primarily automated. Whenever the crude oil tanks at 
any tank setting become full , an alarm is sent to a control center and an operator is notified 
(overflow is directed into associated tanks). When an overpressure condition occurs, the 
associated feed wells are designed to shut down automatically. Field operators are on duty at 
the site around the clock. Operators perform periodic tests at each tank setting, LACT, well and 
other facilities to determine gas and oil production rates. Equipment is maintained according 
to established schedules. 

Emergency operating procedures include shutdown and isolation of facilities in the event of 
explosions, fires, or product spills, as well as monitoring, containment, and collection of product 
spills and restoration of affected areas. Emergency problems are the responsibility of operations 
personnel. 

Operating and maintenance personnel include subcontractor employees involved in maintenance, 
repair, and the provision of goods and services, as well as the contractor personnel performing 
operational functions. Operating personnel include some individuals working at facilities that 
have 24-hour/day operations with three rotating shifts. The government, CUSA, and NPRC 
contractor work forces total about 800 people crable A.7). In addition , vendor and 
subcontractor personnel providing construction maintenance, repair, and other services average 
about 400-500 people per day. 

A.tO FACILITY MOmBALLING AND ABANDONMENT 

Facilities that become temporarily unnecessary or undesirable before expiration of the useful life 
of the facilities or depletion of the reservoir are secured for later reactivation; such securing is 
called mothballing. Typical mothballing procedures may include shutting in wells; emptying 
storage tanks, pipelines, and equipment of all products; refilling the pipelines and storage tanks 
with water containing a corrosion inhibitor; and draining and removing pump seals and refilling 
with vapor inhibitor to prevent corrosion . Facilities or equipment that becomes unnecessary or 
inoperable (at the end of the useful life of the facilities or upon depletion of the oil reservoir) 
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TABLE A.7 Current and Projected Staffing Requirements for NPR·l* 

Fiscal Year 

Employer 1989 1990 1991 1992 1993 1994 1995 

BPOI 708 740 744 755 758 762 765 
DOE (FfE) 61 61  63 63 65 65 65 
Contract/service 425 400 400 400 400 400 400 

vendors 
Construction 100 150 200 300 250 100 100 

Total 1,294 1,351 1,407 1,518 1,473 1,327 1,330 

·Exclusive of CUSA, EG&G/EM, and RMCI (formerly SMS). Add approximately 50-60 
personnel for these organizations. 

Source: BPO! 1989 
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are abandoned. Abandoned wells are plugged in accordance with appropriate state regulations. 
Following surplus designation, such facilities or equipment are sold and removed, if determined 
to have a real salvage value exceeding the cost of removal, or they are scrapped prior to 
abandonment and site reclamation. 
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APPENDIX B: 

CLIMATE, METEOROLOGY, AND AIR QUALI1Y 

B.1 CLIMATE AND METEOROLOGY 

This section provides (1) recent meteorological and climatological data representative of the 
NPR-1 site area that has become available since 1979 and (2) additional information that 
has been developed using that recent data. Included is information on wind direction and 
speed, atmospheric stability, and mixing-height. These data are necessary to conduct an air 
quality impact analysis of the proposed action. 

Information from the following four data bases was used in developing the materials 
presented in this section: 

• Hourly wind data (direction and speed) measured at seven of eight air quality and 
meteorological monitoring stations in western Kern County operated by the West San 
Joaquin Area Monitoring Group of the Kern County Westside Operators for the period 
1983-1988 (Woodward-Clyde Consultants 1984-1989) (the Westside Operators is a 
consortium formed by a group of private oil firms operating in western Kern County); 

• Hourly surface observations of meteorological data collected at the National Weather 
Service station at Meadows Field Airport in Oildale (northwest of Bakersfield) for the 
period 1958-1987; 

• Mixing-height data at one of the eight monitoring stations operated by the Westside 
Operators; and 

• Aircraft sounding data measured at the National Weather Service station at Meadows 
Field (1981-1987). 

Fi&Ure B.1 shows the locations of the eight monitoring stations operated by the Westside 
Operators· and the National Weather Service station at Meadows Field. The approximate 
topography of western Kern County near the eight monitoring stations and their elevations 
are shown in Fi&Ure B.2. Table B.1 lists the meteorological parameters measured at the 
monitoring stations operated by the Westside Operators. 

'Three stations were closed during 1988 and one station was relocated. 
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TABLE B.1 Meteorological Parameters Measured at Monitoring Stations in Western 
Kern County Operated by Westside Operators· 

Station Wind Wind Mixing 
Numbeft Station Location Direction Speed Height 

1 Maricopa X X 
2 Taftc,d 
3 Fellows X X X 
4 Derby Acresd X X 
5 McKittrick X X 
6 Cymricd X X 
7 Kemridge X X 
8A Lost Hillsc X X 
8B Kern Wildlife RefugeC X X 

-An "X" indicates that a given parameter is measured at the indicated station. 
bStation numbers are keyed to locations shown in Figure B.l. 
cNo meteorological data are measured at this station. 
dClosed in June 1988. 
cRelocated from 8A to 8B in June 1988. 

Source: Woodward-Clyde Consultants 1987. 
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B.1.1 Wmd 

B.1.1.1 Wmd Direction and Speed 

The Westside Operators measure wind direction and speed at the 10-m level at all the 
monitoring stations they operate in western Kern County except for the Taft station (site 2 
in Fi�re B. 1). Fi�re B.3 shows wind roses based on 5 years (1983-1987) of data from the 
Maricopa, Fellows, and Lost Hills stations and on 16 years (1965-1980) of data from 
Meadows Field. At the three monitoring stations run by Westside Operators the wind 
direction distribution is approximately bimodal, with primary directions being from the 
western and northern quadrants. At the Fellows site, which is one of the stations closest to 
NPR-1, the prevailing wind is from the west-southwest. Flow from the quadrant centered 
on that direction is primarily indicative of nocturnal drainage winds originating from higher 
terrain west and southwest of the monitoring station. Northerly winds represent the 
prevailing daytime down-valley flow observed at most locations in the southern San Joaquin 
Valley. Fi�res B.4 and B.5 present nighttime and daytime wind roses, by season, computed 
from data collected at the Fellows station. As shown later in this section, stable atmospheric 
conditions are associated primarily with the nighttime drainage winds, and unstable and 
neutral conditions are associated primarily with the daytime, down-valley flows. 

At Meadows Field, located toward the eastern side of the valley, the prevailing windS are 
the daytime, down-valley flows from the north and northwest. The nighttime drainage winds 
from the eastern slope are somewhat less prevalent. 

The windflow patterns at the western and eastern sides of the southern San Joaquin Valley 
correspond to the windflow patterns illustrated for the Kern County area in Figure B.6. The 
flow patterns shown in the figure suggest that there is little exchange of air mass (and 
consequently air pollutants) between the western and central regions of the Kern County. 
This is one of the main reasons for dividing the San Joaquin Valley Air Basin portion of 
Kern County into two regions (western Kern County and central Kern County) for air 
quality control planning purposes. 

Wind data for an entire year are not available for the NPR-1 site, but hourly measurements 
were obtained at a central location on NPR-1 for an 8-day period during the summer of 
1987 (Mark Group 1987). Although certain features of the wind roses for the 8-day period 
at the NPR-1 site appear to be most analogous to those at the Fellows station among all the 
Westside Operators' meteorological monitoring stations, the measurement period at NPR-1 
was too short to draw any meaningful conclusions. Topographical features surrounding the 
Westside Operators' monitoring stations (Figure B.2) do not provide any basis to determine 
which station could best represent the wind conditions at the NPR-1 site. Evaluation of the 
wind roses for the seven western Kern County monitoring stations and Meadows Field in 
relation to the windflow patterns illustrated in Figure B.6 suggests that the wind patterns at 
the NPR-1 site may best be represented by those at the Fellows monitoring station. The 
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Fellows station is one of the stations closest to NPR-l .  Thus, the wind data at the Fellows 
monitoring station are used to describe those at the NPR-1 site in the following sections. • 
B.l.l.2 Wind Persistence 

Table B.2 shows the frequency distributions of wind direction persistence at the Fellows 
monitoring station for the period 1983-1987. The distributions indicate that the predominant 
west-southwesterly winds persist for longer periods than any other wind direction. Westerly 
winds persist 2 hours or more 10% of the annual period, and for as long as 12 consecutive 
hours. Winds from the north, which is the dominant direction during the daytime, last 2 or 
more consecutive hours 7% of the time. The maximum persistence of the northerly wind 
was 16 hours. 

Frequency distributions of wind speed persistence at the Fellows station are shown in 
Table B.3. Wind speeds between 1 and 3 mls are the most common (occurring 47% of the 
time) and persist for the longest periods (up to 24 or more consecutive hours). Wind speeds 
in excess of 1 1  mls rarely occur but have been observed to persist for as long as 9 
consecutive hours during the 5-year period. 

B.l.2 Atmospheric Stability 

The stability of the atmosphere relates to its tendency to resist or enhance vertical motion, 
or alternatively to suppress or augment existing turbulence. The degree of atmospheric 
turbulence depends primarily on the vertical temperature gradient, although it is also • influenced by terrain roughness, wind speed, and wind shear. 

Meteorological parameters needed to determine atmospheric stability (such as the 
temperature gradient in the surface layer) have been measured in the past in western Kern 
County. Stability data estimated at Belridge (approximately 10 miles northwest of NPR-1) 
were described in the 1979 EIS for NPR-1 (DOE 1979). Measurements of the temperature 
gradient at Belridge were terminated in the early 1980s. 

Stability data have been developed for use in air quality simulation modeling in conjunction 
with recent wind and mixing height data that are more representative of the NPR-1 site. 
The stability data were computed by applying the Turner's objective method (Turner 1964) 
to the wind data from the Fellows monitoring site and the ceiling height and cloud cover 
data measured at the National Weather Service station at Meadows Field (National Climatic 
Center 1988). Fi�re B.7 shows the annual distributions of various stability classes thus 
determined. Stable conditions (stability classes E, F, and G) occur most frequently (43% 
of the time); unstable conditions (stability classes A, B, and C) and neutral conditions 
(stability class D) occur 31  % and 26% of the annual period, respectively. 
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• TABLE B.2 Wmd Direction Persistence at the Fellows Monitoring Site, 1983·1987 

Frequenct of Persistent Wind by Direction (%) 

Persistence 
(Hours) N NNE NE ENE E ESE SE SSE S 

1 10.41 7. 13 4.37 3.46 3.76 4.65 3.15 2.62 2.94 
2 6.90 3.60 1.62 1.14 1.48 2.43 1.07 0.72 0.94 
3 4.42 1.73 0.5 1 0.27 0.53 1.24 0.40 0.21 0.37 
4 2.70 0.70 0.19 0.05 0.17 0.63 0.10 0.07 0. 14 
5 1.49 0.30 0.07 0.01 0.04 0.3 1 0.04 0.04 0.05 
6 0.87 0.15 0.03 0.01 0 0. 15 0 0.04 0.03 
7 0.5 1 0.09 0.02 0 0 0.10 0 0.04 0 
8 0.34 0.06 0 0 0 0.06 0 0.04 0 
9 0.20 0.02 0 0 0 0.02 0 0.02 0 
10 0.12 0 0 0 0 0.02 0 0 0 
1 1  0.09 0 0 0 0 0 0 0 0 
12 0.07 0 0 0 0 0 0 0 0 
13 0.04 0 0 O· 0 0 0 0 0 
14 0.04 0 0 0 0 0 0 0 0 
15 0.04 0 0 0 0 0 0 0 0 
16 0.04 0 0 0 0 0 0 0 0 

• 17 0 0 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 0 0 
19 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
21 0 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 0 0 0 
23 0 0 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 0 0 

>25 0 0 0 0 0 0 0 0 0 
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TABLE B.2 (Cont'd) • Frequenct of Persistent Wind by Direction (%) 

Persistence 
(Hours) SSW SW WSW W WNW NW NNW ALL 

1 5.05 1 1.20 15.01 9.21 5.32 4.79 6.91 100.00 
2 2.27 7.23 10.49 4.93 2.06 2.09 3.57 52.74 
3 1 .12 4.88 7.16 2.80 0.85 1 .07 2.1 1  29.67 
4 0.5 1 3.17 4.97 1.53 0.28 0.50 1.28 17.01 
5 0.26 2.18 3.55 0.80 0.13 0.35 0.81 10.44 
6 0.17 1 .53 2.48 0.32 0.02 0.25 0.46 6.52 
7 0.17 1.09 1.70 0.14 0.02 0.09 0.23 4.19 
8 0.12 0.80 1 . 14 0.1 1  0.02 0.02 0.16 2.87 
9 0.08 0.61 0.78 . 0.05 0 0 0.10 1.89 
10 0.06 0.41 0.54 0.03 0 0 0.08 1 .26 
1 1  0.06 0.3 1 0.27 0.03 0 0 0.06 0.82 
12 0.03 0.21 0.09 0.03 0 0 0.06 0.48 
13 0 0.06 0 0 0 0 0 0.10 
14 0 0 0 0 0 0 0 0.04 
15 0 0 0 0 0 0 0 0.04 
16 0 0 0 0 0 0 0 0.04 
17 0 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 0 
19 0 0 0 0 0 0 0 0 • 
20 0 0 0 0 0 0 0 0 
21 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 0 0 
23 0 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 0 

>25 0 0 0 0 0 0 0 

-In percent of all observations. 

Source: Derived from Woodward-Clyde Consultants 1988. 
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• TABLE B.3 Wind Speed Persistence at the Fellows Monitoring Site, 1983·1987 

Frequenct of Persistent Wind by Direction (%) 

Persistence 
(Hours) Calm 0-1 1-3 3-5 5-8 8-1 1  > 1 1 Total 

1 0.21 10.50 47.29 34.56 6.06 1 .10 0.27 100.00 
2 0.15 8.27 43.31 30.50 4.58 0.82 0.19 87.81 
3 0.08 6.54 38.16 26.00 3.25 0.54 0.1 1  74.68 
4 0.07 5.36 33.41 21.82 2.26 0.36 0.06 63.34 
5 0.03 4.60 29.15 17.65 1.47 0.23 0.03 53.17 
6 0.03 3.85 24.52 14.32 0.99 0.21 0.02 43.95 
7 0.03 3.40 20.22 1 1.61 0.57 0.13 0.02 35.98 
8 0.03 3.02 16.63 9.34 0.33 0.10 0.02 29.47 
9 0.03 2.75 13.52 7.66 0.17 0.08 0.02 24.23 
10 0.03 2.46 10.86 5.88 0.13 0.06 0 19.42 
1 1  0.03 2.22 8.81 3.78 0.10 0.03 0 14.97 
12 0.03 2.00 7.23 2.43 0.08 0.03 0 1 1.81 
13 0 1.80 5.15 1.35 0.05 0.03 0 8 .38 
14 0 1.61 3.69 0.94 0.05 0.03 0 6.3 1 
15 0 1.47 2.80 0.77 0.05 0 0 5.08 
16 0 1.29 1.96 0.62 0.05 0 0 3.91 

• 17 0 1.09 1.37 0.54 0.05 0 0 3.05 
18 0 0.93 1.08 0.42 0.05 0 0 2.47 
19 0 0.71 0.95 0.24 0.05 0 0 1.94 
20 0 0.57 0.90 0.20 0 0 0 1.67 
21 0 0.32 0.71 0 0 0 0 1.03 
22 0 0.22 0.45 0 0 0 0 0.67 
23 0 0.11  0.34 0 0 0 0 0.46 
24 0 0.06 0.12 0 0 0 0 0.18 

> 25 0 0 0 0 0 0 0 0 

·In percent of all observations 

Source: Derived from Woodward-Clyde Consultants 1988. 
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8.1.3 Diurnal Trends and Joint Frequency Distributions of Wind 
Speed, Wind Direction, and Atmospheric Stability 

Table B.4 shows diurnal variations in the most frequent wind directions, their average 
speeds, and most frequently associated stability classes. Stable drainage flow from the 
west-southwest is most frequently experienced during nocturnal hours. During early morning 
hours, wind flow exhibits a short transitional period as wind patterns shift from a westerly 
to a northerly flow. This shift is caused by the development of a down-valley flow 
stimulated by surface heating effects along the valley floor. As shown in Table B.4, stability 
conditions also undergo a transition from stable to neutral during this period. Concurrently, 
wind speeds tend to decrease while this directional change occurs. 

During late morning and afternoon hours, winds are typically down-valley flow from the 
northern quadrant, with moderate speeds of 2-3 m/s. During the daylight hours, the 
prevailing atmospheric stability class at the Fellows site is moderately unstable (Class B). 

Atmospheric conditions undergo another transition during the early evening hours. Just 
after sunset, the atmosphere stabilizes, and the wind changes from the down-valley flow into 
drainage flow from the western quadrant. Wind speeds decrease somewhat during this 
transitional period but increase with time as the drainage wind gains momentum. The 
three-way joint frequency distribution of stability, wind direction, and wind speed at the 
Fellows site for the period 1983-1987 is presented in Table B.s. 

B.l.4 Mixing Height 

The mixing-height is the height above the earth's surface through which relatively vigorous 
vertical mixing of air occurs. Convection at the surface caused by solar heating can be 
inhibited at higher elevations by the presence of stable layers or subsiding air from the 
upper atmosphere. Thus, the entire troposphere is not available for dilution and transport 
of pollutants released near the surface; only the lower atmosphere defined by mixing-height 
serves this function. 

Three potential data sources exist for mixing height in the vicinity of NPR-1 and the 
southern San Joaquin Valley Air Basin: (1) hourly mixing-height data estimated from the 
measurements by an acoustic sounder at the Westside Operators' Fellows monitoring station 
near the NPR-1 site (Fiirure B.1) ;  (2) seasonal mean mixing-height data interpolated for the 
NPR-1 area from Holzworth's climatological mixing-height isopleths over the contiguous 
United States (Holzworth 1972) ; and (3) daily morning and afternoon mixing-height data 
estimated from the aircraft temperature-sounding data measured every morning at Meadows 
Field near Bakersfield (CARB 1988a). 

Because the maximum mixing-height measured at Fellows is limited to 1,000 meters and 
because a substantial fraction of hourly data is missing, the Fellows site mixing-height data 
are not considered reliable. Mixing-height values interpolated from the Holzworth's 
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TABLE B.4 Diurnal Trends of Wind Direction, Wind Speed, and Atmospheric 
Stability at the Fellows Monitoring Site, 1983·1987 

Most Frequent Averaged 
Wind Wind Speed Most Frequent 

Local Time Direction (m/s) Stability Class 

Midnight WSW 3.2 Moderately stable (F) 
1 a.m. WSW 3.0 Moderately stable (F) 
2 a.m. WSW 2.8 Moderately stable (F) 
3 a.m. WSW 2.7 Moderately stable (F) 
4 a.m. WSW 2.6 Moderately stable (F) 
5 a.m. WSW 2.5 Moderately stable (F) 
6 a.In. WSW 2.4 Neutral (D) 
7 a.m. SW 2.0 Neutral (D) 
8 a.m. ESE 2.0 Neutral (D) 
9 a.m. N 2.1 Moderately unstable (B) 

10 a.m. N 2.3 Moderately unstable (B) 
11 a.m. N 2.5 Moderately unstable (B) 
Noon N 2.7 Moderately unstable (B) 
1 p.m. N 2.9 Moderately unstable (B) 
2 p.m. N 3.2 Moderately unstable (B) 
3 p.m. N 3.4 Moderately unstable (B) 
4 p.m. N 3.4 Slightly unstable (C) 
5 p.m. N 3.4 Neutral (D) 
6 p.m. N 3.2 Neutral (D) 
7 p.m. N 3.0 Slightly stable (E) 
8 p.m. WSW 2.9 Slightly stable (E) 
9 p.m. WSW 3.2 Slightly stable (E) 

10 p.m. WSW 3.3 Slightly stable (E) 
1 1  p.m. WSW 3.3 Slightly stable (E) 

Source: Derived from Woodward-Clyde Consultants 1988; National Climatic Center 
1988. 
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TABLE B.S Three-Way Joint Frequency Distribution of Atmospheric Stability, Wind Direction, and Wind Speed at the Fellows Monitoring 

. Site, 1983 - 1987 
-�---

Frequency- by Wind Speed (m/s) Class 

Wind 0-1 1-3 3-5 5-8 8-1 1  > 1 1 Meanb All Direction 

Stability 
Class A 

N 7 (0.02) 180 (0.44) 22 (0.05) o (0.00) 0 (0.00) 0 (0.00) 2.6 209 (0.5 1) 
NNE 10 (0.02) 25 1 (0.61) 22 (0.05) 0 (0.00) 0 (0.00) 0 (0.00) 2.5 283 (0.69) 
NE 6 (0.01) 258 (0.63) 10 (0.02) 0 (0.00) 0 (0.00) 0 (0.00) 2.5 274 (0.67) 
ENE 10 (0.02) 210 (0.5 1) 14 (0.03) 0 (0.00) o (0.00) 0 (0.00) 2.4 234 (0.57) 
E 1 1  (0.03) 164 (0.40) 11  (0.03) 0 (0.00) 0 (0.00) 0 (0.00) 2.3 186 (0.45) 
ESE 8 ·  (0.02) 107 (0.26) 8 (0.02) 0 (0.00) 0 (0.00) 0 (0.00) 2.4 123 (0.30) 
SE 2 (0.00) 29 (0.07) 1 (0.00) o (0.00) 0 (0.00) 0 (0.00) 2.2 32 (0.08) 
SSE 0 (0.00) 6 (0.01) 1 (0.00) 0 (0.00) o (0.00) 0 (0.00) 2.0 7 (0.02) 
S 1 (0.00) 5 (0.01) 0 (0.00) 0 (0.00) o (0.00) 0 (0.00) 1.9 6 (0.01) 
SSW o (0.00) 1 (0.00) o (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2.6 1 (0.00) 
SW 0 (0.00) 1 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2.2 1 (0.00) 
WSW 0 (0.00) 2 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2.6 2 (0.00) 
W 1 (0.00) 1 (0.00) 0 (0.00) o (0.00) 0 (0.00) 0 (0.00) 1 .8 2 (0.00) 
WNW 1 (0.00) 7 (0.02) 0 (0.00) o (0.00) 0 (0.00) 0 (0.00) 2.2 8 (0.02) 
NW 2 (0.00) 4 (0.01) o (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 .5 6 (0.01) 
NNW 5 (0.01) 57 (0. 14) 4 (0.01) 0 (0.00) 0 (0.00) o (0.00) 2.4 66 (0. 16) I 
CALM 1 (0.00) 
ALL 65 (0. 16) 1283 (3. 13) 93 (0.23) 0 (0.00) o (0.00) 0 (0.00) 2.4 1441 (3.52) 



TABLE 8.5 (Cont'd) 
---�- �----

Wind 
0-1 1-3 Direction 

Stability 
Class B 

N 34 (0.08) 585 ( 1 .43) 
NNE 38 (0.09) 674 ( 1 .65) 
NE 32 (0.08) 485 ( 1 . 18) 
ENE 3 1  (0.08) 414 ( 1 .01) 
E 36 (0.09) 43 1 ( 1 .05) 
ESE 20 (0.05) 4 1 1  ( 1 .00) 
SE 6 " (0.01) 76 (0. 19) 
SSE 8 (0.02) 27 (0.07) 
S 5 (0.01) 11 (0.03) 
SSW 6 (0.0 1) 11 (0.03) 
SW 4 (0.0 1) 14 (0.03) 
WSW 5 (0.0 1) 15 (0.04) 
W 6 (0.01)  15 (0.04) 
WNW 12 (0.03) 33 (0.08) 
NW 22 (0.05) 101 (0.25) 
NNW 33 (0.08) 268 (0.65) 
CALM 1 (0.00) 
ALL 299 (0.73) 3571 (8.72) 

• 

- ---�------�---

Frequency' by Wind Speed (mjs) Class 

3-5 5-8 8-1 1  

7 19 ( 1 .76) 12 (0.03) 0 (0.00) 
435 ( 1 .06) 2 (0.00) 0 (0.00) 
220 (0.54) o (0.00) 0 (0.00) 
124 (0.30) 1 (0.00) 0 (0.00) 
1 10 (0.27) 1 (0.00) 0 (0.00) 
120 (0.29) 4 (0.01)  0 (0.00) 

13 (0.03) 1 (0.00) 0 (0.00) 
2 (0.00) 0 (0.00) 0 (0.00) 
1 (0.00) 1 (0.00) 0 (0.00) 
2 (0.00) 0 (0.00) 0 (0.00) 
2 (0.00) 0 (0.00) 0 (0.00) 
5 (0.0 1) o (0.00) 0 (0.00) 
8 (0.02) o (0.00) o (0.00) 

12 (0.03) 0 (0.00) 0 (0.00) 
27 (0.07) o (0.00) 0 (0.00) 

200 (0.49) 9 (0.02) 0 (0.00) 

2000 (4.89) 3 1  (0.08) 0 (0.00) 

• 

> 1 1 Meanb All 

0 (0.00) 2.9 1350 (3.30) 
0 (0.00) 2.6 1 149 (2.81) 
0 (0.00) 2.4 737 ( 1.80) 
0 (0.00) 2.2 570 (1 .39) 
0 (0.00) 2. 1 578 ( 1.41) 
0 (0.00) 2.3 555 (1 .36) 
0 (0.00) 2.0 96 (0.23) 
0 (0.00) 1.7 37 (0.09) 
0 (0.00) 1.7 18 (0.04) 
0 (0.00) 1.5 19 (0.05) 
0 (0.00) 1 .6 20 (0.05) 
0 (0.00) 1.9 25 (0.06) 
0 (0.00) 2. 1 29 (0.07) 
0 (0.00) 1.9 57 (0.14) 
0 (0.00) 2.0 150 (0.37) 
0 (0.00) 2.6 510 (1 .25) 

0 (0.00) 2.5 5901 ( 14.42) 

• 



• • • 
TABLE R.5 (Cont'd) 

Frequency- by Wind Speed (m/s) Class 

Wind 
0-1 1-3 3-5 5-8 8-1 1  > 1 1 Meanb All Direction 

Stability 
Class C 

N 42 (0. 10) 366 (0.89) 706 ( 1 .72) 1 17 (0.29) 4 (0.01) 0 (0.00) 3.5 1235 (3.02) 
NNE 39 (0. 10) 287 (0.70) 302 (0.74) 16 (0.04) 1 (0.00) 0 (0.00) 2.9 645 (1 .58) 
NE 44 (0. 1 1) 204 (0.50) 86 (0.21) 4 (0.01) 0 (0.00) 0 (0.00) 2.3 338 (0.83) 
ENE 49 (0. 12) 185 (0.45) 40 (0. 10) 3 (0.01) 0 (0.00) 0 (0.00) 2.0 277 (0.68) 
E 66 (0. 16) 225 (0.55) 46 (0. 1 1) 4 (0.01) o (0.00) 0 (0.00) 2.0 341 (0.83) 
ESE 53 (0. 13) 303 (0.74) 102 (0.25) 7 (0.02) o (0.00) 0 (0.00) 2.3 465 ( 1. 14) 
SE 33 (0.08) 149 (0.36) 29 (0.07) 7 (0.02) o (0.00) 0 (0.00) 2. 1 218 (0.53) 
SSE 25 (0.06) 38 (0.09) 6 (0.01) 1 (0.00) 1 (0.00) 0 (0.00) 1.7 71 (0. 17) 
S 14 (0.03) 29 (0.07) 8 (0.02) 1 (0.00) 2 (0.00) 0 (0.00) 2. 1 54 (0. 13) 
SSW 12 (0.03) 26 (0.06) 1 1  (0.03) 5 (0.01) 0 (0.00) o (0.00) 2.3 54 (0.13) 
SW 16 (0.04) 44 (0. 1 1) 19 (0.05) 4 (0.01) 2 (0.00) 1 (0.00) 2.6 86 (0.21) 
WSW 14 (0.03) 71  (0. 17) 28 (0.07) 5 (0.01) 0 (0.00) 0 (0.00) 2.4 1 1 8  (0.29) 
W 28 (0.07) 64 (0. 16) 21  (0.05) 14 (0.03) 6 (0.01) 0 (0.00) 2.6 133 (0.32) 
WNW 29 (0.07) 83 (0.20) 30 (0.07) 19 (0.05) 0 (0.00) 0 (0.00) 2.5 161 (0.39) 
NW 40 (0. 10) 152 (0.37) 6 1  (0. 15) 14 (0.03) 0 (0.00) 0 (0.00) 2.4 267 (0.65) 
NNW 42 (0. 10) 223 (0.54) 3 18  (0.78) 91 (0.22) 1 (0.00) 0 (0.00) 3.4 675 (1 .65) 
CALM 2 (0.00) 
ALL 548 (1 .33) 2449 (5.96) 1813 (4.43) 3 12 (0.76) 17 (0.02) 1 (0.00) 2.8 5138 (12.55) 



TABLE 8.S (Cont'd) 

Frequency- by Wind Speed (m/s) Class 

Wind 
0- 1 1-3 3-5 5-8 8-1 1  > 1 1 Meanb All 

Direction 

Stability 
Class D 

N 74 ( 1 . 18) 337 (0.82) 5 15 ( 1 .26) 225 (0.55) 23 (0.06) 5 (0.01) 3.7 1 179 (2.88) 
NNE 85 (0.21)  285 (0.70) 247 (0.60) 55 (0.13) 1 (0.00) 0 (0.00) 2.9 673 ( 1.64) 
NE 82 (0.20) 173 (0.42) 63 (0. 15) 7 (0.02) o (0.00) 0 (0.00) 2.1 325 (0.79) 
ENE 76 (0. 19) 164 (0.40) 23 (0.06) 4 (0.01) o (0.00) 0 (0.00) 1 .7 267 (0.65) 
E 1 10 (0.27) 222 (0.54) 28 (0.07) 5 (0.01) o (0.00) 0 (0.00) 1 .7 365 (0.89) 
ESE 128 (0.3 1)  353 (0.86) 88 (0.21) 23 (0.06) 2 (0.00) 1 (0.00) 2. 1 595 ( 1.45) 
SE 176 (0.43) 279 (0.68) 88 (0.21)  40 (0. 10) 5 (0.01)  0 (0.00) 2.2 588 ( 1.44) I 
SSE 169 (0.41)  189 (0.46) 48 (0. 12) 37 (0.09) 12 (0.03) 4 (0.01) 2. 1 459 ( 1. 12) 
S 159 (0.39) 151  (0.37) 39 (0. 10) 35 (0.09) 15 (0.04) 9 (0.02) 2.4 408 (1 .00) 
SSW 140 (0.34) 207 (0.5 1)  57 (0. 14) 42 (0. 10) 17 (0.04) 9 (0.02) 2.6 472 ( 1. 15) 
SW 153 (0.37) 248 (0.6 1) 246 (0.60) 93 (0.23) 48 (0. 12) 14 (0.03) 3.4 802 ( 1.96) 
WSW 153 (0.37) 264 (0.64) 392 (0.96) 253 (0.62) 71 (0. 17) 31 (0.08) 4.1 1 164 (2.84) 
W 143 (0.35) 266 (0.65) 164 (0.40) 299 (0.73) 143 (0.35) 27 (0.07) 4.7 1042 (2.55) 
WNW 121 (0.30) 306 (0.75) 166 (0.41) 123 (0.30) 24 (0.06) 0 (0.00) 3. 1 740 ( 1.81) 
NW 14 1 (0.34) 296 (0.72) 189 (0.46) 1 19 (0.29) 21 (0.05) 4 (0.01) 3.1 770 ( 1.88) 
NNW 1 10 (0.27) 271 (0.66) 361 (0.88) 313 (0.76) 36 (0.09) 2 (0.00) 3.9 1093 (2.67) 
CALM 48 (0. 12) 
ALL 2068 (5.05) 401 1 (9.80) 2714 (6.63) 1673 (4.09) 418 ( 1 .02) 106 (0.25) 3.2 10942 (26.85) 

• • • 



• 
TABLE 8.S (Cont'd) 

Wind 
Direction 

Stability 
Class E 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
CALM 
ALL 

0- 1 

16 (0.04) 
1 1  (0.03) 
8 (0.02) 
7 (0.02) 

12 (0.03) 
14 (0.03) 
28 (0.07) 
3 1  (0.08) 
46 (0. 1 1 )  
42 (0. 10) 
58 (0. 14) 
61 (0. 15) 
50 (0. 12) 
23 (0.06) 
20 (0.05) 
14 (0.03) 
1 1  (0.03) 

452 ( 1 .1 1) 

----

1-3 

138 (0.34) 
102 (0.25) 
80 (0.20) 
32 (0.08) 
32 (0.08) 
64 (0. 16) 
98 (0.24) · 

109 (0.27) 
137 (0.33) 
216 (0.53) 
304 (0.74) 
302 (0.74) 
25 1 (0.6 1) 
163 (0.40) 
163 (0.40) 
144 (0.35) 

2335 (5.72) 

• • 
Frequency- by Wind Speed (m/s) Class 

3-5 5-8 8-1 1  > 11 Meanb All 

71 (0. 17) 7 (0.02) 0 (0.00) 0 (0.00) 2.6 232 (0.57) 
3 1  (0.08) 1 (0.00) 0 (0.00) 0 (0.00) 2.4 145 (0.35) 

5 (0.01)  0 (0.00) 0 (0;00) 0 (0.00) 2.1 93 (0.23) 
1 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 .7 40 (0.10) 
2 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1.6 46 (0. 1 1) 
7 (0.02) 2 (0.00) 0 (0.00) 0 (0.00) 2.0 87 (0.21) 

32 (0.08) 6 (0.01)  0 (0.00) 0 (0.00) 2.2 164 (0.40) 
33 (0.08) 10 (0.02) 0 (0.00) 0 (0.00) 2.3 183 (0.45) 
43 (0. 1 1 ) 7 (0.02) 0 (0.00) 0 (0.00) 2. 1 233 (0.57) 

108 (0.26) 6 (0.01)  0 (0.00) 0 (0.00) 2.5 372 (0.91) 
1025 (2.50) 1 12 (0.27) 0 (0.00) 0 (0.00) 3.7 1499 (3.66) 
208 1 (5.08) 155 (0.38) 0 (0.00) 1 (0.00) 3.8 2600 (6.35) 
778 (1 .90) 74 (0. 18) 0 (0.00) 0 (0.00) 3.5 1 153 (2.82) 
26 1 (0.64) 25 (0.06) 0 (0.00) 0 (0.00) 3.3 472 (1 .15) 
189 (0.46) 28 (0.07) 0 (0.00) 0 (0.00) 3.2 400 (0.98) 
129 (0.32) 16 (0.04) 0 (0.00) 0 (0.00) 3.0 303 (0.74) 

4796 (1 1 .71) 449 ( 1 .08) o (0.00) 1 (0.00) 3.4 8022 (19.60) 



TABLE 8.5 (Cont'd) 

Frequency' by Wind Speed (m/s) Class 

Wind 0-1 1-3 3-5 5-8 8-1 1  > 1 1 Meanb All Direction 

Stability 
Class F 

N 7 (0.02) 17 (0.04) 1 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 .6 25 (0.06) 
NNE 2 (0.00) 16 (0.04) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 .8 18 (0.04) 
NE 6 (0.01 )  12 (0.03) 1 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 .4 19 (0.05) 
ENE 7 (0.02) 12 (0;03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 .4 19 (0.05) 
E 6 (0.01)  16  (0.04) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 .3 22 (0.05) 
ESE 15 (0.04) 34 (0.08) 3 (0.01)  0 (0.00) 0 (0.00) 0 (0.00) 1 .5 52 (0. 13) 
SE 29 (0.07) 85 (0.21)  16  (0.04) 2 (0.00) 0 (0.00) 0 (0.00) 2.0 132 (0.32) 
SSE 47 (0. 1 1 )  140 (0.34) 18  (0.04) 0 (0.00) 0 (0.00) 0 (0.00) 1 .8 205 (0.50) 
S 55 (0. 13) 1 95 (0.48) 22 (0.05) 0 (0.00) 0 (0.00) 0 (0.00) 1 .9 272 (0.66) 
SSW 66 (0. 16) 508 ( 1 .24) 1 13 (0.28) 1 (0.00) 0 (0.00) 0 (0.00) 2.3 688 ( 1 .68) 
SW 90 (0.22) 891 (2. 18) 566 ( 1 .38) 2 (0.00) 0 (0.00) 0 (0.00) 2.6 1549 (3.78) 
WSW 68 (0. 17) 834 (2.04) 936 (2.29) 1 (0.00) 0 (0.00) 0 (0.00) 2.8 1839 (4.49) 
W 54 (0. 13) 580 ( 1 .42) 537 ( 1 .3 1 )  1 (0.00) 0 (0.00) 0 (0.00) 2.8 1 172 (2.86) 
WNW 23 (0.06) 329 (0.80) 238 (0.58) 0 (0.00) 0 (0.00) 0 (0.00) 2.6 590 (1 .44) 
NW 19 (0.05) 174 (0.43) 94 (0.23) 0 (0.00) 0 (0.00) 0 (0.00) 2.5 287 (0.70) 
NNW 8 (0.02) 69 (0. 17) 17 (0.04) 1 (0.00) 0 (0.00) 0 (0.00) 2. 1 95 (0.23) 
CALM 10 (0.02) 
ALL 5 12 ( 1 .24) 3912 (9.57) 2562 (6.25) 8 (0.00) 0 (0.00) 0 (0.00) 2.6 6984 ( 17.04) 

• • • 



• • 
TABLE 8.5 (Cont'd) 

- �-

Frequency- by Wind Speed (m/s) Class 

Wind 
0- 1 1-3 3-5 5-8 8-1 1  > 1 1 

Direction 

Stability 
Class G 

N 5 (0.01)  7 (0.02) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
NNE 4 (0.01 )  8 (0.02) o (0.00) o (0.00) 0 (0.00) 0 (0.00) 
NE 5 (0.01) 1 (0.00) o (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
ENE 3 (0.01) 3 (0.01) o (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
E 7 (0.02) 3 (0.01) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
ESE 12 (0.03) 21 (0.05) o (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
SE 27 (0.07) 38 (0.09) 2 (0.00) o (0.00) 0 (0.00) 0 (0.00) 
SSE 43 (0. 1 1 )  7 1  (0. 17) o (0.00) o (0.00) 0 (0.00) 0 (0.00) 
S 76 (0. 19) 139 (0.34) o (0.00) o (0.00) . 0 (0.00) 0 (0.00) 
SSW 151  (0.37) 304 (0.75) o (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
SW 147 (0.36) 478 ( 1 . 17) 5 (0.01) o (0.00) 0 (0.00) 0 (0.00) 
WSW 1 17 (0.29) 286 (0.70) 3 (0.01)  o (0.00) o (0.00) 0 (0.00) 
W 56 (0. 14) 169 (0.4 1) 4 (0.01) o (0.00) 0 (0.00) 0 (0.00) 
WNW 28 (0.07) 102 (0.25) 2 (0.00) 1 (0.00) 0 (0.00) 0 (0.00) 
NW 8 (0.02) 59 (0. 14) 1 (0.00) o (0.00) 0 (0.00) 0 (0.00) 
NNW 9 (0.02) 15 (0.04) 3 (0.01)  o (0.00) 0 (0.00) o (0.00) 
CALM 1 1  (0.03) 
ALL 709 ( 1 .76) 1704 (4. 17) 20 (0.04) 1 (0.00) 0 (0.00) 0 (0.00) 

rrhe numbers before parentheses are hours of occurrence; numbers in parentheses are percent of the time. 
bMean wind speed for the stability and wind direction indicated. 

Source: Derived from Woodward-Clyde Consultants 1988; National Climatic ·Center 1988. 

• 

Meanb All 

1 . 1  12 (0.03) 
1 .1  12 (0.03) 
0.7 6 (0.01) 
0.9 6 (0.01) 
0.8 10 (0.02) 
1 .3 33 (0.08) 
1.2 67 (0.16) 
1.2 1 14 (0.28) 
1 .2 2 15 (0.53) 
1 .3 455 (1 . 11)  
1 .4 630 ( 1.54) 
1.3 406 (0.99) 
1.4 229 (0.56) 
1.4 133 (0.32) 
1 .5 68 (0.17) 
1 .5 27 (0.07) 

1.3 2423 (5.91) 



isopleths are not considered representative of the conditions in the southern San Joaquin • Valley because they are based on temperature-sounding data measured outside the southern 
San Joaquin Valley. Thus, the mixing-height data based on the Meadows Field tempera
ture-sounding measurements are considered most reliable and representative of the NPR-1 
site. Fi�re B.8 shows seasonal and annual morning and afternoon mean mixing-height 
values estimated from the Meadows Field temperature-sounding data (CARB 1988a) using 
a method formulated by Holzworth ( 1972). 

B.2 AIR QUALI1Y STANDARDS AND REGULATIONS 

The 1979 EIS (DOE 1979) described the ambient air quality standards and other federal, 
state, and local air quality regulations applicable at this time. However, a number of 
changes have occurred in the standards and other air pollution control regulations since 
then. These changes are briefly summarized below. 

B.2.1 Ambient Air Quality Standards 

The primary and secondary National Ambient Air Quality Standards (NAAQS) were pro
mulgated by the U.S. Environmental Protection Agency (EPA) in 1971 (EPA 1971). The 
primary standards were established to protect the public health with an adequate margin of 
safety, and the secondary standards were intended to protect the public welfare from any 
known or anticipated adverse effects of a pollutant. Several changes have been made to the 
NAAQS since publication of the 1979 NPR-l EIS. Significant changes include (1) an 
increase in the level of the I-hour 03 standard from 0.08 ppm to 0.12 ppm, (2) replacement • of total suspended particulates (TSP) as the indicator for particulate matter with PMIO 
(suspended particulate matter with an aerodynamic diameter equal to or less than a nominal 
10 J-Lm); (3) deletion of nonmethane hydrocarbon standards; and (4) addition of lead (Pb) 
standards. 

The current NAAQS and California Ambient Air Quality Standards (CAAQS) are listed in 
Table B.6. The California standards were initially established by CARB as goals to protect 
the most sensitive populations -- particularly children, the elderly, and individuals suffering 
from lung and heart diseases. However, the California Clean Air Act of 1988 established 
them as standards to meet. 

B.2.2 Attainment Plans 

The Clean Air Act of 1970 required the attainment of the NAAQS no later than July 1, 
1977. Because most areas of the nation were unable to attain those standards by the 
deadline, the Clean Air Act Amendments of 1977 were passed, setting rigorous additional 
requirements for the nonattainment areas to ensure timely attainment of NAAQS. These 
requirements included a deadline for submission of state implementation plans (SIPs). The 
SIPs outline additional controls on existing sources and define the review procedures and 
emission limits that are necessary in order for new sources to attain the standards by the end 

B-24 • 
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TABLE B.6 Ambient Air Quality Standards Applicable in Kern County, California 
-

Averaging 
Pollutant Time 

Oxidant 1 hour 
Ozone 1 hour 

Carbon Monoxide 8 hours 
1 hour 

Nitrogen dioxide Annual 
1 hour 

Sulfur dioxide Annual 
24 hours 
3 hours 

1 hour 

Suspended particulate matter (PMIO) Annual 
24 hours 

Sulfates 24 hours 

Lead (particulate) 30 days 
Calendar quarter 

Hydrogen sulfide 1 hour 

Vinyl Chloride (chloroethene) 24 hours 

• 

California 
Standards· 

0.09 ppm ( 180 p.g/m3y 

• 

-

9.0 ppm ( 10 mg/m3) 
20 ppm (23 mg/m3) 

-

0.25 ppm (131 p.g/m3) 

-

0.05 ppm (131  p.g/m3) 
-

0.25 ppm (13 1  p.g/m3) 

30 p.g/m3e 
50 p.g/m3 

25 p.g/m3 

1.5 p.g/m3 
-

0.03 ppm (42 p.g/m3) 

0.010 ppm (26 p.g/m3) 

Federal Standardsb 

Primary Secondary 

- -

0. 12 ppm (235 p.g/ m3) Samed 

9 ppm ( 10 mg/m3) Same 
35 ppm (40 mg/m3) 

100 p.g/m3 (0.05 ppm) Same 
-

80 p.g/m3 (0.03 ppm) -

365 p.g/m3 (0. 14 ppm) -

- 1300 p.g/m3 
(0.5 ppm) 

- -

50 p.g/m3r Same I 150 p.g/m3 

- -

- - I 
1.5 p.g/m3 Same 

- -

- -

• 
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TABLE B.6 (Cont'd) 

Federal Standards" 
Averaging California 

Pollutant time Standardsl 
Primary Secondary 

Visibility-reducing particles 1 observation In sufficient amount to 
reduce the prevailing 
visibility to less than 10 - -

miles when the relative 
humidity is less than 
70% 

INational standards, other than oxidant, carbon monoxide, sulfur dioxide (1 hour), nitrogen dioxide, and particulate matter (PM1o) are 
values that are not to be equaled or exceeded. The oxidant, carbon monoxide, sulfur dioxide ( 1  hour), nitrogen dioxide, and particulate 
matter (PMIO) standards are not to be exceeded. 
bNational standards, other than ozone, particulate matter (PMIO) and those based on annual averages, are not to be exceeded more than 
once a year. The ozone standards are attained when the expected number of days per calendar year with maximum hourly average 
concentrations above the standard is equal to or less than one. The 24-hour particulate matter (PMIO) standards are attained when the 
expected number of days with a 24-hour average concentration above the standard is equal to or less than l. The annual arithmetic 
mean particulate matter (PMIO) standards are attained when the expected annual arithmetic mean concentration is less than or equal to 
the standard. 
cppm = parts per million; p.g/m3 = micrograms per cubic meter. 
dSame as Primary Standard. 
cGeometric mean of all reported values taken during the year. 
fArithmetic mean of the quarterly arithmetic means for the four calendar quarters of the year. 

Sources: California Code of Regulations, Title 17, Section 70200; Code of Federal Regulations, Title 40, Part 50. 



of 1982, with a possible extension to the end of 1987 for 03 and CO. To meet these 
requirements, the Kern County Air Pollution Control District (KCAPCD) adopted an • attainment plan in 1979 and a more stringent, revised plan in 1982. Implementation of 
these plans has resulted in steady improvements in several air quality parameters, except for 
concentrations of 03 and suspended particulate matter. To attain the NAAQS for 03 and 
CO, the KCAPCD plan was revised again in 1986, and later updated in 1987. However, the 
plan was not approved by EPA, and the 03 standard was not met. Another revised plan 
with provisions for attainment of PMlO standards is due in rnid-1993. Carbon monoxide is 
now an attainment pollutant in the NPR-1 area. 

The 1987 revised Kern County SIP contains an important provision that is directly relevant 
to operation of NPR-l.  That provision is to impose KCAPCD Rule 427 on western Kern 
County (Kern County west of Highway 5) in the event that it is needed. The KCAPCD 
Rule 427 requires a more effective NOx-control strategy for existing internal combustion 
engines with ratings greater than 50 hp. The rule would be imposed if implementation of 
existing precursor-control measures fails to attain the NAAQS for 03• The standard would 
be deemed not attained if 03 concentrations exceed 0.12 ppm on more than 3 separate days 
during the 3-year period 1988-1990. The additional NOx control measures would be 
imposed, however, at anytime during those 3 years that a fourth exceedance of the standard 
occurred. The 3-day period was exceeded in October 1988. The application of Rule 427 
to western Kern County and the requirement for additional NOx emission reduction from 
existing internal combustion engines became effective in April 1989. 

Currently, SIP's are developed only for attainment of the NAAQS; however, the California • Clean Air Act of 1988 requires that attainment plans also be developed by each air 
pollution control district for the attainment of more stringent CAAQS and be submitted by 
December 31, 1990. The attainment plans will require more stringent emission-control 
strategies to attain and maintain the CAAQS than would be required for NAAQS 
attainment. The attainment plan will require reduction of emissions of nonattainment 
pollutants in each district by 5% per year using the district's emissions as of December 31, 
1987, as a baseline. Mandatory control strategies required to attain and maintain the 
CAAQS will depend on the severity of nonattainment. The most stringent control strategies 
would be required in air basins with "severe" air pollution, and would include (1) no net 
increase in emissions of nonattainment pollutants or their precursors from any new or 
modified stationary source, (2) application of the best available retrofit control technology 
to existing sources, and (3) additional measures to control emissions from vehicular sources. 
Severe air pollution is defined for an area where attainment is not expected until after 
December 31, 1997, or an attainment date cannot be identified. These requirements 
parallel those outlined in the 1990 Amendments to the FCAA. 

8.2.3 Regulations for Toxic Air Contaminants 

Although not subject to the CAAQS or NAAQS, a number of noncriteria air pollutants are 
designated by EPA as hazardous air pollutants according to Section 112 of the Clean Air 
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Act (40 CFR 61  Subpart A), or are identified by CARB as toxic air contaminants (CARB 
1989). Hazardous air pollutants thus designated or identified are listed in Table B.7. 
National emission standards have been established by EPA for the designated hazardous air 
pollutants, and control measures have been developed or are under development by CARB 
for the identified toxic air contaminants. These regulations were modified by the 1990 
Amendments to the FCAA. 

Benzene, a compound that may be contained in the hydrocarbon emissions at NPR-l, is 
designated as a hazardous air pollutant by EPA and as a toxic air contaminant by CARB. 
The national emission standards for equipment leaks of benzene and of volatile hazardous 
air pollutants apply only to the equipment that either contains or contacts a fluid (liquid or 
gas) that is at least 10% by weight benzene or volatile hazardous air pollutant. 

Another California regulation on toxic air contaminants (Air Toxies "Hot Spot" Information 
and Assessment Act of 1987 [Assembly Bill 2588]) requires all emission sources with criteria 
pollutant emissions above 25 tons per year (according to the 1985 CARB emissions
inventory) to submit emissions-inventory data for any of the more than 300 listed 
compounds. The list of compounds includes benzene, toluene, and xylene, which are present 
in the crude oil produced at NPR-l. The emissions-inventory data submitted are to be used 
in assessing health risks associated with potential emissions and in developing control 
measures, if deemed necessary. 

. 

B.3 TRENDS IN AMBIENT AIR QUALIlY 

B.3.1 Introduction 

This section describes trends in ambient air quality in the southern San Joaquin Valley Air 
Basin for 03 and in the Kern County portion of the air basin for other air quality 
parameters. This analysis is based on data from the monitoring networks operated by 
(1)  state and local agencies (California Air Resources Board 1978-1988) and (2) the 
Westside Operators (Woodward-Clyde Consultants 1984-1989). Locations of the air quality 
monitoring stations operated in the San Joaquin Valley Air Basin by the state and local 
agencies during 1988 are shown in FiiUre B.9. Monitoring stations operated in western 
Kern County by the Westside Operators are shown in Fi�re B.1. Air quality parameters 
measured at these monitoring stations during 1988 are listed in Table B.8. 

Trends in levels of 03, N02, and CO up to 1985 for the Kern County portion of the San 
Joaquin Valley Air Basin are described in a report by the Kern County Air Pollution 
Control District and Kern Council of Governments ( 1986). These trends were constructed 
by plotting 3-year moving averages of.county-wide data summarized by the CARB from the 
monitoring network operated by state and local agencies. This section contains updated 
trends reflecting the additional data collected up to 1988 for 03• N02, and CO and the 
trends for other air pollutants. 
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TABLE B.7 Hazardous Air Pollutants Designated by EPA and Toxic Air Contaminants • Identified by CARD 
Hazardous Air Pollutants 

Designated by EPA· 

Asbestos 
Benzene 
Beryllium 
Coke oven emissions 
Inorganic arsenic 
Mercury 
Radionuclides 
Vinyl Chloride 
Hexavalent Chromium 
Inorganic Arsenic 
Trichloroethylene 
Chloroform 13.A-4 

Toxic Air Contaminants 
Identified by �b 

Asbestos 
Benzene 
Cadmium 
Chlorinated dioxins and dibenzofurans 
(15 species) 
Chromium (VI) 
Ethylene bromide 
Ethylene dichloride 
Carbon tetrachloride 
Ethylene oxide 

·Designated according to Section 1 12 of the Clean Air Act (Code of Federal Regulations, 
Title 40 Part 61). Although not formally designated, there are 25 additional compounds or 
classes of compounds, including toluene, for which a Federal Register notice has been 
published that included consideration of serious health effects. An additional 189 chemicals 
have been identified for future consideration as toxic air contaminants by EPA pursuant to • Title V of the 1990 Amendments to the Federal Clean Air Act. 13.A-4 

bIdentified pursuant to the provisions of California's air toxies law (California Health and 
Safety Code Section 39650 et seq.). Thirty-two additional compounds or classes of com
pounds are currently under review. Seventeen additional compounds or classes of com
pounds are also listed for which health effects information is limited or not yet sufficient to 
support review (CARB 1989). 

B-30 • 



• 

• 

• 

I"'�\ SA N  " '} � STOCKTON (5) 
'T ",  I , 

J OA QU� '" 
I 0 " " ,� 
I C O .J .l"MODES�9 (3) ( " "// * .,.. \ /""\..... STANISLAUS CO.

(
+ TURLOCK \ r' / f 

CROWS LANDING � ° MERCED � )
/ 

") \'Y MERC ED  Y � 
LOS BANOS ; 

O . /----MADERA CO/ _'-) \ /\ �MAD�RA (2) 
" / / / ... � .FRE S N O  C O . 

, FRESNO (4) " • PARLIER --- , 

" ,  . �- \ 

A 

FIVE POINTS ° �/l • S EQUOIA-ASH MOUNTAIN 
I � , -"",- . SEQUOIA-GIANT FOREST -- HANFORD . """ VISALIA 

S J K I N G S  r T U LARE  C O . \ " �
OO* C O ' O ,CORCORAN o PORTERVILLE \ 

KETTLEMAN CITY ( 2) I 
_ .1. ___ - - ----" 

, ° KERN REFUGE 

\ OILDALE 
_ to BAKERSFIELD (2 )  

� "' EDISON I 

L E G E N D: 

'�:;�:::OPA 

KF C O .  

-�--_/ 
W - 8;- E 

�. 
• G . .. OUI pollut ant or m u lti pollut ant 

monitorinQ lit. 

o 10 20 30 40 
, I , , I 

Scale in milel 

o Particulate I&lIl plinQ only 

� ARB operated lite 

* Dia c o ntinued durinQ year 

t Sit. reloc ated 

.FIGURE B.9 LOCATIONS OF SAN JOAQUIN VALLEY AIR BASIN MONITORING 
STATIONS OPERATED BY STATE AND LOCAL AGENCIES DURING 

1 988 (SOURCE: CARB ANNUAL REPORT FOR 1 988) 



TABLE B.8 Air Quality Parameters Measured at Monitoring Stations in Western and Central Kern County During 1988. 

Air Quality Parametersb,c 

Monitoring Stationa 
0] CO N02 S02 TSP PMIO Pb 

Western Kern County 
Kern Wildlife Refuged,C X X X X 
Lost Hillsd,c X X 
Kernridged Xr X X X Xr Xr 

Cymricd,c X 
McKittrickd Xr Xr X Xr Xr 
McKittrickd X X X X X 
Derby Acresd,r X X X 
Fellowsd XI XI X XI XI 
Taftd,r X 
Taft X X X 
Maricopad X X X 
Maricopa X 

Central Kern County 
Kern Refuge X X 
Oildale X X X X X X 
Bakersfield - Chester X X X X X X X 
Bakersfield - Flower X X 
Edison X XI 

aMonitoring stations operated by state or local agencies unless otherwise noted. 
bOnly air quality parameter of primary interest, not all parameters measured, are listed here. 
cAn "X" indicates that a given parameter was measured at the indicated station. 
dMonitoring stations operated by the Westside Operators. 
cRelocated from Lost Hills to Kern Wildlife Refuge during 1988. 
rClosed during 1988. 
IMonitors installed during 1988. 

TSP-
S04 

X 

Xr 

Xr 
X 
X 
XI 

X 
X 

X 
X 
X 
X 

Source: CARB Annual Report for 1988; Woodward-Clyde Consultants Annual Report for 1988 . 
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Information on the current visibility parameter (visual range) in the Kern County portion 
of the San Joaquin Valley Air Basin is derived from data measured at the NWS station at 
Meadows Field, near Bakersfield. The visibility data base used in this analysis was obtained 
from the National Climatic Data Center in the Weather Bureau-Air Force-Navy (WBAN) 
hourly surface observation format for the 30-year period 1958-1987. 

B.3.2 Ozone 

The spatial distribution of ambient ozone (03) concentrations in the southern San Joaquin 
Valley Air Basin and the seasonal and diurnal variations in those concentrations are 
described in detail in the 1979 NPR-1 EIS (DOE 1979) based on data collected before 1978. 
These features, which essentially depend on the precursor emissions in upwind areas and 
on diurnal variation in solar intensity, should remain unchanged. More up-to-date 
information on some of these features is provided later in this section. 

Table B.9 lists the 1988 annual summary statistics of the ambient 03 concentrations over the 
southern San Joaquin Valley Air Basin. Data for the Kern County portion of the San 
Joaquin Valley Air Basin are presented separately for central and Western Kern County 
because these two segments of the county are affected by different air flow patterns that 
influence the transport of 03 precursors. Data for other air quality parameters in the 
subsequent tables are presented in the same manner because the data from western Kern 
County better represent the NPR-1 site than do the central Kern County data . 

Table B.9 shows that the NAAQS for 03 (0. 12 ppm as a I-hour average) was exceeded on 
a number of days at most of the monitoring stations (e.g., 5 days at Bakersfield and 54 days 
at Edison). The number of occurrences from April through October peaked in July through 
September (Table B.10). Ozone concentrations were generally higher in the eastern and 
southern portions of the valley and in areas downwind of major metropolitan areas, such as 
Fresno and Bakersfield. Fi�re B.lO shows the spatial distribution of the mean daily 
maximum I-hour 03 concentrations during August 1987, and Table B.9 shows the number 
of days that the NAAQS was exceeded during 1988. 

The highest and the second-highest I-hour 03 concentrations measured in 1988 at 
monitoring stations in central and western Kern County were 0. 17 ppm and 0.16 ppm, 
respectively. These 03 levels have changed little over the last 8 years. The plots of 3-year 
moving averages of these concentrations in central and western Kern County are shown in 
Fi�re B.1l. The number of hours and the number of days that exceeded the NAAQS for 
03 (0.12 ppm) in central Kern County and corresponding numbers that exceeded the 
California standard for 03 (0.09 ppm) seem to have increased somewhat during the last 
5 years but are only slightly greater than those 10 years ago (Figure B.12). The number 
of hours and the number of days that exceeded the NAAQS for 03 at Maricopa in western 
Kern County and the corresponding numbers that exceeded the California standard for 03 
appear to have decreased slightly during the last 5 years (Figure B.13). (Table B.1 1 shows 
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TABLE B.9 1988 Annual Summary Statistics for Ambient Ozone Concentration at Monitoring Stations 
in Southern San Joaquin Valley Air Basin 

Daily Annual Mean Annual 
Max. I-hour Conc. (ppm) 

Number of Occurrences 
County and Conc. (ppm) with I-hour Conc. 
Monitoring 

Daily > 0.09 ppmb >0. 12 ppmc Station· First Second All 
Highest Highest Hours Maximum 

Hour Hour (day) Hour (day) 

Fresno County 
Fresno-Sierra 0. 15d 0. 14d 0.036d 0.069d 220 (60) 16 (8) 
Fresno-Drumm 0. 19 0. 17 0.030 0.063d 161 (56) 19 ( 1 1 )  
Fresno-Olive 0. 16 0. 16 0.028 0.061 147 (53) 17 (9) 
Fresno-Cal. State 0. 16 0. 16 0.039 0.074 325 (84) 50 (27) 
Parlier 0. 15d 0. 15d 0.04� 0.077d 406 (95) 44 (26) 

Tulare County 
(Visalia) 0. 15 0. 13 0.034 0.067 263 (77) 5 (4) 

Kern County - Central 
Oildale 0. 14 0. 13 0.043 0.072 300 (73) 5 (5) 
Bkrsfld-Chester 0. 14 0. 14 0.031 0.068 289 (76) 8 (5) 
Edison 0. 17d 0. 17d 0.045d 0.083d 562 (125) 100 (54) 

Kern County - Western 
Kern Wildlife 

Refugec,f 0. 1 1d 0. 10d 0.024d 0.055d 3 (3) 0 (0) 
Kernridgec,& O. lOd O. lOd 0.032d 0.052d 5 (3) 0 (0) 

• • 

Number of 
I-hour 

Samples 

6,927 
7,927 
8,125 
7,881 
7,554 

8,013 

7,939 
7,922 
7,491 

4, 163 
4,065 

• 



• • 
TABLE 8.9 1988 (Cont'd) � 

Daily Annual Mean Max. I-hour Cone. (ppm) County and Cone. (ppm) 
Monitoring 

Daily Station· First Second All 
Highest Highest Hours Maximum 

Hour 

Kern County - Western 
McKittrick O. 12d O. l ld 0.038d 0.06� 
Taftc.1 0.08d 0.07d 0.026d 0.040d 
Maricopa School 0. 14d 0. 14d 0.048d 0.069d 
Maricopac 0. 16 0. 16 0.044d 0.067 

-Monitoring stations operated by state or iocal agencies unless otherwise noted. 
bCal ifornia I-hour ambient air qual ity standard for oxidant. 
CNational I-hour primary and secondary ambient air quality standard for ozone. 

• 
Annual 

Number of Occurrences 
with I-hour Cone. Number of 

> 0.09 ppmb > 0.12 ppmc 
I-hour 

Samples 

Hour (day) Hour (day) 

9 (2) 0 (0) 1,644 
0 (0) 0 (0) 4,258 

321 (69) 13 (6) 6,996 
359 (76) 30 (8) 8,366 

dData presented are valid but incomplete in that insufficient data points were collected to meet EPA or CARB criteria for representativeness. 
cMonitoring stations operated by Westside Operators. 
fOzone monitor installed during 1988. 
IMonitoring terminated during 1988. 

Sources: CARB Annual Report for 1988; Woodward-Clyde Consultants' Annual Report for 1988. 



TABLE B.I0 Number of Days Ambient Ozone Standards Were Exceeded Per Month in 1988 at Selected Monitoring 
Stations in the San Joaquin Valley 

Number of Days with I-hour Concentrations Higher than Ambient Standard 
Ambient Monitoring 
Ozone Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Standard 

California Fresno-Olive 0 1 0 1 4 6 13 9 12 7 0 0 
(0.09 ppm) Parlier 0 1 2 6 7 14 25 19 20 -- I 0 

Visalia 0 2 1 0 5 13 16 9 17 14 0 0 
Bkrsfld-Chester 0 1 1 1 5 10 17 12 12 17 0 0 
Edison 0 2 2 5 1 1  12 22 28 21 21 1 0 
McKittrick 0 2 0 - - - - - - - - -

Federal Fresno-Olive 0 0 0 0 0 1 1 2 4 1 0 0 
(0.12 ppm) Parlier 0 0 0 1 1 2 1 1  7 4 - 0 00 

Visalia 0 0 0 0 0 1 0 2 1 0 0 0 
Bkrsfld-Chester 0 0 0 0 1 0 2 0 1 1 0 0 
Edison 0 0 1 1 2 5 13 1 1  1 1  10 0 0 
McKittrick 0 0 0 - - - - - - - - -

-Data not available 

Source: CARB Annual Report for 1988 . 
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Year 

53 
95 
77 
76 

125 
2 

9 
2: I 
5 

54 I 
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FIGURE 8 . 1 1 TRENDS IN THE MAXIMUM 1 -HOUR OZONE CONCENTRATIONS IN 
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TABLE B.l l  Number of Days Ambient Ozone Standards Were Exceeded per Year at Selected Monitoring 

. Stations in San Joaquin Valley, 1978-1988 

• 

Number of Days with I-hour 03 
Concentrations Higher than Ambient Standard 

Ozone Standard Monitoring Station 
1978 1979 1980 1981 1982 1983 1984 1985 1985 1987 1988 

California 
(0.09 ppm) Fresno-Olive 36 36 55 26 21 23 5 42 26 67 53 

Parlier 0- b - 91- 74- 71- 107 95-- - - -
Visalia 18 38 77 54 43 46- 46 38 95 90 77 
Bkrsfld-Chester 77 36 61  47 45 50 3� 62 68 68 76 
Edison - - - 100- 68 36' 57' 104' 78 1 10 125' 

Federal Fresno-Olive 9 7 14 5 1 2 0 7 6 12 9 
(0. 12 ppm) Parlier 0- - - - - - 18- 1 1  21- 27 26' 

. Visalia 2 8' 10 2 3 4' 2 1 12 8 4 
Bkrsfld-Chester 15 4 7 7 7 7 2' 5 7 10 5 
Edison - - - 50- 19 17' 23' 24' 28 43 54-

'Data presented are valid but incomplete in that an insufficient number of data points were collected to meet EPA or CARB criteria for 
representativeness. 
bData not available. 

Source: CARB 1978-1988. 



a similar trend for the number of days that the ambient 03 standard was exceeded at other 
monitoring stations in the southern San Joaquin Valley Air Basin.) • 
Ambient 03 plays an important role in conversion of nitrogen oxide (NO) to nitrogen 
dioxide (N02) and other nitrogen compounds of higher oxidation state. Seasonal maximum 
hourly 03 concentrations and corresponding N02 concentrations measured at the monitoring 
stations in western Kern County have been analyzed. (These data were used in ambient 
N02 modeling incorporating the ozone-limiting method, as described in Section B.S.) 
Fi�re B.14 plots seasonal maximum and mean hourly 03 and N02 concentrations at the 
Westside Operators' Maricopa station for the period 1983-1987. The following seasonal and 
diurnal patterns are illustrated in the figure: ( 1) higher 03 levels in warmer seasons and 
during daytime, (2) higher N02 concentrations during the colder winter season, and (3) 
higher N02 concentrations and corresponding dips in 03 levels during the morning and 
afternoon rush hours. The seasonal maximum hourly 03 concentrations and corresponding 
N02 concentrations are shown in Figure B.15 for the Maricopa station. Comparison of 
Fi�res B.14 and � indicates that N02 leveis corresponding to the seasonal maximum 03 
concentrations are, in general, similar to or slightly lower than the seasonal mean hourly 
N02 concentrations, but are significantly lower than the seasonal maximum hourly N02 
concentrations. Ozone data from other monitoring stations in western Kern County 
operated by the Westside Operators or CARB show seasonal and diurnal patterns to be 
generally similar to those at the Maricopa station, but with somewhat lower concentration 
levels. 

B.3.3 Suspended Particulate Matter 

Table B.12 presents the 1988 annual summary statistics for 24-hour ambient suspended 
particulate matter (PMlO) concentrations measured in the Kern County portion of the San 
Joaquin Valley Air Basin. The table includes the levels of 24-hour concentrations (the 
highest, the second highest, and the lowest), annual mean concentrations (geometric and 
arithmetic), and the number of 24-hour samples that exceeded the California and national 
standards. 

The annual NAAQS for PMlO (50 p.g/m3 as an arithmetic mean) was exceeded in 1988 at 
all three monitoring stations listed where samplers were in operation throughout the year. 
The standard was exceeded by about 20% or more at these stations. The three stations 
exceeded the California annual standard of 30 p.g/m3 (as a geometric mean) by substantial 
margins. Both the 24-hour NAAQS for PMlO (150 p.g/m3) and the California standard 
50 p.g/m3) were exceeded at all three monitoring stations. 

The PMlO samples were not collected at the monitoring stations listed in Table B.12 before 
1984. No increasing or decreasing trend of PMlO levels could be identified from the limited 
period of available data. 
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TABLE B.12 Summary Statistics for ambient Suspended Particulate Matter (PMI� Concentrations at monitoring Stations in Kern County 

24-hour Concentration (p.g/m3) 

Monitoring Stationa First Second Annual Mean 

Highest Highest Lowest 
Geometricb 

Central Kern County 
Oildale 216 206 12 65.4 
Bkrsfld-Chester 173 172 12 64.6 

Western Kern County 
Kern Wildlife Refuger.c 122 1 1 1  17 60.1i 

Kernridger.b 393 28 1 14 85 .4i 
McKittrickr.c 151  144 9 45.9i 

Fellows 247 1 18 19  62.6i 

Taft 244 15 1  1 1  50.5 

aMonitoring stations operated by the state or local agencies unless otherwise noted. 
bCalifornia ambient air quality standard for PMJO concentration is 30 p.g/m3. 
cNational ambient air quality standard for annual PMJO concentration is 50 p.g/m3. 
dCalifornia 24-hour ambient air quality standard for PMJO. 
eNational 24-hour ambient air quality standard for PMur 
rMonitoring stations operated by the Westside Operators. 
cPMJO sampler installed during 1988. 
bSampling terminated during 1988. 

ArithmeticC 

77.8 
73.3 

67.9i 

109.7i 

53.6i 

72.1i 

59.6 

iData presented are valid but incomplete in that insufficient data points were collected to meet 
EPA or CARB criteria for representativeness. 

Sources: CARB Annual Report for 1988; Woodward-Clyde Consultants Annual Repoort for 1988. 

Number of 24-hour Samples 

>5<r' > 15(y Total 
p.g/m3 p.g/m3 

37 5 56 
4 1 4 56 

18 0 28 
22 6 29 
1 1  1 27 
20 1 26 
30 2 57 



B.3.4 Carbon Monoxide 

Table B.13 shows the highest and the second highest values of I-hour concentrations and 
8-hour moving average concentrations of carbon monoxide (CO) measured in 1988 in 
central and western Kern County. Annual mean concentrations also are listed. As 
indicated, CO concentrations were substantially lower in western than in central Kern 
County. 

The highest 1- and 8-hour CO concentrations measured at Bakersfield in central Kern 
County (12.0 ppm and 8.9 ppm) were both below the NAAQS (35 ppm for 1 hour and 
9 ppm for 8 hours) and the California standard (20 ppm for 1 hour and 9 ppm for 8 hours). 

The trends in the highest and second highest I-hour concentrations and in the 8-hour 
moving mean concentrations (Figure B.16) show that the CO concentrations in central Kern 
county decreased steadily during the first half of the last decade and then leveled off after 
1984. All the CO data used in constructing the trend lines came from the monitoring station 
in Bakersfield. Limited data available from the monitoring stations in western Kern County 
indicate the CO levels at these stations have remained unchanged or decreased slightly over 
the past several years (Woodward-Clyde Consultants 1988). 

B.3.5 Nitrogen Dioxide 

• 

Table B.14 lists the highest and the second highest ambient I-hour nitrogen dioxide (N02) • concentrations measured in 1988 at stations in central and western Kern county, along with 
the annual mean concentration levels. The data show the N02 levels are lower in the 
western portion of the county. The highest annual mean N02 concentrations observed in 
1988 were 0.032 ppm at Bakersfield in central Kern County and 0.012 ppm at Kernridge in 
western Kern County. The 0.012 ppm value is less than half the annual NAAQS for N02. 
The highest I-hour N02 concentrations measured in 1988 in central and western Kern 
County were equal to or less than 0. 12 ppm, which is also less than one-half of the 
California I-hour standard for N02 (0.25 ppm). 

The trends in the ambient N02 concentrations in central Kern County are shown in 
Fi�re B.17. The highest and the second highest 1-hour concentrations and the annual 
mean concentration have decreased steadily over the last 10  years. However, ambient NO 
concentrations have changed little during the most recent 5 years in both central and 
western Kern County. 

B.3.6 Sulfur Dioxide 

The annual summary statistics for sulfur dioxide (S02) concentrations measured in 1988 at 
monitoring stations in central and western Kern County are presented in Table B.15. 
Included are the highest and second highest values for 1-, 3-, and 24-hour mean 
concentrations and the annual mean concentrations. 
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TABLE 8.13 Annual Summary Statistics for Ambient CO Concentrations at Monitoring Stations located in Kern County 

Concentration (ppm) 

8-hour 
I-hourb Moving Meanc Annual Mean 

Monitoring Station- Daily 
First Second First Second All Maximum 

Highest Highest Highest Highest Hours Hour 

Central Kern County 
Oil dale 4.0 4.0- 2.7 2.4 0.63 1.33 
Bakersfield-Chester 12.0 10.0 8.9 7.4 1.27 3.08 

Western Kern County 
Kernridged 3.7 2.5 1.3 1.3 0.37 0.72 
McKittrick 2.0' 2.0' 1 . 11 1 .O' 0. 131 0.791 
McKittrickd,c: 1.41 1 .3' 1.01 1.0' 0.441 0.76' 
Fellowsd.f 2.4' 2.3' 1.31 1 .3' 0.45' 0.821 

-Monitoring stations operated by the state or local agencies unless otherwise noted. 
bCalifornia and national I-hour ambient air quality standards for CO are 20 ppm and 35 ppm respectively. 
cCalifornia and national 8-hour standards for CO are both 9.0 ppm. 
dMonitoring stations operated by the Westside Operators. 
C:Monitor installed during 1988. 
(Monitoring terminated during 1988. 
IData presented are valid but incomplete in that an insufficient number of valid data points were collected 
to meet EPA or CARB criteria for representativeness. 

Sources: CARB Annual Report for 1988; Woodward-Clyde Consultants Annual Report for 1988. 

Number of 
I-hour 

Samples 

8,207 
8, 199 

8,386 
1,605 
4, 185 
3,542 
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TABLE B.14 1988 Annual Summary Statistics for Ambient N02 Concentrations at 
Monitoring Stations in Kem County 

Concentration (ppm) 

1-Houf Annual Meanc 

Monitoring Stationa Daily Number 
First Second All Max. of 1-hour 
Highest Highest Hours Hour Samples 

Central Kern County 
Oildale 0.1 1  0.09 0.023 0.044 8,029 
Bakersfield-Chester 0.12 0.12 0.032 0.063 8,219 

Western Kern County 
Kern Wildlife Refuged.c 0.04' 0.04' 0.007' 0.016' 4,674 
Lost Hillsd.f 0.06' 0.05' 0.009' 0.023' 3,505 
Kernridged 0.08 0.08 0.012 0.029 8,372 
McKittrick 0.06' 0.05' 0.01 1' 0.028' 1 ,273 
McKittrickd.f 0.06' 0.06' 0.009' 0.023' 3,980 
Derby Acresd,f 0.06' 0.06' 0.01()1 0.024' 4,066 
Fellowsd.c 0.08' 0.07' 0.017' 0.038' 3,503 
Maricopad 0.07 0.05 0.001 1 0.024 8,030 

aMonitoring stations operated by the state or local agencies unless otherwise noted. 
bCalifornia 1-hour ambient air quality standard for N02 is 0.25 ppm. 
CNational annual ambient air quality standard for N02 is 0.05 ppm. 
dMonitoring stations operated by the Westside Operators. 
cMonitor installed during 1988. 
fMonitoring terminated during 1988. 
'Data presented are valid but incomplete in that an insufficient number of valid data points 
were collected to meet EPA or CARB criteria for representativeness. 

Sources: CARB Annual Report for 1988; Woodward-Clyde Consultants Annual Report for 
1988. 
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TABLE B.15 1988 Annual Summary Statistics for Ambient S02 Concentrations at Monitoring Stations in Kern County 

Concentration (ppmt 

Annual Mean Number of 
Monitoring Stationl I-hour 3-hour 24-hour I-hour 

Daily Samples 
Maximum 

All Hours Hour 

Central Kern County 
Oildale 0.07/0.07c d 0.017/0.017 0.005 0.019 7,91 1  -
Bakersfield-Chester 0.04/0.03 - 0.025/0.022 0.005 0.013 8, 1 18 

Western Kern County 
Kern Wildlife Refugec•r 0.02/0.011 0.014/0.0141 0.01 1/0.0111 0.00311 0.0051 3,669 
Lost Hillsc•b 0.03/0.0211 0.025/0.0191 0.01 1/0.01 111 0.0031 0.0061 3,392 
KernridgeC 0. 12/0. 10 0.082/0.080 0.027/0.027 0.005 0.020 8,135 
Cymricc•b 0.08/0.0711 0.074/0.06911 0.028/0.0281 0.00311 0.0 1 ()I 3,828 
McKittrickc 0.09.0.07 0.068/0.049 . 0.026/0.026 0.003 0.015 8,3 15 
McKittrick 0.06/0.0411 - 0.017/0.01211 0.00211 0.0131 1,603 
Derby Acresc•b 0. 13/0. 1211 0. 105/0.0981 0.036/0.0361 0.00511 0.0211 4,240 
Fe I I  OWSC 0. 12/0. 12 0.081/0.080 0.029/0.029 0.009 0.033 8,044 

IMonitoring stations operated by the state or local agencies unless otherwise noted. 
bCalifornia ambient air quality standards for S02 are 0.25 ppm for I-hour concentration and 0.05 ppm for 24-hour concentrations. National 
ambient air quality standards for S02 are 0. 14 ppm and 0.03 ppm for 24-hour and annual concentrations, respectively (primary standards), 
and 0.5 ppm for 3-hour concentration (secondary standard). 
cValues such as 0.07/0.07 represent the first and second highest concentrations. 
dData not available. 
CMonitoring stations operated by the Westside Operators. 
rMonitor installed during 1988. 
IData presented are valid but incomplete in that insufficient data points were collected to meet EPA or CARB criteria for representativeness. 
bMonitoring terminated during 1988. 

Sources: CARB Annual Report for 1988; Woodward-Clyde Consultants Annual Report for 1988. 



The S02 concentrations measured both in central and western Kern County were all well 
below applicable national and California standards. The highest annual mean concentration • of 0.009 ppm observed at the Fellows station was only a fraction of the applicable primary 
NAAQS of 0.03 ppm. The highest 24-hour mean concentration of 0.029 ppm measured at 
Fellows also was well below the applicable primary NAAQS of 0.14 ppm and the CAAQS 
of 0.05 ppm. The maximum 3-hour concentration (0.082 ppm) was less than one-fifth of the 
applicable secondary NAAQS (0.5 ppm), and the maximum I-hour concentration (0.12 ppm) 
was about one-half the applicable California standard (0.25 ppm). 

Sulfur dioxide concentrations in central Kern County have decreased steadily over the last 
10 years. Fi�re B.18 shows the trends in the highest and second highest 24-hour mean S02 
concentrations measured in central Kern County. Similar trends are shown by the highest 
annual mean S02 concentration and the highest annual mean value of daily maximum 
I-hour concentrations. Data for a more limited period at the monitoring stations in western 
Kern County indicate that ambient S02 concentrations have remained unchanged or 
decreased slightly during the last 9 years (Woodward-Clyde Consultants 1988). 

B.3.7 Hydrogen Sulfide 

Although a California standard for hydrogen sulfide (H2S) has been established no formal 
stations have been established to monitor H2S in the Kern County portion of the San 
Joaquin Valley Air Basin. 

B.3.8 Lead 

The monthly and quarterly mean concentrations of lead (Pb) (associated with total 
suspended particulates) measured in 1988 at monitoring stations in central and western Kern 
county are listed in Table B.16. The highest quarterly mean Pb concentration observed was 
0.13 p.g/m3 in western Kern County. This value is a small fraction of the applicable NAAQS 
(1.5 p.g/m3). The highest monthly mean Pb concentrations are similar to the highest 
quarterly mean concentrations, which are again only a small fraction of the applicable 
California state standard (1.5 p.g/m3). 

The trend of decreasing Pb concentrations in central Kern County over the last decade is 
illustrated in Fi�re B.19, which plots the highest quarterly Pb concentrations from 1978 
through 1988 and a line connecting their 3-year moving mean values. During the early 
1980s, Pb concentrations in western Kern County were only a fraction of the levels 
measured in central Kern County. Western Kern County concentrations decreased slightly 
in the early 1980s and have remained almost constant at about 0. 1 p.g/m3 (quarterly mean 
value) (CARB 1978-1988). 
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TABLE B.16 1988 Monthly and Quarterly Means of Ambient Lead Concentrations at Monitoring Stations in Kern 
County 

Concentration (p.g/m3t 

Monthly Mean Quarterly Mean 

Monitoring Stationa Number of 
First Second 24-hour 
Highest Highest First Second Third Fourth Samples 

Central Kern County 
Kern Refuge 0.13 0. 12 0. 12 0. 12 O. 12c 0. 12c 52 
Bksfld-Chester 0.06 0.06 0.05c O.04C 0.05 0.06 5 1  
Bksfld-Flower 0. 12 0. 12 0. 12 O. l 1c O. IZC 0.1 1  52 

Western Kern County 
(Taft) 0. 13 0.13 0. 12 0. 12 O.13c 0. 12 54 

aAlI monitoring stations are operated by the state or local agencies. 
bCalifornia ambient air quality standard for the monthly mean lead' concentration and national ambient air quality 
standard for quarterly mean lead concentration are both 1.5 p.g/m3. 
CData presented are valid but incomplete in that insufficient data points were collected to meet EPA or CARB criteria 
for representativeness. 

Source: CARB Annual Report for 1988. 
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B.3.9 Sulfate 

No national ambient air quality standard exists for suspended sulfates (S04) associated with 
either PM10 or TSP. However, a California state standard does exist. The standard is for 
sulfate associated with the 24-hour standard for TSP measured using a high-volume sampler 
(25 J'g/m3). The highest 24-hour total suspended sulfate concentration measured in 1988 
in central and western Kern County (19.9 J.Lg/m3) was about 80% of the state standard 
Table B.17). The California state sulfate standard was exceeded in Kern County until 1985 
(fi�re B.20). However, decreasing sulfate concentrations during the past several years 
have reduced the ambient levels to below the state standard for three consecutive years 
( 1986-1988), both in central and western Kern County. 

Although no ambient air quality standards exist for sulfate anions associated with PM1a, 
these anions do contribute to the PMlO concentration. Table B.18 shows the 1988 summary 
statistics for ambient sulfate concentrations associated with PMlO at the monitoring stations 
in central and western Kern County. The highest 24-hour concentration of PM10 sulfate 
in 1988 was about 20 J'g/m3, or about 40% and 13%, respectively, of the state and national 
standards for the 24-hour PMlO concentration. Annual geometric and arithmetic mean 
concentrations of PM10 sulfate ranged from 3 to 6 J.Lg/m3, which amount to about 15% and 
10% of the CAAQS and NAAQS, respectively. 

B.3.10 Nitrate 

• 

Ambient air quality standards have not been established for nitrate (N03) anions associated • with either TSP or PM100 However, N03 has been identified as perhaps one of the most 
widespread and dominant of the secondary PMIO constituents in California. The 1988 
annual statistics for ambient PMIO nitrate concentrations at monitoring stations in central 
and western Kern County are presented in Table B.19. 

The highest PMIO nitrate concentrations in 1988 were on the order of 70 J.Lg/m3 in central 
Kern County and 50 J.Lg/m3 in western Kern County. These levels amount to about 140% 
and 50% of the CAAQS and NAAQS for the 24-hour PMIO concentration, respectively, for 
central Kern County; and about 100% and 30%, respectively, for western Kern County. 
Annual geometric mean concentrations of PMIO nitrate were about 5 J.Lg/m3 in central Kern 
County and 3 J.Lg/m3 in western Kern County. These levels correspond to 10-15% of the 
CAAQS for PM100 The annual arithmetic mean concentration of PMIO nitrate was about 
9 J.Lg/m3 in central Kern County and about 6 J.Lg/m3 in western Kern County. These 
concentration levels are 10-20% of the NAAQS for PMIO• However, these values must be 
evaluated carefully because PMIO nitrate sampling is subject to substantial positive or 
negative artifact information. 
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TABLE B.17 1988 Annual Summary of Statistics for Ambient Total Suspended Particulate 
Sulfate Concentrations at Monitoring Stations in Kern County 

24-hour Concentration (p.g/m3)b Number of 
24-hour 

Monitoring Stationa Annual Samples 
First Second Geometric 
Highest Highest Lowest Mean 

Central Kern County 
Kern Refuge 9.5 8.6 0.8 3.87c 52 
Oildale 19.9 16.2 2.9 7.32c 50 
Bakersfield-Chester 15.3 12.7 2.6 6.39c 5 1  
Bakersfield-Flower 14.5 1 1.8 3.9 6. 15c 52 

Western Kern County 
Kemridged.c 18.9 14.8 1.5 5.79C 29 
McKittrickc 7.6 7.1 6.2 6.94c 3 
McKittricJCl·c 12.5 12. 1 1 . 1  3.05c 28 
Derby Acresd.c 1 1.7 6.8 1.3 3.23c 30 
Fellowsd.c 14.0 9.9 2.3 4.99C 25 
Taft 19.6 14.9 3.6 7.88c 54 
Maricopad 13.2 6.0 0.7 3.02 60 

aMonitoring stations operated by the state or local agencies unless otherwise noted. 
bCalifornia ambient air quality standard for 24-hour sulfate concentration is 25 p.g/m3• 
There is no national standard for sulfate. 
CData presented are valid but incomplete in that insufficient data points were collected to 
meet EPA or CARB criteria for representativeness. 
dMonitoring stations operated by the Westside Operators. 
cSampling terminated during 1988. 
fSampler installed during 1988. 

Sources: CARB Annual Report for 1988; Woodward-Clyde Consultants Annual Report 
for 1988 . 
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TABLE B.18 1988 Annual Summary Statistics for Ambient 10-I'm Particulate (PMl,) Sulfate Concentrations at 
Monitoring Stations in Kern County. 

24-hour Concentration (l-'g/m3) 
Monitoring Station- Number of 

First Second Annual Annual 24-hour 
Highest Highest Lowest Geometric Arithmetic Samples 

Mean Mean 

Central Kern County 
Oildale 14.6 13.2 1.3 4.31b 5.06b 56 
Bakersfield-Chester 9.9 9.8 1.6 3.65b 4.08 56 

Western Kern County 
Kern Wildlife Refugec.d 9.3 6.4 1.0 2.82b 3.32b 28 
Kernridgec.e 20.3 16.3 1 .6 5.24b 6. 18b 29 
McKittrickc.e 13. 1 12.5 1 . 1  2.79b 3.69b 27 
Fellowsc.d 13.6 8.8 2.2 4.96b 5.33b 26 
Taft 14.7 1 1 . 1  1 .6 4.06 4.64 57 

-Monitoring stations operated by the state or local agencies unless otherwise noted. 
bData presented are valid but incomplete in that insufficient data points were collected to meet EPA or CARB criteria 
for representativeness. 
cMonitoring stations operated by the Westside Operators. 
dSampler installed during 1988. 
eSampling terminated during 1988. 

Sources: CARB Annual Report for 1988; Woodward-Clyde Consultants Annual Report for 1988. 



TABLE B.19 Annual Summary Statistics for Ambient to-I'm Particulate (PM.o) Nitrate 
Concentrations at Monitoring Stations in Kern County 

- �- --�- - --- �-- �-- � 

Monitoring Station-

Central Kern County 
Oildale 
Bakersfield-Chester 

Western Kern County 
Taft 

---- --� �-- �-- -- ----

First 
Highest 

71.7 
52.2 

49.0 

-� � .. � .��----� �-

24-hour Concentration (p.g/m3) 
Second Lowest Annual 
Highest Geometric 

Mean 

59. 1 0.6 4.52b 
48.8 1 . 1  4.87b 

37.0 0.6 3. 19b 

-Monitoring stations operated by the state or local agencies. 

Annual 
Arithmetic 
Mean 

9.21b 
8.86b 

6.02 

bData presented are valid but incomplete in that insufficient data points were collected to meet 
EPA or CARB criteria for representativeness. 

Sources: CARB Annual Report for 1988; Woodward-Clyde Consultants Annual Report for 1988 . 
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Number of 
24-hour 
Samples 

54 
56 

55 
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B.3.11 Toxic Air Contaminants 

Ambient concentrations of toxic air contaminants or hazardous air pollutants (see Table B.7) 
are not routinely measured at the air quality monitoring stations operated by the Westside 
Operators or by state or local agencies. However, ambient concentrations of a number of 
toxic air contaminants (identified by CARB and designated by EPA) and other organic 
compounds were measured at several solid-waste disposal sites on NPR-1 during the 
summer of 1987. Table B.20 lists the 24-hour mean ambient concentrations of these 
compounds measured upwind and downwind of the disposal sites, the detection limits of the 
measurement methods used, and 8-hour time-weighted average (TWA) threshold limit 
values (TLVs) for these compounds. 

Detectable amounts of benzene (0.4 to 21 ppb) and carbon tetrachloride (0.07 to 0. 1 ppb) 
were found at all four sites; however, chloroform, 1,2-dichloroethane, and ethylene 
dibromide were not detected at any site. Other compounds listed in Table B.20 were 
detected at some sites but not at others. The detected concentrations are all very low, at 
least more than an order of magnitude smaller than the applicable TWA TLVs. 

8.3.12 Visibility 

The topographical and climatic features that affect the visibility in the southern San Joaquin 
Valley are discussed in detail in the 1979 EIS for NPR-1 (DOE 1979). Haze and smog, 
which are caused by the accumulation of aerosols in the southern San Joaquin Valley, often 
obscure the views from NPR-l. In addition, dense fogs that often occur on the valley floor 
during the winter also obstruct views and reduce visibility. The closest National Weather 
Service station where visibility is routinely measured is at Meadows Field near Bakersfield, 
about 20 miles east of NPR-l. During 1987, visibility there was 6 miles or less about 15% 
of the time and 15 miles or less about 65% of the time. Although climatic conditions at the 
National Weather Service station are comparable to those at the NPR-1 site, localized 
visibilities experienced in the vicinity of NPR-1 probably vary somewhat from those at 
Meadows Field. 

Trends in visibility at several National Weather Service stations in the San Joaquin Valley 
have been discussed in detail by CARB (Duckworth and Kinney 1978; Kinney and Grauman 
1986). The indicator used by CARB to show these trends was the percent of time when the 
prevailing visibilities did not meet the California state standard (termed adverse visibility). 
Adverse conditions occur when the concentration of visibility-reducing particles is sufficient 
to lower the prevailing visibility to less than 10 miles when relative humidity is less than 
70%. The trend of visibility conditions at Meadows Field up to 1987 is shown in 
FilNre B.2l. The indicator used in the figure is the percent of time with prevailing visibility 
of less than 6 miles (rather 'than 10 miles) at 1 p.m. when the relative humidity is less than 
70%. For Meadows Field, the 6 miles visibility value is considered a much more accurate 
indicator than the 10 miles value used in defining adverse visibility. The reasons for this are 
that ( 1) there are no good markers between 7 and 10 miles from the observer location; and 
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TABLE 8.20 Ambient Concentrations of Toxic Air Contaminants and Other Organic Compounds at 
Several Solid-Waste Disposal Sites· on NPR-l 

24-hour Mean Ambient Concentration (ppb) 

Site 27Rb 
Site 35R 

Site Site Downwind 
26S 26S 

Compound EastC WestC Upwind Site 1 Site lAc Site 2 

Benzene 0.4 1 .6 0.4 14 21 .0 1.0 
Carbon Tetrachloride 0.07 0. 1 0. 1 ND 0. 1 0.07 
Chloroform NDr ND ND ND ND ND 
1,2 dichloroethane ND ND ND ND ND ND 
Ethylene dibromide ND ND ND ND ND ND 
Methylene chloride ND ND ND 2.0 2.4 ND 
Tetrachloroethylene (PCE) ND ND ND ND 0.08 0. 1 
1 , 1, I -trichloroethane (TCA) ND 1.3 0.2 0.5 0.6 0.6 
Trichloroethylene (TCE) 0.2 0.4 ND ND 0. 1 ND 
Vinyl Chloride ND 35.0 ND ND ND ND 

'Fi&ure 4. 1.2- 1 shows the sections where these solid waste diposal sites are located. 
bMaximum values for three measurements made during three consecutive days. 
cDuplicate measurements for site 1 .  
dLargest among the values given for several different measurements. 
cDownwind 
rND = Not Detected 

Source: Mark Group 1987; Anthrosphere 1987a-c . 

• • 

Upwind Downwind 

0.9 0.7 
0.05 0.08 
ND ND 
ND ND 
ND ND 

98 4.2 
0.2 0.2 
2.3 1.8 
0.9 0.4 
ND ND 

Method Detection 
Limit 
(ppb)d 

8-hour 
Time-Weighted 

Threshold 
Limit Value 

(ppm) 

1 .0 10 
0.07 5 
0.09 10 
0. 1 200 
0.06 -
1.00 50 
0. 1 50 
0.08 10 
0.09 50 
0.2 5 
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(2) all visibility data equal to or greater than 7 miles were recorded as 7 miles during the 
1978-1979 period. The visibility at 1 p.m. was selected because the midday period provides • the most data with relative humidity less than 70%. The 3-year moving means of the 
selected indicator for each season and annual period show that visibility may have been 
improving somewhat during the last decade. 

B.4 ATMOSPHERIC EMISSIONS AT NPR-l 

Table B.21 lists, by source, the current estimated atmospheric emissions of ROG, NOx, CO, 
S02, TSP, and PMlO at NPR-1. To the extent possible, the table given is the general 
location (by section designation) of each source; the number of units of each equipment 
type, and the overall capacity or level of activity. Emission rates are given in pounds per 
hour and represent annual average values that were obtained from total annual emission 
divided by 24 x 365 = 8,760 h/yr. The emission estimates shown in Table B.21 reflect the 
most recent activities and up-to-date information on emission factors that could be obtained. 
The activity data used in the calculation of these estimates is, for the most part, 
characteristic of the period 1987-1989. 

An attempt was made to make the compilation of emissions at NPR-1 as comprehensive as 
possible. Consequently, many sources listed in the table are not currently subject to 
permitting requirements for either Kern County or the EPA. The sources listed include 
those that are currently in continuous or intermittent use and those that are not currently 
used but that could be brought into use quickly and for which there are no immediate plans • for removal. Other sources that have been considered in the past but are no longer 
operable (the old 3G gas plant, for example) or that are reserve units currently in storage 
are not included in Table B.2l. 

Although the emission estimates in Table B.21 are based on the best and most recent 
information available, the inherent uncertainties are not necessarily small or uniform across 
source types. The quality of the emission factors used varies from good to poor, depending 
on the type of source. Significant variations in emissions can be found in test results on 
otherwise apparently identical sources. In this case, the total estimated emissions from a 
large number of sources is more accurate than the emissions estimated for an individual 
source. Also, the relevant level of activity at NPR-1 was well-known in some cases, but 
more uncertain in others. 

The emission estimates in Table B.21 are based where possible on actual emission test 
results or an actual gas-metering data, as appropriate; this is the case for NOx, ROG, and 
CO emissions from the compressor engines involved in the NPR-1 NOx-reduction program. 
When direct emission measurements were not available, permitted limits or manufacturer's 
data were used if possible. This is important when, as in the case of the low NOx burner 
used in the 3G steam generator, some type of emission-control technology is being used. 
If none of the above information was available, the emission factors tabulated by the EPA 
(1985) were used. 
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TABLE B.21 Existing Source Emissions at NPR·1 

PART A: Stationary Combustion Sources· 

Emission Rate ( lb/h) 

Source Category Capacity ROG NOx CO S02 TSP PM10 

Compressor engines 
7R (2) 2 000b , 4.92 48.50 220.46 0.008 0.040 0.040 
17R (4) 2,95� 7.17 38.79 26.01 0.013 0.065 0.065 
30R ( 10) 1O,OOOb 24.60 176.40 88.20 0.040 0.200 0.200 
33R (1)  650b 1.57 15.76 8.60 0.003 0.015 0.015 
33S (5) 9,OOOb,c 19.76 35.28 88.20 0.032 0. 160 0.160 
35R HPI (3) 12,000b 46.35 52.92 132.27 0.048 0.231 0.228 
35R gas plant ( 13) 17,490b 56.3 1 324.86 1 1 1 .78 0.073 0.349 0.347 
35R LTS 1 (4) 18,500b 69.20 81 .57 203.94 0.074 0.355 0.355 
35R LTS 2 (4) 18,500b 69.20 8 1.57 203.94 0.074 0.355 0.355 
35R Area (6) 4,OOOb 9.84 ·38.82 44.08 0.016 0.084 0.084 
36R (5) 5,OOOb 12.30 61.74 44.10 0.020 0.100 0.100 

Subtotals 100,090b 321.22 956.21 1,171.58 0.401 1 .954 1 .949 

Boilers and heaters 
35R gas plant 
Boilers (3) 136d,c 0. 10 5.23 1 .3 1  0.022 0.1 12 0. 1 1 1  
Regen. heater ( 1 )  I d  0.01 0. 10 0.02 0.001 0.003 0.003 
Rich oil heaters (2) 38d 0.09 5.06 1 .27 0.022 0.109 0. 108 

35R LTS 1 process heaters (2) 55d 0. 15 7.33 1.83 0.031 0. 157 0.156 

35R LTS ,2 process heaters (2) 55d 0. 15 7.33 1 .83 0.031 0. 157 0.156 



TABLE B.21 (Cont'd) 

PART A (Cont'd) 

Emission Rate (lb/h) 

Source Category Capacity ROO NOx CO S02 TSP PM10 

30 steam generator ( 1 )  62.5d O. H! 4.70 0.75 0.024 0.280 0.280 

UCf even-flux heaters 
180 (6) 72d O. l lr 2.40 0.60 0.010 0.051 0.051 
100 (1 )  12d 0.02r 0.40 0. 10 0.002 0.009 0.009 
24Z (1 )  12d 0.02r 0.40 0. 10 0.002 0.009 0.009 

Olyco reboilers (9) 6.7d O. 13r 0.64 0. 13 0.004 0.019 0.019 

Closed-loop gas-lift heaters 
80 (1)  0.585d 0.30r 0.06 0.01 0.000 0.002 0.002 

330 ( 1) 1.320d 0.45r 0. 13 0.03 0.001 0.004 0.004 

Subtotals 452. 1 1.63 33.78 7.98 0. 150 0.912 0.908 

Flares 
LTS LP (2) 62g 0. 15 2.79 0.58 0.016 0. 140 0. 140 
LTS HP (2) 184g 0.43 8.07 1.61 0.048 0.404 0.404 
HPJ (1) 5� 0. 12 2.21 0.44 0.013 0. 1 1 1  0. 1 1 1  
24Z ( 1) 0.015h 0.00 0.06 0.01  0.000 0.003 0.003 

Subtotals 0.70 13.13 2.64 0.077 0.658 0.658 

• • • 
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TABLE B.21 (Cont'd) 

PART A (Cont'd) 
�------- -- - ��------- - -----

Source Category 

Pump engines 
35R gas plant (4) 
3G Water injection (3) 
Tank setting/tACT '(24) 
Wells ( 156) 

Subtotal 

Miscellaneous field engines 
Gas-fired (6) 
Diesel (3) 
Gasoline ( 19) 

Subtotals 

Fugitive emissions 
(compressor engines) 

7R 
17R 
30R 
33R 
33S 
35R HPI 
35R gas plant 
35R LTS 1 
35R LTS 2 

---- �----��---

Capacity 

900b 
1,290b 
2,9 18b 

12,887b 

17,995b 

2,025b,i 
930b,i 

122bj 

3,077 

• • 

Emission Rate (lb/h) 

ROG NOx CO S02 TSP PM 10 

2.08f 21.60 2.79 0.004 0.022 0.022 
2.94f 30.96 4.00 0.005 0.028 0.028 
1.82f 16.66 2. 15 0.003 0.018 0.018 

19. 1 lf 185.57 23.97 0.031 0. 191 0. 190 

25.95 254.79 32.91 0.043 0.259 0.258 

0.04 0.09 0.01 0.000 0.000 0.000 
0.00 0.09 0.02 0.006 0.006 0.006 
0.02 0.01 0.54 0.001 0.001 0.001 

0.06 0. 19 0.57 0.007 0.007 0.007 

0.32 
0.46 
2.72 
0. 16 
1.01 
1.27 
9.96 
3.71 
3.71 



TABLE B.21 (Cont'd) 

PART A (Cont'd) 

Source Category Capacity ROG NOx 

35R area 1.41 
36R 1.07 

Subtotals 25.80 

TOTAL (Part A) 375.36 1 ,258.10 

Footnotes for Part A: Stationary Combustion Sources 
-rotal current hydrogen sulfide (H2S) emissions are 0.001 Ib/h from fugitive emissions. 
bHorsepower. 
COne 1,000-hp engine on standby only; four 2,000-hp engines run continuously 
d106 Btu/h heat input. 
crwo of the three boilers on standby only. 
fROG estimates include contributions from fugitive emissions. 
1 1W fe/day capacity; design operation time = 15 minutes per day. 
blW fe/day flared during 1987. 
iBased on 16 hours of operation per year for testing purposes. 
jBased on 1 % duty factor 

• • 

Emission Rate ( lb/h) 

CO S02 TSP PM10 

1,215.68 0.678 3.790 3.780 

• 
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TABLE B.21 (Cont'd) 

PART B: Drilling, Construction-, and Maintenance 

Source Category Capacity 

New well drilling 

Equipment operation 
Deep STY ICAR 1,75 1b 
Shallow STY 1,353b 
SOZ 585b 
Subtotal 

Moving 
Deep STY ICAR 61 .8b 
Shallow STY 57.4b 
SOZ 7.0b 
Subtotal 

Site Preparation 
Equipment operation c 
Fugitive dust 1 .0d 

Subtotal 

Subtotals 

Remedial work, new well 
completion, routine well pulling 

Equipment operation 2,888.6b 
Moving 37.9b 

• 

ROG 

3.3 
2.6 
1 . 1  
7.0 

0.2 
0. 1 
0 
0.3 

0.4 
0 
0.4 

7.7 

5.7 
0. 1 

• 

Emission Rate ( lb/h) 

NOx CO S02 TSP PM.o 

43.3 9.3 2.9 3. 1 3.0 
33.4 7.2 2.2 2.4 2.3 
14.5 3 .1  1.0 1.0 1.0 
91 .2 19.6 6.1 6.5 6.3 

1 .9 0.4 0. 1 0.1 0. 1 
1.8 0.4 0.1 0. 1 0.1 
0.2 0. 1 0 0 0 
3.9 0.8 0.3 0.3 0.3 

4.9 1 . 1  0.3 0.4 0.3 
0 0 0 2.0 0.4 
4.9 1 . 1  0.3 2.4 0.7 

100.0 21.5 6.7 9.2 7.3 

73.6 15.9 4.9 5.2 5. 1 
1 .2 0.3 0.1 0.1 0. 1 
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TABLE B.21 (Cont'd) 

PART B (Cont'd) 

Emission Rate ( lb/h) 

Source Category Capacity ROG NOx CO 

Site preparationC 
Equipment operation f 0.2 2.4 0.5 
Fugitive dust 0.06d 0 0 0 

Subtotals 6.0 77.2 16.7 

Construction and maintenance 
New construction g 0 0 0 
Firebreak lane maintenance h 0 0 0 

Total (Part B) 13.7 177.2 38.2 

Footnotes for Part B: Drilling, Construction, and Maintenance 
aBased on 42 new wells and 155 remedial operations; estimated totals for FY 1988. 
bDaily average total horsepower of equipment in use. 
e158 daily average horsepower plus average of 10.4 miles driven per day. 
dAve rage acres disturbed per site. 
eRemedial operations only. 
r79 daily average horsepower plus average of 5.2 miles driven per day. 
'No new construction in FY 1988. 
b190 acres of firebreak disced during lO-day period in April each year. 

• 

S02 TSP 

0.2 0.2 
0 1.0 

5.2 6.5 

0 0 
0 0.4 

� 1 .9 16. 1 

PMIO 

0.2 
0.2 

5.6 

0 
0. 1 

13.0 

• 
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TABLE B.21 (Cont'd) 

PART C: Noncombustion Oil and Gas Production· 

Emission Rate (lb/h) 

Source Category Capacity ROG NOx CO S02 TSP PMIO 

Active oil and gas wells c 
Heads and cellarsb -

207.5 - - - - -
Anode bed wells (32) -

37.8 - - - - -

Subtotals -
254.3 - - - - -

3G steamflood operation 
Process -

0.7 - - - - -

to 
Fugitive. -

0 - - - - -
I -....J - Subtotals -

0.7 - - - - -

Tank settings (79) 
Breathing/working -

1.3 - - - - -
Relief valve -

7.5 - - - - -
Drain tanks ( 128) -

18.4 - - - - -
Fugitive - 4.8 - - - - -

Subtotals -
24.5 - - - - -

"Tankless" settings (57) -
1.6 - - - - - I 

LACT units (5) 
lOG 

Breathing/working -
0 - - - - -

Relief valve -
0. 1 I - - - - -

Slop tanks -
0.5 - - - - -

Fugitive -
0.6 - - - - -
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TABLE B.21 Existing Source Emissions at NPR-1 

PART C: Stationary Combustion Sources· 

Source Category Capacity 

18G 
Breathing/working -

Relief valve -

Slop tanks -

Fugitive -

24Z 
Breathing/working -

Relief valve -

Slop tanks -

Fugitive -

25S 
Breathing/working -

Relief valve -

Slop tanks -

Fugitive -

26Z 
Breathing/working -

Relief valve -

Slop tanks -

Fugitive -

Subtotals -

Condensate traps 
STY service ( 153) -

SOZ service ( 14) -

Subtotals -

• 

ROG NOx CO S02 TSP PM10 

0.4 - - - - -

1.8 - - - - -

0 - - - - -

1.6 - - - - -

0 - - - - -

0.3 - - - - -

0.3 - - - - -

0.1 - - - - -

0.1 - - - - -

0.2 - - - - -

0. 1 - - - - -

0.6 - - - - -

0 - - - - -

0 - - - - -

0 - - - - -

0 - - - - -

14.2 - - - - -

8.2 - - - - -

0.4 - - - - -

8.6 - - - - -

• 
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TABLE B.21 (Cont'd) 

PART C (Cont'd) 

Emission Rate ( 1b/h) 

Source Category Capacity ROG NOx CO TSP PM 
S02 10 

Electric drive compressor fugitive 
emissions 10.6 - - - - -

35R product storage and handling 
Propane 185d 12.2 - - - - -

Butane 157d 3.6 - - - - -

Natural gasoline 146d 2.4 - - - - -

to 
Fugitive - 0.3 - - - - -

I � Subtotals 488d 18.5 

Gasoline storage tanks 
35R - 0.0 - - - - -

36S - 0.0 - - - - -

Percolation ponds 18(f 4. 1 - - - - -

3G weathering tanks 256f 6.2 - - - - -

Stack vent stacking releases 4321 792.0 - - - - -

Oil-spill related emissions 1,25cr 2.1 - - - - -

Total (Part C) 1, 128.4 0 0 0 0 0 



TABLE B.21 (Cont'd) 

Footnotes for Part C: Noncombustion Oil and Gas Production 

-Total current H2S emissions = -.03 1 1b/h; total current C6H6 emissions = 0.30 1b/h (0.26 1b/h from oil spills; 0.02 1b/h from tank 
relief valve emissions; and 0.02 1b/h from fugitive emissions). 
'769 well heads with stuffing box/pump seals, 1053 oil production wells. 
C"_" indicates not applicable. 
410' gal/day; 1987 average. 
c10' fe; total area of ponds at lOG, 18G, 26Z. 
ffe; total open surface area of two tanks. 
1 1� cubic feet of gas ( 1988). 
bBbl loss through spillage ( 1987); 1 , 183 bbl in minor spills (2,420 bbl spilled - 1,536 recovered), 67 bbl in major spills (907 bbl spilled -

840 bbl recovered) . 

• • • 
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TABLE B.21 (Cont'd) 

PART D: Vehicular Traffic 

Emission Rate ( lb/h) 

Source Category Capacity ROG NOx CO S02 TSP PMIO 

On-site (NPR-l)1 I 
Passenger vehicles 

Exhaustb 9.77c 0.5 1.0 5. 1 0.078 0.2 0. 1 
Cold start 7.85d 0.8 0.2 10.2 0 0 0 
Hot start 1 .6d 0 0 0.2 0 0 0 
Diur. evap. 7.05c 0.3 0 0 0 0 0 
Hot soak evap. 9.45d 0.2 0 0 0 0 0 
Road dust-paved 9.28C 0 0 0 0 169.0 65.9 

-unpaved 0.49c 0 0 0 0 69.4 3 1.2 

Light-duty trucks 
Exhaustb 7.48c 0.4 1.0 4.3 0.075 0.2 0. 1 
Cold start 3.4� 0.4 0. 1 5.8 0 0 0 
Hot start 3.40d 0 0. 1 0.6 0 0 0 
Diur. evap. 1.7OC 0. 1 0 0 0 0 0 
Hot soak evap. 6.8� 0.2 0 0 0 0 0 
Road dust-paved 5.6 1c 0 0 0 0 184.6 72.0 

-unpaved 1.87c 0 0 0 0 76.0 34.2 

Heavy-duty trucks 
Exhaustb 0.8c 0.2 1.3 0.6 0.256 0.2 0.2 
Road dust-paved 0.8C 0 0 0 0 122.6 47.8 

Subtotals - 3 .1  3.7 26.8 0.409 622.2 251.5 



TABLE B.21 (Cont'd) 

PART D (Cont'd) 

Source Category Capacity ROG 

Off-site (Kern Co.)r 
Passenger vehicles 
Exhaustb 37.5c 1.8 
Cold start 6.3d 0.6 
Hot start 0 0 
Diur. evap. 0 0 
Hot soak evap. 6.3d 0. 1 
Road dust-paved 37.5" 0 

Heavy-duty trucks 
Exhaust 

4.8
C 1.1 

Road dust-paved 
4.8

C 0 

Subtotals 3.6 

Total (Part D) 6.7 

Grand Total (Parts A-D) 1,524.2 

Footnotes for Part D: Vehicular Emissions 
'rotal current lead (Pb) emissions = 0.002 1b/h from passenger vehicles. 
bIncludes contributions from tire wear. 
c 1ij3 vehicle- miles traveled per day. 
d 102 trips per day. 
e1W vehicles. 
'Total current Pb emissions = 0.010 1b/h from passenger vehicles 

• • 

NOx 

3.7 
0.2 
0 
0 
0 
0 

7.6 
0 

1 1 .5 

15.2 

1,450.5 

Emission Rate ( lb/h) 

CO S02 TSP PM 10 

19.5 0.300 0.7 0.3 
8 .1  0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 87.5 30.5 

3.5 1.535 1.4 1.5 
0 0 1 1.2 3.9 

31 . 1  1.835 100.8 35.9 

57.9 2.244 �23.0 287.4 

1,31 1.8 14.8 �42.9 304.2 

• 
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Emission factors compiled by the American Petroleum Institute/Rockwell International 
(Eaton et a! 1980) were used for all fugitive hydrocarbon (HC) emission estimates. 
Estimates for H2S and benzene emissions that are released along with gaseous HC or crude 
oil were based on the measured concentrations of these constituents in HC or crude oil. 

For vehicular emissions, the emission factors were derived from the 1987 vehicular emissions 
data and other traffic-related data for Kern County that were obtained from CARB (1988b). 
Seasonal emission factors were then developed after correcting for the mean temperature 
for each season using the temperature-correction factors obtained from CARB (1988c), and 
finally, composite annual mean emission factors were developed from these seasonal factors. 

The overall quality of the emission estimates in Table B.21 is considered to be good, with 
the smallest relative uncertainties in the stationary combustion sources and the largest in the 
estimates for various fugitive and road dust emissions. 

Details of the estimated emissions from the proposed new sources and those of temporary 
emissions produced by constructioIl-site preparation and vehicular traffic caused by 
additional construction workers and delivery of construction material are provided in 
Tables B.22 and �. Details of the projected changes in emissions from the currently 
existing sources are provided in Table B.24. Net emission changes between the period 1987-
1989 and 1996 are given for the major source categories in Table B.2S; these values 
represent the sums of corresponding values from Tables B.22 and B.24. Finally, projected 
total emissions are given in Table B.26; these values are the sums of corresponding values 
from Tables B.21 and �. 
B.S AIR QUALI1Y IMPACf ANALYSIS 

Air quality impacts of emissions from existing sources and from the proposed new sources 
at NPR-1 were estimated with air quality models recommended by the EPA. The air quality 
models relate source emissions, meteorological conditions, topography and nearby building 
dimensions, and chemical transformation to ground-level air pollutant concentrations. Air 
quality modeling was performed for N02, CO, SOz, PMIO• H2S, and C6H6• On advice from 
CARB, such modeling was not performed for 03, The following subsections describe the 
air quality dispersion models used, input data, and modeling results. 

B.S.1 Air Quality Models and Model Input Data 

B.S.1.1 Air Quality Models 

The three air quality models used in this analysis were selected from Version 6 of the Users' 
Network for Applied Modeling of Air Pollution (UNAMAP) (Turner and Bender 1986; 
EPA 1986c). The models used were the most recent versions of the Industrial Source 
Complex-Short Term Mode (updated in December 1988), COMPLEX-I, and CALINE-3, 
all of which are recommended by the EPA (1986a, 1987). 
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TABLE B.22 Projected Emissions for New Sources at NPR-la 
- -� ---- ----� - -- - -�- �-.�-

Emission Rate ( lb/h) 

Source Category Capacity ROG NOli CO S02 TSP PM10 

Stationary combustion 
Compressor engines 

19R (3) 4,500b 9.90 9.93 29.76 0.018 0.27 0.27 
30R (2) 2 000b , 4.92 4.40 13.22 0.008 0.12 0. 12 
33S (2) 2,000b 4.92 4.40 13.22 0.008 0. 12 0. 12 
35R (8) 26,000b 95.52 57.32 268.96 0. 104 0.66 0.66 
36R (3) 3,000b 7.38 6.60 19.83 0.012 0.18 0. 18 

Subtotal 37,500b 122.64 82.65 344.99 0. 150 1 .35 1 .35 

Steam generators 
3G (10) 625c 0.90 25.00 7.50 0.240 2.80 2.80 

Heaters 
35R (2) 83c 0.22 3.32 2.76 0.048 0.24 0.24 

Cogenerators 
35R (2) 42d 5.32 7.82 10.58 0.226 1 .13 1 . 12 

Flares 
34R (2) 123e 0.29 5.43 1 .10 0.032 0.27 0.27 

• • • 
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TABLE 8.23 Projected Emissions for New-Source Construction Activities at NPR-l  

Emission Rate (lb/h)a 
Source Category Capacity 

ROG NOx CO S02 TSP PM10 

Construction-Site Preparationb 
Equipment operation 64e 0.57 7.47 1.62 0.50 0.54 0.51 
Road dust d - - 0. 10 0.04 - - -
Fugitive dust - - - - - 3. 1 1  0.59 

Subtotals -
0.57 7.47 1.62 0.50 3.75 1. 14 

Vehicular Trafficb 
On-site (NPR-1)  

Passenger vehiclesc 
Exhaust 1 .5f 0.07 0. 15 0.78 0.01 0.031 0.011 
Cold start 1 .5i 0. 14 0.04 1.95 - - -

Hot start - - - - - - -

Diur. evap. 1 .5b 0.05 - - - - -

Hot soak evap. 1.5i 0.04 - - - - -

Road dust--paved 1 .5f - - - - 36.66 14.92 
Heavy-duty trucks 

Exhaust O. lf 0.02 0. 16 0.07 0.03 0.021 0.021 
Road dust--paved O. lf - - - - 15.63 6.04 

Subtotals - 0.32 0.35 2.80 0.04 52.34 20.99 



TABLE 8.23 (Cont'd) 

Emission Rate ( lb/ht 
Source Category Capacity 

RaG NOx co S02 TSP 

Off-site (Kern Co.) 
Passenger vehiclesj 

Exhaust 9.0r 0.43 0.90 4.69 0.07 0. 19' 
Cold start LSi 0. 14 0.04 1.95 - -

Hot start - - - - -
Diur. evap. - - - - - -

Hot soak evap. 1.5i 0.04 - - - -
Road dust--paved 9.0r - - - - 21.00 

Heavy-duty trucks 
Exhaust 0.6r 0. 13 0.95 0.44 0. 19 0. 18' 
Road dust--paved 0.6r - - - - 1 .40 

Subtotals - 0.74 1 .89 7.08 0.26 22.77 

TOTALS - 1.63 9.71 1 1 .50 0.80 78.86 

-Annual average value. 
bDuring the construction period only. 
cThe number of 2.2-acre sites disturbed during 1990 when the construction activities, including the third-party projects, 
are at their peak level. In 1996, the emissions would be half the listed values. 
d A dash (-) indicates not applicable. 
errotal lead (Pb) emissions = 0.0004 1b/h from passenger vehicles. 
fUr vehicle-miles traveled per day. 
IIncludes a contribution from tire wear. 
b102 vehicles per day. 
i1Q2 trips per day. 
i'fotal Pb emissions = 0.0002 1b/h from passenger vehicles . 

• • 

PM10 

0.09' 
-

-

-

-

7.50 

0.15' 
0.50 

8.24 

30.37 
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TABLE B.24 Projected Changes in Emissions from Existing Sources 

Change in Emission Rate (lb/h) 
Source Category FOOT 

ROG NOx CO S02 TSP PM10 NOTES 

Stationary Combustion 
Compressor engines 0.0 -516.4 0.0 0.0 0.0 0.0 a 
Boilers and heaters -0.5 -25. 1 -6.3 -0. 1 -0.5 -0.5 b 
Pump engines 0.0 -203.9 0.0 0.0 0.0 0.0 a 
Field engines 0.0 -0. 1 0.0 0.0 0.0 0.0 a 

Total -0.5 -745.5 -6.3 -0.1 -0.5 -0.5 

Drilling and construction 
New Well Drilling c 

Equipment operation -2.2 -28.2 -6. 1 - 1.9 -2.0 -2.0 
Moving -0.1 - 1 .2 -0.2 -0. 1 -0.1 -0. 1 
Site preparation 
Equipment operation -0. 1 -1 .5 -0.3 -0. 1 -0. 1 -0. 1 
Fugitive dust 0.0 0.0 0.0 0.0 -0.6 -0. 1 

Subtotal -2.4 -30.9 -6.6 -2. 1 -2.8 -2.3 

• •  Remedial work and 
new well completion d 

Equipment operation 0.2 2.5 0.5 0.2 0.2 0.2 
Moving 0.0 0.0 0.0 0.0 0.0 0.0 
Site preparation 
Equipment operation 0.0 0.0 0.0 0.0 0.0 0.0 
Fugitive dust 0.0 0.0 0.0 0.0 0.0 0.0 

Subtotal 0.2 2.5 0.5 0.2 0.2 0.2 

Construction 0. 1 1.4 0.3 0. 1 -1 .9 0.2 e 

Total -2. 1  -27.0 -5 .8 - 1 .8 0.6 -1 .9 

Noncombustion oil and 
gas production 

Active oil and gas wells 0.0 0.0 0.0 0.0 0.0 0.0 f 
Tank settings 0.0 0.0 0.0 0.0 0.0 0.0 g 
LACT Units 0.6 0.0 0.0 0.0 0.0 0.0 h 
35R Product storage and 

handling 9.3 0.0 0.0 0.0 0.0 0.0 i 
Stack vent stacking releases -396.0 0.0 0.0 0.0 0.0 0.0 j 

• Total -386.1 0.0 0.0 0.0 0.0 0.0 



TABLE B.24 (Cont'd) 

Change in Emission Rate (lb/h) 
Source Category 

ROG NOx CO S02 TSP PMIO NOTES 

Vehicular traffic 
Passenger vehicles 0.0 0.0 0.0 0.0 0.0 0.0 k 
Heavy duty trucks 

On-site I 
Exhaust 0.1 0.6 0.3 0.1 0.1 0. 1 
Road dust - paved 0.0 0.0 0.0 0.0 61 .9 24.2 

Off-site I 
Exhaust 0.5 3.8 1.8 0.8 0.7 0.6 
Road dust- paved 0.0 0.0 0.0 0.0 5.6 2.5 

Total 0.6 4.4 2. 1  0.9 68.3 27.4 

Grand Total -388. 1 -768.1 -10.0 -1 .0 65.8 25.0 

·Compressor and other engine emissions reduced according to KCAPCD Rule 427. 
bAll existing 35R area boilers and heaters will be replaced by one cogenerator. 
cProject 29 new wells for 1996, compared with a total of 42 for 1988. 
dProject 176 remedial activities in addition to 29 new wells for 1996, compared with 155 
remedial activities and 42 new wells for 1988. 
CZ4 acres to be disturbed for developing 3 steam generator sites in 1996. 
!Project about equal number of production wells in 1996 compared with 1988. 
IBased on projected throughput changes supplied by BPOI. 
hInstallation of drain tanks at 18G and 26Z LACT units. 
iBased on BPOI projections through 1995 considering additional productions based on 
150 x 106 fe/day fourth gas plant employing expander process. 
jEstimated 50% reduction from the current rate of releases. 
kNo change. 
140 additional trucks per day for delivery of liquid products from the fourth gas plant 
(expander process; 105 x 106 fe/day); each truck traveling 10 miles on the site and 60 miles 
off the site. 
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• TABLE B.2S Net Emission Changes by Source Category 

Net Emission Change (lb/h) 
Source Category 

ROG NOx CO S02 TSP PM10 

Stationary combustion 133.1 -621.3 360.6 0.6 5.3 5.3 

Drilling and Construction -2.1 -27.0 -5.8 -1 .8 -2.0 -1 .9 

Noncombustion oil and -386.1 0 0 0 0 0 
gas production 

Vehicular traffic 
On-site 0.1 0.6 0.3 0.1 62.0 24.3 
Off-site 0.5 3.8 1 .8 0.8 6.3 3.1  

Total -254.5 -643.9 356.9 -0.3 7 1.6 30.8 

• 
TABLE B.26 Projected Total 1996 NPR-l Emission 

Emission Rate (lb/h) 
Source Category 

ROG NOx CO S02 TSP PMlO 

Stationary combustion 508.5 636.8 1,576.3 1.3 9.1 9. 1 

Drilling, Construction, and 1 1.6 150.2 32.4 10.1 14.1 1 1. 1  
Maintenance 

N oncombustion oil and 742.3 0 0 0 0 0 
gas production 

Vehicular traffic 
On-site 3.2 4.3 27.1 0.5 684.2 275.8 
Off-site 4.1 . .  15.3 32.9 2.6 107.1 39.0 

Total 1 ,269.7 806.6 1,668.7 14.5 814.5 335.0 
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Industrial Source Complex Model 

The Industrial Source Complex (lSC) model (EPA 1986b) is a steady-state Gaussian plume 
model than can be used to assess the effects of a variety of sources associated with an 
industrial complex such as NPR-1. Although the ISC model handles the effects of terrain 
in only a limited way, it is well suited for modeling emissions from the numerous sources 
scattered throughout the NPR-1 site, including those located at or near large buildings or 
structures. The limited treatment of terrain effects is not a significant drawback in the case 
of NPR-1 because most the large emission sources are located on or near the top of the Elk 
Hills. 

For application of modeling analysis to the NPR-1, regulatory default options suggested in 
the EPA's guideline (EPA 1986a) and the rural option were used. A minor modification 
was employed in calculating the mixing-height values for the hours immediately after sunrise 
for the cases when stable conditions prevailed during the hour just before sunrise. The 
mixing-height for the hour just after sunrise was set to equal the mean value of (1) the 
mixing-height calculated by the model algorithm for this hour and (2) that for the next hour. 
This was done because the mixing-height calculated by the program for the hour 
immediately after sunrise in rural areas is an interpolated value between zero mixing-height 
at sunrise and the afternoon mixing-height value at 2 p.m. 

Therefore, it is an instantaneous value at the beginning of the hour and is not an average 

• 

mixing-height for a 60-minute period. Because the hourly air pollutant concentrations • estimated with the model are to represent the hourly average concentrations, it is 
appropriate to use the hourly average mixing-height. Otherwise, ground-level concentrations 
would be estimated as zero for sources with plume heights slightly greater than the very 
restrictive mixing-height computed for the beginning of the hour immediately after sunrise 
under the rural option. This modification also reduces to more realistic values the 
artificially high ground-level concentrations estimated for those sources with plume heights 
just under the same restrictive mixing-height. For the multiple sources of NPR-1, many of 
which are located near large buildings or structures, ambient air quality impacts estimated 
by use of the ISC model are greater than those estimated by the use of the COMPLEX I 
model described below. 

COMPLEX-I Model 

COMPLEX-I is a modification of the Multiple Point Gaussian Dispersion Algorithm with 
Terrain Adjustment (MP'IER) model that fully incorporates the effects of plume impaction 
on terrain. This model, without the option of including building downwash effects, is less 
resource-intensive .than the ISCmodel. Therefore, it was used to model pollutants such as 
H2S that are emitted from stacks that are scattered throughout the site but are located some 
distances away from large buildings or structures. 
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CALlNE-3 Model 

CAUNE-3 (Benson 1979) is a steady-state Gaussian model designed to estimate the 
ambient concentrations of nomeactive pollutants from highway traffic. This model was used 
to estimate ground-level concentrations of pollutants emitted by the vehicles traveling on 
Elk Hills and Skyline roads. 

B.5.1.2 Pollutant Emissions 

Emissions from the following sources were considered in air quality modeling: (1) stationary 
combustion sources (compressors, boilers and heaters, steam generators, cogenerators, flares, 
and well pump engines); (2) diesel engines used in well drilling, remedial work, and routine 
well-pulling operations; and (3) vehicular traffic on Elk Hills and Skyline roads. To model 
primary PM1o, temporary construction fugitive dust emission sources and road dust emission 
sources were included. Annual average emission rates for the individual pieces or groups 
of devices are given in Tables B.21 and JU2. Of conservatism, devices associated with all 
activities except construction and vehicular traffic were assumed to be operating throughout 
the year and emitting pollutants at their hourly emission rates. The emissions from 
construction activities were assumed to be limited to the daytime 8-hour shift, and those 
from vehicular traffic were allocated to various hours based on the hourly traffic volume 
data observed at NPR-1 (BPOI 1989). To keep the number of emission sources to a 

. manageable level, numerous sources scattered around the NPR-1 site, such as gas-fired well
pump engines, were grouped together and were assumed to be located at a central point for 
each group of sources. Large combustion sources also were grouped and located at a 
central point if they are located close to each other and their stack exhaust parameters are 
similar. Road dust emissions were allocated to each sector in proportion to the number of 
active wells in each sector, based on the assumption that the vehicle miles traveled during 
inspection, maintenance, and repair work would be proportional to the number of active 
wells. 

The data on physical source characteristics (stack height, stack inside diameter, and exhaust
gas temperature and exit velocity) of the emission sources used in modeling were based 
primarily on (1) actual measured data obtained during emission testing periods (in the case 
of large compressors); (2) manufacturers' design data (in the case of steam generators, 
cogenerators, well pumps, and drilling engines); or (3) a combustion of the two data types 
in the case of boilers and heaters. Table B.2? lists these physical characteristics of typical 
emissions sources at NPR-l. 

Emissions from other sources, such as seasonal heaters and miscellaneous field engines, 
were not included in. modeling. They were not -modeled because their emission rates are 
negligible or because preliniinary modeling indicated that the impacts of these sources are 
not significant. 
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TABLE 8.27 Physical Source Characteristics of Typical Emission Sources at NPR-l 

Equivalent 
Stack Stack Exit Exit 

Height Diameter Temperature Velocity 
Source Type Capacity (ft) (in.) ( F) (ft/s) 

Compressor 1,000 hp 15 12 800 130 

Steam generator 62.5 x 106 Btu/h 22 74 330 10 

Cogenerator 21 MW 50 60 290 135 

Boiler 56.0 x 106 Btu/h 40 18 400 130 

Heater 27.5 x 106 Btu/h 40 12 650 200 

Pump engine 88 hp 10 5 1350 40 

Drilling rig engine 380 hp 10 5 1000 250 I 

• • • 
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It was determined during the preliminary modeling of combustion source emissions that high 
ground-level concentrations may result at Elk Hills Road (near the 35R gas plant), which 
is accessible to the public. To account for the diurnally varying effects of vehicular traffic 
emissions, hourly vehicle counts by vehicle type were taken during three consecutive 
weekdays in January-February 1989 at four locations near the junction of Elk Hills Road 
and Skyline Road (BPOI 1989). Hourly composite emissions factors were computed based 
on the CARB-supplied 1988 vehicular emissions and other traffic data for Kern County 
(CARB 1988b). The composites were used in conjunction with the mean hourly vehicle 
counts at Elk Hills Road and Skyline Road in the modeling (Fi�re B.22). 

8.5.1.3 Meteorological and Climatological Data 

Data on hourly wind speed and direction measured at the Fellows site by the Westside 
Operators during a 5-year period (1983-1987) were used in air quality modeling analysis. 
Atmospheric stability data were calculated from the hourly wind speed at the Fellows site 
and hourly ceiling height and sky cover data measured at Meadows Field near Bakersfield 
(for the same 5-year period). The mixing-height data used are the seasonal mean morning 
and afternoon mixing-height values derived from the morning temperature-sounding data 
obtained at Meadows Field during a 7-year period (1981-1987). (Details of these 
meteorological and climatological data are given in Section B.l.) 

Preliminary modeling analyses of nonreactive pollutants using each of the 5 years of 
meteorological data indicated that the 1983 data produced the highest short-term ground
level concentrations. Therefore, all of the subsequent modeling analyses were conducted 
using the 1983 meteorological data. 

8.5.1.4 Chemical Transrormation 

To model N02 concentrations, the ozone-limiting method (Code and Summerhays 1979) was 
used according to the EPA's air quality modeling guideline recommendation (EPA 1986a). 
The ozone-limiting method was applied after adding, at each receptor location, the NOlO 
concentration contributions from the poirit sources and vehicular traffic on Elk Hills and 
Skyline roads. The seasonal maximum hourly ozone concentrations measured at the 
Maricopa site during the period 1983-1987 were used for this. The Maricopa site showed 
the highest ozone concentrations among the three ozone-monitoring stations maintained by 
the Westside Operators. Details of the seasonal maximum hourly ozone concentrations at 
this monitoring station are described in Section B.3.2. The use of the seasonal maximum 
hourly ozone concentration in the application of the ozone-limiting method provides added 
conservatism in the estimation of N02 concentration. 

The chemical transformation of S02 emitted from point sources or single industrial plants 
in rural areas is generally assumed to be unimportant when travel time is limited to a few 
hours. Because the time required for an air mass to traverse the NPR-l site from its central 
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location is on the order of a few hours even at a very low wind speed (e.g., 1 m/s), it was 
assumed that only a negligible amount of S02 is converted to SO .. over the NPR-1 site. 

B.S.1.S Topography, Receptor Grid, and Receptor Locations 

The size of the modeling domain selected for impact analysis was a rectangle 14 kilometers 
in the north-south direction and 25 kilometers in the east-west direction. Air quality impacts 
were estimated for receptor locations that were selected to adequately cover the areas near 
large emission sources, Elk Hills Road, and the site boundary. The basic grid size selected 
was 1 kilometer x 1 kilometer, except for the case of road dust modeling with a grid size of 
1.6 kilometer x 1.6 kilometer. The elevation at each source and receptor location was 
obtained from the relevant USGS 7.5-minute series topographic maps. The approximate 
topography over the modeling domain, the NPR-1 site boundary, the locations of major 
existing and proposed new sources, major roadways, and the selected receptor locations are 
shown in Fiwre B.23. 

B.S.1.6 Cumulative Effects 

Background concentrations are essential components of the total air poUu tant concentrations 
to be considered in determining source impacts. Background concentrations from existing 
nearby off-site sources and natural sources should be determined in the vicinity of . the 
NPR-l sources under consideration. Since the monitoring stations in western Kern County 
maintained by the Westside Operators are sufficiently close to the NPR-1 site (most are 
within a few miles of the NPR-l boundary), air quality data obtained at these stations are 
considered to provide good estimates of background concentrations on the NPR-l site. To 
be conservative, the maximum concentration levels measured for appropriate averaging time 
periods at these off-site monitoring stations during 1987" were used as the background levels. 
For the hourly N02 background concentrations, the seasonal mean hourly concentrations 
for the period 1983-1987 at the Maricopa site were used instead of the seasonal maximum 
hourly concentrations. This was done because the hourly N02 concentrations corresponding 
to the seasonal maximum hourly ozone concentrations used in the ozone-limiting method 
are, in general, equal to or slightly lower than the seasonal mean hourly N02 concentrations, 
but are substantially lower than the seasonal maximum hourly N02 concentration 
(Section B.3.2). 

B.S.2 Air Quality Modeling Results 

This section presents the modeling results from ground-level concentrations of N02, CO, 
S02, PMu)o H�, and � from existing and proposed new emission sources for various. 

"Data from 1988 were not considered in determining the maximum concentration levels 
because monitoring at most of these stations was terminated in June 1988 due to closing or 
relocation. 
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averaging time periods. Maximum ambient (ground-level) air pollutant concentrations 
estimated for within the NPR-1 site boundary are compared with applicable threshold 
limiting values (1L V) recommended by the American Conference of Governmental and 
Industrial Hygienists (1988). Maximum concentrations estimated for the site boundary or 
at Elk Hills Road are compared with applicable CAAQS or NAAQS (Table B.6). 

B.S.2.1  Nitroaen Dioxide 

FilWre B.24 shows the isopleths of the maximum 1-hour ambient (ground-level) N02 
concentrations estimated for the current conditions at NPR-1 and for anticipated conditions 
in 1996. The isopleths for 1996 take into account the proposed new source emissions and 
various expected emission changes at NPR-l. The highest maximum 1-hour N02 concentra
tions estimated for within the site boundary are 0.293 and 0.179 ppm for the existing 
and future estimated for within the site boundary are 0.293 and 0.179 ppm for the existing 
and future conditions, respectively. The points of highest concentration are located at the 
northwestern comer of the site and are attributable primarily to emissions from well-pump 
engines in the area. These highest concentrations are partially due to the artificial effects 
of lumping emissions from a number of well pump engines at a central location. Actual 
concentrations should be substantially lower than indicated. Even these conservatively high 
estimates of the maximum 1-hour concentrations are only a small fraction of the 8-hour 
time-weighted 1L V of 3 ppm for N02• 

The highest maximum 1-hour ambient N02 concentrations estimated at the site boundary 
or at Elk Hills Road are 0.246 and 0.170 ppm for the existing and future conditions, 
respectively. The highest concentrations, both located at the junction of Elk Hills and 
Skyline Roads, are mainly due to emissions from the compressors at the 35R Gas Plant. 
The concentration decrease from the existing to future conditions at the location of the 
maximum concentrations is 0.076 ppm, or 143 p.g/m3, which is primarily due to the emission 
reductions from the existing compressors (see Section B.2.2), according to KCAPCD 
Rule 427. The meteorological conditions associated with these estimated values are a 
westerly wind blowing at about 7 m/s and neutral atmospheric stability in early afternoon 
during a summer month. These highest estimate ambient concentrations are slightly below 
the 1-hour CAAQS of 0.25 ppm N02• 

Fi�re B.25 shows the isopleths of the annual mean ambient (ground-level) N02 
concentrations estimated for the current and anticipated 1996 conditions at NPR-l. The 
highest annual mean ambient N02 concentrations estimated for any location on the site or 
at the site boundary and Elk Hills Road are 0.035 ppm (65.7 p.g/m3) for existing conditions 
and 0.025 ppm (47.0 p.g/m3) for future conditions. (The concentration decrease from the 
existing to future .conditions is 0.010 ppm, or about 19 p.g/m3.) These concentrations, both 
estimated for the junction of Elk Hills and Skyline Roads, are well below the applicable 
NAAQS for N02 (0.05 ppm). 
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8.5.2.2 Carbon Monoxide 

Fi�re B.26 displays isopleths of the maximum I-hour ambient (ground-level) CO 
concentration contributions estimated for the existing and future emission sources at NPR-1. 
These isopleths reflect the impacts of the NPR-1 emission sources and the vehicular traffic 
along Elk Hills and Skyline Roads, but not the background concentration. 

The highest maximum I-hour CO concentration contributions estimated for within the site 
boundary are 1.43 and 1.41 ppm for the existing and 1996 emissions, respectively, with a 
decrement of 0.02 ppm. After adding the background concentration of 3.2 ppm (the 
maximum hourly concentration measured by the Westside Operators' monitoring network 
in 1987), the highest maximum I-hour ambient CO concentrations estimated for within the 
NPR-1 boundary are 4.63 and 4.61 ppm for existing and future conditions, respectively. 
Both areas with these maximum concentrations occur west of the 35R area facilities, just 
north of Skyline Road. These maximum I-hour ambient concentrations are less than 10% 
of the 8-hour time-weighted 1L V of 50 ppm of CO. 

The highest estimated maximum I-hour CO concentrations at the site boundary or at Elk 
Hills Road are at the northwestern comer of the NPR-1 site, with concentrations of about 
4.30 ppm for both existing and future conditions. These concentration levels are only a 
fraction of the applicable CAAQS and NAAQS of 20 and 35 ppm, respectively, for CO. 

• 

The isopleths of the maximum 8-hour mean ambient CO concentration contributions 
estimated for current and future (1996) emissions at NPR-1 are shown in Fi�re B.27. The • isopleths for the 1996 conditions are virtually identical to those for the existing conditions 
except the areas surrounded by the same concentration isopleths are slightly larger for the 
future conditions. The highest maximum 8-hour CO concentrations estimated for within the 
boundary of NPR-1 are 2.09 ppm for both the existing and future conditions. Since 1.60 
ppm represents the background concentration, the actual NPR-1 source contribution is only 
0.49 ppm. These maximum concentration contributions, both estimated to occur at the 
junction of Elk Hills and Skyline roads, are primarily due to the emissions from the 35R 
Gas Plant. The highest maximum 8-hour CO concentrations are only a small fraction of the 
8-hour time-weighted 1L V of 50 ppm for CO. 

The highest maximum 8-hour concentrations at the site boundary or at Elk Hills Road for 
the existing and future conditions also are estimated to occur at the junction of Elk Hills 
and Skyline roads. 

8.5.2.3 Sulfur Dioxide 

FilWre B.28 shows the isopleths of the maximum I-hour ambient (ground-level) S02 
concentration contributions estimated for existing and future sources at NPR-1. As in the 
cases for CO, these isopleths reflect the impacts of the NPR-l emissions sources and 
vehicular traffic on Elk Hills and Skyline roads, but not the background concentration. The 
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highest maximum 1-hour S02 concentration contribution estimated for within the NPR-1 site • boundary is 0.027 ppm for both the existing and future emissions at NPR-l. Addition of the 
background concentration (0.13 ppm) increases the highest maximum 1-hour ambient S02 
concentration within the NPR-1 site boundary to 0.157 ppm for both existing and future 
conditions. The area where these highest maximum 1-hour concentrations would occur is 
toward the southeastern comer of the NPR-1 site where most of the current and future 
drilling and remedial work activities are located. (Diesel engines used in these activities are 
small but constitute the largest source of S02 emissions on the site.) The maximum 1-hour 
S02 concentrations are less than 15% of the 8-hour time-weighted TLV of 2 ppm for S02. 

The highest maximum 1-hour ambient S02 concentrations estimated at the site boundary 
or at Elk Hills Road are 0.140 and 0.139 ppm for existing and future conditions, 
respectively. These concentrations, estimated for a location at Elk Hills Road south of the 
junction of Elk Hills and Skyline Roads, are less than 60% of the applicable CAAQS of 
0.25 ppm for S02. 

Because existing CO2 emissions at NPR-1 are small (14.8 Ib/h) and because a small increase 
(1.5 lb/h) from the proposed new sources and additional vehicular emissions is expected 
to be offset by the reduction in S02 emissions from drilling activities in the future, ambient 
S02 concentrations are expected to remain at the current levels or decrease slightly in 1996. 
The small contributions to ambient S02 concentrations from the NPR-1 sources are 
expected to decrease even more when the CARB rule limiting the sulfur content of diesel 
fuel from the current average of 0.28% (by weight) to 0.05% (by weight) is extended to the 
entire state in October 1993 (California Code of Regulations, Title 13, Section 2555). • 
The highest maximum ambient S02 concentrations for other averaging periods (3 hours, 
24 hours, and annual) estimated for the existing and future conditions, both on the site and 
at the site boundary, are all well below applicable TLVs or ambient standards. 

The S02 concentrations increments contributed by the proposed new sources, as estimated 
for PSD review purposes, are negligible. The highest increments at the site boundary or at 
Elk Hills Road are less than 0.15 J.Lg/m3, 0.05 J.Lg/m3, and 0.005 J.Lg/m3 for the 3-hour, 24-
hour, and annual averaging periods, respectively. 

B.5.2.4 Particulate Matter 

Air quality modeling for primary PMlO was performed for (1) temporary emissions of fugitive 
dust from site-preparation activities during the construction period, (2) stack emissions from 
combustion sources, and (3) emissions from vehicular traffic, including road dusts on the site 
and on Elk Hills Road. 
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Construction Fugitive-Dust Emissions 

Fi�re B.29 shows the isopleths for the maximum 24-hour mean ambient PM10 concentration 
contributions estimated for temporary fugitive-dust emissions from two hypothetical sites 
that are simultaneously being prepared for construction. The two sites were assumed to be 
located at the centers of two adjacent sectors (2G and 3G) where substantial future con
struction activities are anticipated. For worst-case estimation, the maximum hourly emission 
rates for fugitive dusts during the initial stage of site preparation (i.e., the initial site-clearing 
period when water application for dust suppression may not be safe or practical) were 
considered for both sites. The highest maximum 24-hour mean PM10 concentration contri
butions thus estimated are about 10 ,.,.g/m3 and less than 1 ug/m3 within and at the site 
boundary, respectively. The corresponding values for the annual averaging period are about 
0.3 ,.,.g/m3 and 0.05 ,.,.g/m3, respectively. 

As illustrated in Fi�re B.29, construction fugitive-dust emissions dissipate within short 
distances from the sources and do not cause any significant impacts at or outside the 
boundary of NPR-1. 

Combllstion-Source Stack Emissions 

The isopleths of the maximum 24-hour mean ambient primary PM10 concentration 
contributions from NPR-1 combustion sources estimated for current and 1996 stack 
emissions are shown in Figure B.30. The highest maximum 24-hour PM10 concentration 
contribution estimated within the NPR-1 site boundary is 9.2 ,.,.g/m3 both for existing and 
future emissions. The area with the highest estimated maximum 24-hour concentration 
contribution is in the southeastern quarter of the site (as in the case of S02), where most 
of the current and future drilling and remedial work activities are expected. 

The highest maximum 24-hour PMlO concentration contributions estimated for the site 
boundary or for Elk Hills Road are 2.7 and 2.4 ,.,.g/m3 for existing and future combustion
source emissions, respectively. The slight decrease in the highest concentration contribution 
at Elk Hills Road is attributed to anticipated decreases in drilling activities east of the road. 

Contributions from current and future NPR-1 combustion sources to annual ambient 
arithmetic mean PM10 concentrations are estimated to be small. The highest contribution 
on the site is about 1 ,.,.g/m3 both for existing and future stack emissions, and the highest 
contribution at the site boundary or Elk Hills Road is less than 0.3 ,.,.g/m3 both for existing 
and future emission sources. 

All Emissions 

Figure B.31 shows isopleths of the maximum 24-hour mean ambient PMlO concentration 
contributions estimated for all current and future (1996) emission at NPR-l. The emissions 
included in these isopleths are (1) construction fugitive dusts, (2) combustion-source stack 
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emissions, and (3) exhaust and road dust emissions from vehicular traffic on the site (for 
commuting; construction materials and product delivery; and inspection, maintenance, and 
repair work) and on Elk Hills Road. These concentration isopleths were constructed by 
adding the maximum 24-hour concentration contributions estimated for the combustion
source emissions and vehicular exhaust emissions to those estimated for construction fugitive 
dusts and road dusts. 

The highest maximum 24-hour PM10 concentration contributions estimated for within or at 
the site boundary are about 47 and SO p.g/m3 for the existing and future emissions, 
respectively. The location of these highest maximum concentrations is at Elk Hills Road, 
south of the junction of Elk Hills and Skyline Roads. The estimated increase in the 
maximum 24-hour PM10 concentration at this location from the current to future conditions 
is about 3 p.g/m3. 

Contributions from all existing or future emission sources at NPR-1 to annual arithmetic 
mean PM10 concentrations are estimated to be less than 40% of those for the 24-hour mean 
concentrations. The maximum annual arithmetic PMlO concentration contribution on Elk 
Hills Road, just north of the junction of Elk Hills and Skyline Roads, are about 16 and 
17 p.g/m3 for the existing and future emissions at NPR-1, respectively. The estimated 
increase in the maximum annual PM10 concentrations from the current to future conditions 
is small (about 1 p.g/m3). 

The ambient PM10 concentration contributions (for 24-hour and annual averaging periods) 
estimated above for all existing or future emission sources at NPR-1 (47 and SO p.g/m3 for 
the 24-hour period, and 16 and 17 p.g/m3 for the annual period) are by themselves less than 
or equal to the corresponding CAAQS or NAAQS (SO p.g/m3 and 150 p.g/m3 for the 24-hour 
period, and 30 p.g/m3 and SO p.g/m3 for the annual period). However, the highest maximum 
24-hour PMlO concentrations of 47 and SO p.g/m3 estimated for Elk Hills Road for the 
contributions from all existing and future emission sources at NPR-1, respectively, are quite 
close or equal to the California 24-hour ambient standard of SO p.g/m3. The maximum 
ambient PMlO ambient concentrations measured in western Kern County during 1988 (at the 
Taft monitoring station, which is the only station in western Kern County where PMlO data 
were collected throughout the year) were 393 p.g/m3 for the 24-hour period and 59.6 p.g/m3 

for the annual period (Table B.12). Both values exceeded the corresponding CAAQS and 
NAAQS. Since these concentrations would be heavily influenced by the local emission 
sources near the monitoring sites, they cannot be considered as realistic background 
concentrations near the NPR-1 site boundary. However, they cannot be lower than the 
natural background, which is usually on the order of 5-50 p.g/m3 (Junge 1963). When 
background concentrations are included, the total PMlO concentrations at the NPR-1 site 
boundary would exceed the 24-hour CAAQS for PM100 The 24-hour NAAQS for PM10 and 
annual CAAQS and NMQS for PM10 could also be exceeded, depending on the 
background level. However, the maximum total PM10 concentrations at the NPR-1 site 
boundary can not be estimated with a reasonable degree of accuracy until on-site ambient 
levels are measured. 
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B.S.2.S Hydrogen SuUlde 

Fi�re B.32 shows the isopleths of maximum I-hour H2S concentration contributions for a 
hypothetical case of H2S emissions from tank-setting stack-vent releases. The isopleths were 
developed based on the concentration contributions estimated using the COMPLEX-I 
model. The hypothetical case assumes that all four Stevens Zone tank settings in Section 
26R, which has the highest combined H2S release rate among all sections within the NPR-l 
site boundary, are releasing H2S simultaneously. The highest maximum I-hour H2S 
concentration estimated is 12.3 p.g/m3 at the southwestern comer of Section 26R, just north 
of Skyline Road. This hypothetical maximum I-hour concentration is less than 0.1 % of the 
applicable 8-hour, time-weighted 1LV for H2S (10 ppm or 13,900 p.g/m3). 

The highest maximum I-hour H2S concentration estimated at Elk Hills Road is about 
4 p.g/m3 (0.003 ppm) for the hypothetical case, which is less than one-tenth the applicable 
CAAQS for H2S (42 p.g/m3 or 0.03 ppm). It is reasonable to conclude that ambient H2S 
concentrations significantly greater than those estimated above are currently not expected 
at NPR-l for the following reasons: (1) the H2S emission rate assumed for the four tank 
settings in Section 26R is more than twice the combined rate for all tank settings in any 
other section; and (2) there are not other sections with any significant H2S emission rate 
near Section 26R. Although H2S concentrations in the NPR-l raw gas may increase as the 
steamflood expansion project progresses, the extent of such an increase is not known 

. 
at this time. However, there is substantial margin available between the currently estimated 
hypothetical maximum ambient H2S concentration and the applicable CAAQS. 

Hydrogen sulfide may accumulate inside crude oil tanks at tank settings and LACT facilities 
and then may be released to the atmosphere through relief valves or open gauge hatches. 
Measurements of H2S concentration at the mouth of open gauge hatches of these tanks 
showed levels as high as 750 ppm. However, the concentrations 12 inches downwind of the 
open gauge hatch were less than or equal to 7 ppm, indicating that the rate of H2S escaping 
from the open gauge hatches is small, and any escaping H2S disperses rather quickly to 
levels below the 1LV value for H2S (10 ppm) within short distances downwind. 

B.S.2.6 Benzene 

The ambient concentrations of benzene (�) resulting from two hypothetical cases of oil 
spills were estimated using the ISC model and treating the spills as area sources. The two 
hypothetical cases are typical minor and major oil spills at NPR-I, with a mean spill volume 
of 10 barrels and 250 barrels, respectively. It was also assumed that (1) oil is spilled on a 
flat ground, (2) the spill areas are 10 x 10 meters and 50 x 50 meters for the minor and 
major spill, respectively, . with . a .mean . thickness of 1.6 centimeters, and (3) all � 
contained in the spilled oil is evaporated within 1 hour after the spill. The last assumption 
was based on calculations using the formula developed by Stiver et al. ( 1989) and the 
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assumed mean spill thickness of 1.6 centimeters. The total amount of � evaporated was • based on the measured concentrations of CJi6 in crude oil produced at NPR-1 (Zalco 
Laboratories 1988) and the assumed spill volumes. 

The maximum I-hour ambient CJi6 concentrations for the hour immediately after a spill 
are estimated to be about 66 ppm and 90 ppm at the downwind boundaries of a minor spill 
and a major spill, respectively. These concentrations are equivalent to about 8 ppm and 
11  ppm as 80 hour, time-weighted mean concentrations, because the C� evaporation 
ceases after 1 hour. These concentration levels are higher than the OSHA's permissible 
exposure limits for CJi6 (8-hour, time weighted average [TWA] of 1 ppm and IS-minute, 
time-weighted, short-term exposure limit [STEL] of S ppm). The estimated maximum 1-
hour C� concentrations decrease to 32 ppm and 80 ppm within 10 meters downwind from 
the spill secondary for minor and major spills, respectively. The concentrations are 
equivalent to about 4 ppm and 10 ppm as 8-hour, time-weighted mean concentrations. 

In real oil-spill situations, the thickness of the spill area might be much greater than the 1.6 
centimeters assumed in this analysis, e.g., when the spill is collected in a depression. For 
a thicker spill, it would take longer for the same amount of � to evaporate. If it takes 
longer . than 1 hour for most of CA to evaporate, the maximum I-hour ambient C� 
concentrations would be lower than those estimated above for the hypothetical cases. 
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APPENDIX C: 

DESCRIPTIONS, PROPERTIES, AND EROSION OF ELK HILLS SOILS 

C.I SOIL DESCRIPTIONS 

Twenty-six distinct soil map units have been identified for the Elk Hills. Table C.1 presents 
data on the surface area covered by each unit and lists the percentage of the total mapped 
area occupied by each unit. It is apparent from this tabulated information and the detailed 
descriptions given in a recent soil survey report by the Soil Conservation Service (SCS 
undated) that about six basic soils are present at the site - ( 1 )  Cajon sandy loam, (2) Elk 
Hills sandy loam, (3) Elk Hills sandy loam, saline-sodic, (4) Garces fine sandy loam, 
(5) Kimberlina sandy loam, and (6) Torriorthents soils. The remaining map units are 
combinations or slight variants of these basic soils (such as eroded or very thin profile) that 
occur under varying slope conditions. Therefore, a reasonable understanding of the soil 
conditions of the site can be obtained from characteristics of the basic units, as summarized 
below. Definitions of the terms used in the following summary descriptions can be found 
in the text and glossary of the SCS report. Further details and quantitative estimates of the 
range for some variables normally expressed in qualitative terms (e.g., low, moderate, and 
high) are given in the U.S. Department of Agriculture's Soil Survey Manual (USDA 195 1). 

Cajon sandy loam is a very deep, somewhat excessively drained soil formed on alluvial fans. 
The present vegetation on this soil is mainly annual grasses, forbs, and scattered shrubs. 
Cheesebush is a common shrub in areas that have been disturbed. This soil occurs at 
elevations ranging from 300 to 720 feet and on slopes commonly between 2 and 5%. The 
surface layer of this unit is typically pale-brown sandy loam or loamy sand about 8 inches 
thick. The underlying material is stratified loamy sand or sand to a depth of 60 inches or 
more. 

Permeability of the Cajon sandy loam is moderately rapid at the surface to rapid in the 
subsurface. Available water capacity is low or moderate, runoff is very slow, and the hazard 
of water erosion is slight. The hazard of wind erosion is moderate in the natural state and 
higher if the surface is disturbed. The hazard of flooding is rare. 

Elk Hills sandy loam is a very deep, well-drained soil occurring on hills. The present 
vegetation growing on this soil is mainly annual grasses, forbs, and scattered shrubs. This 
soil is found at elevations of 400 to 1,380 feet. Slopes vary in steepness. 

Typically the surface layer of this unit is a yellowish-brown sandy loam about 9 inches thick 
and is underlain by a layer of pale.,brown sandy loam about 39 inches thick. Pale-brown 
loamy sand extends to a depth of 60 inches or more. In some locations, the surface may be 
loam, silt loam, or gravelly sandy loam. 
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TABLE C.l Acreage and Proportionate Extent of Elk Hills Soils 

Map • 
Symbol Map Unit Acres % 

101 Cajon sandy loam, 2-5% slopes 205 0.4 
102 Elk Hills sandy loam, 9-15 % slopes 2,305 4.9 
103 Elk Hills sandy loam, 15-30% slopes 3,685 12.1 
104 Elk Hills sandy loam, 30-60% slopes 2,405 5.1 
105 Elk Hills complex, 9-30% slopes 1, 125 2.4 
106 Elk Hills complex, 30-50% slopes 1,375 2.9 
107 Garces fine sandy loam, 0-2% slopes 90 0.2 
108 Kimberlina sandy loam, 0-2% slopes 200 0.4 
109 Kimberlina sandy loam, 2-5% slopes 2,270 4.8 
1 10 Kimberlina sandy loam, 5-9% slopes 2,035 4.3 
111  Kimberlina-Cajon, occasionally flooded-

Riverwash complex, 0-5% slopes 505 1.1 
1 12 Kimberlina-Urban Land complex, 0-5% slopes 485 1.0 
113 Torriorthents, thick, 9-15% slopes 470 1.0 
114 Torriorthents, thick, 15-30% slopes 1,245 2.6 
115 Torriorthents, thick, 30-50% slopes 830 1.8 
116 Torriorthents, thin, 30-50% slopes, eroded 100 0.2 
1 17 Torriorthents, very thin, 30-50% slopes, eroded 240 0.5 
1 18 Torriorthents, thick-Elk Hills complex, 9-15% 195 0.4 
1 19 Torriorthents, thick-Elk Hills complex, 15-30% slopes 5,510 1 1.8 • 
120 Torriorthents, thick-Elk Hills complex, 30-50% slopes 3,745 7.9 
121 Torriorthents, thick-Torriorthents, thin complex, 15-30% 3,565 7.5 

slopes 
122 Torriorthents, thick-Torriorthents, very thin, 

eroded complex, 15-30% slopes 1,705 3.6 
123 Torriorthents, thick-Torriorthents, very thin eroded-Elk Hills 

complex, 15-50% slopes 2,995 6.3 
124 Torriorthents, thick-Torriorthents, thin complex, 30-60% 

slopes 2,035 4.3 
125 Torriorthents, thick-Elk Hills-Torriorthents, thin, eroded 

complex, 30-60% slopes 1,280 2.7 
126 Torriorthents, thick-Torriorthents, thin-Torriorthents very 

thin, eroded complex, 30-60% 4,645 9.8 

Total 47,245 100 

Source: SCS undated. 
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The Elk Hills sandy loam unit is characterized by moderately rapid permeability and 
moderate to high available water capacity. Runoff tends to be medium on gentle slopes and 
increases to rapid on steeper slopes. Generally, the water erosion hazard is moderate; 
however, on steeper slopes ranging up to 60%, the erosion hazard increases to high. Wind 
erosion hazard is low if the surface is not disturbed, but increases following disturbance. 

Elk Hills sandy loam, saline-sodie soil is intricately associated with the Elk Hills sandy loam 
in several map units. The sandy loam soil is often found on ridge tops and some northern 
aspects, while the saline-sodic type occurs on slopes of all aspects and a wide range of 
steepness. The saline-sodic soil is very deep, well drained, and supports vegetation that 
includes annual grasses, forbs, and scattered shrubs. 

The surface layer of this unit is often yellowish-brown loam or sandy loam 7-11  inches thick. 
The next layer is generally pale-brown loam from less than 20 inches to about 50 inches 
thick and is underlain by stratified coarse sandy loam, sand, and gravelly coarse sand to a 
depth of 60 inches or more. 

The permeability of this saline-sodic soil is moderately rapid, and available water capacity 
is low to moderate. Runoff is generally rapid, and water erosion hazard ranges from 
moderate on lesser slopes to high on steeper slopes. The hazard of wind erosion is low in 
the undisturbed state, but increases if the surface is disturbed. 

Garees fine sandy loam is a very deep, well-drained saline-sodic soil found on basin rims. 
As with most other soils in the area, natural vegetation is mainly annual grasses, forbs, and 
scattered shrubs. This soil is generally found at elevations of 290 to 310 feet and on slopes 
ranging from 0 to 2%. 

The surface layer of the Garces soil typically is pale-brown fine sandy loam, silt loam, or 
loam and is only about 2 inches thick. The subsoil is grayish-brown clay loam about 
10 inches thick. The substratum extends to a depth of 60 inches or more and usually 
consists of grayish-brown loam, clay loam, or sandy clay loam. 

This unit has a very slow permeability because of the presence of clay in the subsoil. 
Available water capacity is low to moderate, and runoff is very slow. The hazard of water 
erosion is slight, and that of wind erosion is · low in the undisturbed state. 

Kimberlina sandy loam is a very deep, well-drained soil found on alluvial fans at elevations 
ranging from 300 to 1,000 feet and on slopes of 0-9%. Present vegetation is mainly annual 
grasses, forbs, and scattered shrubs. 

The surface layer of this unit is typically pale-brown to light yellowish-brown sandy loam or 
loamy sand about 6-12 inches thick. The underlying material to a depth of 60 inches or 
more is light yellowish-brown sandy loam. 
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The permeability of Kimberlina sandy loam is moderately rapid; available water capacity • is moderate. Runoff ranges from very slow on flat to gentle slopes to medium on the 
steeper gradients. The hazard of water erosion is slight on gentle slopes, increasing to 
moderate at the upper range of slopes. In all slope conditions, the hazard of wind erosion 
is low for undisturbed soils. 

Torriorthents soils on the Elk Hills have been distinguished as Torriorthents, thick, thin, or 
very thin, depending on the thickness of the surface soil layer. The thin and very thin 
Torriorthents have lost significant quantities of topsoil due to erosion. These soils all tend 
to be very deep, well-drained, and saline-sodic. They occur on hills ranging in elevation 
from about 400 feet to more than 1,500 feet and under slope conditions ranging from 9 to 
60%. 

The Torriorthents are highly variable in profile and tend to be intricately and complexly 
intermingled. They are saline-sodic below a depth of 12-40 inches A typical profile consists 
of a yellowish-brown loam, silt loam, or sandy loam surface layer about 8 inches thick (this 
varies depending on degree of erosion). This surface layer is underlain by a light yellowish
brown sandy loam about 20 inches thin, which, in turn, is underlain by a pale brown silt 
loam about 14 inches thick. The underlying material to a depth of 60 inches or more is light 
yellowish-brown loam. Specific profile characteristics may vary significantly from one 
location to another. 

The Torriorthents are highly variable in profile and tend to be intricately and complexly 
intermingled. They are saline-sodic below a depth of 12-40 inches A typical profile consists • of a yellowish-brown loam, or sandy loam surface layer about 8 inches thick (this varies 
depending on degree of erosion). This surface layer is underlain by a pale brown silt loam 
about 14 inches thick. The underlying material to a depth of 60 inches or more is light 
yellowish-brown loam. Specific profile characteristics may vary significantly from one 
location to another. 

Permeability of the Torriorthents soils tends to be slow to moderate. Runoff ranges from 
medium to rapid due primarily to the range of slope conditions where these soils are found. 
Available water capacity is generally low or moderate. The hazard of water erosion varies 
from moderate to high, and the wind erosion hazard is mostly low if the soil is undisturbed. 

C.2 SUMMARY OF GENERAL PROPERTIES OF ELK HILLS SOILS 

Estimates of some characteristics and features that affect soil behavior are presented in 
Table C.2. Estimates are given for the major layers of each soil surveyed, and depths to the. 
upper and lower boundaries of -each layer are presented. The range in depth and other 
properties for individual soil layers can be found in the SCS report (undated). Other 
parameters and units of measure presented in the table are briefly discussed below. 
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TABLE Co2 Physical and Chemical Properties or the Elk Hills Soils· 

Available Soil Wind 
Soil Map Perme- Water Hydro- Soil Shrink- Erodi- Erodi-
Symbol Depth Clay ability Capacity logic Flooding Reaction Salinity swell bility bility 

and Name (in.) (%) (in·/h) (in·/in.) Group Frequency (pH) (mmho/cm) Potential (K) Group 

101 
Cajon 0-8 8-18 2.0-6.0 0.09-0. 12 A Rare 7.4-8.4 < 2  Low 0.28 3 

8-60 0-5 6.0-20 0.06-0. 10 7.4-8.4 <2  Low 0.15 
102 
Elk Hills 0-48 5-18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 < 2  Low 0.37 6 

48-60 5-18 2.0-6.0 0.07-0. 12 7.4-8.4 < 8  Low 0.28 
103 . 
Elk Hills 0-7 5-18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 < 2  Low 0.37 6 

7-49 5-18 2.0-6.0 0.09-0. 15 7.4-8.4 < 4  Low 0.43 
49-60 5-18 2.0-6.0 0.07-0. 12 7.4-8.4 < 8  Low 0.28 

104 
Elk Hills 0-26 5-18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 < 2  Low 0.37 6 

26-50 5-18 2.0-6.0 0.09-0. 15 7.4-8.4 < 4  Low 0.43 
50-60 5-18 2.0-6.0 0.07-0. 12 7.4-8.4 < 8  Low 0.28 

105 
Elk Hills 0-7 5-18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 < 4  Low 0.37 6 

7-57 5- 18 2.0-6.0 0.06-0. 13 7.9-9.0 4-16 Low 0.43 
57-60 5- 18 2.0-6.0 0.05-0. 10 7.9-9.0 4-16 Low 0.28 

-



TABLE Co2 (Cont'd) 

Available Soil Wind 
Soil Map Perme- Water Hydro- Soil Shrink- Erodi- Erodi-
Symbol Depth Clay ability Capacity logic Flooding Reaction Salinity swell bility bility 

and Name (in.) (%) (in./h) (in./in.) Group Frequency (pH) (mmho/cm) Potential (K) Group 

Elk Hills 0-14 5-18 2.0-6.0 0.()9-0. 13 B None 7.4-8.4 <2  Low 0.37 6 
14-60 5-18 2.0-6.0 0.09-0. 15 7.4-8.4 <4  Low 0.43 

106 
Elk Hills 0-1 1  5-18 2.0-6.0 0.09-0. 13 B 7.4-8.4 <4  Low 0.37 6 

1 1-57 5-18 2.0-6.0 0.06-0. 13 None 7.9-9.0 4-16 Low 0.43 
57-60 5-18 2.0-6.0 0.05-0. 10 7.9-9.0 4-16 Low 0.28 

Elk Hills 0-12 5-18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 < 2  Low 0.37 6 
12-52 5-18 2.0-6.0 0.09-0. 15 7.4-8.4 < 4  Low 0.43 
52-60 5-18 2.0-6.0 0.07-0. 12 7.4-8.4 < 8  Low 0.28 

107 0-2 10-18 0.6-2.0 0.09-0. 12 D None 7.4-9.0 2-8 Low 0.43 5 
Garces 2-12 27-35 < 0.06 0.07-0. 13 > 8.4 >8  Moderate 0.43 

12-60 10-27 0.2-0.6 0.05-0. 14 > 8.4 >4 Low 0.43 
108 
Kimberlina 0-12 6-18 2.0-6.0 0. 10-0. 13 B Rare 6.6-8.4 <2  Low 0.32 6 

12-60 10-18 2.0-6.0 0. 10-0. 13 7.9-8.4 <4  Low 0.32 
109 
Kimberlina 0-4 6- 18 2.0-6.0 0. 10-0. 13 B Rare 6.6-8.4 <2  Low 0.32 6 

4-60 10- 18 2.0-6.0 0. 10-0. 13 7.9-8.4 <4  Low 0.32 
1 10 
Kimberlina 0-6 6-18 2.0-6.0 0. 10-0. 13 B None 6.6-8.4 <2  Low 0.32 6 

6-60 10- 18 2.0-6.0 0. 10-0. 13 7.9-8.4 < 4  Low 0.32 
1 1 1  
Kimberlina 0-10 6- 18 2.0-6.0 0. 10-0. 13 B Rare 6.6-8.4 <2  Low 0.32 6 

10-60 10- 18 2.0-6.0 0. 10-0. 13 7.9-8.4 <4  Low 0.32 
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TABLE Co2 (Cont'd) 

Available Soil Wind 
Soil Map Perme- Water Hydro- Soil Shrink- Erodi- Erodi-
Symbol Depth Clay ability Capacity logic Flooding Reaction Salinity swell bility bility 

and Name (in.) (%) (in./h) (in·/in.) Group Frequency (pH) (mmho/cm) Potential (K) Group 

Cajon 0-4 0-8 6.0-20 0.()6-0.09 A Occasional 7.4-8.4 <2  Low 0. 15 
4-60 0-5 6.0-20 0.06-0. 10 7.4-8.4 < 2  Low 0. 15 

Riverwash 3 

1 12 
Kimberlina 0-8 6-18 2.0-6.0 0. 10-0. 13 B None 6.6-8.4 <2  Low 0.32 

8-60 10-18 2.0-6.0 0. 10-0. 13 7.9-8.4 <4  Low 0.32 
Urban Land 6 

1 13 7.4-8.4 
Torriorthents 0-28 8-20 2.0-6.0 0.09-0. 12 B None 7.9-9.0 < 4  Low 0.32 

28-60 7-25 0.2-2.0 0.08-0. 12 8-16 Low 0.24 
1 14 3 
Torriorthents 0-5 8-20 0.6-2.0 0. 13-0. 15 B None 7.4-8.4 <4  Low 0.43 

5-36 12-35 0.2-2.0 0.09-0. 14 7.4-9.0 <4 Moderate 0.37 
36-60 7-25 0.2-2.0 0.09-0. 12 7.9-9.0 8-16 Low 0.24 5 



TABLE Co2 (Cont'd) 

Available Soil Wind 
Soil Map Perme- Water Hydro- Soil Shrink- Erodi- Erodi-
Symbol Depth Clay ability Capacity logic Flooding Reaction Salinity swell bility bility 

and Name (in.) (%) (in·/h) (in·/in.) Group Frequency (pH) (mmho/cm) Potential (K) Group 

1 15 
Torriorthents 0-10 8-20 2.0-6.0 0.09-0. 12 B None 7.4-8.4 < 4  Low 0.32 3 

10-32 7-25 0.2-2.0 0.08-0. 12 7.9-9.0 8-16 Low 0.24 
32-60 25-60 0.06-0.6 0.06-0. 12 7.9-9.0 > 4  High 0.28 

1 16 
Torriorthents 0-5 8-20 0.6-2.0 0. 13-0. 16 B None 7.4-8.4 < 4  Low 0.43 5 

5-60 15-35 0.2-0.6 0.05-0. 13 7.9-9.0 > 8  Moderate 0.37 
1 17 
Torriorthents 0-9 10-27 0.6-2.0 0.06-0. 13 B None 7.4-9.0 > 8  Low 0.43 4L 

9-60 25-60 0.06-0.6 0.04-0. 12 7.9-9.0 > 8  High 0.28 
1 18 
Torriorthents 0-35 8-20 0.6-2.0 0. 13-0. 15 B None 7.4-8.4 < 4  Low 0.43 5 

35-60 25-60 0.06-0.6 0.06-0. 12 7.9-9.0 > 4  High 0.28 

Elk Hills 0-3 1 5-18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 < 2  Low 0.37 6 
3 1-60 5-18 2.0-6.0 0.07-0. 12 7.4-8.4 < 8  Low 0.28 

1 19 
Torriorthents 0-18 8-20 0.6-2.0 0. 13-0. 15 B None 7.4-8.4 < 4  Low 0.43 5 

18-37 12-35 0.2-2.0 0.09-0. 14 7.4-9.0 > 14 Moderate 0.37 
37-60 25-60 0.06-0.6 0.06-0. 12 7.9-9.0 > 8  High 0.28 

Elk Hills 0-23 5- 18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 < 2  Low 0.37 6 
23-60 5-18 2.0-6.0 0.07-0. 12 7.4-8.4 < 8  Low 0.28 

120 
Torriorthents . 0-5 8-20 0.6-2.0 0. 13-0. 15 B None 7.4-8.4 < 4  Low 0.43 5 

5-36 12-35 0.2-2.0 0.09-0.14 7.4-9.0 < 4  Moderate 0.37 
36-60 25-60 0.06-0.6 0.09-0. 12 7.9-9.0 > 4  High 0.28 

I 

Elk Hills 0-5 5-18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 < 2  Low 0.37 6 

..-... 5-60 5-18 2.0-6.0 0.09-0. 15 ....... 7.4-8.4 < 4  Low 0.4� 
- - -



• • • 
TABLE Co2 (Cont'd) 

Available Soil Wind 
Soil Map Perme- Water Hydro- Soil Shrink- Erodi- Erodi-
Symbol Depth Clay ability Capacity logic Flooding Reaction Salinity swell bility bility 

and Name (in.) (%) (in·/h) (in·/in.) Group Frequency (pH) (mmho/cm) Potential (K) Group 

121 
Torriorthents 0-8 8-20 0.6-2.0 0. 13-0. 15 B None 7.4-8.4 < 4  Low 0.43 5 

8-20 12-35 0.2-2.0 0.09-0. 14 7.4-9.0 <4 Moderate 0.37 
20-60 7-25 0.2-2.0 0.08-0. 12 7.9-9.0 8-15 Low 0.24 

Torriorthents 0-8 8-20 2.0-6.0 0.08-0. 1 1  B None 7.4-8.4 < 4  Low 0.32 3 
8-60 15-35 0.2-0.6 0.05-0. 13 7.9-9.0 > 8  Moderate 0.37 

122 
Torriorthents 0-6 8-20 2.0-6.0 0.09-0. 12 B None 7.4-8.4 <4  Low 0.32 3 

6-32 12-35 0.2-2.0 0.09-0. 14 7.4-9.0 <4 Moderate 0.37 
32-60 25-60 0.06-0.6 0.06-0. 12 7.9-9.0 > 4  High 0.28 

Torriorthents 0-3 10-37 0.6-2.0 0.06-0. 13 B None 7.4-9.0 > 8  Low 0.43 4L 
3-46 15-35 0.2-2.0 0.04-0. 12 7.9-9.0 > 8  Moderate 0.32 

46-60 25-60 0.06-0.6 0.04-0. 12 7.9-9.0 > 8  High 0.28 
123 
Torriorthents 0-28 8-20 2.0-6.0 0.09-0. 12 B None 7.4-8.4 < 4  Low 0.32 3 

28-60 25-60 0.06-0.6 0;06-0. 12 7.9-9.0 > 4  High 0.28 



TABLE Co2 (Cont'd) 

Available Soil Wind 
Soil Map Perme- Water Hydro- Soil Shrink- Erodi- Erodi-
Symbol Depth Clay ability Capacity logic Flooding Reaction Salinity swell bility bility 

and Name (in.) (%) (in·/h) (in·/in.) Group Frequency (pH) (mmho/cm) Potential (K) Group 

Torriorthents 0-7 27-35 2.0-6.0 0.07-0. 18 B None 7.4-9.0 > 8  Moderate 0.32 6 
7-44 10-27 0.6-6.0 0.05-0. 12 7.9-9.0 > 8  Low 0.43 

44-60 25-60 0.06-0.6 0.04-0. 12 7.9-9.0 > 8  High 0.28 

Elk Hills 0-29 5-18 2.0-6.0 0.09-0. 13 B None 7.4-8.4 <2  Low 0.37 6 
29-49 5-18 2.0-6.0 0.09-0. 15 7.4-8.4 < 4  Low 0.43 
49-60 5-18 2.0-6.0 0.07-0. 12 7.4-8.4 < 8  Low 0.28 

124 
Torriorthents 0-5 8-20 0.6-2.0 0. 13-0. 15  B None 7.4-8.4 < 4  Low 0.43 5 

5-25 12-35 0.2-2.0 0.09-0. 14 7.4-9.0 < 4  Moderate 0.37 5 
25-60 25-60 0.06-0.6 0.06-0. 12 7.9-9.0 > 4  High 0.28 

Torriorthents 0-4 8-20 0.6-2.0 0. 13-0. 16  B None 7.4-8.4 <4  Low 0.43 3 
4-60 15-35 0.2-0.6 0.05-0. 13 7.9-9.0 > 8  Moderate 0.37 

125 0-4 8-20 2.0-6.0 0.09-0. 12 B None 7.4-8.4 <4  Low 0.32 
Torriorthents 4-15 12-35 0.2-2.0 0.09-0. 14 7.4-9.0 < 4  Moderate 0.37 6 

15-60 25-60 0.06-0.6 0.06-0. 12 7.9-9.0 >4  High 0.28 

Elk Hills 0-21 5-15 2.0-6.0 0.09-0. 13 B None 7.4-8.4 <2  Low 0.37 
21-46 5-18 2.0-6.0 0.09-0. 15 7.4-8.4 <4  Low 0.43 5 
46-60 5-18 2.0-6.0 0.07-0. 12 7.4-8.4 < 8  Low 0.28 

Torriorthents 0-8 8-20 0.6-2.0 0. 13-0. 16 B None 7.4-8.4 < 4  Low 0.43 
8-60 25-60 0.06-0.6 0.05-0. 12 7.9-9.0 > 8  High 0.28 
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TABLE Co2 (Cont'd) 

Available Soil Wind 
Soil Map Perme- Water Hydro- Soil Shrink- Erodi- Erodi-
Symbol Depth Clay ability Capacity logic Flooding Reaction Salinity swell bility bility 

and Name (in.) (%) (in·/h) (in·/in.) Group Frequency (pH) (mmho/cm) Potential (K) Group 

126 
Torriorthents 0-13 8-20 0.6-2.0 0. 13-0. 15 B None 7.4-8.4 < 4  Low 0.43 5 

13-20 12-35 0.2-2.0 0.09-0. 14 7.4-9.0 < 4  Moderate 0.37 
20-38 7-25 0.2-2.0 0.08-0. 12 7.9-9.0 8-16 Low 0.24 
38-60 25-60 0.06-0.6 0.06-0. 12 7.9-9.0 > 4  High 0.28 , 

Torriorthents 0-1 1  8-20 2.0-6.0 0.08-0. 1 1  B None 7.4-8.4 < 4  Low 0.32 3 
1 1-34 8-20 2.0-6.0 0.05-0.09 7.9-9.0 8-16 Low 0.32 
34-60 25-60 0.06-0.6 0.05-0. 12 7.9-9.0 > 8  High 0.28 I 

Torriorthents 0-10 27-35 0.2-0.6 0.07-0. 18 B None 7.4-9.0 > 8  Moderate 0.32 6 
10-48 15-35 0.2-2.0 0.04-0. 12 7.9-9.0 >8  Moderate 0.32 
48-60 25-60 0.06-0.6 0.04-0. 12 7.9-9.0 >8  High 0.28 i 

·See text for discussion of terms and units of measurement for each property. 

Source: Adapted from SCS undated. 



The estimated clay content of each major soil layer is presented as a percentage, by weight, • of the soil that is less than 0.002 millimeters in diameter. The type and amount of clay 
affects fertility and physical characteristics of the soil. Among the properties influenced by 
clay content are cation absorption, moisture retention, shrink-swell potential, permeability, 
plasticity, and erodibility. 

Permeability reflects the ability of the soil to transmit water or air. The tabulated estimates 
in inches per hour (in./h) indicate the rate of downward movement of water when the soil 
is saturated. Terms describing permeability are very slow « 0.06 in./h), slow (0.06-
0.2 in./h), moderately slow (0.2-0.6 in./h), moderate (0.6-2.0 in./h), moderately rapid (2.0-
6.0 in./h), rapid (6.0-20 in./h), and very rapid (greater than 20 in./h). 

Availability water capacity refers to the quantity of water that the soil is capable of storing 
for use by plants. The parameter is measured in terms of inches of water per inch of soil 
(in./in.) for each major soil layer. Terms describing available water or moisture capacity 
are very low (0.0-2.5 in./in.), low (2.4-4.0 in./in.), moderate (5.0-7.5 in./in.), high (7.5-
10.0 in./in.), and very high ( >  10.0 in./in.). 

Hydrologic soil groups are used to estimate runoff from precipitation based on the intake of 
water when the soils are thoroughly wet and receive precipitation from long-duration storms 
(USDA 195 1). Group A soils have a high infiltration rate (low runoff potential) and a high 
rate of water transmission when thoroughly wet. Soils of this group consist mainly of deep, 
well-drained to excessively drained sand or gravelly sand. Group B soils have moderate • infiltration and water transmission rates when thoroughly wet. Most of the soils at Elk Hills 
fall within Group B. Soils with slow rates of infiltration and water transmission rates are 
placed in Group C. These soils have a layer that impedes downward water movement or 
they have a moderately fine to fine texture. Finally, Group D soils have very slow 
infiltration/water transmission rates (high runoff potential). Soils of this group typically 
have a large clay content. 

Flooding refers to the temporary covering of the soil surface by flowing water derived from 
overflow from streams or runoff from adjacent slopes. Flooding frequency is expressed in 
Table C.2 as none, rare, occasional, and frequent. None means that flooding is not 
probable, rare means that the change of flooding in any year is 0-5%, occasional means that 
the change of flooding in any year is 5-50%. The chances of flooding for almost all of the 
soil map units at Elk Hills are categorized as none. This means that it is very unlikely that 
enough precipitation would occur in any given rainfall event in any given year to generate 
appreciable runoff in most of the mapped areas. 

Soil reaction is a measure of the soil's acidity or alkalinity, expressed as a range in pH 
values. Most soils on the Elk Hills are mildly alkaline (pH of 7.4-7.8), moderately alkaline 
(7.9-8.4), or strongly alkaline (8.5-9.0). 
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Salinity is a measure of soluble salts in the soil at saturation and is expressed as the 
electrical conductivity of the saturation extract in millimhos per centimeter (mmho/cm) at 
25 degrees centigrade. This property affects vegetative growth and the potential of the soil 
to corrode metal and concrete. 

Shrink-swell potential is the potential for volume change in a soil because of moisture loss 
or gain. This property results from the interaction of clay minerals with water and varies 
with the type and amount of clay present in the soil. If the shrink-swell potential is rated 
moderate to very high, the magnitude of volume change can cause damage to buildings, 
roads, and other structures. Table C.2 indicates that many layers of the Torriorthents soils 
exhibit moderate to high shrink-swell potential, a problem not encountered in the other soils 
present on the Elk Hills. 

The soil erodibility factor reflects the susceptibility of a soil to sheet and rill erosion. This 
factor, K, is one of the six variables used in the Universal Soil Loss Equation (USLE) to 
estimate the average annual rate of soil loss by sheet and rill erosion (see Section C.4.1 of 
this Appendix). Estimates of this parameter are based on primary soil characteristics, 
including the percentage of silt, very fine sand, sand, and organic matter, as well as soil 
structure and permeability (Wischmeier and Smith 1978). Values of K can range from 
0.02 to 0.69 (SCS undated, p. 48), with larger values indicating increased susceptibility to 
erosion. The values of K shown in Table C.2 for most of the Elk Hills soils are larger than 
the midpoint (0.34) of this range but less than the value corresponding to 66% of the range 
(0.44). This suggests a moderate susceptibility to sheet and rill erosion. It should be noted 
also that the K values for the uppermost soil layers tabulated are the most important in 
evaluating sheet and rill erosion susceptibility. The values for subsoil would become 
important after the topsoil was removed and the subsoil was exposed at the surface. 

Wind erodibility is a factor designed to group soils that have similar properties affecting their 
resistance to wind erosion. Factors taken into account include susceptibility to wind erosion, 
the amount of soil lost, and the difficulty of establishing crops. A key characteristic used 
in categorizing soils is the amount of stable aggregates 0.84 millimeters in size. Thus, two 
soils with similar surface textures may be classed differently because of differences in clay 
mineralogy that affect aggregate formation stability. The qualitative description of the wind 
erodibility of the various oil groups are ( 1) extremely erodible, (2) very highly erodible, 
(3) highly erodible, (4) erodible, (4L) moderately erodible, (5) slightly erodible, (6) very 
slightly erodible, and (7) not subject to wind erosion. Table C.2 indicates that the Elk Hills 
soils range from highly erodible (Group 3) to very slightly erodible (Group 6). Clearly this 
classification, although based on soil properties influencing erodibility, is qualitative and 
does not permit a direct estimate of quantities of soil lost. 

Another soil parameter often measured but not included in Table C.2 is organic matter 
content. Organic matter is the plant and animal residue in the soil at various stages of 
decomposition. It usually is reported as a percentage, by weight, of the soil material less 
than 2 millimeters in diameter. This variable was reported by the SCS (undated) for the 
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Elk Hills soils, but was omitted from Table C.2 because all soils contain less than 1 % by 

• weight organic matter. 

The SCS (undated) also presents data on several other soil properties that affect their use 
and management. These include engineering index properties, factors affecting building site 
development, location of construction materials, and several other characteristics. 

C.3 CHEMICAL ANALYSES OF SOn. SAMPLES 

Chemical elemental analyses have been conducted at the Elk Hills as part of a habitat 
reclamation program for 41 well sites disturbed by drilling operations (Anderson 1987). Soil 
concentrations of 17 elements and pH for samples collected at several locations around the 
Elk Hills site are presented in Tables C.3 and c'4. The prevalence and significance of these 
elements are briefly discussed below. 

The data in Tables C.3 and C.4 were compiled from analytical results reported by Anderson 
( 1987) from soil samples collected at disturbed well sites and at depth ranging to more than 
60 inches. The tabulated values are for the upper intervals for a specific sample location 
reported by Anderson. The soil series identified with the disturbed areas included in the 
tables were approximated by overlaying a well location map (Fi�re c. I) on SCS soil survey 
field sheets (aerial photos, including map unit boundaries) (SCS undated). 

. 

The toxicity of a particular element to plants or animals often depends on the elemental 
form to which the organism is exposed. The following discussion of trace element behavior • has been summarized from Dvorak et al (1978) and supplemented where noted by material 
from Chapman (1965). Additional information on this subject can be found in Gough 
et al ( 1979) and Kabata-Pendias and Pendias (1984). 

Arsenic (As): Arsenic usually exists in the soil as a divalent anion resembling phosphate. 
It is converted from a readily available to a less available form in the soil by iron, 
aluminum, and calcium, and is more soluble under neutral and calcareous conditions. 
Although arsenic tends to be retained in the soil surface layer, it can be leached slowly to 
the lower soil horizons when in the soil solution. Total endogenous soil concentrations of 
arsenic generally range from 0.1 to 40 ppm, with an average of 6.0 ppm. Arsenic toxicity 
depends on its oxidation state; the pentavalent state, most common in aerated soils, is much 
less toxic than the trivalent state. Elemental arsenic is considered to be relatively nontoxic. 
Mean concentrations of arsenic ranged from 0.01 to 0.35 ppm for the soil mapping units of 
NPR-l. 

Bariwn (Ba): Very little barium is present in soils in water-soluble form. Barium interacts 
with sulfates in the soil to form insoluble barium sulfate. Soils (notably acid soils) may 
become infertile if the exchangeable barium exceeds the exchangeable calcium and 
magnesium. Soluble barium compounds such as barium chloride, barium carbonate, barium 
sulfide, and barium oxide are highly toxic to animals when ingested. Endogen!Jus soil 
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• TABLE C.3 pH and Basic Elemental Composition in Disturbed Areas 

Composition (meq/l) 
Soil Mapping Well 

Unit and Slope No. pH 
Ca Mg Na 

Torriorthents Soils 

Thick, 15-50% 21-32S 7.4 49.40 19.09 102.80 
9-31T 8.0 32.49 1.38 538.90 

16A-6M 7.5 29. 19 1.91 6.09 
87-1G 7.6 27.59 3.34 75.08 

Very Thin, 30-50% 75-5G 7.8 39.82 6.57 208.80 

Thick-Elk Hills complex, 3 1-16G 8.0 34.23 2.16 134.30 
15-30% 523-30R 7.6 6.79 0.54 1.75 

Thick-Elk Hills Complex, 17-34S 8.0 5.04 0.98 46.19 
30-50% 

Thick-Torriorthents, 230-36S 7.5 30.74 1 .58 47.67 
Thin Complex, 15-30% 84-11G 7.8 33.63 1.76 101.90 

33-12G 7.8 4.57 0.38 12.70 
17-27S 7.5 30.14 4.15 46.37 • 

217-27S 7.7 38.82 3.42 48.81 

Thick -Torriorthents, 15-34S 7.2 46.36 3.44 158.50 
Very Thin Eroded 16-34S 8.0 5.04 0.98 46.19 
Complex, 15-30% 38-35S 7.6 31.34 1.5 1 46.02 

Thick-Torriorthents, 13-35S 7.6 3 1. 14 2.65 42.02 
Thin Complex, 30-60% 57-35S 7.2 40.37 3. 1 1  13.40 

1-36S 7.2 42.27 2.25 24.75 
344-29R 7.9 27.69 3.64 66.73 
2D-IG 8.4 33.58 1 .37 3 14.10 
lE-IG 7.2 255.6 15.55 388.90 
2E-1G 7.1 49.15 2.72 45.98 
2G-2G 7.2 42.81 3.50 18.14 
3G-2G 7.6 5 1.05 3.41 137.20 

Thick-Elk Hills- 246-27S 7.8 39.67 3.19 96.09 
Torriorthents, Thin, 86-28S 7.5 36.33 2.96 34.41 
Eroded Complex, 30-60% 51-34S 7.3 58.88 5.03 83.43 

• Thick-Torriorthents, 67-1G 7.6 29.69 4.94 206.50 
Thin Torriorthents, 46-2G 7.4 44.21 0.99 2.74 
Very Thin, Eroded 96-2G 7.7 30.19 3.26 130.90 
Complex, 30-60% 73-4G 7.8 26.25 2.99 150.40 

68-9G 8.5 28.69 1.09 252.70 



TABLE C.3 (Cont'd) 

Composition (meqJl) • 
Soil Mapping Well 

Unit and Slope No. pH 
Ca Mg Na 

Torriorthents Summary 
Average 7.64 38.87 3.51 1 10.0 
Std. Dev. 0.34 35.97 3.85 1 19.8 

Elk Hills Soils 
Elk Hills Sandy Loam, 10-25S 7.7 39.17 1.76 30.14 
15-30% 

Elk Hills Complex, 2-5% 24-27S 7.50 42. 17 3.97 5.39 
57-27S 7.50 35.58 2.50 75.77 

10U-26S 7.6 44.96 3.59 91.08 
16U-26S 7.2 280.90 8.72 95.69 
3 16-26S 7.4 226.60 37.92 616.40 
21-27S 7.6 22.1 1  1.07 10.82 

Elk Hills Summary 

• Average 7.47 108.70 9.63 149�20 
Std. Dev. 0.15 1 13.90 14.10 232.30 

Kimberlina Sandy Loam, 23S- 8.4 34.73 1.71 265.30 
2-5% Gatea 

as ample from undisturbed location. 

Source: Based on data from Anderson 1987. 
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TABLE C.4 Trace Element Concentrations in Disturbed Areas 

Concentrations (ppm) 
Soil Mapping Well 

Unit and Slope No. As Ba B Cd Cr Cu Fe K Mn Mo Ni Pb Se Zn 

Torriorthents Soils 
Thick, 15-50% 21-32S 0.30 62.7 1.8 2.0 95.8 10.7 1 1,905 244 296.0 39.4 32.1 14.50 16.8 0.6 

9-31T 0.05 58.6 9. 1 1.5 48.2 7. 1 9,440 15 1 188.5 7. 1 26.1 1 1.70 1 1.6 0.7 
16A-6M 0.02 18.6 1.3 0.8 33.8 4.6 6,025 66 105.0 < 0. 1  17.2 7.30 4.4 0.2 
87-10 0.01 27.8 9.8 1.6 79.6 9.5 12,250 ' 196 208.5 33.1 28. 1  12.30 17.8 0.4 

Very Thin, 30-50% 75-50 0.02 55.9 1 1.3 2.4 79.0 10. 1 9,075 218 250.5 8.2 28.6 1 1.90 3.8 0.3 

Thick-Elk Hills 31-160 0.01 68.2 8.9 1.6 78.4 8.3 1 1,865 160 232.0 2.2 23.4 1 1.41 2.9 1.3 
Complex, 15-30% 523-30R 0.01 30.2 0.7 1 .5 83.9 10. 1 10,980 174 242.5 1.4 27.6 10.80 2.5 0.2 

Thick-Elk Hills 17-34S 1.30 92.2 29.8 2.8 71.4 9.2 1 1,050 173 331.5 1 1.3 27.2 14.40 10.2 0.4 
Complex, 30-50% 

Thick -Torriorthents, 230-36S 0. 12 30.3 2.4 1 .0 46.6 6.8 8,485 84 170.0 1.4 22.4 9.20 3.8 0.2 
Thin Complex, 84- 1 10 0.50 79.2 8.0 1.2 53.8 5.5 7,455 134 190.0 < 0. 1  14.2 8.40 0.3 0.2 
15-30% 33-120 0. 10 63.8 2.8 2.7 1 17.5 15.8 14,635 261 270.5 5.5 41.4 15.50 3.9 0.4 

17-27S 0.50 18.4 6.0 0.9 63.4 6.0 8, 160 1 .05 123.2 0. 1 18.3 9. 10 6.3 1 .0 
217-27S 0. 15 57.6 3.3 1.2 63.2 8.4 7,660 1 16 240.5 0. 1 19.2 10.80 1 1.8 0.5 

Thick -Torriorthents, 15-34S 0.35 45.3 23.4 1.7 75.8 9.5 10,330 680 208.0 < 0. 1  25.0 1 1.80 6.0 0.7 
Very Thin, 16-34S 0.50 35.4 2.0 1.4 50.6 6.2 7,820 173 180.0 < 0. 1  16.8 12.90 6.4 0.7 
Eroded Complex, 38-35S 0.50 27.0 25.0 1.3 72.2 5.4 7,485 100 132.0 14.7 15.6 8.80 4.2 0.5 
15-30% 



TABLE C.4 (Cont'd) 

Concentrations (ppm) 

Soil Mapping Well As Ba B Cd Cr Cu Fe K Mn Mo Ni Pb Se Zn 
Unit and Slope No. 

Thick-Torriorthents 13-35S 1.5 18.7 5.4 1.7 67.8 8.0 1 1,230 132 217.5 1.2 25.0 19. 1 5.7 0.9 
Thin Complex, 57-35S 0.55 32.3 1.5 1 .0 44.6 8.3 8,095 193 171.0 < 0. 1  24.3 13.5 6.8 0.7 
30-60% 1-36S 0.45 19.4 4.5 1 . 1  45.0 7.0 8, 100 1 16 143.5 < 0. 1  22.2 10.7 5.6 0.3 

344-29R 0.2 38.4 9.6 1.5 71.0 7.5 9,935 132 181.5 12.8 19.6 10.5 2.8 0.2 
2D-IG 0. 1 28.6 42.3 1.6 64.0 7.7 9,025 180 223.0 8.0 24.6 10.5 1 1.6 8.3 
lE-IG 0. 15 98.8 9.6 2.0 50.8 6.5 6,690 1 16 195.5 5.3 23.2 12.8 13.7 0.4 
2E-IG 0.25 89.6 6.2 1.4 46.2 7. 1 6,040 91 155.5 7.2 19.2 15.2 1 1.8 0.9 
2G-2G 0.01 26. 1 3.2 0.8 40.2 4.6 4,490 100 104.0 7.3 15.0 10.7 6.7 0.8 
3G-2G 0.02 64.8 17.0 2.2 68.7 9.0 10,370 142 257.5 8.2 28.7 17.4 17.7 0.7 

Thick-Elk Hills- 246-27S 0.8 59.4 18.7 2.7 86.0 18.8 12,155 245 3 15.5 30.0 26.9 17.4 20.4 0.5 
Torriorthents, 86-28S 0.2 39.9 8.4 1 .3 82.0 8.6 10,505 163 2 18.5 15.7 24.8 10.4 9.6 0.4 
Thin, Eroded 5 1-34S 0.7 32.4 8.0 1.7 61.2 8.5 9, 155 103 202.5 10.7 18.2 1 1.3 5.5 0.5 
Complex, 30-60% 

Thick-Torriorthents, 67-1G 0.2 50.9 8.9 1.2 48.4 5.6 6,800 124 124.5 15.2 17.9 9.7 0.2 0.0 
Thin-Torriorthents, 4G-2G 0. 12 14.5 1.2 0.5 23.4 3.2 4,125 108 85.5 < 0. 1  10.0 7.6 0.2 1 1. 1  
Very Thin, 9G-2G 0.01 76.9 12.2 1.9 76.2 8.0 1 1,045 156 244.5 22.0 29. 1 16.4 16.9 0.4 
Eroded Complex 73-4G 0.6 72.3 10.0 3.3 129.2 18.6 18,220 271 405.5 1 .2 46.2 18.4 8.6 0.4 
30-60% 68-9G 1.0 9 1.4 25.4 3.3 98.3 12.3 1 1,670 478 407.0 1 .0 32.8 20.9 6. 1 0.4 
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TABLE C.4 (Cont'd) 

Soil Mapping Well As Ba B Cd 
Unit and No. 

Slope 

Torriorthents 
Summary 
Average 0.34 49.26 10.23 1.7 
Std. Dev. 0.38 24.84 9.60 0.7 

Elk Hills 1O-25S 0.55 25.7 1 .6 0.8 
Sandy Loam, 
15-30% 

Elk Hills 25-27S 0. 10 27.6 4.0 1.4 
Complex, 57-27S 0.50 46.0 10.0 1 .0 
2-5% lOU-26S 0.02 59.3 3.6 1 .8 

16U-26S 0.30 24.4 0.9 1 .2 
3 16-26S 0.02 22.7 10.6 1 .4 
21-27S 0.01 22.6 0.7 1 . 1  

Elk Hills 
Summary 

Average 0. 16 33.77 4.97 1.32 
Std. Dev. 0.2 15.33 4.35 0.29 

Kimberlina 
Sandy Loam, 23S-Gate· 0.07 57.4 24.9 1 . 1  
2-5% 

Acceptable 0. 1- 100- < 3.7 
Rangeb 40 3,000 

·Sample from undisturbed location. 
bBased on data from Gough et at. 1979; Kabata-Pendias 1984. 

Source: Based on data from Anderson 1987 except as noted. 

• • 

Concentrations (ppm) 

Cr Cu Fe K Mn Mo Ni Pb Se Zn 

67.16 8.56 9,463 178.3 212.8 8.2 23.97 12.52 7.96 1 . 1  
22.91 3.54 2.854 1 18.5 77.8 10.2 7.46 3.44 5.5 1  2.3 

42.5 5.3 5,685 85.0 123.5 12.4 13.0 7. 1 9.7 0.5 

65.6 8. 1 9,405 196 202.5 5.5 19.4 8.7 4.5 0.5 
54.9 7.9 9,215 183 179.5 1 .4 19.0 12. 1 8.0 0.7 
69.7 9.9 1,080 151 192.5 < 0. 1  23.2 1 1.4 9.4 0.4 
37.2 5.8 6,080 127 181.5 1 .0 15.2 9.6 6.2 1 .5 
135.0 5.6 6,030 175 159.5 < 0. 1  15.3 7.7 5.4 0.6 
37.0 3.7 5,145 37 101.0 7. 1 10.0 5.6 4.0 0.2 

66.57 6.83 6,159 144.8 169.4 2.5 17.02 9.18 6.25 0.65 
36.24 2.22 3,057 58.26 36.5 3.0 4.55 2.40 2.09 0.45 

58.8 8.0 9,495 255 200.5 7.6 42.9 8.5 6.3 0.3 

< 5- < 20- Un- Un- 100- <20 < 5- <2- < 80- < 10-
1,000 100 known known 4,000 500 200 90 300 
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concentrations of barium range from 100 to 3,000 ppm in most soils (Chapman 1965). 
Maximum barium concentrations measured in the disturbed areas listed in Table C.4 were 
92.2 ppm. 

Boron (B): Boron usually exists as undisassociated boric acid in soils of pH less than 8.5; 
thus it is leachable, although not as leachable as some chlorides, nitrates, or sulfates. the 
boron content of soil derived from igneous rocks is generally lower than in marine sediments 
(Chapman 1965). Boron is essential for plant growth, but there is only a very narrow margin 
between deficiency and toxicity . Some plants have an optimum boron level in solution 
culture of 15 ppm, whereas other species exhibit toxic symptoms at 0.5 ppm in solution 
culture. Mean boron concentrations in the soil mapping units of NPR-1 ranged from 2.58 
to 15.2 ppm. 

Cadmium (Cd): Cadmium is usually more available in acidic, sandy soils than in neutral or 
alkaline soils with large amounts of clay or organic matter. Cadmium occurs naturally in 
close association with zinc, usually in concentrations directly related to zinc levels. 
Cadmium-to-zinc ratios may vary for most soils and minerals from ratios of 1 : 1,000 to 
1: 12,000. In most uncontaminated soils, concentrations range from 0.01 to 7.0 ppm, with an 
average of 0.06. Cadmium is an accumulative poison in animals; levels of 15 ppm in food 
may be injurious to man. Mean cadmium concentration in the NPR-1 soil mapping units 
ranged from 0.87 to 2.58 ppm. 

Chromium (Cr): Chromium usually exists in soils as insoluble oxides that are largely 
unavailable at a pH greater than 4.0. Chromium has oxidation states of 2 + ,  3 + ,  and 6 + . 
The divalent chromus compounds are readily oxidized and, therefore, are rarely encountered 
in the natural environment. Most of the more toxic hexavalent chromates are rare and 
unstable in soils. Chromium is widely distributed in soils, ranging in concentration from 5 
to 1,000 ppm (Chapman 1965). Mean chromium concentrations in the soil mapping units 
at NPR-1 ranged from 51.4 to 97.5 ppm. 

Copper (Cu): Copper is absorbed or bound more strongly to soil colloids than many other 
cations. Apparently, soluble complexing agents in the soil solution contribute significantly 
to the mobility of copper in soils. Copper complexes in the soil are more stable than those 
of lead, iron, nickel, manganese, cobalt, zinc, and magnesium and are held most securely at 
a pH range of 7.0-8.0. The water-soluble sulfates . are more mobile than the insoluble 
sulfites. The ratio of copper in soil to available copper ranges from 2: 1 to 100:1. The total 
content of copper in most soils ranges between 2 and 100 ppm (Chapman 1965). Mean 
copper concentrations ranged from 6.6 to 17.2 ppm in the major soil mapping units of 
NPR-l. 

Iron (Fe): Iron is one of the more abundant constituents of soils, usually existing in the 
form of ferrous oxides. In soil solutions containing oxygen, these oxides are probably moved 
primarily as colloids partly stabilized by organic matter and by absorption on clay particles 
(Krauskof 1972). As the pH of the soil solution increases, absorption increases. In acid 
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soils, iron usually is available to all plants, but in some neutral or alkaline soils it may be 
so insoluble that plants have difficulty absorbing sufficient amounts. Where excessive 
phosphates exist, iron may be made unavailable by being precipitated as insoluble iron 
phosphate. This condition is more likely in sandy than clay soils because clays tend to fix 
excess soluble phosphates. Under natural conditions, iron toxicity is extremely rare. Mean 
iron concentrations in the NPR-1 soil mapping units range from 8,088 to 14,067 ppm. 

Lead (Pb): Most soil lead is relatively unavailable to plants and is strongly fixed by the 
humic fraction of soils. Lead is commonly only a minor constituent of soils. In general, 
soils contain from 0.5 to 5 ppm of available lead (Chapman 1965). The total lead content 
of agricultural soils may vary from 2 to 200 ppm, of which only a few ppm will be soluble. 
Mean lead concentrations in the soil mapping units of NPR-1 range from 8.2 to 17.5 ppm. 

Manganese (Mn): Manganese usually occurs in soils in oxide forms (Chapman 1965). The 
more highly oxidized compounds of manganese, such as manganese dioxide, are of low 
availability to plants. Solubility of soil manganese decreases with decreasing acidity, and in 
many soils it is not available to plants above pH 6.5. Manganese is an essential element and 
is relatively less toxic than a number of other trace elements. Toxic concentrations occur 
in acidic or poorly aerated soils that favor the formation of the available divalent form over 
the unavailable higher oxides. Endogenous soil concentrations range from 100 to 4,000 ppm 
and average 850 ppm. Mean manganese concentrations in the soil mapping units of NPR-1 
range from 155.5 to 310 ppm. 

Molybdenum (Mo): Molybdenum is usually present in the soil as oxidized molybdates, which 
are fairly mobile under alkaline conditions. Availability is low in acidic soils. As an anion, 
molybdenum is strongly absorbed by soil minerals and colloids at pH levels below 6.0 
(Chapman 1965). It is an essential element in some plants, and toxicity is rarely observed 
in the field. Of 400 samples analyzed throughout the United States, 95% ranged between 
0.6 and 3.5 ppm molybdenum (Chapman 1965). Mean molybdenum concentrations in the 
soil mapping units of NPR-1 range from 0.09 to 29.28 ppm. 

Nickel (Ni): Nickel seems to be fixed and less available in soils with a pH above 7.0 or 
below 6.5. Nickel interferes with the uptake of iron, and sufficient levels of iron appear to 
reduce the toxicity of nickel to plants. Nickel is not highly toxic to animals when ingested. 
Nickel carbonyl [Ni(CO)41 is considered extremely toxic to man when inhaled or absorbed 
through the skin. Soils normally contain from 5 to 500 ppm of nickel, with an average of 
about 100 ppm; soils derived from igneous rocks may contain up to 500 ppm (Chapman 
1965). Mean nickel concentrations in the NPR-1 soil mapping units range from 16.5 to 
30.4 ppm. 

Potassium (K): Plants need large amounts of potassium. Although most soils contain large 
quantities of high-potassium minerals, much of this essential substance remains insoluble 
and unavailable as a plant nutrient. Typically exchangeable potassium may constitute only 
1 % of the total potassium content of soils, and the amount of soluble potassium free to 
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• move with soil water is usually less than 5 % of the exchangeable form. The supply of 
potassium to plants affects, and is affected by, the level of other elements. The relative 
proportions and availability of calcium, nitrogen, phosphorus, and sodium interact to 
influence potassium uptake. Potassium toxicity is rare and almost always results from 
excessive fertilization rather than from natural accumulation in the soil (Chapman 1965). 
Excessive potassium tends to induce manganese, zinc, and iron deficiencies in plants. Mean 
potassium values range from 121 to 331 ppm in the NPR-1 soil mapping units. 

Selenium (Se): In acidic soils, selenium is usually fixed as insoluble ferric selenite and is 
largely unavailable to plants. In arid, alkaline soils (PH > 8), selenium is generally available 
to plants as soluble calcium selenite and soluble selenium compounds. Seleniferous soils 
are distributed from North Dakota south to Texas and west to the Pacific. They are 
generally alkaline, contain Caco3, and are located in areas receiving less than 20 inches 
annual rainfall. CaS04 and BaCI reduce selenium uptake in plants. Most soils contain less 
than 1 ppm selenium, although some have been reported as high as 80-90 ppm. Mean 
selenium concentrations in the soil mapping units of NPR-1 ranged from 4.4 to 17.5 ppm. 

Zinc (Zn): Zinc is an essential element for all organisms, but can accumulate to toxic levels. 
This most often occurs in acid soils, soils developed from certain mineral ores, and soils in 
smelting regions. Total zinc in most soils varies from 10 to 300 ppm (Chapman 1965). 
Mean zinc concentrations range from 0.28 to 2.38 ppm in the major soil mapping units of 
NPR-l. 

• C.4 SOIL EROSION 

• 

Currently, it is possible to provide only general estimates of erosion rates and quantities for 
specific site conditions, and these estimates tend to be more reliable under certain climatic, 
pedologic, and land use conditions than under others. Erosion under arid to semiarid 
conditions, with significant surface disturbances and modifications, such as those from 
present and past activities at NPR-l, present the more difficult circumstances to quantify. 

C.4.1 Soil Erosion by Water 

The most widely used method of predicting soil loss in the United States by fluvial processes 
is application of the Universal Soil Loss Equation (USLE) (Wischmeier and Smith 1978). 
This equation is in the form: 

A = RKLSCP 

Where: 

A =  the computed soil loss per unit area, expressed in the units 
selected for K and for the period selected for R (in practice, 
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these are normally selected so that A represents tons lost per 
acre per year); 

R = the rainfall and runoff factor, which is the number of rainfall 
erosion index units, plus a factor for runoff from snowmelt or 
applied water, where significant; 

K = the soil erodibility factor, which is the soil loss rate per erosion 
index unit for a specified soil as measured on a unit plot 
defined as a 72.6-foot length of uniform 9% slope continuously 
in clean�tilled fallow; 

L = the slope-length factor, which is the ratio of soil loss from the 
field slope length being evaluated to that from a 72.6-ft length 
under otherwise identical conditions. 

S = the slope-steepness factor, which is the ratio of soil loss from 
the field slope being evaluated to that from a 9% slope under 
otherwise identical conditions; 

C = the cover and management factor, which is the ratio of soil loss 
from an area with specified cover and management being 
evaluated to that from an otherwise identical area in tilled 
continuous fallow; and 

P = the support practice factor, which is the ratio of soil loss with 
a support practice such as contouring, strip cropping, or 
terracing to that with straight-row farming up and down the 
slope. 

Several types of mechanisms of water erosion are known. These include raindrops, sheet 
and rill, gullies, and channels (see, for example, Beasley et al. 1984). The mechanisms, 
effectiveness, and quantities of soil erosion are different in each case. The USLE is an 
empirical relationship developed to estimate the long-term average annual soil loss from 
sheet and rill erosion of field-scale areas under a variety of conditions (Wischmeier 1976). 
Several modifications of the USLE have been proposed to improve the applicability of the 
equation to varying site conditions, as well as to allow estimates of sediment yields from 
small watersheds (Mitchell and Bubenzer 1980). Most such modifications are preliminary 
and lack substantial data verification. 

It would be possible to estimate the long-term average annual sheet and rill erosion for 
selected areas on NPR-1 by using the USLE and values of the individual factors applicable 
to California and Kern County conditions (Amimoto 1977; Evans and Kalkanis 1977; 
SCS 1985). This would provide reasonably reliable results for those areas where soil/ 
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• vegetation conditions have been only little disturbed by human activities. Where significant 
disturbance has occurred, which is a large percentage of the total NPR-1 area, the results 
would be questionable and subject to increased error. Furthermore, this would provide no 
estimate of gully or channel erosion, which is clearly evident at the site. Given the level of 
uncertainties associated with a soil loss estimate obtained in this manner and with the utility 
of a long-term average annual value when human activities continue to change site 
conditions, the usefulness of such estimates for evaluating current environmental conditions 
at the NPR-1 seems limited. 

C.4.1 Soil Erosion by Wind 

The processes of erosion and transport of soil by wind are less well-known than those for 
fluvial actions. This is in large part due to the difficulty of obtaining accurate field 
measurements of the phenomena involved. 

The major factors affecting wind erosion are climate, soil characteristics, surface roughness, 
vegetation and residue cover, and length of erodible surface along prevailing wind direction 
(Beasley et al 1984). Research on these factors led to the development of a wind erosion 
equation (Chepil and Woodruff 1963; Woodruff and Siddoway 1965) similar to the 'USLE 
for water erosion. The wind erosion equation is: 

E = f(I', K', C, L', V) (C.2) 

• where: 

• 

E = the potential erosion, expressed in tons per acre per year, 

I' = a soil erodibility index related to cloddiness 

K' = a soil ridge roughness factor, 

C = a local climatic factor related to wind velocity and soil moisture 

L' = the median unsheltered field length along the prevailing wind 
erosion direction, and 

V = the equivalent quantity of vegetation cover. 

Charts, tables, and maps giving information relating to the distribution and magnitude of 
wind erosion. forces and providing . the. necessary information for the solution of the wind 
erosion equation have been prepared by Skidmore and Woodruff (1968). Wilson and Cooke 
(1980) provide a good summary of wind erosion research and results. 
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As in the case of the USLE, the wind erosion equation could be used to obtain estimates 
of the average annual soil loss for selected parts of NPR-l. However, the same concerns • as expressed above for estimates of fluvial erosion results would be appropriate for such 
estimates. Additionally, the error associated with the wind erosion estimates would probably 
be greater than those for fluvial erosion because fewer investigations of wind erosion have 
provided less understanding of, and data describing, these processes. Consequently, no 
estimates of wind erosion potential are calculated. 

C.4.3 Current Site Erosion Conditions 

In any study of soil erosion, it quickly becomes apparent that effective ground cover, usually 
in the form of vegetation, is the key to controlling soil loss. Although drainage basin 
sediment yield does not correlate exactly with the amount of soil erosion on hillslopes and 
methods exist to estimate erosion losses (Warner and Dysart 1980), sediment yield is 
considered in this discussion to reflect, at least qualitatively, an approximation of soil erosion 
within the watershed. Langbein and Schumm (1958) studied the influence of mean annual 
precipitation on suspended sediment yields using data from a number of stream sampling 
stations and reservoir sediment surveys. Graphical relationships between precipitation and 
runoff, adjusted for temperature, were used by Langbein and Schumm to obtain effective 
precipitation values from measured runoff data. Fi�re C.2 shows the relationships between 
sediment yield and precipitation, for the two data sets. Beginning with arid conditions of 
very limited precipitation, sediment yield increases rapidly with increasing precipitation. A 
peak in sediment yield occurs at an annual precipitation of about 10-14 inches Below this 
value, there is too little rain to produce large sediment yields; and above this value, • increased vegetative cover reduces sediment yield despite increased erosion potential of the 
rainfall. Fi�re C.2 also shows that the peak sediment yield coincides roughly with the 
transition from desert shrubs to grassland. 

Expanding upon the earlier findings of Langbein and Schumm (1958), Kirkby (1980) 
presented the generalized relationships between wind erosion, water erosion, precipitation, 
and vegetation. Assuming uncultivated conditions, progressively greater annual rainfall has 
two effects on soil erosion. Increased rainfall produces increased overland or subsurface 
runoff and more vegetation. Under arid or desert conditions, vegetation is so sparse that 
increasing precipitation/runoff results in increasing erosion. Wind erosion is greatest in 
deserts in absolute terms and appears proportionately dominant because water erosion rates 
are so low. However, many landform components in arid environments are fluvial in origin. 
When rainfall amounts are large enough to support semiarid vegetation, the increased 
vegetative cover does more to reduce water erosion than the increased runoff does to 
increase it; therefore, net erosion begins to decrease with increasing rainfall. This trend 
continues until a complete forest .cover is obtained. While these data may not be directly 
applicable to the Elk Hills area, the pattern of variation of sediment yield with precipitation 
is important. Data from the Elk Hills area would plot somewhere to the left of and below 
the peak sediment yields of Figure C.2. If this relationship is true, then erosion (as 
expressed by sediment yield) is certainly less than the maximum that could be expected with 
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increased effective precipitation, but still significant compared to areas with less rainfall. 
This suggests that a significant amount of natural soil erosion could be expected for the 
conditions at the site, regardless of human activity. Wet or above-average precipitation 
years would increase short-term erosion even though vegetative cover might be better than 
average as well. During normal and below-average precipitation years, individual storms 
of high intensity would also be effective erosion agents. In all cases, erosion could involve 
gully and channel development in addition to sheet and rill processes. Such extensions of 
the drainage network would remain an observable part of the Elk Hills landscape. These 
arguments lead to the conclusion that the study area would experience a significant amount 
of natural erosion and landscape adjustment regardless of human activities. The same 
conclusion can be drawn from observations in any area of broadly similar climatic and 
geologic conditions. 

The sequence, spatial distribution, and types of activities that have occurred since oil-field 
development began at NPR-l, as well as details of erosion-control and mitigative measures 
implemented, are only poorly known. Consequently, it is essentially impossible to segregate 
current and past erosion rates and consequences among those that would occur naturally 
and those resulting directly from petroleum development activities. 
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APPENDIX D: 

GROUNDWATER 

D.I ENVIRONMENTAL SETTING 

NPR-1 is located in the southwestern portion of the Central Valley of California. The 
Central Valley is a large sediment-filled structural basin lying between the Coastal Ranges 
and valleys to the west and the Sierra Nevada Range to the east. The aquifer system of the 
Central Valley consists of a heterogeneous mixture of continental alluvial sediments derived 
from the adjacent mountains. These sediments average approximately 2,900 feet thick in 
the San Joaquin Valley (Bertoldi and Sun 1986). The valley is about 50 miles wide at the 
northern border of Kern County but narrows to approximately 30 miles at its southern end. 
Within Kern County, valley elevations range from 250 feet above mean sea level (MSL) at 
the county's northern border to approximately 500 feet MSL at the surrounding foothills. 

NPR-1 consists of approximately 47,000 acres and encompasses the Elk Hills, an elliptical 
foothill spur of the Temblor Range. The Elk Hills rise to approximately 1,550 feet MSL, 
about 1,000 to 1,200 feet above the valley floor. In the south, Buena Vista Valley separates 
Elk Hills from the Buena Vista Hills (Fi�re 3.1-2). In the west, the Elk Hills are separated 
from the main Temblor Range by Railroad Gap, a deeply dissected stream channel. To the 
east, the Elk Hills terminate at the valley floor in low stream cut bluffs where the Kern 
River channel enters the ancestral Buena Vista Lake. The California Aqueduct extends 
along the northeastern boundary of Elk Hills. Tupman, a small community established 
during the early 1900's, is situated on the valley floor near the northeastern flank of Elk 
Hills. Maher et al (1975) report that the shape and relief of the hills reflect the anticlinal 
structure of the subsurface sediments. The hills also contain many deep gullies carved by 
ephemeral streams. 

The near-surface and surface sediments in the Elk Hills region are, in descending order, the 
Quaternary alluvium and the Tulare Formation. Maher et al (1975) state that Quaternary 
alluvium is present only on the border. of the Elk Hills. The alluvium generally thickens to 
several hundred feet in the adjacent San Joaquin and Buena Vista valleys (Wilson and 
Zublin 1988, Plate 20; Rector 1983). The alluvium is described as a poorly sorted sand, silt, 
and clay mixture that is difficult to differentiate from the underlying Tulare Formation. The 
Corcoran clay, or E-Clay, or other confining clays, separate the unconfined and confined 
aquifers of the southern San Joaquin Valley. The areal extent of the E-Clay is not well 
understood. Page (1983) reports the clay is contained within the Tulare Formation in the 
vicinity of Kettleman-Hills -approximately 50 mi1es north of Elk Hills. Rector believes the 
E-Clay and the Maher middle clay (Amnicola), which underlies much of Elk Hills, are the 
same (Fries 1990). In their investigations adjacent to NPR-1, Kern County Water Agency 
(KCWA) did not observe the E-Clay extending onto the northeast flank of the site 
(KCWA 1990). 
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The Tulare Formation, which lies beneath the Alluvium, consists of a thick succession of • nonmarine, poorly consolidated sands, conglomerates, and clays (Maher et al 1975). In the 
Elk Hills region, these sediments are from 600 to 2,150 feet thick. 

The surface geology of the Tulare Formation at Elk Hills was mapped and described 
initially by Woodring in 1932 (Woodring et al 1932). On the basis of this work, Woodring 
divided the Tulare into Upper and Lower members based on color differences in the 
interbedded mudstones: light buff for the Upper member and olive gray for the Lower 
member. He also described a limestone he termed limestone A near the interface of the 
Upper and Lower members. 

The subsurface geology of Elk Hills was described by Maher in 1975 (Maher et al 1975). 
Maher's work was based on his interpretation of well log data and Woodring's surface maps. 
Maher described an upper sandstone and conglomerate, a middle clay, and a lower 
sandstone and conglomerate. The upper sandstone and conglomerate is unconsolidated, 
medium-to-very-coarse grained sand with thin interbeds of siltstone and claystone. The 
lower sandstone and conglomerate is a poorly consolidated light olive-gray pyritic, very-fine 
to very-coarse grained sandstone. The sandstone beds are up to 50 feet thick and are 
separated by much thinner beds of siltstone and claystone. The middle clay, which separates 
the upper sandstone and conglomerate from the lower sandstone and conglomerate, is light 
olive-bluish and is slightly dolomitic. 

Remsen (1990) demonstrated that Maher's subsurface interpretation of well log data • correlates well with Woodring's description of surface geology. Remsen (1990) also 
demonstrated that Maher's upper sandstone and conglomerate, middle clay, and lower 
sandstone and conglomerate are all within Woodring's Lower Tulare member. 

D.2 WATER REQUIREMENTS AND SUPPLIES 

The extensive agricultural economy in Kern County requires large quantities of water for 
irrigation. Much of this irrigation water is obtained from groundwater resources; the rest 
is obtained from northern California through the California Aqueduct and the Friant-Kern 
Canal. In 1986, approximately 2,500,000 acre-feet of water were used to irrigate 813,900 
acres in Kern County (KCW A 1987). Urban and industrial users of groundwater in Kern 
County required about 85,000 acre-feet. In addition to these groundwater resources, the 
KCWA distributes water obtained from the Kern River, Central Valley, and State Water 
Projects to 16 local water districts. In 1986, these additional sources amounted to 
approximately 3 million acre-feet. Within NPR-1, groundwater withdrawals total approxi
mately 148,000 barrels/day. This groundwater is withdrawn from approximately five Tulare 
wells on the southern boundary.-Of NPR-l for injection into the Stevens Zone as part of an 
enhanced oil-recovery program. NPR-1 also purchased approximately 29,000 barrels/day 
of fresh water in 1988 from the West Kern Water District (WKWD) in Section 5M (see 
Section 3.4.2.4). 
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D.3 WATER RESOURCES 

D.3.1 Groundwater Recharge 

Groundwater is considered a valuable resource in the Kern County area, and conscious 
efforts are made to replenish these reserves through waterbanking programs. The West 
Kern Water District (WKWD) and Rosedale-Rio Bravo Water Storage District have 
recharge facilities near the Kern River flood canal. Here, water from both the Kern River 
and the California Aqueduct are spread on infiltration tracts. During 1979, 600,000 acre
feet of water was recharged in waterbanking programs (Kern County 1982). Water 
delivered to the KCW A by state programs is transported in unlined canals, where possible, 
or is spread on infiltration tracts in order to recharge the unconfined aquifer. The success 
of this recharge program prompted the State of California during 1988 to purchase a large 
tract of land on the western edge of the San Joaquin Valley to be used for groundwater 
banking. As shown in Fi&Ure 3.4-3, this tract of land is adjacent to the northeastern limit 
of NPR-1 (Fielden 1988). 

The high temperatures and low humidity of the southern San Joaquin Valley produce very 
high evaporation rates. During 1986, approximately 70 inches of water were reported to 
have evaporated at a monitoring station in Bakersfield (KCWA 1987). Precipitation and 
evaporation records for a 13-year period ( 1970-1982) for the San Joaquin Water District, 
which includes the Elk Hills, show that evaporation exceeds precipitation by approximately 
45 inches/year (average precipitation is 5-6 inches/year). During the 13-year period, only 
water year 1978 had an effective recharge to the groundwater surface by precipitation 
(Erlewine 1988). 

During wet years, natural infiltration from the Kern River is considered the principal source 
of recharge in both the eastern and western parts of the valley. The bulk of the Kern River 
flow, however, is diverted in more eastern areas to irrigation canals. Other sources of 
recharge to the groundwater system include water from crop irrigation and oil field waste 
water disposal. Oil-field wastewaters may recharge the groundwater system through the 
waste disposal practices of sumping in unlined pits, discharging to natural drainageways, and 
underground injection. About 2,328 million barrels of petroleum-associated wastewater have 
been disposed of to-date in the Midway Valley and Buena Vista Valley vicinity through 
percolation, while 253 million barrels have been reinjected into subsurface formations 
(Wilson and Zublin 1988). Rector (1983) compiled data on volumes of wastewater 
production and disposal for the years 1970 and 1979. During 1979, the oil-field operations 
south of Tupman (adjacent to the northeastern flank of the NPR-1)  disposed of 
approximately 6.9 million barrels of wastewater by surface methods. In the same year, it is 
estimated that NPR� Ldispased llLan. estimated 85 million barrels of wastewater by surface 
methods into several sumps at approximately 5-7 different locations on the site (the great 
majority being in Sections lOG and 24Z). 

0-3 



D.3.2 Groundwater Aquifen and Aquitards 

Maher's middle clay behaves as an aquitard, hydraulically separating the Tulare Zone into 
an upper and lower part that probably do not communicate where the middle clay exists. 
In addition, there are multiple fine claystone and siltstone layers between the Tulare 
limestone A and the middle clay that also are thought to act as aquitards (Fishburn 1990). 
Fi�re 3.4-2 schematically illustrates the vertical relationship between the various valley 
aquifers and NPR-1 sediments. 

Historically, two principal water-bearing units have been indentified in the San Joaquin 
Valley; they are termed the unconfined and confined aquifers. The unconfined aquifer 
receives the bulk of the recharge discussed above and consists primarily of the surface 
alluvium. It is separated from the hydro geologically confined portion of the Tulare 
Formation by the Corcoran clay, or E-Qay, or other confining clays (hereinafter referred 
to as the E-Qay) (see Fi�re 3.4-2). The E-Qay behaves hydraulically as an aquitard. Most 
of the sediments that form the unconfined aquifer were deposited by the ancestral Kern 
River over long periods of time. In the ancient river channels, permeable sand and gravel 
were deposited, while less permeable silt and clay form the more distant sediments. The 
Buena Vista lakebed is such an area where the unconfined aquifer has a larger clay content. 
Locally, the base of the unconfined aquifer (depth to the E-Qay) is generally less than 
500 feet (Bean and Logan 1983). However, it has also been shown that it dips sharply to 
the south of NPR-1 with an observed depth of as much as 4,400 feet in the southern end of 
the San Joaquin Valley near Mettler (KCWA, 1990). The confined aquifer extends from 
the base of the E-Clay to the base of fresh water which is defined as 2,000 parts per million 
(ppm) total dissolved solids (TDS){California Department of Water Resources and Kern 
County Water Agency [CDWR/KCWA] 1977; Bean and Logan 1983). More recently, 
KCWA has suggested a more complicated system consisting of an unconfined aquifer and 
more than one semi-confined aquifers (KCW A 1992). 

In addition to the aquifers discussed here, a zone of perched groundwater lies at very 
shallow depths in places beneath the valley floor (KCWA 1987). This water is typically 
lower quality. 

D.3.3 Groundwater Data and Flow Directions 

D.3.3.I Groundwater Zones 

A number of investigators have provided groundwater elevation data and interpretations for 
the groundwater surfaces and flow directions in the various aquifer systems of the Elk HillS 
and adjacent .valleys. . . . Maher et-.al (1975, Fiaure 8) have provided a groundwater well 
location data base in the confined and unconfined aquifer systems in the valley floor along 
the northeastern margin of the NPR-1. Bean and Logan (1983, Fi�re 3-1) also have 
provided groundwater elevation data and made interpretations of the groundwater surface 
in the Buena Vista Valley. Rector (1983, Plate 19) has constructed groundwater surface 
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elevation maps for the Elk Hills and westside area. KCWA ( 1987, Plates 1 and 4) published 
groundwater surface elevations for the confined, unconfined, and perched zones for both the 
San Joaquin Valley and Buena Vista Valley. Wilson and Zublin ( 1988, Plates 32a-c) 
compiled groundwater elevation data from the Buena Vista Valley and southern Elk Hills 
vicinity. Additional data on groundwater level for the Elk Hills are available from structural 
cross-section drawings developed from logs of Tulare production and wastewater injection 
wells (BPOI 1987a-d). 

Bean and Logan (1983) report that groundwater levels in the confined aquifer are generally 
lower than those in the unconfined system. These groundwater elevation differences vary 
from between a few feet north of Buttonwillow to more than 100 feet in the Maricopa area 

The depth to groundwater in the San Joaquin and Buena Vista valleys within Kern County 
ranges from 50 feet beneath the Kern River and along the northeastern margin of the Elk 
Hills to more than 650 feet in the southern extremes of the valley near the White Wolf 
fault. Perched groundwater at depths shallower than 50 feet has been documented in the 
Buena Vista Lakebed (Bean and Logan 1983). KCWA (1987, Plate 1) found that depth to 
perched groundwater along the western margin of the San Joaquin Valley is typically no 
more than 20 feet beneath the ground surface. On NPR-l, the depth to groundwater is 
determined both by topography and subsurface structure. Data from NPR-l Tulare 
production and waste disposal wells on the southern flank in Section 18G show a depth to 
water of about 400 feet (BPOI 1987a-d). On the northwestern flank of Elk Hills, NPR-l 
water-supply well 61WS-8R had static and stressed water levels of about 400 and 700 feet, 
respectively. Withdrawal rates from this well were less than 10,000 barrels/day (this well 
is no longer in service). 

Interpretation of these depths to saturation (as a representative groundwater surface) is 
complicated by the injection and production of water, which would serve to create mounds 
and valleys at these locations. Rector (1983, Plate 19) has constructed elevation surfaces 
of undifferentiated Tulare zone groundwater for the years 1975-1980 on the Elk Hills, as 
well as of the unconfined aquifer within the . Valley. These surfaces are generated from 
about 20 data points and show groundwater elevations within the Elk Hills varying from 150 
to 680 feet MSL The northern and northeastern periphery of the Elk Hills is within the 
San Joaquin Valley, where the depth to perched and unconfined groundwater ranges from 
20 to 100 feet below ground surface (KCWA 1987, Plate 1). 

As the result of tests conducted in 1987 (Mark Group 1987), groundwater was suspected at 
a depth of 60 feet in the vicinity of a truck washout sump at the 27R waste management 
facility. A subsequent study to characterize this water was unable to locate any saturated 
sediments (Kaman. T.empo 1989� . .. Surface water-from unknown sources has been observed 
in sections 3G, 4G, and 35S areas. The 4G area has a well-established community of 
phreatophic (water-loving) plants. This suggests a long and constant period of flow (in 
excess of a year). 
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The Kern River has historically provided the largest amount of natural groundwater 
recharge in the valley. This is reflected in the groundwater surface map (Fi&Ure 3.4-3) in • Section 3.4.2, which locates a northeast-southwest trending groundwater ridge in the valley 
following the trace of the Kern River. Groundwater typically flows away from ridges (high 
points) to areas of depressions (low points). Based on this interpretation, the principal 
direction of groundwater flow is away from the ridge in a northwest-southeast direction. 
The location of this groundwater high is also thought to coincide with the boundaries of the 
E-Qay (KCW A 1987). At the edge of the E-Qay, groundwater is thought to move 
downward and travel eastward within the confined aquifer (Bean and Logan 1983). 

Groundwater highs may also indicate recharge due to irrigation (KCW A 1987), in addition 
to the presence of a confining or semiconfining bed at depth. Areas of extensive 
groundwater development and irrigation also influence groundwater surfaces by producing 
groundwater lows and highs, respectively. One such groundwater low is located along the 
northeastern margin of the NPR-1 near the town of Tupman (Fi&ure 3.4-3). Many water 
production wells are clustered in this area, including several wells operated by the WKWD. 
It is possible that this area could capture groundwater flowing from both the Elk Hills and 
the San Joaquin Valley. Another low spot in the unconfined aquifer is the Buena Vista 
Lakebed area immediately southeast of NPR-l. 

An area of groundwater mounding exists in the Buena Vista Valley along the southern 
margin of NPR-l. Both irrigation and oil-field wastewater disposal occur in the Buena Vista 
Valley (Bean and Logan 1983) and may be providing for groundwater recharge to this area. 
As in the case in the San Joaquin Valley, clay layers acting as aquitards could be • contributing to the elevated groundwater positions in the Buena Vista Valley. 

Rector (1983, Plate 19) shows groundwater moving from the Elk Hills into the adjacent 
Valleys. He also suggests that groundwater in the Buena Vista Valley travels eastward. 
Maher et al (1975) and Waldron (1989) believe that groundwater in the Elk Hills and 
western Buena Vista Valley may have a source in the Temblors. This implies an easterly 
component of flow. Bean and Logan (1983, Fi�re 3-1) and KCWA (1987, Plate 4) show 
that groundwater elevations in the Buena Vista Valley are relatively higher in the eastern 
portions which suggests a westerly flow. KCWA (1990) has shown that the Buena Vista 
Valley subbasin is structurally separated from those of the San Joaquin Valley. H these 
separations are sufficiently developed, this could preclude hydraulic communication between 
the two Valleys. 

Very limited data exist that describe the hydraulic conductivity (permeability) of the 
sediments in the Elk Hills vicinity of the San Joaquin Valley. The California Department 
of Water Resources. and Kern..county-Water Agency (CDWR/KCWA 1977) collaborated 
to numerically simulate the flow field of the southern San Joaquin Valley. The results of 
their model calibration provided estimates for the hydraulic conductivity of the confmed and 
unconfined aquifers. The confined and unconfined aquifers were assigned hydraulic 
conductivities of 30 feet/day and 48 feet/day, respectively. No hydraulic conductivity data 
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are known to be available for the principal clay zones; however, conductivity estimates of 
10-6 to 10'" feet/day have been made (Freeze and Cherry 1979). Rector (1983) has compiled 
groundwater data available from U. S. Geological Survey (USGS) publications for several 
valley wells. Eight of these analyses are reported from T31S/R25E close to the 
northeastern limit of the NPR-1 and show an average specific capacity of 40 gallons/minute/ 
foot of drawdown. Generally, their screened interval (production interval) is located within 
the Alluvium. 

D.3.3.2 Vadose Zones 

The depth to saturated groundwater in the vicinity of Elk Hills ranges from a few tens of 
feet in the valley areas to in excess of 1,000 feet in the higher topographic elevations. 
Separating the ground surface and the groundwater surface is an unsaturated (vadose) zone. 
Infiltrating water in the unsaturated zone may be expected to move vertically unless 
heterogeneity is encountered in the subsurface sediments. When an infiltration event is of 
short duration or infrequent in occurrence, homogeneous, moisture-deficient sands overlying 
deep water tables can act as a buffer zone between infiltrating water and groundwater. If 
the infiltration event is of long duration, infiltration water could eventually communicate 
with the groundwater surface underlying the infiltration event, or those situated some 
distance away if migration along saturated clay layers occurs. 

D.3.3.3 Water Chemistry 

The groundwater basin in the Kern County portion of the San Joaquin Valley has no surface 
outflow, except in extremely wet years. This closed system causes salt magnification in the 
local groundwater. Surface water imported into the valley during the 1986 water year 
introduced approximately 435,000 tons of new salt into the groundwater basin 
(KCWA 1987). Data on IDS accumulated over a period of several years have been used 
to construct annual groundwater quality maps for the confined and unconfined aquifers of 
the valley. Maps released in 1987 (KCWA 1987, Plates 2 and 3) indicate that water quality 
is better in the confined system than in the unconfined. In part, this is thought to be 
because the confined systems were derived from pre-Corcoran (approximately 600,000 years 
ago) flood waters of lower mineral content than the salt-magnified waters that recharged the 
unconfined system more recently (Geological Society of America 1989). This is also thought 
to be because the E-Oay provides a seal that protects the confined aquifer from the lower 
quality waters of the unconfined aquifer. 

The unconfmed aquifer has received salt from both natural and artificial recharge. Perched 
groundwater in the San Joaquin Valley generally has a salt content that is higher than 
deeper groundwater • .  whicamakesiLundesirable .for.agricultural uses (KCWA 1987). The 
confined aquifer has very low IDS, with the exception of the western valley margins 
(KCWA 1987, Plate 3). The water quality map of the unconfined aquifer, however, shows 
islands of high chemical concentration throughout the valley proper, as well as in the 
western margin area (KCWA 1987, Plate 2; Kern County 1982, Plate VIlla). Confined and 
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unconfined concentrations of IDS in the western margin area are higher than anywhere else • in the valley. CDWR identified a small area near Tupman, California along the north-
eastern boundary of NPR-1 with elevated levels of groundwater IDS (CDWR, 1990). This 
finding is the source of other CDWR studies that are in progress pertaining to the Kern 
Water Bank. 

There are two possible mechanisms that could be contributing to higher IDS levels in the 
margin areas. Waldron (1989) hypothesized that this is due to natural flow from the 
Temblors. It is also possible that low-quality artificial recharge is another contributing 
factor, such as oil-field wastewater and/or agricultural irrigation. Regardless of the source, 
it is possible that the poorer quality waters of the western margins are structurally confined 
(Page 1986 and KCWA 1990). 

Groundwater chemical concentrations are affected by oil-field wastewater recharge and salts 
that dissolve in surface waters flowing over highly mineralized sediments of the Tulare and 
marine sedimentary rocks (Maher, 1975). Bean and Logan ( 1983) compared the chemistry 
of water produced in association with hydrocarbon production and seawater. The produced 
waters appear, in general, to have a chemistry similar to dilute sea water with low sulfate 
concentrations. The produced waters from the Buena Vista Valley and Elk Hills oil fields 
appear very similar to seawater in their total salt content. NPR-1 produced wastewater has 
been tested and found to have IDS levels between 20,000 to 40,000 ppm, with the dominant 
ionic species being chloride and sodium (Stuart 1987). Water taken from the Tulare Zone 
on the southern margin of NPR-l as a source for waterflood operations has IDS levels • between 3,000 and 6,000 ppm, with sodium, chloride, and sulfate providing approximately 
equal contribution of 1,000 ppm each. 

NPR-l surface waters have been studied and found in many cases to have high IDS when 
water flows over the Tulare and marine sediments in Buena Vista, Broad, and Sandy 
Creeks. These have been observed to have minimum IDS levels of 1 ,300 ppm and 
minimum sulfate-ion concentrations of 732 ppm (Maher 1975). IDS levels in Kern River 
surface waters are very low. 

Bean and Logan ( 1983) report that few springs exist in the area. Those known are located 
away from the valley proper in the Tembior Range and have conductivity ranges (where 
conductivity correlates closely with IDS) between 1,200 and 3,530 micro mhos/centimeter. 
Surface water has been observed at three locations on NPR-l :  3G, 4G, and 35S. Chemical 
analyses of surface water observed on numerous occasions in Section 4G indicate a IDS 
concentration of approximately 1 1 ,000 ppm. Sodium is the dominant cation and shows a 
concentration of approximately 3,000 ppm, while chloride and sulfate are the dominant 
anions and _have ._concentr.ations - of .appr.oximately 1,500 and 4,500 ppm, respectively 
(Reeder 1985). The conservative chloride ion concentration is similar to the 33S sump 
approximately a half mile away. This has caused suspicion that the sump could be the 
source of 4G surface water. This sump is used infrequently (pipeline pigging operations 
approximately once per year that generate approximately 500 barrels of waste water; and 
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as drainage for runoff from the 33S waterflood facility and the 4G closed-loop gas-lift 
facility), which makes it difficult to correlate to the frequently observed surface water in 4G. 
In addition, the 4G surface water has a larger sulfate concentration than the 4G sump; 
however, this could be attributable to interaction with gypsum salts known to exist in the 
Tertiary sediments. 

A historic spring on the Elk Hills was located in Section 35S near Well 223-35S (Maher 
et al 1975). A chemical analysis performed in 1956 indicates that with the exception of 
chloride, it's chemistry is similar to that of the 4G surface water. The existence of surface 
water in Section 3G that is not near a surface sump suggests that water is surfacing for 
reasons that are not associated with sumps. The TDS level of the 3G water was 7,650 ppm. 
Sodium, calcium, sulfate, and chloride were the dominant ionic species, with levels of 1,211, 
585, 3,316 and 464 ppm, respectively. A recent study identifies leaking fresh water lines as 
the most probable source for the surface water observations (Nicholson 1989). 

Water samples have been taken from two wells northwest of Tupman in T30S/R24E 
immediately off the northern flank of the Elk Hills (Bean and Logan 1983). Analyses of the 
water samples from these wells have shown variations by a factor of 10 in chloride 
concentration. Bean and Logan (1983) suggested that wastewater from oil fields, including 
NPR-1, could be responsible for this variation. Waldron (1989) reviewed the location of 
historic sumps on the northern flank of NPR-1 and believes they may not be located on a 
flow path that communicates with groundwater wells in T30S/R24E. Waldron also suggests 
that the chloride concentration variation could be due to the encroachment of poorer quality 
water from the Temblors. 

The groundwater of the Buena Vista Valley is characterized by low bicarbonate and high 
sulfate and chloride. This groundwater, which is considered marginal for irrigation, has 
conductivities in the range of 25,000 to 11,000 micromhos/ centimeter. The western portion 
of the Buena Vista Valley is thought to contain native groundwater, while groundwater in 
the eastern portion is thought to have been impacted by the disposal of oil-field wastewater. 
Analyses of water samples taken from irrigation wells located in the eastern part of the 
Buena Vista Valley (T31S/R24E) show large sporadic increases in conductivity, with sodium 
and chloride being the dominant ions. 

The variability in groundwater chemistry, the similarity of some of the chemical properties 
of groundwater and oil-field wastewater, and the proximity of these observations to oil-field 
operations in the Buena Vista Valley, the western San Joaquin Valley, and on NPR-1, have 
suggested to some investigators that a relationship may exist between oil-field wastewater 
disposal practices and groundwater qUality. This is best illustrated by maps compiled by 
Bean and Logan {1983, . Plate .4-1) and .Rector .(1983, Plates 22 and 23) which show known 
oil-field sumps, disposal wells, and other facilities that existed up to 1983, in some cases for 
as many as 20 years. Several sumps on NPR-1 in T3OS/R24E and T30S/R25S are close to 
the wells off the NPR-1 northeastern flank previously described as having saline water 
chemistry fluctuations. 
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In addition to oil-field operations, groundwater quality could be impacted by other sources. • Waldron (1989) and Maher ( 1975) suggested that natural flow from the Temblors could be 
a prominent factor. Page (1986) and KCWA (1990) have suggested the existence of a 
structural trough along the western margin of the San Joaquin Valley in the same area off 
the northeastern flank of NPR-1 where Bean and Logan observed saline wells. In this area., 
natural flow from the Temblors may be mixing with groundwater recharge from the Sierra 
Nevada., thereby explaining the high IDS values observed. The existence of the structural 
trough also suggests the possibility that there could be hydrologic confinement to an area 
identified as the Buttonwillow subbasin by KCWA It is also possible that agricultural 
irrigation is impacting groundwater quality. 

Rector (1983, Plate 18) constructed a map showing areas of anomalous groundwater 
chemistry in the unconfined aquifer. Rector focused on boron, nitrate, calcium, chloride, 
and sulfate chemistry and considered concentrations greater than 1, 50, 500, 500, and 
1,000 ppm, respectively, to be anomalous. The Buena Vista Valley and Buena Vista 
Lakebed areas appear to have concentrations at or above the anomaly thresholds for all 
chemical species. An area of anomalous chloride concentration occurs along the 
northeastern flank of the Elk Hills near the town of Tupman. Rector ( 1983, Plate 18) also 
delineated zones of anomalous IDS concentration above 2,000 ppm. One such zone is west 
of the California Aqueduct in the northeastern corner of NPR-l.  KCWA ( 1987, Plate 2) 
indicates, with more complete data, that they observed this same anomaly east of the Elk 
Hills beyond the aqueduct, including groundwater beneath Tupman. Waldron (1989) has 
suggested that changes with time in the groundwater chemistry in the western areas of the • San Joaquin Valley might be attributable to fluctuation in water surface elevation of the 
valley aquifers. During wet years, poorer quality groundwater located at the valley margins 
would be pushed away from the central valley by higher groundwater surface elevations. 
Dry years which provide less groundwater recharge, would permit poorer quality 
groundwater to move farther into the valley. 

D.4 WASTEWATER 

D.4.1 Wastewater Production and Disposal 

Water produced in association with hydrocarbons is currently transported with oil to several 
separation (dehydration/lACT) facilities on NPR-l .  These stations are located in Sections 
18G, lOG, 25S, 26Z, and 24Z. After separation at the lACT stations, wastewater is 
transferred to several on-site disposal facilities. Approximately 100,000-1 10,000 barrels/day 
of wastewater are currently disposed of in the subsurface. The location of existing disposal 
wells is shown by Figure 3.4-7. Eleven wells are completed within the Tulare Formation and 
are located in the.1G, .8C4-18G. and 24Z..areas (BPOI . 1987a-d). Two wells are completed 
in the SOZ and are located in Sections 15G and 16G. Two wells are completed in the Olig 
Zone in 26Z. Four wells are completed in the Stevens Zone in 24Z; in addition to 
wastewater disposal, these wells serve the purpose of minimizing the flow of hydrocarbons 
off of NPR-l. 
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During off-normal situations (e. g., combinations of equipment breakdowns, disposal well 
failures, unforeseeable/uncontrollable water production surges, etc.) the wastewater disposal 
system is unable to accommodate the quantity of wastewater produced. This necessitates 
surface release of wastewater into evaporation/percolation ponds (sumps). In addition, 
wastewater is occasionally spilled into secondary containment, primarily at LACf and tank 
setting facilities. 

Since approximately 1979, the principal wastewater sumps at NPR-1 have been in Sections 
25S, 35S, lOG, 18G, 24Z, 26Z, 35R, and 27R/26R. The locations of these sumps are 
indicated on the map shown by Figure 3.4-8. When originally constructed (in some cases 
as early as the 1950's), these sumps were all unlined. The 25S, lOG and 35S sumps have 
been used for SOZ production water. The 25S sump was lined in 1988. The 24Z and 18G 
sumps have been used for Stevens water. One of the two 18G sumps was lined in 1990. 
The other sump has been taken out of service; it will either be lined, or included in the 
field-wide waste site cleanup/closure program, or utilized as an emergency catch basin and 
managed in accordance with the SPCC program. The 26Z sumps have been used for 
Asphalto water. All but one of the 26Z sumps were replaced with tanks in 1987 and 
formally cleaned and closed. One sump (unlined) was retained to serve as an emergency 
catch basin in the event of a tank overflow; it will be managed in accordance with the SPCC 
program. The tanks at 26Z have equipment that automatically shut down production if high 
tank levels occur. A sump located in Section 35R has, until recently, received drainage 
water and wastewater from the 35R gas processing plant and the L TS-1  compressor building; 
this sump has been taken out of service and is scheduled to be formally closed. Four 
additional sumps are used at the 27R waste management facility in connection with oil
recovery and a truck-washout facility. Two of these have been replaced with tanks and 
taken out of service. The same is scheduled for the other two. Three will be formally 
closed, and the fourth (unlined) will be used as an emergency catch basin in the event of 
a tank overflow and managed in accordance with the SPCC program. 

Additional wastewater sumps in use prior to 1979 were identified by Rector (1983) and 
Bean and Logan (1983); these are shown by Figure 3.4-9. These sumps are included in the 
field-wide abandoned waste site cleanup/closure program. To date, they have been sampled 
and tested for chromium and arsenic. With the exception of one sample, these tests 
indicated nonhazardous levels of contamination. Additional reviews of these facilities are 
planned (see Section 3.2). 

Before 1981, all produced wastewater was disposed of into two Stevens waterflood/ injection 
projects, an SOZ injection project, and into open, unlined sumps. Due to projected 
increases in wastewater quantities, beginning in 1981 the Tulare wastewater disposal well 
system was insta11ed, .and after that the great .majority of wastewater was disposed of into 
the Tulare, SOZ and Stevens Zones; the primary use of sumps was during off-normal 
circumstances. 
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It has been estimated that from 1979 through 1989, average annual wastewater quantities 
released to sumps averaged 10,000 barrels/day field wide, ranging from 2,000 barrels/day • 
to 21,000 barrels/day (McLemore 1990). Currently wastewater sumping is approximately 
1,000-2,000 barrels/day field wide. The IDS level of wastewater is typically 30,000-40,000 
ppm. 

Sumping volumes at NPR-1 have not been measured directly. The quantities reported by 
BPOI were "field-wide" estimates based on calculations made in 1989 using an assortment 
of the best historical operating data available. The methodology employed to calculate 
"recent" sumping quantities is considered to result in estimates that are reasonably accurate. 
"Earlier" estimates are thought to be less precise. Data needed to calculate historical 
releases to "individual" sumps are not readily available. However, lOG and 24Z were 
normally the sumps of first resort, and it is believed that the overwhelming majority of 
surface releases took place at these locations. 

NPR-1 is permitted to sump wastewater by Waste Discharge Requirement #58-491 issued 
by the State of California in 1958. This prohibits the release of wastewater into unlined 
sumps located on alluvial soils, if the wastewater exceeds 1,000 ppm IDS. The 18G and 25S 
sumps are located near the Tulare/Alluvium contact; therefore, releases at these locations 
could have been into alluvial soils. NPR-1 is permitted to sump wastewater at the 26Z 
sump by Waste Discharge Requirement #68-262 issued by the State of California in 1968. 
In recognition of this risk, these sumps were either lined or taken out of service as 
mentioned above. NPR-1 is in the process of updating the above Waste Discharge • Requirement permits. 

0.4.2 Fate and Transport of Disposed Water 

0.4.2.1 Surface Disposal 

Bean and Logan ( 1983), Rector ( 1983), and Wilson and Zublin ( 1988) have discussed how 
moisture-deficient sediments overlying deep water tables can buffer groundwater from 
infiltrating sump wastewater. Bean and Logan (1983) also hypothesized that heterogeneities 
(clay layers) in the sediment profile can resaturate and pond infiltrating water, thus directing 
it to move parallel to the groundwater surface. These authors cited this as a mechanism 
that might link sumps on the Elk Hills with brine-contaminated wells in the San Joaquin 
Valley. Fishburn ( 1990) suggested that the same clay layers, depending on their dip, 
geometry and character could act as an aquitard that would prevent migration of infiltration 
water off of NPR-l.  

Figure 3.4-2 shows-.t.haLthe ..confined aquifer is present near the San Joaquin Valley/Elk 
Hills interface, but the character and depth of its base are not known. It also shows that 
infiltration water on Elk Hills will move along clay and shale units that are dipping down 
20-30 degrees in the direction of the confined aquifer (Fishburn 1990). Hydrologic flow 
regimes and the precise geology in the vicinity of the interface are not known. If clay and 
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shale unit dips are relatively shallow, it is possible that NPR-1 infiltration water could flow 
into the confined and/or unconfined valley aquifers. On the other hand, if the clay/shale 
units continue to dip downward sufficiently, infiltration waters could ultimately be separated 
at lower depths from the useable waters comprising the confined aquifer. It is also possible 
that the geomeuy and character of these clay/shale layers provide traps that could confine 
movement off of NPR-l. This is supported by the fact that in the western areas of NPR-1 
oil and gas are known to be trapped above and below the middle clay (Fishburn, 1990). In 
addition, the DGz, which is depositionally similar to the portions of the Tulare below 
Limestone A. is a trap for gas (Fishburn 1990). 

The uncertainty of the hydraulic relationship between NPR-1 sediments and those on the 
valley floor is complicated further by the variable depth to the E-Oay marking the top of 
the confined aquifer, and the relationship between the E-Oay and the middle clay 
(Amnicola). 

D.4.2.2 Subsurface Disposal 

The existing south and northwest flank disposal wells currently are used for injection of 
wastewater into the Tulare Formation. Nicholson (1985) reported that the effects' of this 
in the south flank wells should appear as groundwater chemisuy changes in the water 
production wells (waterflood source water wells on the south flank) after approximately 
2 years. These groundwater production wells are located in an apparent downgradient 
position approximately one mile away and completed in the same zones as the wastewater 
disposal wells. These chemisuy changes have not been observed after approximately 
7 years. This is consistent with Stuart (1987) who reviewed wastewater disposal operations 
at NPR -1 and concluded that there has been little or no migration away from the disposal 
wells. This conclusion was based on the small temporal chemisuy changes of the nearby 
groundwater production wells. In reaching his conclusion, Stuart also acknowledged that it 
is possible that the injected wastewater may be bypassing the groundwater production wells 
and escaping detection. If this is the case, it is possible that NPR-1 wastewaters could be 
communicating with usable groundwaters in the Buena Vista Valley. It is also possible that 
heterogeneities and anisotropy present in the Tulare Formation may be preventing 
groundwater movements as suggested by Fishburn (1990). 

In a continuing effort to better understand the risk associated with NPR-1 underground 
injection disposal, additional studies recently have been completed (Milliken 1992, 
Phillips 1992). Milliken (1992) investigated the relationship between NPR-l's south flank 
Tulare Formation geology and movement of produced water injected into the 7G/18G 
disposal wells (see Fi�re 3.4-7 for disposal well locations). Surface mapping, well log 
correlations, and water. quality. studies presented in this· report indicate that the Tulare and 
Amnicola Oay are present in the subsurface and act as important geohydrological barriers 
(aquicludes) to the migration of disposed produced water into the Alluvium of Buena Vista 
Valley, from which agriculture water production is obtained. 
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Phillips (1992) investigated groundwater quality and elevation changes resulting from • produced water disposal and source water withdrawal along the Elk Hills' south flank. 
Phillips (1992) references a study by Mele (1992) which examined groundwater quality data 
from four south flank source water wells from January 1984 to March 1992. This 
investigation concluded that the IDS concentration values for all source wells have 
remained relatively constant during this period (averaging between 4,700 ppm to 5,700 ppm). 
The only changes identified in Tulare Formation groundwater quality were: (1) a 600 ppm 
increase in chloride ion concentrations in well 86WS-18G; and (2) a higher baseline chloride 
concentration level in well 45WS-18G. Phillips (1992) also presents directly measured water 
quality data from NPR-1 source water wells, which show the Amnicola Clay forms an 
aquiclude between waters of distinctly different salinities (the quality of groundwater is 
significantly better above the Amnicola Clay than beneath it). 

Phillips (1992) reports that the effect of continuous source water withdrawal in the south 
flank wells between 1980 and 1990 has been minimal; the only evident water level response 
has been a decline of 34 feet in a very small area at the west end of the south flank. This 
decline, together with the minimal response in the other areas of the south flank, does not 
represent a significant drop in the water level, given the steady substantial groundwater 
withdrawal rate. Phillips (1992) reports anomalously high groundwater elevations over the 
past 10 years within the 7G/18G disposal area, which suggests that NPR-l's disposed 
produced water is mounding and spreading laterally along strike (Milliken 1992). 

D.S REGULATORY CONSIDERATIONS PERTINENT TO GROUNDWATER 

Benioff et al (1988) have compiled an overview of federal and California State water quality 
regulations. Information pertaining to drinking water standards has been obtained from that 
document. 

D.S.! Federal 

DOE Order 5400.1 (DOE 1988) mandates that DOE facilities comply with all appropriate 
federal and state regulations. Under extenuating circumstances, DOE facilities may apply 
for exemption from Order 5400.1. 

The national interim primary drinking water standards (40 CFR 141 ) set forth maximum 
contaminant levels (MCLs) for various chemicals. These MCLs are enforceable federal 
standards that may also be applicable to remedial action alternatives at hazardous and toxic 
waste sites. However, appropriate cleanup levels depend on the nature of the site 
(proximity to receptors, depth to groundwater, etc.) and are determined by considering all 
applicable federal, .state, .and.local .regulations. 

Drilling fluids and water produced in association with hydrocarbons are specifically excluded 
from designation as hazardous wastes (40 CFR 261 .4). The disposal of these fluids is, 
however, regulated. 
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Class II (oil-field) underground injection is covered under 40 CFR 144, 146, and 147. Part 
146 sets forth the criteria and standards that must be met in permits for underground 
injection. In carrying out the mandate of the Safe Drinking Water Act (SDWA) it is 
provided that "no injection shall be authorized by permit or rule if it results in the 
movement of fluid containing any contaminant into underground sources of drinking water" 
(USDW) (40 CFR 146). A USDW may be exempted from this regulation if it can be shown 
that the USDW has "no real potential to be used as a drinking water source." Federal 
regulation of surface discharge is provided in 40 CFR 435, which stipulates that "there shall 
be no discharge of waste water pollutants into navigable waters from any source associated 
with production, field exploration, drilling, well completion, or well treatment (i.e., produced 
water, drilling fluids, drill cuttings, and produced sand)". 

D.S.2 STATE OF CALIFORNIA 

D.S.2.1 Drinking Water 

The State of California bases its drinking water standards on the National Interim Primary 
and Secondary Drinking Water Regulations (40 CFR 141, 143,). California requires (in 22 
CCR 64401) that all public water systems owned and operated by federal agencies comply 
with regulation as set forth in 40 CFR 141. 

D.S.S.2 Proposition 6S 

The Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65) provides that 
"no person in the cause of doing business shall knowingly release a chemical known to the 
state to cause cancer or reproductive toxicity into water or onto land where such chemical 
passes or probably will pass into any source of drinking water ... " (26 CCR Safe Drinking 
Water and Toxic Enforcement Act of 1986, Supplement 11). Water disposed of into Class II 
disposal wells is exempted from Proposition 65. 

D.S.2.3 Porter-Cologne Water Quality Control Act 

The Porter-Cologne Water Quality Control Act attempts to organize the control and 
protection of the quality of waters in the state into a coherent whole. The act identifies the 
state and regional water quality control boards as the principal state agencies for control and 
coordination of water quality (California Water Resources Control Board 1987). Waste 
Discharge Requirements are also described in the Porter-Cologne Water Quality Control 
Act. Any person discharging or proposing to discharge must file a report with the 
appropriate regional board. 

D.S.2.4 Tulare Lake Basin Plan 

Federal Regulation 40 CFR 131 .202 requires each state to submit water quality control 
plans for all basin planning areas within the state by July 1, 1975. The Tulare Lake Basin 
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Plan (TI.BP) was developed in response to that regulation and it was adopted in 
August 1975 as a policy guidance document to be used in establishing requirements • (California Water Resources Control Board 1975). Since then, several amendments to the 
plan have been accepted. 

The TI.BP establishes that " ... all sumps overlying the groundwater body shall protect present 
beneficial uses and not degrade groundwater"; it provides that limits for " ... wastewater in 
unlined sumps overlying the usable groundwater body will be 1,000 EC, 200 mg/l chlorides, 
and 1 mg/l boron;" and among other criteria it defines usable water as being 3,000 mg/l 
TOS or less. The TI.BP cites Section 1750-1780 of the California Code of Regulations 
(Title 14), which define the environmental protection regulations relating to oil and gas 
operations. Section 1770 states that " ... sumps for the collection of wastewater or oil shall 
not be permitted in natural drainage channels" and that " ... unlined evaporation sumps, if 
they contain harmful waters, shall not be located over freshwater bearing aquifer." 

California Code of Regulations, TItle 23, Subchapter IS, Discharges of Waste to Land 

In December 1984 Subchapter 15 was amended to provide that all waste management unit 
waste discharge permits be reviewed and revised appropriately to meet all Subchapter 15 
requirements. 

Sections 1724.6 through 1724.10 list the geologic, geochemical, and engineering data that 
must accompany an application for underground injection of fluids. Section 1724.10 requires • that "sufficient surveys shall be filed with the California Division of Oil and Gas within 
3 months after injection has commenced, once every year thereafter, after any significant 
anomalous rate or pressure change . . .  to confirm that the injection fluid is confined to the 
proper zone or zones. n 

D.S.3 Permits 

Water resources underlying and adjacent to NPR-1 are protected through four basic types 
of permits; these are: 

• Individual permits from the California Division of Oil and Gas for the operation of each 
of the various types of wells: hydrocarbon production, water production, steam/water/gas 
injection and wastewater disposal; 

• Waste Discharge Requirements issued by the Central Valley Regional Water Quality 
Control Board in 1958 for field-wide wastewater sumping operations. These requirements 
prohibit sumping activities.._that would pollute ..adjacent-surface and groundwater; they also 
prohibit sumping on alluvial soils if total dissolved solids exceed 1000 parts/million; chloride 
content exceeds 175 parts/million; or boron content exceeds 2 parts/million. A separate 
Waste Discharge Requirement for the 26Z area sumping operations (Asphalto Field) was 
issued by the Central Valley Regional Water Quality Control Board in 1968. 
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• Waste Discharge Requirements issued by the Central Valley Regional Water Quality 
Control Board in 1976 for the operation of the 27R waste management facility; and 

• Waste Discharge Requirements issued by the Central Valley Regional Water Quality 
Control Board in 1976 for the operation of the lOG waste disposal site. 
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APPENDIX E: 
TERRESTRIAL BIOTA 

E.I LIF'&TABLE ANALYSIS FOR SAN JOAQUIN KIT FOX ON NPR-I 
Life tables are useful in determining the causes of population change (Pianka 1984; Begon 
and Mortimer 1981). Life tables are based on the fecundity and survivorship of females of 
each age in the population. Population parameters such as net reproductive rate, rate of 
increase, and generation time are calculated from these values. 

E.I.I Methods 

The life-table analysis presented here for San Joaquin kit foxes on NPR-1 was developed 
from data on the survivorship of radiocollared kit foxes in the NPR-1 study area taken from 
Zoellick et al ( 1987). The analysis investigates average conditions during the period 1981-
1988; no attempt has been made to-date to complete separate analyses for the period of 
population decline from 1981-1985 and the period of relative population stability from 1985 
to 1989. Definitions of terms are based on those presented by Pianka (1984), and include: 

• Fecundity - the number of female pups produced by females of breeding age each year; 

• Survivorship - the proportion of female pups that survives to each subsequent age; 

• Mortality - the proportion of females within each age group that dies before reaching the 
next age; 

• Net Reproductive Rate - the average number of female offspring expected to be 
produced by each female born (for a population to be stable, net reproductive rate must 
average 1); 

• Generation Time - the average time from birth of a female pup to the birth of her 
female offspring; and 

• Rate of Increase - a measure of instantaneous rate of change of population size per 
individual. 

Fecundity was determined from the percentage of females pregnant and the average litter 
size. These values were estimated from the occurrence and number of placental scars 
determined . during necropsy (Zoellick et al 1987). An estimated 73.3% and 96.0% of 
yearling and adult females, respectively, were impregnated each year. Average litter size 
was estimated to be 3.92 for yearlings and 4.89 for adults. 
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Except for pups, the percentage of radiocollared foxes on NPR-1 of known age that survived • to the next age class was used to determine age-specific survivorship. Survivorship of pups 
to weaning was estimated to be 27% for yearling mothers and 68% for adult mothers 
(Zoellick et al 1987). Survivorship from weaning to 1 year of age was based on the 
survivorship of radiocollared pups (30.3%). The product of these two survivorship values, 
adjusted for the percentages of yearlings and adults in the population (40% and 60 %, 
respectively) provided the overall estimate of 17.1 % (82.9% mortality) survivorship from 
birth to 1 year of age. 

E.l.2 Results and Discussion 

Table E.1-1 is the life table for the kit fox on NPR-1. Mean fecundity for all age classes 
was 2.2 for the period 1981-1988. Average mortality for this period ranged from a low of 
0.432 for 2 year old foxes to 0.829 (17.1 % survivorship) for foxes less than one year old. As 
a consequence, the net reproductive rate of the fox population was 0.56. Generation time 
was 2.0 years, and the rate of increase was -0.30. Fj�re E.1-1 shows predicted minimum 
population curves based on this rate of increase for summer and winter minimum 
populations in the NPR-1 study area during the period 1981-1988. This figure also shows 
the minimum populations that were actually observed. As indicated, the curves matched 
closely during the period 1981-1985. However, after 1985, when the population began to 
stabilize, the curves begin to diverge in a manner that suggests a population rate of increase 
that is near zero. An increase in survivorship of pups from the estimated 17.1 to 30.7% 
would result in a net reproductive rate of 1 and a stable population. 

E.2 PRECIPITATION 

Precipitation levels before and during the NPR-1 kit fox population decline are discussed 
as follows: 

• During the 3-year period 1978-1980, immediately preceding 1981 when trapping on 
NPR-1 began, precipitation was significantly above average. This could have had significant 
effects on vegetative production. For the 3-year period 1978-1980, growing season 
precipitation was approximately 22.2 inches, or 7.4 inches/year. This compares to 17.4 
inches during the first 3 years of trapping from 1981-1983 (at the outset of the observed kit 
fox population decline), or 5.8 inches/year. This represents a decline of approximately 
21.7% over the 3-year periods. 

• During the 5-year period immediately preceding the decline, from 1976-1980, growing 
season precipitation was approximately 27.3 inches, or an average of 5.5 inches/year. In 
comparison, for the 5-year period 1981-1985, when the population decline occurred, growing 
season precipitation was approximately 24.1  inches, or an average of 4.8 inches/year. This 
represents a decline of 2.3 inches (11.7 %) over the 5-year periods. 
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TABLE E.l-l Life Table for San Joaquin Kit Fox on NPR-l, 1981-19888 

Age Survivorship Fecundity 
(years) ( 1x)b (IDx)C Mortality 1x • IDx X • 1x • IDx 

0 1.000 0.000 0.829 0.000 
1 0.171 1 .437 0.592 0.245 
2 0.070 2.347 0.432 0.163 
3 0.040 2.347 0.586 0.093 
4 0.016 2.347 0.667 0.038 
5 0.005 2.347 0.750 0.013 
6 0.001 2.347 1.000 0.003 
7 0.000 2.347 0.000 0.000 

Sums 0.556 

Net Reproductive Rate (Ro) = E 1x • mx= 0.556 

Generation Time (T) = (E x • 1x • mx)/Ro = 1.087/0.556 = 1.956 

Rate of Increase (r) approximates (In Ro)/T = In(0.556)/1.956 
= -0.301 

0.000 
0.245 
0.327 
0.278 
0.154 
0.064 
0.019 
0.000 

1.087 

-Definitions of terms are provided in the text; formulas are from Pianka ( 1984). 
bCalculated from data on survivorship of radiocollared foxes from 1981-1988. 
cCa1culated from data presented by Zoellick et al. 1987. 
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• Growing season precipitation has been less than average during 6 years of the period 
1981-1990, and 5 years of the period 1984-1990 (See Fiwe 3.5-4). 

E.3 COYOTE CONTROL PROGRAM 

The results of the coyote control program are being evaluated. Preliminary observations are 
as follows: 

• Coyote abundance appears to have declined in a manner that parallels the 
implementation of the control program (see Table 3.5-2. Fiwe 3.5-1. and Fi�re 3.5-8). The 
decline in coyote abundance also parallels the decline in lagomorph abundance (see 
Fi�res 3.5-6 and ..3aS:1), a primary food source for coyotes. 

• The "rate" of kit fox mortality as the result of predation does not appear to have changed 
during the period of control (see Fi�re E.3-1). This could be because control was not 
effective, or it could be due to a decline in the relative number of deaths caused by factors 
other than predation. 

• The kit fox population in the NPR-l study area began stabilizing at or about the same 
time the control program was put in place during a period of deteriorating environmental 
conditions (5 of 7 years below average precipitation and declining lagomorph abundance). 
It is possible that under these conditions the kit fox population might have declined (instead 
of stabilizing) except for the possible favorable effect of the control program (see 
Fi�res 3.5-3, l.H and U:1). 

• In a kit fox supplemental feeding study it was observed that the survivorship of control 
pups was significantly higher in 1989 than in 1988. The intensity of the coyote control 
program was also significantly greater in 1989 than in 1988 (see Fi�re 3.5-8). 

It is anticipated that an evaluation of the coyote control program will be completed in 
conjunction with the Section 7 consultation with the U.S. Fish and Wildlife Service regarding 
the continued operation of NPR-l at Maximum Efficient Rate . 
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APPENDIX F: 

SOCIOECONOMIC ANALYSES 

This appendix contains the detailed matrices used for the location-quotient, shift-share, and 
input-output templates and analyses performed to assess current and projected 
socioeconomic impacts of NPR-l in Kern County. 

Tables F.l and F.2 contain the elements used to calculate location-quotients for Kern 
County. The technique compares the percent of Kern County employment in each industry 
to the percent of total U.S. employment to determine how much employment in the county 
is attributable to export (outside the county) activities. The major findings of the location
quotient analysis are discussed in Section 3.8.2. 

Tables F.3 and F.4 contain the elements used to calculate employment shift-shares for Kern 
County. The technique examines changes in the structure of employment for the country 
as a whole, over time, and then compares those trends against changes in the local economy. 
Although shift-share analysis does not explain why changes are occurring, it does serve as 
an indicator to reveal that jobs are being lost. The major findings of the shift-share analysis 
are discussed in Section 3.8.2. 

Tables F.5, F.6, and F.7 provide the detailed input-output analysis (1-0) results that are 
summarized and discussed in Section 4.1 .8.4. The multipliers (last column of Tables F.5, 
F.6, and F.7) were obtained from the Department of Commerce's Regional Input-Output 
Modeling System ( 1988). The impact numbers were calculated by multiplying the Kern 
County incremental expenditure figures (Table 4.1.8-1)  by the multipliers in the last column. 
The impacts presented here represent the incremental increases in induced output, earnings, 
and employment by industry attributable to the proposed action. 

F-1 References· 

Bechtel Petroleum Operations, Inc., 1989, NPRC FY 1989-1995 Long Range Plan, Naval 
Petroleum Reserves in California, Tupman, California. 

U.S. Department of Commerce 1988, Regional Input-Output Modeling System (RIM II), 
Regional Economic Analysis Division, Bureau of Economic Analysis, Washington, DC. 

·Copies of correspondence and unpublished documents included in this list may be obtained 
upon request from James C. Killen, Technical Assurance Manager, U.S. Department of 
Energy, Naval Petroleum Reserves in California, Tupman, California 93276. 

F-1 



TABLE F.1 Location-Quotient Template · Employees by Industry, 
United States and Kern County, 1984 

United Kern 
SIC Code/Industry States County 

Contract Construction 7,931 
15 General contractors 1,051,008 1,430 
16 Heavy construction 698,745 1, 170 
17 Special trade 2,403,012 5,331 

All others 0 0 

Manufacturing 7,676 
24 Lumber and wood products 661,454 321 
27 Printing and publishing 1,355,907 805 
28 Chemicals and allied products 851,573 192 
32 Stone, clay, and glass 545,812 728 
34 Fabricated metal products 1,468,937 348 
35 Machinery except electrical 2,017,342 844 
38 Instruments and related products 616,988 58 

All others 1 1,807,339 4,380 

Transportation and Public Utilities 6,322 
42 Trucking and warehousing 1,238,332 2,343 
47 Transportation services 254,001 175 
48 Communication 1,286,751 1,461 
49 Electric, gas, and sanitary services 810,386 1, 197 

All others 1,085,915 1, 146 

Wholesale Trade 8,471 
50 Wholesale trade - durables 3,007,034 4,582 
5 1  Wholesale trade - nondurables 2, 104,639 3,329 

All others 0 560 

Retail Trade 29,384 
52 Building materials and garden supply 553,355 1, 103 
53 General merchandise 1,868,903 2,963 
54 Food stores 2,498,788 4,800 
55 Auto dealers and service stations 1,779,133 3,766 
56 Apparel and accessory stores 969,837 1,520 
57 Furniture and home furnishings 586,822 1,024 
58 Eating and drinking places 5,053,676 10,662 
59 Miscellaneous retail 2,021,224 3,534 

All others 0 12 
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• TABLE F.l (Cont'd) 

United Kern 
SIC Code/Industry States County 

Finance, Insurance, and Real-Estate 5,468 
60 Banking 1,569,041 1,554 
61 Credit agencies other than banks 699,673 922 
63 Insurance carriers 1,241,324 569 
64 Insurance agents, brokers, and service 523,339 592 
65 Real Estate 1,051,474 1,158 

All others 698,374 673 

Services 26,280 
70 Hotels and other lodging 1,200,435 1,470 
72 Personal services 1,029,003 1,241 
73 Business services 3,833,744 6, 191 
75 Auto repair, services, and garages 626,067 1,249 
76 Miscellaneous repair 310,095 819 
79 Amusement and recreation 739,514 1,004 
80 Health services 6,202,435 8,125 
81 Legal services 645,354 607 
82 Education services 1,476,430 357 

••  83 Social services 1,198,265 1,371 
86 Membership organizations 1,507,452 1,847 
89 Miscellaneous services 1,118,944 1,768 

All others 461,584 231 

Nonc1assifiable Establishments 890,799 0 

Total 75,620,259 83,601 
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TABLE F.2 Location-Quotient Analysis -- Employees by Industry, United States and Kern County, 1984 

SIC Code/Industry 

Contract Construction 
16 Heavy construction 
17 Special trade 

All others 

Manu facturing 
24 Lumber and wood products 
27 Printing and publishing 
28 Chemicals and allied products 
32 Stone, clay, and glass 
32 Fabricated metal products 
35 Machinery except electrical 
38 Instruments and related products 

All others 

Transportation and Public Utilities 
42 Trucking and warehousing 
47 Transportation services 
48 Communication 
49 Electric, gas, and sanitary services 

All others 

Wholesale Trade 
50 Wholesale Trade - durables 
51  Wholesale Trade - nondurables 

All others 

United States 

Employees % of 
Total 

698,745 0.92 
2,403,012 3.18 

0 0.00 

661,454 0.87 
1 ,355,907 1 .79 

851,573 1 . 13 
545,812 0.72 

1,468,937 1.94 
2,017,342 2.67 

616,988 0.82 
1 1,807,339 15.61 

1 ,238,332 1.64 
254,001 0.34 

1,286,75 1 1.70 
810,306 1.07 

1,085,915 1.44 

3,007,034 3.98 
2, 104,639 2.78 

0 0.00 

• 

Employ- Export 
Kern County ment for Employ-

Local ment 
% of Require-

Employees Total ments 

1, 170 1.28 846 324 
5,33 1 5.82 2,909 242 

0 0.00 0 0 

0 
321 0.35 801 0 
805 0.88 1,64 1 0 
192 0.21 1,03 1 67 
728 0.80 661 0 
348 0.38 1,778 0 
844 0.92 2,442 0 

58 0.06 747 0 
4,380 4.79 14,292 

2,343 2.56 1,499 844 
175 0. 129 307 0 

1,461 1 .60 1,558 0 
1, 197 1.3 1  981 216 
1, 146 1.25 1,314 0 

4,582 5.01 3,640 942 
3,329 3.64 2,547 782 

560 0.61 0 560 
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TABLE F.2 (Cont'd) 

SIC Code/Industry 

Retail Trade 
52 Building materials and garden supply 
53 General merchandise 
54 Food stores 
55 Auto dealers and service stations 
56 Apparel and accessory stores 
57 Furniture and home furnishings 
58 Eating and drinking places 
59 Miscellaneous retail 

All others 

Finance, Insurance, and Real Estate 
60 Banking 
61  Credit agencies other than banks 
63 Insurance carriers 
64 Insurance agents, brokers, and service 
65 Real estate 

All others 

• 

United States 

Employees % of 
Total 

553,355 0.73 
1,868,903 2.47 
2,498,788 3.30 
1,779, 133 2.35 

969,837 1.28 
586,822 0.78 

5,053,676 6.68 
2,021,224 2.67 

0 0.00 

1,569,041 2.07 
699,673 0.93 

1,241,324 1.64 
523,339 0.69 

1,05 1,474 1 .39 
698,374 0.92 

• 

Employ-
Kern County ment for Export 

Local Employ-
Employees % of Require- ment 

Total ments 

1, 103 1.21 670 433 
2,963 3.24 2,262 701 
4,800 5.24 3,025 1,775 
3,766 4. 1 1  2, 153 1,613 
1,520 1 .66 1, 174 346 
1,024 1 . 12 7 10 3 14 
10,662 1 1.65 6, 1 17 4,545 
3,534 3.86 2,447 1,087 

12 0.01  0 12 

1,554 1.70 1,899 0 
922 1.01 847 75 
569 0.62 1,503 0 
592 0.65 633 0 

1, 158 1.27 1 ,273 0 
673 0.74 845 0 



TABLE F.2 Location-Quotient Analysis , (Cont'd) 

Kern County Employ-
United States ment Export 

SIC Code/Industry for Local Employ-
Employees % of Employees % of Require- ment 

Total Total ments 

Services 
70 Hotels and other lodging 1,200,435 1 .59 1,470 1.61 1,453 17 
72 Personal services 1,029,003 1.36 1,24 1 1.36 1,246 0 
73 Business services 3,833,744 5.07 6, 191 6.76 4,640 1,55 1 
75 Auto repair, services, and garages 626,067 0.83 1,249 1.36 758 491 
76 Miscellaneous repair 310,095 0.4 1 819 0.89 375 444 
79 Amusement and recreation 739,5 14 0.98 1,004 1 . 10 895 109 
80 Health services 6,202,435 8.20 8, 125 8.88 7,508 617 
81 Legal services 645,354 0.85 607 0.66 781 0 
82 Education services 1,476,430 1.95 357 0.39 1,787 0 
83 Social services 1 ,198,265 1 .58 1,371 1.50 1,450 0 
86 Membership organizations 1,507,452 1 .99 1,847 2.02 1,825 22 
89 Miscellaneous services 1 ,1 18,944 1.48 1,768 1.93 1,354 414 

All others 461,584 0.61  23 1 0.25 559 0 

Nonclassifiable Establishments 890,799 1 . 18 0 0.00 1,078 0 

Total 75,620,259 100.0 91,532 100.0 - 20,882 
0 0 

• • • 
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TABLE F.3 Shift-Share Template -- United States and Kern County Employees, 1980 and 1984 

United States Kern County 
SIC Code/Industry 

1980 1984 1980 1984 

Contract Construction 7,009 7,93 1 
15 General Contractors 1,257,780 1,05 1,008 1,200 1,430 
16 Heavy construction 855,523 698,745 1,346 1, 170 
17 Special trade 2,344,302 2,403,012 4,463 5,33 1 

All others ° ° ° ° 
Manufacturing 8, 141 7,676 

20 Food and kindred products 1,5 15,593 1,420,436 ° 0 
24 Lumber and wood products 709,050 661,454 257 321 
27 Printing and publishing 1,260, 191 1,355,907 656 805 
32 Stone, clay, and glass 633,138 545,812 334 728 
35 Machinery except electrical 2,504,240 2,017,342 868 844 
38 Instruments and related products 643,308 6 16,988 54 58 

13,899,177 12,707,413 5,972 4,920 

Transportation and Public Utilities 5,947 6,322 
42 Trucking and warehousing 1,284,308 1,238,332 2, 1 13 2,343 
47 Transportation services 213,05 1 254,001 104 175 
49 Electric, gas, and sanitary services 743, 184 810,386 462 1, 197 

All others 2,382,809 2,372,666 3,268 2,607 

• 
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TABLE F.3 Shift-Share Template, (Cont'd) 

SIC Code/Industry 

Wholesale Trade 
50 Wholesale trade - durables 
5 1  Wholesale Trade - nondurables 

All others 

Retail Trade 
53 General Merchandise 
54 Food stores 
55 Auto dealers and service stations 
56 Apparel and accessory stores 
57 Furniture and home furnishings 
58 Eating and drinking places 
59 Miscellaneous retail 

All others 

Finance, Insurance, and Real Estate 
60 Banking 
61  Credit agencies other than banks 
63 Insurance carriers 
65 Real estate 

All others 

United States 

1980 1984 

2,962,33 1 3,007,034 
1,986,772 2,104,639 

0 0 

1,965,049 1,868,903 
2,225,209 2,498,788 
1,744,522 1,779,133 

943,841 969,837 
577,264 586,822 

4,492,287 5,053,676 
1,9 14,092 2,021,224 

534,863 553,355 

1,507,807 1,569,041 
587,632 699,673 

1,237,429 1 ,241,324 
989,241 1,05 1,474 
972,566 1,221,713 

• 

Kern County 

1980 1984 

7, 183 8,471 
4, 132 4,582 
2,905 3,329 

146 560 

25,326 29,384 
2,998 2,963 
3,675 4,800 
3,610 3,766 
1,750 1,750 
1,094 1,024 
8,33 1 10,662 
3,223 3,534 

645 885 

5,742 5,468 
1,728 1,554 

934 922 
574 569 

1,234 1, 158 
1,272 1,265 

• 
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71 \0 

TABLE F.3 Shift-Share Template, (Cont'd) 

SIC Code/Industry 

Services 
70 Hotels and other lodging 
72 Personal services 
73 Business services 
75 Auto repair, services, and garages 
76 Miscellaneous repair 
78 Motion Pictures 
79 Amusement and recreation 
80 Health services 
81  Legal services 
82 Education services 
83 Social services 
86 Membership organizations 

• 

United States 

1980 1984 

1,085,973 1,200,435 
953,231 1,029,003 

2,99 1,017 3,833,744 
559,891 626,067 
3 18,982 3 10,095 
208,305 302,174 
706,048 739,5 14 

5,258,027 6,202,435 
503,473 645,354 

1,24 1,364 1 ,476,430 
1,022,735 1 ,198,265 
1,214,858 1,507,452 

• 

Kern County 

1980 1984 

21,554 26,280 
1,250 1,470 
1,323 1,241 
4,219 6,191 
1, 119 1,249 

900 819 
- -

900 1,004 
6,895 8,125 

524 607 
291 357 

1,151 1,371 
1,253 1,847 



TABLE F.4 Shift-Share Analysis -- Changes in Employment by Industry, United States and 
Kern County, 1980-1984 

U niled States Kern County 

SIC Code/Industry 

Part A 
Contract Construction 

15 General Contractors 
16 Heavy Construction 
17 Special Trade 

All others 

Manufacturing 
20 Food and kindred products 
24 Lumber and wood products 
27 Printing and publishing 
32 Stone, clay, and glass 
35 Machinery except electrical 
38 Instruments and related products 

All others 

Transportation and Public Utilities 
42 Trucking and warehousing 
47 Transportation services 
49 Electric, gas, and sanitary services 

All others 

Wholesale Trade 
50 Wholesale trade - durables 
5 1  Wholesale trade - nondurables 

All others 

• 

1980 1984 

1 ,257,780 1,05 1,008 
855,523 698,745 

2,344,302 2,403,012 
0 0 

1,5 15,593 1,420,436 
709,050 661,454 

1 ,260,191  1,335,907 
633,138 545,812 

2,504,240 2,017,342 
643,308 6 16,988 

13,899, 177 12,707,413 

1 ,284,308 12,383,332 
213,05 1 254,001 
743, 184 810,386 

2,382,809 2,372,666 

2,962,33 1 3,007,034 
1,986,772 2, 104,639 

0 0 

• 

% 1980 1984 
% 

Change Change 

- 16.44 1,200 1,430 19. 17 
-18.33 1,346 1, 170 -13.08 

2.50 4,463 5,33 1 19.45 
0.00 0 0 0.00 

-6.28 0 0 0.00 
-6.71 257 321 24.90 
7.60 656 805 22.71 

-13.79 334 728 1 17.96 
-19.44 868 844 -2.76 
-4.09 54 58 7.4 1 
-8.57 5,972 4,920 -17.62 

-3.58 2, 1 13 2,343 10.88 
19.22 104 175 68.27 
9.04 462 1, 197 159.09 

-0.43 3,268 2,607 -20.23 

1.5 1  4, 132 4,582 10.89 
5.93 2,905 3,329 14.60 
0.00 146 560 283.56 

• 
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TABLE F.4 Shift-Share Analysis, (Cont'd) 

United States Kern County 

SIC Code/Industry % 
1980 1984 

% 
1980 1984 Change Change 

Retail Trade 
53 General Merchandise 1,965,049 1,868,903 -4.89 2,998 2,963 - 1. 17 
54 Food stores 2,225,209 2,498,788 12.29 3,675 4,800 30.61 
55 Auto dealers and service stations 1,744,522 1,779, 133 1 .98 3,610 3,766 4.32 
56 Apparel and accessory stores 943,841 969,837 2.75 1,750 1,750 0.00 
57 Furniture and home furnishings 577,264 586,822 1.66 1,094 1,024 -6.40 
58 Eating and drinking places 4,492,287 5,053,676 12.50 8,33 1 10,662 27.98 
59 Miscellaneous retail 1,9 14,092 2,021,224 5.60 3,223 3,534 9.65 

All others 534,863 553,355 3.46 645 885 37.21 

Finance, Insurance, and Real Estate 
60 Banking 1,507,807 1,569,041 4.06 1,728 1,554 - 10.07 
61 Credit agencies other than banks 587,632 699,673 19.07 934 922 -1 .28 
63 Insurance carriers 1,237,429 1,241,324 0.3 1 574 569 -0.87 
65 Real estate 989,241 1,051,474 6.29 1,234 1, 158 -6. 16 

All others 972,566 1,221,713 25.62 1,272 1,265 9.55 

Services 
70 Hotels and other lodging 1,085,973 1,200,435 10.54 1,250 1,470 17.60 
72 Personal services 953,23 1 1,029,003 7.95 1,323 1,241  -6.20 
73 Business services 2,991,017 3,833,744 28. 18 4,219 6, 191 46.74 
75 Auto repair, services, and garages 559,891 626,067 1 1.82 1, 1 19 1,249 1 1.62 
76 Miscellaneous repair 318,982 310,095 -2.79 900 819 -9.00 
78 Motion pictures 208,305 202, 174 -2.94 0 0 0.00 

, 79 Amusement and recreation 706,048 739,514 4.74 900 1,004 1 1.56 
80 Health services 5,258,027 6,202,435 17.96 6,895 8,125 17.84 
81 Legal services 503,473 645,354 28. 18 524 607 15.84 



• 

TABLE F.4 Shift-Share Analysis, (Cont'd) 
�- - --- - -- -

SIC Code/Industry 

82 Education services 
83 Social Services 
86 Membership organizations 
89 Miscellaneous services 

All others 

-- - --

1980 

1,241,364 
1,022,735 
1,214,858 

925,470 
28,231 

• 

United States 

1984 

1,476,430 
1, 198,265 
1,507,452 
1 ,1 18,944 

32,9 1 1  

Kern County 

% % 
Change 1980 1984 

Change 

18.94 291 357 22.68 
17. 16 1 , 151 1,371 19. 1 1  
24.08 1,253 1,847 47.41 
20.91 1,598 1,768 10.64 
16.58 131 231 76.34 

• 
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TABLE F.4 (Cont'd) 

Part B 

SIC Code/Industry 

Contract Construction 
15 General contractors 
16 Heavy construction 
17 Special trade 

All others 

Manufacturing 
20 Food and kindred products 
24 Lumber and wood products 
27 Printing and publishing 
32 Stone, clay, and glass 
35 Machinery except electrical 
38 Instruments and related products 

All others 

Transportation and Public Utilities 
42 Trucking and warehousing 
47 Transportation services 
49 Electric, gas, and sanitary services 

All others 

Wholesale Trade 
50 Wholesale trade - durables 
5 1  Wholesale trade - nondurables 

All others 

• 

National 
Growth 

49 
54 

181 
0 

0 
10 
27 
14 

35 
2 

242 

85 
4 
19 

132 

167 
118 

6 

• 

Industrial Competitive Total 
Mix Share Change 

-246 427 230 
-301 71 - 176 
- 69 756 868 

0 0 0 

0 0 0 
-28 81  64 
23 99 149 

-60 440 394 
-204 145 -24 

-4 6 4 
-754 -540 -1,052 

-161 306 230 
16 51  71 
23 693 735 

-146 -647 -661 

-105 388 450 
55 252 424 
-6 414 414 



• 

TABLE F.4 (Cont'd) 

SIC Code/Industry 

Retail Trade 
53 General merchandise 
54 Food stores 
55 Auto dealers and service stations 
56 Apparel and accessory stores 
57 Furniture and home furnishings 
58 Eating and drinking places 
59 Miscellaneous retail 

All others 

Finance, Insurance, and Real Estate 
60 Banking 
61 Credit agencies other than banks 
63 Insurance carriers 
65 Real Estate 

All others 

Services 
70 Hotels and other lodging 
72 Personal services 
73 Business services 
75 Auto repair, services, and garages 
76 Miscellaneous repair 

National Industrial 
Growth Mix 

121 -268 
1,249 303 

146 -74 
71 -23 
44 -26 

337 704 
130 50 
26 -4 

70 0 
38 140 
23 -21 
50 28 
51  274 

5 1  8 1  
54 52 

171 1,018 
45 87 
36 - 61  

• 

Competitive Total 
Share Change 

1 12 -35 
673 1, 125 
84 156 

-48 0 
-88 -70 

1,290 2,33 1 
131 3 1 1  
218 240 

-244 -174 
-190 -12 

-7 -5 
-154 -76 
-333 -7 

88 220 
-187 -82 
783 1,972 

-2 130 
-56 -81 

• 
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TABLE F.4 (Cont'd) 

National . Industrial Competitive Total 
SIC Code/Industry Growth Mix Share Change 

78 Motion pictures 0 0 0 0 
79 Amusement and recreation 36 6 61  104 
80 Health services 279 960 -8 1,230 
81 Legal services 21 126 -65 83 
82 Education services 12 43 1 1  66 
83 Social services 47 15 1 22 220 
86 Membership organizations 5 1  25 1 292 594 
89 Miscellaneous services 65 269 -164 170 

All others 5 16 78 100 



TABLE F.S Impacts on Output in Kern County by Project Year 
""-- -----

Increased Output ($ HY) 
Industry 1989 1990 1991  1992 1993 1994 Multipliers 

Agriculture, Forestry, and Fisheries 
Agricultural products and agricultural, 

forestry, and fishery services 0 0 23 76 10 4 0.0026 
Forestry and fishery products 0 0 0 0 0 0 0 

Mining 
Coal mining 0 0 0 0 0 0 0 
Crude petroleum and natural gas 1 1 9,1 10 30,104 4,026 1 ,784 1 .0341 
Miscellaneous mining 0 0 4 12 2 1 0.0004 

Construction 
New construction 0 0 0 0 0 0 0 
Maintenance and repair construction 0 0 571 1,886 252 1 12 0.0648 

Manufacturing 
Food and kindred products and tobacco 0 0 36 1 19 16 7 0.0041 
Textile mill products 0 0 1 3 0 0 0.0001 
Apparel 0 0 2 6 1 0 0.0002 
Paper and allied products 0 0 2 6 1 0 0.0002 
Printing and publishing 0 0 13 44 6 3 0.0015 
Chemicals and petroleum refining 0 0 133 440 59 26 0.015 1 
Rubber and leather products 0 0 10 32 4 2 0.001 1 
Lumber and wood products and furniture 0 0 7 23 3 1 0.0008 
Stone, clay, and glass products 0 0 19 61 8 4 0.0021 
Primary metal industries 0 0 3 9 1 1 0.0003 
Fabricated metal products 0 0 32 105 14 6 0.0036 
Machinery, except electrical 0 0 66 218 29 13 0.0075 
Electric and electronic equipment 0 0 1 3 0 0 0.0001 
Motor vehicles and equipment 0 0 1 3 0 0 0.0001 
Transportation equipment, except motor 

• vehicles 0 0 3 9 1 1 0.0001, 
-



• • • 

TABLE F.S (Cont'd) 

Increased Output (S HY) 
Industry 1989 1990 1991 1992 1993 1994 Multipliers 

Instruments and related products 0 0 1 3 0 0 0.0001 
Miscellaneous manufacturing industries 0 0 1 3 0 0 0.0001 

Transportation, Communication, and 
Utilities 

Transportation 0 0 79 262 35 16 0.009 
Commllnication 0 0 55 180 24 1 1  0.0062 
Electric, gas, water, and sanitary services 0 0 138 457 61  27 0.0 157 

Wholesale and Retail Trade 
Wholesale trade 0 0 143 472 63 28 0.0162 
Retail trade 0 0 214 707 95 42 0.0243 

Finance, Insurance, and Real Estate 
Finance 0 0 55 180 24 1 1  0.0062 
Insurance 0 0 19 64 9 4 0.0022 
Real estate 0 0 642 2,122 284 126 0.0729 

Services 
Hotels, lodging places and amusements 0 0 21 70 9 4 0.0024 
Personal services 0 0 26 84 1 1  5 0.0029 
Business services 0 0 154 509 68 30 0.0175 
Eating and drinking places 0 0 137 451 60 27 0.0155 
Health services 0 0 83 274 37 16 0.0094 
Miscellaneous services 0 0 85 282 38 17 0.0097 
Households 0 0 1,675 5,534 740 328 0.1901  

Total 1 1 1 1,887 39,279 5,253 2,328 1 .3493 

Source: BPOI 1989; U.S. Department of Commerce 1988. 



TABLE F.' Impacts on Earnings in Kern County by Project Year 

Increased Output ($l(Y) 
Industry 1989 1990 1991 1992 1993 1994 Multipliers 

Agriculture, Forestry, and Fisheries 
Agricultural products and agricultural, 

forestry, and fishery services 0 0 8 26 4 2 0.0009 
Forestry and fishery products 0 0 0 0 0 0 0 

Mining 
Coal mining 0 0 0 0 0 0 0 
Crude petroleum and natural gas 0 0 892 2,949 394 175 0. 1013 
Miscellaneous mining 0 0 1 3 0 0 0.0001 

Construction 
New construction 0 0 0 0 0 0 0 
Maintenance and repair construction 0 0 255 841 1 13 50 0.0289 

Manufacturing 
Food and kindred products and tobacco 0 0 4 15 2 1 0.0005 
Textile mill products 0 0 0 0 0 0 0 
Apparel 0 0 0 0 0 0 0 
Paper and allied products 0 0 0 0 0 0 0 
Printing and publishing 0 0 4 15 2 1 0.0005 
Chemicals and petroleum refining 0 0 5 17 2 1 0.0006 
Rubber and leather products 0 0 3 9 1 1 0.0003 
Lumber and wood products and furniture 0 0 2 6 1 0 0.0002 
Stone, clay, and glass products 0 0 4 12 2 1 0.0004 
Primary metal industries 0 0 1 3 0 0 0.0001 
Fabricated metal products 0 0 8 26 4 2 0.0009 
Machinery, except electrical 0 0 18 58 8 3 0.002 
Electric and electronic equipment 0 0 0 0 0 0 0 

! Motor vehicles and equipment 0 0 0 0 0 0 0 
Transportation equipment, except motor 

vehicles 0 0 1 3 0 0 0.0001 

• 
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TABLE F.6 (Cont'd) 

Increased Output (SHr) 
Industry 1989 1990 1991  1992 1993 

Instruments and related products 0 0 
Miscellaneous manufacturing industries 0 0 

Transportation, Communication, and 
Utilities 

Transportation 0 0 
Communication 0 0 
Electric, gas, water, and sanitary services 0 0 

Wholesale and Retail Trade 
Wholesale trade 0 0 
Retail trade 0 0 

Finance, Insurance, and Real Estate 
Finance 0 0 
Insurance 0 0 
Real estate 0 0 

Services 
Hotels, lodging places and amusements 0 0 
Personal services 0 0 
Business services 0 0 
Eating and drinking places 0 0 
Health services 0 0 
Miscellaneous services 0 0 
Households 0 0 

Total 0 0 

Source: BPOI 1989; U.S. Department of Commerce 1988. 

0 0 0 
0 0 0 

34 1 14 15 
14 47 6 
12 41 5 

54 178 24 
103 341 46 

17 55 7 
8 26 4 

15 49 7 

7 23 3 
1 1  35 5 
70 233 3 1  
4 1  137 18 
47 154 21  
29 96 13 
6 20 3 

1,675 5,534 740 

• 

1994 Multipliers 

0 0 
0 0 

7 0.0039 
3 0.0016 
2 0.0014 

1 1  0.0061 
20 0.01 17 

3 0.0019 
2 0.0009 
3 0.0017 

1 0.0008 
2 0.0012 

14 0.008 
8 0.0047 
9 0.0053 
6 0.0033 
1 0.0007 

328 0.1901 



TABLE F.7 Impacts on Employment in Kern County by Project Year 

Increased Output ($ UY) 
Industry 1989 1990 1991 1992 1993 1994 Multipliers 

Agriculture, Forestry, and Fisheries 
Agricultural products and agricultural, 

forestry, and fishery services 0 0 1 3 0 0 0. 1 
Forestry and fishery products 0 0 0 0 0 0 0 

Mining 
Coal mining 0 0 0 0 0 0 0 
Crude petroleum and natural gas 0 0 24 79 1 1  5 2.7 
Miscellaneous mining 0 0 0 0 0 0 0 

Construction 
New construction 0 0 0 0 0 0 0 
Maintenance and repair construction 0 0 11 35 5 2 1.2 

Manufacturing 
Food and kindred products and tobacco 0 0 0 0 0 0 0 
Textile mill products 0 0 0 0 0 0 0 
Apparel 0 0 0 0 0 0 0 
Paper and all ied products 0 0 0 0 0 0 0 
Printing and publishing 0 0 0 0 0 0 0 
Chemicals and petroleum refining 0 0 0 0 0 0 0 
Rubber and leather products 0 0 0 0 0 0 0 
Lumber and wood products and furniture 0 0 0 0 0 0 0 
Stone, clay, and glass products 0 0 0 0 0 0 0 
Primary metal industries 0 0 0 0 0 0 0 
Fabricated metal products 0 0 0 0 0 0 0 
Machinery, except electrical 0 0 1 3 0 0 0.1 
Electric and electronic equipment 0 0 0 0 0 0 0 
Motor vehicles and equipment 0 0 0 0 0 0 0 
Transportation equipment, except motor 

vehicles 0 0 0 0 0 0 0 

• • 
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TABLE F.7 (Cont'd) 

Increased Output (SHr) 
Industry 1989 1990 1991 1992 1993 1994 Multipliers 

Instruments and related products 0 0 0 0 0 0 0 
Miscellaneous manufacturing industries 0 0 0 0 0 0 0 

Transportation, Communication, and 
Utilities 

Transportation 0 0 1 3 0 0 0. 1 
Communication 0 0 0 0 0 0 0 
Electric, gas, water, and sanitary services 0 0 0 0 0 0 0 

Wholesale and Retail Trade 
Wholesale trade 0 0 3 9 1 1 0.3 
Retail trade 0 0 7 23 3 1 0.8 

Finance, Insurance, and Real Estate 
Finance 0 0 1 3 0 0 0. 1 
Insurance 0 0 0 0 0 0 0 
Real estate 0 0 2 6 1 0 0.2 

Services 
Hotels, lodging places and amusements 0 0 1 3 0 0 0. 1 
Personal services 0 0 1 3 0 0 0.1 
Business services 0 0 4 15 2 1 0.5 
Eating and drinking places 0 0 6 20 3 1 0.7 
Health services 0 0 2 6 1 0 0.2 
Miscellaneous services 0 0 2 6 1 0 0.2 
Households 0 0 1 3 0 0 0.1 

Total 0 0 67 221 30 13 7.6 

Source: BPOI 1989; U.S. Department of Commerce 1988. 
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NAVAL PETROLEUM RESERVES IN CALIFORNIA 
LONG RANGE PLAN, FY 1989·1995 

EXECUTIVE SUMMARY 

Introduction 

The FY 1989-1995 Long Range Plan for the Naval 
Petroleum Reserves in California represents the 
most comprehensive effort to date toward articu
lating plans for all aspects of activity at Naval 
Petroleum Reserve No. 1 (Elk Hills). It also 
describes activity related to Naval Petroleum 
Reserve No. 2, although all the Government's 
known productive acreage in Naval Petroleum 
Reserve No. 2 has been leased since the 1920's, the 
Government's royalty oil from that field is now 
less than 200 barrels of oil per day, and the field re
quires minimal oversight 

Unlike the leasing arrangement at Naval Petro
leum Reserve No. 2, Elk Hills is not leased, but is 
managed as a single unit by the Department of 
Energy on behalf of the U.S. Government (78 
percent equity) and by Chevron U.S.A. Inc. (22 
percent equity), and operated by Bechtel Petro
leum Operations, Inc. 

Figur. , 
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At almost 100,000 barrels of oil production each 
day (over 35 million barrels produced in FY 1988), 
Elk Hills ranks as the seventh largest oil field in 
the contiguous United States. It also contains 
natural gas reserves exceeding one-and-a-halftril
lion cubic feet, making it the largest gas field in 
California. 
This Plan describes in some detail a seven-year 
blueprint for producing hydrocarbons from Elk 
Hills at maximum efficient rates, and pursuing 
economic opportunities which maximize its prof
itability. In that regard, net present values were 
calculated for each of the 14 designated reservoirs 
at Elk Hills based on reservoir-specific invest
ments. (See Figure 1 .) These values total about 
$6.6 billion dollars, of which the Government's 
share would be nearly $5 billion. If approved, 
non-reservoir-specific facility projects identified 

. in this Plan could add substantially to these fig-
ures. 

.., _ .. 00 MOO MOO .1_ .11100 .1400 .1_ .1_ _ 
Dollar. In Million. 
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The Plan is grounded in optimum depletion strate
gies for each of the 14 producing reservoir groups 
designated at Elk Hills. the facility requirements 
needed to support production and sales. and plans 
for ensuring all activities are performed safely and 
in a way that protects the environment. 

Production 

Hydrocarbon production at maximum efficient 
rates is the primary objective at Elk Hills. In this 
Plan. hydrocarbon production is estimated for 
each reservoir under two scenarios: fIrst, a baseline 
"Maintenance Case". which provides no addi

tional investments for drilling or facilities and, 
second, a "Total Development Case" in which 
economic investments for additional drilling and 
new facilities are assumed. 

The reservoirs from which the hydrocarbons will 
be produced and their volumes of production 
under the Total Development Case are shown in 
Figure 2 below. The Plan projects about 385 
million barrels of oil plus 430 million barrels of 
oil-equivalent of natural gas and natural gas li
quids (converted to oil on a Btu-equivalent basis) 
may be economicallyrecovex:edfrom NPR-l when 
produced to the end of its economic life around 
2025. 

The very large volumes of gas and natural gas 
liquids which exist at Elk Hills are just beginning 
to substantively affect depletion plans which have 
focussed primarily on oil recovery. This Plan 
takes a first step toward exploiting that opponunity 
for increased profitability and directs increased 
study toward reservoirs such as the 31  S N/ A Shales 
which have comparatively small oil reserves, but 
very large gas and natural gas liquid reserves. 

For the near-term, over the seven-year period of 
this Plan. it is estimated that oil production could 
be over 200 million barrels. As this Plan shows. 
production is directly related to investments in the 

field. Figure 3 on the next page compares crude oil 
production rates for the Total Development and 
Maintenance Cases for the seven-year period. with 
production shown both in thousands of barrels per 
day and millions of barrels per year. Figure 4 
shows how crude oil production from Elk Hills 
would be shared by DOE and Chevron over the 
next seven years under the Total Development 
Case. 

Reservoir Development 

The 14 reservoir groups which have been identi
fied at Elk Hills produce from four different stra
tigraphic zones. 1bree of these -- the Dry Gas 
Zone, the Shallow Oil Zone and the Cameros -- are 

Figure 2 E.tlmated Reoovery of Elk Hille Hydrooarbon. 
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considered contiguous geologic formations which 
cover large areal portions of the field. The Ste
vens Zone, by contrast, produces from more dis
tinct reservoirs, with varying degrees of commu
nication between them. 

Chapter 1 describes the exploratory effons planned 
and underway to discover additional hydrocar
bons at Elk Hills, generally in zones which lie 
beneath the Cameros. Of primary near-term 
interest is the testing of well 934-29R, the deepest 
well ever drilled in California, at 24,426 feet. 

Chapter 2 provides for each reservoir group a 
general description, estimates of recovery, devel
opment activities and new economic projects 
which are contemplated. A section is also in
cluded which describes the potential for applying 
additional enhanced recovery processes at Elk 
Hills in the future. 

Also, significant effort was made in the Plan to 
indicate the large geologic and petrophysical 
unknowns still remaining in these reservoirs. As 
a result of these unknowns, there is substantial 
analysis planned and under way to gain a better 
understanding of the reservoirs to improve future 
production rates and recovery efficiencies. In 
that regard, a comprehensive listing of all reser-
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voir studies planned by DOE contractors and 
Chevron off-site offices are described in this Plan 
for the fIrSt time. 

Facilities 

This Plan describes in Chapter 3 each of the six 
major surface facility systems at Elk Hills, con
structedfor handling the petroleum products, water, 
and electricity. These systems now transport each 
day about! 00,000 barrels of oil, 350 million cubic 
feet of gas, 600,000 gallons of natural gas liquids, 
almost 300,000 barrels of water, and 23 mega
watts of electricity. Although crude oil production 
will decline, production of other fluids and elec
tricity needs are forecast to increase. (See Figure 
5 for total Elk Hills fluids production estimates.) 

In addition to systems descriptions, Chapter 3 also 
identifies numerous facility requirements, with 
the costs and schedules of new facilities to replace 
worn-out facilities and to meet changing needs. In 
addition, facilities which would increase profita
bility are identified. The three major facilities 
resulting from the most recent planning process 
include those relating to gas operations expansion, 
cogeneration and butane isomerization. The table 
on the following page provides key information on 
these projects. 
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Gas Operations Expansion 
Major Components 
• Gas gathering system 

• 100 MMCFD processing plant 
• Gas injection system 
• Gas liquids storage facilities 
• Gas and gas liquids sales facilities 

Economics 
• Total Expected Cost: $80 million 
• Net Present Value: $500+ million 
• Payback Period: 1 .3 years 

Butane Isomerization 
Major Components 
• Deisobutanizer 
• �omerization section 
• Stabilizer 

Economics 

• Total Expected Cost: $ 1 1  million 
• Net Present Value: $7 1 million 
• Payback Period: <1 year 

Figure 5 
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Environment and Safety 

Facility projects needed in response to specific • safety and environmental concerns are included in 

Chapter 3. More comprehensive plans for the Elk 
Hills safety and environmental programs are de-
scribed in more detail in Chapters 4 and 5, respec-
tively. 

Revenues 

The Plan forecasts that 67 -7 6 percent of revenues 
will continue to come from crude oil sales, with 

Cogeneration Plant 

Major Components 
• Two gas turbine powerplants 

- 42 megawatts electricity 
- 252,000 lb/hr process steam 

Economics 
• Total Expected Cost: $37 million 
• Net Present Value: $64 million 
• Payout Period: 4 years 

• 
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about 11 percent from natural gas sales and 12-23 
percent from the sale of natural gas liquids -
propane, butane and natural gasoline. As indi
cated in Figure 6, sales of natural gas liquids will 
contribute an increasingly larger share to total 
sales in the out-years, as larger volumes of gas are 
produced - even as oil production declines. 

Figure 6 
Percent Sales by Type Hydrocarbon 

FY 1 989 v. FY 1 995 

FY 1 989 

FY 1 995 

The Plan forecasts that operations over the next 
seven-year period could result in revenues to the 
Government of more than $3 billion. with annual 
figures ranging between $385 and $725 million 

v 

depending on which Case is pursued (see Figure 
7). These dollar estimates, of course, depend on 
the accuracy of the petroleum prices forecast, the 
production estimates, and the accuracy of the cost 
requirements. It should also be noted that a portion 
of the value of Chevron's share of production also 
goes to the U.S. Government in the form of taxes. 
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The large increase in revenues beginning in FY 
1993 results primarily from the sale of larger vol
umes of natural gas liquids. The addional liquids 
would be produced by the facilities project pro
posed to expand Elk Hills gas handling capacity by 
100 million cubic feet per day. In addition to sig
nificantly increased revenues, the additional gas 
handling facilities will improve environmental 
compliance and safety, reduce the risk of shutting 

in oil production, and allow the other gas facilities 
to operate more efficiently. The butane isomeriza
tion project described earlier would also contrib-
ute substantially to out-year revenues. 

. 

Funding Requirements 

Annual funding requirements to achieve the levels 
of revenues forecast in the Plan range between 
$160 and $340 million, stabilizing at about $200 
million over the last four years of the Plan. Figure 
8 shows the DOE share of these costs, by budget 
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category -- that is, total costs less Chevron reim
bursements. Figure 9 indicates total costs for the 
Total Development Plan and the manner in which 

. they would be shared by DOE and Chevron. The 
large level of expenditures in FY 1991  is related 
primarily to the major facilities proposed in that 
year. 

The Government's share of revenues and costs for 
the period of this Plan are summarized for both the 
Total Development Case and the Maintenance 
Case in the table below. Chevron's share would be 
about a quarter of the figures shown. 

Administration 

Elk Hills performs numerous administrative func
tions including procurement, sales (of petroleum 
products), administration of over 200 subcon
tracts, ADP, fmancial management including 
payroll and maintenance of accounting systems, 
quality assurance, security and others. These 
functions make an essential contribution to the 

i 
.E 

I 

FI�"' 8 
DOE and Chevron Coats 

CllenM e.
DOl e.-

success of the operation. While the Plan focussed 
this year on more technical areas, Chapter 6 pro
vides some details regarding these functions, which 
will receive increased management review and 
analysis next year. 

Conclusion 

The Plan takes an aggressive approach to exploit
ing NPR-l revenue enhancement opportunities 
and ·identifies numerous activities that will im
prove efficiency and result in greater field profita

bility for DOE and Chevron. It reflects the most 
comprehensive and coordinated effort to date by 
DOE, Chevron and Bechtel staff regarding explo
ration, development and production of the Elk . 

Hills field. As such, it will provide the fundamen
tal basis for operations this fiscal year, for the FY 
1990 Annual Operating Plan, and for the FY 199 1 
Budget Request It also provides a strong founda
tion for future long range planning efforts which 
are part of a continuing, dynamic process. 

• 

• 

Revenue $566 $57 1 $592 $636 $7 1 8  $7 17 $721  $560 $534 $508 $489 $454 $415  $384 • 
Costs UR ill ill 2QZ ill ill ill � ill ill ill ill ill 111 
Net Rev. $428 $420 $405 $374 $542 $534 $540 $426 $416 $389 $370 $341 $302 $273 
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CHAPTER 1 :  EXPLORATION PLANS 

The purpose of exploration is to find petroleum. The 
basic approach of an exploration program, whether 
field-wide or world-wide in scope, is the same, namely, 
to investigate areas which can be classified as possible 
or probable petroliferous areas. The discovery of new 
petroleum reserves is essential to all phases of the 
petroleum industry. Without a continued effort to find 
and develop new reserves, the end result is the liquida
tion of a company's or nation'S assets through the 
pipeline. 

The more complex the geologic history, the greater the 
potential for new petroleum reserves to exist. As seen 
on the accompanying cross-section of the San Joaquin 
Valley, the structural history at Elk Hills is extremely 
complex with major faulting and tightly folded anti
clines. This, coupled with changing conditions in sand 
depoSition, has created a multitude of potential trap
ping mechanisms for oil and gas. Elk Hills lies within 
one of the most petroliferous oil provinces in Califor
nia and the exploratory risks are believed to be ex
tremely favorable. Large areas exist within the NPR-l 
boundary which have not been adequately evaluated 

. and are postulated to contain oil and gas. Exploratory 
targets have shifted from the shallower horizons and 
are now concentrated in the Cameros and deeper 
zones where significant reserves are believed to exist at 
reasonable risks. However, shallow targets still exist. 

The exploratory program at Elk Hills began in 1973, 
and has been maintained along with the development 
drilling program to fully develop the Reserve. The 
exploration emphasis has been directed at drilling 
deeper wells to suspected potential oil zones or in areas 
of postulated new structures and stratigraphic traps. 

To the present time, 18 exploratory wells have been 
drilled to zones ranging in age from Pleistocene (one 
million years ago) to Cretaceous (70 to 135 million 
years ago). New pools have been discovered in the 
Tulare,Stevens,and Cameros zones. In addition to the 
rank exploratory work, step-out development drilling 
of an exploratory nature has extended the limits of the 
Dry Gas Zone , the Shallow Oil Zone, and the Stevens 
Zone. Approximately 105 million barrels of oil have 
been discovered in the Stevens Zone alone, with lesser 
amounts (compared to the Stevens) of gas and oil 
discovered in the shallower horizons. 

1 - 1  

Although a large number o f  wells have been drilled 
within the Reserve boundary, there remain large areas 
ofland which have not been fully explored. These areas 
are considered to be highly prospective. 

Hydrocarbon exploration is a complex process requir
ing the integration of available data with geologic 
theory. Among the data available at Elk Hills are 
electric Iqgs and mud logs which permit the correia tion 
ot prospective horizons,-cQre dala-ftom which reser
voir quality can be predicted, dipmeter logs which 
provide structural information, drill stem tests which 
give an indication of zone productivity, geochemical 
dataJrom which can be projected the depth at which 
Certain hydrocarbons are likely to occur, and seismic 
data which allows the mapping of prospective horizons 
tn' structures where data quality is gOOd. From these 
data, stratigraphic and structur.a1Jnodels can be devel
opea which permit the exu:apola1inD uf�ologic .120-
tential into unexplored_�reas. Areas of greatest poten
ttrrare then prioritized and additional data obtained 
to further delineate the prospects. Prospects with the 
greatest potential reserves and the greatest chance of 
success are then recommended for drilling. 

EXPLORATION POTENTIAL BY ZONE 

The Dry Gas Zone, the Shallow Oil Zone and 13rg.e 
segments of the Stevens have been highly explored, but 
areas still remain that are attractive even in these 
zones. The Cameros and deeper zones are relatively 
unexplored to date and are considered ideal explora
tory targets. Listed below in order of depth. from 
shallow to deep,are the exploration potential and fu
ture plans for each of the exploratory targets at Elk 
Hills: 

No major exploratory target remains. 

Dry Gas Zone 

Nearly all wells drilled at Elk Hills penetrate the Dry 
Gas Zone, yet additional areas exist t hat could prove to 
be productive. Although it is not a primary explorat ion 
target, as a matter of routine, wells drilled through th is . 

zone (exploratory or development) are programmed 
to evaluate any potential gas zone. 

Shallow Oil Zone 

No major ecploratory areas remain in this zone: However, 
the western portion of Elk Hills contains numerous 
erratic sand zones that may be productive outside the 
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curren t1y known limits of production. As with the Dry 
Gas Zone, wells drilled in high potential areas are 
programmed to test the prospective sands. 

Stevens Zone 

The Stevens Zone is still a major exploratory target at 
Elk Hills. The potential thick sands and complex 
structural trapping mechanisms continue to offer at
tractive exploratory targets. Among the potential ar
eas currently identified is a follr'W-ul> 'I') the 3�- 1 G 
well which appears to have cut an ou/water contact in 
the Main y 'B' Sand on a new structure south ofthe 
larg 1 stru Follow-up drilling is also war-
rant In _ where a new structure was found 
bu t has not oeen fully eva 1 ua ted. Another target occurs 
in the IB-2B area where faulting may have trapped 
hydrocarbons in the 26R Sand southeast of the 2B 
Pool. Excellent potential exists along the North flank 
of the 31S structure which is relatively untested and 
where large areas remain to be explored. Other poten
tial exists in the fractured shales of the 14Z area, and 
the areas east of the Northwest Stevens structure. 

Cameros Zone 

The Carneros Sands also are a major exploratory tar
get. The exploratory wells currently being tested (514-
30R, 523-32S and 577- 34S, see FY'89 Major Activi
ties) may lead to additional exploratory work in this 
zone. Furthermore, a follow-up ora redrill of 537 -14R 
is considered a must This well penetrated the Cameros 
and tested gas, but had a high water cut. An updip well 
may establish new production. lbe newly found Cameros 
structure in 34S will require additional exploratory 
work either as a step- out to 577-34S or to test this 
structure in a new area. Carneros potential also exists 
in Section 14Z where extreme structural complexity 
abounds. Additional potential may also be found in 
the 29R structure and in the deeper portions of the 
Northwest Stevens structure. The future evaluation of 
this zone will include these areas as targets. 

Pharoides, Oceanic. Point of Rocks 

These zones are extremely attractive exploratory tar
gets but will require deep drilling and fairly large ex
penditures of money to fully evaluate the potential of 
these zones. Much of the geological thinking as to the 
best areas to explore awaits the testing of the deepest 
well in California, 934-29R. Generally speaking, the 
sands all exhibit low porosity and permeability. How
ever, a better understanding of the deeper structure 
and the depositional history of these units will enable 
the geologists to pick the best locations to test them. 
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Pbaroides CLower Miocene) 

This is an excellent target which is untested overall. 
Follow-up drilling on the 29R structure must be con
sidered. The zone is potentially productive on the 
Northwest Stevens structure. 

Oceanic (Oligocene) 

This is another excellent target but has only been seen 
in 934-29R. The zone is a very good producer west of 
Elk Hills and follow-up drilling on the 29R and North
west Stevens structures is very probable. This zone 
tested 791 MCFPD gas, 1568 BWPD water with some 
condensate and is an excellent candidate for a redrill in 
the 934-29R well if zones deeper prove to be uneco
nomical. 

Point of Rocks (Eocene) 

This, too, is considered an excellent target. It looked 
productive in 987-25R but was never tested due to pipe 
failure at a shallower depth. A follow-up well on the 
31S structure, as well as a possible 34S well are consid
ered to be definitely required. Additional drilling on 
the 29R structure as a follow-up to 934-29R is probably 
also required. Dips in the 934-29R well indicate that 
the Eocene is structurally higher to the north of 934-
29R. Additional geologic work and testing is required 
to determine the best way to further explore this attrac
tive sand. 

Mcso7.oic (Cretaceous) 

This zone is a definite unknown. It was encountered in 
the lowest portions of the 934-29R well and is sched
uled to be tested during FY'89. This zone will have to 
be considered in any deep drilling on the western 
margins of Elk Hills. 

MAJOR AC11VITIES BY FISCAL YEAR 

Major Activities (FY'89 Program) 

Testing 

Testing is currently underway on three previously drilled 
explora tory wells, 523-32S, 577 -34S and 514-30R. The 
zones being tested are below the Carneros which is the 
deepest producing horizon at Elk Hills. We1l 934-29R 
will begin testing of Cretaceous Sands during FY'89 as 
soon as a tie-back string has been run. It is expected 
that the testing of three zones (all below 17,000') in this 
well will carry into FY'90. The testing schedules forthe 
above wells are shown on Figure 2 an(j Figure 3. 



NPR-2 Exploration 

Chevron recently drilled an exploratory test in NPR-2 
(Buena Vista Hills) directly offsetting Department of 
Energy acreage. In the event that CUSA establishes 
commercial production, DOE will request funds to 
drill a sufficient number of wells to protea itself against 
drainage. Funher disussion regarding NPR-2 is pre
sented in Chapter 7. 

Major Activities CFY'9O Program) 

TestinglDec;pening 

The testing of934-29R will extend into FY'90 as three 
zones below 17,000' are being tested. The intervals 
being tested include the Cretaceous, the Point of Rocks 
and the Oceanic. Funds in the amount of SSOO,OOO are 
planned for the testing of 373-18H, a well which was 
drilled off the nearby Buena Vista Hills Structure and 
encountered a thick series of Miocene sandstone. 

New WeU 

The FY'90 program calls for the drilling of one new 
well ata costofS4 million. Structural and stratigraphic 
analysis of data from existing exploratory wells will be 
initiated during FY'89. The purpose of this analysis is 
to identify prospective areas from which several pros
pects can be developed. From these prospects, the one 
which offers the most viable opportunity for the estab
lishment of additional production will be selected. 

Major Activities (fY'91 Program) 

New Well 

As the analysis of existing data continues, it is expected · 
thata number of viable prospects will be generated, not 
only in the deeper zones of existing structures, but also 
along the flanks of those structures as well as separate 
structures on NPR-l which have been previously mapped. 
The mapping of turbidite sand channels within the 
Stevens is also expected to -provide a number of leads 
which will be further delineated through future seismic 
acquisition. It is proposed that either one new well be 
drilled during FY'91 at a cost of $4 million or that 934-
29R be redrilled to test the updip Oceanic Sand if 
deeper production is not established. The cross-sec
tion on the follOwing page (Figure 1) illustrates the re
drill potential for 934-29R. 
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Testing 

Testing funds of SSOO,OOO are proposed for FY'91. 
These funds will be used for testing the exploratory 
wells drilled during FY'90 or FY'91 or for the addi
tional testing of zones above 17,000' in 934-29R. 

Seismic Rcmrocessing 

The Elk Hills database has several line miles of seismic 
data. Over the crest of the main producing structures, 
data quality is extremely poor. Off the flanks of these 
structures, however, data quality ranges from fair to 
excellent. Advances in seismic processing in recent 
years make it possible to recover data from poor qual
ity seismic records. Though not guaranteed, the use of 
accurate structural and stratigraphic models may allow 
the delineation of prospective areas through the re
processing of existing data at a much lower cost than 
shooting new lines. For thi_� reason, $100,000 has been 
�rmarked in EY'91 iodetermine the feasibility of data 
reprocessing. 
.. 

Major Activities (FY'92 Program) 

New Well 

The re-evaluation of existing and reprocessed seismic 
data is expected to add to the list of exploratory pros
pects. From this list, one prospect will be drilled at a 
cost of S4 million. 

Testing 

A total of SSOO,OOO will be used for the testing of the 
well drilled during FY'92. 

Seismic Acquisition 

If the reprocessing of existing seismic data in FY'91 
proves to be successful, it will probably be necessary to 
shoot several miles of new seismic to delineate leads 
generated in the previous year. Should the FY'91 
project be unsuccessful, it will be necessary to experi
ment with data acquisition techniques in order to 
obtain seismic records that can be used in the genera
tionof prospects. Fungs in the amount of $250,OOOare 
proposed for the acquisition of additional seismiC data 
during FY'92. 

• 

• 

• 



• 

• •  

• 

Major Activities <FY93-FY'9S) 

New WeUs 

The exploratory evaluation of Elk Hills conducted 
over the previous three years will provide several 
opportunities for exploratory drilling. With this in 
mind, one new exploratory well is planned for each of 
the remaining three years and will cost $4 million each. 

Testing 

A total of $500,000 per year is budgeted for the testing 
of each well drilled during the three year period FY'93-
FY'95. 

CRllED 
OE'PTH SOUTH WELL 

934-29R 
1 4.000' 

1 !i,Ooo' \ 
\ 
\ 

I &.OCO' 

1 1.000' 

.'.000' 

Seismic AcguisitionJProcessing 

It is expected that by FY'94, the need will arise for 
ei ther the reprocessing of seismic data or for the acqui
sit ion of new data. This information will be used for 
prospect delineation or for new prospect generation. 
In FY'94, $200,000 is proposed for the acquisi tion and/ 
or reprocessing of seismic data. 

Summation of funding for the Exploration Program is 
presented in the Administration Plan Chapter under 
"Financial Management" - Fund 1 13. 

NORTH 
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Chapter 2: Reservoir Development 

Introduction 
The objective of NPR-l  operations is to produce oil and 
gas from reservoirs at the maximum efficient rate (MER). 
so that the profitability of operations is maximized. Pr0-
duction at MER is the result of optimizing both the physi
cal and economic aspects of producing existing wells. 
drilling new wells. conducting improved recovery opera
tions. and abandoning uneconomic wells. Integral to this 
are the capabilities of surface facilities for processing. 
sales. and injection. This chapter focuses on the indi vidual 
reservoirs from which hydrocarbons are produced. de
scribing activities needed to implement strategies for 
production at MER. 

NPR-l is situated in one of the world's most prolific petro
leum producing areas. the southern San J oaquin Valley of 
California. It is considered a "giant" oil field. and ranked 
seventh in oil production in the U.S. in 1988. Within the 
many thousands of feet of subsurface rock from which oil 
and gas are produced. NPR-l holds a very complex assem
blage of geologic depositional systems and structural fea
tures. Figure 2.1 is a schematic view of the major produc
ing zones at NPR-l .  showing the areal extent of Stevens 
Zone and Shallow Oil Zone production. For reference. 
each of the 15 reservoirs described in this chapter is listed 
in Figure 2. 1.  The Dry Gas Zone. Cameros Zone. and 
Asphalto Zone are not shown. as these make relatively 
minor contributions to NPR-l production. The Tulare 
Zone produced small quantities of oil in the past. and 

Northwest 
Stevens Zone 
o A 1 ·/1.:3 Sands 
o A4·A6 Sands 

currently serves water supply and disposal functions. 

Massive quantities of hydrocarbons remain to be economi
cally produced from NPR-l. even though it is at a stage in 
which the majority of its primary development is com
pleted. Oil and gas are produced from approximately 
1.000 wells in 14 reservoirs. Nine reservoirs are under 
primary recovery. while pressure maintenance through 
waterflood and gas injection is being conducted in five 
reservoirs. Light-oil steamflood. an enhanced oil recovery 
(EOR) process. is being pilot-tested in the Shallow Oil 
Zone. Complementing continual production operations is 
a significant effon to characterize. model. and study the 
reservoirs in order to refme MER strategies. Strategies to 
produce NPR-l reservoirs at their individual MERs are 
developed on both technical and economic bases. and are 
chosen on the basis of what is most efficient in terms of 
hydrocarbon recovery and economics. Resulting activities 
from these evaluations include remedial well work. drill
ing. improved recovery operations. and accompanying 
facilities requirements. 

Economic Cases 
The reservoir development plans detailed herein describe 
operating strategies and resultant production forecasts for 
two scenarios: 

1. Maintenance Case - this involves the minimum activi
ties required to operate reservoirs at their current rate of 
production decline. conducting only those remedial activi
ties needed to maintain existing wells and facilities. 
2. Development Case - Maintenance Case plus additional 
development activities required to achieve MER. 

East End 
Stevens Zone 

o T SandsIN Shales
r---t---1�+�"'IIII::i--t-_+--+---'r--., 

o Main Body BIW31 S Sands 
0 31 S C/O Shales 
o 3 1 S  NlA Shales 

West End 
Sttvena Zont 
o 24Z Sands 
o 29R124Z Shales 
o 2B Sands 

Figure 2.1 .  Areal extent of major producing zones at NPR-1.  
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o 26R Sands 

Shallow 
011 Zone 

Not Shown 
o Carneros 
o Asphalto 
o Or.y Gas Zone 
o Tulare 
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Figure 2.2. Total oil production forecast for the period FY 1989 to FY 1995. 

Figures 2.2. 2.3. 2.4 and 2.5 illustrate the production of oil. 
gas. and natural gas liquids. respectively. which would 
result from implementing these cases during the period FY 
1989 - FY 1995. As listed in Table 2. 1.  the Development 
Case is expected to provide a net present value (NPV) of 
over $3 billion during this period. and recover 298 million 
barrels of oil. on an equivalent BTU basis (MMBOE). 
Another measure of profitability shown in Table 2.1 is the 
estimated ratio of Net Revenue to Investment (NR/I). 
Development Case activities are projected to provide a 
NPV of over $6 billion during the remaining life of NPR-
1. and to recover 816.0 MM:BOE. 

Development plans to maximize profitability and achieve 
production at MER are based on the expected economic 
life of each reservoir. Plans account for production of all 
hydrocarbon reserves. considering alternate development 
strategies. These alternatives are compared both on physi- . 
cal and economic bases. The most efficient alternative 

strategy is reflected in each development plan's activities. 
The resultant lifetime economic projection for each reser
voir measures that reservoir's innate value. The relative 
lifetime profitabilities of the individual reservoirs are 
shown in Figures 2.6 and 2.7. which reflect NPV and NR/ 
I. respectively. Table 2.2 summarizes this information. 

Reservoir Development Activities 
Activities which will be carried out to achieve production 
at MER during the period FY 1989 to FY 1995 will include 
routine production operations. remedial well work. drill
ing. and facilities work. Each reservoir development plan 
in this chapter describes these activities. and provides 
detailed cost estimates for routine operations as "reservoir 
operating costs." Additionally. costs for remedial well 
work. drilling. and facilities work are itemized. Chapter 3 
gives details of all facilities projects. Comprehensive 
breakdowns of all costs are provided in the Exhibits at the 

Table 2. 1. Projected Results of Activities 
FY 1989 · 1995 Investmenu* NPv* NR/I* Recovery, 
� �MilljQIII SMilljoQS B.I!iQ MMBOE 
Maintenance 104.8 2,s73.0 24.6 23 1 .8 Projecu 134.6 578.4 4.3 65.9 Development 239.4 3,1 5 1 .4 13.2 297.7 

FY 1989 to Economic: Umlt 
Investments* NPV* NR/I* Recovery, 

� �MilliQIII SMillions � MMBOE 
Maintenance 135.8 5,087.8 37.5 63 1.7 Projedl 173.7 1 ,46S.2 8.4 184.3 Development 309.5 

.
6,s53.0 21.2 816.0 *discounted at a rate of 1090 

2-2 

• 

• 

• 



• 
MCFO 
500oo0�----------------------------------------� 

Projected NPR-1 Natural Gas Production 

400000 ���::=:�:=::a�----------l 
300oo0;-------------------���-------------� 

Maintenance Cue 

200oo0�----------------------------------------� 

1 00000�---------------------------------------� 

O �  ........ � ............ � ........ � ........ � ............ � ........ � ........ � 
1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 

Figure 23. Total narural gas production forecast for the period FY 1989 to FY 1995 . 

• •  
GPO Projected NPR-1 Natural Gas Liquids Production 
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• Figure 2.4. Total narural gas liquids production forecast for the period FY 1989 to FY 1995. 
This includes propane, butane (n-butane and iso-butane), and natural gasoline. 
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Figure 2.5. Total water production forecast for the period FY 1989 to FY 1995. 

end of this Plan. The majority of the projected expendi
tures are associated with the development of Stevens Zone 
reservoirs, and plans for development of the Shallow Oil 
Zone Steamflood. 

Invesunents projected for the seven-year period of this 
Plan in the three areas of remedial well work, drilling, and 

facilities total $343.5 million. This would be required to 
fund the necessary maintenance programs and the pro
posed projects which constitute the Development Case for 
the reservoirs. 

In addition to the ongoing production requirements which 
constitute Maintenance Case activities, there are 19 spe-

Table 2.2. Projected NPR- 1 Reservoir Profitabilities 
Development Case: FY 1989 to Economic Limit 

Invesunents* , NPv*,  NRII Recovery, 

Reservoir SMilliQn� SMil1iQn� � MMBOE 
MBB/W3 1 S  Sands 1 19.5 1 ,868.9 15.6 213.5 
24Z Sands 9.7 3 14.3 32.3 37.6 
2B Sands 1 .5 14.8 10.1 2.2 
29R/24Z Shales 15.7 536.9 34.3 65.3 
26R Sands 19.5 1,359.9 69.7 148.1 
3 1 S  C/O Shales 30.3 459.0 15.1  72. 1  
3 1 S  N/A Shales 6.9 443.6 64.5 88.5 
NWS AI-A3 Sands 5.8 254.6 44.1 3 1 .4 
NWS A4-A6 Sands 13.0 183.0 14.1 20.3 
NWS T Sands/N Shales 5.2 27.4 5.2 2.8 
Shallow Oil Zone 73.4 9 1 5.8 12.5 1 14.8 
Asphalto 0 13.6 1.8 
Cameros 2.6 78.0 30.2 8.0 
Dry Gas Zone 4.6 85.0 18.5 9.6 
Tulare 1 .8 - 1 .8 - 1 .0 0 
TOTAL 309.5 6,553.0 21.2 8 16.0 
• discounted at a rate of 10% 
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Projected Reservoir Net Present Values 
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Figure 2.6. Comparative reservoir profitabilities as measured by NPV (@10%). 
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Figure 2.7. Comparative reservoir profitabilities as measured by the ratio of net revenue to investment (@10%). 

cifically-identified projects described for the 15 reservoirs 
during the seven-year period. These consist of eight devel
opment drilling projects (including two horizontal drilling 
programs), five waterfiood projects (pilot and expansion), 
two steamflood expansions, three remedial projects and 
one compressor installation. Nine of these recommended 
projects are scheduled for two reservoirs, the MBB/W3 1S 
Sands and the Shallow Oil Zone. Most of this work is 
forecast to be carried out in the early years of this Plan. 
Reservoir studies and evaluations will allow more defini
tive estimates of future opponunities, and will probably 
result in additional work. For example, various EOR 
processes will be evaluated; yet, there is insufficient infor

. mation to project any investment in EOR at NPR-l outside 
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of steamflood in the Shallow Oil Zone (SOZ). 

Remedial well work is a fundamental production function 
to ensure the producibility or injectivity of wells in the 
achievement of MER strategies. This work includes, but 
is not limited to, recompletions, stimulations, necessary 
well abandonments and maintenance. Table 2.3 summa
rizes expected remedial work during the period FY 1989 to 
FY 1995. Nearly half of the remedial jobs are planned for 
the Main Body B/Westem 3 1 S  (MBBIW3 1S) Sands and 
the SOZ, to suppon proiected waterfiood and steamflood 
expansions. Similarly, the majority of the facility expen
ditures would be required for the MB B/W3 1 S Sands ($25.5 
million) and the Shallow Oil zone ($18.0 million). 



Table 2.3. Summary of Projected Remedial Well Work 
Development Case: FY 1989 to FY 1995 

Reservoir 
Stevens .l2Si .l22Q 1221. 1m .l22l .l22! � 
MBB/W31S 53  50 
24Z 10 10 
2B 2 3 
29R 16 15 
26R 14 12 

3 1S C/O 10 6 
3 1 S  N/A 6 5 
NWS AI-A3 7 5 
NWS A4-A6 13 10 
NWS T/N � ..1 
Total Stevens 137 124 

Qtm:[ZWJ�s 
SOZ 20 53 
Asphalto 0 0 
Cameros 1 1 
Dry Gas Zone 5 9 
Tulare 10 15 
Abandonments .lQ II 
Total Remedials 183 227 

Drilling is a vital element in a reservoir development and 
management strategy to achieve production at MER; addi
tional wells are drilled for efficient drainage, as part of an 
improved recovery plan, and/or as replacement to existing 
wells which may no longer be productive due to mechani
cal conditions. Plans described in this chapter reflect de
velopment drilling being conducted in a logical, system
atic manner so that each drilling investment provides 
optimal returns in increased efficiency and profitability. 
As itemized in Table 2.4, the bulk ofthe drilling activity in 
the reservoir development plans is forecast for three res
ervoirs: the MBB/w3 1S Sands (9 1 wells), the 3 1S C/O 
Shales (46 wells), and the Shallow Oil Zone (100 wells). 

Significant development activities planned within the in
dividual reservoirs are described in the following para
graphs. 

Main Body BlWestem 31 S Sands. As illustrated in Figure 
2.6, the MBB/W3 1S Sands have the greatest economic po
tential among NPR-l reservoirs. Reservoir development 
plans assume that additional drilling of development wells 
or deepening of existing wells will occur. Further, contin
ued expansion is planned for the existing waterflood in 
Sections 34S, 33S,  and 32S. This Plan is based on 59 new 
wells and 32 deepening wells at a total investment of $69.0 
million. Most of these wells would be located within the 
oil bank created by the waterflood. The Development 
Case requires a total investment of $ 139.4 million to gen-

56 55 57 56 58 
8 7 3 4 2 
1 2 3 1 3 

1 1  13 14 18  16  
18  15  18 18 16 
12 18 19 23 23 
6 5 5 5 5 
4 3 3 3 3 
7 5 6 7 7 

..1. J J � J 
130 128 133 139 138 

45 3 1  28 38 35 
0 0 0 0 0 
3 4 2 0 0 
7 7 1 1 1 

15 2 2 2 2 

2l JQ JQ JQ JQ 
225 202 196 210 206 
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erate a net present value of $ 1 ,058.5 million for the period 
FY 1989 to FY 1995. Two major reservoir studies are in 
progress on MBB/w3 1S Sands. 

26R Sands. The26R Sands represent a pivotal resource for 
NPR-l ,  and will be the focus of significant evaluation 
during FY 1989 and 1990. Reservoir pressure in the 26R 
is currently being maintained by gas injection. and effec
tive recovery of oil has occurred to date. Studies will 
concentrate on determining the most effi�ient strategy for 
future recovery of oil and massive volumes of natural gas 
within the Sands. To adequately drain this steeply-dipping 
reservoir, seven horizontal wells are planned from FY 
1989 to FY 1992, for a total investment of $14.3 million; 
these plans are based on favorable results of an initial 
horizontal well drilled in the 26R in FY 1988. The Devel
opment Case for the 26R Sands reflects a total investment 
of $24.4 million yielding an NPV of $454.8 million be
tween FY 1989 and FY 1995. A detailed reservoir simu
lation study with a fine grid model is in progress to aid in 
determining the optimum operating strategy for the reser
voir. 

Northwest Stevens Al-A3 Sands. Application of horizon
tal well technology is also planned to be utilized in the 
Northwest Stevens A I-A3 Sands to improve recovery ef
ficiency and minimize gas cycling. The first horizontal 
well is planned for FY 1990, with the second projected for 
FY 1991 ;  the total investment for these two wells would be 

• 

• 
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Table 2.4. Summary of Projected Drilling 
Development Case: FY 1989 to FY 1995 

Reservoir 
stevens .l2B2 .l22a 1221. .l222 l22l l22i .l22l 
MBB/W31S 10 7 15 14 15 15 15 
24Z 1 0 1 0 0 0 0 
2B 0 0 0 0 0 0 0 
29R 1 1 0 0 0 0 0 
26R 1 2 2 2 0 0 0 
31S C/O 0 2 1 1  9 8 8 8 
31S N/A 0 0 0 0 0 0 0 
NWS AI-A3 0 1 1 0 0 0 0 
NWS A4-A6 0 1 1 0 0 0 0 
NWS T/N .Jl .Jl .Jl .Jl .Jl .Jl .Jl 
Total Stevens 13 14 31  25 23 23 23 

OtherZopes 
SOZ 7 14 6 33 6 28 6 
Asphalto 0 0 0 0 0 0 0 
Cameros 1 0 0 0 0 0 0 
Dry Gas Zone 0 0 0 0 0 0 0 
Tulare .Jl .Jl .Jl .Jl .Jl .Jl .Jl 
Total Wells 21 18 37 58 29 51 29 
• Includes new wells, redrills, deepening, and associated tests 

$3.4 million. The Development Case for the Northwest 
Stevens AI-A3 Sands will cost $6.4 million and produce 
an NPV of $ 1 1 8.9 million between FY 1989 and FY 1995. 

Northwest Stevens M-A6 Sands. Two development wells 
are planned for this reservoir, one each in FY 1990 and FY 
199 1 .  These two wells are planned to adequately drain the 
A6 interval . The Development Case for the reservoir is 
projected to require investments of $13.2 million from FY 
1989 to FY 1995 and generate an NPV of $ 147.3 million 
during this period. 

31S CJD Shales. Studies indicate that considerable unde
veloped reserves may be present in undrained ponions of 
the 31  S C/O Shales. To develop the potential in such areas, 

it is planned for all new MBB/W31 S wells to be drilled to 
the 3 1S C/O Shales and tested for production. Three such 
wells are planned each year between FY 1991  and FY 
1995. The total incremental costs of deepening and testing 
these wells in the 3 1S C/O Shales is $ 13.2 million. A pilot 
watertlood project is also planned for the zone. The 
projected investment required in the Development Case is 
$35.0 million, which is expected to provide an NPV of 
$196.0 million between FY 1989 and FY 1995. 

Other Stevens Zone Reservoirs. Two development wells 
are planned for the 24Z Sands, one each in FY 1989 and 
one in FY 199 1 .  The 29R/24Z Shales will be evaluated for 
additional recovery with two new wells, one in FY 1989 
and one in FY 1990. No development activity is reflected 
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in this Plan for the 31S N/A Shales, 2B Sands and North
west Stevens T Sands/N Shales. 

Shallow Oil Zone. The SOZ is the most extensive reser
voir at Elk Hills and produces from nine sands. A large 
effon is underway to study this reservoir to refine strate
gies for production from its various areas and intervals. 
Several projects are planned for this reservoir, including a 
second phase of the existing Steamflood Pilot Project, a 
Steamflood Expansion Project, an SS-2/Mulinia Water
flood Project, a Hydraulic Fracturing Project, and a Devel
opment Drilling Project If implemented, these projects 
would require the drilling of 100 wells at a total investment 
of $30.8 million between FY 1989 and FY 1995. The 
Development Case for the SOZ reservoir shows a total 
investment of $69.9 million and is expected to generate an 
NPV of $484.9 million between FY 1989 and FY 1995. 

Other Reservoir Activities. The Cameros reservoir has 
one well projected for deepening to the Aqua Zone in Fy 
1989 at a total cost of $0.9 million. 

Following is a brief description of reservoir engineering 
and geologic studies planned for NPR-l reservoirs. After 
that is a discussion of potential opponunities for increased 
recovery and profitability which may exist in the future, 
primarily in enhanced oil recovery (EOR) applications. 
Individual reservoir development plans for each reservoir 
are then provided, with detailed descriptions of activities 
necessary for continued production at MER. 



------------------------------------------------------------------------------------------------- -

RESERVOIR S1UDIES 

Elk Hills is typical of California oil fields as its produc
tive formations are geologically young, highly faulted, relatively unconsolidated sands and tight shales. Highly 
folded, steeply dipping beds further complicate the 
geology. 

Asa result of the enormity and complexityofElkHills, 
much work remains to be done to properly describe the 
reservoirs geologically. As better understanding of the 
reservoirs occurs, more engineering must be under
taken to understand the movement of the entrained 
oil, gas and waterto maximize recovery and revenues to 
the United States of America and Chevron USA. 

A considerable number of reservoir studies are on
going and planned by DOE, CUSA. and BPOI in an 
effort toward solving the complex reservoir problems. 
The following is a brief description of four groups of 
studies incorporated in this Long Range Plan. The first 
group represents those studies initiated and controlled 
by BPOI forwhich specific funds have been allocated as 
part of Fund Code 1 1 1. The second group is those 
studies being conducted by BPOI on a level of effort 
basis (LOE), as available funding permits. The third 
and forth groups are studies being performed on a 
100% DOE basis and a 1 00% CUSA basis, respec
tively. 

A. BPOI STUDIES (SSQ 

26R Reservoir Study - Detailed 20-layer full field 
simulation to determine the best future operating strat
egy. Operating strategies to be investigated include 
full and partial pressure maintenance, waterflooding, 
infill drilling, and well completion variations. 

Cost/Scbcdule (FY'89 $) 
($000) 

FY'S9 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Cost Estimate 161 0 0 0 0 0 0 
Schedule 
Stan Ongoing 

Complete 40 

31S Structure Comprehensive Reservoir Description 
Develop a comprehensive geological and petrophysi
cal database and a unified reservoir description for the 
Stevens interval. The database will be utilized for 
ongoing geologic and engineering analysis and be in
corporated in the Reservoir Management System. 
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CoItISc:bcduJe (FY'89 $) 
($000) 

Fr89 FY'9O . FY'91 FY'92 FY'93 FY'94 FY'95 
Cost Estimate 806 0 0 0 0 0 0 
Schedule 
Stan Ongoing 
Complete 3Q 

Localized Geological Studies - Develop detailed and 
specialized geological/petrophysical reservoir descri p
tions in areas with special requirements identified in 
the Comprehensive Reservoir Description. 

CostJSchcduJe (FY'89 $) 
($000) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Cost Estimate 0 52 0 0 0 0 0 
Schedule 
Stan 10 
Complete 30 

C & D Shale Reservoir Study 
Detailed 3D reservoir simulation study to determine 
the best future operating strategy. The present strategy 
of depletion by solution gas drive will be compared to 
pressure maintained operations. 

Cost/Schedule (FY'89 $) 
($000) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Cost Estimate 230 170 0 0 0 0 0 
Schedule 
Stan 

Complete 
3Q 

40 

Eastern Upper Main Body B Reservoir Study 
Detailed 3D reservoir simulation study to determine 
the best future operating strategy. Strategies to be con
sidered include continued peripheral waterflOOding, 
pattern waterflooding, and gas injection for pressure 
maintenance. 

Cost/Scbedule (FY'89 $) 
(SOOO) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Cost Estimate 0 470 0 0 0 0 0 
Schedule 
Stan 10 
Complete 10 L:;;;;; 

• 
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Western Upper Main Body B Reservoir Study 
Detailed 3D reservoir simulation study to determine 
the best future operating strategy. Strategies to be con
sidered include continued peripheral waterflooding, 
pattern waterflooding and gas injection for pressure 
maintenance. 

. 
• . CostJscheduie (FY'89 S) 

. . . .... . . (SOOO) ·· . 
. ". . . . ". . 

FY'89 FY'90 FY'91 FY'92 FY'93. FY'94 · FY'95 
Ccst Estimate O .  o . 520 0 0 0 ... O .  
Schedule . 
Start 10 
Complete 10 

Lower Main Body B Reservoir Study - Detailed 3D 
reservoir simulation study to determine the best future 
operating strategy. Strategies to be considered include 
continued peripheral waterflooding, pattern water
flooding and gas injection for pressure maintenance. 

Ccst.&:hedule (FY'89 S) 
(SOOO) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Ccst Estimate 0 0 375 0 0 0 0 
Schedule 
Stan 10 
Complete 10 

Western 31S Reservoir Study - Detailed 3D reservoir 
simulation study to determine the best future operat
ing strategy. Strategies to be considered incluge con
tinued peripheral waterflooding, pattern waterflood
ing and gas injection for pressure maintenance. 

Ccst.&:hedule {FY'89 S) 
(SOOO) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Ccst Estimate 0 0 590 0 0 0 0 
Schedule 
Stan 10 
Complete 10 

N & A Shale Reservoir Study - Detailed 3D reservoir 
simulation study to determine the best future operat
ing strategy. The s.tudy will consider the migration of 
fluids between 26R and N/A Shales and implications 
on current operating strategy. 
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..•••••••••• � FY'90  FY'91 .. F'i"'92. FY'93 FY'94 FY'95 

Calt Estimate 0 672 0 0 0 0 0 
Schedule . 
start . 10 
complete · 10 

StCYellS Material Balance - Coarse grid simulation of 
all Stevens Zone Reservoirs as well as the regional 
aquifer. The stUdy will investigate the plausibility of 
interstructure communication, the effect of the re
gional aquifer and their impacts on operating strate
gies. 

CoItISc:beduJe (FY'89 S) 
($000) 

FY'89 FY'9O FY'91 FY'92 FY'93 FY'94 FY'95 
Cost Estimate 114 0 0 0 0 O ·  0 
Schedule 
Stan Ongoing 
Complete 2Q 

24Z Reservoir Study -Detailed reservoir study includ
ing geological and petrophysical reservoir description 
and full field reservoir simulation to find the best 
operating strategy for the waterflood. 

CostIScbedule {FY'89 S) 
($000) 

FY'89 FY'9O FY'91 FY'92 FY'93 FY'94 FY'95 
Ccst Estimate 264 102 0 0 0 0 0 
Schedule 
Stan 3Q 
Complete 40 

Comprehensive Reservoir and Surface Facility Model 
Develop an engineering model for all NPRC reser
voirs, pipelines and surface facilities to study the inter
action between reservoirs and surface facilities, and 
optimize the total operation of the Reserve. 

CoItISc:bedule (FY'89 S) 
(SOOO) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Ccst Estimate 0 0 0 600 400 0 0 
Schedule 
Stan 10 
Complete 40 



Enhanced Oil Recovery Studies 
Develop and design EOR projeas for reseJVoilS (bloclc;) 
with the best EOR potential. 

CostJScheduie (FY'89 $) 
(SOOO) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Cost Estimate 0 0 0 700 550 · 400 · 0 
Schedule 
Stan 10 
Complete 40 

Simulation Update Studies -The earlier studies will be 
updated to include new geologic, production and engi
neering information to improve operating strategies. 

Cosl&hedule (FY'89 $) 
($000) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 
Cost Estimate 0 0 0 0 650 1 100 1500 
Schedule 
Stan 10 
Complete 40 

B. BPOI STUDIES (LOE) 

Eastern 31S Waterflood Performance Evaluation 
Evaluate past and present performance of the eastern 
31S waterflood to optimize operations and maximize 
ultimate reserve recovery. 

Start: 1Q FY'S9 Complete: 4Q FY'S9 

Western 31S Waterflood Performance Evaluation 
Evaluate past and present performance of the western 
31S waterflood to optimize operations and maximize 
ultimate reserve recovery. 

Start: 1Q FY'90 Complete: 4Q FY'90 

Evaluation or Sccondary Reoovery Potential orN, A. 
B, C and D Shales - Evaluate secondary recovery po
tential of the 31S shale reservoirs and recommend 
water injection operations as appropriate to enhance 
ultimate reserve recovery. 

Start: 1 Q FY'91 Complete: 4Q FY'94 

"DD" Shale Development Potential - Investigate de
velopment potential of the DD Shale reserves. 

Start: 1Q FY'91 Complete: 4Q FY'94 

Evaluation o(EOR Potential 0(31S Reservoirs 
Review of primary and secondary performance of the 
sands and shales of the 31S structure, and feasibility of 
implementing EOR processes to increase ultimate 
reserve recovery. 

Stan: lQ FY'95 Complete: 4Q FY'95 

Eastern SOZ Performance Evaluation - Develop a 
comprehensive reservoir description for fault blocks 7, 
S and 9 in the eastern portion of the SOz. Evaluate 
past performance and predict future performance under 
primary and secondary operations in order to recom
mend the optimum means to maximize ultimate eco
nomic recovery. 

Stan: 1 Q FY'S9 Complete: 4Q FY'S9 

Western SOZ Performance Evaluation - Develop a 
comprehensive reservoir description for productive 
zones in the western portion of the SOz. Evaluate past 
performance and predict future performance under 
primary and secondary operations in order to recom
mend the optimum means to maximize ultimate eco
nomic recovery. 

Start: lQ FY'90 Complete: 4Q FY'91 

Production Operations Optimi7.ation - A stUdy of the 
drilling, completion, and operation practices in the 
SOZ is recommended to ensure maximum inflow in 
this low pressure, high PI reservoir. 

Start: lQ FY'92 Complete: 4Q FY'92 

Evaluate SecondaryPerformancc and EOR Feasihilitv 
- Evaluate the secondary performance of the SOZ 
reservoirs in order to optimize secondary recovery and 
provide understanding to evaluate the economic feasi
bility of EOR processes. 

Start: 1 Q FY'93 Complete: 4Q FY'95 

C. DOE STUDIES (100%) 
Stevens Reservoirs- Ofthe 14 hydrocarbon producing 
reservoirs at Elk Hills, 10 are Stevens reservoirs. In 
order to produce their reserves of oil  and gas, maxi
mum efficient rates (MER) of production must he 
determined for each reservoir. The engineering proce
dures and methods for determining MER require ex
tensive, in-depth reservoir engineering studies per
formed by expert geologists, petrophysicists, and pe
troleum engineers. 
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SOZ Resenoir Desaiption - DOE requires an up
dated petrophysical interpretation for wells drilled in 
the last six years and for selected older wells to provide 
a sound basis for developing detailed reservoir descrip
tion. The detailed reservoir descriptions will be used in 
analyzing alternative operating plans for specific fault 
blocks or/for equity considerations. 

Gas Reservoirs - There are two major gas producing 
horizons at Elk Hills; the Dry Gas Zone and the 
Carneros Zone. In order to produce the gas and gas
liquid reserves from these zones, MER of production 
must be determined for each. The gas engineering 
procedures and methods for determining MER re
quire in-depth reservoir engineering studies performed 
by expert geologists, petrophysicists, and petroleum 
engineers. 

Simulator Case Runs - DOE requires making inde
pendent cases on the SSI developed simulation models 
for Stevens Zone Pools. These case runs are needed to 
support MER determination by DOE and to address 
Program Office requests or requirements. 

Currently, DOE has a calibrated simulation model for 
the 26R Reservoir, the 24Z Reservoir, the Carneros 
Reservoir, the NWS Reservoir,and the 29R Reservoir. 
These models offer management a scientific alterna
tive to traditional, decision models which in the past 
have generally rested on experience, instinct, or over
riding judgements. 

EOR Screening Studies - Apart from the Unit, the 
DOE Program Office requires EOR screening studies 
to determine the potential for EOR and to identify 
methods for maximizing ultimate recovery. 

MER/Equity Projects - As a Unit Partner under the 
Unit Plan Contract (UPC), the DOE must perform 
geological, petrophysical, engineering duties pertain-

ing to the determination and negotiation of equity or 
panicipating percentages. In support of this critical 
job role, the DOE calls upon expert, third-party petro
leum consultants to provide required technical sup
port. Additionally, the DOE must perform periodic 
MER reviews which require use of outside consultants 
and contractors. 

BPOJJSSI Engineering Support - DOE requires on 
site, professional, reservoir engineering support to 
provide expert analysis and sound technical recom
mendations for projects typically beyond the purview 
of in-house engineers. 

For example, projects handled to date include the 
NGL Storage Project, 26R PAR Analysis, Deep Test 
Formation Evaluation, ESOZ Study, etc., to name a 
few. In FY 1989, this engineering group shall address 
issues surrounding the SOZ LOSF, the SOZ proposed 
watertlood, the Stevens analogy reservoirs, non-Unit 
reservoirs, and equity or unitization matters. 

Geological and PetrophYSical Analysis 

Log ADalysis - DOE requires funds to perform log 
analyses independently of the Unit primarily for pur
poses of equity determinations, but also for non-Unit 
properties belonging to the Government. 

Core ADalysis - DOE requires funds to perform core 
analyses independently of the Unit primarily for pur
poses of equity determinations, but also for non-Unit 
properties belonging to the Government. 

Geological - In su pport of log analyses and core analy
ses, geological consultation from third-party sources is 
required to pursue equity duties. 

The following table reflects the projected cost of the 
100% DOE Studies. 

DOE-O&M 
LONG RANGE PL\N 

($000) 

1. Reservoir Studies FY 89 FY 90  FY 91 FY 92 FY 93 FY 94 FY 95 
A. Stevens Reservoirs 900 1,400 1 ,600 800 400 200 
B. SOZ Reservoirs 200 300 600 700 350 250 250 
C. Gas Reservoirs ' 50 64 89 850 50 50 50 
D. Simulation Case Run 102 267 328 391 456 466 500 
E. Enhanced Oil Rec'y 125 534 467 486 228 100 150 
F. MERJEquity Projects 0 1,921 1,370 1,408 1,029 1,050 1,000 

2. BPOllSSI Engr. Support 803 0 0 0 0 0 0 
3. Petrophysical Analysis 

A. Log Analysis 52 S2 S4 SS S6 58 60 
B. Core Analysis 104 40 41 42 43 44 45 
C. Geological 0 160 164 168 171 175 175 
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D. CUSA STUDIES ClOO%) 

31S go Shales GOR Sensitivity (Chevron Geos
ciences) - Tank model study to investigate the effect 
of various GOR guidelines on ultimate oil recovery. 

Main Body B Infill Drilling (CUSA· W.Region/ COFRAg - Combined fractal geostatisticall 
steamtube model of the eastern 3lS Structure to 
investigate accelerated and incremental production 
from 10-acre infill drilling in Section 34S. 

Stevens Material Balance (Chevron Geosciences) 
Coarse grid simulation of all Stevens Zone reser
voirs, as well as the regional aquifer. The study will 
investigate interstructure communication, the effect 
of the regional aquifer and their effects on operating 
strategies. 

Fractal Cross-Section of26R (COFRg 
Develop a cross-section of the 26R Reservoir, using 
fractal geostatistics for comparison to one developed 
using conventional cross- sectioning methods. 

LOSF Simulation (COFRg 
Fine grid, 3D, Three-phase numerical simulation of 
one-eighth of a five-spot currently being history 
matched. The study will aid in performance predic
tion for steam flood pilots and full scale projects. 

LOSF Technical Service Project (COFRg - Investi
gation of formation damage associated with water 
production in the steam flood. Upon identification 
of a damage mechanism a remedial stimulation 
method will be sought. 

LOSF Expansion Geology (CUSA-W. Region) 
Detailed geological study of potential steamflood 
expansion areas. 

SOZ Equity (CUSA· W Region) - Detailed geologi
cal study for equity redetermination. 

26R Compositional Simulation (Chevron Geos
ciences) - 2D reservoir simulation study to investi
gate the effects of gas cycling on NGL recoveries. To 
be initiated. 

FlITURE OPPORTIJNITIES 

There are a number of opponunities that may be 
explored in the future to enhance NPR-l revenues and 
hydrocarbon reooveries. No detailed engineering stud
ies have been performed and most of the projects are 
not beyond a conceptual stage. This section will dis
cuss these opponunities and identify the studies re
quired to bring these ideas from the conceptual stage to 
project start-up. If cost estimates are available from 
previous feasibility studies, they will be included to 
show an order of magnitude of required funding to 
carry out these projects. 

ENHANCED On.. RECOVERY PROJECI'S 

Currently, five reservoirs are undergoing fluid injec
tion for pressure maintenance (MBBIW31S, 26R, NWS 
(Al-A3), NWS (A4-A6) and 24Z). These gas and 
water injection projects should increase hydrocarbon 
recovery and are discussed in the Reservoir DevelOp
ment Plans for each reservoir. For those reservoirs 
where the operating strategy is primary depletion, the 
opportunities for implementing fluid injection proj
ects in the future are identified in their respective 
Development Plans. This section will concentrate on 
Enhanced Oil Recovery (EOR) Projects which permit 
recovery of residual oil unrecovered by more conven
tional secondary projects such as wa terflooding. At the 
present time, the SOZ Light Oil Steam flood is the only 
EOR project which has been evaluated by the Unit. 
This project is covered in the SOZ Development Plan 
and will not be discussed here. 

J. R. Bergeson and Associates, in their 1988 study of 
NPR-1 for the DOE, performed a screening of poten
tial EOR projects for NPR-1 reservoirs. Since this 
study contains the best analysiS done to date, we will 
use their data to discuss potential EOR projects. When 
risk analysis was applied to these projects, most of 
them failed to pass acceptable economic cut·offs. It  
would be emphasized that this study be used only as an 
initial screening tool to direct investigation of the most 
promising candidates. As further reservoir description 
and understanding of recovery mechanisms develops 
for each reservoir, and as oil prices fluctuate, the 
results of this type of screening study will change, 
making some projects more attractive and others less 
so. In the same light, cost and recovery numbers must 
be taken as very tentative, having a wide range ofuncer
tainty, and being heavily dependent on the final project 
design. 
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In order to optimizeEOR recoveries and economics, it 
is necessary to conduct detailed geologicaVengineer
ing studies and pilot tests prior to implementation of 
commercial projects. The typical schedule for carrying 
out this work for each EOR project has been estimated 
as follows: 

Time (mos) 
EOR Pilot design 12 
Pilot installation 8 
Pilot evaluation 24 
Comm. proj.deSign 9 
Comm. proj.installation 12 

Elapsed Time (mos) 
12 

20 
44 
53 
65 

This schedule indicates that five years will elapse be
tween a decision to initiate the engineering design of a 
pilot and stan-up of the field commercial projecL Due 
to the two-year budget lead time at NPR-1, funding 
estimates will be required prior to having detailed en
gineeringdesign to firm up cost requirements. Inorder 
to speed up the process, the selection and design of the 
pilot projects should be made carefully so that several 
commercial projects may be staned on the basis of one 
pilot. 

CHEMICAL FLOOD (ASP) 

The EOR process which Bergeson evaluated as having 
the widest range of applicability was an Alkaline-Sur
factant-Polymer (ASP) Flood. This is a modification 

of the micellar-polymer process and involves the injec
tion of large quantities of very dilute chemical concen
trations instead of small slugs of highly concentrated 
chemical This allows the project to behave more like 
a watertlood without the stringent control required to 
maintain the integrityofsmall Slugs. Reservoir hetero
genities tend to defeat efforts to maintain slug integrity 
and therefore cause most chemical floods to fail. The 
ASP approach is a relatively untested process which 
has conceptual appeal and would require careful pilot 
testing. 

From the Bergeson analysis, an ASP project in the 
Eastern SOZ transition zone has potential to be an 
economic opponunity. Costs for engineering analysis, 
facilities and chemicals are shown in the following 
Table 1. 

Additional costs totaling $95 million will also be re
quired for the drilling of 154 injectors and 225 produc
ers. This project is targeted at a resource base of 200 
million barrels of oil. 

The current SOZ study by the BPOI Task Force and 
Bergeson will investigate funher the feasibility of the 
ASP process with the Objective of recommending a 
location for a pilot by the end of FY'89. Design and 
laboratory studies could therefore begin in FY'90, al
though no funds have been identified in the FY'90 
IRB. 

CHEMICAL FLOOD (ASP) 

Pilot Design 
LablEngr Studies 

Pilot 
PlantlFacilities . 

Pilot 
Chemical Costa. 

Commercial Scale 
Design, Pilot 
Evaluation 

Commercial 
PlantlFacilities 

Chemicals 

TOTAL 

FY'89 

o 

ENGINEERING AND FACILlTIES COSTS 

FY'90 

330 

330 

(1989 rnOUSANDS OF DOlL\RS) 
FY'91 

470 

313 

783 

FY'92 FY'93 

188 

1,300 532 

1,488 532 

Table 1 

2-13 

FY'94 

o 

FY'95 OUTYEARS 

1,000 1,500 

3,800 

225,000 

1,000 230,300 
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Pilot Design 
bb/Engr Studies 

Pilot 
Plant/Facilities 

Pilot 
Chemical Costs 

Commercial Scale 
Design. Pilot 
Evaluation 

Commercial 
Plant/Facilities 

Chemicals 

TOTAL 

POLYMER FLOOD 

FY'89 

-

o 

POLYMER FLOOD 
ENGINEERING AND FACILlTIES cosrs 

(I989 TI-10USANDS OF DOlLARS) 

FY'9O FY'91 FY'92 FY'93 

250 350 - -

- 250 ISO -

- - lIS 150 

- - - -

- - - -

- - - -

250 600 26S 150 

Table 2 

FY'94 FY'95 OUTYEARS 

- - -

- - -

ISO 150 190 

- 1 ,000 1,500 

- - 2,500 

- - 92,000 

150 1.150 96.190 

A polymer flood in the Eastern SOZ transition zone 
was evaluated by Bergeson. The projected engineer
ing, facilities and chemical costs for this project are 
given in the following table. The resource base tar
geted for this project was 28 million barrels of oil and 
required the drilling of 375 wells at a cost of $94 
million. A risked evaluation resulted in unfavorable 
econonmics for this project. (See Table 2) 

Furtherwork by the BPO I Task Force and Bergeson on 
the SOZ would be required to re-evaluate this process. 
At the current time, no further engineering study is 
anticipated due to the results of the previous scoping 
evaluation by Bergeson 

INSITU COMBUSTION PROJECf 

An insitu combustion project in the Eastern SOZ 
transition zone was evaluated by Bergeson to have 
acceptable economic indicators. A combustion proj-

Pilot Design 
Lab/Engr Studies 

Pilot Ai, Cost 
(Leased Compres
sion) 

Commercial Scale 
Design, Pilot 
Evaluation 

Commercial 
Plant/Facili(ies 

Air Cost 
(Leased Compres
sion) 

TOTAL 

INSlTU COMBUSTION 
ENGINEERING AND FACILITIES cosrs 

(1989 TI-lOUSANDS OF DOUARS) 

FY'89 FY'90 FY'91 FY'92 

330 470 

- - - -

0 0 330 470 

Table 3 
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FY'93 FY'94 FY'95 

145 � 190 190 

- - -

145 190 190 

OUTYEARS 

430 

2,500 

25,000 

143,000 

170,930 
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ect is probably the highest risk EOR process that can 
be implemented. Factors that are extremely difficult to 
evaluate are the effects ofthe hot combustion front on 
downhole tubulars, corrosion effects on surface facili
ties, and the success of keeping the wells on produc
tion. Generally these difficulties are underestimated 
in the engineering design stage. Therefore, any pre
liminary scoping numbers should be viewed with ap
propriate skepticism. The projected engineering, fa
cilities and air injection costs for the project are given 
in the following table (See Table 3). The resource base 
targeted for this project is 28 million barrels of oil and 
requires drilling 375 wells at a cost of $94 million. 

Further work by the BPOI Task Force and Bergeson 
would be required to evaluate the process. The sched
ule assumes this work would not be initiated prior to 
FY'91. 

CARBON DIOXIDE FLOODS (CO2) 

Miscible floods using carbon-dioxide (C02) are in 
widespread use, particularly in West Texas, where C02 
is available in large quantities by pipeline. Bergeson 
evaluated C02 flooding in the NPR-1 Stevens reser
voirs and did not obtain promising resUlts. Based on 
the requirement to have a field-wide project to gener
a te the economy of scale necessary to justify the cost of 
transporting C02 to the Bakersfield area, Bergeson 
concluded this process was economically unattractive. 
The size of the potential C02 projects at NPR-1, e.g., 
MBBIW31S, dictates the requirement for a large scale 

C02 source. Smaller reservoirs such as 2B conceivably 
could be handled by trucking in C02 as is done: in other 
locations, e.g., North Coles Levee. 

Further investigation of the feasibility of the C02 
miscible and immiscible processes would require labo
ratory tests, engineering and simulation study, market 
analysis of C02 availability and potential demand and 
evaluation of the use of flue gas as an injection gas 
source. Funding for this work starting in FY'91 might 
beexpected to amount to as much as $500 thousand per 
year for two to three years. 

NfIROGEN INJEcnON 

An alternative to injecting residue gas into 26R, NWS 
(A1-AJ) and 24Z is the injection of nitrogen. Three 
benefits from such a change are release of residue gas 
to sales, the stripping effect nitrogen has on the resid
ual oil saturation encountered as it moves through the 
reservoir and the elimination of corrosive agents in the 
injected gas. The benefits are offset by the requirement 
to manufacture the injected nitrogen onsite by cryo
geniC separation. In addition, the process requires 
investment to build a nitrogen rejection plant to proc
ess the produced gas and remove the nitrogen prior to 
gas sales. For a gas stream the size of26R's, this would 
be a significant investment. The economics and engi
neering for this process have not been performed, but 
the estimated engineering, facilities and injection costs 
for this project are given in the follOwing table (See 
Table 4). 

NITROGEN INJEcnON 
ENGINEERING AND FACILITIES COSTS 

(1989 TI-lOUSANDS OF DOu.ARS) 

FY'89 FY'9O 
Pilot Design 
ub/Engr Studies 

Pilot 
Plant/Facilities 

Pilot 
Chemical Costs 

Commercial Scale 
Design, Pilot 
Evaluation 

Commercial 
Plant/Facilities 

TOTAL 0 0 

FY'91 FY'92 

500 1,500 

500 1,500 

Table 4 
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FY'93 FY'94 FY'9S OUTYEARS 

20,000 

20,000 

200,000 

20,000 o o 220,000 



FLUID INJECI10N NON-RATE SENSITIVE 
RESERVOIRS 

True shales are composed to a large extent of clay 
panicles which can swell and migrate when contacted 
by an aqueous fluid of a differen t chemical nature than 
the shales depositional fluid. Because of this phenom
ena, shales are not waterflooded. Recent studies of 
non-rate sensitive reservoirs at NPR-l indicate that 
they are not true shales in the classic sense of the word. 
These reservoirs are more siliceous in nature than 
thought earlier and may be sufficiently insensitive to 
foreign fluids that they could be successfully injected. 
Because of the very Significant amount of residual oil 
which could be unrecovered at the end of economic life 
by primary depletion, a pilot injection project followed 
by full scale expansion should be explored further. 
Opponunitis for specific projects are identified in the 
individual Reservoir Development Plans. 

Projected engineering and facilities costs are given in 
the following table for two typical projects being con
sidered, e.g., 29R waterflood at 30,000 BWPD and 

Eastern SOZ waterflood at 40,000 BWPD. The 29R 
project assumes 43 new pIoducers and injectors at 
$850,000 each. The SOZ project assumes 50 new 
producers and injectors at $315,000 each. Pilot costs 
for each project are estimated at 10% of full project 
cost (See Table 5). 

OnIER PROJECTS 

INFILL DRILLING STIJDIES 

Reduction of well spacing by infill drilling may be an 
effective way of improving oil recovery and accelerat
ing revenue in association with the waterflood projects 
ongoing and planned at NPR-l. Itshould be noted that 
infill drilling studies comprise only a part of developing 
an overall depletion plan for a particular reservoir, 
which is panicularly true for reservoirs undergoing 
fluid injection. Prior to any in fill drilling study, there 
must exist a detailed geological reservoir description 
for the SUbject reservoir. As noted below this geologi
cal precursor is just now being completed on several 
NPR-l reservoirs. 

FLUID INJECrION • NON·RATE SENsmVE RESERVOIRS 
ENGINEERING AND FACILmES COSTS 

FY'89 FY'90 
29R Shales 

Pilot 
Engineering 40 
Wells 
Facilities 

Commercial 
Engineering 
Wells 
Facilities 

SUBTOTAL 0 40 

Eastem SOZ 
Pilot 
Engineering 40 
Wells 
Facilities 

Commercial 
Engineering 
Wells 
Facilities 

SUBTOTAL 0 40 
- - - - - - - - - -

TOTAL 0 80 

(1989 rnOUSANDS OF DOLLARS) 

FY'91 FY'92 FY'93 

2.000 1 ,655 
230 

2.230 1,655 0 

1.575 
180 

1 .755 0 0 - - - - - - - = = - - - - =- -

3,985 1 .655 0 

Table S  
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FY'94 

400 

400 

400 

400 

FY'9S OUTYEARS 

12.000 24.550 
2,300 

14,300 24,550 

5.000 10,750 
1 .800 

6,800 10,750 
_ = = _ sc _  = = a:  _ _  = =  = = = = = =  

800 21.100 35,300 

• 

• 

• 
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Analysis of the historical benefits of infill drilling can 
be made for two 10-acre areas of the MBB/W31S 
reservoirs in the eastern 31S Structure. The analysis 
would be in two phases, analytic followed by simula
tion. The elapsed time of the two-phase stUdy of the 
combined two areas is estimated at 10to 12 months and 
could be coordinated with the current studies of the 
BPOI Task Force and Bergeson and Associates. 

The definition and evaluation of specific area in fill 
programs for the Stevens sand reservoirs will need to 
follow the reWed development completiont.vaterflood 
program for the MBB/w31S reservoirs and the North
west Structure sands. Evaluation of the specific infill 
programs will require careful economic analyses inte
grated with simulation of the revised waterflood plan. 
An infill pilot test program is a likely approach. 

The evaluation of infill drilling in the Stevens shales 
will need to be made when detailed geologiC descrip
tion and/or reservoir simulation studies are finished. 
The infill drilling analysis of the shales must be inte
grated with development of a completion/stimulation 
philosophy for these reservoirs. The 29R shales simu
lation study has identified five areas where infill drill
ing appears practical. The areas should be analyzed in 
detail USing more detailed reservoir description and a 
fine grid simulation to evaluate the specific benefits of 
infill drilling. This analysis is not currently scheduled 
but could be completed in 9 to 12 months. The C/O 
Shales on the 31S Structure are to be the SUbject of an 

FY'89 geologic and simulation study to be completed 
in mid-FY'90. A detailed study of infill drilling could 
be completed in 6 to 9 months, finishing at the end of 
FY'90. 

The projected engineering costs for this project are 
estimated at S3OO,OOO per study area. Facilities costs 
already contained in the Facilities Project section under 
Stevens Tans Setting Modification and Produced Water 
Injection are sufficient to cover increased production 
due to infill drilling. 

NGL STORAGE 

The production of natural gas liquids (NGL) at NPR-
1 reamins at a nearly constant rate year arouoo. However, 
the market demand for NGL's is seasonal. There may 
be an opponunity to maximize revenues by storing 
NGL's during periods of low demand and releasing 
them from storage during periods of high demand. 
This question has received cursory analysis in the past. 
The effon has focused on technical considerations 

. such as the feasibility of storing a given volume of 
NGL's in a panicular reservoir. We are suggesting 
posing the question without restrictions: "�n reve
nues be enhanced by engaging in an NGL storage 
project?" The project would then be free to investigate 
all possibilities includingoffsite storage,and conduct a 
marketing analysis to determine the impact of selling 
significantly more than the current NPR-l NGLstream 
in the peak demand periods. 

2-17 



• 

• 

• 



• 

• 

• 

INDIVIDUAL RESERVOIR 
DEVELOPMENT PlANS , 

This section contains plans for 15 reservoirs at 
Elk Hills, 

MBB/W31S SANDS 

The Main Body "B"/Western 31S (MBB/W31S) Sands 
are productive segments within the B Shale interval of 
the 31S Structure (See Location Map, Figure 1 and 
Cross Section, Figure 3), This interval consists of 
channel-like turbidite sands that cover the entire 31S 
Anticline, 

The Total Development Case for MBB/W31S Sands is 
the sum ofthe Maintenance Case and four projects, as 
follows: 

1. Development Drilling/Deepening Project 
2. 34S Watertlood Expansion Project 
3. 33S Watertlood Expansion Project 
4. 32S Watertlood Expansion Project 

ASPHALTO 

LONG RANGE PLAN 
LOCATION MAP 

MBB/W31S SANDS ····· 

. . . . MBByW31S SANDS ... 

· . REVENUES
·
VS . COSTS

·· · · 

LONG RANGE >PLAN 
R'Sa TlJTAL COSTS . •

.
.•.... � (\.WDISCOUN'IEI) 
.. r7I TlJTAL REYD«IES . . • .  � (UNOtSCOuNTED) 

. .. . FY'89 FY'90 FY'9 t FY'92 FY'93 FY'94 FY'95 

Figure 2 

It is estimated that the Total Development Casewould 
generate $1.8 billion in undiscounted revenues from 
FY'89 to FY'95, with associated direct expenditures of 
$287 million, Annual revenues and expenditures for 
the Total Development Case are as shown in Figure 2. 

80 

Figure l 

2-18 



··EAsT�WFsr sTRUCIURAL . CROSS-SECI10N 
··· 31S STRUCTIJRE 

UPPBR. W' 51S SAND 

MADl BODY B SAND 

LOWER W 318 SAND 

MBB/W31S SANDS 

Additional statistics that demonstrate the economic 
feasibility of the Total Development Case are shown in 
Figure 4. The net present value for the Total Develop
ment Caseat 10% discount rate is $1058.5 million from 
in FY'89 to FY'95 and $1,868.9 million from FY'89 to 
economic limit. 

Total oil recovery for the Total Development Case is 
68.8 million barrels from FY'89 to FY'95 and 125.3 
million barrels from FY'89 to eronomic limit in FY'2017. 

The reservoirs are estimated to contain 610 million 
barrels as original oil-in-place with ultimate recover
able reserves off 244 million barrels by the Elk Hills 
Engineering Committee. 

Cumulative oil production through September 30, 1988, 
was 1 17 million barrels and the remaining reserves are 
estimated to be 125 million barrels. Total water and 
gas injection through October 31, 1988, are 144 million 
barrels and 116 BCF, respectively. The relative pro-

MBB/W31S SANDS 
TOTAL DEVELOPMENT CASE 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value(@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN . 

$1,840.3 Million 
$148.3 Million 
$139.4 Million 
S'2K1.7 Million 
S1,552.7 Million 
SI,058.5 Million 

68.8 
167.4 
102.4 

Figure 4 
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FY'89 TO ECONOMIC LIMIT 

$5,925.8 Million 
$859.8 Million 
$216.3 Million 
$1,076.1 Million 
$4,849.7 Million 
$1,868.9 Million 

125.3 
438.7 
213.5 

• 

• 

• 
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ponions of the oil reserves and residual oil indicate 
that considerable volumes of oil may be left in the 
reservoir at the end of the waterflood project This 
suggests that the MBB/W31S reservoir could be a 
viable candidate for enhanced oil recovery projects. 
Since the reservoirs are extensive, different production 
practices have been in effect in different segments of 
the reservoirs. The southeastern flank has a well
developed waterflood. The middle section is basically 
under a depletion-type drive and was pressure-sup
poned by gas injection through June 30, 1988. The 
nonhwestern areas are beginning to respond gradually 
to water injection. In Sections 33S and 34S, a second 
row of water injectors was drilled to increase water 
injection in these areas. 

The Maintenance Case reflects continuation of rou
tine remedial work such as stimulations, rea>mpletions 
and anificial lift installations. From FY'89 to FY'95, 
total costs under the Maintenance Case are $163.2 mil
lion with total net revenues of $1,083.4 million. The 
Development Drilling/Deepening Project covers drill
ing of new wells or deepening of existing wells in other 
parts of the reservoirs except Sections 32S, 33S and 
34S. This case will generate a total net revenue of 
$295.6 million at a total cost of $83.6 million from 
FY'89 to FY'9S. The Waterflood Expansion projects 
in Sections 34S, 33S and 32S are non -exclusive projects 
planned for the sole purpose of augmenting the water
flooding process in these parts of the reservoir. The 
total cost of the 34S Waterflood Expansion Project is 
$10.2 million with total net revenues of $33.2 million. 
The total cost of the 33S Waterflood Expansion Proj
ect is $10.0 million with total net revenues of$14.4 mil
lion. And the total cost for the 32S Waterflood Expan-

80PD 
SO,Ooo 
45,000 

40,000 

.35,000 

.30,000 

25,000 

20,000 

1 5,000 
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OIL PR'ODUCTION RATE 
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sion Project is S20.7 million with total net revenues of 
SI26.1 million. 

The current reservoir operating strategy for MBB/ 
W31S Sands is to produce the reservoir with a voidage
balanced, peripheral waterflood. This strategy has 
been modified slightly to accommodate the impact on 
vOidage balance of possible communication between 
theMBB/W31S Sands, the31SN/AShalesand the26R 
Sands. Beginning July I, 1988, the three reservoirs 
were considered to be a single unit forvoidage balance 
purposes. Total production from the three reservoirs is 
balanced by water injection in MBB/w31S Sands and 
gas injection in 26R Sands. This strategy will be in 
effect for a 12-month trial period, during which the 
pressures of the three reservoirs will be monitored. 

Future reservoir operating strategy stresses expansion 
ofthe waterflood project by increasing water injection 
through conversion of watered out wells and drilling of 
new water injectors. In concen with increased water 
injection, the future operating strategy includes plans 
to drill infill wells ahead of the floodfron t to exploit the 
oil bank created by the waterflood. This strategy is 
embodied in the Development Drilling/Deepening 
Project and the Waterflood Expansion Projects. Under 
the Total Development Case, production is expected 
to decline from 32,922 BOPD in FY'89 to 23,815 in 
FY'95. In comparison, the Maintenance Case will 
average 30,887 BOPD in FY'89 and 10,098 BOPD in 
FY'95. 

The historical production for MBB/W31S from 1976 
to 1988 and the projected production to economic 
limit in 2017 is depicted in Figure 5. The historical 

8PD 
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equivalent barrels of oil production from 1976 to 1988 
and the projected production to economic limit in 
2017 is as shown in Figure 6. 

Several reservoir studies are in progress or planned for 
MBBiW31S Sands. These are: 

1. Stevens Material Balance Study (in progress). 
2. 31S Comprehensive Reservoir Geologic Descrip

tion (in progress). 
3. 31S Structure Study (in progress). 
4. Eastern Upper Main Body "B" Reservoir Study 

(FY'90). 
5. Western Upper Main Body "B" Reservoir Study 

(FY'91). 
6. Lower Main Body "B" Reservoir Study (FY'91). 
7. Western 31S Reservoir Study (FY'91). 

The results of these studies will provide other strate
gies for the operation of the reservoirs. 

RESERVOIR DESCRIPTION 

The 31S Structure is the most extensive of all the 
petroleum bearing formations at the Elk Hills Naval 
Petroleum Reserve in California. It is an anticlinal 
structure about 7.5 miles long by 1.5 miles wide, trend
ingwest-northwest and east-southeast (Figures 1 & 3). 
The most prolific zone within the 31S structure is the 
Stevens Zone, which was discovered in 1941. The 
Stevens Zone is believed to have been deposited in 
deepwater turbidite environment, resulting in a com
plex interlayering of sands and shales. 

The Main Body "B"iWestern 31S (MBBiW31S) Sands 
are productive segments within the B Shale interval of 

the 31S Structure. This interval consists of four chan
nel-liJce turbidite sands that together cover the entire 
31S Anticline. The Upper Main Body "B" (UMBB) is 
the most extensive of the four, covering approximately 
two-thirds of the structure and becoming thinner west
ward to its effective pinch-out in Sections36R and31S. 
The productive area of the Lower Main Body "B" 
(LMBB) covers about one-third of the area of the 
UMBB and pinches out to the north in Sections 33S, 
34S and 35S, and to the northwest in Sections 5G, 4G 
and 33S. The Upper and Lower Western 31 S (UW31S 
and LW31S) are stratigraphically lower than the Main 
Body "B" Sands. These sands are thinner and appear 
more channelized than the MBB Sands. The produc
tive Western 31S Sands cover approximately one-half 
of the 31S Anticline. 

The Main Body "B" and Western 31S Sands are pro
duced under a peripheral waterflood project. Crestal 
gas injection for pressure maintenance started in Octo
ber 1976 and was terminated in June 1988. Water in
jection was initiated in the southeastern sections in 
June 1978. This has been expanded into a peripheral 
waterflood. There are approximately 350 wells com
pleted in MBBiW31S Sands as of November 30, 1988, 
consisting of242 producers, 102 water injectors and six 
idle gas injectors. Fifty-one wells are shut-in as high 
gas-oil ratio wells. Most of the reservoir has been 
developed on 20-acre well spacing. However, to im
prove recovery from the oil bank created by water 
injection, several sections (2G, 3G, 4G, 35S, etc.) have 
well spacing of 10 acres. 

The estimated original oil-in-place and reservers shown 
in Figure 7 are from the "Stevens Zone Estimated 
Recoverable Oil and Third Revision of Percentage 
Participations as of November 20, 1942. 

MBB/W31S SANDS 
TOTAL DEVELOPMENT CASE 

EQUITY 
STUDIES 

Original-Oil-In-Place (MMB): 610.0 
Estimated Recoverable Oil (MMB): 244.0 
Cumulative Production 9J30!88 (MMB): 116.9 
Remaining Reserves: 

Oil (MMB) 127.1 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

Economic Limit (BOPD, YEAR): 

figure 7 
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LONG RANGE PLAN 
MAINT. TOTAL 

182.9 
116.9 

242.2 
116.9 

66.0 125.3 
238.3 438.7 
113.9 213.5 
167FY'2017 1 133FY'2017 
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The reservoir data for MBB/W31S Sands are summa
rized below: 

RESERVOIR S'lUDIES 

Many reservoir studies are either in progress or planned 
for MBB/w31S. The Stevens Material Balance Study 
to be completed in FY'89 would investigate fluid mi
gration and aquifer depletion in the Stevens reservoirs. 
The 31S Comprehensive Reservoir Geologic Descrip
tion was started by Scientific Software-Intercomp (SSI) 
in FY'88 and completion is expected in FY·89. This 
work would provide a detailed geologic and petro
physical description of all the Stevens reservoirs in the 
31S Structure. In FY'89. the 31S Structure Study was 
initiated by J. R. Bergeson and Associates and BPOI 
Task Force. The study is expected to result in the 
provision of a comprehensive depletion strategy for 
the 31S Structure with particular emphasis on MBB/ 
W31S Sands. Specifically. it would review the perform
ance of the waterflood project in MBB/W31S. and the 
state of depletion in the N/A Shales and C/O Shales. 
More studies are planned in future years in MBB/ 
W31S by SS!. These are the Eastern Upper Main Body 
"B" Study (FY'90). the Western Upper Main Body"B" 
Study (FY'91), the Lower Main Body "B" Study (FY'91) 
and the Western 31S Study (FY'91). 

RESERVOIR DEVELOPMENT S1RATEGY 

The MBB/W31S Sands are a complex system of reser
voirs. Consequently. various operating policies have 
been in effect since production started in March 1976. 
Crestal gas injection for pressure maintenance started 
in October 1976. The reservoirs were produced by 
solution-gas drive mechanism until a peripheral water 
injection project was begun in the southeastern flank 
in June 1978. From 1978 to 1983, insignificant amounts 
of water were injected into the reservoirs. Most of the 
reservoirs could still be considered to be producing 
under depletion drive during this period. Because the 
water injection project was initiated in the southeast
ern flank, production response to the waterflood is 
most observable in this area. Most first line producers 

in this area arewatered-outand have been converted to 
water injectors. The operating policy for well conver
sions is to review candidate wells for bypassed reserves 
prior to conversion. In some cases. conversion candi
dates are actually tested for productive potential in 
several zones using isolation packers. If a first-line 
producer has no productive potential, it is converted to 
a water injector. 

The middle section of the MBB/W31S (Sections 25R. 
31S. 32S) reservoir can be considered to be under 
depletion drive since 1976. This is evident in the 
pressure decline of wells in these sections. Crestal gas 
injection into Sections 25R and 31S was terminated in 
June 1988. Most of the wells which are shut-in due to 
high gas-oil ratios are located in these sections. The 
operating policy in MBB/W31S Sands on controlling 
excessive gas production is to review wells prod ucing at 
or above 5,000 SCF/bbl for shut-in. Controlling pro
duction from high GOR wells is expected to assist in 
conserving reservoir energy. 

In the northwestern areas of MBB/W31S reservoir, a 
gradual response to the water injection project is being 
observed. The peripheral water injectors are ·in place 
and the first line producers have demonstrated produc
tion response. In Sections 33S and 34S, a second row 
of water injectors was introduced to increase water 
injection since the injectivity in the peripheral wells 
was very low due to low rock permeabilities. The 
general operating policy is to maximize water injection 
while optimizing the sweep efficiencies attainable 
through the waterflood process. 

Production data. material balance studies and reser
voir simulation work suggest that MBB/W31S Sands, 
26R Sands and 31S N/A Shales are in communication. 
This means that gas could percolate into the 31S N/A 
Shales from MBB/W31S and 26R Sands. Oil may be 
migrating into these reservoirs from the N/A Shales in 
a counter current flow. If fluid communication exists 
between these reservoirs. it is obvious that they should 
not be operated in isolation from each other. Espe
cially for pressuresupported reservoirs such as the 26R 
Sands. operating practices in the31S N/AShales could 
impact 26R Sands pressure. As a result of this obser
vation, the current operating policy treats the three . 
reservoirs as a unit with respect to the balance of 
reservoirvoidage. Total production from these reser
voirs is balanced by water injection into MBB/W31S 
and gas injection into 26R Sands. If reservoir voidage 
cannot be balanced with available injection capacities, 
production from the reservoirs is curtailed by shutting
in high gas-oil ratio and/or high water-cut wells. The 
above operating policy was implemented on July 1,1988 
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for a 12-month trial period during which the perform
ance of the three reservoirs will be monitored. 

Recent work completed by BPOI Reservoir Review 
TaskForce indicates that no communication pathways 
nor evidence of communication from production data 
exist between MBB/W31S Sands and 31S N/AShales. 
If this view is adopted or supported by the results of 
ongoing work, the reservoir management strategy will 
be modified accordingly. Specifically, it will result in 
thedecoupling ofMBB/W31S Sands from the31S N/A 
Shales and 26R Sands for voidage balance purposes. 

The Reservoir Management Strategy planned for MBBI 
W31S Sands falls under the following categories: 

1. Maintenance Case. 
2. Development Drilling/Deepening Project. 
3. 34S Waterflood Expansion Project. 
4. 33S Waterflood Expansion Project. 
S. 32S Waterflood Expansion Project. 

The reservoir strategies under Development Drilling 
and the waterflood expansion projects include the 
drilling of infill wells ahead of the floodfront to prop
erly exploit the oil bank created by the flood. These 
strategies also include the conversion of watered-out 
wells to water injectors ifsuch wells could not recover 
additional reserves economically. However, there are 
other views that suggest that booked reserves could be 
recovered through existing wells and the entire reser
voir would be swept through existing configuration of 
injectors. Such conflicting viewpoints would be ad
dressed by the studies described earlier and the opera t
ing strategies would be modified as deemed necessary 
at that time. 

The Total Development Case is the sum of all the cases 
enumerated above. The evaluation of the Total Case is 
shown in Table 1. The key economic indicators on the 
feasibility of the plan are summarized in Figure 4. 

All the cases, projects and the Total Case were evalu
ated with the cost and production data as shown in 
Figure 8. 

Maintenance Case: The Maintenance Case assumes 
that all remedial activities should be limited to sup
porting existing wells, facilities and other routine well 
work necessary to con tin ue the opera tion of the reser
voirs. Production from the reservoirs would not be 
supported by drilling new wells or deepening existing 
wells. 

MBB/W31S·SANDS 
COST AND PRODUCl10N ASSUMPTIONS 

InitialRate 
Description Cost/Job(S) (BOPD) 

Stimulation 
( Acidizing) 
Recompletion 
Conversions 
Anifidal Uft 
Deepenings 
New Wells: 

66.000 
160,000 
lSO,OOO 
140,000 
4SO,OOO 

Development Case 820,000 
34S Project · 820,000 
335 Project 820,000 
325 Project 820,000 

Facilities: 

Gas Uft Comp. 42S.000 

18G Booster Pump 300.000 
4G Oosed Loop 

Gas un 1.673.000 
Conversion to 
Produced Water 
Injection 9,996,000 

Stevens Watertlood 
Expansion 400,000 

50 
228 

lOS 
315 

40S 
450 
195 

Figure 8 

Decline 
(%/Yr) 

10 
10 

10 
10 

10 
15 
10 

It is expected that the level of remedial activities in the 
MBB/w31S Sands would be high due to the maturity of 
the waterflood project. These activities include acid 
stimulations, recompletions, installation of artificial 
lift systems, profile control on water injectors and water 
isolations. 

The sharp decline in oil-producing rate from 1 99 1  is 
caused by the watering-out of existing wells coupled 
with the absence of infill wells to produce the oil bank 
created by the flood. Under this plan, oil production is 
projected to drop from 30,887 BOPD in FY'S9 to 
10,098 BOPD in FY'9S. 

The evaluation of the Maintenance Case is shown in 
attached Economics Table 2. The relevant economic 
parameters are summarized in Figure 9. 

Development Drilling/Deepcniog Project: Opportu
nities still exist in MBB/W31S Sands for development 
drilling and location of infill wells. Part of the drilling 
program would seek to develop W31S Sands in the 
northern portion of the structure and extending east
ward into Sections 30S, 31S and 32S. Similar develop
ment is planned for MBB Sands in the same sections but 
extending westward. 
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Total ReVenue: 
.. Operating Cost: 
. Investment: 

Total Costs: . .  
Net Revenue: 
NetPresent Value (@ 10%) . 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

MBB/W31S'SANDS 
MAINTENANCE CASE 

FY'89-FY'95 PLAN 

$1,246.6 Million 
. $109.3 Million 
$53.9 Million 
$163.2 Million 
$1,083.4 Million 
$778.3 Million 

48.3 
120.6 
72.6 

Figure 9 

FY'89 TO ECONOMIC LIMIT 

$2,735.3 Million 
$524.4 Million 
$84.2 Million 
$608.6 Million 
$2,126.7 Million 
$1,057.9 Million 

66.0 
238.3 
113.9 

Inml drilling is planned to continue at several loca- B Shales. The pressure of the B Shale has continued to 
tions such as in Sections 4G, 5G, 33S, 23R, 26R and decline because the reservoir is not supported with 
36R. These sites would become suitable as take-points injection. The B Shale appears to contain considerable 
in the oil bank with the propagation of the flood front. oil reserves. To support current production and im-
The deepening candidates would be several 31S N/A prove recovery, evaluation of the potential of water-
Shales wells which are ideally located in the path of the flooding this reservoir is desirable. The results of the 
floodfront. Also, there are several MBB/W31S wells evaluation of the Development Drilling/Deepening 
that were not drilled deep enough to expose all the Case are shown in Table 3. The key economic factors 
MBB/W31S Sands. Such wells qualify as deepening are summarized in Figure 10. 
candidates. 

The B Shale is considered pan of MBB/W31S Sands. 
Several wells have produced, or are prod ucing from the 

34S Waterflood Expansion Project: In FY'S9, the 
waterflood project in Section 34S is recommended to 
be expanded by the drilling of three new wells as pro-

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

MBB!W31S SANDS 
DEVELOPMENTIDEEPENING PROJECf 

FY'89-FY'95 PLAN 

5379.2 Million 
$25.3 Million 
$58.3 Million 
583.6 Million 
5295.6 Million 
$174.5 Million 

11.9 
34.6 
18.9 

Figure 10 
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FY'89 TO ECONOMIC LIMIT 

$2,556.0 Million 
$258.1 Million 
S 90.6 Million 
$348.7 Million 
52,207.3 Million 
$609.3 Million 

40.6 
177.3 
76.2 



ducers and the conversion of three producers to water 
injectors. The new producers are Wells 327-34S, 347-
345 and 367-345. The conversions to injectors are 
Wells 326-345, 346-345 and 366- 34S. 

The new wells are justified by the state of the water
Oood project in Section 345. The leading edge of the 
oil bank from Section 30 is mOving into Section 34S. 
This is demonstrated by the recent performance of 
Well 368-345. This well was a gas injector located 
between Sections 345 and 30. It now produces over 
600 barrels of oil per day with little or no water produc
tion. Other similarly located wells such as 348-34S and 
378-34S are showing comparable production. Also, 
the oil bank from Section 35S is advancing in to Section 
34S. This view is supported by the performance of 
Wells 316-35S, 317- 35S, 318-35S and 388-34S. The 
current density of wells in Section 34S may be insuffi
cient to exploit this oil bank. 

The proposed conversions to water injectors are neces
sary to support production from this Section. At the 
current average water injection rate of8,200B/O, it will 
take about 19 years to flood 0.40 pore volumes of the 
Section. The proposed injectors will provide addi
tional injection volume of 4,500 B/O. The locations of 
the injectors have been selected to minimize the possi
bilityof pushing the oil bank into the low permeability 
sands in the northern regions of the Section. 

Table 4 shows the results of the evaluation of the 34S 
Waterflood Expansion Project. Figure 1 1  contains the 
key economic parameters. 

33S Waterflood Expansion Project: The reservoir 
management justification for this project is similar to 
the justification for the 345 Waterflood Expansion 
Project. As in Section 34S, the plan is to expand the 
water injection volumes by converting three wells to 
water injectors. The conversion candidates are Wells 
346-33S, 366-33S and 386-33S, which are planned for 
FY'91. Six new producers would be drilled in FY'92. 
These are Wells 345-33S, 336-33S, 356-33S, 376-33S, 
367-33S and 387-33S. These wells are positioned to 
exploit the oil bank that would be created by the new 
injectors. 

The results of the evaluation of the 33S Waterflood 
Expansion project are shown in Table 5. The key eco
nomic yardsticks are summarized in Figure 12. 

325 Waterflood Expansion Project: The waterflood
ing process has barely started in Section 32S where the 
average water injection in September 1988 was only 
106 BWIPD. In October 1988, daily production aver
aged 564 BOPD, 33 BWPD and 1700 MCFPD. There 
are 20 producers in the Section. Half of these wells are 
shut-in due to high gas-oil ratio. Production has been 
mainly by depletion drive and only 22% of the proven 
reserves have been recovered. Considerable reserves 
still appear to exist in this Section and these could be 
recovered by waterflooding. 

The plan to expand the waterflood project in this 
Section was analyzed with the Craig-Geffen-Morse 
Model, which indicated additional recovery of up to 
19.8 million barrels. Production will peak at 4,168 
BOPD at a water injection rate of 7,500 B/O. 

MBB/W31S SANDS 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

34S WA1ERFLOOD EXPANSION PROJEcr 

FY'89-FY'95 PLAN 

$43.5 Million 
$3.6 Million 
$6.6 Million 
$10.2 Million 
533.2 Million 
$23.6 Million 

2.1 
1.8 
2.5 

Figure 11 
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FY'89 TO ECONOMIC LIMIT 

567.0 Million 
510.2 Million 
57.4 Million 
517.6 Million 
$49.5 Million 
529.3 Million 

2.7 
2.8 
3.3 
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MBB/31S SANDS 

..... 33S WATERFLOODEXPANSION PROJEcr 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: .. 
Net Present Value (@10%) 

Recovery:' 
Natural Oas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN 

$24.4 
$2.4 
$7.6 
$10.0 
$14.4 
$8.6 

1.0 
1.0 
1.2 

Million 
Million 
. Million 
Million 
Million 
Million 

FY'89 TO ECONOMIC LIMIT 

$47.2 Million 
$11.9 Million 
$8.9 Million 
$20.8 Million 
$26.4 Million 
$12.7 Million 

1.5 
2.1 
2.0 

Figure 12 

This project has been proposed in two phases. In secondary gas cap in these sections and eventually 
FY'90, Phase I is expected to require drilling four new force the gas into the gas cap in 5ection 315. 
wells (31 1-325, 323- 325, 343-325, 363-325), deepen
ing of three wells (312-32S, 332- 325, 353-325 (com
pleted FY'89) and remedial work on four wells (353-
325, 384-325, 373A-315A, 373·325). For Phase II in 
FY'91, five new wells (334-325, 344X.325, 354·325, 
374·325, 385.325) will be drilled and remedial work is 
planned for four wells (333·325, 355·325, 364·325, 
386·325). 

This project and the earlier ones presented for 5ec· 
tions 335 and 345 are designed to red uce gradually the 

The results from the evaluation of the325 Waterflood 
Expansion Project are shown in Table 6. The key 
economic indicators are summarized in Figure 13. 

5everal facilities modifications are planned between 
FY'89 and FY'95 which would benefit all the cases 
discussed above. The closed loop gas lift compressor 
would require additional costs of $425,000 in FY'89. 
An 180 booster pump spare would be installed to 
provide addi tional capacity in FY'89 at a cost of S3OO,OOO. 

MBB/W31S SANDS 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

32S WATERFLOOD EXPANSION PROJEcr 

FY'89·FY'95 PLAN 

5146.7 Million 
$7.6 Million 
$13.1 Million 
$20.7 Million 
$126.1 Million 
$73.5 Million 

5.4 
9.4 
7.3 

Figure 13 
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FY'89 TO ECONOMIC LIMIT 

$520.3 Million 
S55.3 Million 
$25.1 Million S80.4 Million 
5439.9 Million 
5159.8 Million 

14.4 
18.1 
18.1 



Due to increased water production in response to the 
waterflood projects, it is environmentally preferable to 
re-inject the produced water in place of Tulare water. 
The project to inject produced water would start in 
FY89 and will be completed in FY94 at a total allo
cated cost 0($10.0 million for MBBIW31S Sands. This 
includes the costs to convert to the injection of pro
duced water, the improvement of the 180 waste water 
tank and development of an alternate waste water 
disposal system. And in FY'89, a new pump train is 
expected to be installed at the 33S Injection Plant at 
cost of $400,000 to meet current water injection needs. 
In FY90 the installation of the 40 closed loop gas lift 
compressors will begin at a total cost of $1,673,000. 

PLANNED RESERVOIR DEVELOPMENT 
ACTIVITIES 

The annual reservoir development activities planned 
for MBBIW31S Sands would achieve maximum effi
cient rate of production by optimizing the peripheral 
waterflood project. The activities would include drill
ing new wells to take advantage of the mobile oil bank 
and converting watered-out wells to injectors. The 
waterflood expansion projects in Sections 32S, 33S and 
34S are designed to enhance the waterflood process in 
these sections in view of the low permeability of their 
sands. The attached Table 7 shows the number of 
remedials and development projects per year. 

FY'89 

Reservoir development activities in this year would 
concentrate on drilling wells in the oil bank in Section 

2-27 

34S. In this year, SSI is expected to complete theirwork 
on the comprehensive geologic description of the 31S 
Stevens reservoir. This work should provide more 
insight into these reservoirs and result in changes in 
their management. 

FY'9O 

Expansion of the 32S waterflood project is planned to 
begin. The results from the 31S Structure Study are 
expected to influence the management strategies for 
these reservoirs. 

FY'91 

Several studies are expected to be initiated by SSI on 
MBBIW31S which could provide detailed plans on 
how to operate the waterflood project in the late 
stages. Especially, the reservoirs would be studied in 
greater detail with respect to the subject of bypassed 
oil. Expected recommendations are expected to in
clude areas to drill for recovery of such reserves. 

FY'92 - FY'9S 

During these years, the waterflood project would be in 
its late stages. Reservoir development activities will 
concentrate on location of bypassed oil especially in 
low permeability sands. Special efforts would be made 
to produce these reserves by performing water isola
tions on several prod ucers or performing other types of 
recompletions as needed. It is expected that produc
tion costs would escalate due to high water-cuts and the 
difficulty of producing additional oil from the reser
voirs. 

• 

• 

• 
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770U 
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011. 
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UI 

4 3 0  

1"5 
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VATER GAS 
OIL PIIOD VTa PIIOD GAS PIIOD IlUECTION INJECTION 

n aD aD HCFD aD HerD 
un u" U 1182 4500 
1"0 1145 111 1014 4500 0 
ltt l Ut 221 151 4500 0 
Uta 770 271 U l  4500 0 
1"3 131 40' 54 5 4500 0 
1"4 5 1 1  10' 43' 4500 0 
1"5 424 '14 3., 4500 

1\JlI!'OTAL . 2114 t I .  1114 114,. 0 
1'''-2005 • 101 4 4 0' t72 114 2 5  

!'OTAL 2722 $lU 2 131 2"23 0 

JtJ:YZIIUU 
------------------------------ !'OTAL 

OIL GAS IIQI. REVEllUES 
M, MS M' M' 

1'" 7514 727 2 14 1575 
1"0 171' 721 218 7711 
un "21 no 237 "13 
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1"4 4 1 2 '  U I  181 4753 
1"5 3575 401 172 4 14 1  

SUB!'OTAL 37823 4 02 1  lU5 Utl7 
1"1-2005 17701 40" 17" 2 3 " 2  

TOTAL 555at �125 3374 noat 

( 1 1 OPEllATING COST OR OPEllATING AIID MAINTl:HAllCE COST (O'MI 
( 2 1  JU:HEDL\I. COlTS IHCLUDE MAJOR JU:HED L\I. OR WOJUtOVElt COSTS . 

ITEAM CoaT OF 

llIJECTIOII OPEllATIOVI ( 1 1  
aD M' 

505 
510 

0 504 
502 
513 

0 531 

0 578 

0 314 1  
0 151' 

0 10117 

TOTAL cons 
--------------------
UNDISC DISC 1 0 . 0' 

M' M' 

$l20 4837 

510 4 2 1  
741 5'1 
", 182 

1021 134 
7" 4" 
141 4 3 2  

10232 80U 
7331 2313 

17570 103" 

JU:HEDIAL 
COSTS ( 2 1 

MS 

USERVOIR ART. LIFT 

0 no 
0 0 

2 4 2  0 

.,7 0 
501 0 
25' 0 

213 0 

17" 350 
11' 0 

2581 350 

FACILITY 

IVVES TMENTS (3 I 

MS 

SURFACE ART. LIFT 

o 

o 

o 
o 

o 

350 

o 
o 

350 

350 

BET REVEHUES 

--------------------
UNDISC DISC 1 0 . 0' 

MS MS 

3255 2'5' 
7 2 0 1  5 " 1  
1017 4551 
5014 3473 un 270' 
3'" 2234 
n07 1"7 

33235 23511 
lU24 "74 

"4" 2' 255 

( 3 1 FACILITY INVESTMENTI IHCLUDE HEll SUIII'ACE INITALLATIONS AND HAJOR MODIFICATIONS TO EXISTING ONES . 
( 4 1 DRII.I.IlIG INVESTMENTS IlICI.llt)E TIIOtIE FOR DI!:EJ'EIIINGS AND NEW VEI.I.S . 
( 5 )  OIL EQUIVALEHT • TJIOUIAIID IIAIUtEI.a OF OIL EQUIVALEHT (IIIIOE I  LUED ON B TU  CONTENTS 

PRODUCTION VOI.UMU RErI.ECT CUlCUI.ATIVE PRODUCTION rOR PERIOD SPECIFIED (UNITS • MBBLS OR IIMscr I 
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DRII.I.ING 

INVESTMENTS ( 4 1  
MS 

4 115 

o 
o 
o 
o 

4 115 

4 115 

OIL 

EQUIVALEHT ( 5 1  
IIIIOE 

--------------
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4" 
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2 2 1  
1 1 0  

------------. 
2 4 1 8  

1 0 4  
-------------
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REMEDIAl. FACIl.ITY 

VAtER QAS '!&AII COSt or cons 

011 • ..cD vtIl ..cD QAS ..cD IlUEC'fIOII nuzctIOII 

" aD aD JICFI) aD Men:> 

1'" 
19'0 0 
l'n 0 0 0 
l'U 1170 714 lOU 4500 u n  , ., '14 70l 4500 
1"4 511 1050 55' 4500 
1"5 3 U  U 7 1  40' 4500 

IUBtotAL . lOU lU' 1007 6570 
l'''-l007 • 517 8575 10" 19710 

totAL 154 1 10001 lOU l U IO 

u:vauu ------------------------------ totAL 
OIL QAS KI. JlEYEIIUU xs xs xs xs 
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0 
0 

I1UECtIOII OPDAtIOIII ( 1  ) 
aD MS REIERVOIR 
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111 . .  l . .  1 
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'''' Uti 
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lUI Sit 

10004 U5l 
10lU 3111 

lOll' t633 

( 3 )  FACILITY IllVEStMDIn I\IICLUDE VEW SUUACE IMltALtAtIotiS AND MAJOR MODIFICAtIONS 1'0 EXIStING ONES . 

( 4 )  DRlt.l.IIIG IllVEStMDItS IIICLUDE raoSE FOR DIZPDlIHGS AND NEW WELLS . 
( 5 )  OIL EOUIVALDIt · tIIOUlAHD __ OF OIL EQUIVALENt ( MBOE )  IlASED ON nu CONtENtS 

xs 

PRODUCtION VOLUMEI REFLECt CUMULAtIVE PRODUCtION FOR PERIOD SPECIFIED (UNIts • KBBLS OR MKScr ) 
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( l )  IlIVEStMDIts ( 3 )  xs 
Altt.LIn IUItFACE AIIt.LIFt 
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0 
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46l Ul 

Hl:t JlEVEHUEI --------------------
UIIDIIC DISC 10 . 0' xs xs 
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0 0 

H34 1663 
Sill 365l 
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U53 1105 
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UOO' 4073 

lUU ll1l6 
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--.-----------
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--------------
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--------------
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IlEllEDIAI. FACI1.ITY 

VA'rD GAS 'TEAII CO'� OF COSTS ( 2 )  INVESTMENTS ( 3 )  

On. PaoD 11ft noD QAS noD IIUEC�IOII IllJECT IOII rt lID lID HCn> lID HerD 
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1"0 704 &24 lUI 3200 
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1"2 2111 1171 4035 7500 

UU 2114 2U4 523 1 7 500 
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'UII�AI. 54 00 47U Ull lun 
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�AI. 14417 sun 11125 72453 

IIEVI:IIUU 
------------------------------ �TAI. 

OIL GAS HI. REVEIIUES 

H' H' H' H' 

19" 404 112 44 5'0 
1"0 4 12t '" 357 5455 
1'tl I'" 2 10' 110 11759 
1"2 144 o, 3423 14" 19311 
UU 2 01" 4 .. 0 20U 27742 
1"4 2'044 590' 2 513 3U" 
un 35142 7 2 13 3101 4545' 

SUII�AI. 111775 24114 10357 14"49 
1'''-201' 31"84 3"15 170" 371532 

�AI. 4 2 14 5' '43" 274 24 520211 

(1)  Ol'DATnJCi COST O R  Ol'DA�IIIG AJID HAIlITEHAIICE COST (O'H) 

( 2 )  IlEllEDIAI. COSH IlICWDI: 1lAJ0R 1lEllEDIAI. OR VOIUtOVElt COSTS . 

0 
0 

IlUECTIOII OPERA TIOIIS ( 1 )  lID H' IlESEItVO IR 

34 
434 III 
", 503 

0 120' 424 
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47"7 115'0 
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HS HS 

157 77' 
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1714 12 1' 
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2410 1273 

20'" 14"7 
5"45 12 2U 
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H$ 
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77 77 

" " 
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NET IlEVDIUItS 

--------------------
UNDISC DISC 1 0 . 0' 

HS H$ 
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IGIIIV1 11 IAII%I& (lII/IIU:R or 1DIEDUl./1l1:YC.O� PROJECn PElt YDII) 
F I 8 C A 1. Y I: A a 

nn OF PROJECY 1'" It'O 1"1 1"2 1"1 1"4 lft5 ltt6-2011 !OYAI. 

----- ---_ .. 

1 .  JIAIIIYDIAIICI: c:.t.Il:. a. IY1IIIII.AUOllI 5 5 , 5 5 5 1" 207 
b .  �IOIIS 1 1  lC 22 15 13 12 13 5' 191 

0 .  .... YIFICUl. LIFY 14 13 14 1& 1& 17 1 1  130 
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_ .. _--
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4 .  11. VA'rDFI.OOll EDAilIIOII plIOJzc:y. a. SUHUI.AUOllS 0 5 10 b .  JlEc:OHJ'I.I:'rIOilS 0 0 5 10 c .  .... UFICIAI. LIFT 0 , , 

d .  COllVEllS lOllS 0 1 
e .  IIEII VEI.I.S 0 

• 
SU8!OYAI. 12 10 35 

5 .  11l VA t'DFI.00ll EDAHSIOII PIIOJEC:T : 

a .  IYIKUI.AUOIIS 0 0 1 1  2 5  b .  al:COICPI.I:'rIOliS 42 51 c .  .... UFIc:Ul. LIn 
d .  llEEPEHIIIGI e .  C:OIIVEII8I0II1 0 f .  IIEII VI:I.LI 

SUlI!OTAI. 1 1  " 101 

!OYAI.: U 57 7 1  " 72 71 73 40& 882 
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24Z SANDS 

The 24Z Sands Reservoir is one of many Stevens Zone 
Reservoirs producing at NPR-1 ( See Location Map, 
Figure 1 and Cross Section, Figure 3).The reservoir 
covers a productive area of approximately 603 acres 
and was estimated to originally contain 65.4 million 
barrels of recoverable oil and 36.4 billion cubic feet of 
gas cap gas. Both water and gas injection have histori
cally been used to suppon reservoir pressure. In FY'87, 
a full-scale peripheral watertlood was initiated to improve 
recovery and increase production rates. As water 
injection rates increased, gas injection was curtailed 
and eventually ceased in May 1988. Cumulative pro
duction through September 1988 was 32.0 million 
barrels with remaining reserves of33.4 million barrels 
based on the Stevens Equity Study. This compares with 
remaining recovery of 26.1 million barrels ofoi! gener
ated by this plan. 

The Total Development Case for the 24Z Sands Res
ervoir consists of a Maintenance Case and a Develop
ment Drilling Project. The Total Development Case is 

ASPHALTO 
31R 

LONG RANGE PlAN 
LOCATION MAP 

24Z SANDS 

liS 
60,000 

20,000 

10,000 

24Z SANDS 
REVENUES VS COSTS 
. LONG RANGE PLAN 

� 1llT� COSTS � (UNDSCOUNlED) 
f'7I TllT� RE\£NUES It!:.! (UNaSCOONTED) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 

Figure 2 
projected to provide S317 million in undiscounted 
revenues between FY'S9 and FY'95, with associated 
total costs of S48 million. Annual revenue and cost 
values are displayed in Figure 2. 

265 

Figure 1 
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Figure 3 

Shown in Figure 4 is an economic summary of the Total 
Development Case for both the seven year plan period 
and FY'89 to the economic limit. 

Estimated oil, gas and oil equivalent recovery from the 
Total Development Case is also presented. 

erable Oil and Third Revision of Percentage Participa
tions as of November 20, 1942." This estimate is 
compared with the Long Range Plan Maintenance and 
Total Development Cases. It should also be nOled that 
the 24Z Structure had an original gas cap containing an 
estimated 36.4 BCF of gas. 

The estimated oil reserves for the 24Z Sands shown in The Maintenance Case consists of remedial and facility 
FigureS are from the "Stevens Zone Estimated Recov- activity in support or-continued waterflOOding opera-

24Z SANDS 
TOTAL DEVELOPMENT CASE 

FY'89-FY'95 PLAN 

Total Revenue: 
Operating O>st: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

$317.4 Million 
$37.0 Million 
$1 1.2 Million 
$48.2 Million 
$269.2 Million 
$188.9 Million 

Oil (MMB) 13.7 
Natural Gas (BCF)· 19.4 
Oil Equivalent (MMBOE) 17.8 • Total Production Minus Injection 

Figure 4 
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FY'89 TO ECONOMIC LIMIT 

$1,364.1 Million 
$144.8 Million 
$15.8 Million 
$160.6 Million 
$ 1,203.5 Million 
$3 14.3 Million 

26.1 
56.2 
37.6 

• 

• 

• 
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24Z SANDS 
TOTAL DEVELOPMENT CASE 

EQUITY 
STUDIES 

LONG RANGE PLAN 
MAINT. TOTAL 

OriginaJ-OU;:'!n;.Plat:e (MMB): 145.4 
Estimated Recoverable Oil (MMB): 65.4 
Cumulative Production 9/30188 (MMB): 32.0 
Remaining ResetVeS: 

Oil (MMB) 33.4 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

Economic Limit (BOPD, YEAR): 

56.4 58.1 
32.0 32.0 

24.4 26.1 
53.7 56.2 
35.5 37.6 
52!202S 52!2025 

figure S 

tions. Total expenditures of $45.4 million are antici- oil. This measure should be taken to prevent reserve 
pated between FY'89-'95 with resulting net revenues losses associated with displacement of oil into the 
of $253.2 million. The Development Drilling Project primary gas cap. Historical production from the 24Z 
consists of a single redrill (Well 352-24Z) in FY'89 and Reservoir and projected performance to the economic 
one new well inFY'91. Associated costs for this project limit is shown in Figures 6 and 7. 
�re expected to be $2.8 million with net revenues 
totalling $16.0 million over the next seven year period. RESERVOIR DESCRIPTION 

The current reservoir operating strategy is continued 
peripheral water injection at rates sufficient to main
tain reservoir pressure. It is proposed that crestal gas 
injection be reinitiated as wells completed near the 
original gas-oil contact are observed to resaturatewith 

SOPO 
1 2,000 

1 0,000 

8000 

6000 

4000 

2000 

24Z SANDS 
OIL PRODUCTION RATE 

REMAINING RECOVERY 
. 

TOTA1-PROGRAM 26.1 MMS(}-
MAINTENANCE CASE 24.4 f.lMSO----

O ���������4U��� 
FY76 FY82 FY88 FY94 FYOO FY06 FY12 FY18 FY24 

Figure 6 
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The 24Z Sand is a channel sand approximately one 
mile wide which crosses the 29R Structure in Sections 
24Z and 13Z (see Location Map, Figure 1). These 
sands trend in a SW-NE direction and grade laterally 
into the N Shale along the channel edges (see Cross-

SPO 
1 4,000 

1 2,000 

1 0,000 

8000 

6000 

4000 

24Z SANDS 
OIL EQUIVALENT RATE 

2000 

O �����������-u� 

FY76 FY82 FY88 FY94 FYOO FY06 FY1 2 FY18  FY24 

Figure 7 



24Z SANDS 
. RESERVOIR CHARACIERISTICS 

Porosity (%): 
. . 

22.7 Production Wells (#): 29 (Active) 
2 gas Water SaL (%): 12.3 Injection Wells (#): 

Air Perm. (md): 73 
Oil Gravity (API): 36 Top Pay (Ft-VSS): 

13 water 
3571 
900 Oil Form. VoL Fact.(RBISTB): 1.43 Max Pay (Ft): 

Oil Viscosity (cp): 0.502 Pay Area (AC): 603 
161,877 Initial Press. Cpsi): 2661 Pay Volume (AF): 

Bubble Point Press. (PSi): 2345 GOC (Ft-VSS): 4050 (Original) 
Current Press. (psi): 2104 WOC (Ft-VSS): 
Press. Datum (Ft-VSS): 5000 North Flank 

South Flank 
4850 (Original) 
5120-5200 (Original) 

figure S 

Section, Figure 3). SUbsequent folding of the western The 24Z Sand production facilities include the 1-24Z, 
Elk Hills anticline developed two anticlinal structures 4-24Z and 4- 19R tank settings. In addition to serving 
within the 24Z Sand. These are referred to as the 13Z 24Z, these settings also accommodate produ(.lion from 
and 24Z Structures. Oil-water contacts vary across the the 29R/24Z Shale Reservoir. Water injection facili-
reservoir but are generally lower along the South Flank ties consist of two separate pump stations, one in 
of the 24Z Structure. As is characteristic of a turbidite Section 17R and the other in Section 24Z. Three pump 
deposit, the 24Z Sand consists of a series of smaller trains at the 17R Pump Station supply approximately 
sand units with interbedded shales and siltstones. 35,000 BWPD of Tulare Source water to the 24Z 

Recent mapping has divided the massive 24Z Sand into 
four major intervals (1st, 2nd, 3rd, and 4th Stevens 
Sands). Combined, these sands are more than 1000 
feet thick along the steeply dipping flanks of the 24Z 
and 13Z Structures. Reservoir characteristics are dis
played in Figure 8. 

Although discovered in 1946, very little oil was pro
duced from the 24Z Reservoir until open-up in 1976. 
Upon continued development, production rates stead
ily increased to a peak level of approximately 12,000 
BOPD in 1979. In 1983, oil production rates began a 
more rapid decline as producing gaS-Oil ratios sharply 
increased. Both gas and water injection have been used 
as a means to support reservoir pressure and augment 
solution gas drive and gravity drainage mechanisms. In 
1987, conversion to a full-scale peri pheral wa tertlood 
was initiated based on a Waterflood Feasibility Model 
developed by SS!. When water injection rates in
creased as a result of the expansion, gas injection was 
curtailed to approximately 4000 MCFD and eventually 
ceased in May 1988. Since discovery, a total of 57 wells 
have been drilled into the 24Z Reservoir. Currently 
there are 29 active producers (including commingled 
24Z Sand/24Z Shale producers), in addition to 13 
water injectors and two idle gas injectors. 

Waterflood and 19,000 BWPD to the Northwest Ste
vens Reservoir at a pressure of 3000 psi. These pumps 

� are currently operating very near their design capacity 
of 60,000 BWPD. Injection facilities in Section 24Z 
consist of two centrifugal pumps with a capacity of 
9000 BWPD @ 2150 pSi. This facility currently sup
plies approximately 6000 BWPD of Stevens Zone 
produced water to three injectors along the South 
Flank of the 24Z Structure. 

RESERVOIR STUDIES 

During FY'89, Scientific Software-Intercomp (SSI) 
will initiate a geological and petrophysical study of the 
24Z Reservoir. The study will couple the existing 
geOlogic description developed by BPOI with petro
physical properties for each of the geologic layers to 
provide a more complete reservoir description. Though 
currently not scheduled, it is anticipated that this res
ervoir description will be utilized in a FY'90 design 
level simulation of the 24Z Reservoir. This simulation 
would be useful in determining the best operating 
strategy for the reservoir. An earlier model developed 
by SSIas a waterfiood feasibility model did not contain 
the reservoir description necessary to adequately pre
dict reservoir performance. 
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RESERVOIR DEVELOPMENT S1RATEGY 

During the seven year period covered by this plan, the 
strategy for the 24Z Reservoir will be to: 

1. Maintain production by continued peripheral 
water injection. This is anticipated to require 
remedial, drilling, and facility support through 
FY9S. Emphasis will be placed on meeting or 
exceeding water injection requirements to 
balance reservoir withdrawals, maintain res
ervoir pressure, and offset the potential mi
gration of injected water off-structure. Pres
sure maintenance is critical in order to pre
vent reserve losses associated with oil shrink
age in addition to the formation of higher free 
gas saturations in the oil band. 

2. Guard against and prevent the potential loss of 
reserves associated with displacement of oil 
into the primary gas cap. 

3. Monitor possible off-structure effects of the 
24ZWaterflood in the adjacent 24ZShaieand 
Asphalto Reservoirs. 

The above stated Objectives have been considered in 
two scenarios within the Total Development Case. 
These scenarios include the Maintenance Case and a 
Development Drilling Project. 

Figure 9 shows the assumptions used for the prepar
tion of the Total Development Case. A more detailed 

24Z SANDS 
COST AND PRODUCTION ASSUMPTIONS 

Cosl/Job Initial Rate 
Description ($) (BOPD) 

Stimulations 90,000 ISO 
(Acidizing produc:eB 
and injectors) 

Recompletions 100,000 SO 
(Water isolation, 
perf. additions) 
Anificial Lift 150,000 
Conversions 200,000 
Redrill 550,000 250 
New Well 875,000 250 

Facilities 

- 17R Additional 402,200 
Pump Capacity 

- Conversion to 3,484,000 -

Produced Water 
Injection 

Figure 9 

Decline 
(%/Yr) 

IS 

10 

10 
10 

breakdown of production, cost and reven ue is provided 
in attached Economics Table 1. 

The Maintenance Case represents projections based 
on continued peripheral water injection including 
remedial and facility activity to su pport existing opera
tions. Although water injection rates were forecasted 
to meet or slightly exceed voidage replacement re
q uiremen ts, declining oil prod uction, cou pled wi th de
creasing gas-oil ratios are anticipated to reduce water 
injection requirements during this plan period. Based 
on volumetric calculations and projected free gas pro
duction levels, reinitiation of crestal gas injection at a 
rate of 7000 MCF/D was assumed by FY'90 to prevent 
displacement of oil into the primary gas cap. 

Maintenance Case remedial efforts consist of numer
ous artificial lift installations, acid stimulations, re
completions, and conversions. Artificial lift is ex
pected to be employed as watercuts steadily increase 
and wells become incapable of sustained flow. When 

. possible, the installation of equipment would be com
pleted prior to the wells equalizing in an effort to 
minimize both downtime and the resultant impact on 
production. Stimulations will be performed on both 
producers and injectors to remove scale build-up andl 
or formation damage associated with drilling and 
workover operations. Recompletions would involve 
perforation additions to recover potential reserves 
behind pipe in addition to the isolation of water in 
wells where breakthrough has been observed. Isola
tions of this type would be required to prevent unnec
essarycycJingofinjected water. Conversion ofproduc
ers to injectors is also ant icipated as wells updip of the 
current injectors water out. Conversion of selected 
wells is expected to result in improved areal sweep 
efficiencies and hence greater recovery from water
flooding operations. 

Maintenance Case projections also include surface 
facility expenditures through FY'94. Expenditures are 
anticipated for the purchase and installation of addi
tional pump capacity at the 17R Injection Plant (FY'91) 
and conversion to Stevens produced water injection 
(FY'89-'94). Purchase and installation of an addi
tional pump train at the 17R Injection Plant is recom
mended as baCk-Up capacity for the three pump trains 
currently in operation. As previously discussed, the 
17R Injection Plant currently operates near its design 
capaCity with no stand-by capacity available. Conver
sion ofthe 24Z Waterflood to Stevens produced water 
is a result of plans to phase-out Tulare Zone disposal. 
Injection of produced water into the 24Z Reservoir not 
only serves as an environmentally acceptable system 
with which to dispose of water, but also has an eco-
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Total Revenue: ... .. . • • 
Operating Cost: 

. 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF)* 
Oil Equivalent (MMBOE) 

·24Z SANDS 
MAlNTENANCE CME 

FY'89-FY'95 PLAN FY'89 TO ECONOMIC LIMIT 

$298.6 Million 
$ 35.9 Million 
$ 9.5 Million 
$ 45.4 Million 
$253.2 Million 
$178.8 Million 

13.0 
18.2 
16.8 

$1,300.0 Million 
$136.4 . Million 
$14.0 Million 
$150.4 Million 
$1,149.6 Million 
$294.8 Million 

24.4 
53.7 
35.5 

* Total Production Minus Injection 

Figure 10 

nomic benefit associated with utilization of produced reservoir but are undeveloped along portions of the 
water for replacement of Tulare water injection. North Flank. Additional funding for the purchase and 

Figure 10 is a summary of economic and recovery data 
for the Maintenance Case. Further details are supplied 
in attached Economics Table 2. 

The Development Drilling Project includes incremental 
production and injection requirements associated with 
the redrill of Well 352- 24Zin FY'89 in addition to one 
new producer in FY'91. These wells should be drilled 
to improve recovery from the 24Z Reservoir. More 
specifically, Well 352RD-24Z would further develop 
the second and third Stevens Sand Intervals along the 
North Flank of the 24ZStructure. These sand intervals 
have proven highly productive in other areas of the 

installation of artificial lift equipment is also included. 
A summary of economic and recovery data for the 
Development Drilling Project is provided in Figure 1 1 ,  
while additional details are included in  attached Eco-
nomics Table 3. 

PLANNED RESERVOIR DEVELOPMENT 
ACI'IVITIES 

Reservoir Development Activities are expected to be 
focused primarily on water flood surveillance and opti
mization. Activities are expected to include remedial 
operations, drilling, and facility support in addit ion to 
reservoir studies and ongoing performance monitor-

24Z SANDS 
DEVELOPMENT DRllLING PROJECT 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'S9-FY'95 PLAN 

$18.8 Million 
$1.0 Million 
$1.8 Million 
$2.8 Million 
5 16.0 Million 
$10.2 Million 

0.8 
1.2 
1.0 

Figure 11 

240 

FY'89 TO ECONOMIC LIMIT 

$64.1 Million 
$8.3 Million 
$1 .8 Million 
$10.1 Million 
$54.0 Million 
$19.5 Million 

1.7 
2.5 
2.2 

• 

• 

• 
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• 

• 

ing. Annual management activities are summarized 
below while details of drilling and remedial support are 
provided in attached Table 4 and Table S. 

FY'89 

During FY'89, a detailed geological and petrophysical 
study will be initiated by SS!. The study is expected to 
extend the existing reservoir description to include 
petrophysical properties for each of the geologic lay
ers. Results of the study are anticipated to include 
layer maps of average effective porosity, net pay, aver
age water saturation, permeability, and hydrocarbon 
pore volume. The resultant product should be a com
plete reservoir description with a geological and petro
physical database of sufficient detail to be used for 
design level reservoir simulation. Data obtained from 
this study can also be used to determine better esti
mates of remaining reserve potential. 

As the floodfront continues to advance through the 
reservoir, free gas saturation should be reduced and 

. uphole sands should resaturate with oil. In order to 
evaluate the extent of resaturation, FY'89 activity in
cludes continued periodic production testing of shut
in high GOR wells and isolated high GOR intervals. 
This activity was initiated in FY'88 upon cessation of 
gas injection. When resaturation is observed to be oc
curring in regions near the original gaS-Oil contact, it is 
proposed that gas injection be reinitiated to prevent 
reserVe losses associated with displacement of oil into 
the primary gas cap. Reservoir management activities 
should also include pressure monitoring of selected 
wells in the adjacent Asphalto and 24Z Shale Reser
voirs. This monitoring would be performed in an effort 
to help determine whether or not off- structur.e migra
tion of injected fluid iS QCCurring. Knowledgeofmigra
tion is cri tical in assessing the effectiveness of the water 
injection program and in maintaining the appropriate 
voidage balance. Waterflood surveillance activity ini
tiated with flood start-up in FY'87 will rontinue through 
FY'9S. Surveillance tools utilized in this effort include 
production logs, injection surveys, pressure surveys, 
and geochemical analyses. This information, together 
with results obtained from the SSI stUdy, are expected 
to be utilized to help track floodfront movement, iden
tify high permeability "thief' zones between producers 
and injectors, evaluate displacement efficiencies, and 
determine the effectiveness of water injection in sup
porting reservoir pressure. Recommendations to alter 
injection profiles and/or rates in addition to recom
mendations for remedial and drilling activity would be 
based on analysis of these data . 

tions,and recompletions. In addition, one redrill, Well 
3S2RD-24Z, will be performed in FY'89 as part of the 
Development Drilling Project. As previously discussed, 
this well would further exploit the second and third 
Stevens Sand Intervals along the North Flank of the 
24Z Structure. Facility activity in FY'89 includes 
initiation of the project to convert the 24Z Waterflood 
(in addition to a portion of the 31S and Northwest 
Stevens Waterflood projects), from Tulare Source 
injection to Stevens produced water injection. A study 
is also anticipated to determine the feasibility of in
stalling a closed- loop gas lift system for the 24Z and 
29R Reservoirs. As this project is currently in the 
evaluation stage, no funding is provided in this plan. 

FY'9O 

Having completed their geological and petrophysical 
description in FY'89, SSI is anticipated to initiate a 
full-field design level simulation of the 24Z Reservoir 
in FY'90. The simulation would be used to determine 
the most economically attractive operating strategy for 
the reservoir. Simulation cases would likely include 
predictions assuming a continuation of the current 
operating method, various injection rates and operat
ing limits of gas-oil and water-oil ratio, reinitiation of 
crestal gas injection, and partial pressure maintenance. 
An earlier Waterflood Feasibility Model developed by 
·SSI was designed not to contain the geological and 
petrophysical description necessary to adequately model 
reservoir performance but was used to evaluate the 
feasibility of waterflooding this reservoir. 

FY'90 activity also includes remedial support of both 
the Maintenance Case and Development Drilling Project, 
in addition to continued conversion to Stevens pro
duced water injection. Although no new wells are 
currently planned in FY'90, favorable results obtained 
from the redrill ofWell 3S2-24Z in FY'S9 may support 
an additional second and third Stevens Sand producer 
along the North Flank of the 24Z Structure. 

FY'91 

In addition to Maintenance Case remedials, FY'91 
activity includes one new development well, continued 
conversion to Stevens produced water injection and 
the purchase and installation of an additional pump 
train at the 17R Injection Plant for standby capacity. 

FY'92-'9S 

Between FY'92 and FY'9S, only Maintenance Case 
Remedial activity in support of Maintenance Case remedial activity and continued conversion to Stevens 
operations includes artificial lift installations, stimula- produced water injection is planned at this time. 
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TAaLI: 1 
LCIIIG IlAllQE PLAII 

'tOTAl. DEIIE1.OPMZIIT CUE 
HI 8AIIDS 

(_IIIAl. DOLLAU) 

• 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1tEMEDIAl. FACILITr 

VATU cas .TEAM COST OF COIH ( l )  IIIVZ8�H ( 3 )  DRILLING 

on. PROD 1ITR PROD cas PROD DUJ:C:TIOIl DUJ:C:TIOIl nuzcTIOII OPERATIOIl. ( 1  ) X$ XS IIIVZ8�TS ( 4  ) 
rr aD aD Men) aD Mc:n> aD XS REIIERVOIR ART.LI" .URFACE ART .LI" X$ --------------

1'" 510' 7005 non 40114 0 507t 570 lOO 417 400 550 
1"0 5730 1541 157?0 34514 U33 0 "U Sto l07 ' l O  4 14 0 
un 5731 103n 13141 3H30 7000 0 5104 '20 UO "1 Hl '3' 
UU 5"1 U030 U441 3U55 7000 0 5513 U7 110 no uo 
UU 5410 UUl 10'44 3 10U 7000 0 55'1 lOl " 541 lU 0 
1"4 4 1" 13171 nu UU3 7000 5404 3 2 0  5 7  5 5 4  114 0 
un 41'0 13513 75" lUU 7000 5no 105 51 0 117 0 --------------

SUBTOTAl. . 13741 lI307 33015 n44. 13U7 0 3U73 3044 I" 4 175 lUI 14" 
U"-lon • U3U 10llU 4 . .  71 lH' U 80'l 1077,. 3840 H3 0 411 0 --------------

'tOTAL llO'O 1371U 77.11 n73C0 n7U 144771 U14 10'1 4175 n" 14" 

--------------

RJ:\IDI\IEI 'tOTAL COSH \lET RJ:IIEIfUES ----------------------------- 'tOTAl. -------------------- -------------------- OIL 

OIL cas \IGI. ItEllZllUU IIKDIIC DISC 1 0 . 0' IIKDISC DISC 10 . 0' EQUIVALENT ( 5 )  
x$ xs x, X$ X$ x, x, xS MBOE 

--------------
1'" 32U5 U'H sou 50143 nee "0' UI77 3"" HU 
1,,0 33UO 1811 3tS4 4U74 7041 51n 3 U 3 1  32505 3084 
un 3U12 4011 3 10' 440U U U  U U  351U l U O' lU5 
UU 31844 3437 UU U I4l noo 4'17 3"4l no" 2510 
1"3 3"n un 4 3 1 0  UUO n04 4031 40111 HtSl Uti 
1"4 31115 731 3 lt3 U50, 14" 3140 370'0 l on, 1"0 
un 37014 -U4 37 .. ltlJl 5550 l141 34HI 175n Ult --------------

SUBTOTAL 25"57 31310 lUll 317U4 "U4 HOlt HUOO 11"35 

-------!�;��-. U"-lOl5 4491n 4050U UH71 104"" lU3U nlOl nun U5331 

'tOTAL 7051H 431441 U ll5' 13UUO U05U 55HO 12035n 314n3 371 4 1  

( 1 )  OPERATING COST OR OPERATING AlII> MAnrTDAHeE COST (O'X) 
( l )  JU:HEI)IAl. COSTS INC:I.UDE MAJOR 1tEMEDIAl. OR WORJtOVER COlTS. 
( 3 )  FACILITY INVESTMENTS IJIeLUDE IIEIf 'URFACE nrSTALLATIOliS AND MAJOR MODIFICATIOIIS 'to EXISTING OIIES .  
( 4 )  DRILLING IJIIIESTMENTS INCLUDE TROIIE FeR DEEPEIIIIIGS AND HEW 1IELl.S . 
( 5 )  OIL EQUIVALENT • TlIOUSAND BAJtJtEI.I OF OIL EQUIVALENT (MaOE) BASED ON BTU CONTENTS 

PRODUCTIOH VO�UMI!S ItI!FLI!CT CUMULATIVE PRODUCTIOH FOR PEltIOD SPECIFIED (UNITS • MIIBt.S OR MMlCr) 

• 
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TULE 2 
LOIIG UllGE PLAII 

MAIlITaLUlCE CUE 

HI Sun>1 

(_IlIAl. DOLUItS) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

aJ:KZDIAl. rloCILITr 

IIATZII GAS STEAK COST or COSTS ( 2 )  IIIYZS'l'MENTS ( l )  

OIL PROD 11ft. HOD GAS PIIIOD IlIJZCTIOII IIUECTIOII 

" aD aD IICJ"I) aD Mer%) 

1'" 5"7 .,51 20101 U7U a 
1,,0 550' IU7 15314 33165 2333 
UU 53ft 10214 13U5 3 15" 7000 
UU 5U5 11U5 11132 3 100' 7000 
1"3 50U U70' 103" 2 " 1' 7000 
1"4 UU 1U52 IU5 27584 7000 
1"5 4 0ft 13276 71U 25641 7000 

SUBTOTAL U'72 271U 3 1 1U 10051 13U7 
1"6-2025 • 1 1 4 10 101"4 43507 U5'" 10'2 

TOTAL . 2431l Utl5' 753" 205740 2 17lt 

IIJ:\IDIUZS 
------------------------------ TOTAL 

OIL GAS JIQL REVD/UU 
M' MS MS MS 

UU 3 1371 UI01 4"5 4U74 
1"0 322" 1511 3170 44746 
1"1 3 4 0 4 1  3617 36U 413U 
UU 36073 2UO 4331 4 3 3 3 1  
U U  37234 1171 4 160 432U 
1"4 3UU 236 3683 4 0 1 1 1  
l t U  3Ult -1435 35U 3 6 6 13 

SUBTOTAL 24 1104 2UU U237 UUU 
It''-20n 4 14011 3"'15 1"3U 1001356 

TOTAL 655815 UU76 217UI U",15 

( 1 )  OPERATING COST OR OPZRATIHG un> MAIlITaLUICE COST (06M) 
( 2 )  1lEKZDIAl. COSTS INCLUDE K.UOR JtZMI:I)IAl. Oil IIOUOVD COSTS. 

IlIJZCTIOII OPDATIOIII ( 1 )  
aD M' UIIDYOIIl 

50n 570 
4117 5f0 a 5041 UO a 5311 637 a 5405 2U a 5226 320 a 50n 105 

35'34 3044 
100500 3840 

13U34 "84 

TOTAL COSTS 

--------------------
UNDISC DISC 1 0 . 0' 

MS MS 

665' 6054 
UU 56 14 
"'0 UU 
7005 4714 
U1I 3U3 
U71 3540 
5371 2760 

U314 3 U 04 
105071 20206 

150U5 52 110 

( l )  rloCILITr INVZS'l'MENTS INCLUDE !lEV luarloCE IIISTALLATIOIIS AND K.UOll MODIrICATIOIIS TO EXISTING OKZS . 
( 4 )  DIlILLIII� INVZSTHENTS INCLUDE TJlQIE FOil DEEPENINGS AND IIEII WELLS .  
( 5 )  OIL EQUIVALENT · THOUSAND IIAJtQ:I.S or OIL EQUIVALENT ( MIIOE )  BAS ED  ON B TU  COIITEIITS 

M, 

PRODUCTION VOLUMES IlEFLECT CUMULATIVE PIIODUCTION FOil PEIlIOD SPECIFIED (UNITS . MBBLS Oil MMSCr) 
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M' 
AIlT.LIn SuarACE AIlT.LIFT 

200 467 400 
155 no 3 1 1  
107 "1 2 1 4  
110 720 no 

56 543 1U 
57 554 1 14 
51 1 17 

743 4 175 lUI 
H3 418 

'86 4 175 1"6 

NET REVD/UU 
--------------------

UNDISC DISC 1 0 . 0' 
M' M' 

U515 3 1650 
37"3 31366 
343st 25115 
3U26 Hill 
3"47 n ' 4 1  
H U O  1UU 
3 12 3 5  1'028 

2532U 171753 
.,UI5 1 UOlt 

11U530 2ft772 

DIlILLING 
IIIYZS'l'MENTI ( 4  ) 

M' 
--------------

a a a a 
--------------

--------------a 
------------.-

OIL 

EQUIVALENT ( 5 ) 
MIIOE 

--------------

35" 
U77 
2U2 
2 3 17 
2 1H 
1113 
153. 

--------------
1U17 
18631 

--------------
35U5 



TABLE 3 
I.OIIG IlAHGE PLAII 

DI:III:LOPMEIIT DIIILLING P� 
241 UIIIII 

(_IIIAl. DOLl.AItS) 
. . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1tEMEDIAl. rACIl.ITY 

VATU COAl ITEM COST or COSTS ( 2 )  IHVES TMENTS ( 3 )  
OIl. PIIOD VTIt PIIOD QAI PIIOD IIIJECTIOII DlJECTIOII IKJECTIOII OPERATIOIII ( 1 )  liS liS 

rr aD aD IICFP aD ICCn aD liS IIIUIEltVOIII AIIT.l.I" IUItl'ACE AIIT . l.I" 

1,., 142 47 213 4 12 
1"0 224 14 33' 15' 
1"1 344 151 511 1034 
1'tl 40' 205 10' U4' 
1"3 315 215 541 1152 
1"4 32f 221 4tl 10" 
1"5 2" 237 444 '" 

'I/IITOTAl. '" 425 1153 23f7 
1'''-2021 • '0' " .. 13&4 '222 

TOTAl. 1171 7313 2517 11U' 

ItEVIEIIIIU ------------------------------ TOTAl. 
OIl. QAI IIGl. ItEVIEIIIIU 
liS liS liS liS 

1'" 7" 131 51 '" 
1"0 1314 22' 15 lUI 
1"1 2171 3f4 144 270' 
1"2 2771 517 223 3511 
1"3 2"4 511 21' 3424 
1"4 2'23 495 210 3321 
1"5 249' 510 219 3225 

SI/IITOTAl. 14855 2717 1151 11793 
19"-2021 350" 71" 3010 45323 

TOTAl. 4"21 "13 4231 6 4 111 

( 1 )  OPERATING COST 011 OPERATINCO ABD ICAIBTERANCE COST (O'N) 
( 2 )  1tElCEDIAl. COSTS IIICl.Ut>E 1CA.1011 1tEMEDIAl. 011 WOItltOVElt COSTS . 

57 
ts 0 

15' 0 
1'5 0 
1" 0 
171 0 
171 0 

0 0 lOll 0 
0 0 72f' 0 

0 0 8337 0 

TOTAl. coni 

--------------------
UNDISC DISC 1 0 . 0' 

liS liS 

'07 552 
250 207 

1252 9 4 0  
1ts 133 
1" 11' 
171 101 
171 .. 

2 13' 2137 
72" "5 

10131 3132 

( 3 )  rACIl.ITY INVESTMENTS INCl.Ut>E IIJ:V IUItl'ACI: INSTALLATIONS ABD 1CA.1011 HODIFICATIOIII TO EXISTING ONES. 

( 4 )  DIIILLING INVESTMENTS INCl.Ut>E THOSE POll DEEPDlINGS AND NEW WEl.l.S . 
( 5 )  OIl. EQUIVALENT · THOUIAND aAItJtE1S or OIl. EQUIVALENT (11801:) BASED ON lTU CONTENTS 

PIIODUCTION VOl.UMES ItD'l.I:CT CUICUl.\TIVE PIIODUCTION roll PEltIOD IPECIFIED (UNITS · IIBlloS 011 ICIC8cr) 
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0 
52 103 
53 107 

0 0 
0 0 
0 0 0 
0 0 0 

105 210 

105 210 

NET ItEVENUES 

--------------------
UNDISC DISC 1 0 . 0' 

NS liS 

311 321 
1371 1139 
1457 lOts 
3316 2265 
3231 2 0 1 0  
3 150 1771 
3054 15" 

15954 1 0 1 12 
31024 fl13 

53971 1t495 

DIIILLINCO 

INVESTMENTS ( 4 )  
liS --------------

550 
0 

fl' 
0 
0 
0 

--------------
1 4 1' 

0 --------------
148' 

--------------

OIl. 

EQUIVALENT ( 5 )  
II80E 

----.---------
" 

10' 
163 
193 
173 
15' 
14 1 --------------
", 

1114 
--------------
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DIIILLIIIG �IVIn 

(IIUMIID OF DRILLIIIGI VI:I.U I'D YEAR) 
F I S C A 1. Y I: A II 

------------------------------------------------------------------------

nPl: OF pao.JI:CT un uto un 1"2 uu 1"4 1"5 1"'-25 

1 .  DEIII:LOPIIII:Ift DIlILLIIIGI PJtO,1I:CT , 

a. II1:II VI:I.U 
b. III:DRILLa 

'f'OTAl. : 

• 
REMEDIAl. ACTIVIn 

241 IAIIDS 

(MUldER or REMEDIAL WE1.1.$ PER YEAR) 
r I I C A 1. r E A  II 

nPE OF PROJECT 19n 1"0 un 1992 Utl 1"4 1"5 1"'-25 TOTAl. 

1. IlAI1ITI:ICA!ICI: CUE: 

a. STIIIIIl.ATIOilI 15 3 0  

b .  U:C:CIG'IZTIOIII 15 26 c. AATIFICIAL 1.In 18 d. COIIYDSIOII' 2 •••..•... 
IUllTOTAl., 10 3 4  " ......••• 

2. DEIII:LO_T DRILLIlIG PROJECT: 

a .  AATIrICIAL 1.In 

SUBTOTAl. : 

TOTAl.. 10 10 3 4  78 

• 
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2B SANDS 

The 2B Sands Reservoir is one of the smallest at Elk 
Hills and is being produced under a combination of 
natural water drive and solution gas drive. (See Loca
tion Map, Figure 1 and Cross Section, Figure 3). This 
reservoir has never been subjected to pressure mainte
nance and on the basis of a recent simulation study is 
not recommended for pressure maintenance. 

The Total Development Case for the 2B Sands Reser
voir is the Maintenance Case. It requires total costs of 
$6 million over FY'89 - FY'9S to continue the current 
production strategy and generate undiscounted reve
nues of $22 million. Annual revenue and cost values 
are displayed in Figure 2. 

The economic parameters as shown in Figure 4 are a 
summary of the Total Development Case for the plan 
period and to the economic limit. 

1--_-4N��T 
AREA 

I\SPHALTO 
31R 

11$ 
4000 

3000 

2000 

1 000 

2B SANDS 
REVENUES VS COSTS 

LONG RANGE PLAN 
IX'5a TOTAl. COSTS 
bt:.I {UNOISCOUN'IEIl} 
f7l TOTAl. RMHUES 
UI {UNIlISCOUtmD} 

FY'B9 FY'90 FY'9 1 FY'92 FY'93 FY'94 FY'9S 

Figure 2 

26S 

LONG RANGE PIAN '----+-_+--+_-+---+--,---'--_L.....---L---J 
LOCATION MAP 

2B SANDS 

Figure 1 
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Figure 3 

The recovery for the Total Development Case in terms 
of oil production, gas production and total oil equiva
lent barrels is shown in Figure 4. 

The estimated oil reserves for the 2B Sands Reservoir 
shown in Figure 5 are from the "Stevens Zone Esti-

mated 4.7 million barrels. Reservoir performance and 
Scientific Software-Intercomp (SSI) do not agree with 
these recoverable reserves. The SSI simulation for the 
Depletion Case shows 1 .5 million barrels of remaining 
reserves and 14.8 million barrels in-place based on a 
geological study completed by BPOI in January 1987. 

2B SANDS 
TOTAL DEVELOPMENT CASE 

FY'89-FY'95 PLAN FY'89 TO ECONOMIC LIMIT 

Total Revenue: 
Operating Cost: 
Investment 

Total Cost 
Net Revenue: 
Net Present Value (@ 10%) 
Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

$21.7 Million 
$ 4.4 Million 
$ 1.6 Million 
$ 6.0 Million 
$15.7 Million 
$11 .3 Million 

0.8 
2.6 
1.3 

Figure 4 
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$59.5 Million 
$24.8 Million 
. $ 3.9 Million 
$28.7 Million 
$30.7 Million 
$14.8 Million 

1.4 
3.8 
2.2 
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2B SANDS . 
TOTAL DEVELOPMENT CASE 

EQUITY 
STUDIES 

LONG RANGE PLAN 
MAINT. TOTAL 

OriginaJ-Oil-li1-Place (MMB): 
Estimated Recoverable Gas (MMB): 
Cumulative Production 9/30/88 (MMB): 
Remaining Reserves: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

Economic Limit (BOPD, YEAR): 

21.5 
8.6 
3.9 

4.7 

5.3 
3.9 

1.4 
3.8 
2.2 
4312021 

5.3 
3.9 

1.4 
3.8 
2.2 
4312021 

figure S 

Historical production from the 2B Sands Reservoir 
and projected performance to the economic limit is 
shown in Figure 6 and Figure 7. 

The field activities planned over the seven year plan 
period are to install artificial lift systems on wells as 
needed and perform water and gas isolations to maxi
mize production efficiency. During the plan period a 
total of 15 remedials are scheduled for a total cost of 
$1.0 million. Artificial lift accounts for $281 thousand 
of this total. There are no curren t drilling objectives in 
this reservoir since it is drilled on 20- acre spacing and 
production rates do not justify the cost of additional 
wells. Simulation of additional drilling for the water
flood did not help the present value. 

SOPO 
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2B SANDS 
OIL PRODUCTION RATE 

Ro.tAlNING RECOVERY 
TOTAL PROGRAM 1 .4 �MOO--
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Figure 6 

RESERVOIR DESCRIP110N 

The 2B Sands Reservoir is a sou thern extension of the 
26R Sand and is found on the southeastern nose of the 
29R Structure (see Location Map, Figure 1). The 
sands are equivalent in age to the N and A Shales. 
Figure 3 is a southwest-northeast structural cross sec
tion showing how the sands pinch out to the southwest 
and become thicker to the northeast. The productive 
area of the reservoir covers approximately 208 acres 
and has a net producing thickness of up to 335 feet. The 
original oi)Jwater contact was about 5,300 feet subsea. 
Petrophysical analysis shows a higher clay (shale) content 
in the 2B and hence a higher average water saturation 
(35.6%) than 26R. In modeling the history match for 
the 2B Sands, SSI found that the gas produced by the 
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pool is in excess of the solution gas in the oil. To 
provide the proper amount of produced gas, the initial 
gas cap was moved from -5000 feet to -5047 feet subsea. 
The 2B Stevens Sands were put on production in 1977 
with no pressure maintenance to date. As of October 
1988, 55% of the estimated reserves remained to be 
produced. 

Currently there are 11 production wells with eight 
wells on rod pump, one well on electrical submersible 
pump, one well flowing and one well idle. We1l 331-2B 
has the submersible pump and accounts for almost 
40% of the oil and up to 60% of the water produced 
from the reservoir. In the past this well has experienced 
Significant downtime due to mechanical problems and 
has caused substantial fluctuation in production rates. 
In the reservoir simulation, Well 331-2B was given a 
higher pumped off Bottom Hole Pressure (BHP) limit 
of 1200 psi than the other wells that had pumped off 
BHP limits of 500 psi and 850.psi for 326-35R and 346-
35R, respectfully. Simulated gross production was 
limited to 900 STBID for all wells except for Well 331-
2B which was given a limit of 3500 STBID. In the field, 
331-2B is watched closely for mechanical problems and 
excessive production rates that tend to increase water 
production and decrease oil production. Thus, the 
model limits were set to represent actual field condi
tions. 

The 28 Sands surface facilities are located at tank 
setting 4-3SR. A larger test separator is needed at this 
location so that more accurate gauges can be obtained 
from Well 331-2B and other 2B Sands wells to main
tain optimum pumping conditions. 

RESER VOIR S11JD1ES 

A simulation study by SSI was completed in August 
1988 which showed that an additional 1 .1 million bar
rels of oil would be recovered with a waterflood, but gas 
production would be 1.2 billion cubic feet less. Eco
nomic analysis showed that a water injection project 
would lose $5.7 million. A gas injection project re
sulted in almost the same increase in oil production as 
that realized from water injection; however, gas injec
tion lost $2.0 million. 

The four cases that were run by SSI are as follows: 
- Continuation of the current strategy of pro

duction by natural water drive and solution 
gas drive 

- Waterflooding by conversion of three exist
ing production wells to injectors 

- Waterflooding as above plus one new infill 
producer 

- Pressure maintenance by gas injection 
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2B SANDS 
RESERVOIR CHARACTERISTICS 

Porosity (<Jfi): 
Water Sat. (%): 
Air Perm. (md): 
Oil Gravity (API): 
Oil Form. Vol. Fact. 

20.0 
35.6 
III 

32 

. Production Wells (#) 
Iiljection Wells (#): 

Top Pay (Ft-VSS): 
Max Pay (Ft): 

1 1  
o 

4,900 
335 

(RBISTB): 1.48 Pay Area (AC): 208 
Oil Viscosity (cp): 0.576 Pay Volume (AF) 31,792 
Initial Press. (psi): 2,765 GOC (Ft-VSS): 5,000 
BubblePtPress.(psi): 2.522 WOC (Ft-VSS): 5.300 
Current Press (psi): 1,550 Press.Datum (Ft-VSS) 5,000 

Figure 8 

The reservoir data for 2B Sands are summarized in 
Figure 8. 

RESERVOIR DEVELOPMENT STRAmGY 

The Reservoir Development Strategy in the 2B Sands 
is production through solution gas drive augmented by 
an active water drive. Remedials to the wells and wa ter 
and gas isolations to efficiently produce the reservoir 
are scheduled for future years. The Total Development 
Case includes this plan to optimize production and is 
based upon the August 1988 SSI waterflood evalu
ation. 

In the future other simulation sensitivities can be 
determined as follows: 

- The effect of gas injection with an early 
blowdown. 

- The effect of pressure depicting the 28 
Reservoir upon the 26R reservoir. 
Are they in communication? 

The production cost and revenue streams for the Total 
Development Case are shown in Economics Table 1 .  
Key economic parameters are summarized in Figure 4. 
The cost and production assumptions are shown in 
Figure 9. 

2B SANDS 
COST AND PRODUCTION ASSUMPTIONS 

Description 

Stimulations 
( acidizing) 

Recompletions 
(plugbacks) 

Artificial Urt 
(submenible pump) 

• 

• 
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The Total Development Case represents continuation 
of the present production strategy. Stimulations, re
completions and anificial lift expenditures are neces
sary to maintain the production. 

PLANNED RESERVOIR DEVELOPMENT 
ACTIVITIES 

The annual reservoir development activities are de
scribed below for the ensuing seven-year plan period. 
Details of the remedial activities are shown in Table 2. 
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FY"89 
Two recompletions are required to continue produc
tion as planned. 

FY'9O 
In order to maintain the production level, plans are to 
perform one acid stimulation, one plug back to control 
water and replace one submersible pump. 

FY'91-95 
During the outyears, only maintenance remedial act iv
ityis planned. This activity will remain constant for the 
period. 
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29R/24Z SHALES 

The 29R124Z Shales consists of two main structures, 
the 29R Shales and the 24Z Shales. (See Location 
Map, Figure 1 and Cross Section, Figure 3). A channel 
sand extending from 26R into Section 34R of the 29R 
structure has been the major productive zone for the 
past year. The reservoir is being produced under 
primary depletion since the open-up in 1976. 

The Total Development Case for the 29R/24Z Shales 
consists of a Maintenance Case and a Development 
Drilling Project. Total estimated costs of $61 million 
over FY'89 - FY'95 are required to generate undis
counted total revenues of $426 million. Revenue and 
cost values of the Total Development Case are shown 
in Figure 2 . 

ASPHALTO 
31R 

LONG RANGE PIAN 
LOCATION MAP 
29R/24Z SHALES 

Figure 1 
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Fiqure 3 
The economics and estimated recovery from the Total 
Development Case is summarized in Figure 4. 

The estimated reserves of the 29R!24ZShales shown in 
Figure 5 are from the "Third Revision, dated Novem
ber 20, 1980, of Estimated Recoverable Oil and Per
centage Participations as of November 20, 1942". As of 

October 1988, 52% of the estimated recoverable re
serves remain to be produced. 

The Maintenance Case, including well remedials and 
facilities to continue the current production strategy, 
requires total costs of$58.6 million over FY'89 - FY'95 
and yields a net revenue of $351.5 million. The Devel-

29R/24Z SHALES 
TOTAL DEVELOPMENT CASE 

Total Revenue: 
Operating Cost: 
Capital Cost: 

Total Costs: 
Net Revenue: 
Net Present Value (@10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN 

$426.1 Million 
$41.9 Million 
$18.8 Million 
$60.8 Million 
$365.4 Million 
$248.9 Million 

6.8 
92.5 
25.4 

Fiqure 4 
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FY'89 TO ECONOMIC LIMIT 

$2,159.6 Million 
$146.8 Million 
$23.4 Million 
$170.3 Million 
$ 1,989.3 Million 
$536.9 Million 

10.4 
273.3 
65.3 

• 

• 

• 
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·29R/24Z SHALES 
TOTAL DEVELOPMENT CASE. 

EQUITY 
STUDIES 

Original-Oil-In�Place (MMB): 581.0 
Estimated Recoverable Oil (MMB): 75.5 
Cumulative Production 9/30/88 (MMB) :35.9 
Remaining Reserves: 

Oil (MMB) 39.6 
Natural Gas (BCF) 
Oil Equivalent 

Economic Limit (BOPD, YEAR): 

LONG RANGE PLAN 
MAINT. TOTAL 

45.6 
35.9 

9.7 
263.5 
62.7 
27,FY'2022 

46.2 
35.9 

10.4 
273.3 
65.3 
27,FY'2022 

Fiqure 5 
opment Drilling Project, including a new well in FY'89 
and an additional well in FY'90 to evaluate the poten
tial in some undrained areas, will cost a total of $2.2 
million and yield $13.9 million in net revenue. 

The current reservoir operating strategy is to maintain 
the primary depletion process of gravity drainage as
sis ted by sol u tion gas drive, gas cap expansion and aq ui
fer influx. Due to the belief of fracture dominated 
production in the past, high Gas-Oil Ratio (GOR) and 
high Water Cut (WC), no attempt has been made to 
inject any fluids foreither pressure maintenance or dis
placement. A total of 61 producing wells will produce 
an average rate of 3,546 BOPD in FY'89. Remaining 

SOPO 
17,500 f 
1 5,000 f 
1 2,500 1 
10.000 
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Fiqure , 

oil reserves are estimated from the Stevens Equity Re
serves Study to be 39.6 million barrels. 

The two graphs show the oil production rate (Figure 6) 
and oil equivalent rate (Figure 7) for the Total Devel· 
opment Case and the Maintenance Case from the 
open-up in FY'1976 to the economic limit in FY'2022. 

RESERVOIR DESCRIPTION 

The 29R/24Z Shale reservoir consists of two struc
tures, 29R and 24Z. The 29R Shales occur along the 
northwest-trending 29R structure, with commercial 
oil production over an area about six miles long and 
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29R/24Z SHALES · 
RESERVOIRCHARACIERISTICS· 

Porosity (%): 
Water SaL (%): 
Air Perm; (md): . . 
Oil Gravity (API): 
on Form. Vol. Fact. (RBISTB): 
Oil Viscosity (cp): .. 
Initial Res. Pressure (psi): 
Bubble Point Press. (psi): 

26 
55 
1.5 
35 
1.38 
0.44 
2,690 
2,490 

Producing Wells (#): 
. Injection Wells (#): 
Top Pay (Ft';:'VSS): 
Max Pay (Ft): 
PayAiea (AC): 
Pay Volume (AP): 
GOC (Ft� VSS): 
WOC(Ft-VSS): 

61 
o 
3,550 
1,000 
1,325 
1,842,239 
4,600 
4,950 

Figure 8 

one mile wide (see Location Map, Figure 1). The 
prod uctive zone averages 1,100 feet (see Cross Section, 
Figure 3) in thickness and ccintains interbedded fine 
grain rock types formed in a deep marine environment, 
representing distal submarine fan and slope deposits. 
Five prod uctive zones are identified in the reservoir; N, 
A, B, Cand D. The reservoir is fun her divided into two 
producing horizons: the NAB Shales and the CD Shales. 
These two horizons are believed to be in pressure com
munication. 

The 24Z Shales are located west of the 29R Structure 
and are commingled with 24Z Sands. Since a majority 
of the 24Z Shales production is collected from the 
wells commingled with 24Z Sands intervals, it has been 
prorated from the total production through allocation 
factors. 

A summary of the 29R/24Z Shales reservoir character
sties is shown in Figure 8. 

A channel sand crosses the 29R structure in section 
34R and is producing nearly one-fourth ofthe total oil 
rate from three wells. This channel sand is postulated 
to be an extension from the lower 26R sands. 
It was commonly believed in the past that the fractures 
observed in the core samples played an important role 
in the communication between the matrix and the 
wellbores. However, after analyzing 55 pressure sur
veys conducted in .the 29R Shales, a rece.nt stUdy by 
Scientific Software-Intercomp concluded that no sig
nificant evidence of dual porosity behavior was found. 
It is indicated that the matrix in the 29R Shales is able 
to produce oil to the wellbores on its own. These 
different geological and engineering interpretations 
may lead to alternative depletion strategies, such as 
changing GOR guidelines or to gas or water injection. 
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The reservoir pressure has declined steadily since open
up in 1976, falling from 2,690 psi to approximately 
1 ,930 psi at datum depth of 4,900' VSS. With this 
declining reservoir pressure, the average water cut has 
increased to 90% and the gas-oil ratio now averages 
over 10,000 SCFISTB. Consequently, there are 33 
wells out of a total of 94 wells currently shut in to 
mitigate this problem. Of the producing wells, about 
half are on artificial lift which includes conventional 
rod pump, electrical submersible pump and gas lift. 

The 29R/24Z surface facili ties include 13 tank settings 
located in Sections 19R, 28R, 29R, 30R, 33R, 34R and 
24Z Some of these tank settings also serve the 24Z 
Sands as a result of the commingled production. 

RESERVOIR STUDIES 

A 29R simulation study funded by Department of 
Energy (DOE) is being conducted by Scientific Soft
ware-Intercomp (SSI) and is scheduled to be com
pleted in FY'89. The history match of this simulation 
was achieved in November 1988 and the following pre
diction cases are being investigated for future operat
ing strategy in 29R/24Z Shales: 

Infill drilling 
Aggressive remedials 
Optimum time for blowdown 
Crestal gas injection 
Continuation of the current opera
tion 
Peripheral waterflood 

• 

• 

• 
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RESERVOIR DEVELOPMENT S1RATEGY 

The Reservoir Development Strategy for 29R/24Z 
Shales is to continue current operations through grav
ity drainage process assisted by solution gas drive, gas 
cap expansion and aquifer influx. A GOR limit of 
15,000 SCF/STB has been implemented as a guideline 
for screeningworkover candidates. In the past, several 
studies were conducted in attempts to develop alterna
tives and enhanced recovery schemes to improve the 
ultimate oil recovery, however, without success. 

The recent SSI simulation study scheduled to be com
pleted in FY'89 will review the following alternative 
projects for this reservoir: 

Continuation of current operations-This case would 
be a continuation of the current operating strategy. 
Flowing wells would be put on artificial lift as needs 
arise. 

Infill Drilling-In this project, a total of 17 infill wells 
are proposed to be added to the model in order to 
recover a "high mobile oil volume" observed during 
the history match. 

Rem� to aD welJs-An aggressive remedial pro
gram, including 52 workovers, would be conducted. 
The wells are proposed to be perforated in the zone 
having the most potential to increase the oil produc
tion. Gas and water isolations are also proposed to shut 
off excessive gas and water production. 

Blowdown-In this project, 1 1  wells could be selected 
for blowdown service. These wells are chosen based on 
their crestal locations, low current contribution to 
field production and their penetration of the primary 
gas cap area. A reasonable bottom hole flOwing pres
sure would be selected for controlling the production 
rates. 

Gas injection-In this project, 10 crestal wells used in 
the Blowdown project would be converted to gas injec
tors and total field injection should be sufficient to 
replace voidage. 

Water injection-In this project, the strategy is to pe
ripherallywaterflood to maintain reservoir pressure by 
converting existing wells to water injectors. Water 
injection would be controlled to below the fracture 
pressure and will be limited to the N, A and B. shales. 

29R/24Z SHALES 

Description 

Stimulations 
(acidizing) 

Recompletions 
(Reperforations, 
Gas and Water isolations) 

Artificial Lift 
(Installation) 

Artificial Lift 
(Repairing) 

Drilling 

FaCility 
(FY90 Closed -Loop 
Gas Lift system) 

Facility 
(FY91 ClOsed-Loop 
Gas Lift S tem 

COST AND PRODUCTION ASSUMPTIONS 

Cost/Job ($) 

90,000 

130,000 

80,000 

70,000 

850,000 

2,802,000 

1,600,000 

Figure 9 
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29R/24Z SHALES· 
MAINTENANCE CASE ·· 

Total Revenue: 
Operating Cost: 
Capital Cost 

Total Costs: 
Net Revenue: 
Net Present Value (@10%) 

Recovery: 
Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89�FY'95 PLAN 

$410.1 Million 
$41.5 Million 
S17.1 Million 
S58.6 Million 
S351.5 MiUion 
S24O.2 Million 

6.3 
90.7 
245 

FY'89 TO ECONOMIC LIMIT 

S2,086.8 Million 
S144.5 Million 
S21,7 Million 
S166.2 Million 
S1,920.6 Million 
S512. 7 Million 

9.7 
263.5 
62.7 

Fiqure 10 
A preliminary evaluation indicated that due to its sig
nificant increao;e of oil production the Remedials Project 
should be the most profitable case. After finalizing all 
prediction projects and their economics, a recommen
dation for the reservoir management plan is expected 
to be submitted. 

The production, cost and revenue streams for the Total 
Development Case are shown in Table 1. Figure 9 
shows the cost and assumptions used. 

The Maintenance Case represents continuation of the 
current operating strategy with emphasis on remedial 

activity including stimulations, gas and/or water isola
tions, and artificial lift installation to maintain produc
tion and to conserve reservoir energy. A closed-loop 
gas lift system is scheduled for FY'90 and FY'91 to 
reduce demand on the high pressure gas injection 
system. Details of the Maintenance Case can be found 
in attached Economics Table 2. The values of revenue, 
cost and recovery are summarized in Figure 10. 

The Development Drilling Project in FY'89 will inves
tigate the productive potential from the areas which 
have unusually favorable production orwidewell spac
ing. The production for the northeast corner of Sec-

29R!24Z SHALES 
DEVELOPMENT DRILLING PROJECT 

Total Revenue: 
Operating Cost: 
Capital Cost: 

Total Costs: 
Net Revenue: 
Net Present Value (@10%) 

Recovery: 
Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN 

S16.1 Million 
SO.5 Million 
S1.7 Million 
S2.2 Million 
S13.9 Million 
S8.7 Million 

05 
1.9 
0.9 

Fiqure 1 1  
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FY'89 TO ECONOMIC LIMIT 

$72.8 Million 
$2.3 Million 
$1.7 Million 
$4.1 Million 
$68.7 Million 
$24.3 Million 

0.7 
9.8 
2.7 

• 

• 

• 
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tion 32R showed an unusual low water cut « 10%) 
and GOR « 4,000 SCF/sTB). It was suspected that 
a channel sand might be deposited in this area. A 
well location, 323-33R has been selected to confirm 
its geological variation and improve the recovery 
from this area. An additional new well is scheduled 
in FY'90 to continue the investigation of produc
tion potential in Section 13Z This well will be a 
follow-up well for the newly completed Well 317X-
13Z The initial production from these two wells 
was estimated to be 200 BOPD per well and then 
decline at 20% annually. The production forecast 
and economics of this project is fully described in 
Table 3. The resulting key economic parameters are 
shown in Figure 11. 

PLANNED RESERVOIR DEVELOPMENT 
ACI'IVlTIES 

The annual reservoir development activities for the 
period from FY'89 to FY'95 are described below. 

Drilling and remedial activities presented in separate 
form for the Maintenance Case and the Development 
Drilling Project are included in attached Table 4 and 
Table 5 respectively. 

Reservoir development activities include maintenance 
remedials and the drilling of a new well to meet the FY'89 
objectives. 

FY'9O - FY'95 

During the period from FY'90 to FY'95 most of the 
activity planned is for remedials necessary to maintain the 
production decline and a new well to investigate produc
tion potential of the cherty reservoir in Section 13Z The 
number of artificial lift installations decrease yearly. 
However, the cost of repairing the artificial lift equipment 
increases in order to properly maintain the existing units. 
Funding is provided for installing a Closed-Loop Gas Lift 
System for the 24zand 29R reservoirs in FY'90 and FY'91. 
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26R SANDS 

The 26R Sands is one of the significant oil producing 
reservoirs at Elk Hills. (See Location Map, Figure 1 
and Cross Section, Figure 3 ). Its current oil produc
tion is about one fourth of the total production from 
NPR-l. The reservoir has been pressure maintained by 
crestal gas injection since the open-up in 1976. 

The Total Development Case for the 26R Sand reser
voir consists of a Maintenance Case and a Horizontal 
Drilling Project. For the period from FY'89, the Total 
Development Case should yield $644 million in undis
counted revenues for a total expenditure outlay of$83 
million. Figure 2 shows the reven ue and cost val ues of 
the Total Development Case. 

ASPHALTO 
31R 

LONG RANGE PLAN 
LOCATION MAP 

26R SANDS 

Figure 1 
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The economics and estimated recovery from the Total The Maintenance Case, including well remedials and 
Development Case is summarized in Figure 4. facility activities to continue the current operating • strategy, requires total costs of $65.5 million over 
The estimated oil reserves for the 26R Sands shown in IT89 - FY'95 and generates a net revenue of $603.7 
Figure 5 are from the "Third Revision, Dated Novem- million. The Horizontal Drilling Project, including 7 
ber 20, 1980, of Estimated Recoverable Oil and Per- horizontal wells to accelerate oil recovery and possibly 
centage ParticipationsasofNovember20, 1942". Asof improve the recovery efficiency, will cost a total of 
October 1988, 26.7% of the estimated reserves re- $17.3 million and yield $40.5 million in net revenue 
mained to be produced. from FY89-FY95. 

26R SANDS 
TOTAL DEVELOPMENT CASE 

Total Revenue: 
IT89-FY'95 PLAN 

$727.0 Million 
$58.4 MiIIion 
$24.4 Million 
$82.8 Million 
$644.2 Million 
$454.8 Million 

FY'89 TO ECONOMIC LIMIT 
$5,779.8 Million 

Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 40.6 
Natural Gas (BCF)* -71.9 
Oil Equivalent (MMBOE) 32.1 • Total Production Minus Injection 

Figure 4 
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$149.5 MiIIion 
S28.0 Million 
SI77.5 Million 
$5,602.3 Million 
$1 ,359.9 Million 

61.3 
392.9 
148.1 
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26R SANDS 
TOTAL DEVELOPMENT CASE 

EQUITY 
STUDIES 

Original-Oil-In-Place (MMB): 423.7 
Estimated Recoverable Oil (MMB): 211.9 
Cumulative Production 9!30/88 (MMB):15S.4 
Remaining Reserves: 

Oil (MMB) 56.S 
Natural Gas (BCF)· 
Oil Equivalent (MMBOE) 

Economic Limit (BOPD, YEAR): 
• Total Production minus Injection 

LONG RANGE PLAN 
MAINT. TOTAL 

213.8 
155.4 

58.4 
393.1 
14S.0 
125,FY'202S 

216.7 
1SS.4 

61.3 
392.9 
148.1 
125,FY'2025 

Figure S 

The current reservoir operating strategy is to continue 
gas injection assisted by gravity drainage with solution 
gas drive and gas cap expansion. A total of 9 gas 
injectors located at the crest of the structure provide an 
injection capacity of 18S,000 MCFPD. In FY'89, 51 
active wells will provide an average rate of 22,076 
BOPD. Figure 6 shows the oil production rate and 
Figure 7 shows the oil equivalent rate for the Total 
Development Case and the Maintenance Case from 
the open -up in FY1976 to the economic limit in FY'202S. 
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RESERVOIR DESCRIPTION 

The 26R Sand reservoir is a submarine fan channel 
sand approximately one mile wide and three miles 
long, which is loca ted on the sou thwestern limb of the 
31S Structure (see Location Map, Figure 1). The 
channel has a vertical thickness of up to 2,SOO feet with 
up to 1,200 feet in the oil column (see Cross Section, 
Figure 3). This massive sand can be divided into four 
megaunits, A-C, C-F, F-K and K-P. The Oil-Water 
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26R SANDS 
·RESERVOIR CHARACI'ERlSTICS 

Porosity (%): 
Water SaL (%): 
Air Perm. (md): 
Oil Gravity (API): 
Oil Form. Vol. Fact. (RB/sTB): 
Oil Viscosity (cp): 
Initial Res. Pressure (psi): 
Bubble Point Press. (psi): 
Current Press. (psi): 

23 
16 
400 
36 
1.38 
0.42 
3,030 
2,950 
2,600 

Producing Wells (#): 
Injection Wells (#): 
Top Pay (Ft-VSS): 
Max Pay (Ft): 
Pay Area (AC): 
Pay Volume (AF): 
GOe (Ft-VSS): 
WOC (Ft-VSS): 
Press. Datum (Ft�VSS): 

51 
9 
4,200 
1,200 
1,038 
455,600 
5,600 
6,010 
6,000 

Figure 8 

Contact (OWC) is about 6,010 feet subsea and has 
remained constant since 197K Although this reservoir 
did not have an original gas cap, an irregular secondary 
gas cap several hundred feet thick was formed, with the 
Gas-Oil Contact (GOC) varying from 5,800 feet sub
sea in 26R and 27R to 5,400 feet subsea in 36R. Gas 
injection was started in 1976 shortly after the open- up 
of NPR -1 to balance the vOidage and to maintain the 
reservoir pressure. A summary table of the reservoir 
characteristics is shown in Figure 8. 

The reservoir pressure has declined from the original 
3,030 psi in 1976 to the present 2,600 psi. A material 
balance study conducted recently by the BPOI Task 
Force group indicated that during the period from 
open-up to mid-1984, the reservoir received a net 
infl ux migra tion from the 315 NA Reservoir. However, 
from mid-1984 to present, a significant efflux may have 
occurred from the 26R Sands into the 315 NA Reser
voir. The study further concluded that the primary area 
of efflux is believed to be in the eastern portion of the 
reservoir. Because pressure in the 26R reservoir could 
not be maintained with the 100% vOidage replacement 
strategy, gas injection was increased to 1 10% vOidage 
in April 1987. In July 1988, a one year test was initiated 
to determine ifvoidage could be controlled by combin
ing the 26R, Main Body B, and N/A Reservoirs. After 
injecting at this high rate for about a year the gas cap 
pressure a pparen tly sta bilized at 2,400 psi. The curren t 
injection capacity is estimated at 185,000 MCFPD 
through 9 crestal wells. 

The 26R Sands surface facilities include 8 tank settings 
located in Sections 26R, 27R, 35R and 36R, and a gas 
compression station located in Section 35R. 

RESERVOIR STUDIES 

A detailed 26R reservoir simulation study is being 
conducted by Scientific Software-Intercomp (551). This 
fine-grid model is presently in the stage of history 
rna tching and is sched uled to be com pleted in FY'89. It 
will be utilized to determine the best operating strategy 
for this reservoir. Meanwhile, a coarse grid simulation 
model completed in FY'88 by 551 is also being used to 
investigate the possibility of altering the gas injection 
strategy to improve profitability (NPV). 551 is also 
conducting a field-wide Material Balance Study to 
investigate the fluid migration between the Stevens 
reservoirs. 

RESERVOIR DEVELOPMENT STRATEGY 

The Reservoir Development Strategy for the 26R Sands 
is to continue current operations and produce the res
ervoir bygas injection assisted by gravity drainage with 
solution gas drive and gas cap expansion. The 1 10% 
vOidage replacement rate will also be continued to 
maintain the reservoir pressure. 
Presently, a simulation study is being conducted by 551 
using the coarse grid model completed in FY'SS to 
investigate the potential of altering the current gas in
jection strategy in the 26R Sands. A preliminary eco
nomic evaluation indicates that two favorable scenar
ios are gas cycling and/or partial pressure mainte
nance. However, it was found that since revenues 
generated from the sales of the natural gas liquids 
(NGL) and the gas production provide a large portion 
of the current income for the reservoir, the gas cycling 
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scheme may generate more profit compared with the 
partial pressure maintenance. Further investigation is 
required. Gas injection may be contin�ed until 1999, 
depending upon the production results in the early 
years. 

The SSI Material Balance Study scheduled to be com
pleted in FY'89 should provide a better understanding 
of the behavior of fluid communication between Ste
vens reservoirs, especially between 26R Sands and the 
31S Structure. An operating strategy for the entire 
Stevens is expected to be developed from this study. 

The simulation study, including various injection and 
production strategies, the timing of each scheme, and 
its economic evaluation are expected to be completed 
in FY'89. A recommendation for the reservoir man
agement plan should be submitted at that time. 

The production, cost and revenue streams for the Total 
Development Case are shown in attached Economics 
Table 1. Figure 9 shows the cost and production as
sumptions used. 

The Maintenance Case represents continuation of the 
current operating strategy with emphasis on remedial 
activity including well stimulation, gas and/or water 
isolation, and recompletion work. A recent review on 
gas isolation work revealed that this aggressive reme
dial program should be able to maintain low produc
tion GOR « 6,000 SCFiSTB) for a period of time. 
However, as a result of rising gas production, an in
crease in injection capacity to 200,000 MCFPD is 
anticipated to overcome extra vOidage and energy losses. 

. .. . 

26R SANDS 
COST AND PRODUcnON ASSUMPTIONS 

Initial 
Dc:scription Ccst/Job ($) Rate (BOPD) Decline (%6'r) 

Stimulations 60,000 
( acidizing) 

Reoompletions 105,000 
(Reperforations, 
Gas and Water 
isolations) 

Conversion 
(Increase Inj. 
Capacity) 

175,000 

Drilling .... 1,935,000 
(Horizontal Wells) 

100 

soo 

Figurc 9 

20 

10 

20 

It is estimated that, in FY'91, an existing producer 
should be converted to a gas injector to boost the 

. injection capacity to the total required volume of ap
proximately 200,000 MCFPD. 

Details of the Maintenance Case can be found in the 
attached Economics Table 2. A summary of the key 
economic indicators and recovery is in Figure 10. 

The Horizontal Drilling Project is designed to investi
gate and to expand the use of horizontal well technol
ogy in the 26R Sands. Early results of the horizontal 
well #372-35R. partially completed in November 1988, 
indicated that, by extending the wellbore into the 

26R SANDS 
MAINTENANCE CASE 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 

FY'89-FY'95 PLAN 
S669.2 Million 
S55.4 Million 
S10.1 Million 
S65.5 Million 

Net Revenue: S603.7 Million 
Net Present Value (@ 10%) $429.8 Million 

Recovery: 

Oil (MMB) 37.3 
Natural Gas (BCF)* -67.2 
Oil Equivalent (MMBOE) 29.4 
* Total Production Minus Injection 

Figure 10 
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FY'89 TO ECONOMIC LIMIT 
$5,708.0 Million 
$145.7 Million 
$13.7 Million 
S159.4 Million 
S5,548.6 Million 
S1,329.2 Million 

58.4 
393.1 
145.0 



26R SANDS 
HORIZONTAL DRll.l.JNGPROJECf 

FY'89-FY'95 PLAN FY'89 TO ECONOMIC LIMIT 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF)* 
Oil Equivalent (MMBOE) 

$57.8 Million 
$3.0 Million 
$14.3 Million 
$17.3 Million 
. $40.5 Million 
$25.0 Million 

3.3 
-4.7 
2.6 

S71.8 Million 
$3.8 Million 
S14.3 Million 
$18. 1  Million 
$53.7 Million 
S30.8Million 

2.8 
�0.2 
3.1 

Figure 11 

undrained area of existing vertical wells, the horizontal 
wells may be capable of sustaining water-free and low 
GOR oil production for a long time. They will, there
fore, improve ultimate recovery efficiency of the 26R 
Sands. During the four- year period from FY'89 to 
FY'92, this plan reflects tha t one horizontal well will be 
drilled in FY89, and two wells per remaining year. The 
initial production from each well is estimated at 500 
BOPD declining at 20% annually. 

The Horizontal Drilling Project is described in at
tached Economics Table 3 and the results are summa
rized in Figure 11 .  

PLANNED RESERVOIR 
DEVELOPMENT ACTIVITIES 

Theannual reseIVoirdevelopment activities for the pe
riod from FY'89 to FY'95 are described below. Details 
of the drilling and remedial activities are included in 
attached Table 4 and Table 5. 

ReseIVoirdevelopment activities include maintenance 
remedials and the drilling of one horizontal well. Gas 
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injection is currently planed to continue at the 1 10% 
voidage rate to maintain the reseIVoir pressure. 

FY'9O 

During the period of FY'90 the activities include 
remedials to reduce the gas production, and two more 
horizontal wells. 

FY'91 

Activities include the drilling of two more horizontal 
wells and an increased number of remedials to main
tain production from aging wells. Additionally, an 
existing producer will be converted to gas injection to 
replace extra voidage generated by gas production. 

FY'92 to FY'9S 

Similarremedial activity as for the previous year will be 
completed to maintain the field production decline. 
The horizontal well program will end in FY'92 with 2 
additional wells. 

• 

• 

• 
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3IS C/O SHALES 

The 31S cro Shales are reservoirs within the Stevens 
Zone of the 31S Structure. They are stratigraphically 
underneath the Main Body "B" Sands. (See Location 
Map, Figure 1 and Cross Section, Figure 3). The res
ervoirs are produced by depletion drive with well spac
ing at 40 acres. Production and other reservoir per
formance data indicate that the 31S C/O Shales are 
separate and not in communication with other Stevens 
reservoirs in the 31S Structure. 

The Total Development Case for 31S CD Shales consists 
of the Maintenance Case and the following two proj
ects: 

1. Development Drilling/Deepening Project 
2. Pilot Waterflood Project 

The Total Development Case is expected to provide 
$343 million in undiscounted revenues from FY'89 to 

I--_-IN��':'� AREA 
--..... ....... 

ASPHALTO 

31R 

LONG RANGE PIAN 
LOCATION MAP 

URRENT PRODUCTIVE LIMITS C/O 
31S STRUCTURE ONLY 

� 
\ 

lIS 
70.000 

60.000 

50,000 

40,000 

30,000 

20.000 

1 0,000 

31 S C ID SHALES 
REVENUES VS COSTS · 
LONG RANGE PLAN 

O WALL������LUUU�� 
FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 

figure 2 

FY'9S, and the total costs are estimated to be $54 
million. Annual total revenues and expenditures for 
.the Total Plan are as shown in Figure 2 . 

265 

- - -, \ I I 

figure 1 
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EAST-WEST STRUCfURAL CROSS-SECI'lON 
31S STRUCfURE 

LOWER. W 31$ SAND 

CfD SHALES 

Figure 3 

EAST 

As shown in Figure 4, several economic yardsticks 
exemplify the economic viability of the Total Develop
ment Case. The net present value at 10% discount rate 
is $ 196 million from FY'S9 to FY'95 and $459.0 million 
from FY'89 to economic limit in FY'2022. 

Under the Total Development Case, 7.2 million bar
rels of oil would be recovered from FY'89 to FY'95 and 
13.9 million barrels of oil from FY'89 to FY'2022. 
Other recoveries are included in Figure 4. 

. 31S cro SHALES 
TOTAL DEVELOPMENT CASE 

FY'89-FY'95 PLAN FY'89 TO ECONOMIC LIMIT 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

$342.9 Million 
$18.7 Million 
$35.0 Million 
$53.7 Million 
$289.3 Million 
$196.0 Million 

7.2 
62.6 
19.8 

Figure 4 
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$3,994.2 Million 
$143.6 Million 
$70.1 Million 
$213.7 Million 
$3,780.6 Million 
$459.0 Million 

13.9 
289.7 

72.1 

• 

• 
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31S C/O SHALES 
TOTAL DEVELOPMENT CASE ... 

EQUITY 
STUDIES 

LONG RANGE PLAN 
. MAINT. TOTAL 

Original-Oil-In.Place . (MMB): 
Estimated Recoverable Oil (MMB): 
Cumulative Production 9!30/88 (MMB): 
Remaining Reserves: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

Economic Limit (BOPD. YEAR): 

33.4 
29.5 

3.9 

257.0 
36.3 
29.5 

6.8 
244.6 
56.0 
10 
FY'2022 

257.0 
43.4 
29.5 

13.9 
289.7 
72.1 
10 
FY'2022 

Figure S 

The Elk Hills Engineering Committee estimated re
covera b Ie oil reserves in 31S C/O Shales at 33.4 million 
barrels. By analogy to other California Shale reser
voirs, the original oil-in-place was estimated to be 257 
million barrels using a 13 percent recovery factor. 
However, it is clearly evident that probable reserves in 
the 31S C/O Shales are substantial and that the reser
voirs are prime candidates for secondary and/or en
hanced oil recovery projects. The proven reserves are 
almost depleted and substantial residual oil should 
exist in the reservoir under the current operating strat
egy. The high recovery rate(89%) indicate that oil 
reserves may have been underestimated. Asummaryof 
the reserve estimate is shown in Figure 5. 

The 31S C/O Reservoir Management Strategy is based 
on three exclusive but complementing activities. These 
activities are described as the Maintenance Case, 
Development Drilling! Deepening Project and the Pilot 
Waterflood Project. Reservoir operations at the main
tenance level are expected to require remedial work 
such as stimulations, recompletions and installation of 

be installed. Production forecast under the Total De
velopment Case would vary from 2,886 BOPD in 1989 
to 31 BOPD in 2022 with peak production of 3,001 
BOPD in 1994. The Maintenance Case production is 
expected to decline from 2,886 BOPD in 1989 to 10 
BOPD in 2022. These production rates and remaining 
recovery are shown in Figure 6. 

The historic equivalent barrels of oil production rate 
from 1976 to 1988 and the projections from 1989 to 
economic limit in 2022 are shown in Figure 7. The 
increased production rates from 2018 to 2022 are due 
to gas blow-down of the reservoir. 

Several reservoir studies are underway or planned for 
the 31S C/O Shales. These are the Stevens Material 
Balance Study, the 31S Comprehensive Reservoir Geo
logic Description and the 31S C/O Shale Reservoir 
StUdy. These studies should improve knowledge of the 
original-oil-in-place, reserves and alternative manage
ment strategies for the 31S C/O Shale Reservoirs. 

artificial lift systems. These activities should maintain RESERVOIR DESCRIPTION 
the production rate at the current annual decline rate 
of 15.5 percent. From FY'89 to FY'95, the total 
projected cost under the Maintenance Case is $24.3 The Stevens Zone is believed to have been deposited in 
million with net revenuesof$I96.0million. The Devel- deepwater turbidite environment, resulting in a com-
opment Drilling/Deepening Project is planned to test plex interlayering of sands and shales. It is the most 
for production from undepleted portions of the reser- productive zone in the 31S Structure. The 31S C/O 
voirs. Total costs from FY'89 to PY'95 is S22.0 million Shales are located in Sections 25R, 26R, 36R, 30S, 31 S, 
with net revenues ofS74.7million. The31S C/o Shaies and 32S (see Location Map, Figure 1 and Cross- Sec-
Pilot Waterflood Project would improve recovery from tion, Figure 2). A subsidiary structure exists and ex-
the reservoirs after primary production. Total costs tends eastward into Section 34S. The anticlinal struc-
from FY'89 to FY'95 are $7.4 million and the net reve- ture of 31S C/O Shales resembles those of other 31S 
nues generated are $18.5 million. If performance Stevens structures. The crest of the structure is at 4160 
results from the pilot flood are favorable, it is expected ft. subsea in the southeast quarter of Section 25R and 
that a field-wide peripheral waterflood project would northwest quarter of Section 31S. 
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Figure 6 

The 31S C and D Shales are different geologic units. 
The C Shales are made up of shale and siltstone beds 
which exhibit a typically low SP-low resistivity shale re
sponse on E-logs. This indicates that the unit may be 
Slightly siliceous and dolomitic in comparison to other 
shales. The D Shale, in contrast, exhibits high SP-high 
resistivity response consistently and is very siliceous 
and dolomitic. 

In the 31S Structure, the 31S C/O Shales underlie the 
Main Body "B" Sands!Western 31S Sands stratigraphi
cally. Primary production has been at 4O-acres well 
spacing. As of November 1988, fifty- nine wells were 
completed in the reservoir. Forty-seven (80%) wells 
were completed only in 31S C/O Shales. Twelve (20%) 
wells have commingled production with other reser
voirs--mainly with MBB!W31S Sands. Twenty-seven 
(45%) wells completed in the reservoir areshut-in due 
to high producing gas-oil ratios. 

BPD 
- 30,000 

25,000 

20,000 

1 5,000 

1 0,000 

5000 

31s c/D SHALES OIL EQUrvALENT RATE 

O ������������ 
FY7fY80FY85 FY90FY95 FYOO FY05 FYl O FY 1 5 FY20 

Figure 7 

The mechanism of depletion for the 31S C/O Shales is 
solution-gas drive. There has been no attempt at 
pressure maintenance or improved recovery by fluid 
injection. Production peaked at slightly more than 
12,000 BOPD in April 1980. Production has declined 
steadily to 3,115 BOPD in October 1988. The current 
operating strategy is to conserve reservoir energy by 
Shutting-in wells producing at high gas-oil ratios. The 
criterion is to review wells producing at or above the 
gas-oil ratio limit of 12,000 SCF/BBL for shut-in. 
Conservation of reservoir energy by shutting-in high 
gas-oil ratio wells has not been entirely successful in 
contrOlling decline of reservoir pressure. Average 
reservoir pressure has declined from initial pressure of 
3160 psi to 2341 psi (1988) at 6000 ft. SS. It is generally 
believed that further substantial decline in reservoir 
pressure could have adverse impact on ultimate recov
ery. The reservoir data for the31S C/O Shales is shown 
in Figure 8. 

31S C/O SHALES 
RESERVOlR CHARACTERISTICS 

Porosity (%): 14-22 
Water Sat. (%): 50 
Air Perm. (md): 4.23 
Oil Gravity (API): 35-41 
Oil Form. Vol. Fact. (RB/sTB):1 .58 
Oil Viscosity (cp): 0.45 
Initial Press. (psi): 3,087 
Bubble Point Press. (psi): 2,934 
Current Press (psi): 2,341 

Production Wells (#): 59 
Injection Wells (#): 0 
Top Pay (Ft-VSS): 5,000 
Max Pay (Ft): 300 
Pay Area (AC): 2,763 
Pay Volume (AF) 903,000 
GOC (Ft-VSS): 5,500 
WOC (Ft-VSS): 5,900 
Press. Datum (Ft-VSS): 6,000 

figure S 
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RESERVOIR S'IUDIES 

Several reservoir studies are underway or planned for 
31S C/O Shales. These are the Stevens Material Bal
ance Study, the 31S Comprehensive Reservoir Geo
logic Description, 31S Structure Study, and the 31S C/ 
o Shale Reservoir Study. The Stevens Material Bal
ance Study is expected to evaluate fluid migration and 
aquifer depletion in the Stevens reservoirs. This study 
staned in FY'88 and will be completed in FY'89. The 
31S Geologic Description is a comprehensive geologi
cal and petrophysical description of the Stevens Zone 
in the 31S Structure. It should be completed in FY'89. 
In FY'89,J. R. Bergeson and Associates started the31S 
Structure Study which would evaluate the reservoir 
performance of 31S C/O Shales, 31S N/A Shales and 
MBB/w31S Sands in panicular. The 31S C/O Shale 
Reservoir Study should be staned in FY'89 and is 
expected to be completed in FY'90. It will evaluate 
different operating strategies for the reservoirs and 
provide rerommendations ror optimal produaion. These 
studies should improve knowledge of the original-oil
in-place, reserves and alternative management strate
gies of the 31S C/O Shale reservoirs. 

RESERVOIR DEVELOPMENT STRATEGY 

The Reservoir Development Strategy for the 31S C/O 
Shales encompasses operation of the reservoirs under 
three complementary strategies: 

1. Maintenance Case 
2. Development Drilling/Deepening Project 
3. Pilot Waterflood Project 

These constitute the Total Development Case. The 
economic evaluation of this plan is shown in Table 1 
and key economic parameters are summarized in Fig
ure 4. 

Historically, the31S C/O Shales have been considered 
to be fractured. Preliminary results from the 31S 
Comprehensive Reservoir Geologic Description sug
gest that the shales may not be fractured but consists of 
a complex interlayering of sands and shales. It is fully 
expected that better reservoir description from the 
above work or other planned studies may change the 
strategies offered here. 

Maintenance Case: The current annual production 
decline rate for 31S C/O Shales is 15.5 percent. At 
maintenance level, oil production rate is projected to 
decline from 2,886 BOPD in FY'89 to 1,051 in FY'95. 
To maintain production at these projected levels \muld 
req uire performance of remedial work such as s tim ula
tions, recompletions and installation of artificial lift 
systems. The ultimate oil recovery at the maintenance 
level is estimated to be 36.3 million barrels which is 2.9 
million barrels higher than the booked reserves of33.4 
million barrels. The economic evaluation ofthe Main
tenance Case is shown in Table 2. Key economic feasi
bility factors are summarized in Figure 9. 

Development DriIlinflDeepening Project: It was stated 
earlier that considerable undeveloped reserves may be 
present in 31S C/O Shale reservoirs The reserves are 
believed to be present in several unexploited portions 
of the reservoir. To explore the prod uctive poten tial of 
such areas, it is planned that some new MBB/w3IS 

31S C/O SHALES 
MAIN1ENANCE CASE 

FY'89-FY'95 PLAN 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

S220.2 Million 
S10.9 Million 
S13.4 Million 
S24.3 Million 
$196.0 Million 
S14O.7 Million 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

4.7 
44.0 
13.5 

Figure 9 
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FY'89 TO ECONOMIC LIMIT 

S3,538.5 Million 
S76.9 Million 
$30.6 Million 
SI07.4 Million 
$3,431.0 Million 
$329.2 Million 

6.8 
244.6 
56.0 



31S C/O SHALES 
DEVELOPMENT DRIlLINGJDEEPENlNGPROJEcr 

FY'89-FY'95 PLAN 

TotalRevenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Nei Present Value (@ 10%) 

$96.7 Million 
$5.2 Million 
$16.8 Million 
$220 Million 
$74.7 Million 
$45.3 Million 

Recovery: 

Oil (MMB) . .  
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

1.7 
16.5 
5.1 

FY'89 TO ECONOMIC UMIT 

$3375 Million 
$45.8 Million 
$34.1 Million 
$79.9 Million 
$2575 Million 
$96.4 Million 

3.8 
40.8 
12.0 

Figure 10 

wells would be drilled to 31S C/O Shales and tested for ment. Peak oil production of 1,060 BOPD should be 
production. This strategy offers a very economic utili- reached in 1996. The strategy is to evaluate the 31S C/ 
zation of drilling funds since the additional cost to drill D Shales as a waterflood prospect with the aid of the 
into the 31S C/O Shales is minimal. Furthermore, pilot. If the pilot flood performance is favorable, plans 
ideally located MBB/W31Swellswould be deepened to are to subject theentire reservoir toa full scale periph-
the 31S C/O Shales at the earliest opportunity. These eral waterflood. The economic evaluation of this pilot 
activities are expected to improve the proven reserves project is shown in Table 4 and the key economic 
in the reservoirs. Oil production from development factors ate summarized in Figure 1 1. 
drilling/deepening is expected to peak at 1 105 BOPD 
in 1994. Expected production may be higher especially 
if some of the wells are hydraulically fractured. The 
potential of hydraulic fracture stimulation in 31S C/O 
Shales in unknown at this time. Well 344A- 32S has 
been approved for hydraulic fracturing. The potential 
of this stimulation teChnique for the 31S C/O Shales is 
expected to be evaluated at the completion of the ap
proved work. The economic viability of this project 
was evaluated as shown in attached Table 3. The key 
economic parameters are summarized in Figure 10. 

Pilot WaterOood Project: Preliminary findings from 
the 31S Comprehensive Reservoir Geologic Descrip
tion indicate the 31S C/O Shales may not be fractured. 
In essence, the geology of the reservoirs is now consid
ered to be a complex interlayering of sands and shales. 
To evaluate the waterflood process in the 31S C/O 
Shales, a pilot waterflood is planned to begin in FY'90. 
The pilot will be a peripheral waterflood and would 
utilize existing MBB/w31S injectors where possible. 
Plans are to deepen MBB/w31S water injectors to the 
31S C/O Shales and recomplete with dual strings where 
necessary. The pilot project would require six wells in 
Section 25R, 26R and 36R. Total water injection rate 
of 5,300 BWPD will be reached in FY'93. The water 
injection facili ty has the capacity to sa tisfy this req uire-

All the projects, Maintenance Case and the Total Plan 
were evaluated with the cost and production data as 
shown in Figure 12. 

31S CD SHALES 
COST AND PRODUCTION ASSUMPTIONS 

Initial 
Description Cost/Job (S) Rate (BOPD) Decline (%/yr) 
Stimulations 180,000 7S 18 
Recompletions 130,000 100 18 
Anificial Lift 1 50,000 80 18 
Deepenings 400,000 7S 18 
Test New Wells 230,000 7S 18 
(MBB/W31 S  New Wells) 
New Wells 1 ,000.000 

Figure 1 2  

PLANNED RESERVOIR DEVELOPMENT 
ACfIVITIES 

Annual activities for reservoir development are planned 
for the Maintenance Case, Development Drilling! 
Deepening Case and the Pilot Waterflood Project. 
The Maintenance Case activities are projected to sup-
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315 C/O SHALES 

PILOT WATERFLOOD PROJECT 

Total ReVenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY89·FY'95 PLAN 

$25.9 Million 
$2.6 Million 
$4.8 Million 
$7.4 Million 
$18.6 Million 
$10.0 Million 

0.8 
2.2 
1.2 

FY89 TO ECONOMIC LIMIT 

S118.3 Million 
$20.9 Million 
$5.3 Million 
$26.2 Million 
S92.1 Million . 
$33.4 Million 

3.2 
4.3 
4.1 

Figure 11 

port production at the current annual production 
decline rate of 15.5 percent. The Development Drill· 
inglDeepening Project should explore the productive 
potential of the unexploited portions of the reservoir. 
In the Pilot Waterflood Project, the reservoir activi
ties would explore the feasibility of waterflooding the 
entire reservoir. The schedule of remedial and drilling 
activities is shown in attached Table 5. 

FY'89 

Reservoir deveolpment activities at the maintenance 
level would revolve around conservation of reservoir 
energy by recompletion of high gaS-Oil ratio wells. The 
most important activity that will be monitored closely 
is the stimulation of Well 344A-32S by hydraulic frac
turing. If hydraulic fracturing of31S C/O wells prove 
successful, it would dramatically improve the produc· 
tivity of these reservoirs and more wells can be frac
tured in future years. 

FY'9O 

The Pilot Waterflood Project is planned to be initiated 
with the deepening of two existing MBB!W31S water 
injectors to the C/O Shales. As in FY'S9, reservoir 
performance at the maintenance level would be sus
tained by recompletion of wells and the installation of 
artificial lift systems. 

FY'91 

The Development DrillinglDeepening Project is ex
pected to proceed with the deepening of three existing 
MBB!W31S wells and testing of five new wells drilled 
through 31S C/O Shales. Development drilling/deep
ening would be enhanced if the hydraulic fracturing 
project proves successful. For the Pilot Waterflood 
Project, three wells would be deepened and the project 
will be about 80% completed by the end of the fiscal 
year. 

FY'92 - FY'95 

From FY'92 - FY'9S, the 31S C/O Shale reservoirs are 
expected to be managed at the maintenance levels by 
ronserving reservoir energy through recompletions and 
prolonging well prOductivity through stimulations and 
utilization of artificial lift systems. During the same 
period, development drilling/deepening would be pur· 
sued to produce from the undepleted portions of the 
reservoir. Reservoir performance data of the Pilot 
Waterflood Project would be evaluated in terms of 
water breakthrough times, channeling of injected wa ter 
through potential fractures, sweep efficiencies, oil re
coveries, etc. The performance of the pilot waterflood 
should determine the future course of action on whether 
the entire reservoir should be waterflooded. 
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UllEDIAL FACIt.Ift 
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on. PIIOD vra PIIOD COAS PIIOD III.7ECTIOil III.7ECTIOil " aD aD IICFI) aD IICFI) 

1'" 2 .. ' 5n2 nus 
1"0 2Ul 5452 nn2 
1"1 2057 SlU nn, 0 
1"2 173' 5'H 11012 0 
Utl 1470 un 14150 
1"4 12U 1 4 U  11104 
un 1051 1652 1713 

'U.�AL 4701 15156 Uts4 
Ute-lOU · 2074 735U 200UI 

TO�AL '775 I"n 244512 

IIEYDIUEII 
------------------------------ �AL 

011. COAS IIGI. IIEYDIUEII 
M, MS MS MS 

1t1' 15t10 141U 5511 156U 
1"0 14271 151U 5151 15,.5 
1"1 lUll 1"" '204 1 1 17 1  
U U  11170 1U" '111 1177t 
1"3 1014' 13201 5'U U713 
1"4 "0' 11147 4741 ZS7t7 
un "'2 10013 U05 n1l0 

SUBTO�AL 147n " U 1  1 1  . .  , non7 
1"'-2022 70117 2273112 t7ltU 1111217 

TO�AL 15510' 2170513 10UI35 1531454 

( 1 )  OPERA�IIIG COS� OR OPERA�ING AND MAIIlTEYAaeE COS� (O'M) 
( 2 )  REHEDIAL COS�S Iltt:t.UDE MlWOR UllEDIAL OR WOUOVEll cons . 

0 
0 
0 

0 

IIUEC�IOII On:ItA�IOIII ( 1 )  
aD M. RUEItIIOIR 

15" lOU 
1141 141 
l'U 14U 
15., 1505 
15U 1135 
14" 1157 
1U' Ul' 

10' 11 1201 
Utl4 141U 

7Uts n150 

�AL COIH 

--------------------
\llll)ISC DISC 1 0 . 0 '  

MS MS 

1 101 UZS 
zs,. nu 
le07 2710 
1581 2451 
1"7 H77 
3125 21 Sf 
3 lt4 1"1 

2UIl 1esU 
Ill" 12401 

10744' 21"7 

( 3 )  F"CIt.Ift INVESTMEIIH Iltt:WDE IIEV SURFACE IBS�.u.t.ArIOilS AHD MlWOR IIODIFICArIOilI TO EZInING OIIES. 
( 4 )  DRIt.t.IIIG nrvr:s�. Iltt:WDE THOlIE FOR DEEPENINGS AND IIEV 1IUl.S . 
( 5 )  011. EQUIVAl.ENT · TJIOUSAND aARRI:l.I OF 011. EQUIVALEII� (MIIOE)  BASED 011 BTU COIITEII�S 

M. 

PRODUt:rIOII Vot.UMltS REn.Et:� t:IJMUl.ArIVE PIIODUerIOli FOR PERIOD 'PECIFIED (UllIn . MaBU OR MMSCF) 

2-81 
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M' 
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RDlEDLU. FACILITY 
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( 1 1 OPEltATING COST 011 OPDATINGi AND KAINTENAllCE COST (O'M) 

( 2 1  REHEl) LU.  COSTS INC1.UDE KUOII REHEl)IAl. 011 WOlUtovn conI. 
( 3 1 FAC I1.ITY INVESTKENTS INC1.UDE NEW SUltFACE INSTAI.I.ATIONS AND KUOII MODIFICATIONS TO EXISTING ONES . 

( 4 1 DRI1.1.INC; llIVESTMENTS INCLUDE THOSE FOil DIZl'ENINC;S AND NEW WELLS .  

( 5 )  OIL EOUlVALENT • THOUSAND BAJUtJ:I.S OF 011. EOUlVALENT (KIIOE I BASED ON BTU CONTENTS 

PIIODUCTION V01.UKES ItUI.ECT CUMULATIVE PRODUCTION FOil PDIOD SnCIFIED (UNITS · KBBLS 011 KKSCFI 
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TABU: 5 
• 

3111 C:'D SIIALEI (IIIJMBD or ItDIEDLUo/DEVELOPKDIT »aon:c:TS »EIl rEAII} 

r I I c: A L r E A  • 
Tr»E or no.n<:T 1,., 1"0 1"1 1"2 1"3 1"4 un 1"'-2022 TOTAL 

.. __ .......... 

1 .  W.IIITD1AJ1c:E <:.US. e .  ITIMULATIOIII 4 • 2 30 50 

b. 1III:c:0000LETIOliI 5 5 5 5 30 '0 

c .  AaTIrIC:LUo LIn , l' .7 

.ua-TOTAL 10 , 12 12 13 14 14  " 157 

2 .  DEVELOPKDIT DUUoDlCO. e .  ITIMULATIOIII 0 0 21 35 

b .  RECOIIJ'LETIOII' 0 0 0 21 3 1  

c .  AaTIrIC:LUo LIn 2 21 3 5  

d .  DEDEliDICOI 3 0 15 

a .  IIII:If IIEI.l.II 5 5 5 5 0 H 
lUll-TOTAL • 12 12 14  14  t1 1 4 1  

1 .  »ILOT VATEIlFLOOD »aon:c:T. e .  ITIMULATIOIII 0 

b. UCOKn.E'l'IOliI 0 1 1 5 

c .  AaTIrIC:LUo LIn 0 0 1 2 • 
d.  DEDEIIIlfGI 2 0 5 
a .  vn IIEI.l.II 0 

lUll-TOTAL U 

TOTAL 10 II 21 27 3 1  3 1  1 & 0  3 17 

• 

• 
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31S N/A SHALES 

The 31S N/A Shales are reservoirs within the Stevens 
Zoneofthe31S Structure. They overlie the Main Body 
"B"!Western 31S Sands stratigraphically on the 31S 
Structure ( See Location Map, Figure 1 and Cross 
Section, Figure 3). The reservoirs are produced by de
pletion drive mechanism with well spacing of 40 acres. 
There are indications from production performance 
that the reservoir is in communication with MBB/ 
W31S Sands and 26R Sands. Consequently, the cur
rent reservoir operating strategy requires balancing 
volumetric voidage from the three reservoirs by gas 
injection into 26R Sands and water injection into 
MBB!W31S Sands. This strategy was implemented on 
July I, 1988 and is expected to be in effect for a twelve
month trial period, during which the reservoir pres
sures of the three reservoirs will be monitored. 

The total Development Case for the 31S N/A Shales 
represents the Maintenance Case wherein routine re
medial activities such as stimulations, recompletions 
and artificial lift installations are planned. The main 
Objective of these activities is to conserve reservoir 

11$ 
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1 0,000 
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31S N/A SHALES 
REVENUES VS COSTS 
LONG RANGE PLAN 

TOTAl COSTS 
(UIDSCOUNIm) 
TOTAl RE.\9lUES 
{UIOSCOUNTED) 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 

figure 2 

energy and hence maintain production at projected 
levels. Figure 2 is a comparison of total revenues and 
total costs from FY'89-FY'9S. For this period, the 
total cost of operating this reservoir is $14 million with 
a total undiscounted revenue yield of $131 million. 

LONG RANGE PLAN '---+-_'---+-_I---+-�L...---'--_L.....----' 
LOCATION MAP 

N/A SHALES 

figure 1 
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figure 3 

Various economic statistics on the Total Development 
Case are shown in Figure 4. The net present value for 
the Total Development Case at 10% discount rate is 
$86.1 million from FY'89 to FY'95 and $443.6 million 
from FY'89 to economic limit in FY'2022. 

Total oil recovery is 2.3 million barrels from FY'89 to 

FY'95 and 3.3 million barrels from FY'89 to economic 
limit. 

The estimated original oil-in-place and reserves shown 
in Figure 5 for the 31S N/A Shales are from the "Ste
vens Zone Estimated Recoverable Oil and Third 
Revision of Percentage Participations as of November 

31S N/A SHALES 
TOTAL DEVELOPMENT CASE 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 
Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN 

$ 130.7 
$7.9 
$5.7 
$13.6 
$1 17.1 
$86.1 

2.3 
29.8 
8.3 

Million 
Million 
Million 
Million 
Million 
Million 

figure 4 
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FY'89 TO ECONOMIC LIMIT 

$6,289.9 Million 
$68.9 
$20.1 
$89.0 
$6,200.9 
$443.6 

3.3 . 
423.6 
88.5 

Million 
Million 
Million 
Million 
Million 

• 
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31S N/A SHALES 
TOTAL DEVELOPMENT CASE 

EQUITY 
STUDIES 

LONG RANGE PLAN 
MAINT. TOTAL 

Original-OU� In:"Place (MMB): 
Estimated Recoverable Oil (MMB): 
Cumulative Production 9{30/88 (MMB): 
Remaining Reserves: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

Economic Limit (BOPD, YEAR): 

97.5 
28.5 

69.0 

750.0 
31.8 
28.5 

3.3 
423.6 
88.5 
39/FY'2022 

750.0 
31.8 
28.5 

3.3 
423.6 
88.5 
39/FY'2022 

figure S 

20, 1942" along with a comparison to the Total and 
Maintenance Cases of the Long Range Plan. There are 
indica tions that substantial resid ual oil may exis t in the 
reservoir at economic limit. 

The historical production from 1976 to 1988 and the 
projected production to the economic limit in FY'2022 
is shown in Figure 6. Figure 7 shows historic produc
tion and projected production in barrels of oil equiva
len t. The increase in barrels of oil equivalent produced 
from FY'2014 to FY'2022 represen ts blow-down of the 
reservoir. 
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RESERVOIR DESCRIPTION 

The 31S N/A Shales are reservoirs within the Stevens 
Zone of the 31S Structure. The Stevens Zone is 
believed to have been deposited in deepwater turbidite 
environment, resulting in a complex interlayering of 
sands and shales. It is the most prolific zone in the 31S 
Structure. The structure of the 31S N/A Shales is that 
ofa 7.5 mile long anticline with an overall WNW- ESE 
trend (Figure 1). The crest of the structure lies in the 
nonhwest quarter of Section 31S where the top N 
Shale reaches 3,470 feet subsea and the top A Shales is 

BPD 
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10,000 

5000 

3 1 S  N / A SHALES 
OIL EQUIVALENT RATE 
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Figure 7 



at 3,570 feet subsea. The 31S N/A Shales are all upper 
Miocene. They consist of shale, siltstone and sand
stone beds which may be described as diatomaceous, 
siliceous, calcareous or dolomitic. Geologically, the 
shales are equivalent to the 26R Sands. 

The 31S N/A Shales overlie the Main Body "B" Sands 
stratigraphically on the31S Structure (Figure 3). It has 
been under primary development at a well spacing of 
4Oacres. As of November 15, 1988, about 95 wells were 
completed in the reservoir. Forty-five of thesewelIs are 
dedicated solely to this reservoir. FiftywelIs have com
mingled production with other reservoirs-- mainly MBB/ 
W31S Sands and 26R Sands. Forty-six of the 95 wells 
completed in the reservoir are shut-in due to high 
producing gas- oil ratios. 

Figure 8 is a summary of the reservoir characteristics 
for the 31S N/A Shale. 

RESERVOIR S'IUDIES 

Several studies are planned for the 31S N/A Shales in 
FY '89 and FY '90. The 31S Comprehensive Geologic 
Description by Scientific Software-Intercomp (SSI) is 
expected to be completed in FY '89. This study will 
provide detailed geologic analyses of the 31S Structure 
and examine evidence of geologic links between 31S N/ 
A Shales, the MBB/W31S Sands and 26R Sands. Another 
31S Structure Study by J. R. Bergeson and Associates 
was ini tia ted in FY '89 which is expected to review the 
performance of reservoirs in the 31S Structure and 
make recommenda tions for the optimiza tion 0 f recov
eries from the reservoirs. In FY '90, SSI is planning to 
start an in-depth reservoir simulation of the 31S N/A 
Shales. At the completion of this work, a history
matched model will be available for the evaluation of 
other operating strategies. 

RESERVOIR DEVELOPMENT S1RATEGY 

The 31S N/A Shales reservoir production mechanism 
is solution gas drive. Except for a brief period of gas 
injection from 1976 to 1979, the reservoir pressure has 
not been supported nor maintained. Consequently, 
the pressure of the reservoir has declined steadily. The 
reservoir is believed to be in communication with 26R 
Sands and MBB!W31S Sands. Fluid communication 
between 31S N/A Shales, 26R Sands and MBB!W31S 
Sands most likely caused the creation ofa huge gas cap 
in the 31S N/A Shales. It is believed that the gravita
tional migration of gas into the 31S N/A Shales must 
have been accompanied by coun terflow of oil from this 
reservoir to the 26R Sands and probably MBB!W31S 
Sands. The current operating strategy for the 31S N/ A 
Shales is based on the three reservoirs in the 31S 
Structure being in communication as described earlier. 
However, recent work completed by the BPOI Reser
voir Review Task Force indicates that no communica
tion links nor evidence of communication appear to 
exist between the MBB!W31S Sands and 31S N/A 
Shales. Theirworksuggests the existence of communi
cation pathways between the 26R Sands and 31S N/A 
Shales. If these findings are confirmed, the manage
ment strategy for the 31S N/A Shales will be modified 
accordingly. 

The current reservoir development strategy for 31S N/ 
A Shales considers the impact of communication be
tween the three reservoirs on ultimate recovery. Total 
fluid production from the reservoirs are considered as 
produced from one reservoir and balanced in volumet
ric terms bywater injection into MBB/W31S Sands and 
gas injection into 26R Sands. Ifinjection capacities are 
insufficient forvoidage balance, production from three 
reservoirs will be curtailed as necessary. In addition, 

31S N/A SHALES 
RESERVOIR CHARACfERICI1CS 

Porosity (%): 18.9 
Water Sat. (%): 45 
Air Perm. (md): 29 
Oil Gravity (API): 34-41 
Oil Form. Vol. Fact.(RBISTB): 1.552 
Oil Viscosity (cp): 0.42 
Initial Press. (psi) @ -5500: 2,844 
Bub. PL Press.(psi) @ -5500: 2,830 
Current Press (psi): 2,522 

Production Wells (If): 
Injection Wells (#): 
Top Pay (Ft-VSS): 
Max Pay (Ft-VSS): 
Pay Area (AC): 
Pay Volume (MAF): 
GOC (Ft-VSS): 
WOC (Ft-VSS): 
Press. Datum (Ft-VSS): 

figure S 
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wells completed in 31S N/AShales will be evaluated at 
a gas-oil ratio of 10,000 SCF/BBL. Wells producing 
above this level will be reviewed for a remedial job, 
shut-in or continued operation. This reservoir man
agement strategy took effect on July I, 1988 for a 12-
month trial period. 

The 31S N/A Shales oil production rates are projected 
to decline from 2,CYJ7 BOPD in 1989 to 275 BOPD in 
1995. These rates are based on the presumption that 
some form of gas-oil ratio controls will be maintained 
on the reservoir. Such controls are necessary to mini
mize any adverse effects that may result because of 
communication with 26R Sands and probably with 
MBB/W31S Sands. If gas-oil ratio controls are discon
tinued, the reservoir will produce at higher oil and gas 
production rates, which could cause accelerated de
cline of reservoir pressure and rapid depletion of res
ervoir energy. This may preclude the implementation 
of other strategies that may be recommended at the 
completion of the proposed studies discussed earlier. 
Several wells completed in 31S N/A Shales reservoirs 
in Sections 36R and 6G, have been affected by chan
nelling ofwater from the MBB/W31S waterflood. Geo
chemical analyses of produced water from the affected 
wells indicate the presence of Tulare water. Sound 
management of the 31S N/A Shales reservoirs requires 
that channelling of injected water from MBB/W31S 
waterflood must be minimized or eliminated where 
possible. The reservoir management strategies de
vised for this problem are well recompletions, routine 
surveyofthe mechanical integrityofMBB/W3lSwater 
injectors and continuation of production from flank 
wells to minimize channelling of water towards the 
crest of the structure. 

To optimize production from the 31S N/A Shale reser
voirs, two reservoir studies are planned in FY '89 and 

one study in FY '90. A comprehensive geological de
scription of the 31S Structure was started in FY '88 by 
Scientific Software-Intercomp (SSI) and is scheduled 
for completion in FY '89. The study will examine 
evidence of geologiC links between 31S N/A Shales, 
MBB/W31S Sands and 26R Sands. In Fi"89, the 31S 
Structure Study was initiated by J. R. Bergeson and 
Associates. In FY '90, SSI is scheduled to start an in
depth 31S N/A Shale Reservoir Study. This simulation 
studywill provide a history-matched model of31S N/A 
Shales and facilitate the evaluation of other manage
ment strategies for the reservoir. 

In the interim, it is generally expected that the findings 
of the BPOI Reservoir Review Task Force, the yet-to
be published results ofthe 31S Com prehensive Reser
voir Description Study and the on- going work on 31S 
Structure Study will definitely have impact on future 
management strategies for the 31S N/A Shales. De
pending on the conclusions reached by these studies, 
possible future management strategies may include 
the resumption of gas injection into 31S N/A shales or 
the decoupling of the 26R Sands and 31S N/A Shales 
reservoirs from the MBB/W31S as separate reservoirs. 

The annual production, costs and revenue streams for 
the Total Development Case are shown in attached 
Table 1. Key economic parameters are summarized in 
Figure 4. Cost and production assumptions are shown 
in Figure 9. 

The Recommended Program represents continuation 
of the current practice of performing routine remedial 
wellwork such as stimulations, recompletions and in
stallation of artificial lift systems. 

The annual remedial and facilities projects planned for 
3lS N/AShalesareexpected to maintain production at 

31S N/A SHALES 
COST AND PRODUcnON ASSUMPTIONS 

Initial 
Description Cost/Job ($) Rate (BOPD) Decline (%/yr) 

Stimulations 80,000 90 IS 
(acidizing) 

Recompletions 190,000 100 IS 

Artificial Lift 170,000 280 15 
Installation 

Figure 9 
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an average annual decline rate of 25%. Two stimula
tions per year are planned from FY '89 - FY '95. Two 
recompletions are scheduled in FY '89. As the reser
voir pressure declines, more wells will equalize. To 
restore these wells to production, two artificial lift 
installation per year are planned from FY '89 - FY '95. 
No new wells dedicated solely to 31S N/A Shales are 
planned for FY'89-FY'95. However, some new wells 
planned for MBB/W31S Sands will be evaluated for 
31S N/A Shales productive potential. A summary of 
the remedial activity levels is presented as Table 2. 

PlANNED RESERVOIR DEVELOPMENT 
ACI1VlTIES 

The 31S N/A Shale reservoir is produced by depletion
type mechanism. Consequently, a major part of the 
annual reservoir development activities is devoted to 
programs to conserve reservoir energy. From FY '89 -
FY '95, several activities are planned to maintain aver
age annual reservoir decline rate at 25%. Oil produc
tion is expected to decline from 2,097 BO PD in 1989 to 
275 BOPD in 1995. During the same period, gas 
production will decline from 16,811 MCFPD to 5082 
MCFPD. Current practice of conserving reservoir 
energy by shutting-in high gas-oil ratio wells appears to 
be stabilizing reservoir pressure. The reservoir pres-

2·90 

sure averaged 2,522 psi at -6,000' datum in January 
1988. Recent data collected in May 1988 indicated 
there had been no change in reservoir pressure. 

FY '89  

During this year, the major activity should be the 
review of the current strategy of balancing voidage 
from MBB/W31S Sands, 26R Sands and 31S N/A Shales 
by water injection into MBB/W31S Sands and gas 
injection into 26R Sands. The above practice was 
started on July 1, 1988 for a 12-month trial period and 
is expected to end on June 30, 1989. Future manage
ment strategy for 31S N/A Shales would be decided on 
the basis of the findings of BPOI Reservoir Review 
Task Force, the expected report of the 31S Compre
hensive Geologic Description and the 31S Structure 
Study. 

FY '90 - FY '95 

A detailed simulation study of the 31S N/A Shales is 
scheduled to start in FY '90 which should provide a 
history-matched model of the reservoir and facilitate 
evaluation of other management strategies. During 
the period FY '90 - FY '95, only. maintenance remedial 
activities are planned at this time. The level of reme
dial activities should be moderate as shown in attached 
Table 2. 
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NORTHWESTSIEVENS (AI-A3) SANDS 

The Northwest Stevens structure consists of three 
major reservoirs: the upper (A1-A3) Sands, the lower 
(A4-A6) Sands and the T Sands and N Shales. (See 
Location Map, Figure 1 and Cross Section, Figure 3. 
The (A1-A3) Sands are pressure maintained by crestal 
gas injection, the (A4-A6) Sands are peripherally wa
terflooded and the T Sands and N Shales are being pro
duced under primary depletion with no pressure main
tenance. 

The Total Development Case for the Northwest Ste
vens (A1-A3) Reservoir, consists of a Maintenance 
Case and a Horizontal Drilling Project. An estimated 
$190 million of un discounted revenues should be real
ized over the plan period from FY'89 to FY'9S, with 
associated total costs of $17 million. Annual revenue 
and cost values are displayed in Figure 2. 
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The economic parameters as shown in Figure 4, are a 
summary of the Total Development Case for the Plan 
Period and to the Economic Limit. 
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The recovery for the Total Development Case in terms 
of oil production, gas production and total oil equiva
lent barrels is also shown in Figure 4. 

The estimated oil reserves for the Northwest Stevens 
(AI-A3) Sands shown in Figure 5 are from the "Ste
vens Zone Estimated Recoverable Oil and Third 

Revision of Percentage Participations as of November 
20, 1942." These reserves are compared with the Long 
Range Plan Maintenance Case and Total Develop
ment Case. 

The Maintenance Case, which includes well  remedials 
and facilities to maintain the current production strat-

NORTHWEST STEVENS (A1-A3) SANDS 
TOTAL DEVELOPMENT CASE 

FY'89- FY'95 PLAN 

Total Revenue: 
Operating Cost: 
Investment: 
Total Costs: 

Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

$190.0 Million 
$10.6 Million 
$6.3 Million 
$16.9 Million 
$173.1 Million 
$1 19.0 Million 

Oil (MMB) 10.5 
Natural Gas (BCF)· -10.1 
Oil Equivalent (MMBOE) 9.2 
·Total Production Minus Injection 

Figure 4 
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FY'89 TO ECONOMIC LIMIT 

$1,596.3 
531.9 
59.2 
$41 .1  
$1 .555.2 
5254.5 

18.4 
57.9 
31.4 

Million 
Million 
Million 
Million 
Million 
Million 
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NORnrWFsrSTEVENS (Ai�A3lsANDS 
TOTAL DEVELOPMENT CASE .. . . 

EQUITY 
STUDIES 

Original-Oil-In-Place(MMB): . 77�1 
Estimated Recoverable Oil' (MMB): 34.7 
Cumulative Production 9/30/88 (BCF): 16.9 
Remaining Reserves: 

Oil (MBB) 17.8 
Natural Gas (BCF)* 
Oil Equivalent (MMBOE) 

EconomicLimit (BOPD, YEAR): 
I*Total Production Minus Injection 

LONG RANGE PLAN 
MAINT. TOTAL 

34.8 35.4 
16.9 16.9 

17.8 18.4 
58.0 57.9 
30.7 31.4 
26/2021 2612021 

Figure S 

egy, requires total costs of $12.1 million over FY'89 - proximately 20,000 MCF per day to balance voidage. 
FY'95 and yields a net revenue of $150.2 million. The Remaining oil reserves are estimated from the Stevens 
two-well Horizontal Drilling Project is expected to Equity Study Reserves to be 17.8 million barrels as of 
cost a total of $4.9 million over FY'89 FY'95 to yield October 1, 1988. 
$22.8 million in net revenue. 

Historical production from the Northwest Stevens 
(AI-A3) Sands Reservoir and projected performance 
to the economic limit is shown in Figures 6 and 7. 

The current reservoir operating strategy is pressure 
maintenance by crestal gas injection. A total of 2S 
producingwetls are forecast to produce an average rate 
of 4515 BOPD in FY'89. One gas injection well is 
expected to provide the required gas injection of ap-
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Ftgure 6 

The major field activities planned over the seven-year 
plan period are the drilling of two horizontal wells, gas 
isolation work and a new high pressure gas collecting 
system. The Horizontal Drilling Project provides for 
one well to be drilled in FY'90 and a follow-up contin
gent well in FY'91 at a total investment of$3.4 million. 
These wells should minimize the effect of gas cycling 
and improve oil recovery by exposing more sand inter
val to production. A total of 27 gas isolation and 
remedial jobs are planned to be performed on a routine 
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25.00) 

20.00) 

15.00) 

NORTHlfEST STEVENS (AI -A3) SANDS 
OIL EQUIVALENT RATE 

Figure 7 
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basis to minimize gas cycling and to conserve reservoir 
energy at a total investment of$1.7 million. Facilityin
vestments of $1.4 million are planned for FY'89. A 
high pressure 14" gas collecting system is recommended 
to replace the existing pipelines that have reached the 
end of their useful life due to metal loss from corrosion. 

RESERVOIR DESCRIPTION 

The Northwest Stevens Structure, located in the north
west area of NPR-1 (see Location Map, Figure 1), is 
approximately four miles long and one mile wide. The 
trapping mechanism consists of a series of discrete 
sand bodies that trend nearly north-south across the 
west-northwesterly plunge of the asymmetrical North
west Stevens Anticline (see Cross Section, Figure 3. 
The A Sands are composed of poorly sorted, moder
ately uniform, porous and permeable, arkosic sand
stones interbedded with thin to thick shale units and 
other fine grained rocks. Limited petrophysical analy
sis from cores and logs indicates an average porosity of 
17- 20% with permeabilities averaging 50-100 md. 
Average water saturations are reported to be approxi
mately 24% (See Figure 8 for reservoir data). 

The Northwest Stevens (A1-A3) Sands were put on 
production in 1980 and have been under gas injection 
since 1983 to support reservoir pressure. As of Octo
ber 1988,51 % of the estimated reserves remained to be 
produced. 

Currently there are 31 production wells and one injec
tion well which balances voidage by injecting approxi
mately 20,000 MCF/Day into the (A1-A2) Sands. It 
was initially thought that this injection was also sup
porting the A3; however, pressure surveys have indi
cated that the A3 Sand is not being supported. Results 
of a Pressure Monitoring Program completed in May 

1988 show the (A1-A2) Sand pressure to be stabilized 
at 2878 psi due to gas injection, while the pressure of 
the A3 Sand is 2514 psi because it is not apparently in 
communication with the (A1-A2) Sands. 

The Northwest Stevens surface facilities include six 
tank settings located in Sections 7R, 8R, 15R, 16R and 
17R. Facilities used for (A1-A3) Sands production are 
the 1-7R, 3-8R and 1-17R tank settings, the gas com
pression station in 35R which accommodates gas injec
tion and a gas lift compressor system in 8R. 

RESERVOIR STUDIES 

Scientific Software-Intercomp (SSI) and Evans, Carey 
and Crozier (Ec&C) have completed studies on this 
reservoir. A simulation study by SSI should be com
pleted in FY'89. An "Evaluation and MER Determi
nation" by EC&C was completed in 1986 and con
cluded that the gas injection program into the (A1-A2) 
Sands, has been effective. The study also recommended 
pressure support by water injection into the A3 Sand. 
Based on preliminary data, a simulation study which 
was completed by SSI in January 1989, recommended 
that the A3 Sand be included with the (A4-A6) Water
flood. The history matched model will be used to 
investigate the economics of producing the (A1-A3) 
Sands under various alternative operating strategies to 
determine the most economically attractive opera
tional strategy for this reservoir: 

- Continuation of the current full pressure 
maintenance program 

- Pressure depletion 
- Various gas-oil ratio production programs 
- Waterflood of the A3 Sand 
- Partial pressure maintenance 
- Optimum time for gas blowdown 

NOR1HWEST STEVENS (Al-A3) SANDS 
RESERVOIR CHARAcrERISTICS 

Porosity (%): 
Water Sat. (%): 
Air Perm. (md): 
Oil Gravity (API): 
Oil Form. Vol.-Fact. (RB/STB): 
Oil Viscosity (cp): 
Initial Press. (psi): 
Bubble Point Press. (psi): 
Current Press. A1-A2 (psi): 
Current Press. A3 (psi): 

18.9 
23.4 
35-190 
34-41 
1.45 
2.0 
4,152 
2,760 
2,878 
2,514 

Figure S 
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Production Wells (#): 
Injection Wells (#): 
Top Pay (Ft-VSS) :  
Max Pay (Ft): 
Pay Area (AC): 
Pay Volume (AF) 
GOC (Ft-VSS): 
WOC (Ft-VSS): 
Press. Datum (Ft-VSS): 

31 
1 
7,660 
484 
615 
59,632 
8,260 
8,550 
8,300 

• 

• 
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RESERVOIR DEVELOPMENT SlRATEGY 

The Reservoir Development Strategy for the Nonh
west Stevens (A1- A3) Sands is primarily concerned 
with maintaining the reservoir at constant pressure by 
gas injection to balance reservoir voidage. Recent 
pressure and production data exhibit strong evidence 
that the A3 Sand is not in communication with the Al 
and A2 Sands and needs additional pressure support. 
Results of a Pressure Monitoring Program completed 
in May 1988 showed a difference in pressures between 
the (A1-A2) and A3 to be 364 psi. A plan is being 
formulated to include the A3 Sand with the (A4-A6) 
Waterfloodand to continue gas injection into the (A1-
A2) Sands to increase recovery. Production allocation 
factors will be changed to reflect this new plan. It is an
ticipated that the A3 Sand will be under waterflood by 
opening the A3 Sand in some of the current peripheral 
injectors. This anticipated waterflood plan is being 
simulated on a history matched model. Also, alternate 
production strategies are expected to be studied using 
the model. These model studies should result in an 
economic analysis of the various strategies so that the 
most economic method of production can be em
ployed. An expanded discussion of the A3 Sand strat
egy is presented in the A4-A6 Reservoir Operating 
Plan. 

The production, cost and revenue streams for the Total 
Development Case are shown in the Economics 

Table 1. Key economic parameters are summarized in 
Figure 4. Cost and production assumptions are shown 
in Figure 9. 

The Maintenance Case represents continuation of the 
present production strategyofsupponingthe (A1-A3) 
Sands with gas injection. Gas isolation remedials are 
required to maintain production as upper perforations 
produce excessive gas due to the lowering of the gas-oil 
contact. Facility expenditures are provided for the re
placement of the Northwest Stevens High Pressure 
Gas Collecting System which runs from Stevens Tank 
Setting 1-7R to the 35R Gas Processing Facilities. The 
proposed replacement pipeline will be 14" nominal 
diameter, a length of approximately 32,000' and would 
roughly parallel the existing system. This pipeline 
system is now experiencing a very high rate of corro
sion. Repairs and replacement of shon sections of the 
piping have been made to extend the service life ap
proximately another 12 months. The existing pipeline 
must be replaced because of its design and condition 
which prevents adequate corrosion protection to pre-

. vent failures. Gas injection is assumed to continue 
throughout the life of this case and the high related 
costs result in the economic limit being reached at a 
relatively high oil rate. 

Details of the Maintenance Case are shown in the 
Economics Table 2. A summary of the key economic 

. parameters and the remaining recoveries are shown in 
Figure to. 

NORTIIWEST STEVENS (A1-A3) SANDS 
COST AND PRODUCTION ASSUMPTIONS 

Description 

Stimulations 
(acidizing) 

Recompletions 
(Reperforations, 
Gas isolations) 

Miscellaneous 
Wireline Stimulations 

Horizontal Well 

Facilities (Replacement 
Pipeline 14", 32,000') 

Cost/Job ($) 

60,000 

130,000 

20,000 

1,600,000 

1,354,000 

figure 9 
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NOR1HWESTS1EVENS (Al-A3) SANDS MAINTENANCE CASE 

FY'B9-FY'95 PLAN 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

$162.3 Million 
$9.1 Million 
$3.0 Million 
$12.1 Million 
$150.2 Million 
$104.4 Million 

Recovery: 

Oil (MMB) B.9 
Natural Gas (BCF)· -B.2 
Oil Equivalent (MMBOE) B.O 
·Total Production Minus Injection 

Figure 10 

FY'89 TO ECONOMIC UMIT 

17.B 
5B.0 
30.7 

$1,601.9 Million 
$31.B Million 
$5.B Million 
$37.6 Million 
$1,564.3 Million 
$244.6 Million 

PLANNED RESERVOIR DEVELOPMENT 
ACTIVITIES 

The Horizontal Drilling Project is expected to be ini
tiated with the drilling of one well in FY'90, with the 
horizontal ponion of the hole extending approxi
mately 1000' in length at the base of the Al and A2 
Sands. The purpose of this well is to minimize the 
effect of gas cycling through the upper portion of the 
sands and improve oil production. A second well will 
be drilled in FY'91 if the first well is successful. This 
project is fully described in Economics Table 3 and the 
results are summarized in Figure 1 1. 

The annual reservoir development activities are de
scribed on the following page for the ensuing seven-year 
plan period. Details of the drilling and remedial activi
ties are shown in Table 4 and Table 5. 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF)· 
Oil Equivalent (MMBOE) 

FY'89 
Gas injection is currently planned tocontinue balancing 

NOR1HWEST S'IEVENS (Al-A3) SANDS 
HORIZONTAL DRILLING PROJECf 

FYB9-FY'95 PLAN 
527.7 Million 
51.5 Million 
53.4 Million 
54.9 Million 
522.8 Million 
514.4 Million 

1.6 
-1.9 
1.3 

FY'B9 TO ECONOMIC LIMIT 
5-5.6 Million 
$0.1 Million 
53.4 Million 
53.5 Million 
5-9. 1 Million 
510.0 Million 

0.7 
-0.1 
0.7 

·Total Production Minus Injection 

Figure 1 1  
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production voidage to maintain reservoir pressure. 
Maintenance remedials necessary to continue produc
tion operations consist of acid stimulation, recom
pletions to eliminate excessive gas entry problems and 
miscellaneous wireline stimulation. Pressure mainte
nance of the AJ Sand will be addressed during the year 
and it is expected that the AJ Sand should become part 
of the (A4-A6) Sand waterflood. 

Reservoir development activities include maintenance 
remedials and the drilling of one horizontal well com
pleted at the base of the sand. This well is expected to 
provide an opportunity to determine the feasibility of 
eliminating excessive gas entry problems. Other op-

portunities that should be investigated to decrease gas 
entry are reducing gas injection to move toward partial 
pressure maintenance in the (Ai-AJ) Sands, or pro
ducing at higher GOR limits. 

FY'91 

In addition to maintenance remedials, a second hori
zontal well is planned to be drilled in FY'9i, if the 
horizontal well is successful in FY90. 

FY'92-9S 

During the outyears, only maintenance remedial activ
ity is planned at this time. This activity will remain 
constant for the period. 
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NORTHWEST STEVENS (A4-A6) SANDS 

The Northwest Stevens structure consists of three 
major reservoirs: the upper (AI-A3) Sands, the lower 
(A4-A6) Sands, and the T Sands and N Shales (See 
Location Map, Figure 1 and Cross Section, Figure 3). 
The (AI-A3) Sands are pressure maintained by crestal 
gas injection, the (A4-A6) Sands are peripherally wa
terflooded and the T Sands and N Shales are being pro
duced under primary depletion with no pressure main
tenance. 

The Total Development Case for the Northwest Ste
vens (A4-A6) Reservoir, consists of a Maintenance 
Case and a Development Drilling Project. This Total 
Plan is estima ted to yield $254 million in undiscoun ted 
revenues over the next seven-year period, for a total 
expenditure of $46 million. Annual revenue and cost 
values are displayed in Figure 2. 
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NORTHWEST STEVENS A4-A6 SANDS REVENUES VS COSTS LONG RANGE PLAN 

FY'89 r('90 fY'91 ry'92 ry'93 ry'94 FY'gS 
Figure Z 

The economic parameters shown in Figure 4 are a sum
mary of the Total Development case for the plan 
period and to the economic limit. 
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�L.J LOCATION MAP 

A4 - A6 SANDS 

Figure 1 
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EAST-WEST STRUCfURAL CROSS SECTION 
NORTHWEST STEVENS 

A 4-6 SANDS 

Figure 3 

The recovery for the Total Development Case in terms 
of oil production, gas production and total oil equiva
lent barrels is also shown in Figure 4. 

The estimated oil reserves for the Northwest Stevens 
(A4-A6) Sands shown in Figure 5 are from the "Ste
vens Zone Estimated Recoverable Oil and Third 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (SCF) 
Oil Equivalent (MMBOE) 

NORrnwEST STEVENS (A4-A6) SANDS . 
TOTAL DEVELOPMENT CASE 

FY89-FY'95 PLAN 

$254.0 Million 
$32.4 Million 
$13.2 Million 
S45.6 Million 

$208.4 Million 
$147.3 Million 

12.5 
7.8 

14.1 

Figure 4 
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FY'89 TO ECONOMIC LIMIT 

$426.8 Million 
S105.1 Million 
$21 .1  Million 
$126.2 Million 
$300.6 Million 
S183.0 Million 

18.0 
1 1.3 
20.3 

• 

• 

• 
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NORTHwEsrSTEVENS (A4-A6) SANDS . 

,·· TOTALDEVELOPMENT CASE .. 

EQUITY 
STUDIES 

LONG RANGE PLAN 
. MAJNT. . TOTAL 

Original-Oil-In-Place (MMB): 
Btimated Recoverable Oil (MMB): ' . 
Cumulative Production 9/30/88 (MMB): 
Remaining Reserves: 

. . Oil (MMB) 
Natural Gas (BCF) 

Oil Equivalent 
Economic Limit (BOPD; YEAR): 

138.9 
55.6 
27.8 

27.7 

Revision of Percentage Participations as of November 
20, 1942." They are compared with the Long Range 
Plan Maintenance and Total Development Cases. 

The Maintenance Case, which includes well remedials 
and facilities to maintain the current production strat
egy, requires total costs of $41.2 million over FY'89 -
FY'95 and yields a net revenue ofSl96.1 million. The 
two-well Development Drilling Project will costa total 
of $4.4 million over FY'89 - FY'95 to yield $12.3 
million in net revenue. 

The current Reservoir Operating Strategy is to inject 
water into peripheral wells to support reservoir pres-

NORTHWEST STEVENS (A4-A6) SANDS 
OIL PRODUCTION RATE 

BOPD 

1 2,000 

1 1 ,000 

10.000 
9000 

8000 

7000 

6000 

5000 

4000 
3000 

2000 

1000 

REMAINING RECOVERY 
TOTAL PROGRAM 18.0 MMB6-

MAINTENANCE CASE 1 6.7 1.41.480-----

O ������������� 
F'f80 FY85 F'f90 F'f95 F'f00 

Figure 6 

44.5 
27.8 

16.7 
10.6 

· 18.8 
1311/2002 

45.8 
27.8 

18.0 
11.3 
20.3 
1438/2002 

sure and improve recovery over primary depletion 
methods. A total of 44 active wells are estimated to 
produce an average rate of 6,616 BOPD in FY'89. 
Historical production from the Northwest Stevens 
(A4-A6) reservoir and projected performance to the 
economic limit is shown in Figures 6 and 7. The oil pro
duction and total hydrocarbon production in those 
graphs is expressed as barrels of oil equivalent. 

Eighteen water inject(on wells should provide the 
required water injection of approximately 19,000 BWPD 
to balance voidage. Remaining oil reserves from the 
Stevens EquityStudy Reserves are 27.7 million barrels 
as of October I, 1988. 

NORTHWEST STEVENS (A4-A6 ) SANDS 
OIL EQUIVALENT RATE' 

8PO 
16,000 

14,000 

1 2,000 

10,000 

8000 

6000 

4000 

2000 

, \ 

O ������������ 
FYBO FY8S F'f90 FY9S F'f00 

Figure 7 
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A general field operating stra tegy for this reservoir will 
be to continue water injection, control water floo
dfronts at the injection wells and to perform water 
isolations on producers as necessary. Controlling floo
dfronts from the injectors with sands of varying per
meability should be an easier and more cost effective 
strategy than allowing more permeable zones in pro
ducers to ''water-out'' before isolation. Packer/man
drels are currently used in injectors to control profiles. 
Cement squeezes and limited entry perforating are 
proposed to control profiles while minimizing crossf
low behind cement in blank sections of casing. The 
current strategy is to produce the wells to their eco
nomic limit regardless of water cut. This involves some 
water cycling, but will allow high cumulative oil rates 
before shut-in. Stimulations to remove skin damage 
due to scale and asphaltenes are required to maximize 
fluid withdrawals from each well and maintain high 
reservoir productivity. 

RESERVOIR DESCRIPTION 

The Northwest Stevens Structure, located in the north
west area of NPR-l (see Location Map, Figure 1), is 
approximately four miles long and one mile wide. The 
trapping mechanism consists of a series of discrete 
sand bodies that trend nearly north-south across the 
west-northwesterly plunge of the asymmetrical North
west Stevens Anticline (see Cross Section, Figure 3). 
The A4-A6 Sands are composed of poorly sorted, 
moderately uniform, porous and permeable, arkosic 
sandstones interbedded with thin to thick shale units 
and other fine grained rocks. Genesis of a significant 
portion of these sands are similar to other Elk Hills 
channel-fill Stevens turbidite deposits. Limited petro
physical analysis from cores and logs indicates an aver-

age porosity of 17-20% with permeabilities averaging 
50-100 md. Average water saturations are reponed to 
be approximately 31 %. Reservoir characteristics are 
displayed in Figure 8. 

The Northwest Stevens (A4-A6) Sands were put on 
open-up production in 1980 and water injection was 
initiated in 1983 to support pressure from the periph
ery. As of October 1988, 50% of the estimated reserves 
remained to be recovered. 

Currently there are 44 active producing wells and 18 
injection wells which balance voidage by injecting 
approximately 19,000 BWPD into the (A4-A6) Sands. 
New injection wells are expected to be necessary to 
provide additional pressure support in the future for 
the A-3 and A-6 Sands. 

The Northwest Stevens surface facilities include six 
tank settings located in Sections 7R, 8R, 15R, 16R,and 
17R. Facilities used for (A4-A6) Sands production are 
the 1-7R, 3-8R, 1-17R, and 2-17R Tank Settings, the 
8R Gas Lift Compression Station, the 17R Field Gas 
Compression Station, the 17R Waterflood Plant, and 
the 35R HPI Gas Injection Plant. Gas gathering has 
been a facilities problem in the Northwest Stevens 
particularly at the prolific 1-7R Tank Setting where 
problems can occur with the compressors on site. If 
high pressures from the gas plant occur, difficulty is 
encountered in distributing Northwest Stevens gas. To 
correct this problem, an old 10" high pressure line is to 
be replaced by a new 14· piggable line for relief. Other 
facility projects include the buyout of the leased closed
loop gas lift compressors at8R, installing a spare pump 
for the waterflood plant, making waste water tank 
improvements and installing facilities for injection of 
produced water into the Stevens Sand. 

NOR1HWEST STEVENS (A4-A6) SANDS 
RESERVOIR CHARACTERISTICS 

Porosity (%): 
Water Sat. (%): 
Air Perm. (md): 
Oil Gravity (API): 
Oil Form. Vol. Fact. (RB/sTB): 
Oil Viscosity (cp): 
Initial Press. (psi): 
Bubble Point Press. (psi): 
Current Press (psi): 

18.2 
31.4 
35-190 
30 
1.49 
1.2 
4,150 
2,490 
2.500 

figure S 
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Production Wells (#): 
Injection Wells (#): 
Top Pay (Ft-VSS): 
Max Pay (Ft): 
Pay Area (AC): 
Pay Volume (AF) 
GOC (Ft-VSS): 
WOC (Ft-VSS): 
Press. Datum (Ft-VSS): 

54 
18 

7,944 
556 
886 
92,615 
N/A 
8,550 
8,300 

• 

• 

• 
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RESERVOIR STUDIES 

Scientific Software-Intercomp (SSI) and Evans, Carey 
and Crozier (EC&C) have completed studies on this 
reservoir. A 1986 study by EC&C recommended that 
additional drilling is necessary in unswept areas to 
recover reserves and that additional water injection is 
necessary in the A6 Sand. This conclusion was investi
gated by a SSI reservoir simulation completed in Janu
ary 1989. Inclusion of the A3 Sand into the waterflood 
project and increasingA6 sand injectivity are currently 
being studied by predictive runs in the model. 

RESERVOIR DEVELOPMENT S1RATEGY 

The Reservoir Development Strategy for the Nonh
west Stevens (A4- A6) Sands is to continue to suppon 
the reservoir pressure through water injection into pe
ripheral wells. A detailed reservoir simulation studyof 
the Northwest Stevens A Sands has been performed by 
Scientific Software-Intercomp (SSI) and the history 
matched model was completed with a report in January 
1989. This history matched model is now being utilized 
to perform various predictive runs that are investigat
ing strategies for optimizing pressure maintenance by 
water injection and maximizing economic recovery. 
The model predictive runs to date include: 

Current strategy 
Water injection into the A-3 Sand 
Line drivewaterflood in theA-6 with 
no new producers 
A line drive waterflood in the A-6 
with 15 new producers 

Future predictive runs could be as follows: 

Sensitivity to Gas Uquid Ratio (GLR) 
and Water Cut (WC) 
A-6 flood with peripheral injectors 
A-3 case with new take-points 
Production with partial vOidage 

For each of these cases, economic analysis and total 
recovery will be the deciding factors on which case or 
cases will be used as the chosen operating strategy. 
Initiating injection into the A-3 Sand and increashlg 
injection into theA-6 Sand is expected tobe ofprimary 
importance. The SSI simulation has shown that water 
injection is primarily entering the A4 and AS Sands in 
some injectors, resulting in the floodfront advancing 
rapidly through those sands. The A3 Sand is not now 
being pressure supported directly by injection; how
ever, some migration of fluids from the A4 Sand to the 
A3Sand isoccurring. The rapid advance of water in the 

A4 and AS Sands and the uncontrolled influx of water 
into the A3 Sand raises the possibility of by-passing oil 
reserves. In the A-6 reservoir, the scenario of a line 
drive waterflood with 15 new producers is anticipated 
to optimize oil production, however, the scenario where 
no producers are to be drilled may be the most eco
nomic. Further evaluation of the Scientific Software
Intercomp (SSI) study is expected to optimize the most 
specific approach. 

The production, cost and revenue streams for the Total 
Development Case are shown in Economics Table 1. 
Key economic parameters are summarized in Figure 4. 
Cost and assumptions are shown in Figure 9. 

The Maintenance Case represents continuation of the 
present production strategy of supporting the (A4-A6) 
Sands with water injection. Recompletion remedials 
are required to isolate water from ''watered-out'' inter
vals in producing wells. Stimulations are required to 
remove scale and asphaltene deposits in the wellbores. 
Rod pump artificial lift installations are necessary for 
wells convened to the (A4-A6) Sands. Profile control 
is necessary to maintain uniform layer injectivities in 
each water injection well to improve waterflood sweep 
efficiencies. 

Several surface facilities modifications are necessary in 
the Maintenance Case. A spare pump and motor are 
necessary at the 17R Waterflood Plant to provide for 
the expanding demands of the total Stevens water
floods and provide backup capacity in the event of a 
pump or motor failure. The 18G waste water tank 
improvements are necessary to improve the clean-up 
efficiency of the disposal system since Stevens waste 
water is planned to replace Tulare injection water. Gas 
blankets for both water tanks and a separate slop oil 
system will be included. The present operation allows 
excessive amounts of oil to be commingled with the 
waste water where oxygen entry into the system is 
causing increased corrosion. A new 14" high-pressure 
pipeline is scheduled to relieve high pressure gas distri
bution difficulties and to replace the old 10" pipeline 
which is experiencing a high ra te of corrosion. Repairs 
and replacement of short sections of the old pipe have 
increased its life approximately 12 months but will not 
provide long term service and prevent large monetary 
losses and environmental damage. The construction 
program to convert the Stevens waterfloods to pro
duced water and eliminate Tulare Zone disposal are 
included in this plan. The construction program is 
expected to include: (FY'89) conversion of 24Z Sand 
and Northwest Stevens waterfloods, (FY'90)

·
conver

sion of SE leg of 33S Plant to produced water and 
repair 18G/24Z waste water pipeline, (FY'91) hookup 
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Description 

Stimulations 
(acidizing) 

Recompletions 
(Water isolation) 

Artificial lift 
(pumping unit installation) 
Profile control 
Waterflood pump 
Produced water injection 
Replacement 14- pipeline 
Buy Closed Loop 

Compressors 
Drilling (New Well) 

. NORTIIWESrS1EVENS (A4-A6) SANDS 
COST AND PRODUCTION ASSUMPTIONS 

Cost/Job ($) 

70,000 

90,000 . 

186,000 

200,000 . 
150,000 
1,665,000 
1 ,354,000 

225,000 
1,500,000 

Initial 
Rate (BOPD) Decline (%/yr) 

Figure 9 

100 10 

100 10 

250 10 

500 10 

alternate disposal wells and clean up SOZ water, and The Development Drilling Project provides for drill-
(FY'92-94) waste water gathering system and water ing one well in FY'90 and one well in FY'91. These 

• 

knockout at 30 tank settings. wells will be used for infill injection and production in 

• the A-6 Sand, based on a study to commence during 
FY'89 utilizing the SSI "A" Sand reservoir simulation 

Details of the Maintenance Case are shown in the runs. Economics of this project are fully described in 
Economics Table 2. A summary of key economic Economics Table 3 and the results are summarized in 
parameters and recoveries are shown in Figure 10. Figure 11 .  

Total Revenue: 
Operating Cost: 

Investment: 
Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

NORTIIWEST S1EVENS (A4-A6) SANDS 
MAIN1ENANCE CASE 

FY'89-FY'95 PLAN FY'89 TO ECONOMIC LIMIT 

$237.4 Million 
$31.2 Million 
$9.9 Million 

$41 .1 Million 
$196.3 Million 
$139.9 Million 

11.8 
7.4 

13.2 

Figure 10 
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$395.1 Million 
$103.0 Million 
$17.8 Million 
$120.8 Million 
$274.3 Million 
$170.5 Million 

16.7 
10.6 
18.8 
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NORnIWESI' STEVENS (A4-A6) SANDS 
. DEVELOPMENTDRII.LINGPROJEcr 

FY'89-FY'9S PLAN .. ·· · FY'89 TO ECONOMIC LIMIT 

Total Revenue: 
Operating Cost: 

Investment: 
Total Costs: 

$16.6 Million 
Sl.2 Million 
S3.2 Million 
$4.4 Million .. 

S31.7 Million 
$2.0 Million 
$3.2 Million 
$5.2 Million 

Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

OiJ (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

S12.2 Million 
S7.S MiUion 

0.8 
0.5 
0.9 

. $26.5 Million 
$12.8 Million 

1.3 
0.8 
1.4 

Figure 11 

PLANNED RESERVOIR DEVELOPMENT 
ACI'IVITIES 

The anuual reservoir management activities are de
scribed below for the ensuing seven-year period. De
tails of the drilling and remedial activities are shown in 
Table 4 and Table 5. 

FY'89 

Projected production for this year is 6616 BOPD by 
waterflood pressure maintenance. Remedials neces
saryto maintain the production are threestimulations, 
five recompletions and four profile control jobs (Table 
5 shows the level of remedial activity). The effective
ness of cement squeezes should be examined along 
with limited entry perforations as a cost efficient way 
for profile control in water injectors. This is an alter
native to installation of downhole flow regulators which 
have had limited success. 

Facilities work includes a replacement of the 10" High 
Pressure Gas Gathering System with a piggable 14" 
pipeline, a spare pump for the Waterflood, Waste 
Water Tank Improvements and Facilities for Injection 
of Produced Water into the Stevens Sand. The NWS 
Al- A3 Sands, 24Z Sand and MBB/W31S projects 
should share in the cost of some of these facilities. 

FY'9O 

Reservoir Development activities include a continu
ation of the Maintenance Case with an addition of one 
anificial lift and two stimulations. The plan for water 
injection into the A3 Sand and the increased injection 
into the A6 Sand should be implemented. Facility costs 
are expected to be required to continue injection of 
produced water into the Stevens Sands. One new well 
is planned to be drilled in the Development Drilling 
Project. 

FY'91 

Reservoir Development activities include a continu
ation of the Maintenance Case with one less recom
pletion and two less profile controls. Facility Costs 
should continue for the injection of produced water 
into the Stevens Sands. One new well is planned to be 
drilled in the Development Drilling Project. 

FY'92 - F\"95 

Reservoir Development activities are expected to coo
tinuewithout additional artificial lift installation since 
all wells should be equipped by this time. Facility costs 
for the injection of produced water should continue 
through FY'94. 
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. . . . :. . . .. . . ". NOR'IHWESf STEVENS T SANDS 
AND N SHALES . .. NORTHWEST STEVENS·· T SANDS AND N SHAlES 

The Northwest Stevens Structure consists of three 
majorreselVoirs: The upper (AI-A3) Sands, the lower 
(A4-A6) Sands and the T Sands and N Shales. (See 
Location Map, Figure I and Cross Section, Figure 3). 
The (AI-A3) Sands are pressure maintained by crestal 
gas injection, the (A4-A6) Sands are peripherally wa
terOooded and the T Sands and N Shale are being pro
duced under primary depletion. 

REVENUES · VS · COSTS LONG RANGFPLAN FY'89 -- FY'95 

rY'89 FY'9Q rY'91 FY'92 F'Y'93 FY'94 Fr'gs 

Figure 2 

The Total Development Case for the Northwest Ste
vens T Sands and N Shale ReselVoir, consists of the 
Maintenance Case and a Hydraulic Fracture Project. 
During the plan period from FY'89 to FY'95, the Total 
Development Case is expected to provide $45 million 
in undiscounted revenues, and require total costs of $9 
million. Annual revenue and cost values are displayed 
in the Figure 2. 

The economic parameters in Figure 4 summarize the 
Total Development Case for the plan period and to the 
economic limit. 
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The recovery for the Total Developmen t Case in terms 20, 1942." These reserves are compared with The Long 
of oil production, gas production and total equivalent Range Plan Maintenance and Total Development Cases. 
barrels is also shown in Figure 4. 

The estimated oil reserves for the Northwest Stevens T 
Sands and N Shales as shown in Figure 5 from the "Ste
vens Zone Estimated Recoverable Oil and Third 
Revision of Percentage Participations as of November 

The Maintenance Case, which includes well remedials 
and facilities modifications, also includes a Hydraulic 
Fracture Test. The total cost for this case is $4.4 
million over FY'89-FY'95 and yields a net revenue of 
527.8million. The Hydraulic Fracture Projectwill cost 

NORTIlWEST STEVENS T SANDS AND N SHALES 
TOTAL DEVELOPMENT CASE 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN 

$44.7 Million 
$2.3 Million 
$6.8 Million 
$9.1 Million 

$35.6 Million 
$26.0 Million 

2.1 
2.2 
2.6 

figure 4 
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FY'89 TO ECONOMIC LIMIT 

550.2 Million 
53.7 Million 
57.7 Million 
$1 1.4 Million 
538.8 Million 
$27.4 Million 

2.3 
2.5 
2.8 

• 

• 
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NORmwESTSTEVENS T sANDs AND N.sHALES . . 
· TOTALDEVELOPMEN'!"CASE · · . 

EQUITY 
STUDIES 

Original-Oil-In-Place (MMB): 483 
Estimated Recoverable OiL (MBB): 21.7 
Cumulative Production 9/30/88 (MMB): 6.6 > .. 
Remaining Reserves: 
Oil (MMB) · 15.1 
Natural GAS (BCF) 
Oil Equivalent. (MMBOE) 

Economic Limit (BOPD, YEAR): 

LONG RANGE PLAN 
MAIm. TOTAL 

8.6 8.9 
6.6 6.6 

2;0 2.3 
2.5 2.5 2.5 2.8 

3212008 45/2008 

figureS 

a total of $4.6 million over FY'89-FY'9S to yield $7.9 
million in net revenue. 

Historical production from the Northwest Stevens 
T Sands and N Shales Reservoir and projected per
formance to the economic limit is shown in the Figures 
6 and 7. 

The current reservoir operating strategy is to maintain 
the current primary production by the mechanism of 
solution gas drive combined with an active natural 
aquifer. A total of 2S active wells should produce an 

NORTHWEST STEVENS T SANDS AND N SHALES OIL PRODUCTION RATE 

4000 
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RE ... AINING RECOVERY TOTAl PROGRAM 2.3 ...... SO -IAAIN1ENANCE CASE 2.0 1.41.180 ----

o ���������u=�� 
FYBO FY85 FY90 FY95 FYOO FYOS FYOB 

figure 6 

average rate of921 BOPD in FY'89. Pressure mainte
nance has not been a problem in this pool since the 
reservoir has maintained pressure through a natural 
aquifer. The remaining oil reserves are estimated from 
the Stevens Equity Study Reserves to be 15.1 million 
barrels as of October I, 1988. If fracturing techniques 
are found to be successful, then it is feasible that the re
coverable oil should increase. 

The major field activities planned over the seven year 
plan period are the Hydraulic Fracture Project, along 
with routine well remedials such as stimulations, re-

NORTHWEST STEVENS T SANDS AND N SHALES OIL EQUIVALENT RATE 
8PD 

5500 
5000 � 4500 
4000 
3500 
3000 
2500 
2000 
1500 
1000 
500 

0 
fY80 mJ5 rY90 fY95 rtOO fY05 rY08 

figure 7 
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completions, low volume acid jobs and anificial lift 
installations. The recompletions mostly involve plug
ging back watered-out zones. During the plan period, 
a total of33 remedials are scheduled for a total cost of 
$2.2 million. No drilling activity is scheduled in this 
plan, bu t may be req uired. The facili ties costs are those 
associated with anificial lift for a total of$421,000 for 
new equipment costs for four installations. The Hy
draulic Fracture Project is anticipated to improve oil 
recovery from the T Sands and is contingent upon the 
test fracturing of a well for $511,000 in the fourth 
quarter of FY'89. Initial production of 250 BOPD is 
expected, declining at 15% per year. A total of seven 
wells at a cost of $3.9 million during this planning 
period may be fractured, if this well is economically 
successful. 

RESERVOIR DESCR1PTION 

The Northwest Stevens Structure, located in the north
west area of NPR-l (see Location Map, Figure 1), is 
approximately four miles long and one mile wide. The 
trapping mechanism consists of a series of discrete 
sand bodies that trend nearly north-south across the 
west-northwesterly pi unge of the asymmetrical North
west Stevens Anticline (see Cross Section, Figure 3). 

The Northwest Stevens Sandstones are divided into 
the "A" and "T" Sands. The "T" Sands (T2-T6), along 
with the "N" Shale, occur stratigraphically below the 
"An Sands and are older. The depOSition pattern of 
these sands are of deep marine channel-fill turbidites. 
The "T" Sands are generally less uniform in appear
ance on SP lOgs, are finer grained, less porous, dirtier, 
often thinner and separated from each other by thicker 
shale breaks than the "A" Sands. Limited petrophysi
cal analysis from logs and cores suggest a porosity 

average of 17-18% with permeabilities of 1-14 md. 
Average water saturation is reportedto be approxi
mately 30%. Reservoir characteristics are displayed in 
Figure 8. 

The Northwest Stevens "Tn Sands and uN" Shale were 
first placed on production in 1976. The cumulative oil 
production through September 30, 1988, is 6.6 MMB. 

The Total Development Case and other estimates 
indicate that remaining reserves are less than 15.1 
million barrels. 

Currently there are 30 production wells with no injec
tion wells. The Average Reservoir Pressure is esti
mated to be 3100 psi @ 8300' SS. Static Pressure data 
is limited due to the high number of rod pump wells. 
Despite the absence of pressure maintenance, the res
ervoir pressure decline has been negligible while on 
continuous production due to a natural aquifer and 
tight sands. 

The Northwest Stevens surface facilities include six 
tank settings located in Sections 7R, 8R, 15R, 16R and 
17R. Facilities used for the T &N production are the 3-
15R, 4-16R and 2-17R Tank Settings with all produc
tion routed through the low pressure system. 

RESERVOIR STIJDIES 

Study of this reservoir has been limited to: 1) Analogy 
study by Scientific Software-Intercomp, and 2) Part of 
reserve study by Bergeson and Associates. This reser
voir has not been studied in Significant detail. Addi
tional studies are expected to be done on a level-of
effon basis. A new geological study will be completed 
in the Second Quarter of FY'S9. SSI is planning a Ma
terial Balance Study on this reservoir in FY'S9. 

NORTIIWESr STEVENS T SANDS AND N SHALES 
RESERVOIR CHARACfERISTlCS 

Porosity (%): '  
Water Sat. (%): 
Air Perm. (md): 
Oil Gravity (API): 
Oil Form. VoI.FAcr. (RB/sTB): 
Oil Viscosity (cp): 
Initial Press. (psi): 
Bubble Point Press. (psi): 
Current Press. (psi): 

16.8 
29.5 
1-14 
35 
1.51 
1.0 
4,152 
2,240 
3,100 

figure S 

2-117 

Production Wells (#): 
Injections Wells (#): 
Top Pay (Ft-VSS): 
Max Pay (Ft): 
Pay Area (Ac): 
Pay Volume (AF): 
GOC (Ft-VSS) : 
WOC (Ft-VSS): 
Press. Datum (Ft-VSS): 

30 
o 
7,200 
367 
1,240 
36,192 
NA 
8,250 
8,300 

• 

• 

• 
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RESERVOIR DEVELOPMENTS'1RAlEGY 

The Reservoir Development Strategy for the Nonh
west Stevens TSands and N Shale is continued produc
tion by primary recovery under the mechanism of 
solution gas drive with natural water influx. Other 
methods to accelerate production and recovera higher 
percentage of oil-in-place will also be investigated. 
Emphasis should be placed on maintaining wells on 
continuous production and preventing wellbore satu
ration changes from shut- ins due to equalization or 
down-hole failures. This, along with stimulations to 
remove scale and asphaltine deposits, should help the 
reservoir maintain production. Water entry identifica
tion has been a major problem with this reservoir, 
particularly with wells producing from rod pump. 
Remedial zone isola tions and testing should be done in 
order to curtail excessive water production. The Hy
draulic Fracture Project, if deemed feasible by core 
studies and other petrophysical information, should 
help to improve production from zones which would 
otherwise have little potential. Scientific Software
Intercomp (SSI) is scheduled to complete a Material 
Balance Study on this reservoir in the founh quaner of 
FY'89. 

. The prod uction, cost and revenue streams forthe Total 
Development Case are shown in Table 1. Key eco-

nomic parameters are summarized in Figure 4. Cost 
and productions assumptiOns are shown in Figure 9. 
The Maintenance Case represents continuation of the 
present production strategy of primary production 
through the mechanism of solution gas drive with 
natural water influx. Stimulations and miscellaneous 
low volume acidizing should help to remove skin damage 
due to calcium carbonate scale and asphaltines. The 
recompletions will be required to open new zones and 
shut off excessive water producing intervals. Rod 
pump anificial lift should maintain production in the 
flowing wells that equalize. The Hydraulic Fracture 
should be a pilot remedial to determine the potential 
of opening low permeability intervals to production. 

Details of the Maintenance Case are shown in the 
Economics Table 2. A summary of the key economic 
parameters and the recoveries are shown in Figure 10. 

The HydrauliC Fracture Project is expected to be initi
ated follOwing a successful pilot HydrauliC Fracture 
listed in the Maintenance Case. The purpose will be 
the development of the fracturing potential of the 
T&N Reservoir. Two wells are expected to be treated 
in FY'90and two in FY'91 , and one well will be treated 
each year from FY'92 through FY'95. Details of the 
Hydraulic Fracture Project are shown in Economics 
Table 3, with a summary ofthe key economic parame
ters listed in Figure 11. 

NORlHWFSr STEVENS T SANDS AND N SHALES 
COST AND PRODUcnON ASSUMPTIONS 

Description 

Stimulations 
(Acidizing) 

Recom pletions 
(Perforation, 
Water Isolation) 

Artificial Lift 
(Pumping Unit 
Installation) 

Hydraulic Fracturing 
Miscellaneous 
(Low Volume Acidizing) 

Cost/Job ($) 

70,000 

85,000 

180,000 

511,000 
9,000 

Figure 9 
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Initial 
Rate (BCPD) 

50 

75 

150 

250 
75 

Decline 
(%/Yr.) 

15 

15 

15 

15 
15 



NOR1HWFSTSTEVENS T SANDS AND N SHALES 
. MAINTENANCE CASE 

Total Revenue: 
Operating·Cost: · ·· 

Investment: 
Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY"95 PLAN 

$32.1 Million 
$1.5 Million 
· S2.9 Million 
$4.4 Million 

$27.8 Million 
$19.9 Million 

1.5 
1.8 
1.8 

Figure 10 

FY"89 TO ECONOMIC LIMIT 

2.0 
2.5 
2.5 

S52.6 Million 
$4.3 Million 
$6.9 Million 
$11.2 Million 
$41.4 Million 
$24.7 Million 

PLANNED RESERVOIR DEVELOPMENT 
ACTIVITIES 

average of921 BOPD, largely from solution gas drive. 
Remedials that may be necessary to maintain the Main
tenance Case are acid stimulations, recompletions to 
plug back watered out zones, and low volume acid jobs 
to maintain production by keeping the tubing and the 
perforations open to flow. One well is expected to be 
hydraulically fractured as a test to determine if this is a 
feasible economic method to increase revenue. Also, 
the feasibility of waterflooding the T Sands should be 
studied. The determination of the effective drainage 
radius of the T Sands and N Shales is anticipated to be 
started using pulse testing, pressure build-up surveys 
and flow testing of the perforated intervals. 

The Annual Reservoir Development Activities are 
described for each of the cases presented in this Oper
ating Plan.(See attached Table 4) These cases are the 
Maintenance Case that projects current production 
and the Hydraulic Fracture Project that improves 
production and total economics. 

The Maintenance Case is projected to produce an 

NORTIIWESI' S'IEVENS T SANDS AND N SHALES 
HYDRAUUC FRACIURE PROJECf 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY"89-FY'95 PLAN 

$12.5 Million 
$0.7 Million 
$3.9 Million 
$4.6 Million 
$7.9 Million 
$6.1 Million 

0.6 
0.4 
0.7 

Figure 1 1  
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FY'89 TO ECONOMIC LIMIT 

$-2.4 Million 
$-0.6 Million 
SO.7 Million 
$0. 1 Million 
$-2.5 Million 
S2.7 Million 

0.5 
0.3 
0.6 

• 

• 

• 
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Reservoir Development Activities include a continu
ation of the Maintenance Case activities and the Hy
draulic Fracturing Project if fracturing of the well is 
economic. A review offeasibility studies to waterflood 
the T Sands will be completed so that a waterflood pilot 
might be initiated in Fi"91. The effective drainage 
radius of the T Sands and N Shales should be resolved 
in this year. 

2-120 

FY'91-"9S 

If the studies for waterflooding the T Sands are posi
tive, a waterflood pilot might be statted in Fi"91. The 
level of remedials and hydraulic fracturing established 
in FY'92 should continue through FY'95,depending 
on results of fracturing project. No additional projects 
are currently anticipated after FY'91. 
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SHAlLOW on.. ZONE 

The Shallow Oil Zone (SOZ) Reservoir produces 
from nine sands, covers 20,236 acres at Elk Hills, and is 
of significant economic importance to NPR-1 (See 
Location Map, Figure 1 and Cross Section, Figure 3). 
The production mechanism is primarily gravity drain
age except for a steamflood pilot. The evaluation of 
this pilot is represented in the Maintenance Case. In
cremental economic analyses were performed on five 
SOZ projects as follows: 

1. Development Drilling Project 
2. Hydraulic Fracturing Project 
3. Steamflood Pilot Phase II Project 
4. Steamflood Expansion Project 
5. SS-2/Mulinia Waterflood Project 

The Total Development Case for the SOZ Reservoir is 
a combination of the Maintenance Case plus the five 
projects. It is estimated that 5921 million of undis
counted revenues will be generated from this Total 
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Figure 2 

Development Case over the next seven years. The total 
costs are projected to be 5195 million(S125 million 
operating and S70 million investments). Annual reve
nue and cost values are displayed in Figure 2. 
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Figure 3 

The Total Revenue, Operating Cost, Investment, Total 
Cost, Net Revenue, Net Present Value and Net Reve
nue!Investment Ratio for t  he Total Development case 
are presented in Figure 4. 

Recovery data for the total development case in terms 
of oil production, gas production and total equivalent 
barrels is also shown in Figure 4. 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

SHALLOW On.. ZONE 
TOTAL DEVELOPMENT CASE 

FY'89-FY'95 PLAN FY'89 TO ECONOMIC LIMIT 

$920.6 Million 
$125.2 Million 
$69.9 Million 

$195.1 Million 
$725.5 Million 
$484.9 Million 

45.6 
24.6 
50.6 

Figure 4 
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$2,938.4 Million 
$636.1 Million 
$143.5 Million 
$779.6 Million 

$2,158.8 Million 
$915.8 Million 

103.0 
58.5 

1 14.8 
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SHALLOW OIL ZONE ... 
TOTALDEVELOPMENTCASE ·· 

EQUITY 
STUDIES 

LONG RANGE PLAN 
MAINT. TOTAL 

Original.;Oil-In-Place (MMB) .. . 
Estimated Recoverable Oil (MMB): 
Cumula tive Production 9/30/88 (MMB): 

1251.4 · 

598.7 
418.9 

476 . .5 
418�9 

521.9 
418.9 

Remaining Reserves: 
Oil (MMB) 
Natural aas (BCF) 
on Equivalent (MMBOE) 

Economic Urn it (BOPD, YEAR): 

179.8 57;6 34.5 
64.8 

546/2022 

103.0 
58.5 
1 16.1 

679{2022 

figureS 

The estimated oil reserves for the SOZ shown in 
Figure 5 are from the "Shallow Oil Zone Second 
Revision Dated May 1, 1957". They are compared 
with the long range plan maintenance and total devel
opmen t cases. 

The Maintenance Case, which includes well remedials 
and facilities to maintain the current production strat
egy, requires total costs of $92.2 million ($79.0 million 
operating and $13.2 million capital) over FY'89 - FY'95 
and yields net revenues of $512.4 million. The five 
projects and their associated costs and net revenues are 
as follows: 

Project Description 

Development 
Drilling Project 

Hydraulic 
Fracturing Project 

Steamflood Pilot 
Phase II Project 

Steamflood 
Expansion Project 

SS-2/Mulinia 
Waterflood Project 

FY'89 - FY'95 
Total Costs Net Revenue 

Drill six wells per 
year for a total of 
forty-two wells 

Fracture one well in 
FY'89 & two wells each 
in FY'90 & FY '91 

Expand steam flood 
pilot by four 
patterns in FY'9O 

Make major field 
expansions of 
steamflood in FY'92 
and FY'94 

Begin produced water 
injection into down-dip 
SOuth Rank Sands in 
FY'90 

S Million S Million 

2.0 (Oper.) 32.3 
14.6 (InY.) 
16.6 

0.7 (Oper.) 9.2 
1 .4 (Iny.) 
2.1 

4.0 (Oper.) 8.4 
3.5 (Inv.) 
7.5 

22.S(Oper.) 144.7 
34.8 (Inv.) 
57.3 

17.1 (Oper.) 18.6 
2.4 (Iny.) 
19.5 

The current operating strategy is to produce the reser
voir by gravity drainage in the Eastern SOZ and by 
gravity drainage and gas expansion in the Western 
SOZ A total of 643 producing wells will produce an 
average rate of 15,184 BOPD in FY '89. Four steamtlood 
injection wells will provide 2,200 barrels of steam per day (cold water equivalent) as required by the steamflood 
pilOL Remaining oil reserves are estimated from the 
1957 Shallow Oil Zone Equity Study Reserves to be 
179.8 million barrels, as of October 1, 1988. Historical 
production from the SOZ and projected performance 
to the economic limit is shown in two graphS (Figure 6 
and Figure 7). 

The major field activities planned over the seven-year 
plan period are the five projects previously mentioned. 
In addition to these projects are the following Mainte
nance Case requirements. 

Drill one 

Cost 
Reason S Thousand 

Monitor steamflood pilot 315 
observation well 

Replace 16" Grayity Line Line has reached end of 587 
its useful IiCe 

Perform 154 Remedials Maintain production and 12,261 
and four Logging jobs monitor steamflood pilot 

Steamflood Pilot Facilities 26 

RESERVOIR DESCRIPTION 

The Shallow Oil Zone (SOZ) Reservoir has been one 
of the major units in the Elk Hills field for more than 
60 years. The reservoir is divided into two sectors; the 
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Figure 6 

eastern SOZ located primarily in the Townships S and 
G, and the western SOZlocated in S and R Townships 
(see Location Map, Figure 1). The reservoir consists of 
nine sands: Above Scalez (AS), Sub-Scalez 1 (SS-I), 
Sub-Scalez 2 (SS-2), Mulinia (M), Sub-Mulinia (SM), 
Bittium (B), Wilhelm �, Gusher (G), and Calitroleum 
(C). Reservoir depth ranges from 2,700 feet to 3,200 
feet. In general, the younger sands are productive in 
the eastern portion of the 31S Structure and the older 
sands of the B, W, G,and C (Etchegoin Formation) are 
productive to the West. The SOZis a combination trap 
that is formed primarily by the Elk Hills anticline 
structure (see Cross Section, Figure 3). Petrophysical 
analysis from cores and logs indicates an average po
rosity of 30% with permeabilities averaging500 md. 

8PD 
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40,000 
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20,000 

1 0,000 

SOZ RESERVOIR 
OIL EQUIVALENT RATE 
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Figure 7 

Average water saturations are reported to be approxi
mately 45%. 

The SOZ was discovered with the completion of a 
commercial well in section 36R in 1919. As of October 
1988, 30% of the estimated reserves remained to be 
produced. A tabl�ofreservoir characteristics is shown 
in Figure 8. 

Currently there are 643 producing wells in the field. 
The SS-1 sand steam flood pilot has four steam injec
tion wells that are injecting 2,200 barrels of steam per 
day (cold water equivalent). This pilot could lead to a 
major steamflood expansion if it is successful. One 
SOZ waste water disposal well is injecting 600 barrels 

SHALLOW OIL ZONE 
RESERVOIR CHARACTERISTICS 

Porosity (%): 
Water Sat. (%): 
Air Perm. (md): 
Oil Gravity (API): 
Oil Form. Vol. Fact. (RB/sTB): 
Oil Viscosity (cp): 
Initial Press. (psi) 
Sal. Press. (psi) 
Avg. Current Press (psi): 

30 
45 
500 
25 
1.30 
17 
NA 
NA 
50 

FigureS 
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Production Wells (#): 
Injection Wells (#): 
Top Pay (Ft-VSS): 
Max Pay (Ft): 
Pay Area (AC): 
Pay Volume (AF): 
GOC (Ft-VSS): 
WOC (Ft-VSS): 
Press. Datum (FT-VSS): 

643 
5 
1,500 
100 
20,236 
362,000 
1,900 
3,100 
1,950 
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per day on the South Flank below the oil-water contact 
into the SS-1 sand. This injection is being monitored 
for any effect upon oil production from updip produc
tion wells. 

SOZ surface facilities include 79 tank settings and a 
low pressure gas system that recovers casing head gas 
and also improves oil production. A SO million BTU 
per hour steam generator services the steamflood pi
lot. 

RESERVOIR S1UDIES 

Bergeson and Associates and the BPOI Reservoir Review 
Task Force initiated a study of the SOZ in FY'89. The 
study is designed to assess the ultimate recovery effi
ciency under various depletion strategies in order to 
recommend a comprehensive depletion plan for the 
SOz. Applicable primary and secondary strategies 
include continued operatiOns (gravity drainage), wa
terflooding and gas injection. The SOZ is a structur
ally and stratigraphically complex reservoir. Due to 
the complex faulting, numerous fault blocks are pres
ent. As a result of differences in structural positions 
and proximity to the aquifer, individual fault block
shave different depletion histories (e.g., gravity drain
age, wa ter infl ux). Therefore, individual strategies will 
be developed for specific areas of the SOz. The study 
is initially fOCUSing on the southern and northeastern 
flank in the eastern portion of the SOZ and will be 
expanded to include the western SOZ in FY'90. The 
EOR potential for the western SOZ is alkaline-surfac
tant polymer flooding and pOlymer-augmented water
flooding. 

Injection in the Light Oil Steam flood Pilot was started 
in July 1987 in an attempt to investigate the economic 
feasibilityofthis enhanced oil recovery process. Scien
tific Software-Intercomp and Chevron USA are simu
lating the four-pattern pilot in the SS-1 sand to better 
understand performance to date and help assess the 
economic potential of light oil steamflooding. Given 
success in this pilot, the Steamflood Pilot Phase II 
Project will expand the current five-acre steamflood by 
adding four patterns in FY'90. Continued success in 
the FY'90 pilot expansion should result in major field 
expansions in FY'92 and FY'94. In addition . to 
steamflooding, the feasibility of several EOR proc
esses are planned to be investigated as part of the 
Bergeson/BPOI task force study. Enhanced oil recov
ery processes that are also planned to be investigated 
include alkaline-surfactant- polymer flooding, poly
mer- augmented waterflooding, carbon-dioxide flood
ing and insitu combustion with air/oxygen and water. 
The EOR studies will initially focus on determining 

which process or combination of processes has the best 
economic potential in the SOz. 

RESERVOIR DEVELOPMENT S'IRATEGY 

The Reservoir Development Strategy for the SOZ is to 
continue producing the reservoir by its primary deple
tion mechanism of gravity drainage while actively de
pending on developing methods to increase produc
tionand recover a high percentage of oil-in-place. The 
SOZ Light Oil Steamflood Pilot was started in July 
1987 in an attempt to enhance oil recovery. Other 
methods of proposed enhanced recovery include wa
terflooding in the Southeast and Northeast Flank areas 
and fracturing tight reservoirs in the western SOZ 
area. Besides the depletion plans being developed by 
the BPOI Task Force, Bergeson and Associates and 
SSI, alternate production strategies will be studied 
using history matched models. The model studies will 
be followed by economic analysis of the various strate
gies to determine the most profitable method of pro
duction. 

The prod uction, cos t and reven ue streams for the To tal 
DevelopmentCaseare shown in the attached EcOnom
ics Table 1. Key economic parameters are summarized 
in Figure 4 The cost and production assumptions that 
were used throughout are shown in Figure 9-1 and 
Figure 9-2. 

The Maintenance Case represents continuation of the 
present production strategy of gravity drainage. 
Remedials necessary to maintain the Maintenance 
Case are stimulations to reduce the effect of scale, re
completions to recover reserves behind pipe, sand 
control that is necessary in areas subject to fine sand 
migration and water isolation for wells that are ex
posed to water encroachment. Facility expenditures 
are provided for the replacement of the 16" North 
Flank Gravity Line which has reached the end of its 
useful life due to internal corrosion. Numerous leaks 
have occurred in this section of line and the leak 
frequency is increasing. Steam injection at the rate of 
2,200 barrels per day (cold water equivalent) into four 
five-acre spacing five spot patterns will continue for 
three years. In FY '92 the steam injection will be re
placed bywater injection at 1600 barrels per day for one 
year to produce any oil bypassed by the steam. Table 8 
shows the separate economics for the Steamflood Pilot 
Phase I, even though it is included in the Maintenance 
Case. 

Details of the Maintenance Case are shown in Eco
nomics Table 2. A summary of the key economic para
meters and recoveries are shown in Figures 10 and 1 1 .  

2-129 



. SHALLOW OaZONE 
COST AND PRODUcnON ASSUMPTIONS 

Initial 
Description Cost/Job ($) Rate (BOPO) Decline (%Iyr) 

Stimulations 60,000 30 50 
(Acidizing) 

Sand Control 135,000 50 50 
(Run Inner Uners) 

Recomplelions 55,000 47 50 
(Reperforations) 

Water Isolation 80;000 50 50 
(Plug Wet Sands) 

FracJobs 275,000 75 14 

Conversions 150,000 
(Steamflood Producer 
to Injector) 

Profile Control 30,000 
(Foam) 

Conversions 80,000 
(Waterflood Producer 
to Injector) 

Sand Control 55,000 30 10 
(Waterflood Inner Uners) 

Recompletion 20,000 20 10 
(Waterflood Reperforations) 

Water Isolation 30,000 2S 10 
(Waterflood Plugbacks) 

Figure 9-1 

The Development Drilling Project should require drill
ing six wells per year to increase production under 
current operating conditions. Selective wells (42 total) 
shall be drilled each year from FY '89 through FY'9S. 
This project is designed to improve recovery of re
serves and obtain data through coring and logging to 
better determine remaining reserves, especially in ligh t 
of potential EOR processes. New drilling and comple
tion teChniques should be employed to enhance pro
duction. These include better sand control methods 
and other completion teChniques. This is an ongoing 
project that is projected through future years. This 
project is fully described in Economics Table 3 and the 
results are summarized in Figure 12. 

The Hydraulic Fracturing Project starting with one 
well in FY'89 involves fracturing low permeability 
SOZ sands. A western SOZ well is planned to test the 

SHALLOW Oa ZONE CO51' AND PRODUcnON ASSUMPTIONS 

Initial 
Description Cost/Job ($) Rate (BOPO) Decline (%Iyr) 

Drilling 315,000 6S 10 
(New WeIls) 

Drilling 315,000 
(Temp. Obs. Wells) 

Drilling 270,000 
(Steam Injectors) 

Drilling 150,000 65 10 
(SteamOood Redrills) 

Replace 16" Gravity 587,000 
Une 

Facilities {FY'91 - 4,003,600 
'93 SteamOood 
Expansions Per Year) 

Facilities (FY'94 2,008,700 
SteamOood Expansion) 

Facilities (FY'95 798,000 
Sleamflood Expansion) 

Facilities (FY'90 676,000 
Waterflood) 

Logging 10,000 
(Monitor Steamflood) 

Facilities (FY'91 281,000 
Waterflood) 

Facilities (FY'89 
Steamflood Pilot) 26.000 

Figure 9-2 

feasibility of fracturing the Gusher, Wilhelm or Cal
itroleum Sands. These are low permeability, high 
pressure sands that contain hydrocarbons that can only 
be recovered through fracturing. If this program is 
economically successful, additional wells are expected 
to be considered in future years. Previous fracture 
attempts were made, however, they did not employ a 
mini-frac, wide fractures supported by high sand con
centrations, and nitrified carrying fluid. These new 
teChniques will build on previous hydraulic fracturing 
experience. One well is scheduled for FY '89 and two 
wells per year are scheduled for FY '90 and FY '91 .  The 
economics are described in Table 4 and the results are 
summarized in Figure 13. 

The Steam flood Pilot Phase II Project is planned to 
expand the current five-acre steam flood by four pat
terns in FY'90. It is contingent on the success of the 
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Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

SHAlLQW on. ZONE 
· MAIN'lENANCE CASE 

FY'89-FY'9S PLAN . 

$604.5 Million 
$ 78.9 Million 
$ 13.3 Million . 
S 92.1 Million · ·  
$512.4 Million 
$358.2 Million 

30.0 
16.7 
33.4 

Figure 10 

SHAU.OW On.. ZONE 

FY'89 TO ECONOMIC LIMIT 

. .  $1.824.4 Million 
$ 459.8 Million 
$ 35.5 Million 
$ 495.4 Million 
$1.329.1 Million 
$ 560.7 Million 

57.6 
34.1 
64.4 

STEAMFLOOD Pn..oT PHASE I MAINTENANCE CASE 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN 

$2.4 Million 
$1.4 Million 
$1.2 Million 
$2.6 Million 

$-0.2 Million 
$-0.2 Million 

0.2 
0.4 
0.3 

Figure 1 1  
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FY'89 TO ECONOMIC LIMIT 

$2.4 Million 
$1.4 Million 
$1.2 Million
$2.6 Million 

$-0.2 Million 
$-0.2 Million 

0.2 
0.4 
0.3 



Total ReVenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

SHAlLOW aU- ZONE 
. DEVELOPMENTDRIIL1NG PROJEcr 

FY'89-FY'95 PLAN 

. . $48.9 Million 
$2.0 Million 

$14.6 Million 
$16.6 Million 
$32.3 Million 
$18.3 Million 

2;4 
0.04 
2.4 

Figure 12 

FY'89 TO ECONOMIC LIMIT 

$294.5 Million 
$ 8.5 Million 
$ 14.6 Million 
$ 23.1 Million 
$271.5 Million 
$ 71.1 Million 

8.6 
0.1 
8.6 

SHALLOW On.. ZONE 
HYDRAULIC FRAClURING PROJEcr 

FYt89-FY'95 PLAN 

$11.3 Million 
SO.7 Million 
$ 1.4 Million 
$2.1 Million 
$9.2 Million 
S5.8 Million 

0.5 
0.3 
0.6 

Figure 13 
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FYt89 TO ECONOMIC LIMIT 

$26.6 Million 
$ 3.1 Million 
$ 1 .4 Million 
$ 4.5 Million 
$22.2 Million 
$ 9.5 Million 

0.9 
0.5 
1 .0 
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initial pilot and consists of four additional five-acre 
patterns adjacent to the existing pilot area. Four 
injectors and four observation wells would be required 
to accelerate production in this five-acre per pattern 
area. This expansion is expected to require a minimum 
of 1600 barrels of steam per day (fresh water equiva
lent). One year of water injection will follow fouryears 
of steam injection. No facilities are planned for the 
pilot expansiom since existing steam mcilities are planned 
to be used. There are several activities that need to be 
completed for this pilot expansion as follows: 

a. The production reporting system is to be modified. 
Project wells are be isolated for production moni
toring purposes. 

b. Fault block performance and pressures should be 
monitored closely. 

c. A database should be set up for the project. 

d. The geologyshould be understood in detail by layer. 

e. A pressure database should be set up using quartz 
gauges that can measure differences in the low pres 
sures encountered. 

f. Special core analyses should be run for simulating 
well performance. 

The purpose of the Light Oil Steamflood is to improve 
recovery by lowering residual oil saturations . 

The economics are described in Table 5 and the results 
are summarized in Figure 14. 

The Steamflood Expansion Project in FY '92 is on ten 
acre spacing and is contingent upon the success of the 
initial five-acre spacing pilot. Should the ten-acre 
spacing response be less than expected, spacing is 
planned to reven to five acres in subsequent years. 
Production projections are based on ten-acre expected 
response by modifying the simulated five-acre spacing 
performance. This involves expansion into six areas 
over a thineen year period. Each expansion will accel
erate the production in these areas so that remaining 
recoverable oil in each area will be produced within 
five years. A maximum of 34,500 BWPD (steam equiva
lent barrels) is expected to be required in FY '95. One 
year of water injection will follow four years of steam 
injection. The project includes the design, purchase 
and installation of surface facilities in phases. The 
installations will expand the SOZ Steamflood activity 
in the 3G, 4G, 9G and lOG areas, as well as introduce 
steamflood in the 34S, 35S and 36S areas. The project 
will consist of multiple 50 MMBTUIHr steam genera
tion facilities to a maximum of 1 1  units. Dehydrators 
are also considered to dry the casing gas and provide 
fuel gas for the steam generators. Also, consideration 

SHALLOW OIL ZONE 
STEAMFLOOD Pll..OT PHASE n PROJEcr 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN 

$15.9 Million 
$4.0 Million 
$3.5 Million 
S7.5 Million 
$8.4 Million 
$6.3 Million 

0.8 
1.7 
1.1 

Figure 14 
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FY'89 TO ECONOMIC LIMIT 

$2.9 Million 
$3.6 Million 
$3.5 Million 
$7.1 Million 

$-4.2 Million 
$2.8 Million 

0.4 
1.4 
0.7 



Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net'Revenue: " 
Net PreSent Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE} 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

. SHAILOW OIL ZONE 
STEAMFLOOD EXPANSION PROJECT 

FY89�FY'95'PLAN 
$202.0 Million 

$22.5 Million 
$34.8 Million 
$573 Million 

$144.7 Million 
$81.0 Million 

9.7 
5.9 

10.9 

figure 15 

FY89TO ECONOMIC LIMIT 

$774.8 Million 
$144.7 Million 
$ 86.1 Million 
$230.8 Million 
$544.0 Million 
$265.3 Million 

34.0 
22.3 
38.5 

SHALLOW OIL ZONE 
SS-1JMULINIA WATERFLOOD PROJECf 

FY'89-FY'95 PLAN 

$38.1 Million 
$17.1 Million 

$2.4 Million 
$19.5 Million 
$18.6 Million 
$15.3 Million 

2.2 
o 
2.2 

figure 16 

FY'89 TO ECONOMIC LIMIT 

$15.1 Million 
$16.3 Million 
$ 2.4 Million 
$18.7 Million 
$.3.6 Million 
S 6.4 Million 

1.4 
o 
1.4 

has been given to increasing the capacity to the water 
knockout and shipping facilities at lOG and 25S. Details 
for the Steamflood Expansion Project are shown in 
Table 6 and the economic results are summarized in 
Figure 15. 

inject produced SOZ water into down-dip South Flank 
SOZ Sands. This will begin by converting 12 wells to 
injection at a rate of approximately 2,000 BWPD per 
well. This will be expanded by six patterns per year if 
successful. Expansion of facilities in FY'90 will extend 
lines and modify pumps. The economics are described 
in Table 7 and the results are summarized in Figure 16. The SS-2/Mulinia Waterflood Project in FY'90 will 

2-134 

• 

• 

• 



• 

• 

• 

PLANNED RESERVOIR DEVELOPMENT 
ACI'IVITIES 

The annual reservoir development activities are de
scribed for each of the six cases presented in this 
Reservoir Operating Plan for the SOz. Details of the 
annual drilling and remedial activities are shown in 
Table 9 and Table 10. 

In FY '89, the Maintenance Case is projected to pro
duce 15,184 BOPD largely from gravity drainage. The 
ongoing Steamflood Pilot is projected to produce up to 
800 BOPD in the Maintenance Case. One LOSF ob
servation well will be drilled. 

A Development Drilling Project will result in six pro
duction wells drilled in FY'89. Also, a hydraulic frac
ture well is submitted for FY'89. 

A facility expenditure is required to replace a 16-
Gravity Line on the North Flank. 

Reservoir studies planned for this year are the ongoing 
SSI and CUSA simulation of the Steam flood Four
Pattern Pilot and the BPOI Task Force, Bergeson and 
Associates and SSI studies of the eastern SOZ area. 

During FY'9O, reservoir development activities in
clude a continuation ofthe Maintenance Case, the De
velopment Drilling Project and the Hydraulic Fractur
ing Project, plus the expansion of the Steamflood Pilot 
Phase II Project and the start of the SS- 2/Mulinia 
Waterflood Project on the South Flank of SOz. A 
total of six new production wells would be drilled under 
the Development Drilling Project. 

If the current Steamflood Pilot proves to be successful, 
then the Steam flood Pilot Phase II Project would start 
in FY'9O. This would require the drilling of four 
injection wells and four temperature observation wells. 

The SS-2/Mulinia Waterflood Project is a down-dip 
peripheral flood that will convert 12 idle wells to water 
injection. Production response from gas injection has 
shown that the SS-2/Mulinia Sands are sensitive to 
pressure and thus should respond to water injection. 
Produced SOZ water will be used for injection. A 
possible waterflood and insitu combustion in the east
ern SOZalong the northeast flank is planned to be pro
posed for FY'92. This will result from the BPOI Task 
Force and Bergeson Studies being made in FY'89. 
Reservoir studies for the western SOZ may be started. 

FY'91 

Plans for EOR projects may be proposed in future 
years based on Task Force and Bergeson studies. The 
other projects will continue during this year. Genera
tors will need to be ordered for the 10- acre steam flood 
expansion. Possible projects resulting from FY'9O 
western SOZ studies will be proposed for FY'93. 

The 10-acre Steam flood Expansion Project is planned 
for this year and is contingent upon the Steamflood 
Pilot Phase II Project. The Hydraulic Fracture Project 
is not scheduled beyond FY '91, but will be extended if 
the FY '89 hydraulic fracture is successful. 

The 10-acre SteamOood Expansion Project \\Quid require 
simulation on 10-acre spacing before it is started. Other 
activities required will be the same as those listed 
under the Phase II Expansion in FY '90. This is a major 
expansion that will require many technical problems to 
be solved by all disciplines before it can be started. 

FY'93 - '95 

This period is represented by the projection of the base 
production, the Development Drilling Project and the 
Steamflood Expansion Project. Other enhanced re
covery could be included during this period if the 
waterflooding fracturing projects and possible future 
EOR projects are potentially economic. 
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SUBTOTAL . 
1"6-2022 • 

TOTAL 

0It. PaoD aD 
0 

'01 
805 
447 
162 
-U 

-134 

762 
-317 

445 

IITIl paoD CIU PaoD aD IICFD 
0 0 

644 274 
1767 6" 
2 2 3 8  1 0 4 4  
2130 12" 

5" 1 1 4 8  
3 4 1  

2175 1737 
0 -337 

2175 1400 

UVEIIUES 

------------------------------

VATO 
IIIJECTICII aD 

0 
1100 
1500 

94t 
0 

,4t 

TOTAL 

JIEIIEI) at. FACILITY 

cas STUll co.T OF COSTS ( 2 )  nrvuTMEHTS ( l )  
IlUECTIOV IlUECTICII OPDATICIIS ( 1 )  XS XS MCFD aD X$ ItESERVOIIl ART.Lln SUItl'ACE ART.LIFT 

0 
2200 560 404 
2200 U 1  4 17 
2200 1036 148 0 0 

0 2200 1124 0 0 
0 1100 353 0 

23 0 

0 3 6 14 4027 ", 0 
0 -394 0 0 

3614 3133 ,,, 

TOTAL COSTS NET UVEIIUES 

-------------------- --------------------
OIL CIU IIGL JtEVENUES UNDISC DISC 1 0 . 0t UNDISC DISC 1 0 . 0t 
XI XS X$ XS XS XS XS XS 

U19 0 0 
1"0 5285 -353 " 5001 3465 2113 1536 1270 
1"1 5080 -u 186 5170 1348 1013 3 822 2871 
1"2 3051 215 3 13 3648 1 114 10' 2464 1&83 
1"3 1 1 "  4 5 5  5 1 2  2163 1124 U. 1039 6 4 5  
1 " 4  -741 755 no 504 353 1" 151 15 
1"5 -1130 400 172 -558 23 12 -581 -2" 

SUBTOTAL 12741 1376 1812 15'28 74t7 5594 8431 6256 
U96-2022 - 11084 -1370 -519 -13041 -394 -121 -12647 -3480 

TOTAl. 1657 1223 2887 7103 5473 -4 2 16 2776 

( 1 )  OPERA T IIIG COST Oil OPERATIK AIf1) MAINTENANCE COST (06X) 
( 2  ) RDlEDIAl. COSTS INCLUDE KAJOIl RDlEDIAl. OR VOIlKOVEIl COSTS . 
( 3  ) FACILITY INVESTMENTS INCLUDE NEIl SUUACE INSTAt.t.ATIONS AND KAJOIt MODIFICATIONS TO EXISTIN .. ONES . 
( 4  ) DRlt.t.IlI" INVESTMENTS INCLUDE THOSE FOil DEEPEHIN .. S AND HEll WEI.1.S .  
( 5 )  OIL EOUIVALDIT • THOUSAND BAlUlEI.S OF OIL EQUIVALEHT (MBOE) BASED ON BTU COIfTEIfTS 

PRODUCTION VOLUMES REFLECT CUMULATIVE PIlODUCTION FOR PERIOD SPECIFIED (UNITS • MBBLS Oil MSCr ) 
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DRIt.t.IK 

nrvuTMEHTS ( 4 )  
XS 

--------------

2501 
0 

--------------
2501 

--------------
2501 

--------------

OIL 

EQUIVALEHT ( 5 )  MBOE 
--------------

30 
343 
240 
153 

50 
-23 

--------------

1 1 12 

-

-

-

-----

=;;;-e 
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ItDII:DUL rAC:u.nr 

VAftII cas .TZUl con or COlTS ( 2 )  IllYUTMDITS ( 3 )  
OIl. noD 11ft noD cas noD Dl.7ZCTIC* Dl.7ZCTIC* Dl.7ZCTIC* OPDATIC*. ( 1 )  xs xs 

n aD aD IICrD aD IICrD aD XS ItES_III. AIlT.Lln SUU'AC:E AlIT. LIn 

Ult 0 0 
1"0 0 0 0 0 
1,n 0 0 0 0 
1'" 3131 0 ,,. 0 
1"3 "" 2405 4750 0 
1"4 1013 U74 5150 0 
1"5 8574 15351 5571 0 

SUBTOTAl. . "0' "02 517' 0 
Ute-1022 • 24333 78742 11472 3404t 

TOTAl. . 340lt .. 144 22341 3404t 

ItI:VDItJU 
------------------------------ TOTAl. 

OIL cas IIGL ItI:YI:NUU 
XS XS XS XS 

Ult 0 
1"0 
1"1 0 
u u  21418 -lOU 230 lUI7 
UU 501U -1275 UOl 50"0 
1"4 U 4 3 4  -3551 21" nOll 
UU 72"2 -'534 2753 '8510 

--------eU8TOTAl. 20130_ -13422 701l 201"0 
"'-2022 UI7I1 -74377 28448 572851 

TOTAl. 8270., -177" 35511 774 121 

( 1 )  OPERATIIIG COST 0 11.  OPERATIIIG AND MAIIITlKAHCE COlT (OlX) 

( l )  1l!:MEDIAl. COSTS INCl.UDE MAJOII. 1l!:MEDIAl. 011. WOUOVEIt COSTS . 

0 0 0 
0 0 0 0 
0 0 0 0 
0 1505 1371 '07 
0 17010 4055 ." 
0 24151 7210 1401 
0 31305 "02 1 .. 1 

2U57 22531 50" 
nUl 1221" 13Ul 

125175 144714 11"0 

TOTAl. COlTS --------------------
UllDISC DISC 1 0 . 0. 

XS XS 

0 
0 

4210 3211 
13"5 '53_ 

U 81 512 5 
l"U n74 
12720 1527 

5730_ 34UO 
173471 '041' 

2307" no" 

( 3 )  rACIl.ITr INVESTMDITS INCLUDE HEW IURTACE IIISTAl.LATIOHI AND MAJOII. MODlrICATIC*1 TO EZIST%IIG ONES .  
( 4 )  DItIUIIIG INVESTMENTS INCl.UDE THOSE FOil. DIZPEIIIIIGS AND lIEN 1II:I.1.S . 
( 5 )  OIl. EQUIVA1.EIIT . TlIOUSAMD 8AItItI:1.S or OIl. EQUIVA1.EIIT (MBOE) ..... ED C* 8r11 CC*n:IITS 

PItODUc:TIOH VOI.UMES ItEFl.Ec:T CtJMI.Il..\TIVE PItODUc:TIOH roll. PDIOD SPECIFIED ( IIIIITS • MIlLS 011. MMSCr) 
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0 0 0 
0 0 0 
0 4280 0 
0 4400 0 
0 4500 0 
0 2300 0 
0 '30 0 

16410 0 
'78' 

0 2U" 

lin ItI:YI:NUU --------------------
UllDISC DISC 10 . 0t 

XS XS 

0 

-4210 -321' 
5U2 3840 

4140' 25712 
41121 21034 
55"0 2IU, 

144'U 10'" 
3 " 3 80 1 143" 

544042 215328 

DlI.lt.I.IIIG 

IHVUTMDITS ( 4 )  xs 
--------------

0 
0 
0 

7217 
0 

'044 

--------------
13331 
27845 

--------------
4 1 1" 

--------------

on. 
EQUIVA1.EIIT ( 5 )  

MBOE 

------_ ... _-----

0 
0 

11n 
2130 
3321 
353_ 

--------------
10"7 
27145 

--------------
38532 



�UL& 1 LCIBG UIIGI: n.aB 
11-2 1I1ULI1IU .A!'Dn.OOD no.7EC� 

IJIAl.LOW OIL 10lIl: (_IIIAL DOLLAIII ) 
• 
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OIL PItOD 
" aD 

1''' 
1'90 2311 
u n  2394 
1" 2 U'2 
1"3 3" 
1"4 -120 

un -300 

SUBTO�AL . 22U 
U"-20la • -154 

�AL . un 

Vft PIIOD 
aD 

0 
52" 

U518 
uno 

1009 
0 

lUte 

165te 

G.U PROD 
MeR 

U'OO 
11900 
11900 

UOO 

20'" 

20'" 

.� COI� or 
nuECUCII OPDA�ICII' ( 1 )  

aD itS 

0 
0 

2UO 
5221 "" 
a u  

-3' -u 
11011 

-151 

lU2' 

JII:ICEI) tAL 
cOIn ( 2 )  

itS RElEIIIIOlJl AII� .LIn 

0 IU 
384 
115 

0 

U 87 

U 87 

o 
o 

FACILITY 

nrvESftlDln ( 3 )  
KS 

SURFACE AII�.LIn 

100 
300 

o 

1000 

1000 

o 

o 

Q;VEH\IES TOTAL cosn lIET ItEVElIUES 

----------.------------------- TOTAL ou. cas NGL JtEVElIUEI 
KS itS KS KS 

Ult 
1'90 14001 14001 
un 15108 15108 
1'92 9501 0 0 '50 1 
un 292 3  0 0 lt23 
1"4 -957 -t51 
1"5 -2529 -2529 

SUBTOTAL 31053 38053 
1"'-2022 -22907 -22908 

TOTAL 15141 15145 

( 1 )  OPERATING COST OR OPERATING AND KAIlITElIAlICE COS� (O'K) 
( 2 )  REKEDIAL COSTS IlICLUDE KAJOR REKEDtAL OR WORKOVER COSTS . 

--------------------
UlIDlSC DIIC 1 0 . 0' 

itS itS 

0 
3te8 32" 
59 1 1  4441 
1 114 .,00 
251' 1514 

-36 -20 -9 2 -41 

1t4U 14U4 
-151 -301 

187U 13833 

( 3 )  FACILITY IlIV'ESftIDITS IlICLUDE lIEW SURFACE llISTALLATIOliS AND KAJOR HODIFICA�IOIII TO EXISTIlIG OIIES . 
( 4 )  DRILLIlIG IHVESftIDITS IlICLUDE TlIOSE FOR DEEPENINGS AND lIEW WELLS . 
( 5 )  OIL EQUIVALENT · TlIOUSAND aAJl.RELS OF OIL EQUIVALENT (II8OE) BASED 011 BTU COliTElITS 

PRODUCT lOll VOLUKES RU'LECT CUKULATlVE PRODUCTIOII FOR PERIOD SPECIFIED (UlIIH • gaLS OR KIlSCF) 
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--------------------
UlIDIIC DISC 1 0 . 0' 

KS KS 

0 0 

1001' 1210 
nn 'flO 
23 21 15., 

404 251 -92 1 -520 
-2437 -U5 1  

11589 15259 
-22151 -1141 

-3568 6 4 1 1  

DRILLING 

IHVESftlDln ( 4 )  
KS 

ou. 

o 
o 

o 

o 

EQUIVALENT ( 5 )  
KBOE --------------

0 
172 
8,. 
501 
145 
-44 

-110 
--------------

2245 

--------�;;�-. 
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1IDIEDIAl. rACILIn 

VA� QAt '1'&UI COI'l or COS'll ( 2 )  IIII/EIftCDI'lS ( 3 )  

OIJ. J'ROD V'lIl noD GAIl J'ROD III.7BIC'lIOII IlUEC'lIOII III.7BIC'lIOII OJ'DA'lIOII. 1 1 )  II. III " aD aD IlCFD aD IIC:rD aD III ItUEIM)II 101'1.1.1" 'IIIII'ACE 101'1.1.1" 

Ult 27' 317 1" 
1"0 151 "I 245 

un u 752 3., 
U'2 " U I  204 UOO 
1"3 5 141 2 4 00 

ltU 0 

1"5 0 

8U8'lO'lAL U 7  " 3  353 730 
UU-20H • 0 0 0 

'lO'lAL . 1t7 ,tl 353 730 

ItEVDI\IEI 
------------------------------ 'lO'lAL 

OIL QAt JlGL IEVDIUU 
III liS "' III 

Ult 1545 -lIl 40 U17 
1"0 881 -373 '2 575 
un 303 -331 " U 
un 312 51 75 501 
un 37 2 1 40 
1"4 0 
un .;;;� 3153 -102' 275 2403 

"'-2022 0 0 

'lO'lAL 3153 -10H 275 2403 

( 1 '  OJ'ElATIJIG COST 01 OJ'DA'lING AJID IlAIIITDUUfCE COST (06Il, 
1 2 )  RDtEDIAL COS'lS IVCLUDE """01 IDIEDIAL 01 WOIUtOYU COS'll . 

U33 27l 4 05 
2200 314 300 
2lO0 3 7 1  1 "  

4 00 341 0 
0 57 

0 0 
0 

2531 U U  171 
0 0 0 0 

2531 141' 171 

'lO'lAL COI'lI 
--------------------UllDISC DISC 10 . 0' III "' 

1011 U5 
"4 541 
544 40' 
341 H I  

5 7  3' 
0 

2U1 USC 
0 

H 3 1  U56 

( 3 )  FACILln nrvESftCDI'lS IIICLUDE HEll IIIIII'ACE IIISTAl.l.\TIOIII AJID "",,01 JIODIFICATIOII. '10 EnSTING OIIU . 
1 4 ,  DRILLING INVES'lMEN'lI IVCLUDE 'lIIOSE FOR DEEJ'DlINGI AIlD HZV VELLa . 
1 5 )  OIL EQUIVALENT · '!'IIOUIAJID IIAIUU:1JI or OIL EQUIVALENT (MaOE) USED 011 lTU COII'lDI'lI 

J'RODUCTIOII VOLUKU urt.EC'l CUIlULA'lIVE J'RODUCTIOII FOR J'DIOD SJ'ECIFIED (UVI'lI • IlIBLS OR ICICSCF) 
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2' 

0 0 
0 0 0 
0 
0 0 
0 0 
0 

U 
0 

2' 

HE'l _  
--------------------UllDIIC DISC 1 0 . 0 '  

"' "' 

1" 111 
-It -73 

-411 -U2 
UO 10' 
-17 -11 

0 0 

-HI -156 
0 

-HI -15' 

DRILLING 
IIII/EI ftCDI'lI 1 4 , 

liS 

--------------
3 15 

0 

0 

--------------
315 

0 
--------------

315 

--------------

OIL 
EQUIVALDIT 1 5 , 

IlIIOE 
--------------

1 14 
73 
43 
35 

2 

--------------
2&7 

0 
--------------
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DItIt.%.IIIG ACTIVI'1"f 

.1IAl.I.OW on. 101m 

(1IUMBEIt OF DItIl.LIIIG WEU.I n:It n:&Il) 
F I S C A L  'I K A It 

----------------------------------------------------------------------

1,., u , o  un 1"2 uu 1"4 uu 

1 .  IIAINnHJUICE CAlK. a. O"J:IlVA�IOII WEU.I 0 0 0 0 0 0 1 
......... 

.UB-�.u.. 0 0 0 0 0 0 

2 .  DEVELOPMl!ll� DItIt.%.IIIG PIt03J:C�. a. IIDI WEU.I , , , , , , U 
--_ ..... 

SUB-�.u.. , , , U 

l .  B'lDUULIC Fll.\CTUltIIIQ PIIOJECT. 
a .  HEV WEU.I 0 0 0 

--_.-_ .. 

• UB-!o�AL: 0 0 

4 .  STEAIIFLOOD PI� PIIAIIK II PIt03J:C�: a. IIDI WEU.I 0 

b. OaSEltVAUOII WEU.I 0 
......... 

SUB-�AL. 0 

5 .  STEAMFLOOD KUAllIIOli PIt03J:C�: a .  ItJ:I)ItIt.%.S 0 7 7 2 1  l 5  

b .  H EV  WEU.I 0 20 15 0 7 0  105 
......... 

SUB-!O�AL: 2 7  2 2  0 9 1  140 

,.  SS-2 /KULINIA HAftItFLOOD PItOJEC�: • a .  N EV  WELLS 0 . ........ 
sua-!o�AL: 0 

!O�AL: 7 14 , II 2 '  9 1  1 9 1  
......... 

• 
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TABU 10 

aDlEDUL loC'rIVIft 
------------------

lBALLOW OIl. leas 
(1IUHaD. or aDlEDULI ... n:Aa) 

r I I C A lo  If I: A a 
------------------------------------------------------------------------

ftPE or noJI:C'r 1ft' U,O 1"1 ltt2 ltt3 1"4 ltt5 ltU-ZZ 'rO'rAlo 
_ ...... ---.- --_... .._ .. --- --- -- --- ........ . ........ 

1 .  IIAnn"DlAllCE CAlI:. 

a. STIXUloATIOIII 10 10 10 10 10 1 0  no 186 b. �IOIII I 7 7 7 7 7 7 14 134 c .  lAMP COII'rItOlo 3 5 Z I  50 d. VA'rD llI01.A'I:%OII 2 5 3 32 52 e .  loOGGIIIG 2 
_ .... 

lUll-'rO'rAlo • l' Zt Z I  2 2  n 22 n 2U 42' 

2 .  I)EIII:1.O� I)U1.1.IIIG pao.n:cT. 
-.: 

3 .  IIYDIIAU1.IC ntAC'rUIlIIIG noJI:C'r :  
a .  nAC .;rON 

._ ..... 

SUB-t'OTAlo. 0 0 0 

4 .  ''rEAICF1.OO1) PILOT I'IIASE II pa03ECT: 
a. STIXUloATIOIIS 2 0 4 b. COVYEIIS IOIII 0 0 0 0 c .  PaoFIloE COIITItOlo 0 
d.  .AND COIITItOlo 

......... 

SUB-'rO'rAlo. 

5. 1'rEAICF1.OO1) I:DAllS IOII PJtOJJ:CT: 
a .  STIMIIt.A'I:%OIIS 0 0 0 b .  COVYEIIS lOll' 0 ZZ Z& c. PIIOFIU: COIITItOlo 2 Z I  3 5  

• •  
d .  SAND COIITItOlo 4 1  7 1  
e .  aECOMPLnIOIII 7 U 

. ........ 
SUa-t'OTAlo: U 14 105 141 

, .  SS-Z lKUloINIA WATUrloOOI) J'ao3ECT: 
a. SANI) COIInOL 0 b. aECOHPLnIOIII c .  VA'rD IS01.ATIOII 0 
d .  CONVEIIS IOIII 12 11 

......... 
SU8-t'OTAlo: 18 11 31 

t'OTAlo : 2 0  53 45 31 21 31 35 369 n, •••.•.... 

• 
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ASPHALTO 

The �phalto Reservoir is located at the southwest 
edge of NPR-l, outside the Unit (See Location Map, 
Figure 1). The reservoir is in an advanced stage of de
pletion having produced approximately 68% ofthe es
timated original oil-in-place under primary depletion. 
Current oil production from the reservoir amounts to 
less than one-quarter of one percent oftotal Elk Hills 
oil production. 

The Total Development case for the �phalto Reser
voir consists of a single Maintenance case generating 
total undiscounted revenues of $ 1 1  million and having 
total associated costs of$3 million over the next seven 
years. Annual revenue and cost values are displayed in 
Figure 2. 

31R 

LONG RANGE PLAN 
ASPHALTO (STEVENS) 

LOCATION MAP 

Figure l 
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ASPHALTO 
REVENUES VS COSTS 
LONG RANGE PLAN 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 

Figure 2 



ASPHALTO 
. TOTAL.DEVELOPMENTCASE 

·FY'89-FY'95 PLAN . . .
.•.• FY'89 TO ECONOMIC LIMIT 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

S11.4 
S2.7 

S O  
S2.7 
$8.7 
· S5.9 

Million 
Million 
Million · 
Million 
Million 
Million 

S58.1 Million 
S12.4 Million 
SO Million 
S12.4 Million 
$45.7 Million 
S13.6 Million 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

0.3 
1.5 
0.6 

0.9 
4.9 
1.8 

Figure 3 

Shown in Figure3 is an economicsummaryofthe Total 
Developmen t Case for both the seven year plan period 
and FY'89 to the economic limit. 

Estimated oil, gas and oil equivalent recovery from the 
Total Development Case is also included in Figure 3. 

The Total Development Case combines costs and 
production associated with "non-unit" operations in 
the Asphalto Stevens and Antelope Shale Reservoirs. 
The plan considers that only routine well work should 
be performed in an effort to maintain production. 

Primary recovery from the Asphalto Stevens Reservoir 
has been exceptionally high (approximately 68%) as a 
res ult of possible migra tion of oil from the 24Z S truc
tureand/or incorrect estimates of original oil-in-place. 
The reserve summary shown in Figure 4 compares 
commonly reported estimates contained in previous 
Long Range Plan documents with reserves contained 
in this plan. Equity study reserve estimates are not 
available for this reservoir. 

The current reservoir operating strategy is continued 
primary depletion of both reservoirs to their economic 

ASPHALTO 
TOTAL DEVELOPMENT CASE 

EQUITY 
STUDIES-

Original-Oil-In-Place (MMB): 16.3 
Estimated Recoverable Oil (MMB): 1 1.3 
Cumulative Production 9/30188 (MMB): 1 1.1  
Remaining Reserves: 
Oil (MMB) 0.2 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

Economic Limit (BOPD, YEAR): 

LONG RANGE PLAN 
MAl NT. TOTAL 

12.0 
1 1.1  

0.9 
4.9 
1.8 
42/2015 

12.0 
1 1.1  

0.9 
4.9 
1.8 
42/2015 

- Commonly reponed estimate from prior Long Range Plan Documents. 

Figure 4 
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limit. A total of 13 wells are expected to produce an 
average rate of 151 BOPD and 557 MCFD in FY'89. 
Given the outstanding recovery to-date, secondary or 
enhanced oil recovery methods would not be feasible. 
Historical production from the Asphalto Reservoir 
and projected performance is shown in Figures 5 and 6. 

RESERVOIR DESCRIPTION 

The Asphalto Reservoir is located at the southwest 
edge of NPR-l, outside the Unit (see Location Map, 
Figure 1). The Asphalto Sand is the southwestern 
extension of the 24Z Sand extending across Sections 
22Z, 23Z, 2SZand 26Z Deposited primarily by turbid
ity currents, these sands vary in thickness from 200 to 
500 feet in the better developed part of the channel. 
Closure to the southwest and northeast is structural 
and defined by oil-water contacts, while closure to the 
northwest and southeast is stratigraphic with sand-to
shale facies changes. 

Production from the Asphalto Stevens Reservoir is 
confined to the northeast quarter of Section 26Z, 
outside the Unit. Since initial development in 1963, 
the Asphalto Stevens Sands have been produced by 
solution gas drive and natural waterdrive. Concern 
over migration of oil from the 24Z Reservoir, sug
gested bydeclining pressure in the 24Z Reservoirwhile 
Shut-in, led to the establishment of water injection 
between the 24Z and Asphalto Structures in 1966. 
This water injection program was used effectively to 

SOPD 
500 

400 

.300 

200 

1 00 

ASPHALTO OIL PRODUCTION RATE 
REMAINING RECOVERY TOTAL PROGRAM .85 !,HAW--

PRODUCTION INClUOCS ASPHAl TO ST£V[N$ 
� ANlElOP£ SHALE 

0 �����������+U� 
FY76FY80 FY85 FY90 FY9S FYOO FY05 FY1 0 FYl 5 

figure S 

maintain pressure in the 24Z Reservoir prior to open
up in 1976. Currently there are 1 1  active Asphalto 
Stevens wells producing approximately 150-170 BOPD 
at a 96% watercut by means of artificial lift. Reservoir 
characteristics are shown in Figure 7. 

In addition to Asphalto Stevens production, this plan 
includes other "non-unit" production associated with 
the Antelope Shale Reservoir. Antelope Shale pro
duction in Section 14Z comes from two areas, the 
easterly plunge of the Railroad Gap Field and the 
westerly extension of the 29RStructure. The Antelope 
Shale is equivalent to the NAB Shales within the Unit. 
Currently, there are only two active Antelope Shale 
producers which combined, account for approximately 
five to ten BOPD. Through September 1988, only 12.9 
MBBLS had been produced from the Antelope Shale. 

RESERVOIR STUDIES 

There are no reservoir studies planned for this reser
voir. 

RESERVOIR DEVELOPMENT STRATEGY 

The reservoir development strategy for Asphalto is 
continued primary production of both the Asphalto 
Stevens and Antelope Shale Reservoirs to their eco
nomic limit. Only routine remedial activity should b� 
performed (e.g., pump replacements, rod part and tub
ingleak repairs, etc.), as necessary to maintain produc-

BPD 
500 

400 

300 

200 

100 

ASPHALTO 
OIL EQUIVALENT RATE 

O ������������� 
FY76FY80 FYBS FY90 FY95 FYOO FYOS FYl 0 FYl 

Figure 6 
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. · ASPHALTO STEVENS 
RFSERVOIR CHARACfERISTICS 

Porosity (%): 
Water SaL (%) 
Air Perm. (md): 
on Gravity (API); . . 
Oil Form. Vol.Fact.(RB/STB): 
Oil Viscosity (cp): 
Initial Press. (psi): 
Bubble Point Press. (psi): 

Current Press. (psi): 

23 
29 
255 
36 
1.42 
.59 
2,403 
NA 

NA 

Production Wells (#).: 11 
Injection Wells (#).; 0 
Top Pay (Ft VSS)·; +4,600 
Max Net Pay (Ft)· : 290 
Pay Area (AC)·:  160 
Pay Volume (AF).:  18,487 
GOC(Ft-VSS)·:  NA 
WOC (Ft-YSS)·: 4,800-5,050 

(initial) 
Press. Datum (Ft-VSS): 4,774 

• Values denoted with an "." reference the DOE quarter section of 26Z specifically. All other values 
represent reasonable field averages as determined by the Pre-Unit Engineering Committee. 

Figure 7 

tion. When, and where possible, production would be PLANNED RESERVOIR DEVELOPMENT 
maximized by increasing pump sizes, pumping unit ACTIVITIES 
speeds, and stroke lengths to lower existing fluid levels. 
As wells become uneconomic to produce on an individ
ual well basis, they are expected to be converted to 
pressure observation wells to monitor the off-struc
ture effects from the 24Z Wa terflood. This strategy has 
been incorporated in the Total Development Case. 

Figure 3 is a summary of economic and recovery data 
for the Total Development Case. A more detailed 
breakdown of production, cost and revenue streams is 
provided in Economics Table 1 .  

In suppon of  the Total Development Case, activity 
during FY'89-'95 is expected to include continued 
monitoring of both production rates and fluid levels to 
assure that wells are being produced at their maximum 
rates. Additional monitoring is also expected to assess 
the possible off-structure effects of water injection in 
the South Flank of the adjacent 24Z Reservoir. This 
includes periodic static pressure testing of Asphalto 
Stevens Zone producers that are either shut-in un
economic, or temporarily down for routine well work . 
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CARNEROS 

The Cameros Reservoir provides Significant gas pro
duction at Elk Hills and includes production from 
three Cameros Sands and the Santos (See Location 
Map, Figure 1 and Cross Section, Figure 3). This plan 
includes Cameros production from the 29R Structure 
and Asphalto Well 584-26Z. Based upon reservoir 
studies and a Scientific Software-Intercomp (SSI) 
Simulation on the29R Structure Cameros, a compres
sorwas recently installed to lower the 500 psi line pres
sure. 

11$ 
25,000 

20,000 

15,000 

10,000 

SOOO 

CARNEROS 
REVENUES VS COSTS 
LONG RANGE PLAN 

00 TOTAl. COSTS . M (IJOSCaJNTED) 
� TOTAl. RE\mJES � (IImCOUNlED) 

The Total Development Case for the Cameros Reser
voir including the 29R Structure and Asphalto is the 
Maintenance Case. During the period of FY'89 to 
FY'95, an estimated $101 million in undiscounted 
revenues will be generated. The total expenditure 
should amount to $10 million to continue the current 
production strategy. Annual revenue and cost values 
are shown in the Figure 2. 

FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 

P N�,� � :� AREA 

-........... ......... �� � j.�� .-....... ....i "'i" " ',- "\ .. 
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LONG RANGE PIAN 
LOCATION MAP 
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CARNER OS SAND 

Ftpre 3 • The economic parameters shown in Figure 4 are a A total of eight active 29R Structure Carneros wells 
summary of the Total Development Case for the plan and Asphaito We11 584-26Z are projected to produce 
period and to the economic limit. an average of 16,450 MCFPD in FY'89. Remaining gas 

reserves for the Carneros Sands are estimated to be 
35.9 billion cubic feet. Movement of gas from the 29R 

The Recovery for the Total Development Case in Structure to Asphalto has caused Well 58�-26Z to 
terms of oil production, gas production and total oil produce more than its estimated recoverable gas re-
equivalent barrels is also shown in Figure 4. serves. 

CARNEROS 
TOTAL DEVELOPMENT CASE 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

FY'89-FY'95 PLAN 
$100.9 Million 

$ 6.6 Million 
$ 3.2 Million 
$ 9.9 Million 

$ 91.0 Million 
$ 65.6 Million 

0.7 
29.3 

6.6 

Ftgure 4 
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FY'89 TO ECONOMIC LIMIT 
$140.9 Million 
$ 8.3 Million 
$ 3.2 Million 
$ 1 1.5 Million 
$129.4 Million 
$ 78.0 Million 

0.9 
34.9 
7.9 • 
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CARNEROS GAS PRODUCTION RATE 
MCF/D 

24,000 

20.000 

16 ,000 

12 .000 

8000 

4000 

o ������������+ 
FY76FY80 FYBS FY90 FY95 FYOO FYOS mo FY1 5 

figure S 

Historical production from the Carneros Reservoir 
and projected performance to the Economic Limit is 
shown in Figure 5 and Figure 6. 

The estimated gas reserves for the Carneros Reservoir 
shown below are from a December 1987 SSI repon 
entitled "Reservoir Engineering and Compositional 
Simulation Study" for the 1st and 2nd Carneros 
Sands. The less significant Santos and 3rd Carneros are 
estima ted to have 5 billion cubicfeet of gas in-place and 
3.5 billion cubic feet estimated recoverable, with 1.0 

4000 

3000 

2000 

1000 

CARNEROS OIL EOUlVALfNT RATE 

O ��������P-�� 
FY76FY80 FY85 FY90 FY95 rYOO FYOS FY10 FYIS  

Figure 6 

billion cubic feet remaining. Carneros Well 584-26Z is 
estimated to have seven billion cubic feet of gas in-place 
and six billion cubic feet estimated recoverable re
serves. The equity reserves were never determined . 

Figure 7 represents gas reserves determined by SSI and 
estimated reserves for the Santos and third Carneros 
Sands, plus Asphalto Carneros Well 584-26Z. These 
reserves are compared with the Long Range Plan 
Maintenance and Total Development Cases. 

CARNEROS 
TOTAL DEVELOPMENT CASE 

Original-Gas-In-Place (BCF): 
Estimated Recoverable Gas (BCF): 
Cumulative Production 9/30/88 (BCF): 
Remaining Reserves: 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

Economic Limit (MCFD, YEAR): 

*Reserves Determined by SSI Report 

EQUITY 
* S1UD IES 

123.4 
86.0 
56.6 

35.9 

Figure 7 
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LONG RANGE PLAN 
MAINT. TOTAL 

91.5 91.5 
56.6 56.6 

34.9 34.9 
7.9 7.9 

4112015 4112015 



The field activities planned over the seven year plan 
period are as follows: 

• COST 
REASON SIHOUSANDS 

If514-30R 
finds additional 
productive sands� 

900 

ree Remedials Maintain production. 485 

New Compressor Increased profit- 310 
ability and reserves. 

RESERVOIR DESCRIPTION 

The Carneros Reservoir consists of three sands con
taining oil, gas and gas condensate. The accumulation 
of gas and/or oil in the Carneros Zone is controlled 
primarily by the 29R structural closure and secondar
ily by the pinching out of sands to the East. (See 
Location Map, Figure 1, and Cross-Section, Figure 3). 
The productive area of the 29R Structure Carneros 
Reservoir covers approximately 602 acres and has a net 
producing thickness of up to 250 feet. Carneros Sands 
generally exhibit low porosity and permeability in many 
cases and are not fractured. The Carneros is a retro
grade condensate reservoir with a thin black oil band 
associa ted with the gas in the 3rd Carneros Sand. As of 
October 1988,43% of the estimated gas reserves in the 
29R Structure Carneros Reservoir remained to be 
produced. A table of reservoir characteristics for the 
Carneros 29R Structure is shown as Figure 8. 

Currently there are eight active wells producing from 
the Cameros 29R Reservoir and one well from Asph
alto. Well 583-30R isa dual completion that has lower 
production from the Santos and upper production 
from the 1st and 2nd Cameros Sands. Well 578-24Z is 
the only well producing from the 3rd Carneros and 
Well 583-30R is the only well producing from the 
Santos. The compressor that is currently being in
stalled is designed to provide 18,000 MCFper dayat an 
intake pressure of 60 psi to a discharge pressure of 500 
psig. Well 514-30R is currently being production 
tested in six intervals that may lead to an addition of 
productive sands to the Carneros Reservoir. 

RESERVOIR 5lUDIES 

Reservoir studies and an SSI simulation have been 
completed for the 29R Structure Carneros Reservoir. 
The simulation study entitled "Reservoir Engineering 
and Compositional Simulation Study" was completed 
by SSI in December 1987. Predictions were performed 
for continued straight depletion and for a case involv
ing the installation of compressors. Both cases were 
compared on the basis of acceleration of hydrocarbon 
recovery and the effect on continued gas migration. 
The study showed that an additional 17.0 billion cubic 
feet of gas could be produced by installing a compres
sor to lower the 500 psi line pressure, allowing the 
reservoir to be depleted ata faster rate. The additional 
recoverable gas will vary, depending upon when the 
compressor is installed, due to migration of gas to the 
Asphalto Carneros Structure. Compressor installa
tion was finished by the Second Quarter of FY'89. 
Bergeson and Associates reported that exploration for 
deeper producing Carneros horizons appears favor
able. 

CARNEROS 
RESERVOIR CHARAcrERISTICS 

Porosity (%): 
Water Sat. (%): 
Air Perm. (md): 
Oil Gravity (API): 
Gas Form. Vol.Fact. 
(RCFJSCF): 

Gas Viscosity (cp): 
Initial Press. (psi): 
Sat. Press. (psi): 
Current Press. (psi): 

16 
21 
6.0 
50 

0.0045 
0.016 
4,160 
3,900 
1 ,500 

figure S 
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Production Wells(#): 
Injection Wells (#): 
Top Pay (Ft-VSS): 
Max Pay (Ft): 

Pay Area (Ac): 
Pay Volume (AF): 
GOC (Ft-VSS): 
WOC (Ft-VSS): 
Press. Datum (Ft-VSS): 

8 
o 
6,500 
250 

602 
80,000 
7,980 
8,140 
7.900 

• 

• 

• 
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RESERVOIR DEVELOPMENTS'IRATEGY 

The Reservoir Development Strategy for the Cameros 
Reservoir is production through pressure depletion. 
The com pressor installation should allow the reservoir 
to be depleted at a faster rate and permit less gas to 
escape to the Asphalto Cameros Reservoir. Explora
tion activities for deeper productive horizons are con
tingent upon Well 514-30R that is now being tested. 

The production, cost and revenue streams for the Total 
Development Case are shown in the Economics Table 
1. Key economic parameters and recoveries are sum
marized in Figure 4. Cost and production assumptions 
are shown in Figure 9. 

CARNEROS 
COST AND PRODUcnON ASSUMPTIONS 

Initial Decline 
Description Cost/Job (S) Rate (MCFPD) (%/Yr.) 

Stimulations 
( Acidizing) 

155,000 240 

Deepening 900,000 
(Contingent on 
#514-30R) 

Facilities 310,000 
(Supplemental 
Cameros Compressor) 

Anificial Lift- 180,000 500 

10 Installation costs are S2O,OOO of total cost. 

Figure 9 

4 

12 
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The Total Development Case represents a continu
ation of the present production strategy. Stimulations 
and facilities are necessary to maintain the production 
and the deepening will help to investigate the full 
potential of the Cameros Reservoir. 

PLANNED RESERVOIR DEVELOPMENT 
ACTIVITIES 

The annual reservoir development activities are de
scribed below for the ensuing seven-year plan period. 
Details of the remedial and deepening activities are 
shown in Table 2 and Table 3. 

FY'89 

The Total Development Case is projected to produce 
at an average rate of 16,905 MCFD during the year. 
Well 566-29R, which has equalized due to high produc
tion line pressure and scale, will require remedial work 
when the compressor is installed. Pending the results 
of current testing of Well 514-30R, a well may be 
deepened to the Agua zone. The compressor installa
tion should be completed in FY'89. 

FY'9O - FY"9S 

One stimulation in FY'90 and one stimulation in FY'92 
are expected to be required to maintain production. 
These acid-solvent stimulations will ensure that scale 
and asphaltines should not reduce production poten
tial. Previous experience has shown that these jobs can 
be effective. Three artificial lifts should be installed in 
FY'91 and FY'92, while two are scheduled for FY'93. 
Reservoir pressures are estimated to be unable to lift 
the fluid during these years . 
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DRY GAS ZONE 

The Dry Gas Zone (DGZ) is the only dry gas producing 
reservoir at NPR-l.(See location map, Figure 1 ). Cur
rently, the reservoir is being produced by means of 
surface com pression and the gas utilized as a source for 
Stevens high pressure gas injection. Engineering cal
culations suggest that production levels from the reser
voir will decline unless measures are taken to reduce 
the compressor intake pressure and/or develop addi
tional reserves. 

20,000 

15,000 

10,000 

5000 

DRY GAS ZONE . .  REVENUES VS COSTS LONG RANGE PLAN 

I ��) . .. � TOTAL IIOOUS 
(\IIOSCOLNIED) 

o L..lliillII:.UI....M ""1I....IIIIi1dU,j�ua __ �_ ...... _'"'-
FY'89 FY'90 FY'91 FY'92 FY'93 FY'94 FY'95 

Figure Z 

The Total Development Case for the Dry Gas Zone 
consists of a Maintenance Case, a Remedial Project 
and a Compressor Project. The Total Development Case is anticipated to generate $ 102 million in undis
counted revenues for a total projected expenditure of 
$12 million over the next seven years. Annual revenue 
and cost values are displayed in the Figure 2. 

Shown in Figure3 isan economic summary of the Total 
Development Case for both the seven year plan period 
and FY'89 to the economic limit. 

NAVAL PETROLEUM RESERVE NO.1 
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·· :DRY GAS ZoNE 

••• TOTAI...DEVELOPMENTCASE 

<FY'89 TO ECONOMIC LIMIT 

Total Revenue: S101.9 Million 
Operating Cost: $5.5 Million · ·  

S 166.7 Million 
S 8.0 Million 
S 6.1 Million 
S 14.1 Million 
S 152.6 Million 
S 85.0 Million 

Investment: . 
Total Costs:· Net Revenue: 
Net Present Value (@ 10%) 

Recover)': . 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

• $6.1 Million 
Sl1.6 Million 
S90.3 Million 
S59.8 Million 

45.9 
6.8 

64.8 
9.6 

Fagure 3 

Estimated gas and oil equivalent recovery from the 
Total Development Case is also included in Figure 3. 

The estimated reserves for the Dry Gas Zone shown in 
Figure 4 are based on volumetric calculations con
tained in the 1988 Dry Gas Zone Reservoir Manage
ment Plan. This estimate is compared with the Long 
Range Plan Maintenance and Total Development Cases. 

The Maintenance Case represents base production 
levels assuming no remedial, drilling, or facility expen
ditures (i.e., continued current operations). The 
Remedial Project includes both remedial and facility 
activity designed to exploit and develop Dry Gas Zone 
reserves. A total of 31 remedial jobs are currently 

planned over the next seven years including 22 recom
pletions of un depleted higher pressure zones and nine 
artificial lift installations to remove static water col
umns and reduce reservoir baCk-pressure. Surface 
facility expenditures totalling $1.7 million are also 
included in this project for well-site separation of 
water and possible modifications/upgrades to the proc
ess equipment. 

The Compressor Project involves the installation of a 
booster compressor by FY'92 to reduce compressor 
intake pressure and improve recovery from the Dry 
Gas Zone. Actual timing of the compressor installa
tion is highly dependent on the performance of reme
dial activity performed as part of the Remedial Project. 

DRY GAS ZONE 
TOTAL DEVELOPMENT CASE 

RESERVE LONG RANGE PLAN 
-ESTIMATES MAINT. TOTAL 

Original-Gas-In-Place (BCF): 212.2 
Estimated Recoverable Gas (BCF): 192.0 
Cumulative Production 9!30/88 (BCF): 161.2 
Remaining Reserves: 

Oil (MMB) 
Natural Gas (BCF) 30.8 

Oil Equivalent (MMBOE) 
Economic Limit (MCFD, YEAR): 
- From 1988 Dry Gas Zone Reservoir Management Plan. 

Figure 4 
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172.7 226.0 
161.2 161.2 

11 .5 64.8 
1.7 9.6 
1 112001 1212009 

• 

• 

• 
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The current reservoir operating strategy is to continue 
pressure depletion of the reservoir at rates consistent 
with the capacity of the existing compressors (currently 
18,000-18,500 MCFD at 95 psi intake). To offset 
declining production, recompletions and artificial lift
installations are planned. When remedial activity is no 
longer capable of sup porting production rates, it is an
ticipated that booster compression will be added to 
further reduce compressor intake pressures. Histori
cal production from the Dry Gas Zone Reservoir and 
projected performance to the economic limit is shown 
in Figures 5 and 6. It should be noted that steeply 
declining production depicted in these graphs reflects 
facility imposed limitations (i.e., compressor intake 
pressure) and is not indicative of true reservoir capa
bility. 

RESERVOIR DESCRIPTION 

The Dry Gas Zone is the shallowest zone currently 
producing at Elk Hills. It is composed of relatively 
thin, unconsolidated, fine-grained channel sands col
lectively referred to as the Mya Sands. These sands 
extend in a NNE-SSW trend across a broad anticline 
overlaying the western two-thirds of the 31S Structure 
and the eastern half of the 29R Structure (see Location 
Map, Figure 1). Individual channels are typically less 
than one-half mile wide. Low displacement normal 
faults parallel to these channels provide varying de
grees of trap modification. A total of 17 stratigraphic 
intervals and 57 tank-like gas reservoirs have been 

. DRY GAS ZONE . 
GAS PRODUCTION RATE 

UCFPD 
24,000 

22,000 

20,000 

REMAINING RECOVERY 
TOTAL PROGRAM 64.B Scr-MAINTENANCE CASE 1 1 .5 BCf----

1 8,000 

1 6,000 \ 
\ 

1 4,000 \ \ 
1 2,000 \ 
1 0,000 \ I 

8000 I \ 
6000 \ 
4000 " \ 
2000 " 

... ..,-O ������������� 
FY81 FYBS FY90 FY9S FYOO FYOS 

figure S 

correlated and mapped. Although current average 
reservoir pressure is approximately 160 psi, Repeat 
Formation Test (RFI) measurements indicate the 
presence of zones with pressures in excess of 500 psi. 
These higher pressure zones suggest incomplete drain
age of existing reserves and/or isolated "tanks" that are 
currently underdeveloped. (See Figure 7 for reservoir 
characteristics). 

Remaining reserves of64.8 BCF contained in the Total 
Development Case c:ItCeed Reservoir Management Plan 
estimates based on assumed incremental recovery as
sociated with recompletion activity. The FY'89 study 
by Evans, Carey and Crozier is anticipated to provide 
additional insight regarding remaining reserve poten
tial. 

Continuous production from the Dry Gas Zone Reser
voir was initiated in October 1980. Between 1980 and 
late 1987, well deliverability exceeded the throughput 
capacity of the existing compressors. As a result, 
production remained essentially constant at approxi
mately 20,000 MCFD. As reservoir pressure contin
ued to fall and approach the compressors' intake pres
sure (i.e., apprOximately 110 psi), a drop in total reser
voir production was observed in late 1987. This drop 
was further magnified by the accumulation ofliquids at 
low points in the gas gathering lines. In early 1988, 
modifications to the existing compressors were made 
to lower intake pressure requirements (i.e., to 95 psi) 
and enable continuous production at approximately 
18,000-18,500 MCFD . 

DRY GAS ZONE 
OIL EQUIVALENT RATE 

BPD 
4000 

3000 

2000 

1 000 

\ \ \ \ \ \ \ \ I \ \ 
\ \ \ \ " " 

O ������' -������� 
FY81 FY85 FY90 FY95 FYOO FY05 

Figure 6 
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·· i < DRY GAS ZONE . . . .... . .. . 

porOSity(�):

> . RESERVOIRCHARAcrF.RIS'll� 

Water Sat (%): 
AU Perm (md); 
Gas GraVity: 
Gas Form. Vol Fact . . . 

Gas Viscosity (cp): 
Initial Press. (psi): 
Sat. Press. (psi): . 
Avg. Current Press. (psi): 

.012 
620 
NA 
157 

. . 
. " "." PrOducing Wells (#): 30 

. Injection Wells (#): ° 
·· .Top Pay (Ft-VSS): + 100 

Max Pay (FL): N/A 

Pay Volume (AP): 978,619 
GOC (Ft-VSS): N/A • GWe (Ft-VSS): Variable 
Press. Datum (Ft-VSS): 684 

F'JIIU'C 7 

Although more than 1000 wells have penetrated the 
Dry Gas Zone, a total of only 36 have been completed 
in the Mya Interval. Of these, 30 continue to produce 
under pressure depletion and surface compression. 
Cumulative production through September 1988 was 
161.2 BCF, which represents a recovery-to-date of ap
proximately 76% of the original-gas-in-place. 

RESERVOIR S'IUDIES 

During FY'89, the consulting firm of Evans, Carey and 
Crozier is expected to complete their 100% DOE 
funded evaluation of the Dry Gas Zone. This study 
should provide an in-depth geological and engineering 
analysis of the reservoir. It would be utilized to help 
identify additional development potential and refine 
long term exploitation strategies and Objectives. 

RESERVOIR DEVELOPMENT STRA1EGY 

During the seven year period covered by this plan, the 
strategy is to continue pressure depletion of the reser
voir at rates consistent with the throughput capacity of 
the compressors. This rate is apprOximately 18,000-
18,500 MCFD at a compressor intake pressure of 95 
pSi, given the current compressor configuration. 

The Maintenance Case represents anticipated base 
production levels assuming that no remedial, drilling, 
or facility expenditures are made during the next seven 
year period. Production is anticipated to decrease from 
an average rate of 14,275 MCFD in FY'89 to 395 
MCFD in FY'95 as a result of declining reservoir 
pressure coupled with the existing compressor intake 
pressure requirements. A summary of economic and 
recovery data for the Maintenance Case is provided in 
Figure 9, while additional details are included in Eco
nomics Table 2. 

The Remedial Project is a production enhancement 
program designed to exploit and develop Dry Gas 
Zone reserves through recompletions and artificial lift 
installations. As average reservoir pressure continues 
to fall, decreased well deliverability coupled with 
oompressor limitations is anticipated to result in sharply 
declining field production (as shown in the Mainte
nance Case). To offset this decline, an aggressive 
remedial program is proposed. Recompletions will 
target higher pressure undepleted zones identified by 
RFTmeasurements. Where pOSSible, idle wellbores in 
the Stevens and Shallow Oil Zones will be utilized. 
Artificial lift equipment will be installed on wells with 
identifiable static water columns in an effort to reduce 
reservoir back-pressure and thus improve productiv
ity. 

Accomplishment of this objective has been considered Facility expenditures are also included within the 
in three scenarios within this plan: the Maintenance Remedial Project to place well-site separators back 
Case, the Remedial Project, and the Compressor Proj- -into service and upgrade existing process equipment. 
eet. Combined, they constitute the Total Develop- Process eqUipment modifications may be required to 
ment Case. enable Dry Gas Zone gas to meet sales specifications. 

Currently, Dry Gas Zone gas is being injected into the 
Shown in Figure 3 is an economicsummaryoftheTotal Stevens Zone for purposes of pressure maintenance. 
Development Case. Figure 8 shows the assumptions However, during times of processing plant upset, Dry 

• 

• 

used in its preparation. A more detailed breakdown of Gas Zone production is mixed with residue gas for 
production, cost and revenue streams . is provided in sales. At the present time the gas would not meet sales • Economics Table 1. specifications and therefore, facilities at 36R may need 
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i >  . ..•.. ..
.
. . ..... / > DRy GAS ZONE .. . . .. . . ••. 

. ··C05rAND PRODUCIlONASSUMP110NS . :�:: .:. ," :- . : : :::'.:::-. ,,: .' . . . .  ' . . . 
.. •.•. . / C:OSt/Job . .. ($) 

········.·• •.••. •.· •.•••..... . · . . i · 96,ooo . . 
Description 

�:l�� · 
additions) 

.. . . . 
" . : - ", " 

Artificial Lift · ·· ·· 
Facilities 

Process Equipment 
UpgradesIModifications 

Water Collection 
(Well-Site Separation) 

Booster Compressor 

1,284,500 

450,000 

1,201,000 

. . . . . .... ," . 
• •.. ...•.... ... . > .IDitlal Rate 

. · CMCFD) . ..... ·· ) 1
0(x) · 

· 750 

Decline 
(%/Yr) 

45 

• Single decline rate does not apply. Performance was based on assumed deliverability and a drainage 
volume containing 2 BCF of gas at a pressure of 250 psi. 

Figure S 

to be upgraded. Well-site separators should be put Activity within the Remedial Project is anticipated to 
back into service at selected locations in order to support production rates at the 18,000 MCFD level 
prevent produced water from accumulating in the main through FY'92, at which time rates are once again 
gas collecting pipeline. Accumulation of water at low forecast to decline. Figure 10 is a summary of eco-
points along the line results in added baCk-pressure at nomic and recovery data for the Remedial Project. 
the wellhead and reduced well deliverability. Additional details are supplied in Economics Table 3. 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

DRY GAS ZONE 
MAINTENANCE CASE 

FY'89-FY'95 PLAN FY'89 TO ECONOMIC LIMIT 

$20.5 Million 
S1.3 Million 
SO Million 
$1.3 Million 

- $19.2 Million 
$15.5 Million 

11.3 
1.7 

Figure 9 
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$21.0 Million 
$ 1.3 Million 
SO Million 
$ 1.3 Million 
$19.7 Million 
$15.7 Million 

11.5 
1.7 



. . DRYGAS z()NE·· 
. .. . . .REMEDIAL PROJECf . . ... . .. . -.. :. : ..... : :  ..... :-:-:.:-.. ... ." . 

. 
· FY'89tO ECONOMIC LIMIT 

Total Revenue: . . 
Operating Cost: . 
1nvestment: 

Total CostS: .. . . 
Net Revenue: ... . . 

Net Present Value (@ lO%) 

Recovery: . 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

. .... ." .". 
. . .  . S5O.6 Million 

$2.8 .:Million · 
···· $4.7 Million 

S7;S Million 
$43.1 Million 
S29.2 Million 

23.4 
3.S 

SS4.2 Million 
S2.9 Million 
$4.8 Million 
S7.7 Million 
S46.S Million 

. . $30.6 Million 

24.5 
3.6 

Figure 10 

The Compressor Project involves the installation of a 
booster compressor to further reduce compressor intake 
pressure and improve recovery from the Dry Gas Zone. 
The project should be implemented to support produc
tion when rates decline following completion of activity in 
the Remedial Project. Assuming compressor intake pres
sures are reduced to approximately 35 psi, incremental 
production obtained in this project is projected to sustain 
total reservoir production at 18,000 MCFD beyond FY'95. 
Should activity identified in the Remedial Project fail to 
sustain production rates and support minimum compres
sor intake pressure requirements, acceleration of addi
tional compression may be required. Compressor Project 

economic and recovery data shown in Table 4 are 
summarized in Figure 11 .  

PLANNED RESERVOIR DEVELOPMENT 
ACTIVITIES 

On the follOwing page the annual reservoir devel
opment activities are described for each of the 
scenarios presented in the Total Development 
Case. Once again, these scenarios consist of the 
Maintenance Case, the Remedial Project, and the 
Compressor Project. 

. DRY GAS ZONE 
COMPRESSOR PROJECf 

FY'89-FY'95 PLAN 

Total Revenue: 
Operating Cost: 
Investment: 

Total Costs: 
Net Revenue: 
Net Present Value (@ 10%) 

S3O.8 Million 
S1.4 Million 
SI.3 Million 
S2. 7 Million 
S28.1 Million 
S 15.1 Million 

Recovery: 

Oil (MMB) 
Natural Gas (BCF) 
Oil Equivalent (MMBOE) 

11 .2 
1.7 

F'1gut'C 11 
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FY'89 TO ECONOMIC LIMIT 

S91.4 Million 
$3.8 Million 
SI.3 Million 
SS.1 Million 
$86.3 Million 
S38.7 Million 

28.9 
4.3 

• 

• 

• 
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FY'89 

As previously discussed, Maintenance Case production is 
anticipated to decline sharply during FY'89. To offset this 
decline, a remedial program constituting the Remedial 
Project should be initiated (see Table S). Proposed re
completion candidates would be taken from a prioritized 
list of wells in an eft on to exploit undepleted higher 
pressure zones identified by RFT measurements. Facility 
work should also be initiated to place well-site separators 
back into service in order to prevent the accumulation of 
produced water in the main gas collecting pipeline. 

During FY'89, the consulting firm of Evans, Carey and 
Crozier should complete their geologic and engineering 
evaluation of the Dry Gas Zone. This study is expected to 
be utilized to identify and/or refine recompletion poten
tial in addition to helping define remaining development 
opponunities. As wells are recompleted in FY'89, a 
substantial amoun t of engineering and geological suppon 
activity is anticipated by BPOI to assess the performance 
of these recompletions and repriortize future activity. 
This would include deliverability testing of new recom
pletions and periodic field-wide pressure monitoring for 
refinement ofPIZ trends. RFT testing of new wells pene
tratingthe Dry Gas Zone should also be continued in 
FY'S9 to identify additional high pressure reserves. 

2-164 

FY'9O-"91 

During FY'9O-'91, continuation of both the Main
tenance Case and Remedial Project is anticipated. 
Facilitywork should be initiated in FY'90 and com
pleted in FY'91 to upgrade/modify the existing 
p� equipment � necessmy to assure sales quality 
gas. Artificial lift activity should also be initiated in 
the Remedial Project to remove static water col
umns from existing wells and reduce reservoir back
pressure. 

In addition to continued remedial activity associ
ated with the Remedial Project, FY'92 activity in
cludes the purchase and installation of a booster 
compressor. This compressor should be installed 
upstream ofthe existing compressor units and used 
to reduce intake pressures to approximately 3S psi. 

FY'93-'9S 

This period is represented by the projection of base 
production anq incremental response from both re
medial activity and additional compression. Aside 
from continued installation of anificial lift, addi
tional projects or activities are not anticipated during 
this period. 
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TULARE ZONE 

The Tulare Zone is imponant to operations at NPR-l, 
providing both a fresh water source for watertlood 
operations and a location for produced water disposal. 
A 40 acre region in Section 30R produced "heavy oil" 
from the Tulare Zone between 1975 and 1986. At
tempts to enhance recovery by steam stimulation proved 
uneconomic and as a result, Tulare Zone production 
was discontinued in October 1986. 

The Tulare Zone Total Development Case consists of 
a single Maintenance Case including remedial and 
facility activity for continued water source and water 
disposal operations. The total costs are estimated to be 
$1.8 million through FY'95. There are no revenues 
generated from the Tulare Zone during this plan pe
riod. 

The Total Development Case consists of remedial 
funds through FY'95 to perform 17 pump and motor 
repairs for water source wells and to perform 31 low 
volume acid stimulations of disposal wells. A facility 
project involving conversion of existingwaterfloods to 
produced water injection and the development of an 
al tern a te wa ter dis posa 1 sys tern is planned during years 
FY'89 through FY'94. This project will cost a total of 
$15.1 million and is allocated entirely to the Northwest 
Stevens, 24Z Sands and Main Body B Waterfloods. 
The project will phase-out Tulare Zone water disposal 
and the use of waste water sumps. This activity is 
planned in anticipation of future waste water disposal 

requirements of the Regional Water Quality Control 
Board and potential off-site contamination . 

RESERVOIR DESCRIPTION 

The Tulare Zone is the youngest and most shallow 
hydrocarbon bearing interval at NPR-l, ranging in 
depth from 700' to 1,300'. Areally, the Tulare Zone is 
very extensive, having been penetrated by every well at 
NPR-l. The Tulare Zone is composed of numerous 
thin sand intervals with interbedded siltstones and 
clays. Because ofits shallow depth of burial, porosities 
and permeabilities are high, ranging from 30 to 40 
percent and from 60 to 8,000 millidarcies, respectively. 
The Elk Hills anticlinal structure is the main trapping 
mechanism although stratigraphiC controls are also 
present. Figure 1 shows the Tulare reservoir charac
teristics. 

Between 1975 and 1984, seven Tulare Zone producers 
were drilled and completed in a 40 acre region in 
Section 3OR. The oil bearing sand in this area is 
approximately 15 feet thick and contains a 12 degree 
API oil with a viscosity of 3,000 centipoise. Inan effort 
to improve recovery, a cycliC steam project of three 
wells was conducted between 1983 and 1984. The 
economics of the steam project proved unfavorable 
and as a result Tulare Zone production was discontin
ued in October 1986, at which time the cumulative 
production amounted to 18.4 thousand barrels of oil. 

In other areas of the field, the Tulare Zone is utilized 
for waste water disposal and as a source forwaterflood 
injection water. Currently, there are four Tulare Source 
wells which produce approximately 160,000 BWPD. 
Fourteen Tulare Zone wells are designated for dis
posal of waste water at NPR-l. Thirteen of these wells 

1Ul..ARE WNE 
RESERVOIR CHARACI'ERISTICS 

Porosity (%): 38 Production Wells (#): 7 (idle) 
Water Sat. (%): (est) 35 Injection Wells (#): 0 
Air Perm. (md): 430 Top of Pay (FT-VSS): +300 
Oil Gravity (API): 12 Avg. Thickness (Ft): 15 
Oil Form. Vol. Fact. 

(RB/sTB): (est) 1.02 Pay Area (Ac): 40 
(Developed Acres) 

Oil Viscosity (cp): 3000 Pay Volume (AF): NA 
Initial Press. (psi): (est) 506 Goe (FT-VSS): NA 
Bubble Point Press. (psi): NA woe (FT-VSS) NA 
Current Press. (psi): NA Press. Datum (FT-VSS): + 156 

figure 1 
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are currently active and dispose of approximately 8O,(XX) 
BWPD including Well 51 WD-26Z, which disposes of 
Asphaltowaste water from Sections 26Z and 14Z. The 
Regional Water Quality Control Board is anticipated 
to issue regulations that will prevent water disposal in 
the Tulare Zone. 

RESERVOIR STUDIES 

There are no reservoir studies planned for the Tulare 
Zone. 

RESERVOIR DEVELOPMENTS1RAlEGY 

Based on the results of both primary production and 
cyclic steam testing, the recommended strategy with 
respect to oil production is to maintain the reservoir in 
a shut-in status. Significant economic changes or 
identification of thicker pay intervals will require re
evaluation of this strategy. 

In view of the possible restriction that may be imposed 
by the Regional Water Quality Control Board, the 
strategy with regard to water disposal and source water 
production is to phase-out Tulare Zone disposal and 
develop a new, environmentally acceptable, waste water 
disposal system. A facility project is currently planned 
to meet anticipated phase-out of Tulare Zone dis
posal. This project involves utilization of produced 
water for injection in 24Z, Northwest Stevens and 
Main Body B. It will be initiated in FY'89 and com
pleted by FY'94. The costs have been allocated to each 
ofthe impacted reservoirs in proportion to their injec
tion requirements. No costs are allocated to the Tulare 
Zone. 

A portion of the facility cost will be used to develop an 
alternate water disposal system. During FY'89, a de
tailed study is anticipated to determine the best alter
nate system for NPR-l. Alternatives to be considered 
include: 

1) Using produced water for possible waterfiood 
projects such as the Shallow Oil Zone SS-2 
Waterfiood Project. 

2) Deepening the current water disposal wells to an 
environmentally acceptable zone. 

3) Drilling new disposal wells in acceptable areas or 
zones, such as the Dry Gas Zone. 

4) Either treating the produced water at NPR-l or 
subcontracting for the treatment and disposal of 

produced water. 

Prior to phase-out, remedial activity will be conducted 
as necessary to meet water source and water disposal 
demands forcontinued operations at NPR-l. Expense 
streams for the Total Development Case are shown in 
Table 1 and based on the follOwing assumptions. 

lULARE ZONE 
. COST ASSUMPTIONS 

Stimulations . 
(Acidizing) 

. . 

PumpIMotor Replacements 

Cost/Job ($) 

35,000 

35,000 

PLANNED RESERVOIR DEVELOPMENT 
ACTIVITIES 

Annual reservoir development activities for the ensu
ing seven-year period incl udes periodic remedial activ
ity to maintain injectivity in disposal wells and to 
maintain deliverabilityfrom source wells (see Table 2). 
Downhole pump and/or motor failure in water source 
wells is anticipated to require three jobs per year in 
FY'89, FY'90, and FY'91. By FY'92, this activity level 
is expected to decrease to two jobs per year as water 
source demands are reduced with the re-injection of 
produced water in Northwest Stevens, 24Z, and por
tions of the 31S Waterfiood. 

Numerous low volume acid stimulations will also be 
required to maintain water disposal capacity. This is 
needed as injected fines and scale build-up reduce 
injectivity and raise injection pressures beyond their 
maximum limits. Beyond FY'91, Tulare Zone disposal 
is assumed to be phased out and require no additional 
remedial activity. 

Facility activity will be initiated in FY'89 and com
pleted in FY'94 for the phase-out of Tulare Zone 
disposal. As previously discussed, this project involves 
the conversion of existing waterfiood projects to pro
duced water injection and the development of an alter
nate disposal system. These costs have been allocated 
to the 24Z, Northwest Stevens and Main Body B Wa
terfioods. 
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CHAPTER 3: 

FACILITIES DEVELOPMENT PLANS 

IN1RODUcnON 

Facility operations involve aU surface activities re
quired to support production of reselVoirs at MER in 
a safe, cost-effective, and environmentally sound manner. 
Surface facilities are the critical link between the reser
voirs and sales points; they represent a substantial 
amount of activity, and afford numerous opportunities 
for increased profitability. 

As described in the reselVoir developmen t plans, reser
voir operations will be dynamic, requiring a significant 
amount of investment in facilities during the period 
FY 1989 to FY 1995. A significant amount of activity 
will be required in the future to accommodate produc
tion and development activities as NPR-1 reselVoirs 
mature. A continuing challenge will be to accommo
date and minimize the cost of projected growing total 
fluid production. As oil production naturally declines, 
water production will increase; increased pressure 
maintenance through water and gas injection will add 
to total fluid handling . 

These facilities operations are described and evaluated 
within the following systems: 

1. Crude Oil 
2. Natural Gas . 
3. Natural Gas Liquids 
4. Water 
5. Electrical Transmission and Distribution 

This chapter provides a detailed analysis of each of the 
above systems. It identifies opportunities for optimiz
ing the effiCiency of these systems as well as require
men ts for opera tions, main tenance, repair, and/or con
struction. Figure 3.1 oli the following page schemati
cally depicts these inter-related operations. Following 
are summary descriptiOns of these systems. 

Crude Oil Systems 

The crude oil systems at NPR-1 collect the oil, water 
and gas produced from each well and transport the 
fluid through pipelines (flow lines) to field production 
separation facilities (tank settings). After the gas is 
separated from the oil and water at the tank settings, 
the oil and water are collected and transported again 

3-1 

through steel pipelines to dehydration and sales or 
disposal facilities. 

Crude oil, water and gas are produced from four differ
ent zones at NPR-1: Stevens, Shallow, Cameros and 
Tulare (abandoned, uneconomical). Each zone has its 
own collection, separation, distribution, dehydration 
and sales facilities. The sales facilities, typically LACT 
(Lease Automatic Custody Transfer) units and dehy
dration/sales facilities are located in the following Sec
tions on the ReselVe: 

1. Stevens: 18G and 24Z 
2. Shallow (SOZ): lOG and 25S 
3. Cameros: 35R and 26Z 
4. Tulare: 30R (abandoned, uneconomical) 

Natural Gas Systems 

The purpose of the gas systems (collection, process, 
injection and sales distribution) is to collect approxi
mately 380 million cubic feet per day of natural gas pro
duced from oil and gas wells, process the gas to remove 
water and NGL, and to pressure and distribute the gas 
for injection into reselVoirs or sales to customers. 

At the tank settings, gas is separated from the produc
tion and transported by pipeline to the gas plant com
plexes in Sections 35R and CUSA 17Z for processing. 
Prior to processing, this gas is commonly referred to as 
wet gas. Some wet gas is consumed as fuel for field 
operations. Additional wet gas condenses in to a liquid 
and is removed from the gas collection system and put 
into the condensate collection system. The remaining 
wet gas is processed at the 35R and CUSA 1 7Z Gas 
Plants, regardless of zone of origin. At each point of 
commingling, metering facilities are pr�vided for 
ownership accounting purposes. 

Natural Gas Uquids 

The Natural Gas Liquids (NGL) System function is to 
extract, store, deliver and account for approximately 
535,000 gallons per day of natural gas liquids produced 
at NPR-1. These products are Propane (C3), Mixed
Butane (C4 mix), Natural Gasoline (C5+) and heavy 
condensate (addressed in a separate section). 

The products are recovered from gas (vapor) streams 
processed through the gasoline plants' "recovery" section. 
then distilled through the "fractionation" section trans
ferred to storage tanks, and delivered to CUSA (as 
equity) and to DOE contractors through a tanker truck 
loading facility . 
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Condensate System 

The condensate collection system collects all liquids 
(gas condensate, oil and water) which condense in the 
gas gathering lines. The purpose of the system is to 
remove the liquids from the gas collection systems and 
thus prevent interference with the transportation of 
the gas from the field to the gas plants. Separate 
systems exist for the Stevens and SOz, the two major 
producing zones at Elk Hills. 

Water Systems 

There are three major water systems at Elk Hills, as 
follows: 

1. Tulare Water System 

Low pressure source distribution 
High pressure waterflood distribution 

2 Produced Water Disposal System 

SOZ (25S, lOG and lSG) 
Stevens (lSG, 24Z and 26Z) 
Future alternates 

3. Fresh Water Systems 

Light Oil Steamflood Pilot 
Fire water, including cooling water and other 
potable water 

All three major systems are related to each other. The 
Tulare water systems furnish the bulk of water injected 
into several reservoirs for pressure maintenance and/ 
or direct waterflood efforts. That water which is in
jected is eventually returned, in some proportion, as 
produced water from the target reservoir. To a minor 
extent, this is also true of the fresh water system since 
the early pan of LOSFsteam injection is utilizing fresh 
water sources, and will continue to do so as long as 
purchased water costs remain below the cost of lifting 
and treating Tulare water for steam generation. 

All disposal water is currently injected into Tulare 
Zone wells. Due to environmental concerns, it may 
become necessary to eliminate this practice. To meet 
these requirements, an extensive program is currently 
being developed to conven ponions of the Stevens 
Waterflood to produced water in lieu of Tulare source 
water. Any excess produced water will be disposed of 
utilizing alternatives currently being studied. These 
include deepening existing disposal wells into an ac
ceptable zone and/or drilling new disposal wells. 
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EIec:tric:al Transmbsion and Distn"bution System 

NPR-l uses approximately 24 Meg. of electricity each 
day, provided by a Unit-owned electrical power trans
mission and distribution system, with power being pur
chased from Padtic G$ and Electric Company (pG&E). 
The main intake power supply is from a Unit-owned 
metering and service facility located at the 35R Substa
tion, where PG&E delivers power at 115 kilovolts (KV). Electrical power is distributed at 115 KV to the 
other main area substations located at lSG, 3G, 33S 
and SR. 

FUNcnON AND DESCRIP'IlON OFSAFE'lY AND 
ENVIRONMENTAL FACll..rrms PROJECfS 

The goal of the Environmental Program is to ensure 
that facilities and operations at NPRC meet the re
quirements of federal, state, and local environmental 
laws, regulations and applicable DOE Orders. Facility 
developmen t projects involve minimization of air emis
sions and water contaminants, handling of hazardous 
and nonhazardous wastes, prevention of oil and chemi
cal spills, and prevention of surface and groundwater 
contamination. 

The goals of the Safety!Health/Fire Program is to limit 
the risk of injury to personnel and damage to property. 
The risk is limited by adherance to applicable statutes, 
regulatiOns, and DOE Orders. Projects have been 
identified to address compliance with applicable safety 
regulations, to protect personnel health, minimize risk 
of fire, and improve the overall safety of operations at 
NPRC. 

STUDIES AND FUTURE 
OPPORTUNITIES 

Operations at NPR-1 offer many opportunities to de
velop additional revenues or reduce operating costs. 
Such opportunities, when identified, warrant investi
gation. Present practice is to document the results of 
investigation by funding conceptual and feasibility 
studies. The following opportunity is presently being 
investigated. 

COGENERATION FACll..ITIES 

The SOZ Steamflood Expansion identified in the 
"Reservoir Operating Pian" section of this Long Range 
Plan calls for the generation of significant amounts of 
steam at NPR-1 for reservoir stimulation. It is feasible 
to install electrical power generation facilities (Cogen-



eration) and recoversteam as a byproduct. Current co
generation studies suggest that 250MM BTU/hr of 
heat would be available from a 40 megawatt (MW) 
turbine power generator. 

The projected engineering and facilities cost (SOOO) for 
the project, including piping to wells, is: 

91 ·9Z · 93 94· 9S OUTYEARS 

Conceptual 1000 
Design . .  
Commercial -
Plant/Faolilies 

40;000 40,000 -
. 

INDIVIDUAL FACILITIES 
DEVELOPMENT PLANS 

CRUDE On. SYSTEMS 

." - ;  

As stated previously, crude oil (in conjunction with 
water and gas) is produced from four different zones. 
Each zone has its own collection, separation, distribu
tion, and dehydration facilities. Historically, these sys
tems have handled more oil than water. However, the 
extensive waterflood program has resulted in water 
production exceeding oil production in some areas. 
Therefore, it is not anticipated that major modifica
tions to the crude oil collection, dehydration and/or 
sales facilities will be required for long range planning 
purposes. 

Stevens Zone Facilities 

System Description 

The Stevens Crude Oil System at NPR-l collects the 
oil, water and gas produced from approximately 400 
Stevens zone wells and transports the fluids through 
some 800 miles of welded steel flow lines to 54 field 
production separation facilities (tank settings). Gas is 
separated from the oil and water at the tank settings, 
and the oil and water is transponed funher through 
welded steel pipelines to dehydration and sales or 
disposal facilities. The dehydration facilities and LAcr 
(Lease Automatic Custody Transfer) Units for Stevens 
crude are located in Sections 18G and 24Z. A sche
matic of the Stevens Crude Oil System is shown as 
Figure 3.2. 

Crude oil, gas and water are produced from the Stevens 
Zone by several methods of production. There are 
about 200 wells flOwing under pressure from the reser-

3-4 

voir. An additional 200 wells are produced by rod 
pump, electric submersible pump (ESP), hydraulic 
pump and gas lift, all considered methods of "artificial 
lift.· 
The flow lines which carry the oil, water and gas are 
typically constructed of 2" and 3" welded steel pipe. In 
1976, the Unit standardized on 3", Schedule 40, Grade 
B, line pipe for flow line installations. As the reservoir 
declines in pressure, or the gas production increases as 
a result of gas lifting, larger size flow lines may be 
required. 

Tank Setting and Collection Lines 

The 54 Stevens Zone tank settings are typically equipped 
with two stages (high pressure and low pressure) of gas/ 
liquid separation facilities (both production and test), 
surge tankage, shipping pumps and vapor recovery 
equipment. A typical Stevens Zone Tank Setting 
Piping and Instrument Diagram (P&ID) is shown as, 
Figure 3.3. 

High pressure wells are those flOwing wells where 
there is sufficient pressure from the reservoir for the 
wells to produce through the flow lines and into the 
high pressure separators with a minimum pressure of 
480 to 500 psi. Artificially' lifted and low pressure 
flowing wells produce through the flow lines and into 
the low pressure separators which typically operate at 
so to 100 pSi. The actual pressure at the individual tank 
settings depends on several factors such as gas flow rate 
of the tank setting, gas gathering system pressure, 
nearness to the compressor plants, and available 
compressors throughout the system. 

Most tank settings will need increased low pressure 
separation capacity as the pressure in high pressure 
wells declines and the wells have to be produced into 
the low pressure system. Other tank settings will need 
new low pressure test separation equipment as the 
water cut of the production increases or when total 
fluid increases due to waterflood response or installa
tion of electrical submersible units. 

The fluid from each well produced into Stevens tank 
settings is measured when it flows from the 3-phase 
(Oil, water and gas) low pressure test separator into the 
surge tank. The fluid from the wells not being tested 
flows from the low pressure separator into the surge 
tank. 

From the surge tank, all Stevens oil and water produc
tion is either pumped or gravita ted into the Stevens Oil 
Gathering System. The gathering system is a network 
of some 2000 miles of welded steel pipelines ranging in 

• 

• 

• 
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size from 4" to 12" that transports Stevens Zone oil and 
water from the tank settings to the dehydration and 
sales facilities located in Sections 180 and 24Z. As was 
stated earlier, it is not anticipated that the fluid pro
duction forecasted in the Long Range Plan will cause 
any constraints in the system which will require major 
projects to be funded for modifications to the Stevens 
Crude Oil Oathering System. 

The major projects which allow for impact to the 
Stevens Crude Oil System in the Long Range Plan are 
for tank setting and flow line modifications and re
placement. 

180 LACf Facility 

ApprOximately 85,000 BOPD and 100,000 BWPD are 
handled at the 180 LAcr Facility. The facilities at 
180 consist of a free water knockout/ flow splitter, six 
dehydra tion facili ties and twelve LAcr units. Each de
hydration facilities consists of three 16,(0) barrel welded 
steel tanks in series which separate all remaining water 
in the fluid from the oil. Each dehydration facility is 
connected in series by two LAcr units in parallel. The 
nominal capacity of two LAcr units is 25,000 BOPD. 
Sales con tracts for oil allow no more than 1 % and 3% 
by volume BS&W (basicsediment and water) content. 
Downstream of the LAcr units, the purchased oil is 
pumped to FourCorners pipeline or CUSA. 

Each dehydration facility has a 12 MMBTU/Hr waste 
water heating and circulating system to facilitate oill 
water separation during cold weather. 

The produced water se'parated from the oil at 180 is 
collected in surge tanks and pumped into the waste 
water disposal system. 

Oas vapors are recovered during dehydration by vapor 
recovery equipment. 

The dehydration and sales facilities at 180 have suffi
cient capacity to handle-the fluid production volumes 
forecasted in the Long Range Plan. No major projects 
are planned for these facilities. 

DOE 180 Pipeline 

DOE's pipeline transports oil to a pipeline owned by 
the Four Comers Pipeline Company. DOE's line is 12" 
diameter and about 4.5 miles in length. Oil pumping 
equipment at 180 is composed of two 750 HP and two 
250 HP electric driven centrifugal pumps to the Four
Corners pipeline. These pumps are operated auto
matically in coordination with the LAcrpumps. One 
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750HP pumphasacapacityofabout 96,oooBOPD,de
pending on the amount of pressure in the Four-Cor
ners pipeline. 

CUSA 180 Pipeline 

The 180 LAcr units also pump directly into CUSA's 
pipeline. Movement of this oil requires no booster 
pumps at 180 because CUSA's line is provided with 
pumps located about a mile away from 180. This 
pipeline has a nominal capacity of about 30,000 BOPD 
depending on the amount of oil being pumped through 
it from areas other than NPR-l. 

24Z LACf Facility 

ApprOximately 15,000 BOPD and 80,000 BWPD are 
handled at the 24Z LAcr Facility. Thefacilitiesat 24Z 
consist of one dehydra tion facili ty, two 16,000 bb I wash 
tanks in parallel followed by two 16,000 bbl tanks in 
series, two pipeline LAcr units and one truck loading 
LAcr unit. The dehydration facility is made up of 
three 16,000 bbl welded steel tanks in series, which 
separate the water remaining in the fluid from the oil. 
The nominal capacityofthe pipeline LAcrunits is ap
proximately 25,000 BOPD, and the capacity of the 
truck loading LAcr unit is approximately 11,(0) BOPD. 
Sales contracts for oil specify 1 % and 3% by volume 
BS& W content. Downstream of the LAcr units, oil is 
either pumped into pipeline or is loaded onto trucks. 

The dehydration facility has a 12 MMBTU/Hr waste 
water heating and Circulating system to facilitate oil/ 
water separation during cold weather. 

The produced water separated from the oil is stored in 
surge tanks and pumped into disposal and injection 
wells: 

Oas vapors from the dehydration train tanks are recov
ered by vapor recovery equipment. 

The dehydration and sales facilities at 24Z have suffi
cient capacity to handle the fluid production fore
casted in the Long Range Plan. 

Shallow Oil Zone FaCIlities 

System Description 

The SOZ Crude Oil System at NPR-l collects the oil, 
water and gas produced from approximately 650 SOZ 
wells, and transports the fluid through some 600 miles 
of welded steel flow lines to field production separa
tion facilities (tank settings). After the gas is separated 



from the oil and water at the tank settings, the oil and 
water is collected and transponed again through some 
200 miles of welded steel pipelines to dehydration and 
sales facilities. The dehydration and sales facilities for 
SOZ production are located in Sections lOG and 25S. 

All oil from the SOZ is lifted by rod pump. The wells 
produce through flow lines which are typically 2w and 3w 
welded steel pipe to the SOZ tank settings. There are 
currently 67 SOZ tank settings in operation. 

Tank Setting and Collection lines 

SOZ tank settings have only one stage of gas/fluid 
separation and operate at approximately 30 psig. Typi
cally, there are no tankage or shipping pumps at the 
tank settings, and the separators (production and 3-
phase test) dump the oiland water into either the nonh 
flank or south flank gravity oil collection systems. The 
gas which is separated at the tank settings is produced 
into the SOZ O-PSIG Gas Gathering System and the 
Stevens Vacuum Gas Gathering System. A schematic 
of the SOZ System is shown in Figure 3.4. 

Installed on the SOZ Crude Oil Gravity Collection 
Systems are 13 vapor tank settings. These facilities 
have surge tankage, shipping pumps and vapor recov
ery equipment. The purpose of the facilities is to 
remove the vapors from the crude oil and water which 
get into the gravity collection system due to pressure 
drop across the separator dump valves and other con
ditions which might cause the liquid pressure to drop 
below its vapor pressure. Prior to the installation of 
these facilities, there were common occurrences of 
vapor lOCking throughout the system and release of 
vapors into the atmosphere at vapor bleed traps. The 
welded steel piping network that makes up the gravity 
collection systems ra"nges in size from 4" to 12" in 
diameter. 

The Nonh Flank SOZ Gravity Ga the ring System flows 
into the dehydration/sales facilities at Section 2SS. 
The South Flank SOZ Gravity Gathering System flows 
into the dehydration/sales facilities at Section lOG. 
There is a transfer pump at the lOG facilities in order 
to transfer oil to 2SS as needed to meet oil sales con
tractual obligations. 

lOG LACf Station 

Oil and water are produced into a production tank, the 
first of three 16,000 bbl tanks in series at this oil 
cleaning/LACfstation. Aftertheseparation of oil and 
water by gravity separation, the oil is skimmed off the 
top into the settling tank, the second tank in the series. 
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The water is bled from the bottom of the production 
tank and gravitated to adjacent waste water disposal 
facilities. 

The same process takes place again in the settling tank 
with the oil being skimmed into the shipping tank, the 
third tank in the series. The water is drained from the 
settling tank to waste water facilities. Vacuum com
pressors recover gas vapors from each of the three 
tanks and discharge these vapors into the Shallow Oil 
Zone low pressure gas collection system. 

From the Shipping tank, clean oil is pumped into two 
LACT pump/sampler/meter units with a total capacity 
of 25,000 BOPD. Oil containing basic sediment and 
water (BS&W) greater than 1 %  is sensed by a probe 
and the oil is returned to the production tank to be 
cleaned again. Any oil with a BS& W content less than 
1 % is considered pipeline quality oil and is shipped 
through the LACT meter. 

Any excess pipeline quality oil which is not committed 
to sales from the lOG LACT unit to the Four Corners 
Pipeline may be transponed to the 2SS LACT Station. 
This oil is transported from lOG to the North Flank 
gathering line at 23S, and through this line to the 2SS 
LACT Station. 

DOE lOG Pipeline 

Sales quality oil (less than 1 % BS& W) is transported 
to the Four Corners Pipeline 6" and 8" shipping lines 
via DOE's 10" diameter one mile long pipeline. Oil is 
pumped by one main, electrically-driven, 350 HP cen
trifugal shipping pump. A similar 150 HP pump pro
vides back-up shipping capability. These same pumps 
also transpon dehydrated oil to 23S as mentioned 
above. 

25S LACf Facility 

At the 2SS LACT Facility, produced oil and water 
enter a 20,000 bbl production tank, the first of three 
tanks in series at this oil c1eaning/LA CT s ta tion, where 
the oil and water separate by gravity separation. The 
water is bled off the bottom of the production tank into 
a 30,000 bbl settling tank, the second tank in the series. 
The oil is then skimmed off the top of the production 
tank and gravitated to a 30,000 bbl shipping tank, the 
third tank of the LACT. From there the waste water is 
pumped to adjacent waste water disposal facilities. 

Vacuum compressors recover gas vapors from each of 
the three tanks and discharge these vapors into the 
Shallow Oil Zone low pressure gas collection system. 

• 

• 

• 
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From the above mentioned shipping tank, the clean oil 
containing less than 1 % BS& W is transferred through 
two LAcr pump/ sampler/meter units, each with a 
capacity of 20,000 BOPD. Once metered, the oil is 
delivered to Chevron USA's pipeline shipping pumps, 
approximately 100 feet away. 

It should be noted that the 30,000 bbl production tank 
(#373) is presently isolated for cleaning, inspection 
and possible replacement/abandonment The settling 
tank mentioned above has been temporarily convened 
to a shipping tank. 

DOE 2SS Pipeline 

Pipeline quality oil is transported from the 2SS LAcr 
Station through DOE's 6" pipeline to Section 6M, 
where it is connected to a pipeline owned by Four
Comers Pipeline Company. 

Cameros Zone Facilities 

System Description 

The Cameros Zone is a gas and light condensate 
producing reservoir on the west end of NPR-l. The 
function of the Cameros Zone Condensate System is 
to transport approximately 2000 barrels per day of the 
well production fluid to the tank settings and on to the 
point of dehydration and sales. A schematic of the 
Carneros System is shown in Figure 3.5. 

There are currently nine Cameros Zone wells on pro
duction and two wells on evaluation at NPR-l. These 
wells are produced through 2" and 3" steel flow lines to 
a tank setting in Section lOR. 

Tank Settings, Collection tines and LACI' Facility 

The production and test separators at Section lOR 
operate at approximately 480 psig and the gas that is 
separated from the condensate and water is produced 
into the Stevens High Pressure Gas Gathering System. 
There is low pressure test separation, tankage and 
vapor recovery equipment at 30R. 

However, to eliminate freezing problems in the 4" line 
from Section lOR to Section 35R, and to accommodate 
future low pressure production from the Cameros 
wells, Project 48304 will relocate the dehydration and 
LAcr facilities from 35R to lOR, and build a new low 
pressure tank setting and install low pressure compres
sion facilities at lOR. The work is scheduled for com
pletion in FY 1989. 

26Z As.phalto Zone (100% DOE) 

System Description 

The function of the Asphalto Crude Oil System is to 
transpon approximately 100 barrels per day of well 
production fluid to the tank setting and the point of 
dehydration and sales. A schematic of the Asphalto 
system is shown in Figure 3.6. 

There are presently 12 rod pumped Asphalto wells 
which produce oil, water and gas through welded steel 
flow lines to a single tank setting designation in Section 
26Z. 

Tank Setting and LAcr Facility 

The tank setting contains production and test separa
tors which operate at approximately 100 psig. The gas 
separated from the oil and water at the tank setting is 
piped to the Stevens Low Pressure Gathering System 
in Section 24Z, 

The dehydration and LAcr sales facilities are at the 
same location as the tank setting in Section 26Z. Water 
is disposed of in a disposal well. The current facilities 
are more than adequate to handle the declining pro
duction from the Asphalto Zone. 

There are no major modifications or additions to the 
Asphalto Crude Oil System in the Long Range Plan. 

Critical Parameters/Resolutions 

The condensate from the high pressure production and Additional Net Fluids Handling Capacity 
test separators at Section lOR flows through a 4" 
welded steel pipeline to the low pressure 3-phase sepa- As fluid production increases, some tank settings which 
rator and tankage at a tank setting in Section 35R. The gravitate fluid from the surge tanks to the oil collection 
water separated at the 35R facility goes to the disposal lines have experienced surge tank overflowing. This is 
system, and the condensate goes through LAcr facili- caused by higher line back pressure when tank settings 

• 

• 

ties and into the Stevens Crude Oil Gathering System. with transfer pumps discharge fluid into the oil collec-
The capacity of the existing system is more than ade- tion lines, thus preventing tank settings with no trans- • quate to handle the relatively small amount of Carneros fer pumps from gravitating fluid into the oil collection 
condensate that is produced. 

3_10
lines. 



( 

• ....J <: 
U1 U1 
::z::: 0 
u Q. 
::> U1 
a: -I-- a 
0 0 I-- I--

�l �l 
0 w 

35R 
OEHY/LACT 

�� 
� ....... 
0 

_ ..... 

TANK 
SETTING 

• -,..-
U 

(.!) ....... 
� ....... 0 

CARNEROS 
ZONE 

• 

.. T O  -
GAS .. TO -

.. T O  -

Figure 3.5 

3·1 1  

( 

LACT UN I T  W I L L  BE MOVED 
TO CARNERO S TANK S ETT I NG 
2 - 30R I N  APR I L  1 9 8 9 . 

S T EVENS HP SYSTEM 
S T EVENS LP SYSTEM 
S T EV ENS VACUUM GAS 5 Y S T EM 

- -

tJJ 
CRUDE OIL 

SYSTEMS SCHEMATIC  
CAANEROS ZONE I 



-1 t:J <r z (j") .... 0 -" a.. t:J (j") .... 
..... --. 
c.. Cl 
0 0 l- I-01 3 

. 26Z 
DEiY/LACT 

ASPHALTO 
ZONE 

GAS 
TO STEVENS LP SYS7EM 

Figure 3.6 

3-12 

CRUDE O I L  SYSTEMS SCHEM��IC ASPHAL TO ZO"  \.. 

• 

• 

• 



• 

• 

• 

To overcome this problem, booster pumps have been 
added to a few tank settings which have experienced 
surge tank overtlowing. This eft on will continue, 
along with other tank setting modifications . 

ENVIRONMENTAL CONSTRAINTS 

Environmental and SafetylHealtb Concerns 

Environmental considerations for the crude oil system 
include air pollution and oil spill prevention as well as 
groundwater protection. Projects addressing these 
concerns include "1-7R Tank Setting Vapor Recovery 
Unit Installation", sump elimination ("3SR Sump 
Replacement") and secondary containment (''Tank 
Setting Liquid Containment"). 

To sufficien tly limi t the risk of property damage and/or 
injury to personnel, safetylhealth/fire projects have 
been scheduled to deal with fire protection systems, 
both new and modifications to existing systems, H2S 
program, asbestos abatement and other safetylhealth/ 
fire projects related to the crude oil system. 

For further detail see individual project description 
sheets. 

PRomer DESCRIPTIONS 

The follOwing faciiities project descriptions are associ
ated with the Crude Oil System. 

1. 

2. 

3. 
4. 

5. 
6. 

7. 

8. 
9. 

• 

Project 
Number Title 

P49313 Stevens Tank Setting Mods. 

P49203 Repair/Replace Surge Tanks at 
2-25S Stevens Tank Setting 

PSSOO8B Replace 16W NF SOZ Gravity Line 
P40301A Pipeline Repair/Replacement - Oil 

& Water 
P49309 Artificial Lift 
P40302 Repair/Replace Tanks or Abandon 

Facilities at the 25S Dehydration 
Facility 

P49202 . Tank Setting Liquid Containment 

P49313G 3-31S S1V. Sys. Mod. • 
P4934S 342-6G & 318-31S Flowline 

These projects are complete, no project sheet 
attached . 

3-13 

S'lEVENS TANJ(SEITING MODIFICATIONS 
PROJEcr P49313 

This project provides for the modification of the exist
ing Stevens tank settings to increase water handling 
capacity and safely process present and future produc
tion based on the February 1989 Production Forecast. 

Background 
Gas and water production continues to increase at 
several tank settings. This could cause oil production 
to be deferred if the tank setting capacity becomes in
adequate. Modifications to the high pressure and the 
low pressure systems will be required to maintain 
MER production. The tank settings scheduled for 
modification in FY 89 are 14G, 4-29R, 3-31S, 4-35R 
and 1-24Z. The tank settings in FY 90 are 1-26R and 
4-34S. 

The following type of modifications are expected: 

- Increase the size of flow lines due to the increase 
in gas/oil ratio. 

- Add low pressure separation separators, con-
trol and piping. 

- Add shipping pumps. 
- Add test separators . 
- Add low pressure and high pressure scrubbers 

Eoonomic Analysis 

Each individual tank setting project will be economi
cally justified at the time of the AFE submittal. If 
modifications are not implemented, then production 
will be evaluated against the value of the shut-in pro
duction for each tank setting project. 

Plan 
Make the necessary modifica tions to the tank setting to 
provide capacity to meet production requirements. 

Cost/Scbedule 
(SOOO) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 460 1000 1070 1100 1125 1145 1165 

Schedule 
Stan lQ 10 lQ 1 0  lQ lQ 10 

Complete 40 40 40 40 40 4Q 40 



REPAlRJREPLACE TANKS OR ABANDON 1HE 
FAcn.rrms AT 1HE 2SS DEHYDRATION FA
CILlTY PROJECT P40302 

This project provides for the repair/replacement oftbe 
wash, settling and run tanks or diverting the oil to other 
treating facilities and abandoning the facilities, at the 
25S Dehydration Facility. 

Background 
Tankage has deteriorated through the years of opera
tion by corrosion and by weathering of bolted seams. 
The result of this deterioration is that leaks have 
developed mainly in tank bottoms, tops and sidewalls, 
or in tank seams. The degree of damage varies due to 
age and operating conditions. Tanks will have to be 
cleaned and inspected to determine if the tanks require 
minor repairs or if major repairs or replacement is 
necessary. A review of the other dehydra tion facili ties 
will be made to determine if the oil going to 25S 
Dehydration Facilities can be diverted and the 25S 
Facility abandoned. 

Applicable StatuteslRegulations/DOE Orders 
Proposition 65 (Safe Drinking and Toxic Enforcement 
Act); California Code of Regulations (CCR), Title 14, 
Part 1773, and Title 22; Waste Discharge Require
ments for NPR-1 58-491; DOE Order 5400.1. 

Plan 
- Clean and inspect the tanks then make necessary re
pairs, or replace tank as required after reviewing other 
aJ terna tives. 

Cost/Scbedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 664 259 0 0 0 0 0 

Schedule 
Start 10 
(Amplete 40 

Background 
This section oftbe line is experiencing a very high rate 
of internal corrosion. Numerous leaks have occurred 
in this section ofline and the leak frequency is increas
ing. 

Ea>oomic Analysis 

This project provides for the installation of fiberglass 
replacement piping to prevent a major failure of the 
SOZ System for a period of 14 days. The economic 
analysis is based upon the potential major failure oc
curring in one year. 

Total Investment 

Incremental Oil Prod. (BOPD) 

Net Revenue (MS) 
NPV @ 10% (MS) 
NPV @ 15% (MS) 
Payout (Years) 
Rate of Return 
Project Life (Years) 

Plan 

S587,000 

5,500 

1168.1 
545.7 
543.7 

.09 
> 1000% 

20 

The repair of this piping system is of high priOrity to the 
field operation personnel. 

Cost !scbedule 
(SOOO) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 587 0 0 0 0 0 0 

Schedule 
Start 1 0 

(Amplete 40 

PIPELINE REPAIRJREPLACEMENT OIL & 
WATER PROJECT P40301A 

This project is to provide funds for the repair and 
replacement of sections of pipe in the various oil and 
water gathering and distribution systems on the Re
serve. 

REPLACE 16- NF SOZ ORA VIT'Y LINE Background 
PROJECT P55008B Repair and replacement of sections of the various oil 

and water gathering and distribution systems are re-
This project entails the replacement of74OO'ofI6" NF quired each year to (1) ensure safety, (2) protect the 
Gravity Line with approximately6000'oflO" and 1400' environment and wildlife and (3) to maintain or in-
of l2" diameter Class 150 reinforced fiberglass piping. crease production. Much of the piping has been in-

• 

• 

The replacement is in Sections 285, 27S and 23S of the stalled over 30 years ago. Over the years, corrosion has 
Reserve. The existing piping will be fl ushed to displace occurred at various rates and, in a number of cases, has • hydrocarbons, recovered, and taken to the 2B Yard. required pipeline repairs and replacements to be made. 
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Ea>nomicAnalysis 
This project will be composed of multiple AFE submit
tals as individual problems are identified. An eco-' 
nomic analysis will be made to justify each pipeline 
repair Ireplacemen t as the projects develop. Projects of 
this type usually provide shon payout periods with 
high rates of return since only two alternatives are 
usually available. The alternatives are either (1) repair 
or replace the defective section of pipeline or (2) shut 
in production. Shut in of production usually has avery 
high monetary impact. 

Plan 
While the exact requirements for unplanned repair 
and replacement of pipelines cannot be defined at this 
time, NPR-1 should expect to expend funds for this 
work at the level indicated below. 

CostJSchedule 
($000) 

Cost IT 89 IT 90 IT 91 IT 92 IT 93 IT 94 IT 95 
Estimate 0 2000 2460 2640 2700 2750 2BOO 
Schedule 
Stan 
Complete 

10 

ARTIFICIAL LIFT 

Ongoing 

PROJEcr P49309 

Several Stevens Zone Reservoirs (MBBIW31S, 24Z, 
NWS (A4-A6), are currently under waterflood. Other 
waterflood projects are planned for pools such as the 
2B Sands. As these reservoirs respond to the water
flood projects, the affected wells will equalize and will 
need artificial lift systems to continue production. In 
addition, several reservoirs (31S C/O Shales, 29R Shales, 
etc.) are experiencing declining pressures and will need 
artificial lift systems to sustain productions. 

The primary anificial lift systems planned for installa
tion are rod pumping units with their related equip
ment. Typical rod pumping equipment includes the 
rod pump, rods, beam pumping unit, gas or electric 
prime mover, concrete pad, etc. 

For several high volume wells, installation of electric 
submersible pumps are planned. Electrical submers
ible pump'installation and/or replacement is planned 
for the Tulare source wells. 

Closed loop gas lift systems are planned for several 
pools, e.g., MBBIW31S, NWS (A4-A6). The closed 
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loop gas lift systems have an additional advantage of 
providing relief on the quantity of gas to be processed 
at the 35R Gas Plants. Gas lift facilities include lift gas 
supply lines, metering and control equipment, and 
downhole mandrels and valves. 

More detailed information regarding implementing 
anificiallift is provided in the individual Pool Outlook 
Plans. 

'. 
CostJSchedule 

($000) 

eo-t FY89< FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate ''2JH! 3300 3210 4070 4373 4412 4580 

Schedule 
s� 10 10 10 10 
Complete 40 40 · 40 40 

10 10 10 
40 40 40 

BEPAIRJREPLACE SURGE TANKS AT 2-25S 
STEVENS TANK SEITING PROJEcr P49203 

This project provides for the repair or replacement of 
the surge tanks at the 2-25S Stevens Tank Setting. 

Background 
The tankage has deteriorated over time by corrosion 
and byweatheringofbolted seams, so that the tanks are 
no longer secure from leakage. These tanks are on the 
alluvium and any discharge of waste water or oil from 
this facility to the ground other than an emergency type 
spill does not meet the requirements of Pro position 65 
or Waste Discharge Order 58-491 for NPR-l issued by 
the California Regional Water Quality Control Board 
(CRWQCB). This project would clean and inspect the 
tanks and make necessary repairs or replace tanks. 

Applicable Statutes/RegulationslDOE Orders 
DOE Order 5400.1, Proposition 65, Waste Discharge 
Order 58-491. 

Plan 
Clean and inspect the tanks and make necessary re
;>airs or replace tanks. 

CostJSchedule 
($000) 

Cost IT 89 IT 90 IT 91 FY 92 IT 93 IT 94 IT 95 
Estimate 150 0 0 0 0 0 0 

Schedule 
Stan 3Q 
Complete 10 



TANKSE'ITING UQUID CONTAINMENT 
P�OJEcr P49202 

This project is to provide secondary containment for 
selected storage tanks at NPR-l 

Background 
A survey of NPR-l indicates selected storage tanks 
may need provisions for secondary containment to 
assure leaks or spills from such tanles do not leave 
NPR-l or cause adverse environmental impact on 
NPR-l. This project involves prioritizing and devel
oping a cost estimate for secondary containment on 
tanks, presenting a clear and present danger to off
Reserve property, potable ground water or surface 
water, and construct secondary containment as re
quired. 

Ap'plicable StatutesIRegulationslDOE Orders 
CCR Title 14 and 23, EPA oil spill regulations, Endan
gered Species Act, Clean Water Act, Category II find
ing by the DOE- Washington Environmental Survey 
Team. 

Plan 
Prioritize and develop a cost estimate for secondary 
containment on tanks, presenting a clear and present 
danger to off-Reserve property, potable ground water 
or surface water, and construct secondary contain
ments as required. 

CostlSchedule 
($000) 

� IT � IT � IT � IT n IT � IT � IT �  
Estimate 20 100 110 0 0 0 0 

Schedule 
.Stan 20 
Complete 40 

NATURAL GAS SYSTEMS 

The Natural Gas Systems at NPR-l transports ap
proximately 380 million cubic feet per day of gas pro
duced with the oil from the tank settings to three 
processing plants located in Section 35R and a CUSA
owned facility off the Reserve. At the processing 
plants, propane, butane, and natural gasOline are ex
tracted and sold. The resulting residue gas is either 
sold or reinjected into the Stevens Zone for pressure 
maintenance. 

When gas production exceeds the capacity of the gas 
processing plants in Section 35R, the excess gas is 
processed at the CUSA 17Z Gas Plant. CUSA is paid 
a fee to process the gas and operate the recovered 
propane and gasoline for sale at their loading rack at 
the 17Z PlanL The 17Z residue gas is returned to the 
Unit at the 17Z gas sales point. A ponion of CUSA's 
equity gas is retained by CUSA at 17Z under the 
current processing agreement between DOE and CUSA 

The Condensate Systems at NPR-l remove liquids 
from the gas gathering lines to reduce pressure drop in 
the gas gathering system. The liquids are eventually 
transponed to LAcr sales points and sold with the 
crude oil. 

GAS COlLECI10N 

Stevens ZDne Gas CoUection 

Stevens Zone gas is collected in three separate collec
tion systems (High Pressure, Low Pressure, and Vac
uum) from the 54 Stevens Tank Settings to the three 
gas processing plants in Section 35R. There are ap
proximately 170 miles of welded steel pipelines rang
ing in size from 2- to 26ft in diameter. The function of 
the Stevens Zone Gas Colle.ction System is to trans
pon natural gas from tank settings to the gas process
ing plants. 

A simplified flow schematic of the NPR-l natural gas 
systems is shown in Figure 3.7. As shown in Figure 3.3 
with the exception of the Dry Gas Zone (DGZ), the 
Stevens Zone Gas Collection System is used by all 
other gas systems at NPR-l for transporting gas to the 
gas processing plants. The production from each zone 
is measured by inter-zonal accounting meters at the 
point(s) where each zone enters the Stevens Gas Col
lection System. 

The three separate Stevens Gas Collection Systems 
operate at different pressures because the gas is sepa
rated from the oil and water produced from the wells in 
three stages at the Stevens Tank Settings. 

The High Pressure (HP) Gas Collection System oper
ates between approxima tely 420 and 500 psig. The Low 
Pressure (LP) Gas Collection System operates be
tween approximately 60 and 100 psi. The Vacuum Gas 
Collection System operates between approximately 
atmospheric pressure at the tank settings to 10ft of 
mercury vacuum at the gas processing plants or field 
compressor stations. Pressures will vary throughout 
the systems depending on the volume of gas in the 
systems and distance away from the gas plants or field 
gas gathering compressors. 
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The gas gathering pipelines are installed above the 
ground surface on wooden or steel supports with facili
ties for expansion, corrosion prevention at buried 
portions, and condensate collection. The pipelines 
were installed aboveground for economy, ease of iden
tification, ease of maintenance, and to minimize corro
sion. 

Sballow on Zone Gas Collection 

The function of the Shallow Oil Zone (SOZ) Gas 
Collection System is to transport SOZ tank setting gas 
and wellhead casing gas to the Stevens Zone Gas 
Collection System, and ultimately the gas processing 
plants in Section 3SR. The gas is transported through 
approximately 100 miles of steel pipelines ranging in 
size from 2- to 15- in diameter. 

There are presently 643 SOZ wells authorized for 
production at NPR-l. There are61 SOZ Tank Settings 
and 13 SOZ Vapor Tank Settings. The operation of 
SOZ Tank Settings and Vapor Tank Settings is de
tailed in other sections of the Systems Analysis. 

SOZ gas is gathered from the wellhead casings and 
transported to the Stevens Vacuum Gathering System. 
This is done to reduce the casing pressure on the SOZ 
wells and allow more oil to flow into thewell bore, thus 
maximizing production. 

SOZ gas is also separated from the oil and water at 
SOZ Tank Settings. This gas flows into the same 
collection system as the wellhead casing gas. 

SOZ vacuum gas is compressed at the 13 SOZ Vapor 
Tank Settings and transported to the Stevens Vacuum 
System along with the casing gas. 

SOZ casing gas is compressed at 4-3G in the Zero 
PSIG Compressors and commingled with the Stevens 
LP gas in Section 3G. 

Field wide, SOZ gas enters the Stevens Vacuum Sys
tem at 22 locations, and the Stevens Low Pressure 
System at one location. 

Cameros Zone Gas Collection 

Cameros wells produce into the Cameros Tank Set
ting in Section 30R. At the tank setting, Cameros gas 
is separated from the condensate and water. 

Cameros vacuum gas which flashes in the condensate 
storage tank is commingled with the Stevens Vacuum 
Gas System in Section 3OR. 
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Cameros LP gas from the LP separators at the tank 
setting is compressed in Section 30R to HP and com
mingled with tbe Stevens HP Gas Collection System. 

The Cameros gas is metered prior to comingling with 
the Stevens HP and Vacuum Gas Collection Systems. 

'1SZ Aspbalto Gas Collection 

The NE quarter of Section 26Z is owned 100% byDOE 
and is non-Unit. Stevens and Cameros wells on this 
property and in Section 14Z (100% DOE) produce 
into one tank setting in Section 26Z 

Gas from the LP separators at the tank setting is 
collected in a 4· diameter steel pipeline and trans
ported approximately one mile to the Unit Stevens LP 
Gas Gathering System in Section 24Z 

Vacuum gas which flashes in the storage tanks at 26Z 
is compressed at the tank setting into the 4· LP line. 

The Asphalto gas is measured prior to combining with 
the Stevens LP production in Section 24Z 

Dry Gas Zone Gas Collection 

There are 32 Dry Gas Zone (DG Z) wells presently 
authorized for production. Gas produced from the 
DGZ does not contain sufficient marketable liquids 
for the gas to be processed through the gas plants. 

The DGZ gas is collected from the wells and trans
ported through approximately 1 1  miles of steel pipe
lines ranging in size from 2· to 12· in diameter to the 
DGZ Compressor Station in Section 36R. There, the 
gas is dehydrated, compressed and piped to facilities in 
Section 3SR for comingling with either the gas sales or 
gas injection systems. The gas flow is illustrated in 
Figure 3.7. DGZ gas is metered prior to combining 
with other Unit gas streams. 

CONDENSATE SYSTEM 

SteYeDS Condensate System 

The Stevens Condensate Collection System is a series 
of traps and pipelines which collect liquids that con
dense in the Stevens gas gathering lines (HP. LP, and 
Vacuum) throughout NPR-l. A flow schematic of the 
Stevens Condensate System is shown in Figure 3.8. 

There are 145 traps in the Stevens Gas Gathering 
System. Condensate traps and blow cases are installed 
at low points in the piping systems. The blow cases 
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receive the condensate from the traps and dump it into 
welded steel pipelines which transpon the condensate 
to the 35R Process Plants for stabilization. There are 
approximately 36 miles of pipelines in the Stevens 
Condensate Collection System which range in size 
from 2w to 6" in diameter. 

The condensate is stabilized mainly at the 35R Lean 
Oil Absorption Plant (LOAP). Stabilization is achieved 
by heating the condensate to approximately 18()OF and 
flashing the evolved gas in two stages. The stabilized 
condensate is then discharged into the Stevens Crude 
Gathering System and sold with the oil at the 18G 
LAcr. 

SOZ Condensate System 

The Shallow Oil Zone (SOZ) Condensate Collection 
System consists of traps and pumps at 21 locations in 
the SOZ Gas Collection System. The system is shown 
on Figure 11-1. 

The SOZ condensate traps are vessels 5' in diameter 
and 10' in length. The vessels are equipped with level 
controls which operate electric motor driven pumps 
that pump the condensate through 2" diameter welded 
steel pipelines to the nearest point in the SOZ Crude 
Oil Gathering System. The condensate mixes with the 
oil and is sold eventually at the 2SS LAcr. 

GAS COLLECrION COMPRESSORS 

30R Stevens Compression Plant 

This plant consists of eight 1,000 HP gas engine driven 
compressors. 

Two of the compressors are in vacuum to low pressure 
service. The combined design capacity of these units is 
approximately 8 MMSCFD. 

Four of the compressors are in low pressure to high 
pressure service. The combined design capacity of 
these units is approximately 26 MMSCFD. 

The remaining two units can be used in low pressure to 
high pressure service or as HP wet gas boost compres
sors to compress Stevens HP gas for transportation to 
Chevron's 17Z Processing Plant through a 12w diame
ter, 6 mile steel pipeline. The combined design capac
ity ofthe units in low pressure to high pressure service 
is approximately 12 MMSCFD. The combined design 
capacity of the units in high pressure wet gas boost 
service is approximately 100 MMSCFD. 

lOR Cameros Compression Plant 

This plant consists of two 1,000 HP gas engine driven 
compressors. The units are located on the same site as 
the above described Stevens compressors. The units 
compress Cameros gas from low pressure to high 
pressure for combining with the HP Stevens Gas Gath
ering System. The combined design capacity of the 
units is approximately 18 MMSCFD. The plant is 
currently under construction. 

3G Compression Plant (Station 2-30) 

This inactive plant consists of nine gas engine driven 
compressors which total 3260 HP. The plant is not in 
service because of numerous costly repairs/modifica
tionsnecessary to bring the plant into compliance with 
minimum safety standards. When in operation, the 
plant compressed vacuum and LP SOZ gas into the 
Stevens HP Gas Collection System. Current plans are 
to remove this plant in FY 90. 

17R Compression Plant 

This plant consists of three 650 HP gas engine driven 
compressors and one 1,000 HP gas engine driven 
compressor. The units are in Stevens LP to Stevens HP 
service and have a combined design capacity of ap
proximately 18 MMSCFD. 

335 Major Gas Gathering Compression Plant 

The plant consists of four 2,000 HP gas engine driven 
compressors. The compressors are in Stevens Vacuum 
and Stevens LP to Stevens HP service. The combined 
design capacity of the units is approximately 4 MMSCFD 
Vacuum to HP gas and 58 MMSCFD LP to HP gas. 

335 Vacuum Compression Plant 

The plant consists of one 1,000 HP gas engine driven 
compressor in Stevens Vacuum to Stevens HP service. 
The design capacity of the unit is approximately 3 
MMSCFD. 

33R Compression Plant 
The plant consists of one 650 HP gas engine driven . 

. compressor in Stevens LP to Stevens HP service. The 
design capacity of the unit is approximately 3 MMSCFD. 

7R Compressor Plant 

This plant is located at Stevens Tank Setting 1-7R. It 
consists of two 1,000 HP compressors compressing 
Vacuum and LP gas to Stevens HP. The combined 
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design capadty oftbe uniu k approximately 2 MMSCFD 
Vacuum gas and 11 MMSCFD LP gas. • 

30 "Zero PSIG" Compression Plant (Station 4-30) 

This plant consists of two 250 HP electric motor driven 
compressors in SOZ Vacuum (wellhead casing gas) to 
Stevens LP service. The combined design capacity of 
the two units is approximately 5 MMSCFD. 

36R Compressor Plant 

This plant consists of three 1,000 HP gas engine driven 
compressors in Stevens LP to Stevens HP service. One 
of the units (approximately 5 MMSCFD capacity) is 
piped to take suction from the SOZ LP and DGZ as 
well as Stevens LP. The combined design capacity of 
the three units is approximately 21 MMSCFD. 

3m LP-HP Compressor Plant 

This plant consists of four 500 HP gas engine driven 
compressors in Stevens LP to Stevens HP service. The 
plant is physically located north of LTS-2 Gas Plant. 
The units were previously leased from Dresser-Rand, 
but were purchased by the Unit in FY 1988 when it was 
determined there was a long term need for the units. 
The combined design capacity of the units is approxi
mately 15 MMSCFD. 

3m LP-HP Rental Compressor Plant 

This plant consists of two 1,000 HP gas engine driven 
compressors in Stevens LP to Stevens HP service. The 
plant is physically located northeast of the 35R LOAP 
(Lean Oil Absorption Plant). These compressors are 
presently leased from Production Operations, Inc. (POI) 
who operates and maintains the units. The combined 
design capacity of the units is approximately 14 
MMSCFD. 

Low Temperature Se.paration CLTS-1 and LTS-2) and 
Gas Collection Compressors 

Each of these gas processing plants has one 2,000 HP 
gas engine driven compressor in Vacuum to LP and LP 
to HP service. The design compressor capacity at each 
plant is approximately 4 MMSCFD of Vacuum to LP 
gas and 12 MMSCFD of LP to HP gas. 

3m LOAP Gas Collection Compressors 

This plant has two 880 HP gas engine driven compres
sors in dual service (Vacuum to LPand LP to HP) with 
a oombined design capacity of approximately 2 MMSCFD 

Vacuum to LP and 10 MMSCFD LP to HP. 

There are two 880 HP gas engine driven compressors in 
LPto HP service with a combined designcapacityof18 
MMSCFD. 

There are three 1,000 HP gas engine driven compres
sors in LP to HP service with a combined design 
capacity of approximately 19 MMSCFD. 

CLOSED LOOP GAS LIFT (CLGL) SYSTEMS 

4G MBB CLGL Station 

The function of this station is to compress Stevens LP 
gas to pressures sufficient to provide lift gas for Stevens 
wells in the Main Body B Reservior that use gas lift as 
a means of anificial lift. 

This station consists of three 1,750 HP electric motor 
driven compressors in Stevens LP to Gas Lift service. 
The suction pressure is approximately 50 psig and the 
discharge is approximately 1 ,700 psig. The combined 
design capacity of the units is approximately 22.5 
MMSCFD. The plant also contains gas dehydration 
facilities. Provisions have been made in the design for 
a fourth gas lift compressor to be installed in FY 89. 

8R NWS CLGL Station 

The function of this station is to compress Stevens LP 
gas to pressures sufficien t to provide lift gas for Stevens 
wells in the Northwest Stevens Reservior that use gas 
lift as a means of artificial lift. 

The station consists of two 1,750 HP electric motor 
driven compressors in Stevens LP to Gas Lift service. 
The suction pressure is approximately 50 psi and the 
discharge is approximately 1,700 psi. The combined 
design capacity of the units is approximately 15 
MMSCFD. The plant also contains gas dehydration 
facilities. 

� 
GAS PLANT PROCESSING 

This plant is designed to extract propane, mixed bu
tanes and natural gasoline at a nominal throughput 
rateof looMMCFD. The plant is designed with refrig
eration capacity to chill the inlet gas stream to about -
3O"F to liquify propane, butane and gasOline. Normal 
design process pressure is 415 pSi. This plant has 
effectively processed gas at a rate of 120 MMCFD. 
LTS-1 usually is operated at a throughput rate of 116 
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MMCFD. At this rate, the plant produces about 
95,000 gals/day of propane, 80,000 gals/day of butane, 
and 60,000 MMCFD of gasoline. 

This plant is designed identically to L1'5-l with the 
exception of a few pieces of equipment from different 
manufacturers. 

3SR Absorption Plant 

This plant is designed to process gas at a nominal rate 
of94 MMCFD. It extracts propane, mixed butanes and 
natural gasoline by absorbing these products in lean oil 
as opposed to extractions of these products by refrig
eration as is done by L 1'5-1 and L 1'5-2. This plant is 
usually operated at a throughput rate of70 MMCFD. 
At this rate, the plant extracts about 48,000 gals/day of 
propane, 50,000 gals/day of butane, and 38,000 gals/day 
of gasoline. 

17Z McKittrick Gas Plant 

This plant is owned and operated by Chevron, USA, 
Inc. It is located about 2-112 miles west of the western 
boundary ofNPR-l and about 10 miles west ofthe35R 
Gas Plants. This plant is contracted to process up to 60 
MMCFD of Unit- owned gas. The plant is provided 
with storage and truck loading facilities and is designed 
to extract propane and a mixture of butanes and natu
ral gasoline. In FY 88, an average daily rate of approxi
mately 23 MMSCFD of wet gas was processed at 17Z 
yielding 24,526 gal/day of propane and 26,494 gal/day 
of butane/gasoline mix. 

Gas Plants Product Storage and Shipping Facilities 

Gas plant product storage and shipping facilities are 
described in the Natural Gas Liquids (NGL) System 
section of the report. 

GAS PROCESSING SYSTEM 

A flow diagram of the Gas ProcesSing System is shown 
on Figure 3.9. 

GAS INJEcnON FOR PRESSURE 
MAINTENANCE 

Residue gas from the gas plants is injected into two 
Stevens Zone structures to maintain reservoir pres
sure. These structures are the 26R, and NW Stevens. 

There are approximately 17 miles of steel pipe com
prising the gas injection distribution system to the 
Stevens gas injection wells. The operating pressure of 
the system ranges between 2,800 psig and 3,200 psig 
depending on location and gas volumes. The pipelines 
range in size from 3- to 8" in diameter. The pipelines 
are installed aboveground on wooden and steel pipe 
supports. 

The gas injection system also provides make-up gas for 
the two gas lift systems in 8R and 4G. 

The flow schematic in Figure 3.7 includes the gas injec
tion system. 

Gas Injection Compressors LTS-l and LTS-2 

Each of these process plants has three 5,500 HP gas 
engine driven compressors which compress residue gas 
for injection. Each compressor has a design capacity of 
approximately 30 MMSCFD. The combined capacity 
of both plants is 33,000 HP and 180 MMSCFD. Each 
compressor is also equipped with cylinders to com
press propane used as refrigerant in the gas plants. 
3SR Lean Oil Absorption Plant <LOAP) 

This plant has three 880 HP gas engine driven com
pressors in residue gas to injection service. Each 
compressor has a design capacity of approximately 7 
MMSCFD. The combined plant capacity is 2,460 HP 
and 21 MMSCFD. The rom pressors can also be used 
in residue gas to sales service (approximately 700 psig 
discharge pressure) if necessary. 

3SR High Pressure Injection Facility (HPD 

This plant consists of three 4000 HP gas engine driven 
compressors in residue gas to injection service. The 
design capacity of each compressor is approximately 30 
MMSCFD. The combined plant capacity is 12,000 HP 
and 90 MMSCFD. 

1-7R Gas Injection Compressors 

This plant consists of two 1,000 HP gas engine driven 
compressors installed near Stevens Injection Wel1366-
7R. The compressors were designed to com press in jec
tion gas at 2,800 psi to 5,500 psi for inje�tion i.!lJ.� the 
l'!W Stevens structure. The combined plant design 
capacity was approximately 34 MMSCFD. 

The compressors are presently idle and the engines 
have been removed to replace other compressor en
gines in the field. The plant is no longer needed for its 
designed application. 
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GAS SALES 

Residue gas is compressed by compressors in the 35R 
Gas Plant Complex and is transmitted by a 14- diame
terwelded steel pipeline to gas sales metering stations 
in Sections 35R, 24Z, and 17Z The pipeline system is 
approximately 11 miles in length with an operating 
pressure between 450 and 700 psi depending on loca
tion and gas volumes. Customer sales gas pressure 
varies between 380 psi and 400 psi .. 

Metering Stations 

Each of the three metering stations are equipped with 
coolers, scrubbers, flow controllers, samplers, orifice 
meter(s), and state of the an electronic flow comput
ers. The 24Z metering facility also includes a coalesc
ing filter and an odorizer. 

The35R Metering Station has a nominal design capac
ity of27 MMSCFD. The facility is connected to Chev
ron's gas line to their lC Plant in Taft, California. 

The 24Z Metering Station has a nominal design capac
ity of 60 MMSCFD, but will be upgraded to 105MMSCFD 
in FY89. The facility is connected to Southern Califor
nia Gas Company's gas transmission line. 

The 17Z Metering Sta tion has a nominal design capac
ity of 135 MMSCFD. The facility is connected to lines 
owned by Chevron, Shell, Texaco, and Mobil. This 
facility also receives the Governments share of NPR -
1 residue gas tha t has been processed by Chevron's 17Z 
Plant. 

GAS SALES COMPRESSORS 

Residue Gas Sales Compressors 

The 35R LOAP includes two 4,000 HP gas engine 
driven compressors in residue gas to sales service. The 
combined designed capacity of both units is approxi
mately 144 MMSCFD .

. 

As mentioned earlier, an additional 21 MMSCFD 
capacity is available, if necessary, from three injection 
compressors. 

DGZ Gas Sales Compressors 

This compression facility is located in Section 36R and 
consists of two 1,000 HP gas engine driven compres
sors with a combined design capacity of approximately 
20 MMSCFD. The units are designed for a suction 
pressure ofloopsi anda discharge pressure of appro xi
mately 475 psi. 
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The discharge of the compressors is piped to both the 
injection and residue sales gas systems. The flow 
schematic of the system is included in Figure 3.7. 

NAnJRAL GAS SYSTEM 

The flow diagram of the Natural Gas System is shown 
on Figure 3.3. 

CRITICAL PARAMETERS/RESOLunONS 

Additional gas Handling Capacity 

The Compressor Optimization Study project (55202) 
was completed in FY 1988. This project analyzed the 
various gas systems at NPR-l and presented recom
mendations for system modifications required to main
tain forecasted production rates. The modifications 
consist of additional gas gathering pipelines and plac
ingabandoned HP pipelines in LP service. Thevarious 
projects are contained in Project 49312. 

The high pressure gathering systems have experienced 
accelerated internal corrosion caused by the action of 
carbonic acid on the pi peline metal. The acid is formed 
by the interaction of carbon dioxide and water in the 
high pressure gas. To mitigate this problem, the fol
lOwing three projects are proposed: 

Project 5fn67A involves replaCing the NW Stevens 
high pressure gathering line with a piggable 14" di
ameter welded steel pipeline and the installation of 
dehydration facilities. 

Project 48814Ais proposed to provide dehydration 
facilities at the 33S Compressor Station. 

. 

Project 488148 and 40310 are proposed to provide 
dehydration facilities on the high pressure gas gath
ering system at selected locations throughout the 
field. 

TheOry Gas Zone (OGZ) reservoir pressure is declin
ing. Soon the OGZ Gathering System pressure will 
drop below the minimum suction pressure required by 
the OGZ compressors. Project 49324 is proposed to 
install booster compression to maintain MER produc
tion rates. 

Project 48878A is proposed to increase the capacity of 
the 24Z gas sales point from 60 MMSCFD to 160 
MMSCFD to allow the Unit to benefit from increased 
revenue when gas contract rates at this location are 
higher than other sales locations. 
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CondeDsate System 

During the winter months, some· of the condensate 
traps in the Stevens System are not effective at remov
ing the condensate in the gathering lines. This is due 
primarily to control valve freezing and inadequate tra p 
capacityl design in the above ground pipeline. Wben 
condensate accumulates in the pipeline, gas flow is re
stricted which causes higher operating pressures at the 
tank settings. Higher operating pressures at the tank 
settings can curtail production and cause venting of gas 
to the atmosphere. Projects to alleviate condensate 
system problems include the following: 

Project 48762 has been funded to modify the control 
systems at 19 Stevens trap locations and 3 Stevens Tank 
Settings. 

Project 49304 is proposed to study the Stevens and 
SOZ Condensate Systems and provide recommenda
tions which will generate AFE's for system modifica
tions. 

POTENTIAL PROJEcrs 

The potential need for a fourth gas plant is discussed 
in the Studies and Future Opportunities Section. 

ENVIRONMENTAL CONSIDERATIONS 

The major environmental considerations for the natu
ral gas system incl ude the minimiza tion of air poll u tion 
by control of gas stacking from tank settings. The tank 
settings throughout the field are equipped with facili
ties to vent gas to the atmosphere when gas gathering 
system pressures rise�bove the normal operating pres
sures at the tank settings. Gas is also vented during 
production upsets. A number of projects are planned 
to address this concern, including: "Minimize Gas 
Stacking", "L TS Vent Modifications" and "L TS-1 and 
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L TS-2 Flare Bypass", as well as projects to reduce air 
emissions (the "Environmental Trigger") and those 
involved with additional NOx controls. 

Another high priority project of environmental con
cern is Project 48796, which is proposed to install exist
ing surplus electric motor driven vapor recovery com
pressors at Stevens Tank Setting 1-7R to maintain pro
duction and eliminate venting of tank vapors when the 
LP-HP compressors at the tank setting are down. 

For further detail, individual project description sheets 
are included at the conclusion of the Natural Gas 
Systems section. 

SAFETY CONSIDERATIONS 

Safetylhealth/fire projects have been scheduled to deal 
with findings identified in three formal Safety Analysis 
Reviews involving the 3SR Gas Plant, L TS 1 & 2, HPI, 
and 33S and 30R compressor stations. Fire protection 
systems, both new and modifications to existing sys
tems, asbestos abatement in the 3SR Gas Plant, and 
other safetylhealth/fire projects related to the natural 
gas system. 

The Safety Analysis Reviews (SAR) completed during 
FY 86 and FY 87 identified safety related deficiencies 
in the 3SR Gas Plant (SAR I), the LTS-l, LTS-2, HPI 
and associated Truck Loading Rack (SAR II), and the 
3G Gas Plant, 3OR, 33S Compressor Stations and 
related field facilities (SAR III). 

Project 46256 is to continue correction of the safety 
related items identified in SAR I. 

Project 48111X is to continue correction of the safety 
related items identified in SAR II. 

Project 48101 is to correct various safety related items 
iden tified in SAR III. 



PROJECf DESCR.IP110NS 

The following facilities project descriptions are associated with the Natural Gas Systems. • 
1. P40301B Pipeline RepairlReplacement • Gas 23. P49335 24Z129R Cosed Loop Gas Uft Comp. 

2 P49312 Compressor Optimization Implementation � 24. P48878A 24Z Gas Sales Point 

3. P48767A New NWS HP Pipeline 25. P49324 DGZ Program 

4. P48850 Minimize Gas Slacking 26. P46121 DGZ H2O Collection 

5. P48814A Install Gas Dehydration 33S rr. P48762 Debottleneck HP Gas Une 

6. P48814B Install/Repair HP Gas Dehydrators 28. P49703 Pipeline Corrosion Inspection 

7. P40310 Field HP Gas Dehydration 29. P49314 Cathodic Protection Replacements 

S. P49304 Condensate Collection System Imp. 30. P4921 0 H2S Program 

9. PSS127 30R LP Gas Separation 31. P46256 SAR I ·  3SR (Development Facilities) 

10. P48304 Cameros Compressors _ 32. P48111X SAR II · (Development Facilities) 

1 1 .  P49102 Abandon/Demolitionof 3G Gas Plant 33. P49110 SAR III • 3OR/33S (Dev. Facilities) • 
34. P49003 Asbestos Abatement (Ex. 3SR Gas 

12. P49349 Recylinder K-S7/K-SS Plant)(O & M Fund 1 1 1 )  

35. P40201 Environmental Trigger 
13. P4761S LTS Vent Mods 

36. P49109 NPR·l Access Gates 2. 3 and 4 
14. P48792 L TS Gas/Gas Exchanger 

37. P41102 Radio Communication Upgrade 
IS. P49208 L TS Flare Bypass 

38. P48724 CP Anode Bed Replacement 
16. P4881S 3SR Gas Plant Upgrade 

39. P49346 Gas Operations Expansion Project ;.. 
17. P49107 3SR Ughting Mods 

40. Miscellaneous Unscheduled Environ 
mental 

IS. P47S36A 35R Asbestos Program Projects (Operations & Maintenance 
Fund 111 and Development Facilities 
Fund 1 14) 

19. P48796 1·7R TS Vapor Recovery Unit Install 
41. Miscellaneous Safety Projects (Opera 

tions & Maintenance Fund 111  and De 
20. P477S1C Gas Uft Compressors · MBB velopment Facilities Fund 1 14) 

42. Facilities Engineering Miscellaneous 
2l. P477SID Gas Uft Compressors - NWS Unscheduled Projects • 22. P49343 4G Closed Loop Gas Uft Comp. Install 
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PROJEcr DESCRIP'TIONS 

The following facilities project descriptions are associ
ated with the Natural Gas Systems. 

43. P69001 -lIT Insulated Vessels 

44. P49302B -Cean/Insp Tk 372 

4S. P49001 -TSlPipeline Repair 

46. P48794 -17Z/24Z SLS Gas CLR 

47. P49332 -3SR HP Gas Ln Rpr 

48. P49704 -Add Un) 104, lOS 

49. Mise. -Mise Prodn Projects 

50. CC91040 --Sales Tax 

51. P48740A ---HP Gas Inj P/L Rpr 

52. P47751A ·"CLGL @ NWS 

·These projects are on-going and no project sheets are attached as 
they are less than $100,000. 

00 Cost Center for sales taxes, no project sheet attached. 

00 0These projects are complete, no project sheets attached. 
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Following are descriptions for each of the projects 
listed previously. 

PIPELINE REPAIRIREPLACEMENT 
GAS PROJECf P40301-B 

This project is to provide funds for the repair and 
replacement of sections of the hundreds of miles of 
high volume pipe used for the various gas gathering 
and distribution systems on the Reserve. 

Background 
Repair and replacement of sections of the various gas 
gathering and distnoution systems are required each 
year to (1) ensure safety, (2) protect the environment 
and wildlife and (3) to maintain or increase produc
tion. Much of the piping has been installed over 30 
years ago. Over the years, corrosion has occurred at 
various rates and, in a number of cases, has required 
pipeline repairs and replacements to be made. 

Eoonomic Analysis 
This project will be composed of multiple AFE submit
tals as individual problems are identified. An eco
nomic analysis will be made to justify each pipeline 
repair/replacemen t as the projects develOp. Projects of 
this type usually provide short payout periods with 
high rates of return since only two alternatives are 
usually available. The alternatives are either (1) repair 
or replace the defective section of pipeline or (2) shut 
in production. Shut in of production usually has a very 
high monetary impact. 

Plan 
While the exact requirements for unplanned repair 
and replacement of pipelines cannot be defined at this 
time, NPR-1 can expect to expend funds for this work 
at the level indicated below. 

Cost/Schedule 
($000) 

� " M " � " � " � " � " � " "  
Estimate 201 2840 3640 5060 4050 4120 4200 

Schedule 
Stan lQ 
Complete Ongoing 

COMPRESSOR OPTIMIZATION 
IMPLEMENTATION PROJEcrP49312 

This project consists of several sub-projects, each to be 
funded on separate AFE's whose respective scopes of 
work were identified in the Compressor Optimization 
Study, which was completed in FY 1988. The projects 
all involve piping additions or modifications to either 
the Stevens HP, the LP or the Vacuum Gas Gathering 
Systems. 

Background 
In order to continue to produce NPR-1 at the MER 
level, it will be necessary to modify the Stevens Gas 
Collection Systems for changes in gas production re
sulting from such things as increases in GOR, gas lift, 
artificial lift, or any of a variety of changes in produc
tion strategy for the various pools. 

Using a computer model developed at Elk Hills, the 
existing systems were modeled with the most recent gas 
production forecast data, and system performance was 
simulated to identify areas where production would be 
constrained. The basis of the study was a tank setting 
production forecast prepared by BPOI Production 
Engineering in October 1987, which was later revised 
to correlate with the production forecast in the 1990 
budget request. 

Eoonomic Analysis 

The Compressor Optimization Study recommended 
modifications to the Stevens gas collection system 
which would avoid potential deferral of approximately 
65 MMSCFD of gas and 13,000 BPD oil based on the 
forecast used in the stUdy. 

Plan 
Implement the recommendations of the Compressor 
Optimization Study to insure NPR-1 MER production 
rates. 

Cost/Schedule 
($000) 

Cost " M " �  " 91 " �  " 93 " 94 " 95 
Estimate 723 2000 2140 2200 2250 2290 2330 

Schedule 
Stan lQ 
Complete 4Q 
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NEW NWS HP PIPELINE 
PROJEcr P48767-A 

This project provides for the replacement of the NW 
Stevens HP Gas Collecting System which runs from 
Stevens Tank Setting 1-7R to the 35R Gas Processing 
Facilities. The proposed replacement pipeline will be 
14" nominal diameter, a length of approximately 32,CXXY 
and will roughly parallel the existing system. 

Background 
This pipeline system has and is now experiencing a very 
high rate of corrosion. Repairs and replacement of 
short sections of the piping have been made to extend 
the service life about another 12 months. 

EronomicAnaJysis 
The existing NWS HP Gas Collecting System has an 
anticipated remaining life of about one year. After that 
time, unless the new pipeline system is in place, either 
(1) the pipeline must be shut in or (2) extensive and 
frequent repair/replacement of sections of the line 
would be required. In either case, production would be 
seriously impacted. The alternative of attempting to 
maintain production through frequent repair of the 
line would be unacceptable because (1) the rapidly 
corroding pipeline would present a constant safety 
hazard and (2) the cost of frequent nondestructive 
examination and repair/replacement, coupled with the 
value of deferred production, would soon exceed the 
cost of the proposed pipeline. The economic evalu
ation is, therefore, based on two alternatives, i.e., in
stall the new line or shut in the NWS production. 

Net Revenue (MS) 
NPV @ 10% (MS) 
NPV @ 15% (M$) 
Payout (Years) 
Project Life (Years) 

Plan 

1,572,335 
753,108 
558,686 

0.52 
15 

Install a new pipeline system complete with fin fan 
coolers and separators in Sections 7R and 17R, and an 
automated pigging system to aid in the removal of 
liquids from the line. 

CostJScbeduIe 
(SOOO) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 7:107 0 0 0 0 0 0 

Schedule 
Sian 

Complete 3Q 
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MINIMJZE GAS STACKING 
PROJEcr P48850 

This project is to determine causes of gas stacking at 
various facilities at NPR-l and then to implement 
remedial measures to reduce or eliminate unnecessary 
gas stacking. 

Background 
Over the past several years of operatiOns, low pressure 
gas production has been increasing. This has required 
facilities to operate at their peak operating range, 
leaving little, if any, spare capacity. During upset 
conditions, pressures increase up to a level where gas is 
vented through a relief valve to the atmosphere. 

ApJ?1ic:able Statutcs/RegulationslDOE Orders 
DOE Order 5400.1; DOG regulations (Title 14, CCR 
Sections 3300-3314 and 3500(3503); Rule 1 1 1, Kern 
County Air Pollution Control District regulations; 
Federal and State Clean Air Act. 

Plan 
This project will correct 7 tank settings in FY 89 and 8 
tank settings in FY 90. Continue study to determine 
causes of gas stacking to minimize gas stacking to the 
atmosphere 

Cost/Schedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 500 207 0 0 0 0 0 

Schedule 
Sian 2Q 
Complete 4Q 

INSTAll. GAS DEHYDRATION 33S 
PROJEcr P48814A 

Provide new glycol dehydrator and piping to process 
33S compressor discharge gas and main system high 
pressure gas from system east of the 33S Compressor 
Plant. 

Background 
Currently Stevens Zone low pressure and vacuum gas 
and Shallow Oil Zone low pressure gas is collected and 
boosted to high pressure at the 33S Compressor Sta
tion. High pressure gas is sent to the35R Plant through 
approximately 5 miles of 12" and 16" diameter lines. 
Water in the gas is causing internal pipe corrosion and 



hydrate plugging in the high pressure lines to 35R. The 
catastrophic pipeline failure and fire at the 33S mani
fold in June 1985 was caused by this corrosion. In 
addition, hydrate formation in the high pressure line 
due to the high water content occurs every winter, 
resulting in plugging of the lines and associated higher 
compressor horsepower requirements to send gas to 
3SR. 

Future failure of the high pressure pipeline, due to 
corrosion caused by free water, can be avoided by 
installing a glycol dehydration unit which will remove 
water from the discharge gas. 

The following benefits would also be recognized by 
addition of a glycol dehydrator: high pressure gas lines 
would not be obstructed by hydrate formation on cold 
days, compressor horsepower would be reduced, pipe
line maintenance and repair would be reduced, the 
load on the glycol dehydrators at the 35R Plant com
plexwould be reduced and the high pressure gas lines 
will operate more safely with less chance of fire or 
release of hydrocarbons to the environment. 

Economic Analysis 
In the past 3 years, a number of repairs and replace
ments have been made to HP pipelines. The failure 
occurring at the 33S manifold in 1985 is considered a 
typical model and is used to estimate potential losses in 
oil and gas income and repair costs associated with 
possible future failures. The 33S failure resulted !n a 
deferral of 500,000 bbls of oil, 1,000,000 MCF gas, and 
$1 ,500,000 in repair expenses. 

It is possible that a failure of this magnitude could 
occur at present corrosion rates within 3 years (with a 
$ 1 1,611,000 loss in the year of failure) unless signifi
cant reductions in the corrosive environment are ac
complished through gas stream water removal as pro
posed. 

Project Requirements: 
Facilities Investment (FY 89) $1 ,100,000 

Incremental Oil Production (BOP D) Gas Production (MCFD) 
1990 0 0 
1991 0 0 
1992 1370 2740 
1993 o 
1994 on o 

Net Revenue 
NPV @ 1O% 
NPV @ 15% 
Payout (Years) 
Project Life (Years) 

o 
o 

$10,850,900 
7,467,400 
6,576,400 

1.44 
15 

Plan 
Purchase and install a glycol dehydration system and 
piping at the 33S Compressor Station. Estimated cost 
is as follows: 

. Cost/Scbedule 
($000) 

Cost FY 89 FY 90  FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 1100 . 0 0 0 0 0 0 

uIe ..• 
Start ·· ···· 10 
Complete 40 

INSTAl I JRBPAIR HP GAS 
DEHYDRATORS PROJEcr P48814-B 

Perform study and install supplemental equipment 
and/or repair equipment on existing high pressure 
system gas dehydrators. 

Background 
Currently Stevens Zone low pressure and vacuum gas, 
and Shallow Zone low pressure gas are collected through
out the field and boosted into the high pressure system. 
Additionally" Stevens and Carneros Zone high pres
sure gas flows directly into the system without boost
ing. Condensed water in the system is causing internal 
pipe corrosion and hydrate pipe plugging. The existing 
dehydrators now in operation require enhancement 
and/or repairs to perform adequately to reduce the 
corrosionlhydrate problems. 

Economic Analysis 
In the past 3 years, a number of repairs and replace
ments have been made to HP pipelines. The failure 
occurring at the 33S manifold in 1985 is considered a 
typical model and is used to estimate potential losses in 
oil and gas income and repair costs associated with 
possible future failures. The 33S failure resulted in a 
deferral of 500,000 bbls of oil, 1,000,000 MCF gas, and 
$1,500,000 in repair expenses. 

It is possible that a failure of this magnitude could 
occur at present corrosion rates within 3 years (with a 
$11 ,611,000 loss in the year of failure) unless signifi
cant reductions in the corrosive environment are ac
complished through gas stream water removal as pro
posed. 
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Plan 
As determined from study, enhancelmodify existing 
gas dehydrators . 

.• ·· •• COStlSchedule ·· · ···· ·(SOOO) . ··. · 
Coit ·· . . �.�.····.f4·�.·· .. FY91 FY9Z .Fv� �94 FY95 
Estimate 5 23  0 ·· 0 0 0 0 · 0 

Schedule 
Sl8rt 10 
Complete 

FIELD HP GAS DEHYDRATION 
PROJEcr P40310 

Provide glycol dehydrators at selected locations at 
NPR-1 to mitigate corrosion. 

Background 
The most common undesirable impurity encountered 
in gas streams at NPR-1 is water vapor. It is not the 
water vapor itself that is objectionable, but the liquid 
or solid phase which precipitates when cooled during 
gas transmission. LiqUid water in the presence of the 
encountered levels of C02 and H2S has resulted in 
accelerated corrosion in gas pipelines. In addition, the 
formation of ice or solid hydrates has plugged valves, 
fittings, and in some cases, the gas transmission lines 
themselves. To mitigate such difficulties, selected gas 
streams must be dehydrated. 

Economic Analysis 
In the past 3 years, a number of repairs and replace
ments have been made to HP pipelines. The failure 
occurring at the 33S manifold in 1985 is considered a 
typical model and is used to es tima te poten tial losses in 
oil and gas income and repair costs associated with 
possible future failures. The 33S failure resulted in a 
deferral of 500,000 bbls of oil, 1,000,000 MCF gas, and 
$1,500,000 in repair expenses. 

It is possible that a failure of this magnitude could 
occur at present corrosion rates within 3 years (with a 
$10,850,900 loss in the year of failure) unless signifi
cant reductions in the corrosive environment are ac
complished through gas stream water removal as pro
posed. 
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Project Requirements: 
Facilities Investment (FY 90) $1,035,000 

Inc:remental Oil Prod. (BOPD) Gu Prod.(MCFD) 
1990 0 0 
1991 0 0 
1992 1370 2740 
1993 0 0 
1994 0D 0 0 

Net Revenue 
NPV @ lo% 
NPV @ 15% 
Payout (Years) 
Projec:l Ute (Yean;) 

Plan 

$10,850,900 
7,566,100 
6,674,100 

1.42 
15 

Install glycol dehydration at selected locations on the 
high pressure gas system at NPR-l. 

Cost/Schedule 
($000) 

CoSt FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 0 1035 0 0 0 0 0 

Schedule 
Sl8rt 10 

Complete 40 

CONDENSAlE COu..ECI10N SYSTEM 
IMPROVEMENTS PROJECT P49304 

This project provides for improvements to the Stevens 
and SOZ condensate collecting systems and traps, 
including: 

1. Study and identify the existing high risk problem 
areas, particularly the East End Stevens HP System, 
and recommend improvements. 

2. Increase the capacities of various line segments and 
or provide gas removal facilities to enhance the 
transfer of condensate from the gas pipelines to 
points of disposal. 

3. Modify condensate trap configuration and controls 
to increase effectiveness and reliability of the units. 

Background 
Capacity restrictions in the condensate collection sys
tems cause baCk-up of condensate in the gas collecting 
systems. This problem is further increased by frequent 
malfunctions of the condensate trap controls. Without 



an adequate condensate collecting system, condensate 
induced high gas collecting system pressures occur 
which increase operating costs and reduce both oil and 
gas production and discharge of hydrocarbons to the 
atmosphere sporadically occur. 

Eoonomic ADalysis 
The following economic indicators were developed for 
the Condensate Collection System Improvements 
project. Incremental investment requirements and 
operating savings have been identified. Economic 
benefit is realized when operating costs to operate 
condensate removal equipment and pipelines is re
duced and production shut-in is eliminated. The eco
nomics presented are based on an annual operating 
saving of SI00,OOO per year and elimination of one 
three-day shut-in due to a line failure in over 3 succes
sive years for each of 3 operating areas; NWR, West 
and East respectively. The net value of this production 
and operations savings is $3.9 million. In addition to 
the above tangible benefits, there is a major environ
mental benefit. This project results in an acceptable 
method of collecting and transporting condensate and 
complies with state and federal rules governing air 
quality and protection of the environment. 

Incremental Production 
BBL MM9: SAVINGS S/YR. 

1989 
1990 
1991 
1992 
1993 

6,000 48 
12,000 90 
30,000 180 

Net Revenue (Sl000) 
NPV @ 10% (Sl000) 
NPV @ 15% (Sl000) 
Payout (Years) 

Project LiCe (Years) 

Plan 

S100,OOO 
100,000 
100,000 
100,000 
100,000 

S3,911 
2,216 
1,891 

1.34 
15 

Implementation of this project will minimize defer
ment of production and reduce discharge ofhydrocar
bons to the atmosphere. 

Cost/Scbedule 
(SOOO) 

Cast FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 600 0 0 0 0 0 0 

Schedule 
Stan 20 

Complete 40 

30R LP GAS SEPARATOR 
PROJEcr PSS127 

This project includes the design, fabrication and instal
lation of an additional LP gas separator/SCrubber to 
reduce liquid entrainment in the gas and thereby de
crease compressor downtime. Present plant capacity 
bas nearly doubled due to a compressorrelocation and 
recylindering of Units K-34 and K-3S. 

Barkgmund 
Gas Operations has reponed a high incidence of 
oompressor downtime and excessive maintenance costs 
due to liquid carry over into the compressor cylinders. 
The addition of a properly sized separator/scrubber 
should minimize such liquid carry over. 

Plan 
Install the necessary equipment to provide adequate 
LP gas liquid separation and thereby improve opera
tions at the lOR Compressor Station. 

Cost/Scbedule 
(SOOO) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 0 ISS 0 0 0 0 0 

Scbeclule 
Stan 20 

Complete 40 

CARNEROS CO�RESSORS 
PROJEcr P48304 

Install additional compression, low pressure tank set
ting,gathering lines at the 30R Facility to compress 18 
MMSCFD from 60 psi to 500 psi. 

Background 
The Cameros Zone presently produces directly into 
the high pressure system via its own high pressure tank 
setting at 2-lOR. As wellhead pressures are declining, 

. 

it is necessary to provide compression to boost this 
lower pressure back into the Stevens high pressure 
collection system for continued processing at 3SR. The 
objective of this installation is to maintain gas and oil 
production at maximum efficiency rate (MER) while 
the Cameros field wellhead pressure decline below 
that of the existing high pressure collection system. 
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lIim 
An AFE was submitted and approved in FY 88 (S3240K) 
for the design, construction and installation of low 
pressure gas compression at lOR, which is required to 
maintain Cameros gas production at MER, currently 
18 MMSCFD. In addition, the Cameros gas gathering 
system will be upgraded to reduce pressure drop from 
thewellheads. An AFE supplement was submitted and 
approved in FY 89 for additional funding is required to 
cover scope changes and design development incurred 
since the original issue of the AFE as follows: 

Purchase new compressors rather than re 
cylinder existing ones. 

Additional tank setting area site preparation 
and a new access road. 

Increased scope for mechanical subcontrac
tors. 

Addition of condensate stabilization system 
and flowline requirements. 

Deletion of dehydration unit relocation. 

Increased engineering manhours due to the 
above design development/scope changes. 

CostJSchedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 310 0 0 0 0 0 0 

Schedule 
Start 10 

Complete 40 

ABANDONMENTIDEMOLmON 
OF 3G GAS PLANT PROJECT P49102 

This project includes the engineering, abandonment 
and demolition of the 3G Gas Plant. 

Background 

The 3G Gas Plant is currently not operating and is an 
aged facility. A recent Safety Analysis Review report 
identified numerous deficiencies with an estimated 
cost of $564,000 to correct if full operation were to be 
resumed. The facility is not required as pan of the gas 
collection and processing system. 
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The level of copper contained in the cooling tower is 
above the maximum allowable limit and is therefore 
considered a hazardous waste. 

Apj)licab1e StatutesJRegulatioDSlDOE Orders 

MPFL(Maximum Possible Fire Loss) Repon;Title22 
and 23 CCR; TItle 14 CCR Division of Oil and Gas 
regulations. 

Remove cooling tower and abandon balance of plant in 
place at an estimated cost of $267,000. 

Cost/SChedule 
($000) 

Colt FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 0 0 267 0 0 0 0 

Schedule 
Start 

Complete 
20 
40 

RECYLINDER K-S7/K-58 PROJECT P49349 

Sequentially recylinder Compressor Units K-57 and 
K-58 for 2stage, low pressure service . 

Background 

Currently Stevens Zone vacuum and low pressure gas 
is compressed by Units K-57 and K-58at the 1 -7R Tank 
Setting. Asignificant portion of each units' capacity is 
dedicated to the compression of vacuum gas. Actual 
vacuum gas handled is approximately 30% of each 
compressors' vacuum gas capacity. 

A separate project is planned whereby the vacuum gas 
will be more efficiently handled by small electric motor 
driven vacuum units. After installation of the small 
vacuum units, it will become possible to recylinder K-
57 and K-58 from 3-stage to 2-stage service to more 
fully utilize the horsepower for the low pressure com
pression service. It is estimated each units' capacity 
will be increased from 4500 MCFD to 7000 MCFD. To 
maximize operating capacity during the construction 
phase, it is planned to modify the units sequentially. 

Economic Analysis 
The additional 5 MMSCFD gas compression capacity 
will allow one of the 17R LP-HP compressors to be 
relocated to the 35R area where additional LP-HP 
compression is needed to handle the forecasted LP gas 



production. Based on a GOR of5000:1, oil production 
of 1000 BOPD would not have to be deferred. 

Total Investment 
Incremental Oil Production 
Incremental Gas Production 
Net Revenue 
NPV @ 10% 
NPV @ 15% 
Payout 
Rate of Return 
Project Life 

Plan 

S550,OOO 
1,000 BOPD 
5 MMSCFD 
$46,015,200 
$31,616,500 
S26,993,700 

3.65 Days 
> 1,000% 

7 Years 

Recylinder Units K-57 and K-58 at the 1-7R Tank 
Setting from 3- stage to 2-stage service to increase the 
low pressure gas handling capacity from 4500 MCFD 
to 7000 MCFD per unit. Funding for this project is 
being evaluated; thus, no funding is shown in the 
tables. 

Cost/Schedule 
(SOOO) 

p,st FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 0 0 0 0 0 0 0 

�chedule 
Stan 
f;omplete 

Numerous control strategies have been implemented 
by regulatory agencies to address this problem and 
continued venting of hydrocarbons to the atmosphere 
is not in keeping with the spirit and intent of these 
regulations. 

Applicable StatutesJReguJationslDOE Orders 
DOE Order 5400.1, Federal and State Oean Air Act, 
Kern County Air Pollution Control District Regula
tions, various safety guidelines 

Plan 
All PSV discharges should be rereouted to the closed 
relief header in order to address safety and environ
mental concerns. 

Cost/Schedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 0 217 0 0 0 0 0 

ichedule 
Stan 
Complete 

10 
40 

LTS GASIQAS EXCHANGER 
PROJECT P48792 

Purchase a new gas/gas exchanger for the replacement 
LTS VENT MODS PROJECT P47615 of one of the existing eXChangers currently in service in 

the Low Temperature Separation (LTS) Plants . 
Reroute the atmospheric vents from injection gas 
compressor relief valves into the closed relief header. 

Background 
The L TS-l and L TS-2 flare and relief systems may be 
considered identical for the purpose of discussion. 

The current configuration of the LTS relief system 
allows the atmospheric venting of hydrocarbons from 
a total of 17 PSV's per gas plant. For environmental 
and safety reasons, the current practice is not desire
able. The recommended safety practice is not to dis
charge any flammable vapors within 100' from an igni
tion source. If such discharge is inevitable, the dis
charge point must be 2S' away from the major equip
ment. However, the environmental regulations are 
more stringent. Such venting to the atmosphere is 
prohibited unless these hydrocarbon emissions have 
been permitted by the District or an emergency condi
tion exists. Hydrocarbon emissions are a precursor for 
ozone formation. Western Kern County is currently 
nonattianment for ozone (i.e., the ambient air quality 
ozone standard for 0. 12 ppm has been exceeded). 
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Background 
Since the LTS plants were started up in 1979· 1981, 
there have been numerous failures experienced in the 
gas/gas exchangers. All tube failures were attributed to 
tube vibrations. The new eXChanger has the same 
thermal performance but with different baffle spacing 
to eliminate the tube vibration problem. The last tube 
failure occurred at LTS-2 in August 1988, requiring an 
eight hour shutdown to plug the leaking tubes. 

Plan 
Implementation of this project will reduce mainte
nance and downtime of LTS Plants. 

Cosl/Scbedule 
(SOOO) 

Coat FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 100 0 0 0 0 0 0 

Schedule 
Stan 10 
Complete 30 

• 

• 

• 
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LTS FLARE BYPASS 
PROJECT P49208 

Install two pressure control valves, one on the HP and 
the other on the LP gas line, for each plant. 

Background 
This project is intended to minimize the need for 
relieving or venting gas at the tank settings due to the 
unexpected shutdown of L TS-l or LTS-2 or both plants 
at the same time. 

For each plant, two pressure relief valves will be in
stalled upstream of the gas plants. The pressure con
trol valves will release the gas to the respective flare 
when they pop open. 

Plan 
To minimize venting of unburned hydrocarbons in the 
field, install a total of four pressure control valves, two 
for each LTS plant so that the gas may be bypassed 
around each plant to the flare. 

CostJSchedule 
(SOOO) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 350 0 0 0 0 0 0 

Schedule 
Stan 30 
Complete 40 

3SR GAS PLANT UPGRADE 
PROJECT P48815 

Install facilities to lower the hydrocarbon and water 
dew points of the 35R Lean Oil Absorption Plant 
processed gas to provide gas of sales quality. Major 
units required would include a skid mounted refrigera
tion system, a gas to gas heat exchanger, a gas chiller, 
separator and a gas glycol dehydrator. 

Background 
Currently the 35R Plant residue gas must be injected 
because the hydrocarbon dew point of the gas does not 
meet sales gas specifications. Additionally, the water 
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dew point may exceed sales gas specifications when 
plant throughput exceeds 70 MMSCFD. These limita
tions pose severe restrictions on the capability and 
f1exibilityoftbe entire35R Complex to operate during 
emergency or planned maintenance in any of the gas 
processing/compression plants causing shut-in oil and 
gas production. 

Eoonomic ADaJysis 
At present, the 35R Lean Oil Absorption Plant (LOAP) 
residue gas is required for injection. The demand for 
injection is decreasing on the Reserve. It is projected 
that a minimum of 15 MMSCFD ofLOAP residue gas 
will be available for sales by FY 1992 and thereafter. 
Benefits realized due to tbe enhancement of the flexi
bility of the 3SR Gas Plant Complex during emergen
cies and planned maintenance are not included in the 
economic analysis. 

Project Requirements 
Facilities Investment 
FY91 
Incremental Gas Sales (MMSCFD) 

1991 0 
1992 15 
1993 15 
1994 on 15 

Net Revenue ($) 
NPV @ 10% ($) 
NPV @ 15% ($) 
Payout (Years) 
Project Life (Years) 

Plan 

604,000,000 
211,000,000 
142,000,000 

0.33 
20 

$6,090,000 
$2,140,000 

Purchase and install the proposed gas processing sys
tem rated for die 35R Gas Plan t capacityof94 MMSCFD. 
Estimated cost is as follows: 

CostJScbedule (SOOO) 
� FY � FY 90 FY n FY 92 FY � FY � FY �  
Estimate SO 1000 2140 2950 0 0 0 

Schedule 
Stan 4Q 
Complete 3Q 



35R LIGHTING MODIF1CATIONS 
(pEVELOPMENTFACILlTIES) 

PROJECI' P49107 

Modify and install additional lighting in the following 
areas of the 3SR Gas Plant: 

- Feedwater chemical injection & storage 
- Boilers at steam drum level 
- Vlt5 pump 
- Cooling tower at fan level 
- Cooling tower pumps 
- Condensate spheres and transfer pumps 
- South end of propane bullet tanks 
- Between compressors K-l t, 12 & 13 and 

south of K-13 
- Fan drivers for compressor engine coolers 
- Fan drivers for stripper condenser 
- Compressor building - north side (inside) 
- Sulfuric acid area 

Background 
This project was identified in a lighting survey during 
the 35R Gas Plant SAR. The survey indicated that the 
existing plant lighting did not meet minimum levels for 
illumination in the above areas. 

The 35R Gas Plant was originally built to 1952 illumi
nation standards. During expansions to the facility, 
adequate lighting was not installed. Pre-APE engi
neering is complete. An APE has been prepared and 
was submitted for approval on January 20, 1989. 

Applicable Statute8lRegulations/DOE Orders 
Title 8 CCR Subchapter 7, Article 7, Section 3317; and 
CCR Title 8, SUbchapter 14, Article 48, Section 6657 

Plan 
The Objective of this project is to upgrade the 35R Gas 
Plant Lighting System to meet current minimum illu
mination standards. This work is a part of the 35R Gas 
Plant SAR follow-up. 

CostJSchedule 

($000) 
Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 81 0 0 0 0 0 0 

Schedule 
Stan lQ 
Ccmplete 4Q 

3SR ASBESTOS PROGRAM 
PROJECI' P47536A 

The project is to remove all asbestos-containing insu
lation from piping and vessels in the 35R Gas Plant, 
then reinsulate as necessary with appropriate materi
als. 

Background 
Most insulation in the 3SR Gas Plant was installed 
prior to 1970; based upon laboratory results, an esti
mated 50-75% of all insulation in this plant contains 
asbestos. The asbestos- containing insulation exists on 
most large vessels and piping systems. This insulation 
is in poor condition. In some instances, small bits of 
asbestos-related debris could fall to the ground or 
otherwise become friable. 

New and more stringent regulations regarding asbes
tos have significantly escalated the costs of related 
work in recent years. Specifically, simple maintenance/ 
repair activities involving the disturbance of asbestos 
materials will require considerable time and material. 
Encapsulation methods may be of temporary benefit, 
but are not permanent solutions. 

Eoonomic Analysis 
This project is a safety-related project. CaI-OSHA's 
Consultation Division (Occupational Cancer Control 
Unit) indicated that loose and crumbly asbestos shall 
be considered as asbestos spill and any such condition 
must be corrected. In addition, California Assembly 
Bill 2040 imposes stricter requirements. The current 
presence of loose, exposed, crumbly asbestos provokes 
an unsafe working condition. Unit Operator, there
fore, proposes a remedial work program which is en
capsulation and/or replacement of all asbestos-con
taining insulation materials at the 35R Gas Plant. 

Applicable Statutes/RegulationslDOE Orders 
Asbestos RegulatiOns, OSHA 1910.1001, National 
Emission Standards for Hazardous Air Pollutants 
(NESHAP) 

Plan 
The most cost effective long term solution to the 
asbestos-containing insulation problem in the 35R 
Gas Plant is complete removal and reinsulation. All 
other control measures are only temporary measures. 

3-36 

• 

• 

• 



• 

• 

• 

The FY 89 schedule and budget is for remedial action 
only. The FY 90 schedule and budget is for complete 
removal and reinsulation. Total project emt � S1,1QS,CXXl. 
scheduled for FY 89 - 90. 

..•.. ····.·· · COStlSdledu1e 
.....•..... •. .  .. .• ••. . 

. . > ($O()() .
.. . .

.
.
.. .. . 

ext > •.... FY� �gJ FY91 . FY9i FY 93 FY� FY9S 
Estimate 100 . 518 · · 541 . 0 <  0 < () . ... 0 

Schedule 
Start 10 
COmplete 40 

1-7R 1'5 VAPOR RECOVERY UNIT 
INSTAlLATION PROJECI' P48796 

This project will permit the more economical recovery 
of tank vapors at the 1-7R tank setting of approxi
mately 400 MSCFD. Presently, the vapors are com
pressed by the two 23ft first stage cylinders on each of 
the two 7R compressors. When both units are down, 
vapors must be stacked until production canbeshut in. 
Available skid mounted vapor recovery units will be 
installed then the first stage horsepower on the 1(57-58 
Ingersoll Rand units will become available for low to 
high pressure compression but cylinder resizing would 
be required. 

Background 
The California Division of Oil and Gas has inspected 
tank settings on NPR-1 and found that tank setting 
stacking is occurring too frequently. Revisions need to 
be made to meet Kern County Air Pollution ContrOl 
District (KCAPCD) regulations and DOG regulations. 

Tank setting 1-7R was originally considered a remote 
area. The recovery of vapors from the tanks using the 
gas engine driven compressors was a good application. 
Presen tly, the venting of tank vapors are insufficient to 
load the first stage cylinders. Nearly 50% of the cylin
der capacity must be loaded with low- pressure gas by
passing from the second stage of compression. Conse
quently, high temperatures cause significant mainte
nance due to high by-passed gas temperatures and 
insufficient first stage cooler capacity. 

Applicable Statutes/ReculationslDOE Orders 
Title 14 CCR (Division of Oil and Gas Regulations), 
KCAPCD Rules and RegulatiOns 

Plan 
Proceed with the project in order to reduce fuel and 
maintenance costs at 1-7R and eliminate frequent 
stacking of gas • 

.· i .�=u1e 
ecIIIt WB9 FY90 FY91 FY 92 Fv93 FY 94 FY 9S 
EstiIDate 200 0 0 0 0 0  0 

Schedule 
Start ' .  3Q 
Compleie 40 

GAS LIFT COMPRESSORS - MBB 
. PROJECI' P47751C 

Provide 20 MMSCFD of compression for the Closed 
Loop Gas Lift System at Section 7R by leasing with 
option to buy the electric driven compressors over a 12-
month period. As part of the implementation of the 
NOx Emissions Reduction Program, compression of 
low pressure gas for gas lift to the Main Body B area was 
completed in FY88. The Closed Loop Gas Lift is now 
in operation. 

Background 
EPA's State Implementation Plan (SIP) for California 
ozone and carbon moooxide indicated that Kern County 
was a "non-attainment" area for ozone. Kern County 
drafted control measures to comply with the require
ments for ozone precursors (N Ox and H C) which were 
adopted by the California Air Resources Board (CARB), 
including the internal combustion (I.C.) engine rule to 
limit NOx and CO emissions. Due to the "borderline" 
status of Western Kern County, a trigger rule required 
that the I.C. engine rule be automatically implemented 
if four or more ozone exceedances are recorded be
tween 1988 and 1990. The NOx offsets are required to 
comply with the I.C. engine rule (Rule 427). Also, the 
NOx increase for gas-fired closed loop compressors 
could not be demonstrated by modeling. Approval of 
a PSD application by EPA (Region IX) takes up to 12 
months. The approval process was not consistent with 
our scheduled production requirements. 

Due to permitting constraints, leasing (with option to 
buy) electric motor driven compressors is the prudent 
method to minimize deferral of production revenue 
due to temporary NOx compression outages. Leasing 
also provides enough time to pursue permits for gas 
engine driven compressors which could, in the future, 
replace the leased compressors. Moreover, leasing 
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provides time to evaluate whether replacing the leased 
machines with permitted gas driven compressors is 
more economical given the trends in fuel costs (i.e. 
possible rate reductions) and the option of cogenera
tion. 

Plan 
The lease-option opted in FY88 is in progress. The 
FY89 funds complete our commitment for buyout of 
the compressors for a period of 12 months. 

. . CostJSchedule 
. (SOOO) 

Cost FY 89 FY 90  FY 91 FY 92  FY93 FY 94  FY 9S  
Estimate 425 

Schedule 
Stan 
Complete 20 

GAS LIFT COMPRESSORS - NWS 
PROJEcr P47751D 

Provide 15 MMSCFD of compression for the Closed 
Loop Gas Lift System at Section 4G by leasing with 
option to buy the electric driven compressors over a 12-
month period. As part of the implementation of the 
NOx Emissions Reduction Program, compression of 
low pressure gas for gas lift to the Northwest Stevens 
area was completed in FY88. The Closed Loop Gas 
Lift is now in operation. 

Background 
EPA's State Implementation Plan (SIP) for California 
ozone and carbon moooxide indicated that Kern County 
was a "non-attainment" area for ozone. Kern County 
drafted control measures to comply with the require
ments for ozone precursors (NOxand HC) which were 
adopted by the California Air Resources Board (CARB), 
including the internal combustion (I.C.) engine rule to 
limit NOx and CO emissions. Due to the "borderline" 
status of Western Kern County, a trigger rule required 
that the I.C. engine rule be automatically implemen ted 
if four or more ozone exceedances are recorded be
tween 1988 and 1990. The NOx offsets are required to 
comply with the I.e. engine rule (Rule 427). Also, the 
NOx increase for gas-fired closed loop compressors 
could not be demonstrated by modeling. Approval of 
a PSD application by EPA (Region IX) takes up to 12 
months. The approval process was not consistent with 
our scheduled production requirements. 

Due to permitting constraints, leasing (with option to 
buy) electric motor driven compressors is the prudent 
method to minimize deferral of production revenue 
due to temporary NOx compression outages. Leasing 
also provides enough time to pursue permits for gas 
engine driven compressors which could, in the future, 
replace the leased compressors. Moreover, leasing 
provides time to evaluate whether replacing the leased 
machines with permitted gas driven compressors is 
more economical given the trends in fuel costs (i.e. 
possible rate reductions) and the option of cogenera
tion . 

l!u 
The lease-option opted in FY88 is in progress. The 
FY89 funds complete our commitment for buyout of 
the compressors for a period of 12 months. 

CostJSchedule (SOOO) 
Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 22S 

Schedule 
Stan 
Complete 20 

4G CLOSED LOOP GAS LIFT COMPRESSOR 
INSTALLATION PROJEcr P49343 

To provide for the 4G Closed Loop Gas Lift facility 
forecasted requirement of 32 MMSCFD through the 
year 1995 and other LP system requirements, it is 
proposed to install a fourth compressor. The current 
nominal capacity at the 4G facility is 22 MMSCFD. 

Background 
Gas is compressed and distributed as gas lift energy to 
certain targeted wells. Current gas levels are fore
casted to increase because of an increase in gas lifted 
wells within the MBB Reservoir. AFE68000 provided 
for the installation in FY 88 of up to 22 MM�CFD of 
gas lift capacity. Our forecasted demand has been 
increased to 32 MMSCFD and expected to remain 
level until 1995. 

4G Gas Lift Requirements 

Current Requirements 21 Wells 
Work in Progress 9 Wells 
7 Addt. Wells Approved 7 Wells 

TOTAL 

At Optimum GLR 
(MMSCFD) 

19.404 
8.316 
.i:.M2 
32.069 
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The results from the planned remedial work in the 31S 
Structure is expected to overload the current low pres
sure compressor capabilities. With the installation of 
a founh Qosed Loop Gas lift compressor at 4G, this 
overload can be alleviated. 

Eoonomic Justification 
The fourth Qosed Loop Gas lift compressor and 
as50Ciated substation work is expected to oost $1, 700,<XXl. 

At this time, 1 1  additional gas lift installations are 
pending in the Qosed Loop region. The total remedial 
costs of the 11 wells are approximately $1.7MM and is 
ccpeaed to suppon 6410 BOPD. Therefore, total project 
costs (remedial costs and new compressor) are ex
pected to be $3.4MM. Payout is expected in one 
month. 

Plan 
The new compressor will have long term benefits of 
redUCing low pressure gas system constraints. Without 
the additional 4G oompression, HPI make-up g� would 
be needed and this would overload the low pressure 
collection system. The expected production impact is 
2500-5000 BOPD if the new unit is not provided. 

CostJSchedule • 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 0 850 910 0 0 0 0 

Schedule 
Stan 
Complete 

1Q 
4Q 

Project schedule and Funding being evaluated. 

24ZJl9R CLOSED LOOP GAS LIFT 
COMPRESSORS PROJEcr 49335 

To provide for the 24ZJ29R Qosed Loop Gas Lift 
(CLGL) facility forecasted requirement of26 MMSCFD 
through the year 1995 and other LP system require
ments, it is proposed to install four 1750 HP compres
sors and associated equipment. 

Background 
This project provides for a CLGL system to serve the 
24ZJ29R Pool. There are presently 14 gas lift wells 
utilizing lift gas from the 3000 psig HPI distribution 
system; an additional 19 installations are planned. The 

total supply gas requirement is estimated to be 26 
MMSCFD. This volume will impose additiomll bur
dens on the existing field gas handling and compres
sion capacity. These wells should be included in a 
CLGL system designed to operate at 1500 psi thus re
ducing field operating expense and the transportation 
cost associated with the bigh pressure (450 psi) gas 
collection system connected to the 35R Complex. It is 
not necessary to utilize 3000 psi gas for lifting when 
only 1500 psi is required. The work will include four 
1750 HP electric motor driven compressors, an electric 
power substation, a glycol dehydration system, and as
sociated facilities. 

Eoonomic Justification 
The 24ZJl9R CLGL facility, including the electrical 
substation is expected to cost $4,500,000. Recent 
simulation studies (29R and 26R reset\Qirs) have shown 
that gas injection and gas cycling are methods that can 
increase oil reserves, natural gas liquids recovered, and 
increased net present value through additional daily 
production. An incremental cash flow of more than 
$14,000,000 per year has been estimated. The invest
ment would therefore payout in less than 4 months. 

Recommendation 
The new compressor installation will have long term 
benefits of reducing low pressure g� system constraints 
and eliminating, except for emergencies, the use ofHPI 
gas. 

CostJSchedule • (Sooo) 
CAst FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate ·O 2900 1710 0 0 0 0 

Schedule 
Stan 
Complete 

1Q 
4Q 

• Project lCbedule and Funding being evaluated. 

24Z GAS SALES POINT 
PROJEcr P48878-A 

This project will increase the capacity of the 24Z Gas 
Sales Point facilities from 60 MMCFD to lOS MMCFD. 

Background 
The current 24Z � Sales Point capacity � 60 MMSCFD 
and can be increased to 105 MMSCFD with the addi
tion of a coalescing filter and a separator. This pre-
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vents thesaleofall the Government's gas at this facility 
when contract sales rates are higher at this sales point 
compared to others. This limitation could also prevent 
production of larger volumes of gas or adoption of a 
panial pressure strategy for the 26R Reservoir. The 
capacity of the piping system to the facility is 120 
MMCFD. 

Plan 
Increase the capacity of the 24Z Gas Sales Point from 
60 MMCFD to 105 MMCFD. 

CostJScbedule 
(SOOO) 

Cost FY 89 IT 90 FY 91 IT 9Z FY 93 FY 94 FY 9S 
Estimate 0 466 0 0 0 "  0 0 

Schedule 
Stan 
Complete 

3Q 
4Q 

DGZ PROGRAM 
PROJECf P49324 

This project is to supply gas to the existing DGZ 
oompressors at the current design level of 18 MMSCFD 
and 100 psi inlet pressure. The existing processing 
equipment will be evaluated to determine if upgrading 
is necessary. A booster compressor will be installed to 
compensate for reservoir pressure decline so that the 
existing compressors (KSO and KSl) will operate at a 
constant volume and constant pressure. In addition, a 
study of the existing equipment will include evaluation 
of an evaporative COOling system for the compressor 
discharge gas, scrubber/ coalescers upstream and 
downstream of the glycol contactor and the existing 
glycol dehydration system. 

Background 
Dry Gas Zone (DGZ) production is gathered at the 
36R Compressor Station for compression and dehy
dration. The compressors, KSO and KSl, are designed 
for a 100 psi suction pressure and 400 psi discharge 
pressure. The design volume of gas is 18 MMSCFD. 
As the reservoir pressure has declined, it has become 
necessary to reduce the compressor suction/discharge 
pressure. Additionally, the reservoir is producing more 
water which requires larger separation facilities at the 
wells and improved dehydration facilities at the com
pressors. Currently, DG Z gas is being injected via HPJ. 
During plant upsets,DGZis mixed with residue gas for 
sales. However, the gas does not always meet sales 
specifications, and facilities at 36R may need to be up
graded. 
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EmDOmic ADalysis 
Based on a production increase of 445,000 MSCF 
during summer months, a payout of 1.5 years is ex
pected. 

Plan 
Upgrade DGZ processing facilities as necessary to 
assure sales quality gas and install a booster compres
sor. 

CostJScbedule 
(SOOO) 

COlt FY 89 FY 90 FY 91 FY 9Z FY 93 FY 94 FY 95 
Estimate 0 400 960 1320 0 0 0 

Schedule 
Stan '. 

COmplete 
1Q 

DGZ �O COl.! EcnON 

4Q 

PROJECf P46121 

This project will put back in service separators at well 
sites and install pumping units at high water level wells. 

Background 
This project will remove water at the wellhead of the 
DGZWellsand help reduce the pressure drop through 
the DGZ Gas Collection System 

Applicable StatuteslRegulationslDOE Orders 
DOE Order 5400.1 ,  Title 23 CCR, Propos.ition 65 

Plan 
Put back in service separators at well sites and install 
pumping units at high. water level wells. Funding to 
install the pumping units is not included in this project. 

CostlSchedule 
(SOOO) 

Cost FY 89 FY 90 FY 91 FY 9Z FY 93 FY 94 FY 95 
Estimate SO 414 0 0 0 0 0 

Schedule 
Stan 2Q 1Q 
Complete 4Q 4Q 
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DEBOTI1ENECKHP GAS'IRANSMISSIONLlNE 
Project P48762 

This project provides for modifying the control sys
tems at 19 trap locations and 3 tank settings where 
ineffective liquid removal causes frequent flow restric
tions in the Stevens interdependent HP, LP and vac
uum gas collection systems. 

Background 
The liquid removal system is ineffective during the 
winter months and the control instruments will not 
reliably control the evacuation of the increased vol
umes of liquids from the HP, LP and vacuum gas 
pipelines which build up in the deep valleys. Produc
tion Operations has identified the trap locations which 
receive heavy fluid build-up, develop frequent freeze
ups in the level control valves, and require the most 
significanlttention. 

Recommendation 
Implementation of this project will minimize defer
ment of production and reduce discharge ofhydrocar
bons to the atmosphere. 

Cost/ScheduIe 
(SOOO) 

Cost FY 89 FY.90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 221 0 0 0 0 0 0 
Schedule 
Stan 10 
Complete 20 

PIPELINE CORROSION INSPEcnON 
Project P49703 

Background 
One of the Objectives of the Corrosion Control Pro
gram is to identify corrosion problems and to formu
late sol utions to those problems in gas systems. A plan 
to systematically identify corrosion problems is priori
tiZed. The most critical gas systems receive the highest 
priority for inspection. All main trunk lines were 
inspected during FY 88. 

This project for inspection of lateral lines and yearly 
NDE of main trunk lines for the follOwing systems are 
prioritized in the order listed. 

HPI 
West-North-East HPGG 
NWS - Closed Loop Gas Lift 
Dry Gas Zone 
SOZ VRU 
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Plan 
Continue systematic inspection of gas systems to iden
tify conditions detrimental to good corrosion control. 

Schedule 
Start . 
Complete.·· . 

20 
10 . 

CAlHODlc PRomcnoN REPLACEMENTS 
Project P49314 

Replace in kind 105 dead or weak groundbeds to 
restore cathodic protection for 429 wells. A subcon
tract to replace 45 of the 105 groundbeds has been 
awarded. 

Background 
Cathodic protection was initiated due to excessive cor
rosion failures of well casings and pipelines. Maintain
ing the integrity of well casings is economically justi
fied. The Unit plan calls for securing the "maximum 
ultimate recovery" of hydrocarbons in future years. 
The Unit's reserve status, coupled with future antici
pated advances in oil recovery teChniques, dictates 
preservation of expensive capital plant investments 
such as well casings. The cathodic protection program 
is considered a good investment in the future. This 
project replaces 105 groundbeds that have deterio
rated because they have exceeded their design life. 

Eoonomic Justification 
Economic analysis consists of comparing two options: 

Option 1 - Do nothing. 
Option 2 - Restore cathodic protection to 429 well 
casings. 

Option 1 does not require any capital investment. 
Instead, a number of casing failures is projected. Cost 
Center costs are assumed for a 10 year period since 
increased casing failures caused by corrosion, produce 
major disruptive effects on production, engineering 
and drilling, and corrosion. 

Option 2 requires a capital investment of $2 million 
dollars. Annual operating costs include those of Cathodic 
Protection Cost Center, electricity and equipment 
maintenance. Costs are inflated at 2% and discounted 



at 12%. The cash flow results in a payout of 5 years. A 
basis of 10 years is used because it is the minimum 
design life of new groundbeds. 

Plan 
Restore cathodic protection to 429 wells. 

COstISchedule . 
'(SOOO) 

Colt FY 89 FY 90 FY 91 FY 9'l .FY 93 FY 94 FY  9S 
Estimate 1000 0 0 > 0 . ... . .. > O ·  0 0  
Schedule 
Stan 10 
Com lete 4Q 

&S PROGRAM PROJECf 
PROJECf P49210A 

This project includes the following: 

1. Installation of temporary H2S monitoring facilities 
on selected field gas streams (FY 89). 

2. Analysis of data collected to identify upstream 
source of any high H2S concentrations (FY 90). 

3. Prepare plans for both shon and long range solu
tions to problem (FY 90). 

Background 
The Hydrogen Sulfide (H2S) concentration in the 
sales contract has a limit of .25 grainsllOO SCF. 

Plan 
Proceed with above actions to prevent loss of revenue 
should the H2S concentration at sales points cause 
purchasers to refuse delivery of contracted gas sales 
volumes. 

CostJSchedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 9'l FY 93 FY 94 FY 9S 
Estimate 60 0 0 0 0 0 D 
Schedule 
Stan 10 
Complete 40 

SAR 1 - 3SR (PEVELOPMENT FACILITIES) 
RELOCATE 3SR BLDGS PROJECfP46256 

PROJECf 46256P 
The correction of safety related discrepancies identi
fiedin the35R Gas Plant SAR (completed FY86) is to 
be accomplished from FY 89 through FY 90. 

Background 
The FY 86 35R Gas Plant SAR generated 281 safety 
related line items that required corrective action. One 
hundred and sixty-two (162) items have been corrected 
and/or resolved. rIre protection items are covered 
under Fire Protection Modification Project. 
These discrepancies are identified in the 35R Gas 
Plant SAR repon and relate to ASME, OSHA, API, 
NFP A, California Code of Regulations, good safety 
engineering practice, etc. The two year period was 
viewed as the maximum time period under which cor
rection of safety related items could be completed 
without imposing undue risk. 

Applicable Statutes/RegulationslDOE Orders 
API, NFP A, CCR, OSHA, etc.; DOE Orders 5480.4, 
5480.7, 5480.10, 5481.1B, and 6430.1; 1949 UBC/1988 
UBC. 

Recommendation 
This project will have a number of AFE's submitted to 
correct these deficiences. 

Cost/Schedule 
(SOOO) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 348 SOO S40 0 0 0 0 

o 191 0 0 0 0 0 
Schedule 
Stan 20 
Complete 40 

SAR n (pEVELOPMENT FACILITIES) 
PROJECf P48111X 

The correction of safety related discrepancies identi
fied in the SAR of LTS-l, LTS-2, HPI and associated 
Truck Loading Rack is to be accomplished from FY 89 
through FY 90. 

Background 
The FY 87 SAR of LTS-l, LTS-2, HPI identified 256 
safety related line items that required corrective ac
tion. One hundred and twenty- four (124) items have 
been corrected and/or resolved. Fire protection items 
are covered under the Fire Protection Modification 
Project. 
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These discrepancies are identified in the formal SAR 
Report and relate to violations/inconsistencies with 
API recommendations, NFP A. California Code of 
Regulations, etc. The threeyear period is viewed as the 
maximum time period under which correction of safety 
related items could be completed in a cost effective 
manner without imposing undue risk. 

Ap,plicable Statutes/RegulatioDSJDQE Orders 
CCR, API, NFP A. OSHA; DOE Orders 5480.4, 5480.7, 
5480.10, 5481.1B, and 6430.1 

Plan 
Implement recommended corrective action as descnbed 
in SAR. This project will have a number of APE's sub
mitted to identify actions necessary to meet require
ments. 

Cost/Scbedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 330 0 0 0 0 0 0 

Schedule 
Start 
Complete 40 

SAR m - 3OR/33S lDEVELOPMENTFACILITIES) 
PROJECT P49110 

This project will proviqe funding for follow-up activi
ties for SAR III adjusted to exclude the 3G Gas Plant, 
where the follow-up activities were completed in March 
1987. 

Background 
SAR III was completed in March 1987. It consisted of 
a safety analysis and review of the 3G Gas Plant, 33S 
Compressor Stations, 30R Compressor Station and 
related field facilities. Since completion of SAR III, a 
decision has been made to demolish the 3G Gas Plant. 
Funding for 3G is provided by separate project. 

It has been determined that the findings generated 
from SAR III will require approximately $384,000. 
The cost will be split according to Development Facili
ties and Operations and Maintenance. 

ARRlicable Statutes/ReguJatioDSJDQE Orders 
API, NFP A. CCR, OSHA, etc.; DOE Orders 5480.4, 
5480.7, 5480.10, 5481.1B and 6430.1, etc . 

Plan 
Implement all recommendations and corrective action 
from SAR llI . 

•••••• . CostJScbedule 
($000) 

Coat · .... FY.89 .FY90 FY 91 FY92 FY 93 FY 94 FY 95 
Estimate 192 0 0 0 0 0 0 

Schedule 
Start lO 
Complete 40 

ASBE'SrOS ABATEMENT <EXCLUDING 3SR 
GASPLN[p COPERATIONS&NUUNTENANCE 
FUND 111) PROJECT P49003 

The project is to remove and replaceasbestos-contain
ing materials as appropriate,exclusive of the 35R Gas 
Plant. Due to the amount of asbestos-containing insu
lation in the 35R Gas Plant, a separate additional 
project has been proposed. 

Background 
Much construction occurred at NPR-1 prior to 1970, 
and asbestos- containing materials were used in build
ings, on piping and vessels, and in other applications . 
Surveys are underway to identify areas with friable 
exposed asbestos as well as operations where asbestos
containing materials are likely to be disturbed. In FY 
87 asbestos-containing materials were found during 
the 36S Administration Building demolition, at a well 
site south of the 3G Gas Plant, on a pipeline from 235 
to 2SS, and during several pipe gaSket removal opera
tions. In FY 88, asbestos-containing wrapping materi
als have been found at many locations on NPR-l. We 
expect to encounter similar circumstances in the fu
ture. Any necessary cleanup, maintenance or demoli
tion activity will require costly special procedures. 

The removal and replacement of certain asbestos
containing materials may result in major expenditures 
during the period through FY 92, resulting in elimina
tion of the problem. Interim controls such as special 
work procedures, special equipment, and engineering 
controls including encapsulation would require sub
stantial expenditures, but would not permanently elimi
nate the problem. We believe that essentially all 
asbestos on NPR-1 will be identified by FY 90. 

Emnomic Analysis 

,This project is a safety related project. CaI-OSHA's 
Consultation Division (Occupational Cancer Control 

3-43 



Unit) indicated that loose and crumbly asbestos shall 
be considered as asbestos spill and any such condition 
must be corrected. In addition, California Assembly 
Bill 2040 imposes stricter requirements. The current 
presence of loose, exposed, crumbly asbestos provides 
an unsafe working condition. Unit Operator, there
fore, proposes a remedial work program of encapsula
tion. 

Applicable StatuteslRegulationsJDQE Orders 
Asbestos Regulations, OSHA 1910.1001, National 
Emission Standard for Hazardous Air Pollutants 
(NESHAP). 

Plan 
The most cost-effective long term solution regarding 
friable and exposed asbestos-containing materials as 
well as intact asbestos materials which may be dis
turbed is the removal and replacement of such materi
als. To limit costs, these activities would be coordi
nated as pOSSible, with other maintenance, building 
renovation activities. Estimated cost is $920,000. 
Schedule - begin removal in FY 90 and complete in 
FY 92  . .  

CostJSchedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 0 103 353 0 0 0 0 

Schedule 
Start 10 
Complete 40 

ENVIRONMENTAL TRIGGER 

Background 

PROJEcr P40201 

On June 1, 1987, the Kern County Air Pollution Con
trol Board (KCAPCB) adopted Rule 427 - "Emissions 
from Stationary Internal Combustion Engines"which 
includes a "trigger" mechanism for the implementa
tion of I.C. engine NOx controls in Western Kern 
County. This rule shall become effective in Western 
Kern County only upon a finding by the KCAPCB that 
four or more separate validated exceedances of the 
ozone National Ambient Air Quality Standards 
(NAAQS) of 0.12 ppm have occurred between January 
1,  1988 and December31, 1990. The following engines 
would be required to be modified within 15 months of 
this finding: 

(1) rich-bum engines greater than 200 hp would be 
required to achieve an 80% NOx reduction or 90 

ppm by volume on a dry basis corrected to 15% exhaust 
oxygen; 

(2) lean-bum engines greater than 500 hp would be 
required to achieve a 70% NOx reduction or 150 
ppm by volume on a dry basis corrected to 15% 

exhaust oxygen or 2 gm/bph-hr for existing en
gines controlled exclusively by combustion modi 
fications. 

The remaining rich-burn and lean-bum engines greater 
than 50 hp would be required to achieve compliance 
with the above standard by December 31, 1995. 

Five validated ozone exceedances have occurred in 
1988. Based on this information, we anticipate the im
plementation of Kern County Rule 427 on 4/18/89. 

Applicable StatuteslRegulationslDOE Orders 
KCAPCD Rule 427, DOE Order 5400.1 

Plan 
If trigger is implemented, an attempt will be made to 
use available offsets in lieu of installation of NOx 
control technologies. Recent Clean Air Act legislation 
may not allow the utilization ofthis approach. Should 
this approach be unworkable; modification of internal 
combustion engines may require future funding as 
indicated on Table 1.  (A conservative estimate of $3.2 
million would be required within 15 months of the 
trigger with an additional $6 million needed by 1995.) 

CostJSchcdule 
(5000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 0 3200 1070 2200 1 1 25  1 150 1 165 

Schedule 
Start 
Complete 

10 
40 

NPR-l ACCESS - GATES 2. 3 AND 4 
PROJEcr P49109 

PROJEcr P48882 

This project is for improving vehicle access to NPR
·
-l 

at Gates 2, 3, and 4. 

Background 
This project is to provide improved and safer NPR-l 
access at Gates 2, 3, and 4. Both intersections are 
situated on two-lane highways traveled at high speed 
which makes ingress and egress hazardous. Gate 4 is 
also the primary arrival and departure point of about 
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80 LPG tanker trucks per day as well as all trucks 
required to be weighed at the scalehouse. In addition, 
both intersections are sUbject to Tule fog which se
verely limits visibility . 

The project provides for: 

Gate 2 Access (Highway 119) Improvements: 

- Widening the existing highway. 

- Replace the existing shoulders with 
traffic lanes. 

- Add new shoulders. 

- Repaint road surface to provide left 
tum channelization for eastbound (op 
tiona I for westbound) traffic and right 
tum channelization for westbound traffic. 

Gate 3 and 4 Access (Elk Hills at Skyline Rd) 
Improvements: 

Widen the existing shoulders 

Add acceleration lanes for both north and 
south bound access to Elk Hills Road 

- Add deceleration lanes for both north and 
south bound access to Skyline Road 

Repaint road surface to provide proper 
channelization of traffic 

Provide traffic control lights 

All tasks are to be accomplished in accordance with the 
Caltrans Highway Design Manual. 

Plan 
Proceed with this project so as to enhance turn move
ments into NPR- l and reduce the potential for traffic 
accidents at these intersections. 

OlstJSchedule 
($000) 

Cost Est. FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Gate 2 SOO 0 0 0 0 0 0 
Gate 3 &: 4 6OO 0 
Schedule 
Start 20 
Complete 10 

o o o o o 

RADIO COMMUNICAnON UPGRADE 
PROJECf P41102 

Background 
The NPR-1 communication system needs to be studied 
to determine if it meets the needs of NPR-1, and to 
develop alternate solutions to any deficiencies. Due to 
the terrain there are numerous "dead spots" where 
radio reception between some locations is virtually im
possible. 

Also, the Communications Center may need improve
ments in equipment to help the single operator re
spond to the response team's needs in an efficient 
manner. 

mlicable StatutesJRegulatioDS/DOE Orders 
"Radio communications systems are not adequate to 
support emergency response at NPR-1" per DOE 
Multidiscipline Technical Safety Assurance Appraisal 
- NPRC September - October 1988. 

Plan 
Study the need modify to the communication system to 
eliminate "dead-Spots" caused by the terrain. Multiple . 
on-site an tennas or the use of off-site an tennas are two 
options of several to be explored. 

Study the need to modify the Communication Center 
("JulieUeW) to facilitate ease of operation during all ac
tivities, and espeCially during an emergency. Such 
modifications might include a multi-channel record
ingsystem to enable the operator to record communi
cations for future reference. 

These situations and alternative solutions will be stud
ied and evaluated in FY 89. 

OlstJSchedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 0 0 0 0 0 0 0 

Schedule 
Start 10 40 10 10 10 10 10 
Complete 40 40 40 40 40 40 4Q 
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CP ANODE BED REPLACEMENT 
PROJECf P48724 

This project provides for the replacement of 105 dead 
or weak groundbeds. Work to replace 45 of the ground
beds is in progress. 

Background 
Cathodic Protection was initiated due to excessive 
corrosion failures of well casings and pipelines. Main
taining the integrity of well casings is economically 
justified. The Unit plan calls for securing the "maxi
mum ultimate recovery" of hydrocarbons in future 
years. The Unit's reserve status, coupled with future 
anticipated advances in oil recovery techniques, dic
tates preservation of expensive capital plant invest- . 
ment such as well casings. The cathodic protection 
program is considered good investment in the future by 
the Unit Operator. This project restores cathodic 
protection for 400 wells. The casings are presently 
subjected to stray current electrolysis. Mathematical 
modeling of field wide cathodic protection is in prog
ress and may reduce FY 90 requirements. 

Economic Justification 
Economic analysis consists of comparing two options: 
Option 1 - Do nothing. 
Option 2 - Extend cathodic protection to unprotected 

casings. 

Option 1 does not require any capital investment. 
Instead, a number of casing failures is projected. Cost 
Center costs are assumed for a 10 year period since 
increased casing failures caused by corrosion produce 
major disruptive effects on production, engineering 
and drilling. 

Option 2 requires a capital investment of $1.967 mil
lion dollars. Annual operating costs include those of 
Cathodic Protection Cost Center, electricity and equip
ment maintenance. Costs are inflated at 2% and dis
counted at 12%. The cash flow results in a payout of 5 
years. A basis of 10 years is used because it is the 
minimum design life of new groundbeds. 

Plan 
Expand cathodic protection to include 400 wells not 
presently under protection. 

CostJScbedule 
($000) 

Cost FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 95 
Estimate 867 569 588 0 0 0 0 
Schedule 
Stan 10 10 10 

GAS OPERATIONS EXPANSION PROmCf 
Project 49346 

This project is to sustain continued production of 
hydrocarbons from NPR-1 by the construction of an 
additional gas processing planL The project will in
crease gas processing capacity by 100 million standard 
cubic feet per day (MMSCFD). 

Background 
Since 1976, natural gas production has steadily in
creased to the point that current NPR-1 processing 
facilities do not have the capacity to process all the 
natural gas produced while achieving MER. Current 
production strategies have achieved MER in the larger 
reservoirs at NPR -1 primarily throu gh gas injection for 
pressure maintenance. Other reservoirs have been 
produced with extensive controls on the amount of gas 
produced. The remaining gas in some of these reser
voirs, therefore, is quite large. Combined natural gas 
reserves in three of these reservoirs - the "29R", "31 S 
C/O Shales", and "31S N/A Shales" - approach one 
trillion cubic feet. These reservoirs are at a stage of 
depletion in which it will be necessary to produce and 
process increasingly larger amounts of natural gas to 
achieve MER. Estimated remaining gas reserves at 
NPR-1 are over 1.5 trillion .cubic feet. These large 
reserves have a tremendous market potential in the 
viCinity ofNPR-1, as do natural gas liquids. 

Existing gas processing facilities at NPR-1 have a 
combined design throughput of 294 MMSCFD, and 
are capable of handling up to 320 MMSCFD. Produc
tion of gas in the Summer of 1988 frequently required 
that some wells be shut in, with the resulting loss of 
crude oil, natural gas, and natural gas liquids. This 
project will provide facilities to handle current gas 
processing needs, and provide for additional gas han
dling, including compression and injection. The plant 
is designed to utilize refrigeration to condense natural 
gas liquids from the inlet stream. These liquids will be 
separated into propane, butanes, and natural gaSOline 
prior to sales; residual gas will be injected for pressure 
maintenance and additional hydrocarbon recovery. 
Maximum recovery can be attained by cycling the gas to 
strip liquids from the reservoirs. 

Eoonomic Analysis 
Strategies for production at MER will require gas 
production for processing and injection. Therefore, 
the estimated economic benefit of this project is based 
solely on producing an additional 100 MMSCFD for 
injection. The revenues generated as a result of this 
will be from sales of additional crude oil produced with 
this gas and the propane, butanes and natural gaSOline 

Complete 40 40 40 
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processed from it The inherent assumptions in this 
analysis are as foUows: 

1. Incremental oil production would be 4,000 BOPD, 
decreasing at a rate of 20% per year for a period of 
15 years. 

2. OMB-provided prices for oil and natural gas liq
uids, adjusted for the local market. 

3. Capital costs of $80 Million. 

4. Operating costs based on current costs for an iden
tical plant, escalating at 5.5% per year. 

NPV at 10% 
Payout 

S503,OOO,000 
1.33 years 

The design uses a financial scenario that assumes all 
residue gas will be injected for pressure maintenance 
and recovery of natural gas liquids. Should reservoir 
engineering studies determine that optimum MER 
strategies dictate the relaxation of reservoir pressure 
requirements, substantial additional quantities of gas 
could be sold. Under that situation, Government 
revenues would climb significantly and the NPV of the 
project could be well in excess of Sl billion. 

For 100% residue sales, the NPV of this project may 
reach S1.663 billion, with a discounted payout period 
of6 months and an internal rate of return of 209%. 

Plan 
A conceptual design report for this project has been 
submitted to the Office of Project and Facilities Man
agement of DOE for evaluation prior to budget sub
mittal. If the project is approved for FY 91 budget 
submittal, preliminary engineering should start in 
FY 90. A proposed plant site and plant layout are 
shown in Figure 3.10 and 3.11. 

Cost/Schedule 
(Sl000) 

Cost FY 89 FY 90  FY 91 FY 92 
Estimate "SO "1,700 7;1NJ . 71,740 

Schedule 

Stan lQ 10 10 
Comptet 10 40 

"Design in FY 89 and FY 90 will be funded out of 
Unit operating funds, Cost Center 90520 . 

FY 93 
1,000 

20 
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MISCELLANEOUS YNSCHEDUT ffl 
BN\1IRONMENTAL PROJEcrs 
(OPERATIONS & MAINTENANCE FUND 111  
AND DEVELQPMENIFACll.mES FUND 1 14) 

Project involves the NPR-1 actions necessary to meet 
new requirements of environmental legislation and/or 
rules or regulations for waste, water, air or other envi
ronmental areas. 

Bacground 
New environmental legislation is frequently passed by 
Congress the State of California or local government 
which requires additional expenditures of funds to 
bring NPR-1 into compliance or to address new re
quirements. Additional environmental rules and regu
lations are passed by various agencies and local govern
ments on the federal, state and local level which also 
causes additional expenditures of funds. We expect 
this will continue in the future. 

mlicable Statutes/RegulationslDOE Orders 
Clean Air Act and implementing regulations;Clean 
Water Act and implementing regulations; Resource 
Conservation and Recovery Act (RCRA), CERCLA, 
Titles 14, 22 & 23 CCR, California Water Code, 
California Health and Safety Code, California Natural 
Resource Code, Safe Drinking Water Act and imple
menting regulations, new state and federal laws 

Plan 
While the costs are unknown for future environmental 
legislation, rules and regulations, past experience show.; 
that expected costs could be as much as the following. 

Cost/Scbedule 
(SOOO) 

FY 89 FY 90  FY 91 FY 92 FY 93 FY 94 FY 9S 

Fund 111 654 1J)7 537 1325 1244 1265 1588 

Fund 114 0 200 210 220 230 230 230 

Total 654 407 747 1545 1474 1495 1518 

Schedule 
Stan lQ lQ 10 10 10 10 10 

Complete 40 40 40 40 40 40 40 
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MISCELLANEOUS SAFElY PROJECI'S 
(OPERATIONS &: MAINTENANCE FUND 111 
AND FAcn..mES DEVELOPMENT FUND 114) 

Background 
Cenain safety deficiencies and problems which are 
identified during inspections, audits and appraisals 
must be expeditiously corrected through operational, 
maintenance or engineering metllo<h. In addition, future 
legislation and regulations will probably establish 
additional requirements for the NPR-1 safety pro
gram. Funding is required to address anticipated safety 
related projects for years FY 89* through FY 95. 

Ap,plicable Statutes/RegulatioDS/DOE Orders 
Compliance with API, NFP A. CCR, OSHA; DOE 
Orders 5480.4, 5480.7, 5480.10; etc. 

Plan 
Provide funds for miscellaneous safety projects that 
may be required due to new legislation; for correction 
of OSHA type deficiencies. 

The objective is to correct safety problems and defi
ciencies discovered either by safety inspections, un
usual occurrences or accidents/injuries in order to 
provide a safe working environment at NPR-l.  

Cost/Schedule 
(SOOO) 

Cost FY 89· FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Est. 

Fund 1 1 1  0 n o  lIO 110 110 120 
Fund 114 200 210 220 230 230 230 

Total 200 320 320 340 340 350 

Schedule 
Stan lQ lQ 1Q lQ lQ lQ 
Complete 4Q 4Q 4Q 4Q 4Q 4Q 

• AU.. PROJECI'S IDENnFIED IN FY 89 ARE TO BE FUNDED 
nfROUGH MUPS. 
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FACILITIES ENGINEERING MISCELLANEOUS 
UNSCHEDULED PROJECI'S 

Additions, modifications and repairs to facilities are 
required each year due to unscheduled occurrences to 
maintain or increase production, and/or lower operat
ing costs. Because these projects result from unsched
uled occurrences, they cannot be defined but they can 
be anticipated. 

Background 
Deficiencies and problems are identified by operating 
personnel and others during inspections or by changes 
in production or injection rates which reqUire modifi
cations or addi tions to faciIi ties to maintain or increase 
production or lower operating costs. 

Plan 
While the exact requirements for unplanned occur
rences cannot be defined at this time, NPR-l should 
expect to expend funds at the level indicated below. 

CostlScheduie 
($000) 

Cosl FY 89 FY 90 FY 91 FY 92 FY 93 FY 94 FY 9S 
Estimate 1564 2868 2780 3300 3370 3430 3S00 

• 
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NAnJRAL GAS UQums eNGL) SYSTEM 

The Natural Gas Liquids (NGL) System is intended to 
transfer, store, deliver and account Cor the 560,000 
gallons per day of natural gas liquids (NGL) products 
produced at NPR-1. The products are propane (C3), 
mixed-butane (C4 mix), natural gasoline (CS+) and 
heavy condensate (addressed elsewhere). (Refer to 
Figure 3.12.) 

The products are recovered from gas (vapor) streams 
processed through the processing plants' "recovery" 
section; then distilled through the ''fractionation'' sec
tion; transferred to storage tanks, and delivered to 
CUSA (as equity) and DOE contractors through a 
tanker truck loading facility. 

Product fractions are pumped (C3 and C4 mix) or 
transferred by pressure difference (CS+) from accu
mulation vessels within the boundary of the processing 
plants through dedicated 3" and 4" steel pipelines to 
horizontal "bullet-type" vessels located outside the 
plant boundaries. These vessels are filled and emptied 
individually to allow for periodic quality checks. 

Product delivery is accomplished at truck loading sta
tions (islands) in the35R Gas Complex by pumping the 
product at 600 gallons per minute from the storage 
vessel to the loading islands into customer's bottom
loading pressure tankers. Vapors, resulting from "phase" 
changes (liquid-to-vapor) are transported by pressure 
differential from the tanker trucks back to the vacuum 
vapor system. (See Figure 3.16.) Vapors from all 
storage tanks are then commingled and returned to the 
vacuum gas inlet system at the gas plants to be recycled. 
This return is accomplished by pressure differential as 
opposed to pumping or compression. Approximately 
80 tanker trucks are loaded each day. 

A liquid product re-run or recycle system is in place in 
the event it becomes necessary to return product to the 
plant from the storage vessels for reprocessing. The re
run system pumps liquid product at 20 gallons per 
minute from its storage vessel to the fractionating 
tower inlet specific to that product. (See Figures 3.13, 
3.14 and 3.15.) 

A product odorizing system adds a mercaptan odorant 
to the product at the time of delivery. The odorant is 
transferred from its storage vessel to the desired load
ing island by pressure differential where it is com
mingled with the product as tanker loading takes place. 
The addition of odorant is dependent upon the ulti
mate destination of the product and is designated by 
the customer at the time of delivery. (See Figure3.17). 

A transfer system is in-place to move product from one 
storage facility (old 35R) to the primary storage facil
ity. This is a one-way system, in that product can be 
pumped only from the old facility to the new. 

All NGLproduct isdeliveredbyweightat NPR-1. This 
wcigb/scale operation is accomplished by the scale
house facility located adjacent to the loading facility. 
Customer tanker trucks are weighed in empty and 
weighed out full. 

Product accounting is accomplished by reconciling 
storage vessel gauge readings, recorded by an Operator 
(Loader), in-line flow meter readings and delivered 
quantities. A calculation is performed, taking into 
account the product'S specific gravity and temperature 
relative to the tanker's weight differential per ASME 
standards and actual gallonage. 

Storage facilities, both old and new, are capable of 
approximately 3 days holding of all plant production 
("make"), assuming no deliveries. The loading facility 
("rack") bas serviced as many as 100 tanker trucks in a 
single 24-hour period. 

Based on the loading rack's configuration, it is antici
pated that 200 tankers per day could be serviced. !feach 
tanker held 8,500 gallons, then 1 .7 million gallons per 
day could be delivered. A review of the forecasted 
NGL production through 1995 indicates a peak of 
865,500 gallons per day. Even if Significantly larger 
volumes of natural gas are produced and processed, 
therefore, it isnotanticipated thattheNGLsystemwill 
be impacted and current facilities will be more than 
adequate through 1995. 

PROPANE (C3) See Figure 3.13 

Propane vapors pass from the depropanizer column 
overheads through a condenser. Liquid propane from 
the condenser then flows into the propane reflux accu
mulator. The liquid at this point is considered to be a 
saleable product. 

The propane product then flows to the suction of one 
of two centrifugal pumps at a nominal pressure of 290 
psi. The pump discharges the product propane at a 
nominal pressure of 330 psi at a rate of 560 gallons per 
minute. 

The product stream splits at the pump discharge. The 
greatest portion of the stream feeds to the top of the 
depropanizer tower through a temperature control 
valve and acts as reflux for distillation within the tower. 
The balance flows through 4" piping to and from a 
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single pass shell-and-tube cooler. From the product 
cooler the propane flows through 4· piping out of the 
plant, mmmingles with propane from both other plants 
and flows into one of ten propane storage vessels. 

MIXED BtrrANE (C4 Mix) See Figure 3.14 

Mixed butane vapors pass from the debutanizer col
umn overheads through a condenser. Uquid butane 
from the condenser then flows into the butane reflux 
accumulator. The liquid at this point is considered to 
be a saleable product. 

The mixed butane product then flows to the suction of 
one of two centrifugal pumps at a nominal pressure of 
85 pSi. The pump discharges the product propane at a 
nominal pressure of 125 psi at a rate of 240 gallons per 
minute. 

The product stream splits at the pump discharge. The 
greatest portion of the stream feeds to the top of the 
debutanizer tower through a temperature control valve 
and acts as reflux for distillation within the tower. The 
balance flows through 4" piping to and from a single 
pass shell-and-tube cooler. From the product cooler 
the butane flows through 3" piping out of the plant, 
commingles with butane from both other plants and 
flows into one of six butane storage vessels. 

NAruRAL GASOLINE (CS+) See Figure 3.15 

The final fraction of distillation is natural gasOline 
(C5 +). This product originates from the debutanizer 
column. Prior to being transferred to storage, it is 
utilized as a heat exchange medium in the glycol system 
within the L TS Plants. It goes directly to storage from 
the debutanizer column reboiler at the 35R LOAP. In 
both cases its transfer is accomplished by pressure 
differential. 

Natural gasOline feeds from the debutanizercolumn to 
the column's reboiler. From the reboiler, the product 
is transferred through 3" pipelines at a nominal 100 
psig through a single pass shell-and-tube cooler, com
mingles C5+ product from both other plants, and into 
one of four storage vessels. 
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Initial design criteria for the LTS Plants sized in-plant 
transfer systems to accommodate a maximum output 
of 460,000 gallons per day each, of total product during 
maximum production periods. Each plant was ex
pected to produce nominal volumes of 230,000 GPO of 
propane, 141,000 GPO of mixed butane and 88,000 
GPO of natural gasoline. The expectations were based 
on +5 gallons per thousand cubic feet ofliquid in the 
process gas at -JODF recovery temperature. 

The total production of 35R LOAP has historically 
been approximately 175,000 GPO. This is based on 92 
MMSCFD throughput of process gas. Recovery has 
peaked at a nominal 1.9 GPM. This represents an 
average of 75,000 GPO of propane, 60,000 GPO of 
mixed butanes and 40,000 GPO of natural gasoline. 
Product transfer lines are all 2" and are adequate for 
these volumes. 

No additions or modifications to this subsystem are 
anticipated through 1995. 

PRODUcr STORAGE 

All product is stored in pressure vessels located in two 
separate areas of Section 35R. The primary storage 
facility is located south of Skyline Road and was com
missionedin 1979. A secondary facility is located north 
of Skyline Road, behind the 35R LOAP and was con
structed in 1952. It was mothballed until 1976. Both 
facilities are capable of receiving product from all 
process plants. Operationally, however, the oldest 
storage area is used as spare capacity. 

Asystem for transferring product from the old storage 
area to the new is in place. Each product is pumped 
from the old storage vessels into the product stream 
flowing to the new storage vessels. This system is one
way only, from old to new. 

Total storage capacity is equivalent to approximately 
75 hours of product from all process plants at peak pro
duction. Table 3.1 tabulates the capacities by product 
and location. 

• 

• 
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TABLE 3.1 

• NGbPRODyCT�RAGE CAPAQIY 

bTS �RAGE 

NAMEPLATE All..OWABLE OPERATIONAL TOTAL 
NUMBER OF CAPACITY FOR VAPOR CAPACITY OPERATIONAL 

J!RODUg: VESSELS (GALLONS) SJ!ACE (%) (GALLONS) CAP �CITY (GAL) 

PROPANE 10 9O,OOO EA 13.5 77,850 778,500 

MIXED BUTANE 6 9O,OOO EA 13.5 77,850 467,100 

NAT GASOLINE � 9O,OOO EA 13.5 77,850 311,400 

SUBTOTAL 20 1,557,000 
3SR �RAGE 

PROPANE 5 3O,OOO EA 13.5 25,950 129,750 

MIXED BUTANE 6 3O,OOO EA 13,5 25,950 155,700 

NAT GASOLINE � 60,000 EA 13.5 51.900 103,800 

SUBTOTAL 13 389,250 

EMERGENCY �RAGE 

• MIXED BUTANE 1 120,OOOEA 13.5 103800 103,800 

MIXED BUTANE 
OR NATURAL 
GASOLINE � 9O,OOO EA 13.5 77,850 ill.1QQ 
SUBTOTAL � 

GRAND TOTAL 36 2,205,750 

• 
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No additions or modifications to this subsystem are PRODUcr ACCOUNTING 
anticipated through 1995. 

PRODUcr LOADING - See Figures 3.13, 3.14 and 
3.15 

NGL products are delivered/loaded at the loading rack 
in Section 35R, commissioned in 1979. Additionally, 
the loading rack behind the 35R LOAP commissioned 
in 1952, although not utilized at present, can be placed 
in service should the need arise. 

The facilities include, for both racks, four propane, 
three mixed butane and three natural gasoline loading 
islands. Product delivery pumps direct liquids from the 
storage vessels to theislandsata rateof600GPMat the 
new facility, and 250 GPM at the old facility. Each 
island is equipped with hardware to enable the loading 
of the truck tanker and trailer tanker simultaneously. 

The potential loading capacity of the seven islands at 
the newest facility is 5.1 MM gallons total product per 
day. This assumes pumps operating 51 minutes per 
hour at rated output to all seven islands. The potential 
loading capacity of the three islands at the old facility 
is 918,000 gallons total product per day. 

On a product-by-product basis, the potential loading 
capacity is listed in Table 3.2. 

TABLE 3.2 
NGL LOADING CAPACfIY 

New Rack Old Rack .I2!!! 
Propane 2,203,200 GPO 306.000 GPO 2,509.200 GPO · 

Mixed 
Butane 1.468,800 GPO 306.000 GPO 1,774,800 GPO 

Natural 
Gasoline 1.468.800 GPO � GPO 1.774.800 GPO 

Total 5,140.soo GPO 918,000 GPO 6.058,800 GPO 

No additions or modifications to this subsystem are 
anticipated through 1995. 

Product accounting takes place in the scalehouse facil
ity south of Skyline Road in Section 35R. The facility 
consists of truck scale, microprocessor, ticket (Bill of 
LadinglHighway/rransfer) BOL/HTR imprinter, and 
scale balance. 

Tankers are weighed in empty and this "tare" weight is 
automatically imprinted on the inserted BOL/HTR. 
Following loading, the tanker is weighed out. This 
weight is again automatically imprinted on the BOU 
Hm, as well as the arithmetic difference between the 
full and tare weights. The Weighmaster then calculates 
the actual gallonage delivered, based upon the specific 
gravity and delivery temperature relative to the scaled 
weight difference. The result is then written on the 
BOL/HTR. 

A reconciliation between gallons produced and gal
lons delivered is accomplished daily. The source of 
gallons produced is the storage vessel gaugings; and 
DOE copies of BOL/HTRs are the source of delivered 
gallons. The basic calculation is "Ending Inventory + 
Deliverables Beginning Inventory = Production". The 
target is: Production = Deliverables, + 1%. 

The Scalehouse is a 24-hour per day operation. There
fore, this operation can handle all scheduled NGL 
tankers. The number of tankers per day is determined 
by the amount of production available for delivery. 
The schedule is forecasted approximately one month 
in advance and adjustments are made when necessary. 

No additions or modifications to this subsvstem are 
anticipated through 1995. 

. 

CRmCAL PARAMETERS/RESOUITJONS 

Inplant Systems 

Actual recoverable liquid content of the process gas is 
anticipated to remain at its historical level of approxi. 
mately 1.9 gallons per thousand cubic feet. This situ
ation results in lower than design mlumes being handled 
by this system through 1995. Further,anticipated work 
field-wide through 1995 is not expected to result in 
volumes which would approach the design limits . .  
Therefore, the in-plant NGL product transfer systems 
will be adequate in their present configuration through 
1995. 
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Product Storage 

Maximum antidpated NGL production is 7f171X1J gallons 
daily. This equates to 2.1 million gallons over a 3-day 
production period. Present storage is 2.2 million gal
lons. This assumes no deliveries will be made during 
the 3-day period. However, it is not anticipated that 
this extreme situation will occur. 

Product Loading 

The maximum forecasted daily sales are 707,OCYJ GPO. 
As shown in Table 3.2, NGL Loading Capacity, the 
NGL delivery facilities have a potential capacity to 
deliver 6+ MMGPO. Therefore, this subsystem will be 
adequate through 1995. 

Product Accounting 

The product accounting facilities are considered ade
quate for the period through 1995. 

Environmental and Safety/Health Concerns 
Environmental - N/A 

Safety/fire projects have been scheduled to deal with 
fire protection systems, both new and modifications to 
existing systems. 

PROJECT DESCRIPTIONS 

The follOwing facilities project description is associ
ated with the Natural Gas Liquids (NGL) Systems. 

Project Title 
Number 

P41104 Butane Isomerization 

BUTANE lSOMER�TION 
PROJECT P41104 

This project includes the design, purchase and installa
tion of butane isomerization facilities. The installa
tion will include the following facilities: 

Butane isomerization unit and fractionation 
facilities for separation of isobutane and 
normal butane. 

Mixed butane feed storage. 

Electrical distribution, relief and blowdown, 
fuel, air supply, process water supply and other 
utilities. 

3-61 

It is anticipated that a single fractionation column will 
be used to recover isobutane contained in the mixed 
butane feed, as well as the reaction section isobutane 
product. The proposed mixed butanes feed rate is 
4,OCYJ BPD (168,OCYJ GPO) based on current butane 
LPG sales. 

Background 
Currently, mixed butanes recovered in the NPR-1 gas 
processing facilities are marketed as LPG. The butane 
LPG market is depressed at this time and it is antici
pated that the market for mixed butanes will continue 
to deteriorate due to restrictions proposed by EPA to 
limit butane content of gasoline. These restrictions 
will primarily affect normal butane demand since isobu
tanewill continue to be in demand as a feed for produc
tion of high octane stocks needed for gasoline produc
tion. 

Alternative marketing strategies for mixed butanes 
were investigated in a recent study. The results of this 
study indicated that the sales value of mixed butanes 
would be enhanced by marketing isobutane. Three 
alternatives are possible: 

- Use the existing 35R Gas Plant deisobutan 
izer to recover about 31,000 GPO of isobu
tane . 

- Oebottleneck the existing deisobutanizer to 
permit recovery of about 49,000 GPO of isobu
tane. 

- Install a butane isomerization unit to convert 
all the normal butane to isobutane. 

The economics favor butane isomerization due to the 
low market value of normal butane. 

Eoonomic Justification 
The cost estimate for a new butane isomerization unit 
is estimated to be $7 million (based on preliminary 
estimates from a qualified process equipment sup
plier). The $2 million cost estimate foroffsite facilities 
includes prOvision for 1) modifying existing storage 
and loading facilities to accommodate the separate 
handling of isobutane and mixed butanes and 2) in- . 
stalling new facilities for electrical distribution, feed 
and product storage, and auxiliary process systems. 
Engineering and construction supervision costs are 
estimated at $1 million. 

The payout for the project is 1.0 years, with a rate of 
return in excess of 1000% over a 10 year life. Net 
revenue is estimated at $26,110 per day. 



Plan 
It is recommended that funding in the amount of $10 
million be budgeted for this project. 

··.. COStJSchedule 
($000) 

Coat FY89 FY 90 FY 91 FY 92  .FY93 FY 94  FY 95  
Estimate 0 0 2140 7490 107 0 0 .. 0 · · 

Schedule 
Stan 
Complete 

WATER SYSlEMS 

Discussion of the Water Systems at NPR-l is divided 
into three sections, covering Produced Water, Tulare 
Water, and FreshWater/Fire water systems. 

PRODUCED WATER SYSlEMS 

In conjunction with the production of oil, large quan
tities of water are produced. Estimated water produc
tion during FY 89 will be in excess of 110,000 BPD. 
This number will continue to increase as the extensive 
waterflood system matures: each barrel of oil pro
duced will be associated with a greater amount of water 
each year. Therefore, even if oil production remains 
constant, produced water will continue to increase. 

The original system of produced water handling relied 
first on sumps, then injection into the Tulare reser
voirs. A significant proponion of SOZ water produc
tion was injected into the original Stevens pilot flood 
area, now identified as the southeast leg of the 33S 
Waterflood System. This was accomplished by sending 
SOZ produced water to the 3G Pilot Waterflood Injec
tion Plant. There oil and solids were removed prior to 
injection. The 3G Plant was retired from service with 
the final conversion of the last of the original pilot 
wells from SOZ to Tulare source water. 

In all but one area, sumps are no longer utilized on a 
regular basis to dispose of produced water. Further
more, the Regional Water Quality Control Board 
(RWQCB) may eliminate all water disposal into the 
Tulare Zones and surface sumps. 

An extensive program is currently being developed to 
treat the produced water and utilize it for waterflood
ing, with a secondary benefit of reducing the need for 
sumpinglinjection. 

S'IEVENS ZONE FACII.lIlES 

Collection lines 

Approximately 80,000 BWPD produced from the Ste
vens water is routed through the same collection sys
tem as the Stevens oil production. It ultimately is 
routed to eitherthe 18G or24Z Dehydration Facilities 
discussed in detail below. 

180 Water FadlitylDisposal Wells 

The water disposal facilities receive water from the 
18G fiowsplitter and dehydration facilities. Disposal 
facilities consist of two 10,000 barrel waste water tanks 
and five 300HP electricaUydriven/automaticallyoper
ated pumps with a combined capacity of 175,OCJJ BWPD. 

Stevens water is pumped into six disposal wells com
pleted in the Tulare Zone. These wells are loca ted near 
the 18G Facility and are as follows: 

18WD-8G 
71WD-18G 
78WD-7G 
61WD-18G 
68WD-7G 
48WD-7G 

Water disposal into each of these wells is at, or near, 
capacity, and totals 54,000 BWPD. 

24Z Water Facility/Disposal Wells 

Water from the 24Z LACT Station is received by two 
5,000 barrel tanks. A 2,000 barrel skim tank has been 
provided to collect minor amounts of crude oil that is 
skimmed from the receiving tanks. 

Water is pumped from the receiving tanks by three 50 
HP electrically driven/automatically operated pumps 
for a combined capacity of 18,000 BWPD into four 
disposal wells. These wells, which are completed in the 
Tulare Zone, are as follows: 

13WD-24Z 
22WD-24Z 
23WD-24Z 
24WD-24Z 

Water disposal into each of these wells is at capaCity, 
and totals 18,000 BWPD. 

Stevens water generated at the 24Z LACT Facility is 
also transported to the 24Z Waterflood Facility and 
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APPENDIX H 

PUBUC COMMENTS 

DRAFT SUPPLEMENTAL ENVlRONMENTAL IMPACT STATEMENT 

H.I INTRODUCTION 

This section describes the efforts of the Department of Energy, Naval Petroleum Reserves in 
California to involve and consult individuals, agencies, and organizations during the review of 
the Draft Supplemental Environmental Impact Statement (DSEIS). 

It briefly discusses the public involvement process, lists those who commented on the DSEIS, 
identifies each comment and provides responses to each comment. 

H.2 PUBUC INVOLVEMENT PROCESS ON THE DSEIS 

On June 5, 1992, Notice of Availability of the DSEIS was published in the Federal Register, 
establishing a public comment period ending July 3 1 ,  1992. 

An initial distribution of 201 copies was made to individuals, agencies, organizations, elected 
officials, and others known to be interested. Approximately five additional copies were 
subsequently distributed. Copies were also available at the Naval Petroleum Reserves in 
California office in Tupman, California and at Kern County Library branches in Bakersfield and 
Taft. 

During the public review period, one public hearing was held in Bakersfield, California on 
June 24, 1992. A copy of the public hearing transcript is provided in Section H.3. 

H- 1 



H.3 PUBUC HEARING ON THE DRAFT SUPPLEMENTAL ENVIRONMENTAL 
IMPACT STATEMENT 
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P U B L I C  H EA R I N G 

on t h e  

DRA FT S U P P L EM E N TA L 

ENV I RONM ENTA L 

I M PACT S TAT EM E N T  

for 

P ETRO L E UM 

PRODUC T I ON AT 

MAX I MUM E F F I C I E NT 

RAT E ( M E R ) . NAV A L  

P ET RO L E UM R E S E RV E 

N O . 1 AT E L K  H I L LS 

DO E/ E I S - 0 1 58 

We d n e s d ay .  J u n e  2 4 . 1 9 9 2  

7 : 00 p . m .  

H ea r i n g  O f f i c e r : J i m  K i l l e n 

Reported by; Sylvia Mendez. Court Reporter 
CSR No. 7636 

2 1 5 Oregon Street 
Bakersfield, California 93305 

(805) 631 -2904 

O R I G I N A L  
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2 

3 

4 

5 

6 st a rted . 

Bakers f i e l d , Ca l i fornia ; 

wednesday ,  June 2 4 ,  1 9 9 2 ; 7 : 0 0 p . m . ; 

Red Lion , Bu ena V i st�22ID 

MR . JIM KI LLEN : Let ' s  go ahead and get 

2 

7 For those o f  you who don ' t  know me , I ' d  l ike 

8 to i ntroduce mys e l f .  I ' m J im K i l l en , the Technica l 

9 As sura nce Manager o f  the Department o f  Energy ' s  O f f ice 

10 o f  the Nav a l  Petro l eum Res erves i n  Ca l i fornia , commonl y  

1 1  re ferred t o  a s  E l k  H i l l s . I ' m a l s o  the Proj ect Manager 

1 2  for the E l k  H i l l s  Supp l ementa l Env i ronment al Impact 

1 3  Statement proj ect , commonl y  re ferred t o  a s  the S E I S  

1 4  proj ect . 

1 5  Among other E l k  H i l l s  p a rt i c ipant s , I ' m 

1 6  j o ined here t o n ight b y  Mr . Dav id Vroom . Dav i d . 

1 7  Dav id i s  repre sent ing Chev ron . Chevron i s  a member o f  

1 8  the operat i ng committe e , DOE ' s  equ ity partner in 

1 9  E l k  H i l l s  operat ions . 

2 0  I have about a f ive- t o  ten-minute prepa red 

2 1  st atement I ' d l i ke to make , wh i ch i s  actua l l y more l ike 

2 2  an exp l anat ion proceed ings ton ight than a true 

2 3  statement . P l e ase bear w i t h  me wh i l e  we g o  through 

2 4  th i s . 

2 5  I ' d l i ke to we l come our gue s t s  t o  th is 

2 6  proceeding , wh ich i s  the Publ i c  Hearing for the 

S Y LV I A  4 
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1 Dra ft S E I S  do cument , otherw i s e  known a s  the DS E I S  

3 

2 document . The document wa s re l e as ed by DOE l a s t  month 

3 pursuant t o  The Nat i onal E nv i ronment a l  Pol i cy Act , 

4 NEPA , wh ich requ i r e s  federa l agenc i e s  to d i s c l o se the 

5 env i ro nmental impacts o f  ma j o r federal act i ons . I n  

6 th i s  c a s e , the maj o r  f edera l act ion began i n  1 9 7 6  with 

7 the p a s s ag e  o f  the Nav a l  Petro l eum Res e rv e s  Product i on 

8 Act ( Pub l i c  Law 9 4 - 2 5 8 ) . Th i s  Act requ i r e s  the 

9 product i on o f  E l k  H i l l s  at the max imum e f f i c ient rate 

1 0  i n  a manner that i s  both e conom i c  and does not cause 

1 1  detr iment t o  the u l t imate recovery f rom the reserv o irs . 

1 2  Pr i o r  t o  1 9 7 6 ,  E l k  H i l l s  e s s ent i a l ly was shut 

1 3  i n  a s  a petro l eum reserve f o r  defense and other 

14  nat iona l secur i ty purpo s e s . A s  a re s u l t  of  the Act , 

1 5  DOE re l e a s ed a n  Env ironment a l  I mpact s tatement i n  1 9 7 9. 

1 6  wh ich i dent i f i ed environmental imp a c t s  a s s o c i ated with 

1 7  the produc t i on s t rateg ies that w e r e  in p l a ce at that 

1 8  t ime . A s  with any o i l  f i e l d , a s  t ime pa s s ed and 

1 9  i n f o rmat ion and te chno logy improved , production 

2 0  s t rateg ies changed co rresp ond i ng l y . Eventu a l l y  it 

2 1  became s ig n i f i cant that future p l a ns i n c l uded proj ects 

2 2  that �ere not spec i f i c �ll y addre s s ed i n  the 1 9 7 9  

2 3  do cument . Mos t  important l y , the 1 9 7 9  do cument d i d  not 

2 4  addres s cu rrent pl ans to c onduct enhanced o i l  recovery 

2 5  operat ions in the Shal l ow O i l  Z one : i t  d id not addre s s  

2 6  current pl ans to construct and operate a c ogenerat ion 

S Y LVIA MEN DEZ , COU�T REPORTER - ( 8 0 5 )  6 3 1 - 2 9 0 4  
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1 fa c i l i t y ; i t  d id not addre ss c urrent butane 

2 i s omer i z at i on p l ans ; i t  d i d  not su f f i c i ently address 

3 we l l  d r i l l ing and abandonment pl ans ; i t  d i d  not 

4 su f f i c ient l y  addre ss gas proce s s ing and c ompre s s i on 

5 p l ans ; and i t  did not s u f f ic iently address current 

6 env i ronmental protect i ons pl ans wh i ch have bec ome 

7 nec e s s a ry in response to g rowing env i ronment a l  l aws , 

8 regu l a t i ons and requ i rements .  

4 

9 As the resul t o f  the product i on strategi e s  

1 0  change s in product i on strateg i es , in  1 9 8 8  DOE made a 

1 1  dec i s i on t o  suppl ement the 1 9 7 9  docume nt t o  access 

1 2  a s s oc i ated changes i n  env i ronme ntal e f fect and , thus , 

1 3  the genes i s  o f  th i s  S E I S  proj ect that ' s  t h e  sub j ect o f  

1 4  ton i ght ' s  hea r i ng . I n  add i t i on to the maj or proj ects 

1 5  invo l v i ng the Sha l l ow O i l  Z one , c ogenerat i on ,  butane 

1 6  i s omer i z at i on , we l l s ,  gas and env i ronmenta l  protect ion , 

1 7  the p r oposed a c t i o n  addre s s e s  many other l es s e r  

1 8  proj ects , as  wel l a s  the c ont i nued operat i on o f  

1 9  ex i s t i ng f a c i l i t i e s , a l l  o f  wh i ch are desc r ibed in 

2 0  E l k  H i l l s  pl anning documents . 

2 1  One o f  several s teps in the NEPA process i s  

2 2  the publ i c  re� ease o f  a draft o f  the document that 

2 3  u l t ima tely w i l l  be i s sued i n  f inal form . The purpose 

2 4  o f  the dra ft release i s  to g ive the publ i c  an 

2 5  opportunity t o  comment s o  that c oncerns and quest i ons 

2 6  can be addressed i n  the f i na l document . Today ' s  Publ i c  

0 4  
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1 Hear i ng i s  a p a rt o f  the pub l i c  comment p r oces s .  The 

2 comment period began on June 5 ,  and i t ' s  s chedu l ed to 

3 comp l ete on July 3 1 .  

4 I n  a ccordance w i th NEPA proc edure s , DOE w i l l  

5 respond in wr i t ing to a l l  c omments and que s t i ons that 

6 are p l aced on the rec o rd dur i ng th i s  Pub l i c  Hearing 

7 and/ o r  that DOE rece ives i n  writ ing dur i ng the comment 

8 period . Momentar i l y ,  I ' l l g ive a l l  o f  you an 

9 opportunity t o  comment , i f  you ' d  l ike t o , a nd put your 

1 0  comment s o n  the record . And t h i s  record i s  be i ng kept 

1 1  by a c e rt i f ied recorder th i s  even i ng , and i t ' s  be i ng 

1 2  ba cked up b y  tape record i ng . 

1 3  You a l s o  may submi t  your written comment s a s  

1 4  exp l a i ned i n  the i n s t ruct i ons o n  the f o rms that were 

1 5  p a s sed out t o  you a t  the s ign- i n  t a b l e . Y our written 

1 6  comments can b e  submitted ton i ght by t urn ing them i n  at 

17 the s i gn- i n  table or by ma i l i ng them t o  me at the 

1 8  addres s i n d i c a t ed on the f o rm . I f  you need add it i onal 

1 9  forms , j us t  re que s t  them . We shou l d  have p l enty f o r  

2 0  every o ne . Your written c omments do not have t o  be 

2 1  submitted on the f o rms that are prov ided . comment s 

2 2  w i l l - be -ac cepted i n  any manner they are subm itted . We 

2 3  wou l d  request , however , that you i nc l ude w ith your 

2 4  . comments the i n format i on about yours e l f r e que s ted on 

2 5  the f o rms ; for examp l e , your name , addre s s , phone 

2 6  number , a f f i l i a t i on , et cetera , m i ght be needed i f  i t ' s  

S Y LVIA MENDE Z , COURT REPORTER - ( 8 0 5 )  6 3 1 - 2 9 0 4  
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1 nece s s a ry to c onta ct y ou l ater to c l a r i fy some aspect 

2 o f  your comment . 

3 Fo l l owing the pub l i c  c omment p e r iod , wh i ch , 

4 again , concludes on July 3 1 ,  DOE w i l l  p repare written 

5 responses t o  a l l  c omments , and the se responses wi l l  be 

6 incorporated i nto a sect i o n  o f  the f i n a l  S E I S  document , 

7 a l ong w ith the record o f  these p ro ceed ings th i s  

8 even i ng . In  addit i on , the d ra ft d ocument wi l l  re f l ect 

9 approp r i at e  ch ange s to the d r a f t  - - excuse me . In  

1 0  addit i on , the f i n a l  do cument w i l l  re f l ect appropri ate 

1 1  changes t o  the dra ft document . Th i s  d o e s  not mean tha t  

1 2  a l l  c omments w i l l  resu l t  i n  change s , b u t  in many cases , 

1 3  depending o n  the c omment , i t  w i l l . I t  i s  ant i c ipated 

14 that the f i nal document wi l l  b e  r e l e a s ed to the pub l i c  

1 5  i n  app roximately March , 1 9 9 3 , fo l l ow i ng E l k  H i l l s  

1 6  preparation o f  the document and DOE Washington D . C .  

1 7  headqu a rt e rs ' rev i ew ,  appr ova l a nd f i n a l  r e l e a se . 

1 8  The draft do cument that i s  the subj ect o f  

1 9  th is Hearing t onight was p repa red by DOE ' s  E l k  H i l l s  

2 0  sta f f  b a s ed on a July , 1 9 9 0 ,  Prel iminary D ra ft o f  the 

2 1  do cument prepa red by Argonne N a t i ona l Labo ratory under 

2 2  contract t o  DOE , a nd , a l s o , ba sed o n  review comments o f  

2 3  the Argonne document p rov i ded by the s ta f f s  o f  the 

2 4  various E l k  H i l l s  organ i z a t i on s , i nc l u d ing Chevron ; 

2 5  Bechte l Petrol eum Operat i ons , I nc . , DOE ' s  management 

2 6  and opera t i ng contracto r :  E G & G  Energy Measurements , 

S Y  9 0 4  
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1 I n c . , DOE ' s  endangered spe c i e s  contracto r : Re s ource 

2 Management Consultant s , I n c . , DOE ' s  current support 

3 serv i c es contracto r : and S y s temat i c  Management 

4 S e rv i c es , I nc . , DOE ' s  former s uppo rt s e rv i ces 

5 contra ct or . Comme nts a l s o  were prov ided by the DOE 

6 Headqu a rters s t a f f . 

7 

7 From th i s  l o ng l i s t  o f  contr ibutors , I think 

8 you can unders tand that the preparat i o n  o f  the dra ft 

9 do cument h a s  been a ma j o r unde rta k ing invo lving a l a rge 

1 0  number o f  techn i c a l expert s , o n l y  a few o f  wh i ch i t  i s  

1 1  po s s i b l e  to make ava i l ab l e  here ton ight . For th i s  

1 2  re ason , we w i l l  not be ab l e  t o  res pond f orma l l y  on the 

1 3  re cord to comments that a r e  rece ived h e re ton i ght . 

1 4  Forma l responses w i l l  b e  devel oped l a ter between the 

1 5  approp r i a t e  t e chn i c a l  experts and w i l l  be i n c l uded i n  

1 6  the f i n a l  do cument . However , t o  a s s i s t  anyone who 

1 7  wou l d  l i ke to better unders tand t h e  DS E I S  document and 

1 8  to h e l p  y o u  frame the que s t i o n s  and comments y o u  m i ght 

19  wish t o  put on the rec ord , an i n f o rma l b re a kout ro om 

2 0  h a s  been p rovi ded acro s s  the h a l l in the Nevada Room , 

2 1  where , i f  you w i sh , you c a n  go t o  i n f o rma l l y  d i s c u s s  

2 2  areas o f  i nterest o f f  the re c o rd w i th s ome o f  our more 

2 3  know l e dgea b l e  cont r i butors . 

2 4  The Nevada Room cons i s t s  o f  e ight tabl es for 

2 5  addre s s i ng e i ght d i f fe rent areas o f  intere s t . The se 

2 6  i n c l ud e  a gene ral i n f o rma t i o n  tab l e : a proposed act i on 
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1 tab l e ; an a i r  qua l i ty tabl e ;  a waste t a b l e ; a tabl e for 

2 geol ogy and hydro l ogy ; one f o r  b i o l ogy , includ i ng 

3 endangered spe c ies ; a s a f ety tab l e ; and a tabl e for 

4 cultural resource , l and us e and s o c i oeconom i c  i s sues . 

5 I f  you wou l d  l i ke t o  d i s cuss a par t i cu l a r  i s sue , I 

6 encourage you to i nt e ract w ith the sta f f s  that a re 

7 mann i ng these tabl es . Al l you have t o  do i s  g o  a c ross 

8 the ro om , across the h a l l  to the N evada Room a nd wa l k  

9 up to the app rop r i ate tab l e  and i n i t i ate d i s cu s s i ons . 

1 0  The sta f fs manning the tables w i l l  b e  happy to respond 

1 1  to your i n qu i r i e s  to the best o f  the i r  a b i l ity . I need 

1 2  to say aga i n , howev e r , that d i s cu s s i ons i n  the Nevada 

1 3  Room a re i n f o rmal and o f f the record . Nothing s a i d  in 

14  the Nevada Room by you or the Elk H i l l s  sta f f  w i l l  be 

1 5  reco rded , nor w i l l  any formal wr itten DOE responses be 

1 6  prov i d ed l ater . T o  obta i n  a f o rma l DOE r e s ponse , you 

1 7  e i ther must subm it your comments i n  wr it ing , o r  put 

1 8  them o n  the record here i n  the Buena V i s ta Room , a s  

1 9  prev i o u sly exp l a ined . 

2 0  That co n c l udes my prepared s ta t ement . The 

2 1  rest o f  the ev ening wi l l  b e  devoted to t a king your 

2 2  comments on the record here in the Buena V i sta Ro om 

2 3  

2 4  

2 5  

and/ or d i s cu s s ing a re a s  of  interest i n f orma l l y o f f  the 

record in the Neva da Room a c ro s s  the ha l l . Except for 

a 1 5 -m i nut e break from 8 : 0 0 to 8 : 1 5 ,  we w i l l  be here in 

2 6  the Buena V i s ta Room t o  take your comme nt s unt i l  
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1 approx ima t e l y  9 : 0 0 p . m .  We p l a n  t o  stay until 9 : 0 0 ,  

2 even i f  c omment i ng stops be fore then , on the chance 

3 that s ome memb ers o f  the pub l i c  m i ght arrive l ate . At 

4 approx imat e l y  8 : 5 5 t o  9 : 0 0 p . m . , I w i l l ma ke a very 

5 b r i e f  c l o s i ng statement wh i ch w i l l  conc l ude the 

6 proceed i ngs . Act i v i t i e s  i n  the Nevada Room w i l l  be 

7 conducted c oncurrently w i th a c t iv i t i e s here i n  the 

8 Buena v i s t a  Room . You may go between the Buena v i sta 

9 and Nevada Rooms as you wi sh unt i l  9 : 0 0 p . m . , when the 

1 0  proce e d i ngs are s chedu l ed t o  concl ude . 

1 1  Be f o re i nv i t ing anyone f orwa rd f i rst , I ' d  

1 2  l i ke t o  a s k  i f  the re a re a ny a dm i n i s t rative questi ons 

1 3  as  t o  how we ' re conduc t i ng the s e  proceedings this 

1 4  even i ng . Do you understand th e d i f f e rence between 

1 5  wh at ' s  t a k i ng p l ace here i n  the Buena v i s t a  Room a nd 

1 6  what we have p l anned f or the Nevada Ro om? Or do you 

17 have a ny other adm i n i s trat ive ques t i o n s ?  

1 8  ( N o  re sponse . )  

1 9  Okay . I f  there are no quest i ons , I woul d 

2 0  l i ke t o  s t a rt rece iv i n g  f o rmal c omments on the rec o rd . 

2 1  As e xp l a i ned ea r l i e r , you may stay here and 

2 2  prov i d e  or l i s ten to forma l c omments , or you can g o  to 

2 3  the Nevada �oom and return here l a ter . We ' l l be here 

2 4  unt i l  9 : 0 0 . 

2 5  Chri s ,  d i d you - - d i d  anyone make a request 

2 6  to make c omme n t s ?  

S Y LVIA MENDEZ , COURT RE PORTER - ( 8 0 5 )  6 3 1 - 2 9 0 4  
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2 he - -

1 0  

MR . CHRI S VALENT INO : Mr . Rector menti oned 

3 THE COURT RE PORTER : I can ' t  h e a r  you , s i r .  

4 MR . CHR I S  VALENT INO : Mr . Rector s a i d  he may 

5 or may not make a c omment . Th at ' s  a l l  that we have 

6 r i ght now . 

7 MR . J I M  KI LLEN : Mike , d i d  you want to step 

8 f o rward and make y our comment? 

9 I f  you wou l d , i f  you ' d  s t ate you r fu l l  name 

1 0  and spe l l  your l a s t  name f o r  the recorder , p l e a s e . 

1 1  

1 2  

1 3  

MR . MI CHAE L RECTOR : I s  that on? 

I ' m M i ch a e l  R .  Rector of Bakers f i e l d . I ' m a 

groundwa ter res ources groundwater res ources 

14 consu l tant . A s  a hydroge o l o g i s t , I rev i ewed the report 

1 5  t o  see i f  the requ i rements re l at ive t o  the protect i on 

1 6  of  groundwater were ca rried out . I h ave j us t  two or 

17 three comments . 

1 8  I t  i s  my op i n i on that t h e  maps o r  graph i cs in 

19 the re port are l a c k i ng : in other words , I wou ld l i ke to 

2 0  see groundwater s t ructure , groundwater qua l i ty , water 

2 1  we l l  l o cat i ons , and mo nitoring we l l  l o cat i ons at l east 

2 2  on one map . I s aw no re ference to a spec i f i c  

2 3  groundwate r mo n i toring p l a n . I f e e l  that p o s s ibly the 

2 4  i n i t i a l  mo n i t o r i ng program should i n c l ude wel l s  to 

2 5  detect whether there i s  any o f f - s i te f l ow o f  product 

2 6  from the reservat i on .  Al s o , t o  v e r i fy on - s ite 

SY IA MENDE Z , CO 
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1 1  

1 groundwater qu al ity c o nd i t i o n s  near the noted prob lem 

2 areas , I t h i nk it ' s  very important to work with the 

3 down - s l ope people to determine what i s  natural and what 

4 i s  art i f i c i a l  wat e r  qua l ity . 

5 I d i d  t a ke a l o o k  at App end i x  G ,  wh i ch I feel 

6 sets f orth an i n -house adj usted po l i cy for your 

7 activ i t i e s  s everal years ago . And I t h i n k  that t h i s  

8 one quotat ion , " Groundwat e r  protect i on i s  a pr imary 

9 concern " ; yet , I - - a s  I p o i nted out , I found that th i s  

1 0  concern was not exh ibited . 

1 1  I wo uld l i ke to know what the st atus i s  at 

1 2  th i s  t ime o f  a mon itoring that was propos e d  s i x o r  

1 3  s even years ago . 

1 4  MR . J I M  KI LLEN : Okay . Tha n k  you , M i ke . 

1 5  Do any o f  our other guests c a re o r  p l an to 

1 6  make a comment ? I f  you do , you may s t ep f o rwa rd n ow 

1 7  and ident i fy your s e l f .  I f  you don ' t ,  I ' m going to 

1 8  ret i re from the pod ium for now . We ' l l wa i t  for other 

1 9  peop l e  to pos s ib l y  come , and we ' l l con t i nu e  to rece ive 

2 0  comments here , a s  I ind ica ted , through n in e  o ' c l o c k . 

2 1  Wh i l e  we wa it , you ' re inv i ted to , a s  I i nd i cated 

2 2  be fore , s t ep ac ross to the Nevada Room . 

2 3  M i ke , in  part icu l a r , your s e l f ,  may want to 

2 4  v i s i t w i th some o f  our groundwater peop l e  to d i s cu s s  a 

2 5  l i tt l e  b i t  some o f  the i s s ue s  you j us t  put on the 

2 6  record . Thank you . 
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( Whereup o n , a re cess was taken . )  

MR . JIM KI LLEN : Okay . I t ' s  n in e  o ' c l ock , 

1 2  

3 and a l l o f  our gue s t s  have l e ft . There we re n o  further 

4 comments , and s o  that wi l l  conc lude the p roceed ings 

5 ton ight . 

6 I ' d l ike to exp r e s s  my appre c i a t i o n  to a l l  

7 the E l k  H i l l s  peop l e  who came out and supported th i s  

8 e f fort . Thank you very mu ch . 

9 

1 0  

1 1  

1 2  

1 3  

1 4  
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1 7  
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2 5  

2 6  
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1 

2 

3 

4 

5 

STATE O F  CALI FORN I A  ) 
) S S e 

COUNTY OF KERN ) 

1 3  

6 I ,  Sylvia Mende z , a cert i f ied Shorthand 

7 Reporter f o r  the S tate o f  Ca l i forn i a , hereby cert i fy 

8 that I was pre sent and rep o rted in stenotypy a l l  the 

9 proceed ing s in the f oreg o i ng - ent it l ed matt e r ; and I 

1 0  further c e rt i fy that the f oreq o i nq i s  a fu l l , t rue , and 

1 1  correct sta tement o f  such proc eed i ng s  and a fu l l , true , 

1 2  and co rrect trans c r i pt o f  my s tenotype n o t e s  there o f  . 

1 3  

1 4  1 9 9 2 . 

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  

2 5  

2 6  

Dated at Bakers f i e l d , Ca l i f o rn i a , on July 9 ,  
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H.4 UST OF COMMENTORSIRFSPONDENTS 

This section provides a list of all DSEIS commentors. 

Argonne National Laboratory 
California Department of Food and Agriculture, 

Control and Eradication 
California Department of Water Resources 
California Energy Commission 
The Resources Agency of California 
California State Water Resources Control Board, 

Division of Clean Water Programs 
Kern County Fire Department 
Kern County Resource Management Agency, 

Environmental Health Services Department 
Kern County Water Agency 
Richard D. Olsen, Ph.D. 
Michael R. Rector, Inc. , Water Resources Consultant 
United States Department of the Interior 
United States Environmental Protection Agency, Region IX 

H.! PUBLIC HEARING COMMENTS AND DEPARTMENT · OF ENERGY 
RESPONSES 

Only one individual , Michael R. Rector, provided verbal comments at the June 24, 1992 public 
hearing. Following are Mr. Rector's three comments. The Department of Energy responses 
are shown in italics after each comment. 

1 .  "It is my opinion that the maps or graphics in the report are lacking; in other words, I 
would like to see groundwater structure, groundwater quality, water well locations, and 
monitoring well locations at least on one map. " 

Please refer to the responses to comments 6.a, 6.b, 6. c, 6. i, 6.k, 6. /, and 11. 0 in Section 
H.6. 

2. "I saw no reference to a specific groundwater monitoring plan. I feel that possibly the 
initial monitoring program should include wells to detect whether there is any off-site 
flow of product from the reservation. Also, to verify on-site groundwater quality 
conditions near the noted problem areas, I think it's very important to work with the 
down-slope people to determine what is natural and what is artificial water quality. " 

3. 

Please refer to the responses to comments 6.b, 6.c, 9.a, 9. d, and 11. a in Section H.6. 

"I would like to know what the status is at this time of a monitoring that was proposed 
6 or 7 years ago. " 

Please refer to the responses to comments ll.a and ll.b in Section H.6. 
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H.6 LETTERS FROM PUBLIC AGENCIES, INTERESTED INDIVIDUALS, AND • DEPARTMENT OF ENERGY RESPONSES 

• 

• 

Following are copies of all comment letters received from public agencies and interested 
individuals. Each comment letter has been assigned an individual number as follows: 

1 .  Argonne National Laboratory 
2. California Department of Food and Agriculture, Control and Eradication 
3. California Department of Water Resources 
4. California Energy Commission 
5. The Resources Agency of California 
6. California State Water Resources Control Board, 

Division of Clean Water Programs 
7. Kern County Fire Department 
8. Kern County Resource Management Agency, 

Environmental Health Services Department 
9 .  Kern County Water Agency 
10. Richard D. Olsen, Ph.D. 
1 1 .  Michael R .  Rector, Inc. , Water Resources Consultant 
12. United States Department of the Interior 
13. United States Environmental Protection Agency, Region IX 

Within each comment letter, each comment was bracketed and identified with the comment letter 
number and sequential lower case letter. For example, Argonne National Laboratory'S letter (1) 
had one comment, which has been identified as la. 

For EPA's comment letter (13) ,  the comments were grouped according to major impact area 
with the following upper case letter designation: 

G -- General 
N -- NEPA 
B -- BiodiversitylThreatened and Endangered Species 
H -- Hazardous MaterialslWaste 
W -- Water Resources 
A -- Air Quality 
o -- Operations 

Each EPA comment was bracketed and identified with the comment letter number 13 and 
applicable upper case letter and sequential number. For example, the first EPA NEPA comment 
is 13N- l .  

Immediately following each complete letter is a reduced version of the letter and the Department 
of Energy responses, numbered and lettered correspondingly and presented in a side-by-side 
format. All responses are maintained in the administrative records for the NPR-l FSEIS in the 
Technical Assurance Library, Naval Petroleum Reserves in California, 28590 Highway 119,  
Tupman, California . 
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ARGONN E  NATIONAL LABORATO RY 
9700 South Cass Avenue. Argonne. Illinois 60439 

Mr. lames C. Killen 
Technical Assurance Manager 
U.S. Depamnent of Energy 
Naval Petroleum Reserves in California 
P.O. Box 1 1  
Tupman, � 93276 

Dear Mr. Killen: 

July 20, 1 992 

TeJepnone: 7081252·3804 
Fax: 7081252·3847 

This letter is submitted by Argonne National Laboratory (ANL) as a comment to the Drat: 
Supplement to the 1979 Final Environmental Impact Statement, Petroleum Production at Maximum 
Efficient Rate, Naval Petroleum Reserve No. 1 (Elk Hills), Kern County, California, DOE/EIS· 
0 158, dated May 1 992. Specifically, ANL and ANL staff should not be listed as pre parers/ 
contributors of this draft supplemental environmental impact statement (DSEIS). 

1 .  

Section 8.0 states that this DSEIS was prepared by the U.S .  Depanment of Energy, Naval • Petroleum Reserves in California, based on a preliminary draft of the document (PDSEIS ) 
prepared by the Environmenta..l Assessment and Information S ciences Division of Argonne 
National Laboratory (ANL 1990). and review comments provided by the staffs of DOE-NPRC, 
Chevron U.S.A. Inc. (CUSA), Bechtel Petroleum Operations, Inc. (BPOI), EG&G Energy 
Measurements. Inc. (EG&GIEM), and Research Management Consultants, Inc. (RMCn. The 
project was managed by DOE·NPRC with coordination and technical assistance provided by 
RMCI. However, the: preparers/conttibutors table lists ANL staff as the specific authors of the 
technical and written material contained in the DSEIS. Other than DOE- NPRC management and 
suopcn s::.!'f listed in the table. the current DSEIS explicitly shows A.� authors tn be individually 
responsible for the material contained in the D�ElS. 

Section 1502. 1 7 ,  entitled List of Preparers, of the Council of Environmental Quality Regulations 
for Implementing the National Environmental Policy Act 40, CFR Pans 1 500- 1508 . states: 

"The environmental impact statement shall list the names, together with their 
qualifications (expertise, experience, professional diSciplines), of the persons who 
were primarily responsible for preparing the environmental impact statement or 
significant background papers, including basic components of the statement (§§ 1 502.6 and 1 502.8).  Where possible the persons who are responsible for a 
particular analysis, including analyses in background papers, shall be identified. 
Normally the list will not exceed two pages." 

Implicit in this statement is that the persons listed were prima:ily responSIble fOr preparing the text 
and technical material contained in the document, ' as issued. This is a disclosure standard and 
lllows the public and interested parties to identify the authors and sources of the basic components • 

Operated by The University of Chicago for The United States Department of Energy 
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Mr. J. Killen 
July 20, 1992 
Page 2 

and technical background materials included in the document. This is especially critical for an 
environmental impact statement which SelVes a regulatory purpose and whose authors can be called 
to provide expen testimony to defend the statemenL 

Upon submittal of the ANL 1990 PDSEIS, the DOE Naval Petroleum Reserve infonned ANL that I they will assume the responsibility for the preparation of the DSEIS and would consult with ANL. 
At that time, ANL infonned the DOE Naval Petroleum ReselVe of its position with regard to the 
List of Preparers. If ANL were to be listed as preparers, we must have the opponunity to review 
and concur on the analyses DOE presented in the DSEIS. This was especially true given the 
General Accounting Repon (GAO/RCED-91-129) that showed a disagreement between ANL and 
the DOE Naval Petroleum Reserve over certain technical findings contained in the 1990 PDSEIS. I After ANL submitted the 1990 PDSEIS, ANL staff and management were not consulted on the 
revisions nor provided the opponunity to review and concur before DOE issued the DSEIS to the 
public. The CEQ recognizes that individuals preparing materials that become a part of an EIS 18 
should be identified even if the agency modifies their contributions (Forry Most Asked Questions 
Concerning CEQ's National Environmental Policy Act Regulations). However, due to the maIeria1 
revisions made to the text. technical analyses, and conclusions in ANL's PDSEIS when compared 
to the final DSEIS issued by DOE, ANL feels listing ANL or ANL technical staff as preparers of 
the final document is not appropriate under the CEQ regulations. ANL personnel were not 
primarily responsible for the text and analyses contained in the final document. Consequently, 
ANL is asking all reference to ANL authorship be removed from the Draft and Final SEIS. 
Instead, the ANL prepared 1990 PDSEIS should be listed as a reference, as has been done for all 
other references, and cited, where appropriate, to suppon DOE's analyses . 

__________________ -J 
For Argonne National Laboratory, 

,� £2� 
".., H. Drucker 

Associate Laboratory Director 
Energy, Environmental and 
Biological Research 
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PETE WILSON, 0..-, 

DEPARTMENT OF FOOD AND AGRICU LTURE 

Control and Eradicat ion 
2 89 5  N .  Larkin , Suite A 
Fresno , CA 9 3 7 2 7  

" . s @' -" . .. . 

June 3 ,  1 9 9 2  

James C .  Kil l en 
Department of Energy 
Naval Petroleum Reserves in Cali fornia 
P . o .  Box 1 1  
Tupman , Cal i fornia 9 3 2 7 6  

Dear Mr . Kill en :  

I received a copy o f  the Department o f  Energy Dra ft Supplement to 
the 1 9 7 9  Final Environmental Impact Statement ( EIS ) for Naval 
Petroleum Reserve No . 1 ( Elk Hills ) . I appreciate the opportunity 
to review and comment on the dra ft supplement EIS for NPR-1 . 

Althouqh the document is extensive in its content . I feel the dra� 
would be more complete if a brief description of the CUrly Top 2a 
Virus Control Program ( CTVCP) was included . Because the CTVCP is 
not considered part of the Proposed Action , I am not certain as to 
the placement of such a description within the body of the draft . 
Future Non-Federal Actions ( 1 . 2 . 2 . 2 1 ) , Miscellaneous ( 1 . 2 . 2 . 2 2 )  or 
the CUmulative Impact Section ( 4 . 1 . 5 . 5 ) , are areas where. the CTVCP 
could be described . The exact placement can be best determined by 
DOE staf f  who are cl ose to the document . 

I f  the CTVCP is included in the supplement EIS , delays and 
confusion may be avoided if future amendments a re neces sary . 

I can certainly appreciate the time and e ffort necessary to produce 
a document of this size and complexity . If a dec is ion is made to 
include a brie f description o f  the CTVCP in the supplement EIS , 
I will be avai lable to provide you and your sta ff any additional 
information you may need . 

S incerely ,  

,��y /J eLl  
RodT(ey A .  Clark 
Assoc iate Economic Entomologist 
Curly Top Virus Control Program 
( 2 0 9 ) 4 4 5- 5 4 7 2  

cc Foote 
Gotan 
Peterson 
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STATf Of CAUfORNIA THE RESOURCES AGENCY PETE WILSON. Gooremo' 

DEPARTMENT OF WATER RESOURCES 
1416 NINTH STREET. P.O BOx 942836 •RAMENTO. CA 942�OOOI 

1 653·5791 

• 

• 

Mr . J ame s C .  Ki l l en 
Techn i c a l  A s s u r a n c e  Manager 
U . S . Department of Energy 
Post O f f i ce B o x  1 1  
Tupman , C a l i f o r n i a  9 3 2 7 6  

D e a r Mr . K i l l e n : 

Ju l y  7 ,  1 9 92 

As you a r e  aware , t he D epa rtme nt o f  Wat e r  Resou r c e s  ha s 
pur chased a t ra c t  o f  l a n d  a d j acent t o  the Nava l  P e t r o l e um Rese rve 
N o . 1 ( E l k  H i l l s ) . Th i s  l a n d  i s  be ing deve loped as a g round wat e r  
ban k i ng f a c i l i t y  o f  t h e  S t a t e  Wat e r  P r o j e c t  and i s  r e f e r r e d  t o  a s  
t he Kern F a n  E l emen� o f  t h e  Ke rn Wa t e r  Bank . W e  a r e  ve r y  
c o n c e rned about potent i a l  t h r e at s t o  ground wat e r  qua l i t y  o f  the 
KFE . The re f o r e , we we re p l e a se d  t o  note in our re v i e w  o f  t he 
D ra f t  Supp l eme nt a l  E I S  f o r  P e t r o l eum P roduct ion at t h e  Ma x imum 
E f f i c i ent Rat e  at E l k  H i l l s  t h a t  t he pot e nt i a l  f o r  g r ound wat e r  
degr adat ion a n d  o f f  s i t e  m i g r a t i o n  o f  poor qu a l i t y  g r ound wat e r  
wa s recog n i z e d  a n d  t ha t  �f f n r t s  t o  redu�e � h i � r i s k  a n d  t o  deve lop 
a g r ound wat e r  mon i t or i ng p I ug ram a re ullcl� r way . 

As a r e s u l t  c :  o u r  mut ua l c o n c e rn s  ove r p o t e n t i a l  g r ound 
wat e r  qua l i t y  p r ob l ems t hat could r e s u l t  f rom ope rat i on s  at 
Elk H i l l s , I p ropo s e  t hat we c o ope r a t e  in t he r e v i e w  of t h e  
prop o s e d  g round wat e r  mo n i t o r i ng p r ogram t o  be deve l o p e d  a n d  i n  
e va l uat ing p r opo s e d  r i s k  r e d u c � i o n  me a s u r e s . : n  � u rn , t he 3a 
D e pa r t ment w i l l  s h a r e  t he i n f o r ma t i o n  f rom t h e KFE g r ound wat e r  
mon i � oring p r o g r a m  and f r om o u r  s t u di e s  t h a t  � s  p e r t i n ent t o  your 
e f f o rt s . To i n i t i a � e  t h i s  p r o c e s s ,  we wo u l d l i k e �o r e c e i v e  
cop i e s  o f  t he a t t a ched l i s t  o f  mat e r i a l s  r e f e r e n c e d  i n  t he dra f t  
E : S  . 
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�= . ;ame s  : .  � � : : e n  
;'..l l y  - :. ? 9 2  
? a ge : ',;c., 

: �  � c u  �ave any �u e s � � : � s  : =  � � s n  � c  ci s c u s  ���s � 3 sue . 

; l e a s e  c a l l  �e a �  ( 9 1 6 1  � 5 3 - � � 3 3  : =  John F i e lce n a� 
( 9 1 6 )  -5 5 3 - ; 4 9 5 . 

At. t. acnment. 

c c : �r . John F ie lden 
Post. O f f i ce Box 9 4 2 8 3 6  

S in c e re l. y , 
. ., /j' /1 �' 

, .' ,,- / , // " "  /.- " ,  ----. -1" -,, , 1.1-' L-- , -- , "" ''' '  (,. ; .... ., ; 

�JaCk E r i c Kson , Chi e f  
Ke rn Wat e r B a n k  S e ct i o n  
D iv i s ion o f  P lanning 

Sac rame nt o ,  C a l i f o rnia 9 4 2 3 6 - 0 0 0 1 
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F i s hbur� . � .  : . •  : 9 9 C . Depa r:=e n :  = �  Ene r gy , Memo ranau= 
Nava l ? e � r = i e um Re s e rve s �� � a � i � = r � � a . F eD rua ry : � . 

Go l ae : .:_s s :: � � a � e s  : � ::: . ,  : 9 9 0 . : ; P F.- : :; rc'.:!: awat e r  �:::m � : : : �� :;:  ? :a:-. .  

McL emo r e . : 9 9 0 .  � ump ��:;: ·:: l. :..lme s a:. : �PR- : ,  :-lemo ran o'..l;-:-, 

Man a ge : .  : e cr:r: 1 c a l  As s u ran ce , _ .  _ .  J epa rtment : �  En e r gy , 

Cal i : o rn :. a . 
Ni cho l son , _ .  � . , 1 9 8 5 , P robab l e  Commun i c at i on betwe e n  Was t ewat e r  

D i s oo s a l  We l l s  and Tul are S o u r ce We l l s ,  int e ro f f i c e  memorandum to 

A .  ? a lme r , 3 e cht e l  P e t ro l eum Ope rat i o n s , I n c . , Nava l P e t r o l eum 
Re s e rve N o . : .  Tupman ,  Ca l i : o rn 1 a . 

N i ch o l s o n . � .  � . , � 9 8 9 ,  S ou r c e  o f  S u r f a c e  Seeps i n  S e ct: i ons 3 G ,  
4 G ,  ana 3 5 S , J ra f :  Repor: , 3 e cnt e l P e t ro l e um Op e rat 1 0 n s , I n c . , 
7�pman , : a l � : = r n � a  

Rems e n . " .  - . ,  : 9 9 0 , : � a r :. = i cat :.on o f  Uppe r a n d  Lowe r �:..l lare 
:ontac: , � P R - : ,  Elk H i l l s , C a l i f o rn 1 a , B e Cht e l  P e t ro l eum 
Ope rat: :. c n s , : nc . , Memo ranaum t o  F i l e , �upman , C a l i f or n 1 a  9 3 2 7 6  

S t u a r t: , : . , : 9 8 7 , A Rev1ew o f  Wa s t e  Wat e r  D i spo s a l  Ope rat ions at 
E l k  H i l l s . 3 e c ht e l P et ro l eum Ope rat i o n s , I nc . ,  Nava l P e t ro l eum 

Re s e rve No . ( E l k  :: :" l l s ) .  K e r n  Count y ,  C a l i f o r nJ. a ,  August: . 

Wa l d ron , : . ,  : 9 8 9 ,  :�evron . � .  3 .  A . , : nc . ,  Bak e r s f ie ld ,  
Cal i f orn :. a , l et t e r  :' 0  � .  E .  F i l l e y ,  Argonne N a t � on a l  �aboratory , 

Argon ne . : : l � no i s  . .  : a n . .. " _ ..J  • 

H-23 



4 
STATE OF CALIFORNIA THe RESOURCES AGENcY 

CALIFORNIA ENERGY COMMISSION 
� 1 6  NINTH STREET 

July 3 J ,  :9 9 2 

Mr . James C .  Killen 
Technical Assurance Manager 
U . S .  Deparemen� o f  Enerqy 
P . O .  Box 11 
Tupman , CA 9 3 27 6  

I.. : Co.aeDt. on the D.partm.nt o f  En.rgy ' .  DSBIS for the 
Naval P.trol.ua R ••• rv. No . 1 CBlk Hill s ) in 
K.rn county ( Sch . 9 2 0 64002 ) 

Dear Mr . Killen : 

Staff of the California Enerqy Commission ( Commiss ion ) have 
reviewed the Draft Suppl emen� to the 1979 Final Environmental 
Impact Statement ( DSEIS ) , " Petroleum Producti on at Maximum 
Efficient Rate , Naval Petroleum Reserve No . 1 ( Elk Hills ) , Kern 
County , Cal iforni a "  . Sta f f  bel ieves that the DSEIS does not 
provide essential informati on needed to assess all potentially 
siqni ficant environmental impacts , and does not provide adequate 
mitiqa�ion . our comments address the areas o f  b ioloqical , 
cultural , and paleontoloqical resources : and socioeconomics . 

1 .  

3 .  

4 .  

The DSEIS should prov ide estima�es o f  ind irec� impacts to 
plant and animal habitats due to construct ion and operation of 
oil development-related activities at NPR- 1 for the entire 
site over a 3 0 -year proj ect l i f e .  

Biol og ical mit igation measures should address a l l  speci;;l 
potentially impacted by development-related act ivities at - - �b 
NPR-:- 1 ,  

,
as well as provide for reveqetation and kit fox I mon1tor1nq . � 

OOE should provide additional information on reveqeution I efforeS to permit a real istic evaluation o f  the ef fectiveness 4c 
o f  this mitigation measure , and develop criteria for 
evaluatinq the successes or failures of future revegetation 
programs .  � -----, 
�o determine the rel ationship between o i l  devel ocment and kit I : ox popu�ation dynamics , DOE must use a rel i ab

-
le nethod t o  4d 

dist1nqu1sh o 11-aeveloped from non-devel oped lands . 

DOE should provide a comprehensive evaluat ion o f  �ortal ity t� 
glant kanqaroo rats , =lunt-nosed l eopard l izards , and other 4e 
l isted spec ies as a result o f  construct ion and -::perat 10n 
3ctivities at NPR- l . 
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Mr . James C .  Kil l en 
July 3 0 ,  1 9 9 2  
Page 2 

6 .  

7 .  

B .  

DOE should compensate for loss o f  plant and animal hab itat by I 
purchase or protection o f  endangered species habitat , and set �f 
land as ide in 

.
pe�etuity to ensure the long-term preservation : 

of those spec 1es 1mpacted . � 

DOE should include a contingency plan in the cul tural resourc� 
management plan , in the event of discovery o f  subsurface 
cultural resources . 

DOE should also develop a contingency plan in the event 
discovery of paleontological resources . 

9 .  The socioeconomic sect:":;r. should be updated to re flect c1.lrrentl 
conditions ( beyond 1 9 8 8 ) . The d iscuss ion o f  potential impact; I 
resulting from out-o f-county workers should be clari f ieQ : an;J4i 
a Qiscuss ion of potential impacts to local school enrollments 
should be aQded . 

Bioloqical ae.ource.-Backqroun4 Information 

The Naval Petroleum Reserve 1 ( NPR- 1 )  supports four federally 
endangered animals , one federally threatened plant , and one state 
threateneQ anima l . All but one of these species are endemic to the 
Southern San Joaquin Val ley and , for each o f  these , the maj or 
reason for population decl ine is habitat loss . cumul ative habitat 
disturbance due to past development at NPR- 1 is reported as 
approximately 6 , 5 4 6  acres . There has also been development-relateQ 
habitat disturbance at NPR-2 , which is adj acent to , and supports 
the same l i sted species as NPR-1 : however , fiqures for acreage 
disturbed on NPR-2 are not provided in this document . The proposed 
action to expand operations at NPR-l would result in an estimated 
loss of an additional 1 , 5 6 9  acres of known threatened and 
endangered species habitat over the next 3 0  years . The DSEIS d0fre 
not provide est imates of indirect impacts due to construction and 
operation o f  oil development-related activities at NPR-1 other than 
an estimate o f  6 , 7 8 0  acres that would be d i stu:w:bed by seismic 
surveys over a 3 0 -year proj ect l ife . 

Past mitigation measures for all impacts from development-relat�e 
act ivities at NPR- 1 have mainly cons isted of revegetation and kit 
fox population monitoring programs .  Although valuable , these types 4b 
of measures are not acceptable as mitigation for the �ype and , 
degree of impacts experienced by the development activities at � . 
NPR- l . 

__ I 

Biological ae.ources-Revegetation 

The document �eports that to date 1 . 6 8 9  acres o f  the 6 , 5 4 6  acres 
disturbed have been revegetated . However , �ore than hal f o f  the 
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�r . =ames C .  Kill en 
July 3 0 ,  1 9 9 2  
Page 3 

�evege�ation claimed ( 9 2 0  acres ) occurred naturally and was not a 
�esult of active mitiga�ion . The percent of ground and shr'\W covne 
( per acre covered ) and species divers ity achieved from the 
revegetation effort is not reported . Therefore , it is not possible C 
to evaluate the effec�iveness of this mitigation measure from the 
information given . DOE considers areas revegetated ( 1 , 68 9  acres 
as a credit to total areas disturbed by past act ivities ( 6 , 5 4 6  
acres ) . I n  the proposed action t o  expand development , DOE figures 
that of the 1 , 5 6 9  acres of habitat that will be d irectly disturbed 
by development-related activities , impacts to 1 , 0 4 5  acres will be 
off-set by reveqetation . If OOE haa not done s o  already . further I revegetation programs should estab l ish criteria for revegetation 4c 
success and provide for monit:ring the successes and failures . 

Biological Resources-Kit Foz Monitoring 

The DOE kit fox monitoring program has been in place on NPR- 1 s ince 
198 1 to determine the relationship between oil development and kit 
fox popul ation dynamics . This effort has documented drastic 
decl ines in the kit fox population on NPR- 1 over the duration of 
the study ( from 165 foxes in 1 9 8 1  to 19 foxes in 199 1 ) . The 
maj ority o f  the decline occurred in the foothills where development 
has been most intense .  Although several factors may have 
contributed to this 8 1- 8 8 \  decl ine , the effect o f  development is 
sti ll uncertain and lack of equivalent decl ines ( 4 3 -5 8 \ ) in flatter 
undeveloped areas and on NPR-2 where there is less development 
suggests that development is somewhat respons ible . Furthermore , 
reproductive success was lower in the developed areas than 
undeve loped areas from 19 8 2  to 1 9 8 5 . 

d 

Several studies have been conducted on NPR- 1 and NPR-2 in a:r1l 
attempt to determine differences in kit fox population dynamics in I' devel oped and undeveloped lands . However ,  the method used to , 
distinguish oil-developed from undeveloped l ands is not reported. I' Fol lowing a review of the l iterature we have determined that the 
criteria used ( 0- 15\ surface disturbance/ sq . mile as undeveloped i 
areas and 16-100\ surface disturbance/ sq . mile as developed areas ) I 
do not clearly distinguish between these land uses . Therefore , any 'r 
results from these studies cannot be used in the context intended . , d  The percent intervals are not equal and the potential impacts 
between the 16 percent end of the interval are s ignificantly 
different from those at the 100 percent end of the interval .  
Statistical evalua�ion would be greatly improved i f  actual areas of ! 
disturbance were reponed rather than using rat io or percent I 
values . I f  intervals , either actual areas or percent , are used II they should be of equal l ength and small enough intervals to 
characteri z e  expected impacts . cons ideration should also be q iven I to describing disturbance in terms o f  animal use areas , such as the 
amount o f  an animal ' s  home range . 
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Mr . James C .  Killen 
July 3 0 , 1 9 9 2  
Page 4 

Mitigation for the proposed proj ect provides for =ontinued 
monitoring of kit fox population dynamics and conduc�ion of pre
acti vi ty surveys to minimize impacts . Any further attempts to 
study kit fox population dynamics in relation to oil-developed vs . 
non-developed l ands must clearly identity the level ot development 
in the study areas and eliminate the effects of other land uses 4d 
such as agriculture and urban developments . We further recommend 
that past studies be re-analyzed using the new criteria , since a 
maj or obj ective of these studies was to test the effects of oil 
development on various aspects of kit fox ecology . 

Biological ae.ources-other Affected Specie. 

In regard to the other l i sted species on-s ite , mortality as a 
result of operation activities has been documented for giant 
kangaroo rats and blunt-nosed leopard l izards . However ,  a 
comprehensive evaluation of the e ffects of construction and 
operation activ ities at NPR- l on these and other listed animal and 
plant species is not provided in the DSEIS . 

Biological ae.ources-Concluding Co .. ent. 

Although the kit fox and revegetation proqrams that have occurred 
on NPR- l are notable , they are not in l ine with current mitigation 
practices common for all other devel opment activities occurring in 
the Southern S an Joaquin Val ley . Federal and state requirements 
have estab l i shed that the loss of habitat must be compensated by 

4e 

the purchase or protection of endangered species habitat . 
compensation ratios used in the S outhern S an Joaquin Valley have 
ranged from 3 -to-1 to 5-to- l for direct l os s  of hab itat known to 
support l isted species . Indirect or temporary disturbances to 
l isted species habitat have b .. n compensatecl at ratios ranging from 
1 . 1-to-1 to 3 -to- 1 . Compensation can be accomp l ished by dedicating 
surface lands not under development on NPR-l or NPR-2 or by 4f 
purchasing nearby lands known to support the same l isted species 
being impacted by activities on NPR- l .  Such lands have already 
been identi t ied through threatened and endangered species planning 
efforts in the Southern S an Joaquin Valley and include the Buena 
Vista Val l ey and the Lokern Natural Area , both adj acent to NPR- l .  
Chevron owns most lands in the Lokern Natural Area and is the 
primary producer at NPR- l .  

Land must be se<c as ide in perpetuity to ensure the l onq term 
preserva<cion of those spec ies impac<ced . Further , an endowment fund 
mus<c be establ ished for the purpos e  of long term land managemen:: i 
Endowments should be managed by a land management agency such � 
The Nature conservancy . 
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July 3 0 ,  1 9 9 2  

Page 5 

� 
Revege�ation efforts should con�inue but be appl ied as mitigation I 

to l ands temporarily disturbed by developmen� ac� ivi�ies and no� 
considered as a measure to off-se� loss of habitat . The kit fox 
program could be used to monitor the population , but again , ShOU�d f 
not be done in l i eu of habitat compensation . Additionally , these 
studies must utilize a more realistic def inition o f  o il -developed 
and undevel oped l ands to make an effective comparison o f  these land 
uses . 

CUltural Re.ources 

The Draft supplement iden�ifies that s ignificant f inds of cultural 
resources are unl ikely , and tha� a cultural resource managemen� 
plan is under developmen� in cooperation with the Cal ifornia Sta�e 
Historic Preservation Office . However ,  the description of that 
plan in the DSEIS does not identify whether a contingency plan is 
being developed as part of the management plan in the event of the 
discovery of subsurface resources . Such a contingency plan acts to 
minimize delays in the event of such f inds , and it is recommended 
that one be included in the management plan . 

paleoDtoloqical aesource. 

While surveys have not indica�ed the presence o f  siqnif ica� 
paleontoloqical resources , the DSEIS does note that s iqnifican� I 
resources have been iden�ified in nearby areas . It is recommend�d 4h 
that a continqency plan , s imilar to that recommended above for 
cultural resources , be developed for previously undiscovered 
subsurface paieon�ological resources . 

socioecoDoaics 

Most of the data developed for the socioeconomic section cove� 
only the period ending in 1986-88 . Because socioeconomic data i� I 
often hiqhly dependent upon the general state o f  the economy , and I 
because conditions have changed in the four to seven years since I 
this data was developed , it is recommended that the socioeconomic 
section be updated to reflect current conditions . In addition , it 
is recommended that the discussion of poten�ial impacts resultinq 4., 
from in-miqration of out-of-county workers be clarif ied .  On p .  
4 . 1 . 8  - 1 , sec�ion 4 .  1 . 8 ,  second paragraph it is sta�ed that " Fourth , 
most temporary construction workers on the s ite would l ikely come 
from ou�s ide Kern county . . .  " . In section 4 . 1 . 8 . 2 ,  same page , it is 
stated t.hat " Al though ?o�en�ial increases up to 3 0\ o f  t.he 
temporary work force might be real ized , ::lost workers would come 
from local communities . . .  " .  Are the same workers being discussed 
in both sec�ions ? 
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Mr . James C .  Killen 
July 3 0 ,  1992 
Paqe 6 

The socioeconomic impac� section does no� discuss the po�en�ia� 
impacts to schools which miqht result from the proposed proj ect . 
Such a discuss ion , based on updated capacity and enrollment fiqures 
should include the potential effects resultinq from out-of-county 
workers brinqinq their famil ies with them . Commission staff has r! "' 
ob.erved that s iqnificant impacts can result to local school 
districts and schools from even small increases in school 
enrollment . Aqreements with individual districts coverinq non- : 
reimbursable expenses resultinq from enrollment o f  children ; 
associated with out-of-county workers are a recommended form of I 
mitiqation for such impacts . � 
In conclusion , commission sta f f  believes that the DSElS does not 
adequately address several potentially s iqn i f icant environmental 
and socioeconomic issues , and doe. not provide adequate mitiqation 
measures to reduce or eliminate the expected impacts . We recommend 
that the Final SElS incorporate these comments to adequately 
analyze all proj ect impacts and consider all feasible mitiqation 
measures . 

We appreciate the opportunity to comment on this proj ect . I f  you 
have any questions reqardinq any of our comments or would l ike 
assistance addressinq our concerns , please contact Lorri Gervais at 
( 9 16 ) 6 54 - 3 9 4 4 . 

c c : Christine Kinne 
State Clearinqhouse 

S incerely , 

:2�'U:,L 
Robert L .  Therkelsen , Deputy Director for 
Energy Facil ities S itinq and 

Environmental Protection 
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J u l y  1 7 , 1 9 9 2  

u .  S .  Dep a r�ment o f  Energy 
Nava l Petro l eum Res e rves i n  Ca l i fornia 
ATTN : James C .  K i l l en 

Techn i ca l  Assurance Manager 
P. O .  Box 11 
Tupma n , CA 9 3 2 7 6  

Dear Mr , K i l l e n : 

• ' ' ' · : ,. ; ' I I I I I ' j · : . • • .  d. r 1"· .... I I I 1 ! . . ... 

The S t a t e  has � ev i ewed the Dra f t  Suppl ement t o  the 1 9 7 9  
Env i ronme nta l I mp a ct S t ateme n t  ( DOE/ EI S - 0 1 5 8 ) , Petrol eum 
Produc t i o n  a t  Max imum E f f i c i en t  Rate N ava l Petrol eum Reserve No . 
1 ( El k  H i l l s )  Kern County , submitted through the O f f i c e  o f  
P l a n n i ng and Research . 

We c o o rd i nated rev iew o f  this document with the Central 
Va l l ey Reg i on a l  Water Qua l ity Control Board ; Pub l i c  Ut i l i t i es , 
a nd S tate La nds C omm i s s ions ; a nd the Deoa rtments o f  Conserva t ion , 
F i s h  and Game , H e a l t h  S e rv i c e s , Transport a t i on , and Water 
Resource s ,  

The S t ate Wa t e r  Res ourc e s  Cont rol Board stated that they are 
curre nt l y  work i ng w i th you on t h i s  proj ect . We have n o  further 
comme nts a t  th i s  t ime . 

Tha n k  you f o r  prov i d i ng an opportun ity to rev i ew this 
pro j e c t. . 

f o r  

S i ncere l y , 

Y!/J�_� 
Carol h'hi tes ide 
A s s i s t ant S ecreta ry , 
I nt e rgove rnmental Re l a t i on s  

cc : O f f i c e  o f  Pl a n n i ng and Resea rch 
1 4 0 0  Tenth S t reet 
S a c rame nto , CA 9 5 8 1 4  

S CH 9 2 0 6 4 0 0 2 ) 
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SiATE OF CALIFORNIA 
STATE WATER R ES O U R CES CONTR OL BOARD 
DIVISION O F  CLEAN WATER P R O G RAMS 

6 

• ::)1 .1 T STREET. SUITE 1 3:1 
I> 0 SOX 94.l.2 1 :  
S�CR�M EI-;TC. :::� 9424':'·2 � ::J 

• 
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( 9 1 6 )  739-2728 
FAX : ( 9 1 6 )  739-2300 

Mr . Jame s K i 1 l en 
Department of E nergy 
Nav a l  Petro l eum R e s er v e s  � n  C a l i forn i a  
P . O . Box 1 1  
Tupman , CA 93276 

Dear Mr . K i l l en :  

1 am prov i d i n g  rev i ew comments by S tate Water Resources Contro l Board s t aff on 
the " Draft Supp l ement to the 1 979 F i na l  E n v i ronment a l  I mpact Statement , 
P etro l eum Product i on a t  Max i mum E ff i c i ent Rate , Nava l P etro i eum Reserve No . � ( E l k  H i l l s ) , Kern County , C a l i forn i a "  dated May 1992 . These comments were 
coord i n ated w i th J o h n  Noonan . Centra l V a l l ey Reg i on , and are s ubmi tted as  part 
of the S tate of C a l i f orn i a ' s ( State ) part i c i pat i on in the Agreement i n  
P r i nc i p l e  betwe e n  the Departmen t  of E nergy and the S tate . 

If you have q u e s t i on s  regard i n g  the e n c l o s ed comments or w i s h  to d i s c u s s  them 
i n  more deta i l ,  p l e a s e  : e l ephone me a t  ( 9 1 6 )  739-2728 or Les l i e L audon at  
( 91 6 )  7 3 9 - 3 31 3 .  

S i ncere l y ,  

�dams , J r . , �i ef 
Remed i at i on U n i t  
D i spos a l  Sect i on 

Enc l o sure 

c c :  E d  B a l l ard 
DOE / SAN 
1 333 Broaawa v 
Oak l and , C� · 9 �61 2 

John N o o n a n  
C a l i f orn i a  Rea i on a ; � a t e �  � � a i i � �  : ::: ntr: l 3 0 a r c  
F re s n o  Brancn

-
O f f : :e 

3614 E a s t  � s h l a n � � e n � e  
� r e s n o  . : .; 
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Mr . � ames K i l l en 

Garv Butner-
Env; ronmen ta l Manaaement Sranct 
Deoartment cf Hea l t� Serv i ces 601 North 7th  Street 
S acramento , CA 94234-i 320 

L i nda Fu l l er 
R esources Agency 1416  9th Street 
Sacramento , CA 95814 

-2- • 

• 

• 
H-32 



• 

• 

• 

S�a�e o f  C a l i : orn i a  

M E M 0 R A N  D U M 

.,.,,,,, . _ ... . John ;'.dans 
DOE ? �cgran �anage� 

.J . ---..,:;" ���) 

:>ate : :ilL : -
_ _  _ 

Fro� : 
A s s o c i a t e  Eng ine e r i n g  G e o l o g i s t  
STATE WATER RESOURCES CONTROL BOARD 
DIVI S I ON OF CLEAN WATER PROGRAMS 

S u b j ec� : REVI EW COMMENTS , DRAFT SUP PLEMENT TO THE 1 9 7 9  F INAL 
ENV I RONMENT.=-.L : :1PAC:' STATEMENT , PETROLEt� FRODt.:CTION ;.T 
MAXI!1UM E F F I C I ENT RATE , NAVAL P ETROLEUM RES ERVE NO . 1  ( ELK 

HILLS ) , KEP� COUNTY , CALI FORNIA , MAY 1 9 9 2  

I n  accordance w ith �he Agr e ement i n  Princ i p l e  ( Al P ) betwee n  the 
Depar��en� of Ene rgy ( DO E )  and the State of Ca l i : orn i �  ( S tate ) , = 
reviewed the abovemen� i oned E I S  to a s s is �  in the eva luation o f  
add i � i ona l DOE S l� e s  f or p o � en� i a l  i n c l u s i o n  i n  �he A I P  program . 
:'h i s  memo p r e s e n � s  my c omme n�s o n  the E I S  . 

GENERAL COMMENTS 

The E I S  d o e s  no� provide any wa�er qua l i �y data �o suppor� �he 
aenera l i z a � : cns �ha� �he a r ound water beneath �he s i�e is of Door qua l : �y , and is no� : ik e ly b e i ng impacted by s i t e  activi� ies .

· 

There d o e s  no� appea� �o be a ny data ava i l a b l e  f �oi.l o n s i te 6a 
�o n : �o r i ng we l l s t o  e s � a b l i s h  the ground wate� f l ow reg ime and 
qua l i �y beneath the s ite . Maps provided i n  � h e  E ! S  depict ing the 
ground Na�er sur f a c e  e l eva t i on do not s how any i�f orma � i o n  f or 
the tla vy s i �e . 

The d i s po s a l prac� i c e s  f or produced wa�er wh i ch i s  o f  poor 
qua l i�y show a l ack of concern f or p o � e nt i a l  d eg r adat i o n  of 
around wa�er qu a l i �y . 7h i s  c ou ld be a ma j o r conce�n f or the Ke�n 
wa � e �  Bank ( KWB ) due � o  �he p ro x im i �y of the wa�er tank � o  the 
Nava l ? e � r o l eum R e s e rve ' s  ( N PR l d i scos a l  Donds . The r e  is no� 
s u f : i = : E �t i n f o r�a t i e n  r eg a r d i ng �h� geoh�dro l egy = f  the N P R  area 
- 0 " � o ""- ; n e " 'n e� - o "'- - "' e  c "" oc' u cec' " a� e "'- C' l' sco s a " � - "' -- " -es a ...-e--.J � a e  _ _ _  ... ... . ft � .. .  "- • • - - _ .o J.  • - .... "- ... _ .J.. � _ 1..6 """ _ _ _  _ 
: mpac� : ng t. n e  r, .... B '�'a�er , 

6b 

-----. : t  : 5  �y � nde r 5 � � nd i ng t � a t  t � e  Reg l o na l �a � e r  : u a l :ty C en�r c l  I 3 0 a r ::  ' Reo : c l"'.a l ;';a � e r  S o a �= �  : 3  ;.;ork i na ;.; i th O: ::e �;av'/ ': ::l  eva l'.1a�e 6c 
t r. e  ::: :-ound · ... a t e r  :: i..! a l :" 0: ':' .=. nc :: ::' oN c end i t : c n s  .:;. ': t :: e  S i t a , �he� 
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--, 
Reg : = n a l �a�e� Eoa�= : s  r.o� c onv i n c e d  tha� �is�c� : =  and =�rren� 

I 

opera � i ng �rcced�res and �as �ewat e r  d i s po s a l �rac� : ces are not 
i�pac� i ng �s a b l e  gr ound w a t e r . The ground wat er e va l uat : c n w i : :  I 
i nvo l ';e g e n e r a � i ng data : r om ans i � e  we l : s  �o d eter=.ine ·.;nether i6c 
water qua l i ty h a s  been a dver s e l y  i�pa cted by activities at the ! 
s ite . Appa r ent l y , �he eva l u a t i on was i n i t i a l l y  proposed by the 
Navy , but they have been s low i n  i n i t i ating the study . � 
SPECIFIC COMMENTS 

p .  xxv i i  - ---I 
reaard ino the Tu l are F o rmat i o n  "This water is o f  
po o r qua i i ty w ith n o  known benef i c ia l  �ses except a s  
wa terf l ood s ource water . The NPR- l Tulare Forma t i o n  
h a s  b e e n  des i g nated a s  a n  EPA C l a s s  2 exempt 
aqu i f er . . .  " 

I I 
I I ! I I 

The �eoa rt�en t  c :  C onserva t i o n , D i v i s i o n  o f  O i l  and Gas ( CDOG ) 

6d has the auth o r i ty and respons i b i l ity to regu late C l a s s  : r  we l ls 
used for i n j e c t i o n  o f  f lu i ds generated from o i l  a nd gas 
produc t i o n . The CDOG and State Water Resources Contro l Board 
( State Water B o a rd ) est a b l i shed a Memorandum o f  Agreement ( MOA ) 
f or prote c � i on o f  the ben e f i c i a l  uses of the waters o f  the State . 
The Sta�e Water B o a rd does not des ignate waterf l ood s ource wat�r 
a s a bene f i c i a l  use . Use o f  th i s  t ermi n o l ogy throughout the EIS 
i mp l i e s  that wa t e r : l oo d  s ource water i s  a des ignated bene f ic i a l  
u s e  i n  the Water Qua l i ty Control B a s i n  P l a n  ( Ba s l n  ? l an ) prepared 
by tje Reg l c n a l  �at e r  B o a rd . 

� - -p .  _ .  � . " . . .  a c i d i c  c o n d i t i o n s w i th i n  the boreho l e
. 

wou ld � 
e xoected t o  reduce v l rtua l l v  a l l  o f  the Cr � to Cr'3 l 
·.;hi c :1  i s  the l e s s  ha z ardous

' 
state . " lee 

AC l d i c  c o n d i t i o n s  w i l l  n o t  necess a r i l y  a s sure the redu c t i o n  o f  II C :1 r O� lum . A r ed u c : :1g a g e n t  �ust be pres ent a nd a c ids a re not 
n e c e s s a r i l y  reduc i ng agents . � 

� . .:. . .: - 5  
. . ----"I 

" "rh e  S t a t e  o f  C a l l f orn l a  req u i res remed i a l  action t. o I 
remove hexava l e n t.  chrom ium f rom the s o i l  whenever I 
t.he c o n c e n tr a t. i o n exceeds the S t ate c f  C a l i f orn i a  I 
s o l u b l e  thr e s n o l d  l lrnlt concentra t i on ( ST�C ) o f  5 I 
;n U : i g rams / l i t er . "  �f 

2 0 n c e :1 � r 3 t i c n s  c �  �et. a l s  i �  s o i l i n  e xces s 0 :  the ST�C �oes no t. I I 3 U C �  : :  t h e  c c n c e n t r 3 � : o n  = =  
The r e a r e  �any = t h e r  : 3 c � = r s  

a nd r equ l r es that. i t  =e �anaged a s  
a �e t 3 1 : n  s o i l  e x c ee d s i t s  S7LC . 
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John Adams 

p .  : . : - ;  

- 3 -

" Chrc=:u= �es�s i �  �he ha z a r j c u s  �a s � e  �rench area 
of ��e : 7 R  �as�e �anag emen� � a c i l i�y i�di ca�ed �ha� 
c hr c= i�� l eve l £  :� �h i s  area r a ng e d  : rc� : 9  � o  � : O 
� i l l i ;rams ; k i l cg r a� which i s  be l o� �he S7�: c �  5 6 0  
m i l l ig rams / k i l og r a� . " 

The STLC i s  m e asured i n  m i l l i grams / l iter ( mg / L ) . Thi s  p o int may 
need s ome c l a r i f i c a t i on . There are two STLCs f or chrom ium , the 5 
mg / L  STLC d i s cu s s ed above i s  f or cr+6 , the 5 6 0  mg / L  STLC is f or 
t ot a l  Cr and / or cr·3 compounds . It must be a ss umed that the 
chromium d i s cu s s ed i n  the h a z a rdous waste t r e n c h  area is not 
Cr� . 

p .  5 - 1  UNAVO I DABLE ADVERSE IMPACTS 
• I nadvertent r e l ease of o i l - f ie l d  chemica l s  that 
are not e nt i r e l y  recovered o n  a t ime ly bas i s  cou l d , 
over a period o f  � ime , migrate i�to a nd degrade 
g roundwater aqu i f ers . 

Th i s  imp a ct cou ld be avo ided by good chem i ca l management 
pra c t i c e s  a nd t ime l y  remed i a t ion of i nadvertent r e le a s e s . 

P = - ,  . - - uNAVC : DABLE ADVERS E I MPACTS 
• I f  �he program to recy c l e  produced �ater f or u s e  
a s  �ater f l ood w a t e r  does not e l i m in a t e  t h e  n e e d  to 
d i sp o s e  of produced water i nto the Tu lare Format ion , 
then �here i s  a p os s ib i l ity �hat such �astewater 
cou ld degrade u s a b l e  o f f s i te groundwater . The 
proposed a c � i o n  inc ludes �he imp l ementa t i on o f  a 
Ground�ater Protection Management Program that w i l l  
address the potent ia l r iSKS � o  o f f - s �te groundwater 
r e s cu r c e s  �hat �ay resu l t  f rom a l l  �PR- : operations . 

6i 

I f  the program � o  recy c l e  pr oduced water d o e s  not e l iminate the 
need for d i s po s a l  of produ ced water , other opt ions inc lud i ng 
tre atment p r i o r  � c  d i sp os a l  s hou l d  be examined . I t  shou ld not be 
a s sumed tha t  c o n t i nued degrad a t i on of �ater qua l i ty : s  �he o n l y  : 
other opt i o n , par� i c u l a r l:· i f  ��e water be i ng degraded i s  u s a bl e I 
o f f s i �e wat er . � 
p .  D - 4 , 5 S e c t i o n  D . : . : . : : ones o f  S atura t ed G r ound�ater 

Grou ndwa t e r  is typ l c a l l y � e f erred to as �he s atura ted = cne . 
Sa tura�ed grouna�a �er �ou l d  s eem t o  be a redundan� � e rm �xcep� 
�hat ��e n e xt sec� : = n  : 3  � i � l ed " :ones c� C n s a turated 
Ground�a t e r ·' . �h : s  i s  a c c n � � s inq u s e  c �  t e rms . J : f : er e n� 

6j 

� l � l es f o r �he s e c � i c � s  � : g r. �  p rov l d e  = e t � e r  c e s c r : p � : c ns o f  ���=. e==== 
sec� i on / s content s . �:ume r c u s  ref erences a r e  c lt e d  a s  prov l d l ni-
grcund�a t e r  s u r � � = e  e l e va t : o n  data � c r  t h e  a r e a . A p p a ren� l ;  6k 
� h e s e  s ou r c e s  c o  � = t  � 3 v e  3 ny =ata rea a r = : � q  t � e  � r = � r.c�a t e r  
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John Adams - 4 -

5ur : ace e l eva � :. :: :-. =enea-c:: -:::e N?R s i<;e because "::: i s  :":: f :::n.a1; i :::n 
:' 5  �01; prov ided o n  ? i g�r = : . � - 3 . �he d i s cu s s l on :" n  -:::is s ec': i.on 16k does no': prov i d e  enoug:: : :: t o r�a -c i o n  �o : ::1;er ; r e �  ':::e 
geonydr:: los::' . 

p .  :;-; S ec� i o n  J . 3 . J . :  Wa�er Chemistry 

This section provides genera l descriptions of the g roundwater 
chemi stry but does not pre s e n t  any data . Ref erence is made to 
vari ous water qua l i ":y s�ud i e s  a nd maps ; i t  m ight be helpful to 61 
orovide a map o f  the TDS d istr ibut ion throughout the system . It is s tated o n  p .  D-9 tha-c a r e l a t i onship may exist between o i l 
f i e l d  wa stewater d i spo s a l  p r a c� ices and groundwat e r  qua l i ty .  
W i thout data . i t  i s  d i f f i c u l t  t o  eva luate whether such a 
r e l at ions h i p  ex is�s . 

p .  J - l �  . . .  ":Ohe s e  :'!CLs a r e  enf orcea b l e  Federa l S t a ndards 
that are a l s o  a pp l i ca b l e  to remed i a l  a c � : on 
a l terna<; ives a t  h a z ardous and toxic was-ce s i tes . " 

I 
I 

16m 
MCLs are e n f orcea b l e  standards f or treated d r i n k i n g  �ater ; they I mav a l s o  be enf orce a b l e standards f or remed i a l  a c t i o ns . Other 
regu l ations a nd p o l i c ie s  o f  f edera l ,  state . a nd l oca l agencies I mUS 1;  a l s o  be c o n s i d e re d  t o  determ i n e  appropr iate s�andards for I 
remed i a l  a c � : ons . � 
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lK1E1RN COUNTY 
IFIIRJE D1EJPAIRTMI1ENT 

7 
FIRE CHIEF 

THOMAS P. McCARTHY 

ADMINISTRATIVE DEF'UTY CHIEF 

SCHUYLER T. WALLACE • YlctDrll • ...rwfleld, CA Aa • T ......... llOI' .. 1.zs77 • 'AXllOl'l ... 2815 OF'ERA TIONS DEF'UTY CHIEFS 

DANIEL G. CLARK 

CHARLES E. DOWDY 

CHARLES � VALENZUELA 

• 

Mr. James C. Killen 
Technical Assurance Manager 
U.S. Depanment of Energy 
P.O. Box 1 1  
Tupman, CA 93276 

Dear Mr. Killen: 

May 27, 1992 

ADMIN ISTRATIVE 

SERVICES OFFICER 

MICHAEL R. PARKER 

In regards to the Depanment of Energy draft supplement to the 1979 Final Enviroment 
Impact Statement, "Petroleum Production at maximum efficient rate, Naval Petroleum 
Reserve No. 1 (Elk Hills), Kern County, CAt! (DOE j EIS - 0158, May 1992) there is a 
correction that needs to be made under Fire Protection. The document states "1be Taft 
Substation of the Kern County Fire Depanment has four trucks capable of fighting oil 7a 
fires, ... " this is not correct. Our Taft Substation (Station 21) only has one engine for fighting 
oil fires. We also have a patrol for fighting grass fires. It should also be noted that we haVj 
an engine available at our Fellows Substation (Station 23) capable of fighting oil fires within 
your 25 minute response times. 

Thank-you for allowing us to review your update. If you have any questions or I can be of 
assistance please contact me. 

TPMjSGjcb 

cc: William Larsen, PADS 

Sincere ly, 

THOMAS P. MCCARTHY 

��� 
Steve Gage 
Fire Marshal 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! Pr 0 'e C , IfI f} T 1'1 e Go 10 e fI £ m PI re � 
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RESOURCE MANAGEMENT AGENCY 8 

RANDALL L. ABBOTT 
DIRECTOR 

DAVID PRICE III 
.�S1ST ANT DIRECTOR 

E1MrOIII'IIenral Nail" SmIIces OeDermwnr 
STEVE McCALLEY. REHS. DIRECTOR 

"',r PoilurlOn ConrrOl OIslncr 
WlLl.lAM J. RODDY. APCO 

?lann,fICI cit O ___ r :.m..c.. DeoartTMnI 
TEO J"MES. "ICP. DIRECTOR 

ENVIRONMENTAL HEALTH SERVICES DEPARTMENT 

June 19, 1992 

James C. Killen, Technical Assurance Manager 
U. S. Depanment of Energy 
P. O. Box 1 1  
Tupman. CA 93276 

SUBJECf: Draft Supplement to the 1979 Final Environmental 
Impact Statement. Naval Petroleum Reserve No. 1 

Dear Mr. Killen: 

This Depanment welcomes the opponunity to review this document as the Local 
Enforcement Agency (LEA) for the California Integrated Waste Management Board. We 
have the following comments. 

1 .  Submit a list of all sanitary (nonhazardous) landfills on the Naval petrOleu� 
Reserve. This list should include site legal description. type of waste received, and Be 
approximate date of inactivation. 

Submit closure plans for all inacnve and abandoned sanitary landfills on site accord-""lSb 
ing the procedure required in Title 14 of the California Code of Regulations. � 

If you have any questions. please contact Smith Efada at (805) 861-3636. Extension 522. 

SE:jrw 
. >wlelaa.a \/Ipr I 

2:'00 "W' STREET. �UlTE 300 

Sincerely. 

William O'Rullian. R.E.H.S. 
Environmental Health SpeCIalist IV 
Solid Waste Program 

BAKERSFIELD . CAUFORNlA 93301 
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::hrec[ors : 

Fred L. Stann 
Divilion I 

T em' R.opn 
OivillDn Z 

)ohn L. Will .. 
DIvIsion 3 

Michael Radon 
OiVlIIDn .. 

Adrienne I. Mathew, 

DIvIsion 5 
Henrv C. Garnett 

Preucient 

Divilion 0 
w. T. Balch 

Divlllon i 

Thomas N. Clark 
General M:ana�r 

John F. StovaH 
General Counsel 

\laJitnl! Addrus. 
? O. Box 3 :  

;):licenfleid. C .. \ 9 : : : : ·�2�5 
:;hone : 6�5 :3� : . : ::: 

August 4. 1992 

James C. Killen 
Technical Assurance Manager 
U .S .  Depanment of Energy 
Naval Petroleum Reserves in California 
P.O. Box 1 1  
Tupman. CA 93276 

RE: DRAFr ENVIRONMENTAL I MPACT NAVAL PETROLEUM 
RESERVE NO. 1 ELK HILLS 

Dear Mr. Killen: 

The Agency has reviewed the " Draft Supplemental EIS for Petroleum Production 
at Maximum Efficient Rate Naval Petroleum Reserve No. 1 (Elk Hills) Kern 
County. California" . The Agency appreciates the opportunity to respond to this 
document. Due to the proximity of large scale. beneficial. ground water 
recharge and extraction projects to the east of historic and proposed produced 
water injection sites (Tulare Fonnation). it is crucial to bener characterize the 
hydrogeology of the interface between the northeast tlank of Elk H ills and the 
younger alluvial sediments to the east. 

The Kern County Water Agency concurs with the Environmental Impact 
Statement ( EIS) mitigation factor recognizing the eminent need for a ground 
water monitoring project in the northeast portion of the Naval Petroleum Reserve 
(NPR ) .  Given the Department of Water Resources ( DWR) development ot:la 
ground water monitoring network: within and peripheral to the Kern Fan Element 9 
(KFE) of the Kern Water Bank (KWB). it would be beneficial to all concerned . a 
parties to coordinate the development of NPR ground water monitoring projects I with the effortS of the DWR. 

Existing water chemistry data and water level mcasuremenlS in conjunction with I ground water model ing, being conducted by the DWR and KCW A. in the 
northeast portion of the NPR suggests the potential for recent faulting along the 
northeast tlank ot Elk H ills.  While a fault at Ulese shallow aepths might I 
heneticially Impede movement or poor quai ity water trom Elk H ills toward the 19b 
�lSt It could also generate earthquakes . These eartnquaices could result from I 
natural stresses of the continued deformation of Elk H ills or mduced stress due 
to extraction and water tlooding Within me NPR. :\ relatively large magnitude 
�:uthqualce alOng the northeast rlank of Elk H ills couid be detrimental to DWR 

H-39 



lames C .  Killen 
Page 2 
August 4. 1992 

and KCWA well fields in the western portion of the KFE. the West Kern Water District well field and 
the California Aqueduct. It is important that the KCW A. as well as the DWR. bener understand the 
potential for earthquakes associated with the Elk Hills structure. Section 3 . 1 .1.5. on seismicity. notes 
that no active faults have been identitied within the boundary of the s ite. H owever. the search method 
used for active fault identification and the criteria for constituting an active fault was not presented. 
Figure 3 . 1 -4. Generalized Geologic Map of the NPR- I Area. suggests Faults 1 to 4 extend to ground 
surface. Fault 4 is close to the area where large contrasts in water quality and depths occur over a very 
shon distance suggesting these faults may represent ground water flow barriers. 

In Appendix 0, page 0-4. 0.3.2. it is DOted that the KCWA identities two principal water bearing units 
in the San Joaquin Valley, the unconfined and confined aquifers . These units are also identified by the 
U.S.  Geologic Survey (USGS) and the DWR. However. the Agency 's interpretation is only based to a 
certain degree on these previous studies. The Agency suggests a more complicated system of an 
uncontined aquifer and potentially more than one semi-contined aquifer. based upon ongoing modeling. 
geological and geochemistry studies in conjunction with the DWR. In this same section the base of a 
confined aquifer is premised on the 2000 ppm TDS water qUality. Confined aquifers are based on 
hydraulic constraints (top and bottom) not water quality demarcations. except in fresh water lenses where 
the base is constrained by a large contrasts in density between the fresb water and lower sea water. 

In conclusion. the Agency recommends a joint review between concerned Agencies of existing 
geophysical and geological data for the nonheast flank of Elk Hills. Such a review may resolve sballow 
faulting in this area and various hydrogeological parameters of the aquifer system. Additionally. this 

• 

9b 

9c 

review would assist DOE. Betchel . CUSA. DWR and KCW A geologists involved with the 9d • characterization of the structural and stratigraphic relationships adjacent to Elk H ills. The KCWA and 
DWR Geologists are especially interested in the area adjacent to Elk H ills from South Coles Levee to the 
Tule Elk Reserve. This review should be a prereqaisite to development of a ground water monitoring 
network in this area. 

Should you have any questiOns with respect to the Agency 's comments. please contact KeMeth Turner. 
Tom Haslebacher or Rick Iger of the Agency staff. 

Sincerely, 

--- Darrell K. Sorenson I 

I / 
-", � 

Special Projects & Da� Manager 
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.j u l y 2 5 , : 9 9 2  

M r  . .j ame s C .  Ki l l en ,  � e c hn l c a l As s ur a n c e  Mana g e r  
U . S .  D e p a r �men� = f  Ene r g y  
Nava l P e t r o l e um R e s e r v e s  l �  C a l i f o rn 1 a 
P . O .  B o x  1 1  
Tupman , C a  9 3 2 7 6 

Dear Mr . Ki l l  en : 

1 0  

The f o l l o w i ng c ommen t s  a r e  o f f e r e d  f o r  t he D r a f t  Supp l ement t o  t he 
F i n a l Env i r onmen t a l  I mpa c �  S t a t ement ( DOE / E I S - 0 1 S 8 ) whi c h  was 
r e l e a s e d  f o r pub l i c  c ommen t  b y  the u . s .  D e p a r tment of E n e r g y  i n  May 
1 9 9 2 . I r es p ec t i ve l y  r eque s t  t ha t  t hes e c ommen t s  b e  i nc l uded i n  
t he p ub l i c  a n d  a g e n c y  c omment s e c t i on o f  the F i n a l S upp l emen t a l 
Env i r onmen t a l  I mp a c t  S t a t ement . 

Whi l e  an emp l o y ee o f  Argonne N a t i on a l  L a b o r a t o r y , I w a s  t he P r o j e c t  
L e a d e r  f o r  p r e p a r a t 1 0n b y  Arg onne s t a f f  o f  a p r e l imi n a r y  d r a f t  
Supp l ement t o  the 1 9 7 9  Env i r onment a l  I mp a c t  S t a t emen t c ov e r i ng 
o p e r a t i on o f  t h e  N a v a l P e t r o l eum Res e r v e . Tha t p r e l imi n a r y  d r a f t  
document w a s  p re s e n t ed t o  t h e  u . s .  D ep a r tmen t o f  En e r g y  i n  J un e  
1 99 0 . I h a d  n o  i nv o l v ement w i th r ev i s i on a n d  modi f i c a t i on o f  that 
p r e l imi n a r y  d r a f t d o c ument and p r epa r a t i on of t h e  D r a f t  Supp l ement 
t o  t he 1 9 7 9  Env 1 r onmen t a l  I mpact S t at ement by t he u . s .  Department 
of En e rg y  and t he Depar tment ' s  c o n t r a c t o r s  a t  the N av a l  P et r o l eum 
R es e rv e . S ub s t ant i a l  edi t o r i a l  and t e chni c a l  chang e s  w e r e  made t o  
the p r e l imi n a r y  d r a f t  do c umen t  dur i n g  i t s  c onve r s i o n t o  t he D r a f t  
S upp l ement t o  the 1 9 7 9  Env i r o nmen t a l  I mpa c t  S t a t ement . I t  i s  
t he r e f o r e  i napp r o p r 1 a t e  and i n c o r r e c t  t o  show o r  imp l y  my 
i nv o l v ement as P r o J e c t  L e ad e r  f o r  t h e  c ur r en t  d o c ument as i s  d one 
I n  S e c t 1 0n S . l  of t ha t  d o c umen t . 

I the r e f o r e  d emand t ha t  my name n o t  be l i s t ed i n  : he F i n� 
Env 1 r onment a l  Imp a c t  S t a t ement as P r o J e c t  L e ader , n o r  t ha t  i t  b e  \1 
imp l i ed o r  i n f e r r e d  i n  the F i na l  Env i r o nmen t a l  I mp a c t  S t a t ement 
that ! had i nv o l v eme nt in p r e p a r a t i on of t he d o c ument in any o t h e r  j 
c a p a c i t y  t ha n  as P r o J e c t  L e a d e r  f o r p r e p a r a t i on o f  t he p r e l imi na r y  

: 

d r a f  t p r o v i d e d  t o  the U . S .  Depar tment o f  Ene r g y  l n  J un e  1 9 90 . 
B e c a us e  o f  t h e  s ub s t ant 1 a l  edi t o r 1 a l  and t e c hni c a l  r e V 1 S 1 0ns and 108 
modi f i c a t i ons t o  the J un e  1 9 9 0 p r e l im1 n a r y  d r a f t by t he u . S .  
D ep a r tment o f  Ener g y , t he a c t u a l  P r o j e c t  L e ad e r  and t e chni c a l  s t a f f  
who p r ep a r e d  the D ra f t  S upp l ement t o  t he 1 9 7 9 Env 1 r o nmen t a l  I mpa c t  I S t a t ement ( i . e . , s t a f f o f  t he u . S . D e p a r tmen t o f  Ene r g y  and t he 
D ep a r tment ' s  c on t r a c t o r s  at : he N av a l  P e t r o l e um R e s e r v e ) s h ou l d  b e  
l i s � e d r a t h e r  t han my name and t h o s e  o f  A g r onne N a t l o na i � ab o r a t o � � I 
s � a f f . � 
� hank y o u  f e r t h e  o p p o r � �n l � Y  � o  c omme n �  e n  t h e D r a f t  S upp l ement � o  
: he : 9 � 9  Env l r o nmen� a l : mpa c t  s t a t emen � . 
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S i n c e r e l y ,  

Ri c h a r d  D .  O l s en ,  Ph . D .  

1 3 0 1 0  SW H an s o n  R o a d  
Beaver t on , O r eg on 9 7 0 0 5  
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1 1  
MICHAEL R. RECTOR, I NC. 

Water Resources Consultant 

1 415 18th Street. Suite 708 
Bakersfield. CA 93301 8051322-8206 �'c Chemical Monitoring 

logy and Hydrology 
gricu ltural Drainage 

Water Use Eval uation 
G roundwater Qual ity 
Water Supply 

• 

• 

Mr. James C. Killen 
U . S .  Depanment of Energy 
Technical Assurance Manager 
P.O. Box 1 1  
Tupman. California 93276 

Dear Mr. Killen: 

July 8. 1 992 

As a follow-up to the comments I entered into the record at the Public Hearing on the NPR- l 
Draft Supplemental Environmental Impact Statement (DSEIS) on June 24. 1 992, I would like 
to submit these additional comments on the DSEIS.  I have one general comment and several 
suggestions relating to the document text .  

On page 5 -2 of Appendix G (NPRC FY 1989 - 1 995 Long Range Plan) i t  is  stated th� 
"Groundwater protection is a primary concern in water quality management . "  On page 5-6 , 
of Appendix G a groundwater monitoring project is referenced . " DOE Order 5400. 1 
( 1 1 14/88) calls for a groundwater monitoring program for groundwater that i s  or could be , 
affected by DOE activities. " " A  plan must be completed by 5/9/90. "  What i s  the current . 
status of this plan? 

In reviewing the DSEIS I noted a shonage of maps detailing NPR- l groundwater structure. 
groundwater quality . water well locations . and locations of existing groundwater monitoring 
wells.  Although a draft monitoring plan has addressed the need to investigate several 11 18 
suspected probJ�m ::1reas. d�tail5 of the propos�'d eV2 1 11;.tion project were no! mentioned in  
th is  document. 

I t is  my ieeling that the "big picture" has not yet been painted . A re Elk Hills activities 
affecting groundwater quality of down-slope water used by others? 

In order to determine if groundwater has been contaminated . the characteristics of native 
water must be detined and direction of groundwater :n ovement m u st be established. 
Speci rics on proposed actions to accum ulate these da:a \\ ere not m entioned in the DSEIS . 
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My comments on the DSEIS text are as follows: 

1 .  

2 .  

3 .  

4 .  

5 .  

6. 

7 .  

8. 

9 .  

----r 
Page 3 . 1 -4 .  I suggest that you delete the last line of the last paragraph . The 11 1 b 
California Aqueduct is not a part of geology . ---1 

-

Page 3 . 4-6. I suggest that you delete the word "potable" from the second line of the 11 1 c 
last paragraph. Aquifers are not identitied by water quality that is drinkable. --.J 
Page 3.4-8.  The first paragraph states that, "The thickness of the confined aqUi§]er 
is variable and has been defined as extending from the base of the E-Clay to the base 

1 1 d of fresh water . . .  " .  The base of fresh water should not limit the lower limit of the 
confined aquifer. a stratigraphic unit. 

Page 3 .4-8 . In the last line of the fourth paragraph, you refer to the San Joaq� 1 1  Water District. I have never heard of a district with that title. -.-l e 

Page 3.4- 1 1 .  A statement should be included in the second paragraph that composi� 
well structures also provide inflow from the unconfined aquifer into the confined 1 1f 
aquifer. 

Page 3.4- 1 1 .  In the fifth paragraph it is stated that water quality of the confin� 
aquifer is normally better than that of the unconfined. This is not always true on the 1 1 g 
west side of the Sar. Joaq:Jin Valley. 

Page 3 . 4� 1 1 .  In the la�t sentence o� the last paragraph native salinity should be not�1 1 h 
as a pOSSible source ot eastward migrating groundwater. � 
Page 3 . 4- 1 2 .  In  the fifth sentence o f  the third paragraph I suggest you delete the'l 1 1 i 
parenthetical " (high quality water) " .  Confined water is not always high quality. � 
Page 3.4- 1 2 .  In the first sentence of the last paragraph .  I suggest you delete the'l 1 1 j 
word " saturated" .  Groundwater is saturated . -.J 

APPENDIX D 

10.  

1 1 . 

1 2 .  

Page 0-3 . In  the second paragraph I have the same comment a s  given for comment j1 1 k 
4 .  

Page 0-3 . In the third paragraph I would like to point out that crop irrigati0nl1 1 1 
recharge exceeds natural inti ltration from the Kern River by a 5 :  1 ratio. � 
Page 0-4 . My detinition or the conrined aquiier in the southern San Joaquin Valley 111 1  is that portion of the Tulare Formation that underlies the Corcoran Clay . 

m 
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• 1 3 .  

14 .  

15 .  

16. 

17.  

1 8 .  

1 9 .  

20. 

Page D-4 . I suggest you delete the word " Saturated" from the subtitle for D.3.3 . 1 .  1
1 1 n 

(See comment #9) . --.J 
Page D-5 . Can you provide a map for the location of water supply well 6 1WS-8�1 1 0 

Page D-5 _ In the third sentence of the founh paragraph. delete the word " saturate<!" 1 1 1  
(see comment #9). p 

Page 0-5 . Can you provide a map of the 20 data points used by Rector to constrUctJ
1 1  

elevation surfaces of undifferentiated Tulare Zone groundwater? -.-l Q 
Page 0-5 . I suggest you delete the word saturated from the third sentence of �1 1 r 
second full paragraph . -.J 
Page 0-5 . In the sixth paragraph. Kern River is not the greatest source 0fl1 1  S 
groundwater recharge in the valley (See comment # 1 1 ) .  --.J 
Page 0-7. In the 0 . 3 . 3 .2 Subtitle and following text I suggest you delete the wordSl 1 1 t 
" saturated " and "unsaturated" when referring to groundwater. -.J 
Page 0- 16.  With reference to paragraph 2 ,  groundwater underlying alluvial soils �1 1  
NPR- l is not usually considered to be " high quality" . -.J U 

• APPENDIX G 

• 

2 1 .  Page 5-7 . The recommendations In the second paragraph are too limited .  A definite 
time schedule and budget should be established for work to be performed by 
designated qualified people; the highest priority should be to identify native 
groundwater conditions. Initial monitOring should include down-slope NPR- l 
property boundaries and might include cooperative activities with adjacent land 
owners. 

1 thank you for the opportunity to comment on your Draft Supplemental EIS . If you would 
like to discuss any of my comments further I can be reached at (805)322-8206. 

Sincerely , 

Michael R .  Rector 
Registered Geologist ;;78 
REA #646 

H-45 

1 v 



ER9 2 / 4 4 3  

UNITED STATES 
DEPARTMENT OF 1HE INTERIOR 

omCE OF mE SECRETARY 
Office of EDviroDmCDtal Affairs 
600 Harrison Street. Suite 515 

Sao Fraocisco, CaJiforoia 94107-1376 

Mr .  James C .  Kil len 
Technical Assurance Manaqer 
U . S .  Department of Enerqy 
Naval Petroleum Reserves in Cal i fornia 
r .  o .  Bo:·: 1 1  
Tupman , CA 9 3 2 7 6  

Dear Mr . Kil len : 

July 16 , 1992 

The Department of the Interior has reviewed the Draft 
Supplemental Environmental Impact Statement for the Petroleum 
Production at Maximum Efficient Rate Nava l Petroleum Reserve No . 
1 ( Elk Hills) , Kern County , Cal ifornia and has no comments . 

Thank you for the opportunity to review this document . 

1 2  

Sincerely , '-�l 
�' " \ 

Patricia Sanderson Port • .  

Reqiona l Environmenta l O f f i� 

cc : Director , OEA (w/oriq . incominq) 
State Director , BLM , Sacramento 
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�#,P "'4��# 
,. ft \ UNITED STATES ENVIRONMENTAL PROTECfION AGENCY 
{ S i REGION IX 
'\':;�:::' 7S Hawthorne Street 

San Francisco, CA 94105 
July 3 0 ,  1 9 9 2  

James C .  Killen , Technical Assurance Manager , 
U . S .  Department of Energy 
Naval Petro leum Reserves in Ca l ifornia 
P . o .  Box 1 1  

Tupman , CA 9 3 2 7 6  

Dear Mr . Ki l len : 

1 3  

The Environmental Protect ion Agency ( EPA) has reviewed the 
Supplemental Draft Environmenta l  Impact Statement ( SDEI S )  for the 
proposed operations entitled Petroleum Production at Maximum 
Efficient Rate , Naval Petroleum Re.erve NO . 1 ( Elk Bills ) , Kern 
County , California . Our review is provided pursuant to the 
Nat iona l Environmenta l Pol icy Act ( NEPA ) , Counci l  on 
Environmental Qua l ity ( CEQ ) regulations ( 4 0 CFR Parts 1 5 0 0 - 1 508 ) , 
and Section 3 09 of the Clean Air Act . 

The Department of Energy ( DOE ) has been directed by Public 
Law 9 4 - 2 5 8  ( Nava l Petroleum Reserves Product ion Act of 19 7 6 )  to 
cont inue operating Nava l Petro leum Reserve No . 1 at the Maximum 
Eff iciency Rate (MER) , which is def ined as "the maximum rate that 
optimizes ult imate hydrocarbon recovery and economic 
return . . .  cons istent with • • •  a l l  • • •  laws and regulations , including 
federal ,  state , and local laws pertaining to the environment . "  
Within that context , and because of dec l ining product ion rates , 
the DOE is proposing to enhance the recovery of hydrocarbon 
reserves by expanding operations within NPR-1 . This expans ion 
would invo lve dri l l ing additiona l we l ls for production as wel l  as 
for inj ection ; construct ing and operat ing compress ion and 
processing fac i lities ; expanding waterf lood operations ; 
construction and operation of a 4 2  megawatt cogeneration 
fac i l ity ; construction and operation of a butane isomerization 
fac i l ity ; construction and operation of a 1 4 8  well , 5 0 0  acre , 6 2 5  

mill ion BTU/ hour steamf lood proj ect ; construct ion and operation 
of faci l ities to increase gas compress ion capa b i l ities by 
approximately 4 6 , 2 5 0  horsepower ; and would include " activities to 
permit third parties to construct , operate and ma �ntai n pipeline 
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proj ects , geophys ical surveys , and other proj ects/ act ivities on 
NPR- l lands . "  

In addition to the Proposed Action ( identified as the 
preferred alternat ive ) , the DSEIS discusses two alternatives : " No 
Act ion" ( Alternative 1 )  and a "Modi fied Proposed Action ll 
( Alternative 2 ) . No Action would essentially preclude further 
development at NPR- l ,  but would continue production of oil and 
gas at a natura l ly declining rate . The Modif ied Proposed Action 113G- l 
el iminates the gas process ing , steam inj ection , and cogeneration ! 
proj ect aspects of the proposed action . It is uncertain whether ; 
Alternative 2 would meet " legislated MER requirements . 1I DOE is J undertaking studies to determine the feasibil ity of carrying this 
alternative forward . 

From a NEPA perspective , there are several instances in the� 
DSEIS in which outdated information is referred to , especially in II the Air Qual ity section . In addition , in discuss ing the Proposed 
Action , the document often implies that certa in environmental 
protect ion programs are linked only to that a lternative . For I example , on page 4 . 1 . 5 -3 , the document speaks of the Wildlife 
Management Plan as providing benefits to the proposed action 
whereas the Plan is not mentioned by name in the d iscussions of 
the other alternatives . While this may s imply be a product of 3G-2 
the organization of the document , it is misleading to suggest 
that such p lans are connected to the proposed action . Further , 
it is not clear in the DSEIS that there is an actual need for the 
proj ect . Given that the " lega l "  requirement to produce NPR- l at 

• 

the MER was based on " cold war" perspectives that may no longer • be applicable and that mil itary programs are actively and 
substant ially be ing reduced , the purpose and need for the proj ect 
should be re-evaluated and presented clearly in the FSEIS . 

From the environmental and related technical information 
provided in the DSEIS , it appears that in some instances there 
may be actual confl icts between operating at the MER 
( implementing the preferred alternat ive ) and adherence to 
environmental laws such as compliance with the conformity 
provisions of the Clean Air Act ( CAA ) and in terms of comp lying 
with the provis ions of the Endangered Species Act . In addition , 13G-3 EPA is very concerned with the large amount of fresh water that 
would be required to support enhanced recovery of hydrocarbon 
resources ; with the potential for additiona l groundwater 
contaminat ion ; with the ma j or increase in surface disturbance 
that would take place ; with the increase in the generation of 
hazardous wastes ; and with the rapidly declining biodiversity and 
carrying capacity of the Reserve . Our speci f ic concerns are 
di scus sed further in the attached comments . 

As a result of our review , we have ass igned the Proposed 
Act ion ( Preferred Alternat ive ) a rating of EO-2 , Environmental 
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Obj ections - Insu f f i c ient Information . Whi le the No Act ion 
Alternat ive appears to be the environmenta l ly preferable 
alternative at th is point , we do have several concerns with that 
alternative as deta iled in the attached comments . Because of 
those concerns , we have rated No Act ion ( Alternat ive 1 )  as EC-2 , 
Environmental Concerns - Insuff icient Informat io n .  These 
ratinqs are further def ined in the attached " Summary of the EPA 
Rating system , " also attached . The l imited inf ormation ava i lable r 
and uncertainties surroundinq the spec i f ic scope of the Modif ied 3G-4 Proposed Action (Alternative 2 )  does not provide a appropriate 
bas is for ratinq that alternative at thi s  time . 

Given that the DSEI S has not , in our opinion , clearly :l 
def ined the true need for increased production specif ica l ly from 
Elk H i l ls , we suqqest that DOE cons ider a fourth course of 
action . We recommend that a subsequent a lternative (Alternative I 3 )  be developed to include provis ions of the No Act ion I alternative for the near term and provisions of the Preferred ' 
Alternative for the future . The alternative should / would : 

* Place production in correlat ion with need ; 

* Immediately allow for enhanced and accelerated restoration 
of the existinq Reserve ( such as ful ly implement inq the 
drainaqe rec lamation proqram referred to on paqe 4 . 1 . 4 - 1  and 
providinq additional resources into s ite and roadway 
reclamation ) ;  

* Al low f or less near-term expans ion and the act ivities 
related to such expans ion , thereby providinq undisturbed 
habitat f or enhanced spec ies recovery ; 

* Minimi ze water usaqe durinq the current extended drouqht ; 

* Minimi ze aquifer drawdown and provide a resp ite from 
wastewater inj ection ; 

I 
, I I I I 
�3G-5 

* Ensure that the activities which wou ld be undertaken on I 
the faci l ity will be in compliance with the conformity \ provis ion of the new CAA , and ; I 
* Provide time to undertake needed maintenance of aqinq J equ�pment and replace marqina l machinery with state of art 
equ�pment . 

We apprec iate the opportunity to review your DSEIS . Please 
send three copies of the F inal SEIS to th is off ice at the same 
time it is o f f i c ially fi led with our Washinqton , D . C .  off ice . 
Meanwh i le , should you have questions or wish to arranqe a meeting 
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to discuss any o f  the issues raised in our review , please con�ac� 
Dr . Jacquel ine Wy land , Chief , Office o f  Federal Act ivities at 
( 4 l 5 ) 7 4 4 - l 5 8 4  or have your staff contac� Dav id Farre l at ( 4 l 5 ) 

7 4 4 - l 5 7 4 . 

O O l 6 2 6 CL . DF 

Enclosures ( 2 )  

S incerely , 
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Wieman , Director 
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SUMMARY Of RATING DEfINITIONS AND fOLLOW-UP ACTION 
Enyirpmnental Impact of the Action 

LO-Laclc of Obiections 

The EPA review has not identified any potential environmenlal impacts requll'Ulg sublWltive changes to the proposal. 
The review may have disclosed opportunities for application oi mitigation meuures that could be accomplished with no 
more than minor changes to the proposal. 

EC-Environmental Concerns 

1M EPA review baa idaICWed enviroMlClll&al impacu that ahoukl be avoided in order to fully pTOlOCt the environment. 
Correc&ive meuura may nquirc cbanpi lO the preierrod altcmatiw or applic:a&ion of miciplion meuura that can reduce 
the environmental impact. EPA would like 10 worlc with the lead agency 10 reduce these impacts. 

EO-EnVironmental Objections 
The EPA review baa identified significant environmcnl&1 impacts that must be avoided in order 10 provide adequate 

protection for the environment. Corrective meuura may require subatantial changes 10 the preferred altemative or 
considerauon of acme other project alternative (including the no action alternative or a new alternative). EPA intalda 10 
worle with the lead agency to reduce these impacu. 

EY-Environmentally UnytisfaCl9D' 

1M EPA review baa identified adverae environmental impacts that are of suffICient magnitude that they are 
unsatisfactory from the IW\dpoint of envU'Onmental quality, public heal&h or welfare. EPA intends 10 worle with the lead 
agency 10 reduce these impacu. If the potential unsatisfactory impacts are not corrected at the f&n&l EIS stage, this propoaal 
will be recommend for referral 10 the COWICii on Environmental Quality (CEQ). 

Adeguac:y of the Impact Statement 
Category \ -Adequate 

EPA believes the draft EIS adequately sets forth the environmenlal impacUs) of the preierred alternative and those of 
the alternativea reaaonably available to the project or action. No further analysis or data collection is necessary, but the 
rcvlewer may suggest the addition of clarifying language or informatIOn. 

Category 2-Insufficient Infonnltlon 
The draft EIS does not con&ain sufficient information for EPA to fully UICQ environmental impacu that should be 

avoided in order to fully protecl the environment. or the EPA reviewer baa idencificd new reuonably available alternatives 
that are within the spec:uum of alternatives analyzed in the draft EIS. which could reduce the envU'Onmental impacu of the 
action. The identified additional information. data. analyses. or discuuion should be included in the ftnal EIS. 

Category )-lnadeoUlte 

EPA does not believe that the draft EIS adequately UHUeI poccntially significant environmental impacts of the action. 

or the EPA reviewer baa idcnlifted new, reaaonably available alternatives that are OUtiide of the spectrum of altcmatives 
analyzed in the draft EIS. which should be analyzed in order to reduce the poccntially significant envU'Onmental impacts. 
EPA believes that the identified additional information. data. analyaea. or discussions are of such a magnitude that they 
should have full public revtew at a draft stlgc. EPA does not believe that the draft EIS is adequate ior the purpoaea of the 
NEPA andlor Section 309 review. and thus should be iormally reviled and made available ior public comment tn a 
supplemental or reviled draft EIS. On the bUll of the powltial significant impactS involved. this proposal could be a 
candidate for reierral to the CEQ. 

-From: EPA Manual 1640. ' Policy :md Procedurea ior the Rcview of Federal Actions Impacung thc Environment. ·  
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EPA COlOlDTS ON THE DRAFT SUPPLEHBN'1'AL EHVIRONHEN'I'AL IMPACT 

STATEKBHT FOR PETROLEUM PRODUCTION AT HAXLKUM EFFICIENT RATE ,  

NAVAL PETROLEUM RESERVE NO . 1 ( ELK HILLS ) , KERN COUNTY , 

CALIFORNIA 0 0 1 6 2 6SD . DF 

xx The first sentence in the Summary of the DSEIS states that
� 

" ( t ) his document provides an analysis of the potential 
environmental impacts associated with continued operation 
(highlight added ) of NPR- 1 as authorized by Public Law 9 4 - 2 5 8 , 
the Naval Petroleum Reserves Production Act of 1 9 7 6  (Act ) . "  
While this may be an accurate statement from the perspective of 
persons familiar with operations at NPR-1 , the proposed ac�ion 
( preferred alternative ) actually includes several new and rather 
extens ive undertakings such as drill ing numerous new wells , 
construction of a co-generation plant , and imp lementation of 
enhanced recovery techniques , to mention a few . We recommend 
that for purposes of clarity the initial text be modif ied to 
ref lect that the document actually provides an analys is of 
continuinq production of oil and gas reserves at the maximum 
eff icient rate ( MER) in accord with Public Law 9 4 - 2 5 8  ( the 
proposed action ) , and an analys is of alternatives to the proposed 13N-1 action , which also involve continued operations at NPR- 1 but at 
varyinq rates of production . The theme of this introduction 

• 

should then be reflected throughout the document to avoid • confusion as to what constitutes operations in terms of the 
proposed action ( preferred alternative ) and operations in terms 
of no act ion and alternative 2 .  

This confus ion is also evident on page 4 . 1 . 4 -2 wherein the DSEIS 
titles section 4 . 1 . 4 . 2 . 1  " Impacts from Continuation of Current 
Oil and Gas Activit ies " and states that " this section addresses 
the impacts of the proposed action . • •  " It is our understanding 
that continuation of current oil and gas activities is more in 
line with the description of the no action alternative s ince the 
no action alternative would , by def inition , continue production 
without additional deve lopment and without maj or modi f ications to 
current operations . 

XXX For purposes of clarity , we recommend that the statementl 
wh ich attempts to compare areas of habitat disturbance between 
alternatives be re-worded as fol lows : 

" Implementation of Alternative 1 ,  no action , would disturb 
approximate ly 7 4 1  acres o� habitat on a�d o f f  NPR- 1 over �he ! 13N-2 next 3 0  years . In compar�son to no act�on , the pref erred 
alternative wou ld increase habitat disturbance by 8 2 8  acres , 
Alternative 2 would increase hab itat disturbance by 3 7 8  
acres , and both the proposed action and Alternative 2 would 
increase ' other areas of s ignif icant impacts ' accordingly . " ! --I 
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l '1'&))1. 8-1 , " summary of Impacts and Mitiqation for Each Maj or 
Impact Area of the Proposed Action , "  presents a very qood 
overview of the proposed action , however , the column entitled 
" Favorable Impacts /Mitiqation Proqrams " is misleadinq . The 
presentation impl ies that the " Favorable Impact s / Mitiqation 
Proqrams" are actual ly linked to implementation of the proposed 
action ( preferred alternative ) .  We assume , however , that many of 
the proqrams are onqoinq or have no relation to implementation of 
any specific a lternative . This should be made clear in the 
FSEI S . 

The DSEIS often compares the proposed action with an action that 
has taken place in the past or u.es the proposed action as a 
basis for comparinq other alternatives . For example , under 
Impact Area 2 (Waste ) , the document compares the proposed 
dri l l inq proqram with the past proqram , statinq that the proposed 
proqram would be s iqnificantly smaller . Thi s  i s  also in evidence 
on paqe 4 . 1 . 2 -1 wherein the DSEIS states that "the proposed 
action would sharply reduce wel l-drill inq activity • . •  and the 
volume of spent drillinq f luids requirinq disposal . "  This infers 
that implementinq the proposed action is the key in reducinq the 
level of activity in the f ield • . •  which is not true in comparison 
with the no action alternative . Such compari sons are also 
presented on paqes 4 . 1 . 4 -2 and 4 . 1 . 4 - 1 1 . Discuss ions should not 
compare past activities with the proposed action , but should 
consistently compare the relative impacts and merits of the 
alternatives with no action as the base for comparison . This 
would qive the reader a clearer picture of the extent of 
activities beinq proposed under each alternative • 

Also in Table S-l , in the impacts discussion of Item 9 ,  the text 
compares the dri l l inq proqram of the proposed action with that 
which took place in the past rather than comparinq proposed 
activities with the no action a lternative . This could qive the 
false impres sion that the proposed action is favorable because it 
reduces hazardous operations on NPR-1 . In actuality ,  
implementinq the proposed action would not reduce hazardous 
operations on NPR-1 and would , in fact , increase such operations 
in comparison to the appropriate baseline . 

P 1-3 The three year extension of Public Law 9 4 - 2 58 qranted in 
April of 1 9 9 1  was based on " economic and military preparedness 
criteria . "  In clarifyinq the rationale for the true need for the 
resources at this tim. we recommend that the FEIS discuss whether 

13N-3 

13N-4 

13N-5 

or not the latest developments in world-wide pol itics and 13N-6 mil itary strateqies have been cons idered and whether the 
siqnif icant reductions in our military f orces have been factored , 
into the deci s ion to extend extraction o f  petro leum resources at 1 
MER . This discussion should be included in the purpose and need i '  
section of the FSEIS . � 

2 
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P 1-12 Under the heading " Summary of Proposed Action" the l 
DSEIS discusses two " scenarios " :  the "maintenance case" - which 
assumes that production would continue on NPR-1 without 
additional development ; and the " full development case" - which I 
assumes additiona l development and app lication of recovery I 
techniques . Inasmuch as the DSEIS def ines the No Action i Alternative ( 1 )  as that alternative which "provides for the ! 
continued production of NPR- 1 by operating and maintaining 
existing wel l s  and facilities , but without • • •  further 
development • • •  " ( page 2 - 1 ) , and on page 2 - 13 defines the Proposed 
Action as the Preferred Alternative , it is unclear how the 
proposed action ' s "maintenance case" differs from the no action 
alternative , and whether the Preferred Alternative is actually 
the " full development case" s cenario discussed as being but one 
" scenario" of the proposed action . 4 0  CFR 1502 . 1 4 specif ies that 
an EIS present the alternatives " in a comparative form , thus 
sharply def ining the issues and providing a clear basis for 
choice among options by the decis ionmaker and the publ ic . " The 
manner in wh ich the preferred alternative , no action alternative , 
and the proposed action are presented in this document does not 
provide suff i cient clarity to accommodate the requirements of 4 0  
CFR 1502 . 14 .  We recommend that the document b e  reformatted as 
previously suggested to more clearly identify the proposed action 
( and preferred alternative ) as " full development" and the no 
action alternative ( to be used as the bas is for comparing all 
alternatives ) as the "maintenance case . " If our understanding of 
the maintenance case" is correct , it should not be l inked to 
discuss ion of the proposed action/preferred alternative . 

P 4 . 1 . 2 -7 The DSEIS lists a number of "mitigation activities " 
which " focus on remediating impacts associated with past and 
current operations . "  Its stated that the activities are included 
in the Long Range Plan and the proposed action . The FSEIS should 
clarify whether these mitigations would be implemented if the 
proposed action was not the selected action . In addition , 
referring to the statement on page 4 . 1 . 2 -6 , wherein it is 
indicated that "proposed fac i lity developments would undergo 
future proj ect-specific environmental analyses which would 
address additional mitigation measures • • .  " it is unclear whether 
each "mitigation activity" listed on page 4 . 1 . 2 -7 would be 
prefaced by a NEPA document inasmUCh as an appropriate level of 
detail is not provided in the DSEIS to assess the effects of each 
of the actions listed . The FSEIS should provide additiona l 
information to help clari fy the specific NEPA process to be used 
for individua l activities being proposed on NPR-1 . 

13N-7 

13N-8 

P 4 . 1 . 3 - 1  We assume the dates s ignifying onset of construct ion � 
activities presented on this page ( 19 8 9 ) and on page 4 . 1 . 3 -3 
( 19 9 0 )  have been inadvertently included in th is document and that 13N-9 
the activities noted have not been initiated . The FSEIS should 
inc lude an updated vers ion of this section . 
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P 4 . 2 -1 The DSEIS suqqests that "up to 5 0 0  mil lion barrels of 
oil and 250 b i l l ion cubic feet of q�s would not be recovered" if  
the no action alternative was implemented . Whi le this is 
accurate in the shor�-term , we wonder if there would be any 
effort to recover these resources in the more distant future when 
demand is qreater . We recommend that the FSEIS discuss such a 
scenar io . 

P 5 -2 The DSEIS states that 1 . 2  billion dol lars in federa l 
revenues would be lost if the no action alternative rather than 
the preferred alternative was implemented . We question the 
actua l loss of such revenue q iven that : 

1 }  the resource remains ultimately recoverable ; and 
2 }  the posit ion elucidated in the document assumes that the 
resource would never be recovered and correlates that non
recovery to a market value . A s imi lar position could be 
taken which assumes that the resource could be recovered 
durinq a period when the demand and related va lue were 
hiqher , thereby suqgestinq that the federal qovernment miqht 
not lose revenue dol lars by adoptinq the no action 
alternative . 

We recommend that the FSEIS address these issues to the extent 
pract icable . 

BIODIVERS ITY /THREATENED ' ENDANGEREp SPECIES 

XXX The DSEIS indicates that imp lementinq the preferred 
alternative would more than double the current amount of 
disturbed habitat and that alternative 2 would increase habitat 
disturbance by 5 1% .  Given that populations of threatened & 

3N-10 

13N-1 1 

endanqered species are rapidly declininq on the Reserve , the 38-1 
FSEIS should discuss the implications involved with expandinq the 
amount of habitat disturbance in terms of the Endanqered Species 
Act and the provisions of the MER which state that development 
must be " cons istent with . • .  all . • .  laws and requlations , includinq 
federal , state , and loca l laws pertaininq to the environment . "  

P 1-39 The FSEIS should expla in what constitutes .. successful� 
reveqetation" and should describe the process that would be used 38-2 
to ensure that veqetation is success fully reestab lished . 

P 1-4 0 The FSEIS should describe the e f f ects geophys ica l SOU:Jd 
waves have on anima ls residinq on the reserve , par� icu larly those 38-3 
species des iqna�ed as threatened or endanqered . 
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Table 2 . 0 -1 The discuss ion in Element 2 0 , Endanqered speciesl 
Proqram , indicates that the proqram under alterna�ives 1 and 2 
would be " approximately ( hiqhl iqht added ) the same as proposed 1 38-4 
act ion . "  The FSEIS should briefly ident ify the ma j or I 
differences . � 
P 3 . 5-1 The discuss ion on terrestrial biota on this paqe and on 
paqe 3 . 5-13 indicates that one of the poss ible factors in the 
reduction of kit fox populations is an increase in coyote 
abundance .  This statement appears to be in conf lict with the 138-5 
statement on paqe 3 . 5-6 (which reflects the information presented 
in f iqure 3 . 5 - l ) , namely that coyote populations have decreased 
since 198 4 . The FSEIS should clarify these important statements . 

P 3 . 5 -13 The OSEIS indicates that the " FWS concluded in their 
1 9 8 7  opinion that , althouqh ' there are no assurances ' that 
deve lopment activities wi ll not ' eventually contribute to the 
extirpation ' of the kit from the s ite , development activities are 
' not l ike ly to j eopardize the continued existence ' of the 
species . " It is unclear , however , whether the Op inion cons idered 138-6 the proposed actions presented in this EIS . The FSEIS should 
provide an updated FWS Opinion ( results of the consultation 
process required to undertake this proj ect , as suqqested on paqes 
3 . 5-14 and E-5 ) , qiven that kit fox populations have declined 
approximately 8 5% in the last ten years and have continued to 
decl ine s ince the 1987 Op inion . 

• 

Althouqh the Summary of the DSEIS suqqests that " NPR- 1 supports a 
diverse variety of f lora and fauna " the fact that four federal ly • endanqered species , one state threatened anima l , one federally 
threatened plant and 2 7  other plant and animal spec ies "that have 
been cateqorized at various leve ls of concern" are known to be 
present suqqests that NPR- 1 may not continue to support such a 138-7 
diversity unless actions , such as conductinq operations at a rate 
that would encouraqe optimal species and habitat recovery , are 
imp lemented . Expandinq o i l  and qas recovery operations , as 
described in the DSEIS , would not appear to encouraqe 
biodivers ity . 

P 3 . 5-34 The DSEIS suqqests that oil and oil-f ield chemicals 
that have been sp illed or otherwise released could have been 
" inha led or inqested by kit fox�s throuqh contaminated drinkinq 
water or prey , " and that " o il-f ield wastewater often contains 
hiqh concentrations of dissolved solids , salt , and various other 
minerals and can cause death , nervous disorders , tissue damaqe , 
and decreased reproduction in • • •  wildlife if inqested . "  The FSEIS 
should expand upon these statements and deta i l  the specific 
measures that would be ( or are beinq ) taken to prevent inqestion 
of such chemica ls by threatened and endanqered and other specles . 

P 4 . 1 . 5 -3 Given that past activities have had a var i ety o f  
neqative impacts on anima l communities , inc ludinq questionable 
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impacts on threatened and endanqered species , the statement 
the proposed action would continue to have s imi lar impacts 
suqqests that an alternative action may be preferable . For 
example , the DSEIS states that with the implementation of the 
proposed action , " animals within construction areas would be 
killed durinq construction or would disperse to other areas ; 
dispers inq individuals tend to have a lower survivorship , "  and 
that " they could inqest oil-field chemicals present in sumps or 
assimi lated by foraqe which miqht cause or contribute to death , 
disease or d iminished ability to avoid predation . "  Death , 
reduced survivorship , and diminished avoidance of predation all 
equate to reduced populations . Inasmuch as the four animal 
species that are currently l isted as threatened/ endanqered" are 
l ikely to be affected by the proposed action , "  ( p  4 . 1 . 5-4 ) the 
FSEIS should detai l  the consultation process undertaken with the 
U . S .  F ish and wildlife Service , should provide a l ist of their 
recommended and required actions , should identi fy and quantify 
the impacts expected from other activities which would be 
undertaken in the reqion , and should d iscuss in detail the plans 
which would be undertaken at NPR-1 to ensure to the maximum 
extent pos s ible the survivorship of the species in question . 
This is especially important because " the FWS believes that 
( other nearby ) proj ects will result in s iqn i f icant cumulative 
effects to the kit fox , blunt-nosed leopard l izard , and qiant 
kanqaroo rat . " 

In addition , qiven that " proqrams to mit iqate the effects of NPR-
1 activities on terrestrial biota have been in ef fect for a 
number of years • • .  " and that species populations have continued 
to decline throuqhout that period of time , the FSEIS should 
discuss the potential for enhanced and accelerated mitiqation 
proqrams to assist in reestablishinq the carryinq capacity of the 
immediate area . For example , on paqe 4 . 1 . 5-1 0 , the DSEIS 
suqqests that reclamation efforts between 1 9 8 5  and 1 9 8 8  resulted 
in a low of 115 acres beinq reclaimed in 1 9 8 5  and a maximum of 
2 0 0  acres beinq reclaimed in 1988 . Based on f iqures presented in 
the DSEIS that each wel ls ite and access road encompasses 
approximately 2 . 2  acres , reclamation of 2 0 0  acres accounts for 
only nine wel l sites . It was also noted that the averaqe plant 
cover was only 6% in 199 0 .  We encouraqe continued monitorinq of 
reclaimed s ites and recommend that the FSEIS provide more deta ils 
on strateqies to ensure enhanced and accelerated reveqetation of 
disturbed s ites . The discuss ion should a lso detai l  the 
strateq ies used at NPR- 1 to re-plant s ites conta ininq minimal 
veqetation , should identify the levels at which replantinq is 
undertaken , and should discuss the role eros ion plays over time 
in terms of successful ( or unsuccessful) reveqetation . 

We share your concern that NPR-1 is req ionally s iqnif icant 
because " based on the 1979 est imate , it contains 8 %  of the 
rema ininq undeve loped habitat in the southern San Joaquin 
Valley . " In the thirteen years since that est imate , it would 
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seem plaus ible that the extent of undeve loped habitat within the 
southern San Joaquin Val ley has continued to dec line . This would 
seem to add impetus to undertaking accelerated and enhanced 
restoration efforts on the Reserve . 

I 
I 

In terms of providing data which proj ects future restoration ! 
efforts ( should the proposed action be implemented ) ,  we do I 
question whether one can assume that cont inuing to implement the 113B- 10 
current habitat reclamation program would be successful ( as I 
suggested on page 4 . 1 . 5- 1 3 ) given that the most recent plant : 
cover on average was estimated at only 6% . The FSEIS should :J 
either provide information on an enhanced strategy for 
restoration or provide f igures which relate more appropriately to 
the level of successful reclamation realiz ed in the near past . 

P 4 . 2 . 1 . 5  The FSEIS should include the results of the toxicolog� 
study which is being undertaken to determine the extent to which I oil-f ield chemicals may be entering the tissue of NPR-1 kit fox 
prey . The results should be discussed in terms of the extent to 13B 1 1  which oil-field activities indirectly impact the kit fox and -

should provide strategies to el iminate the intrus ion of such 
chemicals into the food chain of the kit fox , i f  the study 
indicates their presence . 

P 5-2 The OSEIS suggests that impacts from implementing thel 
no action alternative would include disturbance to various 
habitats from new construction . Our understanding of the no 3B-12 
action alternative i s  that no new construct ion would occur . I 
Please clar ify this in the FSEIS . � 
P E-5 The OSEIS states that "the kit fox population in the � 
NPR- l study area began stab i l i z ing at or about the same time the I 
( coyote ) control program was put in place • • .  " While this may be 
so , f igure E . 3 - 1  shows a long term continual increase in k it fox 
mortality from predation . This seems to suggest that even though 
fewer coyotes - are us ing the kit fox as food source ( since there 
are fewer coyotes on the reserve ) they have , in f act , focused on 
the kit fox as a maj or food source , s ince kit fox mortal ity rates 
have continued to increase . The FSEIS should discuss this 
implication and its relat ionship to the poss ible decl ination of \ 
other food sources for the coyote as wel l  as to the poss ibil ity 
that over time , disrupt ion to kit fox habitat has placed them in ! 
a more precarious relat ionship with the coyote . � 

�3B-13 

I 

HAZARDOUS MATERIALS/WASTE 
13H-1 

XXVII The FSEIS should c larify what i s  meant by the statement � 
that many o f  the 1 0 6  " o lder inact ive was�e s ites " have been addressed . I --J 
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Table 2 . 0 -2 The discuss ion in Element 2d , Hazardous waste , � 
states that hazardous waste from construction and operations I would increase above the current level of approximately 19 , 8 00 I 
lbs /yr to as much as approximately 5 0 0 , 0 0 0  lbs /yr .  The J3H-2 
constituents of this increase , approximately 2 6  times that which 
is currently generated , should be deta iled and discussed in terms 
of applying waste minimization ( source reduction ) techniques . 

P 3 . 1-15 The FSEIS should reference descriptions of the " other �3H-3 
additives " present within the oil waste f luid mixtures . --.J' 
P 3 . 2 -17 The FSEIS should identify the materials currently bein� 
used as corrosion inhibitors s ince (we assume ) arsenic is no 13H-4 
longer being used . 

P 3 . 4 - '  The FSEIS should describe the areal extent of the J hydrocarbon stains referenced in the DSEIS , identify the specific 13H 5 source of contamination , and discuss what is being done to 
-

eliminate the contamination and control the source . 

P 4 . 1 . 2 -2 The discuss ion and f igures which suppo sedly ref lect 
"the s ite l s  annual hazardous waste stream II should be clarified in 
the FSEIS . Table 2 . 0-2 suggests that the proposed action would 
increase this waste stream to as much as 5 0 0 , 0 0 0  pounds annual ly 
yet the discuss ion on this page refers to 19 , 8 0 0  pounds , that 
which is currently being generated • 

13H-6 

D'l'D RESOtlRCES 

XXVXI Wetland resources have not been ident if ied as being ] . 
present on NPR-1 . The FSEIS should either discuss wetland 3VV-1 
resources o r  confirm that none exist on the Reserve . 

groundwater mining would occur , especially with the proposed 2 
Table S-l The FSEIS should discuss the extent to which J increase in use of groundwater resources ,  and should describe how 3YV
this would affect other aquifers , if at all . 

The discuss ion included as Item 4 b ,  Groundwater , suggests 
that an analys is to assess the risks associated with hydrologic 
flow uncertainties is underway and , " based on preliminary results 
it appears that groundwater monitoring we lls could be needed on 
the northeast port ion of the s ite . " We recommend that this 
ana lysis and any necessary mitigation measures be developed and 
presented in the FSEIS , and that dec is ionmaking on this EIS be 
delayed until the results of the ana lys is are ava ilable . 
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P 1-3 4 The nature of the "water-treatment chemicals" and thg 
environmental impacts ( including byproducts )  of using " selective 3W-4 
catalytic reduction with ammonia inj ection" should be provided in 
the FSEIS . 

P 1-3 7 Imp lementing the preferred alternative �ould increase 
water requirements by 7 4 , 8 0 0  barrels per day by April 1 9 9 5  ( also 
note that the April 1 9 9 0  figure presented is outdated) .  This 
water would come trom WKWD . The FSEIS should outline the impacts 
which would be realized by other WKWD water users should supplies 
be increased to NPR-1 . Is the "reduction in water deliveries to 
other westside oil companies " (the source of additional supplies 3W-5 
from WKWO) permanent , or would these other oil companies also be 
preparing to enhance recovery operations thereby requiring 
additional water sources in the near tuture? The FSEIS should 
also discuss the implications involved in terms of impacts and 
alternative sources should WKWD not be able to supply needed 
water . 

P 3 . 4-12 The magnitude of the effect of dispos ing 2 3 4 8  million 
barrels of oil field waste water in percolation sumps , stream 
channels , and ditches is unclear . The FEIS should succinctly 
describe the effects such disposal practices would have had on �-A 
soil and groundwater resources in the vicinity of NPR- 1 ,  �y.-v 
especially in light of the fact that "Rector ( 19 8 3 ) has 
interpreted the direction of groundwater flow to be from the Elk 
Hills into the adj acent valleys . "  

• 

P 3 . 4-14 The discussion on this page suggests that " sometimes • well operations result in the accumulation of oil in well cellars 
which , it not removed could eventually degrade groundwater . "  The 13W-7 FSEIS should evaluate operational modifications which could be 
accomplished to eliminate such accumulations and should discuss 
the reasons such accumulations would not be removed ( promptly) . 

P 3 . 4 - 19 Note that the Ule program does not a llow the use of ] 
unlined sumps for disposal of oil and gas related wastes . All 
sumps receiving wastes should be closed or lined . The FEIS 13W-8 
should address and resolve this issue . Refer also to the 
parallel discussion on page 4 . 1 . 4 -5 . 

P 4 . 1 . 4-' The discussion concerning consumption of freshwater at 
NPR- l suggests that "existing systems should be capable of 
providing requirements associated with the continuation of 
current operations . "  The information provided in this section 
should be more definitive , i . e . , is the existing system capable , 13W 9 
or will modifications be required? In addition , the DSEIS states 

-

that 2 9 , 0 0 0  barrels per day were required in 1988 , and that the 
requirements "have been increasing" but does not provide curren:J 
requirement figures . The FSEIS should include current data 
wherever poss ible . 
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P 4 . 1 . 4 -8 The DSEIS discusses a proj ect to recycle approximately 
5 0 , 0 0 0  barrel s / day of wastewater and suqqests that additional 
similar proj ects are planned to reduce disposal and poss ibly 
qroundwater withdrawals , "pendinq the results of the f irst 
proj ect" ( this proj ect is also discussed on paqes XXVIII , 3 . 4 - 2 2  
and 5-1 ) . Given that the success of the f irst proj ect has not 13VV-10 
been verified t o  date , the FSEIS should also discuss water needs 
and disposal impacts without the recycle proj ect ( s )  and , 
dependinq upon the impacts , the success of the f irst proj ect 
should be veri fied before a record of decis ion ( ROD) is prepared 
for the alternatives evaluated in this EIS .  

P 4 . 1 . 4 -12 The FSEIS should define what is meant by usinq 
" qenerally acceptable methods that pose minimal threats to 
underlyinq and peripheral qroundwaters " to dispose of f luids that 
are " conf irmed to be nonhazardous . "  Also , the FSEIS should 
define what i s  meant by " rare instances" when dri l l inq f luids 
could test hazardous . 

13NY-1 1  

P 6 - 1  The FSEIS should discuss the short-term requirementsQ for water and use of the aquifers for disposal versus the lonq- 3NY-12 
term productivity o f  the reqion ' s  water resources . 

P 7 - 1  The FSEIS should cons ider inclusion o f  freshwater =r 
resources in the discussion of irreversible and irretrievable 3NY-13 
commitments o f  resources . 

approximately 3 57 mil lion qallons of wastewater were disposed of 
P 0-3 Fiqures included in the DSEIS indicate that 

:J in sumps durinq 197 9 . The text indicates that wastewater 3VV-14 
production i s  increas inq but does not supply current f iqures . 
These f iqures should be included in the FSEIS . 

On other paqes in this appendix , the DSEIS indicates that there 
may be a link between sumps on the Reserve with brine-
contaminated wel ls in the San Joaquin Valley . DOE should commit 
to makinq every effort to ensure that use of sumps is minimized 
and that those used are l ined to prevent intrus ion of low qua lity 
water into nearby waterwells . 

AlB 0UALITY 
Table 8-1 The document should discuss each of the anticipated :l 
emiss ions increases in relation to the conformity provis ions 
[ S 176 ( c ) ] of the new Clean Air Act ( CAA ) .  Please note that the 

3VV-15 

CAA mandates that proposed activities will not 1 )  cause or 13A-1 
contribute to any new violation of any standard in any area ; 2 )  
increase the frequency or severity of any existinq violat ion of 
any standard in any area ; or 3 )  delay timely atta inment of any 

10 
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standard or any required interim emission reductions or other • milestones in any area . The DSEI S does not acknowledqe the new 

CAA and therefore it is unclear whether or not the acknowledqed 
increases in emiss ions would conform as required . For example , 
on paqe 4 . 1 . 3 - 3  the DSEIS states that there would be net 
increases in TSP and PM10 emiss ions from increased truck traff ic 
deliverinq l iquid products associated with increased production 1 3A-1 
at the new fourth qas plant . The FSEIS should discuss these 
increases ( and other sources of increased PM1 0  emissions as 
suqqested in the document ) in relation to the conformity 
provisions of the new CAA . It is unclear from the information 
presented in the DSEIS whether the existinq SIP takes into 
account the new emissions which would result from the proposed 
action ( refer also to paqe 4 . 1 . 3 -19 ) . 

P 3 . t - 5 The DSEIS states that NPR-1 reported that 3 , 74 8 , 000 
miles of vehicle travel is completed per year on the Reserve . 
The FSEIS should include details on existinq and / or proposed �3A-2 proqrams which NPR has establ ished or will establish to reduce 
the vehicle miles travel led (VMT) and reduce a ir emissions from 
these mobil sources . 

P 4 . 1 . 3-10 It appears that the Cal ine 3 model was used tO J model transportation emissions . This model is outdated and 
modelinq should be accompl ished usinq the dated Caline . 4  model . 13A-3 
The data and resultinq discuss ions should be included in the 
FSEIS . Refer also to paqe B-85 . 

P 4 . 1 . 3-13 The FSEIS should explain how and when NPR-1 
intends to "reduce emiss ions from the tank settinqs with hiqh 
release records • • •  " In addition , the document suqqests a hiqh 
level of uncerta inty associated with emissions from anode bed 
wel ls . Methane , one of the primary pollutants emitted from anode 13A-4 
bed wells , is considered a qreenhouse qas which could contribute 
to qlobal warminq . Reductions of methane emissions is advisable 
to the extent poss ible . The FSEIS should discuss this s ituation 
in qreater deta i l . 

P B-2. The DSEIS indicates that a revised " attainment Plan� 
with provis ions for attainment of PM10 standards is due in mid- 13A-5 lttO . "  The FSEIS should ref lect the current status of the 
" attainment plan . " 

�l. 8 . 7 ,  Hazardous Air Pollutants , do •• not ref lect information I contained in the Clean Air Act of 19 9 0 ,  as amended . The table 
and associated text· should be revised to ref lect information 13A-6 
contained in § 112 of the Act . 

1 1  
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OPIIATION8 
Table 8-1 It should be made clear in the FSEIS ( within the 
" Favorable Impacts /Mitiqation Proqrams " section of Item 8 ,  
" Socioeconomics" ) that the preferred action would alleviate the 
" steep production decline" only for a f inite period of time and 
that production would soon decl ine at the same rate currently 
beinq experienced , if not more rapidly . 

Table 8-1 In discuss inq risks , Item 9 includes a statement that 
suqqests that the number of blowouts would decl ine due to a 
reduction of reservoir pressures . The discussion , however , does 

130- 1  

not acknowledqe the difference in reservoir pressures that would 30-2 
be experienced from steam and waterflood inj ection . The FSEIS 
should provide a brief discussion of the relationship between 
anticipated blowout rates and inj ection . 

The Cali fornia Divis ion of Oil and Gas ( CDOG ) has the 
primary responsibi lity for Class II ( Oi l  and Gas ) inj ection wells 
in California , and it issues permits for all inj ection wells 
related to oil and qas activities . DOE should work closely with 
CDOG on all aspects of its inj ection proqram and make sure it 
acquires the appropriate CDOG permits . 13()-3 

The FEI S should also provide updated information concerninq 
the TUlare Formation beinq " an EPA Class I I  exempt aquifer since 
the 1950s . " s ince EPA .did not exist in the 1 9 5 0 s , the TUlare may 
have been exempted by the state at that time . 

between abandoned wells and shut-in wells on NPR- l . In addition , 
P 1-5 The FSEIS should provide fiqures which discriminate [] 
the FSEIS should discuss the feas ibil ity of re-enterinq shut-in 130-4 
wells as an option to drill inq new wells to increase production . 

piqure 1 . 2 - 1  It is unclear whether this f igure depicts 

~ proj ected oil production at NPR- l with or without implementation 30-5 
of the preferred action . We suqqest that the f igure be redrawn 
as a compar ison of production for all of the a lternatives . 

paqe 1-32 The power source for the 1 0  proposed 1 0 0 0  

~ horsepower compressors and three 1500 horsepower compressors 130-6 
shou ld be identi f ied in the FSEIS . 

P 1-39 The FSEIS should describe the Reserve ' s  monitorinq 

~ proqram in terms of ensurinq that third party deve lopers conduct 
activities in an environmental ly respons ible manner and should 13()-7 
describe the enforcement mechanism used to ensure that developers 
are held respons ible for impacts to the environment . 

paqa 2 - 1. The FSEIS should explain what is meant by the statement I . 
that "MER strateqy is a lso cons isten"C with that which is 130-8 
qeDerally pursued ( hiqhl iqht added ) within the private sector of 

1 2  
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the oil-f ield industry . "  The explanation should describe the 1130-8 . differences and provide the rationale for the differences . � 
sides of a dr i l l ing f luid tank but does not indicate what is . P 3 . 2 - 1 6  The DSEIS mentions the presence of "pinholes " in thea 
being done to curtail these leaks and to prevent other tanks from 130-9 
experiencing s imilar problems in the future . The FSEIS should 
expand the discussion to address these issues . 

P 3 . '- 1  In discuss ing historical risks , the DSEIS states that 
the number of incidents ( spil l s )  " has increased steadily since 
198 3 "  and that "this increase may be attributed , in part , to 
increasing corrosion associated with aging equipment • • •  II The 
FSEIS should provide information on any programs in place to 

�30-10 

repair and or replace aging equipment before accidents occur . ____ � 

We also question the rationale for the contention that "the � 
increas ing age of equipment is not expected to be a serious I 
problem. " This statement appears to contradict the statement 
above . The FSEIS should clarify this contradiction and provide 
information on the schedule for replacing older equipment which 
oou14 fail and result in pollution episodes . The FSEIS should 
also discuss the Reserve ' s  plan for minimiz ing and / or eliminating 
waste streams , i . e . , identify source reduction efforts . 

P 4 . 1 . 3 - 2 0  The DSEIS suggests that worker exposure to benzene 

130-1 1  

during spi l ls and associated clean-up efforts could be higher 
than the OSHA ' s  permiss ible exposure limits ( PEL ' s ) , and 
indicates that procedures "wou14 be ( highlight added ) 
incorporated into the SPCC plan so that the o i l -spill cleanup 
crew arriving at the spi ll site would begin cleanup operations 
from the upwind side of the spill . "  The FSEIS should indicate 
why safety procedures are not already incorporated in the SPCC 

�3()-12 • 
plan , and should discuss the precautions that would be taken if 
cleanup must be conducted downwind of the emission sOUrce . 

P 4 . 1 . 4 -2 While we agree that when production decl ines and wel ls 
are plugged and abandoned there will be less equipment in use , we 
do not necessari ly agree that maintenance of the equipment would 
diminish . In fact we support your earlier statement that 
corroding equipment in a mature field needs enhanced maintenance 
to minimize spill occurrences . 

130-13 

P 4 . 1 . 4 -11 . The FSEIS should define how " spills would be 

~ minimized , "  and should define "regularly" as in "producing well 130-14 
cellars would be monitored regularly . " 

1 3  
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COMMENT LETTER 1 

ARGONNE i�ATIONAL LABOHA TORY �)700 Sour" CoJ u  �v.,., • .  Argon".. IUinod 60439 

Mr. JIIDCS C KWcn 
Tc:chaicm AJsunncc Manqa
U.S. Depanmcnl of Energy 
Naval Petroleum Reserves in California 
P.O. Box 1 1  
Tupman. CA 93276 

Dear Mr. Killen: 

July 20. 1 992 

i 03/�nonf! 1�08I2S2·3804 
r ax .  :08I2S2·384' 

This leiter is submincd by ArJOIIIIC Naoooal LabonIOry (ANL) as a commenl to the om: 
Supplemenl lO the 1979 Final EnvironmeIDI &np.;I Swemcnl, Petrolemn Production al Maximum 
Efficient Rate. Naval Petroleum Reserve No. I (Elk Hills). Kern Countv. California. DOEJEIS· 
0158. daled May 1992. Specifically. ANI. and ANL staff should noi be listed as preparenl contributors of this dnft supplemental environmental impact statemenl (OSEIS). 

Section 8.0 stales that this OSEIS was prepared by the U.S. Depanment of Energy. Naval 
Petroleum Reserves in California. based on a preliminary draft of the document ( POSEIS) 
prepared by the Environmental Assessment and Informallon Sciences DiviSIOn of Argonne 
National Laboratory (ANL 1990). and review commenlS proVided by the staffs of OOE·NPRC. 
Chevron U.S.A. Inc. (CUSA). Bechtel Peaoleum Operations. Inc. ,BPO!). EG&G EnerlY 
Measurements. Inc. (EG&GIEM). and Resean:h Managemenl Consultants. Inc. (RMCn. The 
projecl was managed by DOE·NPRC with coordination and technical assistance provided by 
RMCI. However. the prepuerslcontributon table lislS ANL staff as the specific authon of the 
technical and wrillen material contained in the OSEIS. Other than DOE·NPRC management and 
SUllporl st::!f listed in the table. the currenl OSElS explicidy shows ANL authors tn I)e i.'KIividually 
responsible for the matmal contained in the OSBS. 

Settion I SOl. 17 • entided Lisl of Preparen. of the Council of Environmental Qualiry Regulations 
for Implementing the National Environmental Policy ACI 40. CFR Pans 1 500· I 508. Slates: 

"The environmental impaCt slatement shall list the narnes. together WIth their 
qualifications (expertise. experience. professional disciplines). of the persons who 
were primanly responstble for preparing the environmental impact statement or 
slgmficant background papers. tneluding basic components of the statement ( §§ 1 502.6 and 1 502.8). Where possible the persons who are resDonslble for a 
particular analysIs. including analyses in background papers. shall be Idennfied. 
:-.Iorma.lly the list will nOl exceed two pages." 

Implicit in this swemem is that the persons listed were prima. ..... y responSIble rot prepann� the text Jnd technical material contained in the document. �. This is a disclosure standard and 
JHows the public and interested parnes 10 Idenafy the authors and source� oi the baSIC components 

Goer". b¥ rhe Un,.,.,...'¥' of Chc.aqa tor "" UfVled Slate. 080.""'''''' of Eneroy 

CONTINUED ON NEXT PAGE 

• • 

DOE RESPONSES 

CONTINUED ON NEXT PAGE 
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Mr. J. Killen 
July 20. 1992 
Page 2 

CONTINUED nOM PREVIOUS PAGE 

md lechnic:ll background malerials included in Ihe document This is espcclallv critical for an 
enYironmemai impacl Sllllemeni which serves a regulalory purpose and whose authors can be called 
10 provide expen lesumony 10 ddend !he SllllemenL 

Upon submillal of !he ANL 1990 PDSElS. !he DOE Naval Peaoleum Reserve informed ANL WI 
they will assume !he responsibiliry for !he preparation of !he DSEIS and would consull wilh ANL AI dw lime. ANI. informed !he DOE Nival Petroteum Reserve of its position with regard 10 the Usc of PrepIrers. If ANL were 10 be IisIed as preparcrs. we must have the opponunilY 10 review 
and concur on !he analyses DOE JlRlalIed in !he DSElS. This was especially uue given !he 
GenenI Accouming Repon (GACWCED-91-129) thai showed I diSip-eemen1 between ANI. and 
!he DOE Nlval Peaoleum Reserve over c:enain lechnical findings conlllined in the 1990 PDSElS. 
After ANI. submincd the 1990 PDSElS. ANL slalf and manqemenl were 1101 consulled on !he 
revisions no.- provided !he opponuniry 10 review and concur before DOE issued the DSElS ID !he 
pubik. The CEQ recosnizes thll individuals preparing materials thai become • pan of an EIS 11. should be idemificd eftn if !he 1gency modifies their conaibulions (Fony MOSI Asked QupiDns Concemins CEQ's NIIional EnvironmeIIIII Policy Act Replacions). However. due 10 !be -w 
revisiOll$ made 10 !he 1I:1It. II:ChnicaI analyses. and conclusions in ANL', PDSElS when c:ompmd 
10 !he final DSEIS issued by DOE. ANL feels listing ANL 0.- ANL IeChnicaI slatf as preperen of 
Ihe final documenl is IlOl Ippropriate under the CEQ regulations. ANI. penonnel were IlOl 
primarily responsible fo.- the lelll and analyses conllincd in !he final documenl. Consequcm\y, 
ANI. is Isking all reference 10 ANI. IUlhorship be removed from the Drafl and Final SEIS. InSleld, !he ANI. prepared 1990 PDSEIS should be IislCd as I reference. as has been done for aU 
oilier references. and died, where Ippropriale. 10 support DOE's analyse:.:s:.:,.' ---____ --J 

• 

For Argonne National Labonlory. 

� J1�  
/ H. Drucker 

AssociaII: l..abor:uory DirecIOr Energy, Environmemal and Biologic:at Rese8rch 

I .a 

• 

DOE RESPONSFS 

Sectioa 8.1 of !he DSm lsa. beea rm.t by ......m.w !be __ of III .AIJOIIDO NIIioaII 
Labontory CODIributon from Ibi. � and by refereaci .. .AIJOIIDO NaIioaaI l..IbontoIy'. 
1990 Prelimi .. ry Dnft SupplemelUl EavironmeauI ImpIct Stetemeat. 
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COMMENT LEITER 2 

"A" "01' CAllfOMre,A 
DEPARTMENT OF FOOD AND AGRICULTURE 

Control and Eradication 
2895 N .  Larkin , Suite A 
Fresno , CA 9 3 727 

June 3 ,  1992 

J .... C .  KUlen 
Depart_nt of Energy 
Naval Petroleum Reserve. in Cali fornia 
P . O .  Box 1 1  
Tupaan ,  California 9 3 276 

Dear Hr. KUlen: 

"" WIlSON. w--

@ 

I received a copy of the Depart.ent of Energy Dra f t  Supplement to 
the 1979 Final EnvirollJlental Impact State.ent ( EI S )  for Naval 
Petroleua Re.erve No . 1 ( Elk Hills) . I appreciate the opportunity 
to reviev and coaaent on the draft .upplement EIS for NPR- l .  

Although the d�nt i. exten. ive i n  it. content , I feel the drafill 
vould be .are coaplete if a brief de.cription of the curly Top 2. 
Virus Control Program (CTVCP) va. included . Because the CTVCP is 
not con.idered part of �e Propo.ed Act ion, I aa not certain as to 
the place .. nt of .uch a d •• cription vithin the body of the draft. 
FUture Non-Federal Action. ( 1 . 2 . 2 . 2 1 ) , Hi.cell aneous ( 1 . 2 . 2 . 2 2 )  or 
the cumulative Impact Section ( 4 . 1 . 5 . 5 ) , are areas where the CTVCP 
could be de.cribed . The exact placement can be best determined by 
DOE .taff vho are clo.e to the docuaent. 

If the CTVCP is included in the supplement EI S ,  delays and 
confUsion may be avoided if future a .. ndments are necessary. 

I can certainly appreciate the time and effort necessary to produce 
a docuaent of this .ize and complexity . I f  a decis ion is made to 
include a brief de.cription of the CTVCP in the supplement EIS , 
I viI I  be available to provide you and your sta f f  any additional 
information you may need . 

Sincerely, 

I� A({l��! 
Associate Economic Entoaologist 
curly Top Virus Control Program 
( 2 09) 4 4 5-5472 

cc Foote 
Gotan 
Peterson 

• 

2.a 

• 
DOE RESPONSES 

Soctjop 1.2.2.21 of !be DSEIS bu beea reviled to 1Dc1uclo a clucripdoa 01 .... 0uIJ Top Vhut 
ConlroI Pm,nm. 
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COMMENT LETTER 3 

Sf An ()II C.,IfQINA-IMI I(K,ule" AGlN<:' pm 'NIlSON. �, 
DEPARTMENT OF WATER RESOURCES I ... ...... 'H '''''' '0 1O. " lIJ6 \AC"-"" O CA " 7)1.0001 "' .. 'US"' 

Mr. James C .  K i l len 
Techn lcal Assurance Manaoer 
U . S .  Depa rtment o f  Energy 
Post O ff ice Box 1 !  
Tupman, C a l i fo r n l a  9 3 2 7 6  
Dear Mr . K i l len : 

� 

J u l y  7 ,  1 9 9 2  

A s  you are awa re, the Department o f  Water Resou rces has 
purchased a t ract of land a d j acent to the Naval Pet roleum Reserve 
No . 1 (Elk  H i l l s ) . Th i s  land is being developed as a g round water 
banking fac i l i t y  of the State Water Project ana is r e f e r red to as 
the Kern fan Element of the Kern Water Bank . We are v e r y  
concerned about potent ial threats t o  ground wa t e r  qua l i t y  o f  the 
KFE . There fore , we were pleased to note in ou r reVlew of the 
Draft Supplement a l  E I S  for P e t roleum Production at the Maxlmum 
E f f i c ient Rate at E l k  H i l l s  that the potent i a l  f o r  g r ound water 
degradation and off s l t e  mlgrat ion of poo r qua l i t y  ground water 
was recogn ized and that �f t o r t s  to redu�e t � i .  r i sk and to develop 
a c::r round water monl.t.or inq p l uq raIQ are u .. cJ�r Wdy . 

AS a res u l t  of our mut.ual concerns over Dotent i a l  around 
water qua l ity problems that could result f rom �pera t i ons

'
at 

Elk H i l l s ,  I propose that we cooperate i n  the r e V l eW o f  the 
proposed g round water monitoring program to oe deve loped and in 
eva l uating proposed r i s k reduct lon meas u re s . :n t u r n ,  the 13a 
Deoa rtment wl l l  sha re t he l n f ormat i on f rom tne KfE a r ound water 
mO� itor lng proqram and f rom ou r studie s  t hat : s  pe rt i nent t o  your 
e f f o rt. s . To i n i t l.ate t h i s p roce s s ,  we wou ld l i ke to receive 
cap les o f  t he a t t a ched l i s t  o f  mater l a l s  r e t e renced I n  t he draft E I S . 

CONTINUED ON NEXT PAGE 

• 

DOE RESPONSES 

3.8 The malerial, requelled have beeD proYicIed, ..... 8 COIII1111i1mem .., ccaiauo eoopentive efbu 
with the Departmem of Water R_ .., develop NPR-I p!UIIdwIterlllODitoriat p .... __ 
made by letter dated November 12, 1992 (DOE 19928). Plana for cooperali .. ... beiaa 
developed. See allO reepoaae 10 commem 9.d. 

• • 
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CONTINUED FROM PREVIOUS PAGE 
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. : 1 6 ,  � : 3 - :- -5 3 3  : :  ":=':-.:1 : :.. e lae:1 3. :'  

A��acnmen� 

c c :  �r . John F i e lden 
Pos� O f f ice Box 9 4 2 8 3 6  

3 1.ncere J. Y ,  

/' " j  /1 -<::: 
, 

� ,,(1 ,1 � . L- --" -_ . :J"  I .. I I,. I ... 'J; 
�JaCk E : 1 c � s o n .  � h i e f  

K e r n  W a t e r  S a n k  SeCt l on 
D iv i s ion ot P la n n i nQ 

Sacramen�o. Cal i fornia 9 4 2 36-000 1 

F i shDU=� . :: : ? �C . : eca=��en: E�er�y� �p�O r5nQ�� F � : � .  
�'ava� ; � : : = _��m �e�er�� ! : �  � � � � � = =� : s . ? �Druary . ; .  

301aer . .:...s s :: :: :. .! :.e _ :". ::  . •  � ? 9C . : : ? ::. - � ':: ;" :: :':�:lwa t. e =  ��=r. :. :. : = :. :: =  ? :.. .! � .  
� :eca : e =  � : =  5 � c  : e _  ; � : = = � e � �  _ = e = ! � :. : � = . : �==a � .  
: ,! !. :' : : =:-: :' .l .  :':3':' 
:-tcLemo re . : 990 . "': :.!mD:'::= : : ':';,J.mes .:.: : :PP.- : .  >!emo ra ncurn • .., 
Manaae: . 7 ! ��� � c � �  � s s u rance # :al.i.:==�.:...l . ': e�a r t. :r.ent. Sner-g:' , 

Nicholson. � .  � . •  1 9 8 5 .  ? �oDaDle Commun 1ca� 10n De�Ween Was� ewa�er 
D i sposal We l l s  and Tulare Source We l l s .  l n� e r o f ! ice memorandum �o 
A. ? a lme r .  =ech� el Pe� roleum Opera� ion s .  Inc . .  :Iava l ? e t �o leum 
?e!le rve No . • • Tupman. ': a l i : �rnla. . 

Nichol s o n .  3 .  � . •  : 9 8 9 .  Source c! S u r face Seeps �n Sec� lons JG. 4 G .  ana J 5 5 .  ; ra. f �  Repor: . 3ecnc e l  P e c ro l eum Opera.t l on s .  : n c  . .  
7'.Jpman. : ..l l .:. : :: r n l. a  

Rems e n .  ;: . :: . .  : � 90 . : la r l ! ;.ca� ion o t  Uppe r and Lower ::"lare 
:on�ac: . :IPR- : .  � l k  H l l l s .  C a l i f o rn i a . aech� e l  ? e � ro ieum 
Opera�lon s .  : n c  . •  �emoranQum � o  F i le .  7upman. C a l i f o rnia 9 3 2 7 6  

S�ua r� .  : . .  : 9 8 7 . A Review o f  Was�e Wa� e r  D i sposa l Opera�ions a� 
Elk H i l l s . 3ech� e l  Pe�roleum Opera� ion s .  Inc . •  �aval ?e� roleum 
Reserve No . � ( E lk H i l l s ) . Kern County, C a. l i fo r n ia . Au�us � . 

Waldron. : 98 9 .  :�evron . 5 .  A . •  : nc . •  Bake � s t i e id .  
Ca l i torni� : ,

�e�� e r  :� T .  �. F i l l e y .  Arqonne Na� i ona i �aDora�ory. 
Arqonne . .  __ �nO i S  . .  _an . . :l .  

CONTINUED ON NEXT PAGE 
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COMMENT LEITER 4 

\ f ... " Of CAlWCMM4_IWI IfSOUlCn AGiNCY ":·' W",� a.-
CALIFORNIA ENERGY COMMISSION � " . ... , .. S1WHT � ... , ...... NtO ,.to 9.1'·"12 � 

';uly : 9 9 2  

�r.  Ja ... C. Killan 
Tachn1cal A •• urance Hanaqar 
U . S .  Oeparta.n� of En.rgy 
P . O .  Box 11 
TUpaan .  CA 93276 

Rea �u _ tb. �� of Ila� ' .  D •• XS far tb • 
•• y.l P.&zol_ R ••• n. lIO. 1 (Illlt Bills) ia E.r. couaty (8ab. 910 •• 001) 

D •• r Hr. Kill.n : 

St.ff of the California En.rqy Cc.ai •• ion ( Co .. i •• ion, hava 
E".vi.vecl the Dr.ft Suppl_n� to the 1979 Final Env1ronanUl 
Iap.ct SUt_n� ( 08I:1S) • ·'P.trol.ua Procluc�ion at Haxiaua 
Effici.n� Rat • •  Hav.l P.trol.ua R ... rv. Ho . 1 ( Elk Hills ) . K.rn 
County , c.lifornia- . staff b.liev.. tha� the DSE1S do.. no� 
provide a •• antial infoz.ation n.eded to a ••••• all pot.n�ially 
siqnificant .nviron..ntal i�ct. , and do •• not provida adequata 
.itiqation. our ca.aanu addre.. the ar.a. of bioloqical . 
cultural . and pal.on�oloqical r •• ourc •• , and .ocio.conoaics . 

1 .  

2 .  

l .  

� of Rea ..... �io •• 

Tb. OSEXS .hould provide a.tiaat.. of indir.c� impacta �o 
pl.nt .nd aniaal habitat. due to cona�ruction and opara�ion of 
oil dev.l�t-ral.ted ac�iviti.. a� HPR-1 for the en�ir. 
sit. ovar a lO-y.ar pro1ac� lif ••  

Bioloqic.l aitiq.tion •••• ura. .hould addr... all spac;r1 •• 
�anti.lly i�cted by dev.lopaan�-r.l.ted activiti •• a� 
HPR- 1 ,  •• v.ll a. provi.d. for revaq.t.tion and k.it fox 
_nitorinq. 

DO£ shoUld provide additional infoz.a�ion on revaq.�a��i 
affort. to parait a r •• l i.tic ,v.lu.tion of the .ff.c�iv.n ... 
of this .itiq.�ion m.a.ura . and dev.lop criteria for 
evaluatinq the .ucc..... or failur.. of future r.vaq.�a�ion 
proqra ... 

CONTINUED ON NEXT PAGE 
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DOE RFSPONSES 

Tho CEQ replalioaa for NEPA (40 CFR 1501.1} .... ....... .., lac .... diNct ....... ... 
indirect i...,.c:ts 1bat Ire ..-bIJ belli"'. To the ...... poIIibIo ... ""--Iy 
foreNellbJe, indirect i...,.c:ts IUCh u habitat rr.,me.utioa. wiIdIif. �, ... 1Ub1edaal 
effects of oil-field chemic:al. Ire ......... in Sectiopt 3.5 ... 4.1.5. PIeuo ref. 10 the 
retIpOIIIe 10 c:ommelll 13 .8-1 1 for IIdcIitioaaI lIilCUIIioa repniiDI lndirect effects of oil-field 
chemic:al •• 

All ipCCie . ... impIClI lre 1ICId ..... in the NPIl-l W'dcIHfe � PIua In ac:c:orduce 
with the U.S. Pi . ... Walcllife Service (FWS) 19I7Bio1oP:a10piai0a. AdditioaaI mitiptioa 
for prolec:tecI ipCCieI i. beiDI ditc ....... with FWS ... u..Je_ .... ion will c:oaf_ 1O !he new 
BioIotic:a1 Opinioo. 

Tho text in Section 4.1.5 of the DSEIS has been reviled 10 include I lIilCUlIion of reveptatioa 
moaitori .. lad evaluation. 

CONTINUED ON NEXT PAGE 
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'::'0 datanlina tha ralationship batwaan 0 1 1  deval op",ant: and k:rt .. d �ox populatlon dynallllcs . DOE ",ust usa a ral iable ",et:hod t o  . 
distlnqulsh oll-aavaloped f rDIII non-devaloped l anas . 

CONTINUED ON NEXT PAGE 

• 
DOE RESPONSES 

An ... Iy •• of kit fox decline ntel in deveIopecl venuti undeveloped ana of NPR-I baa beea 
conduc:led (O'F.rrell et .. 1986). ThiI .... y •• coa:luded that ...... were DO .... tba 
difTerellCCl in the decline nte. � the two a...... DeveIopecI and undeveloped ana were 
defined .. ki." into .ccount circull1lUftcel unique to NPR-1.  The moIbodoIotieI employed 
were .ppropriate for their intended purpoICI. ni. i. dillCUlled in __ deteiI .. foIIowI: 

In ,.11, thi. comment .ddre_. the cluaificMioa of ditlwtlance .. ...... than 15" .....&ce 
diatur"-nce (developed) venue Ie_ than 15" .. rr.c. (uodevelopecl). One coacern II that the 
areater than 15" cl."fication coven a ,.. of 15" (15-100"), w1111e the _ than 15" 
c .... flC.tion coven . nnae of oaIy 15" (0-15"). kcuaJ diltUlba..,. 011 NPR-I • low 
compared to IIIOIl nearby oil-field. and iI lDOIdy Ie. than 30" per -aioa. In pncdce, the 
criteria ueed to cl ... fy developed Venuti uodeveJoped ana dividea � Iato two 
roupl, equal nnae' of diatur"-nce. Furtbennore, the ........ that N"'-2 il _ developed 
than N"'-I i. incorrect. N"'-I il a _ active oil-field, but .....&ce di�OII the two 
oil field. il aimi"r with N"'-2 havina lliahdy _ .....&ce �

. 

The comment IIatel that IIatiatical evaIuatioa would be ...... y impIo¥ed If actual .... of 
dillUr"-nce were reported nther than ..... nlio or percent ........ The ......., of dill 
comment il unclear. While the reviewer'l coacern .... ..... nlio ..... 11 10  ...... , weU 
founded, it il not Ippropriate in dill ca.. If ICIUaI ..... of di� _ aaed IIIIIfeed of 
percent diltUrbance, they would need to be calculated ,... aecdoa (or 011 __ GIber ...... 
bail). Actual diaturbance per -aioa II • nlio and ditren fnJaa the percentqe ooIy by • 
_Ii .. factor. ni. would not affect the lipificance .... of any IIfatIIIicaI .... ,... 

The ..... Ilion that diaturbance be evaluated baed 011 __ _  ana (e. J., an __ 'I 
home nnae) i • •  JOOd 1U ... 1lion in theory, but � that cannot be Implemented in pncdce. 
The .rea. uaed by individual .nimal. are too poorly k-.. to be ole to .... yze m.-ta 011 
that bali •. 

It il unclear what i. intended by dae .. 1fCIIioa that any ftutber .......,.. to ItUdy kit fox 
popul.tion dynamicl elimi .. te the eft'ectI of adler land __ IUCb .. apicaIIun and urban 
deveJopmeDll. The ltUdiel of kit fox popu .. tion dynamicl 011 NPR-I .nd ..... y .re 
obeerv.tionaJ .nd .re not deaiJned experimeDll. TbUI, daere are laberent Hmitationa to the 
inference. th.t may be dnwn from � obeerv.tiona. Nonetbe_, where p!*ible, cia .. 
... 1,.1 control for f.ctor. other than oil-deveJopment. 

CONTINUEDON NEXT PAGE 
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DOE should provide a comprehenS lve .valua�10n ot �or�al�ty � 
g lan� kanqaroo ra�s . �lun�-nosed l eopard l izards . �nd o�her 148 
i is�ed spaclas as a rl!lllult O [  conll�ruc� lon Clnd �Dera�lon I lc�ivl t i es a� tlPR- l .  

Hr . �a .. s C .  Killen 
July ) 0 .  1992 
Paqe 2 

6 .  

7 .  

a .  

9 .  

----, 
DOE should co.pensa�e for loss of plan� and animal habi�a� by � 
purChase or pro�e�lon of endanqered spacle. habitat . and se� f 
land astde in perpa�uity to ensure �he lonq-�erm prellerva�ion 
of those specles impac�ed . � 

DOE shauld include a continqency plan in tha cultural resourc� -�� plan. in tha event of discovery of sUbsurface cultural ra.ource • •  

DOE shauld also develop a continqancy plan i n  the event ofl.. .. 
discovery of palaontoloqlcal re.ource. . --I" , 
The socioecon_ic se�:!.::r: should be updated to reflect C.lrranD cOndition. (beyond 1911 ) . TIll! discussion of potan�1al i.pacts 
ra_ltt.nq fr_ out-of-cOUJIty workers should ba clari fiedr and 41 a di.cus.ion of potantial il!pact. to local SChool enroll.ants 
sbould ba added . 

CONTINUED ON NEXT PAGE 
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DOE RFSPONSES 

The text 011 ,.. 4.I .S-4 of the DSEIS .... boca leVI_ to Incorponte by IefeNace, .... 
BioIoJicaI � prepared by DOE ia 1991 ..... evaluatet .... . f'CectI of eoadaned 
petroleum production at NPR-I (DOE 1991). 1'hiI 1JioIoaiW A ... "I1111111 .... .... diecu ..... 
in Sec!iop 4.I.S-3 provide Ibe ......... idJillliilliua OII .... . f'CectI to IiIIed spec .... Tbe 
c:ommeator _y obtain a copy of .... IJioIoaiW AlIIJJ'" upoa ....... twa � C. 
Killen, Technical A.arance M-aer, U.s. � of ...." P.O. lox II ,  ......... 
California, 93276. In addition, IIIOIl of .... develapmeIItpropoaad lor NPR-I will ... piece 
ia aIM. when few aisat boaaroo rata 01' blual-aoaod leopard Iizuda occur. The miIiaatioa 
- taba 10 minimize impacla 011 ...... spec ... wiD be miDor .. .... .. !hole fa IiaIa 
developmeat ia .... low ..... . IMI whale ...... spec ... era _ .......... Mortality fa 
diacu.ecl in Sectiogt 3,5.3 apd 3.S.4 or thia docua.at. AA:IditJo.I beIeIiaa .... yaeI IN 
available in BioJoaicaI A __ prepued lor .... ... a.uoo nt (O'PeneII .... KMo 
1987) apd the blual-noaed Ieopanl liZllnl (Keto apd O'PeneII 19I6). 

DOE I. c:omplyi..,wiIIa Ibebabilat�ntio ... IIIiIipdoo""""""'""""upoa 
willa FWS pu� 10 abc 1987 1Jio1oaiW Opiaioa. MitipIioa _ ..... habitat c:ompeI_1oa 
is beiot addrMIId ia Ibe 0III0ina Sectioa 7 �1I1d1oo willi PWS, wIaic:b .... reauIted ia a 

- draft ncqoop.nIy BioIoaiceI Opinioo (_ Appcpdix 1.2>. 
SacIjog 4.1.6.1 oflbe DSEIS ...... ..... a CuIIuraI a-.............. 1or NPR-I wiD 
be formulated ia � willa .... Slate HiItoric PreaerveIioa Office (SHI'O). nil plea 
wiD addre. Ibe protec:lioo of aubaurfece cuIIuraI neoan:ea. 

The Nn.-I eu ....... a.-rc:. M ......... ..... � .... developed Ie � 
willa the SHI'O, will allO � � 1eIOUI'CeI, c:oaai ..... willi .xi .... ... 
� .... 
DOE beIievea .... . xiad .. aoc:ioec:oaomic .... ,. ec:cunteIy 1etJect. .... beaefic:ie1 Jmp.c:t of 
NPR-I to Kern County apd Ibe T_IJ of .... Uailed S ...... DOE don DOl believe ..... 
updelina .... lafomwlioo, which would be a aipificeat apd IiIM CCIIIIUIIIiat .... woaId 
aipific:eatly c: ....... this c:ooc:lusioo. 

SacIjog 4.1.'.2 of the DSEIS .... boca NYieed to clarify .... poteatiaI impec:ta ..... would -at 
from ioclM_ ia the NPR-I temporalJ wort me .. a reault of .... propoaed ectIoa. 

8aca .... the proposed ec:tioa requires .... hiri.., of only a f_ edcIiticMW penneneat employeea, 
Ibe impaC:l lo Ioc:el ac:hool dilllric:lI i. antic:ipated 10 be .... i'ible. 
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aioloqiGlll. "�_-�d IDfonaa�iaD 
Th. Maval Petrolaua Reeerv. 1 (lfPIt- l )  .ullPOrt. four fad.rally 
.ndanqered ant.&l •• on. federally threat.ned plant . and on • • tat. 
threatened an�l . All but on. of th._ .peai .. are .nduic to tb. 
Soatb.m San .Joaquin Vall.y and. for .ach of tb... . the "1or 
r.a.on for population d.clin. is habitat 10... cu.ulative habitat 
di.turbanc. due to pa.t dev.lopent at MPR-1 is raportad a. 
approxt.&t.ly 6 . 546 acra.. Th.re has al.o b •• n d.v.lopm.nt-r.latad 
habitat di.turbanc. at MPR-2 . vhic:b i •. ad1 ac.nt to . and support. 
the .... li.ted spec i •• a. MPR-l : hovev.r . figur •• for acr.aqa 
di.turbed on MPR-2 are not provlde1l in this doc:wumt . Th. propo.ed 
action to .xpand operation. at MPR-l vould r •• ult in an .stt.&ted 
10.. of an additional 1 . 569 acree of known thr.at.nad and 
andanq.red .peai •• habitat ov.r tb. next 3 0 y.ara . Th. DSEIS d_� 
not provide a.tiut.. of indirect i�cts due to con.truction and 
operstion of oil dev.l�nt-r.lated activiti •• at MPR-l othar than 
an a.tt.&t. of 6 . 7 1 0  acra. that would b. distu:rt>ed by sai •• ic 
survay. ov.r a l O-y.ar pro1.ct l i f  • • 

Pa.t mitiqation .... ure. for all i�ac:ts

. 

from d.V.lopmant-ralat.;n 
activiti •• at MPR-l have uinly con.1.t.d of raveq.tation and kit 
fox population .onitorinq pr""raaa . Altbouqh valuabla , tha.a typa. 4b 
of maa.ur.. are not acceptabla a. 1II1tiqation for the type and 
deqrae of impacts expar1enced by tha devel opmant act lvltles a t  , 
NPR- l .  --
11aloqical R •• ourc •• -R .. eq.tatlaD 

Th. docua.nt reports that �o data 1 , 689 acre. ot �he 6 , 5 4 6  acre. 
j i sturoed have oeen reveoetated . �ovever .  �ore than n a l f  �t �he 
r.veqatat10n cla imad ( 9 2 0  acr •• ' occurrad natural l y  and was not a 
r •• ult of act1Va .It:.qat10n. Tha parc.nt of qround and shruD cov[}a 
( par acr. cov.r.d) and sp.c1e. div.r.1ty achieved trom the 
::-aveq.tation affort 1S not r.portad. Th.r.fore , 1t is not po •• ibla 
�o avaluat. the .ffactiv.na •• of this _itiqation maa.ura f rom the 
info�tion qiv.n. DOE con.idars area. reveqatated ( 1 . 689 acra. 
a. a cradit to total araa. di.turbad by pa.t activitia. ( 6 . 546 
acr •• ) . I n  tha propo.ad action t o  axpend devalopaant . DO E  figures 
that of tha 1 , 569 acre. of hab itat that vill ba directly disturbed 
by devalopaent-ralatad activitie • • impact. to 1 , 04 5  acra. will ba 
off-.at by reveq.tation. I f  DOE ha. not dona .0 a l raady, fUrtha:} 
rev.q.tation p�r... .hould aatabl ish critaria for reveqatation 
succ ••• and provida for monit;rinq th • •  ucc ••••• and failur •• • 
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Refer to COIIIIDeIIt Letter .. SuImMlJ of � 1 .  

Refor to Comment Letter .. SUImMIJ of Rocommoadatioaa 2. 
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BioloqiaaJ. -.-.:a •• -Kit 1'_ aoll1tortaq 

Th. DOE kit fox IIOnitorinq proqraa ha. been in plac. on NPR-1 .inc. 
191 1 to d.t.ratne the r.lationabip b.tween oil d ... lo�t and kit 
fox population dynaaic. . Thi. .ffort ba. docua.nted dra.tic 
declin.. in th. kit fox population on NPR-1 ov.r th. duration of 
the .twly ( froa 1611 fox •• in 1911 to 19 fox .. in 1991) . Th. 
_1ority of th. declin. occurred in th. foothills vb.r. d ... lop.ent 
ha. b.... _t int.na.. Althouqb .... ral factor. ...y haVfr 
contributed to thi. 11-11' decline , th • •  ff.ct of d.v.lop.-nt i • 
• till unc.rtain and laclt of .quival.nt declin •• ( 4 3-51') in flatt.r 
undev.loped ar.a. and on NPR-2 where th.re i. 1... d ... l ...... t 
sUCl9 •• U that cleY.10pMllt i • •  --"t r •• pon.ibl. . F'urth.r.ore , 
reproductive .QCCeII. va. lover in the d ... loped area. than in 
undev.loped area. fro. 1912 to 19111.  

Sev.ral .twU .. hav. been conducted on NPR-1 and NPR-2 i n  an 
atta.pt to d.torain. diff.rence. in kit fox population dyneaic. in 
dev.loped and undev.loped landa. H-..r . th. _thad u .... to 
di.tinqgiab oil-d ... loped fro. undev.loped land. is not reported. 
Following a r .. i.v of the l it.ratur. v. have d.t.rain.d that tb. 
criteria used ( 0-15' surfac. di.turbanc./ .q. aile a. und ... loped 
area. and 16-100' surfac. di.turbance/ .q. ail. a. d.v.loped are •• ) 
do not cl.arly di.tinquisb b.tw •• n th ••• land u... . Th.r.fore , any 
r •• ults f ro. th ••• studi •• cannot be used in the cont.xt intended . 
Th. p.rc.nt int.rvals are not .qual and tbe pot.nt ial iapects 
b.tv •• n tb. 16 p.rc.nt end of tb. int.rval a re significantly 
dif ferent fro. those at the 100 p.rc.nt end of the int.rval .  
S tatistical avaluat10n would be greatly iaproved i f  actual a r.as o f  
disturbanc. w.r. report.d rath.r than uSlnq ratio or perc.nt I '/alues. If int.rva l s .  e 1 ther actual ar.as or p.rcent . are us.d 
th.v should b. of equal l enqth and saall enouah � ntervals to 
ch_�acl:.�lJ • •  xpected 1apacts . Con.ld.rat10.n should a l so ba q1ven I 
to a •• cribinq di.turbanc. 1n t.rq of anll1&l use ar.a . .  s.UCb as the I 
!aount o f  an an1 ... 1 ' s  hoae rang • •  

Mitigation f o r  the propo.ed proj.ct provid.. for :ontinu.d 
.anitorinq of kit fox population dynaaic. and conduction of pr.� 
;activity surv.y. to ainiaiz. illllact. . Any furtb.r att� to 
stady kit fox population dyn .. ic. in r.lation to oil-d.v.loped v • •  

non-d ... loped. lands auat c l  .. rly identify th. l.v.l of d ... lo.-.nt 
in th • •  tudy area. and .11ainata the .ff.cts of other land us .. 
sucb a. aqricultura and urban d.".lo.-.nta . If. furth.r r� 
that pa.t .tudi •• b. r.-analyzed u.ing th. nav crit.ria , sinc. a 
"'10r ob1.ctiv. of th ••• studi •• va. to t •• t tb. e f fects of oil 
d ... l�t on variOUS a.pects of kit fox .cology . 

BioloqiaaJ. .. � •• -otller Arr.otee .... i.. 
, 

In r.gard to tb. oth.r l i.ted .peci •• on-sit. , lIIortality a. J r •• ult of operation activit i •• has been docuaant.d for giant 
kanqaroo rata and blunt-no.ed laoparet l iz.ret. . H_.r, a 4e coaprabanaiv. __ lation of th. .ffacts of conatruction and 
operation activiti •• at NPR-1 on th ••• and oth.r li.ted ani_l and plant .peci.. i. not provided in the DSJ:IS . 
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81010910&1 �e.-CODOl.1I4iaq co...aU 
AlthoClcJb tIM! kit tox and r-.qetation p� that have occ:ur:r.d 
on NPR-l are notable , they are not in line with current .iti9ation 
practica8 c_n tor all other d_los--nt activitie. occurrinq in 
the Southern San Joaquin Valley . F�l and .tate require.ent. 
have e.tabli.bed that the 10.. ot habitat .u.t be co.pan.ated by 
the purcba.e or protection ot endanqered specie. habitat . 
C�tion ratio. uaed in the Southam San Joaqu1ft valley have 
ranqed tro. 3 -to-l to 5-to-l tor direct loa. ot habitat known to 
support liated .peeie. . Indirect or tOllpOrary di.turt)anc .. to 
11.ted apeai .. babitat have been cOllptUUlated at ratio. ranqinq fro. 
1 . 1-t_l to 3 -to- 1 .  COIIpeneation can be aCCOllpliabed by dedicatinq 
.urface landa not under d_elo�t on NPR-l or NPR-2 or by 14f purcba.1ncJ nearby landa known to .upport the .... 11.ted .peciea 
be1ncJ illpacted by activitie. on NPR- l .  SuCh lando have already 
been identif ied throuqh threatened and endanqered .pecie. planninq 
effort. in the SOUthern San Joaquin Valley and include the Buena 
vieta valley and the Lokern Natural Area , both adj acent to NPR- l .  
Cb_ron � _t land. i n  the Lokern Natural Area and i .  the 
pri_ry producer at NPR- l .  � Land _.t be set a.ide in perpetuity to en.ure the lonq ten 
pre.ervation ot those speCie. impacted . further, an endOVlllent fund 

must be e.tablished for the purpo.e ot lonq term l and manaqe.ent . 
Endovaents should be manaqed by a l and manaqe.ent aqency such as 

The Nature con.ervancy . 

� 
R_eqetation effo�s .hould continue but be applied as mitiqation 
to landa ta.porar11y di.turbed by developaant Activities and not 
conoidered a. a .ea.ura to off-set 10.. ot habitat .  The kit tox 
proqr .. could be u.ed to aonitor the population . but aqain . should 
not be done in lieu ot habitat coapenoation. Additionally , the.e .tudi .. .uat utilize a aore reali.tie definition of oil-d_eloped 
and und_eloped land. to aske an effective cOllPArison ot the.e land 
u •••• 

CU1t� ae�ae. 

The Draft suppl_nt identifie. that s iqnificant find. ot cultural 
reaource. are unlikely , and that a cultural re.ource _naq_nt 
plan ia under d_elo�t in cooperation with the california Stata 
Ki.torie Praeervation Office. How_er, the d .. cription of that 
plan in the OSBIS doe. not identify wbether a continqency plan is 
be1ncJ d_eloped a. part of the aanaq-.at plan in tIM! evant of the 
di.covery of .ubaurface re.ouree. . SuCh a continqency plan act. to 
a1ntaize delay. in the event of suCh findo, and it is recoaaended 
that one be included in the _naq�t plan • 

• a1_al0CJ1aaJ. aa_1U:CIe. 

While .urvey. have not indicated the pre.ence o f  Siqnifican§} 
peleontoloqical re.ources . the OSBIS doe. nota that siqnificant 
rea_rca. have baan identified in nMrby arN. . It i. r.c.-nd.ed 
that a continqaney plan, stailar to that r-=-nded aboYa tor 
cultural reaaurce. , be devaloped tor previou.ly undiscovared 
sub.urfaca palaontoloqieal ra�ce • •  
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SOoio�a • 
.... t ot the data d_.loped tor the .ocioaconoaic s.etion cov.n 
only the period andinq in UI6-8 1 .  a-ua • •  ocioaconoaic d.ta i. 
ott.n hiqb.ly dapanclent upon the q.ner.l .tat. ot the .conOllY , and 
bec.us. conditione h.v. chanqed in the tour to s.v.n y •• n .inca 
thi. d.t. v •• d.v.loped , it i. r�ed that the .ocioeconoaic 
s.etion b. updated to ntl.ct currant cOnditions . In addition, it 
i. r.�a4 that th. di.cus.ion ot. potenti.l imp.cts r •• �lt1nq 
tro. in-.iqration ot out-ot-county work.r. b. cl.ritied. On p. 
" . 1 . 8-1 , s.etion .. .  1 . 8 ,  second p.raqr.ph it is .tat.d that "P'ourth • 
... t t.apor.ry con.truction work.rs on the s it. would l ik.ly coo. 
froa out.id. K.rn County . . . .. .  In .action .. .  1 . 8 . :2 .  s ••• pa.,. , it is 
st.t.d th.t " �lthou.,h pot.ntial incr..... up to J o t  ot tha 
tuporary work f orc. miqht b. r •• l i z.d . ::Io.t workers would co.a 
fro. local c...uft1ti.. . . . .. .  �r. the sa .. work.rs b.1nq discu ••• d 
in both s.ction. ? 

4i 

Th. .oc1oeconoaic imp.ct s.ction doe. not di.cu.. the pot.nti.l 
i�ct. to .chool. Which miqht r •• ult troa the propo •• d proj.ct . 
Such a di.cus.ion. b •• ed on upd.ted ca.,.city and .nrol lm.nt f igura • 
• hauld inclUda the pot.nti.l .t t.eta ra.ultinq tro. out-ot-county r 
workan brinqinq th.ir taai l i  •• with th_. C.-i •• ion st.t t h.. i 
oba.rved tbat .iqnificant iapaeta can r •• ult to local school 
di.trict. and .chool. tro. ..... _11 incre.... in school 
.nroll_t. �ta with individual di.trict. covarinq non-
r.iabur.abl • •  xpan ••• r •• ultinq tro. anro ll •• nt ot chi ldren �I 
a •• ociated vith out-ot-county work.r • •  r. a recoaa.nded fon ot 
mitiqation tor such iapacts . 

In conclUSion , Coaai •• ion .t.ff b.li_ •• that the OSEIS doe. not 
adequat.ly addres • •• v.r.l potenti.lly siqn1f ic.nt .nvironaantal 
and .ocioaconOllic i •• u •• , .nd d_ not provid • •  d.qu.t • •  itiq.t10n 
_.ur .. to reduce or .11ainat. the .xpected iapact. . w. r-=-nd 
tbat tha Finsl SEIS incorpont. th ... C_t. to adequat.ly 
analyze all proj.ct iapacta and conaid.r .11 t ••• ibl. .itiq.tion 
.... un • •  

W • •  ppraci.t. the opportunity t o  c_t o n  thi. proj.ct. I t  you 
h • .,. .ny qu .. tion. raq.rc1inq .ny ot our C�nt. or would lib 
a •• i.tanc • •  ddr ••• inq our conc.rn. , pl .... contact Lorri Carvai • •  t 
( 9 16) 65 .. -39 .. .. .  

cc: Chri.tina Kinn. 
Stat. Cl •• rinqbou •• 

• 

S inc.rely, 

2-��:,� 
Robart I.. Tbark.l.en, Deputy Dir.ctor tor 
En.rqy F.ciliti •• S1tinq .nd 

Environ.antal Prot.ction 
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COMMENT LETTER 5 

""',, \\',I"on f �ol'f'rnf)r 

I, ,1ot, , " " " \ 1  "I I "to 

The Ht-sullre'p,,; .. \ j.!c nc·\' 

I -,� , 
f l f  ( ' a l i fl l l' n i ; 1  

J u l y  : 9 9 2  

U .  S .  Department o f  Energy 
Naval Pet r o l e u m  Reserves 1n Ca l i fornia 
ATTN : James C.  K i l len 

Tech n i c a l  Assurance Manager 
P. O .  Box 1 1  
Tupman ,  C A  9 ) 2 7 6  

Dear M r .  Ki l l e n :  

I !. H I . ' . ' "  I '  " h" " I, "  

"' " ,.,'r n " ,  

T h e  S t a t e  has 1 ev i ewed the Dra ft Supplement to the 1 979 
Env i ronmenta l Impact Statement ( OOE / E I S - 0 1 5 8 ) ,  Petrol eum 
Product i on a t  Ma X 1 mum E f f i c i ent Rate Nava l Pe troleum Reserve No. 1 (Elk H i l l s )  Kern County , sUbm1tted th rough the O f f ice o f  
P l a n n i ng and Research . 

We coord i nated rev i ew of t h i s  document w i t h  the Central 
Va l l ey Reg 10na l Wate r Qua l i ty Control Board ; Pub l i c U t i l i t ies , 
and State Lands Comm i s s i ons ; and the Departments of Conservat ion , 
Fish and Game , Hea l t h  Services , Transportat ion , and Water 
Resources . 

The State Wa ter Resources Control Board stated that they are 
current ly work i ng w i th you on th 1 S  proJect . We have no further 
comments at th i s  t i me . 

Thank you f o r  prov i d i ng an opportun ity to rev i ew t h i s  
pro j ect . 

for 

S i ncere l y ,  

IY/)�_� 
Carol Wh i te s ide 
A s s 1 stant Secretary , 
I nte rgovernment a l  Re l a t ions 

cc : O f f ice o f  P l a n n ing and Research 
1 4 0 0 Tenth S t reet 
Sacrame n t o , CA 9 5 8 1 4  S C H  9 2 06 4 0 0 2 )  

l ilt' U.· .. ul1n·t·4!t nllild,ne ",lI'ralUl" Uo I \ ·1�.� 1 1  " 11> li,'U· -,,',-,4. I \ \  <'"i .  h'U.HIU:! 
,IIIo .. n,,, t " .... ' .. 1 t •• "In,. .... I'  .. ' • I .,hllll .lI .. I " " ., I . ",.,." I,,, , • " ,,,� •• lt. M" " ,  ", .... ,' • • 1 1  _.IIIo.." t.I 

I '''·n .... M"",,,", " "  I ,'''''''·,.. .1111.01 .... 1 1t·\.· .. ,,"".·11I t ,,,,"n ••• ,. .. • . . ,' " . " II n .. , I " " "'''.11''''' ... ' 10 .. .. 1,"'""·." I " mn .. " ....... 
-0 •• 11' t ......... 11 I ·'I1-.t'''' ,III . .. .  "'.,1.' , ... . , 1 '  ' ... ".11' ........ ' . ..  , ..... " ... ' .. n.,IH,n n" ,II" 

* I  ...... " ... , ... .. ·.� . .... ' I  .. II •.. 

• • 
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COMMENT LEITER (; 

!i. art O. CAU'a-u -Ur WtlLSOH � 
STATE WATER RESOURCES CONTROL BOARO DIY'SION 0' CLEAN WA n,. PAOa .. AMS :,)1" T STAnT SUITE 1:l� ., I) !OX ...... ' 1 :  ,i.lCRAMENfC � .l  �"2':4 . : � : :  
: 916)  ;39-2728 
FAX : ' 9 1 6 )  7 l9-�3CQ 

'Jl. 2; -;;-;: 

Hr. Jalles K i l len 
Department of Energy 
Nava l Petro leum Reserve� '0 C . l i forn , a 
P . O .  Box 1 1  
TUpillln ,  CA 93276 

Dear Hr. K i l len: 

1 .. prov i d i nq rev iew comments by S tate Water Resources Contro l Board staff on 
the ·Draft Supp lellent to the 1979 F i na l Environmental l�act Statellent , 
Petroleum Product i on at HaxiMUm E f f i C ient Rate , Nava l Petro l eum Reserve No . I (Elk H i l l s ) ,  Kern County , Ca l i forn i a -' dated Hay 1992. These comments were 
coord inated w i th John Noonan , Central Va l ley Reg i on , and are suomi tted as part 
of the State of Ca l i forn i a ' s  ( State ) par t i c i pat ion in the Agreement i n  
Princ i p l e  between the Department of Energy and the State. 

If  you have quest ions regard ing the enc losed comments or w i sh to d i scuss them 
in �r. deta i l ,  p l ease te lephone me at ( 91 6 )  739-2728 or Les l i e L auoon a t  
(916)  739-3313 .  

S incere l y ,  

-/- � - V-
hn � Adams , Jr. , Ch ief 

S i te Rl!IIII!d i ation Un i t  
Land D i sposa l  Sect ion 

Enc losure 

.I . " -�:ii' @-- -

cc: Ed Ba l l ard 
DOE/SAN 
1 333 Broao·"av 
Oak land . f: � - )'16i<  

John -Noonan 

Gary Butne� 
E n v l ronment3. j �··a naae�ent �:"anc:; 
Oeoartment c f  Hea i t� �e�'l l ces 601 UOrth 7 :h S treet 
Sacramento . CA :4234- 7:;20 

Ca l i rorn 1 4  �ea l ona I .. jd te� '>.:a i i : ', : .: n tr :J i  20arc 
Fresno Branc n " Of f ' �e -

L i nda Fu l l er 
Resources Aqency 

:;614 E 3St �_sh l an ;' ,enue 
::'r'!!ino . �.; :37:: 

• 

1416 9th S t reet 
Sacramento , CA 95814 
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S ta t e  o f  �a l i ! � r n � 3  

H E H 0 R A N  D U M  

:':l : John .'. ia;:,s 
DOE � �=gra� �anaae� 

.J J . , �. , _  �LU- .,...,7;r!/ lA'll.. - , 
Le�l ie La\i&m-� 

Jate : :iiI. : '  

from : 
Assoc iate Engineering Geo log ist 
STATE WATER RESOURCES CONTROL BOARD 

DIVISION OF CLEAN WATER PROGRAMS 

5 u b i e c :: :  REVI EW COMMENTS , DRAfT SUPPLEHE�IT TO THE 1 3 7 9  fINAL . 
ENVIROIIMENTAL r:1PAC':' STATEMENT , i' ETROLEL� PROOCCTION AT 
MAXIMUM EFfICIENT RATE , !IAVAL PETROLEUH RESERVE 110 . 1  ( ELK 
HILLS ) , KERN COUNTY , CALI fORN I A ,  MAY 1 9 9 2  

I n  accordance w i th the Agreement in PrinC i p l e  ( A l P )  between the 
Department ot Energy ( DO E )  and the State ot Ca l i !orn l a  ( State ) , 
reviewed the abovement l oned EIS to a s s i s t  in the eva luat ion o t  
add itiona l D O E  s l tes for potent l a l  inc lus i on l n  :: h e  n I P  program . 
This memo presents my comments on the E I S .  

GEllERAL COMMEllTS 

The EIS does not provide any water qua l i ty data ::0 support �he � 
genera i i zat ions that ::he ground water beneath ::he s l te l, S of poor 
qua l i t y ,  and is not l ike ly belng impacted by s l te act l v l t ies . 
There doe. not appear to be any data ava l l a b l e  f ro� ons l t e  
monitoring we l l s  to esta b l i s h  t h e  ground w a t e r  f l ow reglme and 
qua l ity beneath the . ite . Haps provided in the E I S  depic t i ng the 
ground wster sur t ace e levat ion do not show any i n f ormat lon tor 
the lIavy s l te .  

CONTINUED ON NEXT PAGE 

• 

6.a 

• 
DOE RFSPONSES 

AD amy of lilt 0IHite water -. ..... ... IocIIed OD the IOUIb .. of Nft-l .........., 
cIowa-dip from NPR-I'. produced .... diIpoIaI ...... SCnIctunI clOll .. cdoaI .,....... 
well. clearly Ibow COIIIpIctioa iIMrvaII of bulb -. .... di .... weD. 10 be ia equivaIcat 
IIInItiJnPhic __ of the Tulare Fommioa. Soun:e well water i . ..... yzed routiDeIy to 
determine if produced water iojcctecl u.o the di..-aI _lI. II IDOYiIfI dowadip towanI the  
periphery of the .  (81'01 1992b). 'I'bc8e ..... ,.. Ibow ..... Tulare JI'OUIIdwator 4U8IitY 
..... from approxi_tely ",()()().6,OOO ppm TDS, .... lhat ovenU water quality .... DOt 
cbanaed in the lalt 13 yean (81'01 19928, PbiIIipI I992). A JI'OUIIdwater IIIrface eIcvUion 
-r for NPR-I i. provided a. f'1&l!J!I3 ...... of the FSEIS. 

Additional IItnIcturaI .... ItntiJnpbic CIOII IIcto. dill Ibow the NIat!ocWlp '*- BIt. 
Hill. lIntianphy in the immediate vicinity of the IOUIb ftanIt IOUI'Ce water .... diipOllll welle, 
.... equivalent units in Buena Villa Valley have beeo COIIIpIcted (Milliken 1992). 'I'bc8e C_ 
lCCoo.. Ihow that di.,oaal of 00-. produced wetcn it bei." confiaod withia the TuIue 
FOI'IMIion and i. prevelUd from miJntjoo into alluvial aquifen ia the Buena Villa Valley by 
various clay aquicludea that 8epIII1lte the Tulare Formation from the Alluvium. 

The foreJOi .. inf�tion i. dilCU8led ia treater decail ia Appendix D (_ Sectiog D.4.1,2). 

CONTINUED ON NEXT PAGB 
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The disposal prac�ice. t o r  produced water which 1S of poor � 
qua l ity show a lack ot concern tor potent i a l  aegradatlon o t  
around water qua l ity . Th i s  could be a ma j o r  concer� t o r  �he Kern 
Water Bank I KWB ) due �o �he prox imity ot the wa�er :ank �o �he 
:Iava l Petro l eum Re serve ' s  I tlPR l d ispos a l  ponds . ,�e r !!  is no� 
sut f i = i e n �  l � t or�a � lon reqard i nq �he qeohydroloay � :  :�e �PR ' rea 

, �o det!!r::n ne ·.·����er ��.e proauced ... a � . r  d i sposa i ;::r " ,,':: :=es are--.J 
::npac,:: 1nq �:1e �."B ·.·a�er . 

:t _s �y �nd e r S �3nc l na � � 3 �  � 
30ar� ' Rea l c �3 1 �ater Eoar= � �h. ��ounc � a �er �ua � : :y ' no 

e Reol. ona l � a t. e  � O'o rk i na "' i':t: 
; "", cond it l ons 

'�ua .:.. :.. :·: ::1"1:::-:: 1 --, 
�e �:av� ::1 eva l �aCe � � ��e S l�2 . �he� 

Req l c �a i �a � e r  :oar= :� �o': =onvl�=e� ': h a :  � is:cr l =  and c�rren� opera -; :.nc; ::; r ::cecu res and · .. ·ascewate:; ::: l.Spc s a J.  Frac -: : ::es are noe j :':lDa c � :. na L; s a c i e  ?!":::mnd · .. ·a t.e r .  :!'-.e qrcund ·.ace::- et/a lua t:. : c n  '. 1 1 :  r invo l':e ge n e r a -: !:-tq .:la't.a : ::::r:t c n s l. : a  ..... 1 .:..5 1:0 de't.e r-::ane '.Jnecher �ater qua l � 't.y �as ceen adve r s e l y  :.=pac�.� �Y ac't, l V l : ias a 't.  :he s ite . _"ppa ren� ! .,. .  ':he evalua� lon -.. as 1 n l � l a l l! proposed by the I Navy . bu� ':!1ey have been s l ow ln l n i t i a t i ng the st:udy . --.J 
SPECIFIC COKKERTS 

p .  xxv i i  - regarding �he Tulare fo�atian "This "'a�er :5 ot poor qua l i �y "' l�h no known tene t i " i a l  Uses except as ",ater f l ood source wa�er . The NPR-l �ulare Formation has been des 1qna �ed as an EPA C lass . exempt 
aqu i f e r  . . .  " 

"he Depart:�en� o f  Conserva � l o n . � i v i s i o n  ot O i l  and Gas ( COOG) 
has the authorlty and responsibi l ity to requlate C lass ! I  we l l s  
used � o r  : n j ection o t  f l ulds generated f ro. o i l  and gas 
product ion .  The COOG and State Water Re.ources Control Board 
( state Wa ter Board ) establ ished a Memorandu. ot Agreement ( MOA) 
tor protec�ion ot the bene f i c i a l  use. ot the waters ot the State. 

The stat@ �ater Board does not desiqnate waterf lood source water 
as a bene t i c i a l  use . Use ot this terminology throuqhout the EIS 
i.p l ies that ",ater t l ood source water is a de.ignated beneficial 
USe 1 n  the Water Qua l i ty Control Basin P l an ( Ba s l n  P l a n ,  prepared 
by the Reg l o n a l  Water Board . 

CONTINUED ON NEXT PAGE 
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NPR-I i. very concemcclabout any .. pnctice that hal poteaIi8I to .,advely  Impact 011''
_....... or particular coacem i. any poRibiIity of deJndiaI ofr"" pclUIIIIwIlter NIOUl'COI 
al a _It ofproclucecl waler dilpClal praccicea. ,.. iDdiclted iD StcIiM 3.1.1.4 of the DSEm, 
reliance IIpOD -mpm, ha. beea eIimiaMecI .xapt_ ......." aad 0II'� ....... ..... 
aD 1UIIIp' _dri .. or _r alluvial IOiII haw beea a-t or Iaba aut 0I .mc.. c.n.. 
procIuced w ..... dilpClal i. by injecdoa II*» the ......... POIIIIIIioo via a.. D iajecdoa ..... 
1oc8tec1 approxin.tely I 111 mi1eI fnIm the ... Villa Valley ..... 1 ...... fnIm the ..... 
--ry of the Kern W ..... baat. StucIieI have Ihowa ..... w ..... diIpoIed of iato .... ..... 
i. confiDed within the Tu"re Forn.tioa aad CSIIIIOl ........ off __ iato ... fbI ,..,.......,... 
in the Buena Vi ... Valley <_ the reIpOIIIe to CCIIIIIIIIeS 6 .. ). 

,.. di� in Sccg 4.1 .4,3 of the DSEm, a .. a ............... . oaitod ... ,lea _ NI'R-I 
wa. clcve10pecl by Golder A ,....,., .... iD 1990 <00W. 1990}. The ,lea Included • lilt 
"y" of NPR-I .. aad filciIiIiM ..... have .,.,.... _ ...... 011' .... JfCIUDIIwater 

cIepadation. Curready, 1hiI plan it beiDt reviled aad local WIler ....... , Inc .... the 

Departlneat of W ..... � aad Kern County W ..... �J, wiD be .fronted .. 

opportuoity to participate in ill � <_ the ..,.,.... to COIIIIDIIU 3 .. ..... 9.11). 

NPR-I i. aware of the riab _iIIIed with the di.,.a of,..,...,... _, ..... _ ... ....... 
NI'R·I hal worked boIb incIepeadeatof aad cJc.Iy wida the CeanI Valley JteP-I W ..... 
Quality Board to minimize rilb. AnIoIrw DWIJ ___ Iaba to ...... riIb, ..... haw beea 
lined, lllmplhave beea leba out 0I 111Vice, .............. hawbeea JNIIIIJ awduced, .... 
lllUdiei have beea coaducted to ___ rUb are aocepe.bIe .... .... .u.po.I acd¥idea are Ie 
ftaU c..,1iaace with requi..-. .. additioa, ..........., .......... proeectioa .... 
moaitori .. proJnID , .... are under � to pro¥icIe addidoaal pnQctioo (See the 

rel!pOlllel lo COIIIIDe .... 6 .• aad 6.b). 

The deacripcioa in the DSEm of NI'R-I ' . ... of Tulare pclUIIIIwIlter Ie retervoir waterfIoocI 
openlioal _ not illleftclecl to imply that web ... COIIIIitutea a "beaeficial _- II tlefiaed by 
the Tu"re Lake Balin Plan. It _ limply bei .. ...... that wilbdnwal of NPR·I Tulare 
If'OUIIdwalcr for waterftoocli .. i. the ooIy k-.. _ of !hi. w ...... 

CONTINUED ON NEXT PAGE 
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p .  : . 2 - 7  
�hich l S  the less hazardous

' 
s t a t  • .  " 

.. . . .  a c id i c  cond i t i ons w i th i n  the boreho le would 1e 
excected to reduce v l r tua l lv a l l o t  the C�� to C�l 

Ac i d i c  co. nd i t lons w l l l  not nec.ssa r i l y  assure the reduct�on o t  
chrom lum . A reduclng agent �ust b e  present a n d  aC ltiS are no t  necessar l l y reducing age nts . 
p .  ; . 2 -8 "The State o t  Ca l i torn i a  reaUlres remed i a l  action to 

remOve hexava l . n t  chromium from the sOll whenever 
the concentr3 t lon exce.ds the S ta t e  of C a l � tornla 
soluble threshold l im i t  conce ntration ( STLC) o f  5 
� l l ! iq rams / l i ter . " 

Conce n:�3 c : =ns o� �e� a l s � n  so i l  �n exce s s o� ��e STLC does not a u t c�a c : c 3 l :�' � � l q q e r  :�e � e ed = = r �emed 1 3 1  a C: l c n .  :�e STLC iet : nes � �asce a s  �a za rcou s ana r eQU i re s  :na� � :  :e � a naaea as JUC� . �  :he  ==nce n��3t l o n �t � �e�3 i _ �  S O l �  exce e�s :�s 3TLC . 
��e r e  l � e  - 3 n v  � t he� : l c : : r z  h n l :� � � : ! � e nce � �e � e c : z � c �  � o  
_ �o � ��en� . � ��e� : � _  l c : : = n . 

p .  : . : - �  " C� r = � : u= � e S � 3  : �  :�e � a : a r : c u s  � a s : e  : = enc� a re a �t ��e ; - R  �a s � e �anaae�en: � 3C � ! � :¥ : �d : = a�ed �ha t 
cnrc�!�� �eve i s  :� : h l S  a � e a  � a nq e d  ! = =� : 3  : �  2 ! O  
� 1 1 : : ==ams , � : i ==r3� �nlC� . 3  ce l c� :�e S��: c �  560 
�1 1 1 :�� a�s / k 1 : =�ra� . " 

The STLC is mea sured in m l : � i g r ams / l i ter ( mg / L) . T h i s  point may 

n.ed some c l ar i t lcat i on .  "here are two STLCs for chroM lum , the 5 
mq/L STLC d i scu ssed above lS for Cr'· , the 560 mg / L STLC is tor 
total Cr a nd / o r  C�' l compounds . :t must be assumed that the 
chromium d i scu ssed in the hazardous wasce trencn area 1 S  not 
C� . 

p .  5 - 1  UNAVO IDABLE ADVERSE IMPACTS 
• I nadverten� �e lease o f  o i l - f i e ld cnem lca ls t�t 
are not ent l r e l y  recovered on a t lmely basls could , 
ov.r 3 perlod ct � lm. , olgra�e into and degrade 
ground�ac.r aqu i t e r s .  

This impact could be avoided b y  good chemical management 
practices and t l�ell rem. d i a t ion ot inadvertent r e l e ases . 

CONTINUED ON NEXT PAGE 
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The text on p. 3 .2-7 of the DSEIS hi. been reviled to claritY lICiclie eooditioM UId reaetioot 
within well boreholea. 

The text on p. 3.2-1 of the DSIim bu been .m-l  to .u- Ibe  ......... 1ICIioD chromium 
cleanup level ..... w •• neaotWed widt Ibe CaliforaMl Deputmeat of Healda s.mce., 

The text on p. 3.2-1 of Ibe DSIim bu been reviled to claritY Ibe fonn UId c:onceaInItion of 
chromium preaeDl in the 27R hlurclou. WIllIe trench .rea. 

Good c:be .... _MJCmenl pnetieea .re in place .. NPR-1 .  '111M lacludea �IY 
cosaimneDl .round drum neb UId c:bemieaI ..... poIkiei UId proc:eclurea repnlint 
oillcbe .... .,UI. UId noIifiutioal of unpIaanodIuapen ........ eavironmenuI 
._rene. UId 40-h0ur hlunlou. w .... tninm,. UId Ul llpprovecl UId fWlJ impIemeIMd Spill 
Prevealion ComroI .nd Counte __ PIua (SPCC). AdcIitioIIIII tniniaa in ebemic:aI lpiII. 
i. planoed u ,.11 of the reviled Spec plan. Oi¥ea ..... NPRC ia . .... 1nduItriaI 1ICtivitJ. 
it i. poIIible ..... cIe.,ite thi. comprehenlive plamal.". !here i. IliD • v«1 ...... rilt .... .,W. 
eouId occur. 

CONTINUED ON NEXT PAOE 
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CONTINUED FROM PREVIOUS PAGE 

p. 5 - 1  ��AVOIDABLE ADVERSE IMPACTS 
• I f  �he program to recy c l e  produced water for Use 
a. waterf lood water doe. not e l i minate the need to 
d i spose ot produced water into the Tu lare formation . 
then there is a po.sibi l i tv that such wastewater 
cou ld degrade usable o t f s lte groundwate r . The 
proposed act ion lnc lude. the l�p lementa t ion ot a 
Ground�ater Protectlon Management Progra� that w i l l  
address the poten t i a l  r i sk. t o  o t f - s l te groundwater 
resources that may re.ult from ' a l l  NPR- l operations . 

· ·81 
I f  the program t� recycle produced Water doe. not e l iminate the 
need for d i s po.al of produced wate r ,  other options inc luding 
treatment prior �� di.po.a l should be examined . It should not be 
a •• umed that cont inued deqradation Ot �ater qua l it, �s the only 
other opt ion . par� lcularly it the Water belng degraded is usab l e  
o t f s ite water , 

p .  0-4 . S Sectlcn D . o . : . :  :one. of Saturated G round�ater ] 
Groundwater �s t'!p ica l l i' :, ,, t erred t� as the saturated =one . 
Satura�.·ci arounao,,;a -:er '''ou lc see. t.:J be a rtldundAn� ": !!rm I!XCeD� 81 
� h a t  :�e �ex� sec� : � n  _3 � : � � ed " �one5 c: Cnsatur 3 t ed 

. 

�round�a c e � ·· . :� : s : s  � � = � : U S lna u s e  c :  : er�5 . : � � ! e � e � �  
� l t l e s  [ :Jr ��e S g C � �=�S � : � r. �  �rov lde t e t � e �  � e sc � : � � : �ns o r  � � e  
sect :.on ' 5 con1:.ent. ::um. !" :: !J S  

qrouna'Ja te::- sur : �  e e i e '/a t. l o r:  
':.hese sources -:::: ::: : -:  :: 3 V �  ! :1"� dat.l : � ::- ::�e :lrea . '.:::� a r ent �·i 8k 

r e f e r e nces a r e  C l ted 3S prov idlni 
=ata �e�ar= : � =  ,,:�e ��=�r.d�a t. e r  

I 
3ur: 3ce e lev3't:. :. = :-:  ::eneat.:-. -: :: e  ��?R s :. t. e  cecause ": :". : 5  - :-. !' :; r::'Ia t. :' :Jn :.5 not. prov l d e� �� : :gu� e : . � - 3 . 7�e d l SC � S S l C �  :� � � � S  sec��on 
joes no� pr=� : d e  �n�ug� � � t =r�a c � cn � o  : � c e � ; r e �  ��e 18k 
� .. onydr::: 100,' . 

p .  ::J - "  S.CC l : n  J . � . : . :  Wat.r Ch •• lscry "'I 
Thi • •  ection provide. qeneral de.criptions ot the groundwat .. r 
che.i.try but doe. not pre.ent any data . Reter .. nce is aade to 
var ious water qua l i�y stUdies and map. ; it might be h .. lpful to I� provide a map ot the TDS d i strlbutlon throughout �he system. It I 
i. stat .. d on F ·  D-9 that a relationShip may exist cetween o i l - ' 

t ield wastewater d i spo.a l practices and groundwater qua l ity . 
Without data , it 15 d i f f icu l t  :0 eva luate whether sucn a 
r e l a t ionshi? e x ists . 

p .  0-14 . . .  "-::he.e r'leLs a r e  .. n f orc .. able federa l S tandards 
that a re a lso applicable to remed i a l  ac� �on 
a l ternatives at hazardous and tOX1C �a.te s ites . "  

--.J 
I 

18m 
MeLs are entorceable standards tor tr .. ated drink ing �ater ; they 
may a lso be .. n torceable standards for r .... d i a l  a c t �ons . Other 
regu lations and po l i cies ot �.dera l .  state . and loca l ag .. ncies 
must a lso be consld .. red to determine appropr late standards f or I r .. m .. d i a l  a C t lons . � 

• 

6.i 

6.j 

6.k 

DOE RESPONSES 

The • ......,cioo baa DOVer been duIt depMIatioa or useable 0« ..... pouadwaten II ... 
lICCeplable, or IDle option b diipOMl of NPR-I produced ....... To be ceataia duIt ........ 
produced wutewater di� 0IHite does DOt ........ oil' ..... IaIo useable .1'OUDIhrIter 
aquifen, it would be �ry to ftdIJ cmapIete aU pmdDced .... ..,.,... projectI. TIais 
i, NPR-I', objective. 11ai, aotwidI ....... b .. , it II reoopbIId ..... ... NCycU. projectI _  
very .mbitioue.nd _y DOt be ftdIJ feetibIe from • lecIuIioaI ...uor _ 1CODIJGIiC • ."., •• 

To the eldeat nc:ycli." projec .. ... DOt completed, it will be .. III.., to 00IIIdIme ........ 
diipOMl in accordance with permitted conditioaI. ...... cIeuIy .,. .... .u.,o.t of 

produced w ..... sler into the NPR-I Tulue Formation II DOt impIctinf _.xpecIId to iaIpect 

ueeable oll'-eite puundwatcn (MiIIlbn 1m, Phillipa 1m, SocIjM P.4.1.1). ..... ..., ... 

in place to implemeat JI'ClUftdwat« -.emeat protoctioa and DIOIIitoriat pia .. to .II'onI ..... 
more proteclioo. (See aI., the rctpOMel to commeatI 6 •• , 6.b, and 6.0). 

The title, of Sec!iow D.3.3.1 and D.3.3.2 in ... DSEIS have been ...... u ............ 

FIIU" 3 ..... 3 ill proYided to ,m �coaoerniIII ....... . 1'OUDIhrIter .......... A 

map approximatilll lfOU8dw*r --. eIevIIiona II NJIR-I baa bMa complet.d (JIbiIIIpe 

1m) and ill proYided u FIIUI! 3.H or ... lEIS. A more CCIIIIpIeee •• oaud .... ....... 
map ie bei." pnpued and it will be included in ........ NJIR-I ............ p..,..... ...... . 

6.1 Sipificaat..-.uof data exilt and have been ...ayzecito d.unllliM ... ............. betweea 
NPR-I wutewater diipOMl practices and 1f'OUOdwatec' .-HtY. To "', Ibue .....,.. beve 
clearly Ibown duIt at Elk Hille 110 IICIvene rclationllalp exhla <_ ... aapoaMI to  c:ocDmeIIII 
6 •• • nd 6.b). Additional -.emeatpiOleClioo and DIOIIitoriat activiIieI ... beiJII developed 
<_ the I'CIpODIOiI Io _at 6.c and 6.i). ....... __ will provide data for NJIR-I 

groundwater quality ...,e. 

6.m The text on p. D-14 of the DSEIS baa been reviled to IICCOUIIl b ocher fac:ton in deIenni ..... 
appropriate cleanup levele. 

• • 
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COMMENT LETTER 7 

KERN COUNTY 
FIRE DEPARTl\1IENT 

FIRE CHIEF 
THOMAS P. McCARTHY 

.It.OMINtSTRA fI\lE C�PUTV CHIEF 

SCHUYLI!R T. WALLACI! 

... ...... t . ............ ca. ua.  • T .................. n . ............ 1' OPERATIONS DEPUTY CHIEFS 

DANII!L G. CLARK 

CHARLES E. DOWDY 

CHARLI!S � VALENZUELA 

Mr. James C. Killen 
Technical Assurance Manager 
U.S. Depanment of Energy 
P.O. Box 1 1  
Tupman. CA 93276 

Deu Mr. Killen: 

Mal' 27. 1992 

AOMINISTRATIVE 

SERVICES OHleER 

MICHAEL R. PARKI!R 

In reprds to the Depanment of Energy draft supplement to the 1979 Final Enviroment 
ImpKl Statement, "Petroleum Production at maximum efficient rate. Naval Petroleum 
R_ No. 1 (Elk Hills). Kern County. CA" (DOE / EIS • 0158. May 1992) there is a 
correction thai needs to be made under Fire Protection. The dOCl1ment states '"The Taft 
Substation of the Kern County Fire Depanment has four trucks capable of fighting oil 17a 
fires...: this is not correct. Our Taft Substation (Station 21)  only has one engine for fighting 
oil fires. We also have a patrol for fighting grass fires. 11 should also be noted that we have 
an engine available at our Fellows Substation (Station 23) capable of fighting oil fires within 
your 2S minute response times. 

Thank-you for allowing us 10 review your update. If you have any questions or I can be of 
assistance please contact me. 

TPM/SG/cb 

cc: William Larsen. PADS 

Sincerely. 

THOMAS P. MCCARTHY 

��pC 
Steve Gage 
Fire Marshal 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!I!!!!!!!!!!!I!!I!!!!!!!!!I!!!!!!!!!!!!!!!!!!!!!!I!!!!!!!!!!!!!!!!!!!I!!!!!!!!!!!!!!!!!I!!- Prof.efl"" Thtl GOltlt!n £mplrtl � 

• 

7 .• 

• 

DOE RESPONSES 

The text in Sec!iop A.'.6 or the DSEIS .... beea nMaed to .. 8oct .. Iaf'onnadoa pnwidecI 
in Ihi, comment. 



COMMENT LETTER 8 

RESOURCE MANAGEMENT AGENCY 

RANDAU L. ABBOTT DIRECTOR 
':'�. "'-" � o...r.... ,TEVE "',CALLEY. RDIS. DIRECTOR 

:r: I � 

.I. .  r-... '1u1000\ .... . 1"I'I'OI O"nr. DAVID PRICE III -\SSISTANT OReTOR 141l..1.JA� , flOOOY Al'CO 
; .� .. u ___ � o.-..... T'(O JANf..S AK:P. oea.cn::. 

ENVIRONMENTAL HEALnt SERVICES DEPARTMENT 
June 19. 1992 

Jama C. Killen. Technical Assurance Manager 
U. S. Depanment of Energy 
P. O. Box 1 1  
Tupman. CA 93276 
SUBJECT: Draft Suwlement to the 1979 Final Environmental 

Impact StatemenL Naval Peuoleum Resent: No. I 

Dear Mr. Killen: 

This Depanment welcomes the opJlOrrunnl' to review this document as the Local 
Enforcement Agency (LEA) for the CalifOrnia Integrated Waste Management Board. We 
have the following comments. 

1. 

2. 

Submit a list of aU sanitary (nonhazardous) landfills on the Naval peUOlef]a. 
Rescne. This list should include slIe legal desc:npaon, type of WllSte received, and 
apJiroDmate date oi inactiYauon. 

Submit closure plans for aU inactIVe and abandoned sanitary landfills on SlIe aceonl-=-lBb 
iq the procedure required in Title 14 of the Californta Code 01 RegulatIOns. � 

If you have any questions. please contact Smith Efada at ( 80S) 861·3636. Extension S22. 

SE:irw 
, .... ..". ...... , 

:�oo ··�1 .. STREET. :LTrr ;00 

• 

Sincerely. 

/ /;/ - /"1- �/ " . . 4·[lcttur.tn ·.J"I:. .u�. 
William O·Rullian. R.E.H.S. 
EnVIronmental Health Soeclahst IV 
Solid Waste Pro�am 

3AKERSFIELD. CALIFORNIA 93301 !lOS1 86J.36l6 c o\)(; f80Sl 861.3429 

a.a 

a.b 

• 

DOE RESPONSES 

Tbe ialonnatioa nqueIIecI in IhiI commeal __ ,rcwWed to Ihe ICem Couaty IlaviI'OlllllllUl 
Heallb Service. Departmeal in April 1992 (Solid Wille Alae ..... Tat b Ihe 2SR. 36R, 
26S Well and 26S Eall SiIea). There curreatly ... DO acti¥e ...... 011 NJIR-l.  

Solid Walle "-_nt Tella (SWATS) Cor Ihe four iaacdYe NJIR-I ..... 00. _AI IUbmIaed 
to the Kem County Envil'OlllDenlll HeaItb Servicea Dep.dmentla AprU 1992. SWAT"',.. 
are 1ho fint Ilep in 1ho development of ranitary .... Ifill clorure , .... Tide 14 clorure , .... 
for 1ho four ..... fill. are currently beifII developed .... wiD be rubmiaed to 1ho Kern County 
Environmental Health Service. Department in 1993. All bIr ..... fill. are curreatly covered 
by two-fOOl toil fou .... tion "yen to prevent ellpOlUAI to wi ... .... water • 

• 
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COMMENT LETTER 9 JJ �ER."' COLl-'n , �V A TER AGENCY 

JtNCftln: 

rredL Sunft :A_ I 
innRopn 0.- .  
,_L Win .. 0. ..... ; 

'>4ochM1 l1ao1an 0. _ _ 
A_ I. M ........ On,. __ j 

He....c.c_ -. Oi .... o 
W T  8 ..... 0."._ ; 

n- ,., O .. k c.-... ....... 
,_f. S_OiI c.-.. c-..001 

'.I ... h". Add,en " 0 80. j: l:lun'lekl, C,\ �J:: ';';!5 '''OM: oJ�:,)o:.,:: �,: J'It. o,J5/]Q! :. : 

AuJUSI ". 1992 

J_ C. Killen 
Tedmical Assurance M..,er 
U.S. Depaunem Of EllerlY 
�Ival Petroleum Resaves in California 
P.O. Boa \ I  
Tupman. CA 93276 
RE: DRAFt ENVIRONMENTAL IMPACT �AVAL PE1'ROLEUM 

RESERVE NO. I ELK Hlu..s 
D_ Mr. Killen: 
The Alency has reviewed Ibe • Draft Supplemer.w EIS for Petroleum ProcIuctioa 31 Muimum Efficient Rile Naval Petroleum Reserve No. I (Elk HUI.) Ken 
Coumy. California' . The A&eacy apptccilla Ibe opponunllY 10 respDlld 10 Ibil 
<locwnent. Due 10 Ibe proallilli}' or 'arge scale. beneticial. &1lIUDd Wiler 
rechlrle and eatnClion projeas 10 Ibe CUI ot hislOnc ana proposed prodaced 
Wiler injccllon slIa (Tulare Formation,. il is cruCial 10 beaer chll1lClet'ize Ibe 
hydroleo!oty or lbe imertace b«ween Ibe nonhCUI Ilank ot Elk HUI. and Ibe 
younKer alluvial sedimena 10 Ibe CUI. 

The Ken CouD!y Wiler Altney COllCUrs wilb Ibe Envi� 1II1I*I 
SUIetDenl I EIS I mililaooa IICIOr reco,nwnl Ibe eml_ need for a poaaad 
WIler _Inl pro,CCI In Ibe norlhast ponlOn Of Ibe Naval Petroleum R_ 
fNPR,. Given Ibe 0..- Of Wiler Resources mWRI d� ot:1 
ground wiler monilOflnl nerwork wilbln and peripheral 10 Ibe Ken Fan EI_ 
IKFEI 01 Ibe Kern Wiler Bank OCWBI. il would be benclicial 10 all � a 
pUlla 10 coordirwa Ibe development of NPR ground Wiler monilorUl, projects I wilb Ibe elfom of Ibe DWR. 

EdSling _er chemistry dill and Wiler level meuurernenlS In conjunction wlIb I ground Wiler modelinl. beln, condllClCd by Ibe DWR ana KCWA. in Ibe 
:wnheasa ponlon 01 Ibe NPR SUR&CSIS Ibe pocenllal fot rcecal Iluiling alon� Ibe 
northeul lI.nk 01 E'k Hills. While . laull .t tIlese shallow ueptns mlghl I 
'.nericlall. Impede mo.emenl or poor Quaht . .... ter trom Elk Hills loward Ibe 19b '311 11 ,ould .150 �enerale .. rthauakes. These e.rtnaulkes could result from I 
n.tUrai slresses "I ihe ,onllnued delormatlon III Elk Hills or onduced suess due I :n ."ractlOn iUI<I w.ter lloochn� wllb,n lIle NPR . .-\ .elallvel. larre ml�lIUde I 'Jrthoualte .,onlf tile nO""ClSI II""k 01 Elk Hills ,llUld be detnmenw 10 DWR 

CONTINUED ON NEXT PAGE 

• 

9 .• 

9.b 

• 
DOE RESPONSES 

Coordi .. tioa 8Ctiviliea with Ihe Dep81t1Mat of Wider Raou_ .... ICera Coualy W8ler 
Agency were initi8ted by leaen .ted NO¥ember 12, 1992 (DOE 19928, 1992b). 

Se!rtioa 3.1 .2.S oflhe DSEIS M' been reviled 10 include Ihe IOURe Ibr Ihe It8Iemeal IUt no 
active fitu'" Mve been identified within Ihe bountI8riet of NPR-I. 

The four fitu'" ihown in F'lIUre 3.1:4 oflhe DSEIS initWly were lllllpPeCl by Woodrm, «It "  
(1932). M8her et .1, .. baequently includccl Woodrilll', .. rr.u poIoeic III8p in U.S. 
GeoIogic81 Survey Profeaeion8l Papcr 912 (USGS 1976). 

CONTINUED ON NEXT PAGE 
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J_ C. Killen 
Pile 2 
,\ul\III 4. 1992 

CONTINUED FROM PREVIOUS PAGE 

.... KCWA wetl faelds In Ibe western ponlOn 0' Ibe KFE. Ibe West Kern Water District well field and I Ibe CalifornIA Aqueduct. I, is important tIIat Ibe KCWA . .,. well as Ibe DWR. bener understand Ibe I 
pocaw ... for eanbquakes ISSOCIIled wKh Ibe Elk Hills structure . . 5OCllon 3 . 1 .� .S .  on seIsmIcity. ootu tha 110 IICSIve DullS have been Idenlllied wllbin Ibe boundarv or Ibe SlIe. However. Ibe searell method 9b 
used for letlve tlUll identilicaion and Ibe cnterl. tor coRSlllUtlnl an letlye tault was IlOl presaued. 
Fipn 3.1 .... G __ iaIl GeoIoIlC Map ol lbe NPR·I Area. sUII_ Faults I 10 4 extend 10 Srvund 
sun.:.. FIUII 4 is close 10 Ibe .. wiler. larle COIIII'ISts In _er quality and depdls occur over a very 
sIIon diluac:e IUIPIQIII tbese t.ula 1lIIY ..- lrouad Wiler flow burien. 
In Appendix D. pap D .... 0.3.2. it is .ad  tbal lbe  KCW A id-.ifies two principal Wiler bearitII uailS 
ia die S. Jl*lllm Valley. Ibe IIIICIIIIIfiaed IDd coat'ined aquifers. Th_ IIRIU are also identIfied by die 
U.S. GeoIoIic: Survey (USGS) and Ibe DWR. However. lb. Aaeacy's interpmMlOn is only baled 10 • 
ceraia depee on m.. previous stud... The AletIC}' sUII_ • more complic:aled sysqm of In 
uaCODt'ined aquifer IDd poIeMiaIly more lbaa one semi-coalined aquifer. based upon onlOilli modeIi1II. 190 
leoiop:aI and SeocllaUla'y stud .. in conjunctIOn wnll die DWR. In Ibis same section die base ot • coafiaed aquIfer is pr.aaed on Ibe 2000 ppm IDS WIIK quality. Confined aquIfers are baled on 
hyd_lic constraints ltop and bottom, _ WMer quality demucauons. except in fresh Wiler 1_ wbere 
Ibe base is COMUaUIed by • i1rIe __ in dens., '*- Ibe fresb water and lower lei _. 
la coadlllloa. Ibe Aaeacy recotllllllellds • joial review b_ coacemed AICDCIes of Uisci1ll� 
popIIysical lDd poIosical dill for Ibe aonIIaR f\IIIk of Elk Hills. Sucb . review may resoIve ..... 1ow 
f ..... m dlis ... IDd YWIIJIII bY\lnlleololical p.-s of lb. aquifer system. AdclitIoaaIIy. Ibis 
review would usiA DOE. BetcbeI. CUSA. DWR and KCW A leoioeists involved witb Ihe 9d 
cbmocterizItion of Ihe suucmnl and SUMilflllbic ret.rionships Idjacenl to Elk Hills. The KCW A and 
DWR GeoioelsU are especially illl_ed in Ibe area IdjlCClll lO Elk Hills from SOIIIb Coles Levee 10 Ibe 
Tule Elk Reserve. This rev_ should be • prerequisite to development ot a ground Wiler mollllOrinS 
n_1t m lblS area. 
S'-Id you have Ifty � witb respea 10 Ihe A&erICY's CO_. please COIKlCl Keanetb TllrDer. 
TOlD H .. 1bacber or Rick Iler ot die ASeney SlAft. 

S irICereIy • 

/�J. / �. � r'1 -----
Darrell K. Sor_ , 
Special Projects '" DIU MlUler 

• 

9.c 

9.d 

• 

DOE RESPONSES 

The text in Sec!iop D.l.2 of the DSEIS .... been revllOd to - 1ICCUftteIJ reflect bittorica1 

and COIPmponry delCriptioaI of the San Ja.quia Valle,. equifen. 

A COIIIIIIitmem to comi_ coopenlivoetbta willa the Kem CcIatJ W ..... ,.,..,. to ....., 

NPR-I JI'OUDIIw8ler moaitori .. p .... .. ..... by Ieaer dilled November 11, 1992. ..... 

fOl' coopenti .. . re beina developed. (See the I'8IpOMO to commeat 3 .. ). 

• 
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COMMENT LETTER 10 

;ul y � � .  : 9 9 2  

Mr . ; .... c .  Ki l l .n . �echn1 = a i  �s.ur.nce Mana g e r  
U . S .  D.p.rtm.nt : :  Energy 
N.v. ' P e t r o l eum Res erves l �  ':a h f o r n l a  
P . O .  BOll 1 1  
�upman . C a  3 3 2 7 6  
D •• r Mr . Ki l l .n :  

Th. fo l l owinv commenta .r. o f fer.d f o r th. Draft Suppl ement to the 
Fipal Epv1ronmept.1 Imp.ct St.t'mept ( DOE/ E I S - 0 1 5 8 ) which w •• 
r . l  •••• d f o r  publ ic comment by t he U . S .  D.p.rtm.nt of En.rgy 1n Hay 

' 1 992 . I r •• p.ctiv. l y  r.qu •• t th.t th ••• comments be 1 n c l ud.d i n  
t h e  pub l i c  . n d  .g.ncy comm.nt sect10n o f  t h e  F i n . l  Supp l em.nt. l 
Envi ronment.l Imp.ct St.tem.nt . 

Whi l • •  n emp l o y •• of Argonn. N.t 10n.l L.bor.tory . I w •• the ProJ.ct 
L • •  d.r f o r  p r .p.r.ti0n by Argonn • •  t.ff o f  a p r . l imin.ry dr.ft 
Suppl _nt t o  th. 1979 Env i r Onm.nt . l  Imp.ct S t . t _.nt cov.ring 
op.r.tion of the N.v . l  p.t ro l .um R ••• rv. . Th.t p r e l imin.ry dra f t  
docum.nt w • •  pr • • •  nt.d to t h e  U . S . D.p. r tm.nt of Energy 1 n  Jun. 1 990 . I h.d no inv o l v  ... nt w i t h  revl . i on .nd mod i f i c.t ion of th.t 
pr.l imin.ry dr.ft docum.nt .nd pr.p.r. t i on o f  the Dr.ft Supplrm.pt 
to the 1979 Envlronmental Imp.ct St .trm.pt by t h e  U . S .  Dep.r tm.nt 
of En.rvy .nd the D.p.r tment ' s  contr.ctors .t the N.v. l Petro l .um R ••• rve . Sub. t.nt i . l  edi t o r i . l  .nd technic. 1 ch.nves were m.d. to 
the pr.l imin. r y  d r . f t  docum.nt during i t s  conve r S i on to the QL!1t 
Supplem.nt to the 1979 Enviromptnt.l Imp.ct Statem.nt . I t  1 5  
th.r.for. 1n.ppropri.t. and i nCorrect t o  show o r  1mp l y  my 
invo l v ement •• P ro J .ct L •• d.r f o r  t he current document .s 1 S  done 
ln S.ction 8 . 1  of that docum.nt . 

I th.r.for. d ... nd th.t my n ••• not be l i s t .d in t he Fin.l 
Env l r onment . l  Imp.ct St.t.m.nt a. ProJ.ct L.ad. r .  nor t h.t it b. 
impl i.d or inf .rr.d i n  the Fin.l Envl ronm.nt.l Imp.ct St.t ... nt 
th.t I h.d invol vement 1n p r ep.r.tion of t he document 1 n  .ny oth.r 
C.p.Ci t y  th.n •• P r o Ject Le.der f or prep.r.tion o f  t he p r e l imin.ry 
dr.ft p r ovld.d t o  t he U . S .  D.p.rtm.nt o f  En.rvy ln J un. 1 990 . 
B.c.u •• of t h e  sub.t.nt l . 1  edi t o r l . 1  .nd t echn i c . l  reV1 S l 0n. and 1108 mod i f i c. t i on. to t he Jun. 1 9 90 p r e l imin.ry d r . f t  by t he U . S .  
Dep.rtment o f  Energy .  t he actu.l P r o Ject Le.der and t echn 1 c . l  s t . f f  
w h o  pr.p.r.d t h e  Dr.ft Suppl .m.nt to the 197 9 Env l ronm.nt al Imp.c t  I St .t.m.nt ( i . e  . .  s t . f f  of t he U . S .  Depar tm.nt of Energy and t he 
Dep.r tment ' s  con t ractors a t  �he N.v.l P e t r o l eum R e s e r v e ) s ho u l d  be 
; , s t ed r a t her than my name and t hose of Aqronne N a t l on a l  � a bo r a t o r y  I s t a f f .  � 

:"hank you f e r  : he opp o r t. un l -:' Y  t o  c omment en t. he D r a f t  S uppi ement ': :1  : h e  : � � Q  Env l r onmen t 3 1  : �pac: S � a temen t . 
3 i ncer e i y , 

,'.j c.:&.lR'''''� --�� ' 
R l c h a r d  � .  : l s en . ?h . C ,  
1 30 1 0  SW H.ns on Ro.d 
B •• v . r t o n . Oregon ?7005 

10.a 

• 
DOE RESPONSES 

See the relpOMC to commed I .a. 
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MICHAEL R. RECTOR. INC. 
W ... r R_rcn Con ...... n. 
Toxic ChemICal Monitoring 
Geology and Hydrology 
Agricultural Drainage 
Water Use Evaluation 
Groundwater Quality 
Water Supply 

Mr. James C. Killen 
U.S. Depanment of Energy 
Technical Assurance Manager 
P.O. Bo� I I  
Tupman. CalifornIa 93:76 
Dear Mr. Killen: 

COMMENT LETTER 11  

July 8 .  1992 

1415 I'''' S-. S_ 701 a. ..... _. CA 13301 
805I322-GOS 

, 

As a follow-up to the comments I entered into the record It the Public Hearing on the NPR.-I 
Draft Supplemental Environmental lmpacr Statement (DSEJS) on June 24. 1992. 1 would lie 
10 submit these additional comments on the DSEIS. 1 have one �enera1 comment and several 
suggesllons relallng to Ihe document le�1. 

On page 5-2 of Appendi� G INPRC FY 1989- 1995
. 

Long Rant!e Plan) il is staled tha�. 
"Grounciwater protecuon IS a pnmary concern In water qualtty management.' On pace 5-6 
of Appendi� G a groundwaler monitoring project IS reierenced . "DOE Order 5400. 1 
( 1 1 /4/88) calls for a groundwater monitonng program for groundwater that is or could be 
aHeeled by DOE activities. "  "A plan must be completed by 5/9/90." What is the current 
status of this plan? 

In reviewing the DSEIS I noted a shortage of maps detailing NPR - I  groundwater structure. 
groundwater quality. water well locatIons. and Iocauons oi e�lsllng groundwater monitoring 
wells. Ahhouj!h a draft monitoring plan has addressed the need to investigate severa1 11 1. 
suspected problem :lre:l�. detilih oi the propo�,'11 eV2hl3tion rro)ect were not menUOOed in 
this document. 

II is my feeling that the "big pIcture" has not yet been painted. Are Elk Hills activities 
affecting groundwater quality of down-slope water used by others? 

In order 10 determine Ii groundwaler has been contaminated . Ihe characlenstics of native 
waler must be defined and direcllon of �mund"'ater movement mUSI be eSIablished. 
Spccllics nn olOoosed acllOIlS tn �ccumulale

-
th"'C data \\ere nOt menlloned in the DSEI� 

CONTINUED ON NEXT PAGE 
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A draft NPR-I Orouodwater Moaitoriet PIa _ completed by Golder .... AIIociatea Ia 1990 
(Golder 1990). The draft plaa i. curremIy beUw reviaod by .... NPR-I 0nIuadwater Tat 
force. C�1eIioa of Ibe reviaed plan II ICboduIed fbr February 1994. a II Uliclptded ..... 
tbi. plan wiD be reviewed by lbe c.Jiforaia Deperta.III of W ..... IteIourcea .... .... Kana 
COUDlJ Water Aleocy. 

An "'yU of Ibe poIealial impect of NPR-I '. produced __ -.-. IaIo .... Tulare 
Formation on the IOU1b Oaat of Elk Hilla ia provided Ia Appepdix D (_ Seetiog D,4.1.2). 

Thi. analy •• indicate. that no off-lite JroUDdwaIer cIepItdatioa ia oceurriu.a. 

CONTINUED ON NEXT PAGE 

• 
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CONTINUED FROM PREVIOUS PAGE 

My comments on the DSEIS text are as follows: 

1 .  Page 3 . 1-�. I suggest that you delete the last line 01  the last paragraph. 
--, 

The i1 1 b --.J 

2. 

3. 

4.  

s. 

6. 

7. 

8. 

California Aqueduct IS not a part oi geology. 

Page 3.4-6. I sunest that you delete the word "polable" from the second line of th�1 1  last paragraph. Aquifen are not identitied by water quality that .5 orinlcable. � C 

is variable UId has been defined as extending from the base of the E-Clay to the base 1 1d 

Pase 3.4-8. The fint paragraph stateS that. "The thickness of the confined aqUi§1er 

of fresh water . . .  " .  The base of fresh water should not liml! the lower limit of the 
confined aqUIfer. a stratigraphic unl!. 

Page 3.4-8. In the lUI line of the founh paragraph. yo .. refer to the San Joaq� 1 1  Water District. I have never heard of a district with that title. � e 
Pase 3.4- 1 1 .  1\ statement sItould be included in the second paragraph that composi� 
well structures also provide inflow from the unconfined aquifer into the confi�1 1f 
aquifer. 

pqe 3.4- 1 1 .  In the fifth parqraph it is stated that water quality of the conli� 
aquifer is nonnally betJer than that of the unconfined. This is nOl always true on the 1 1g 
w� side of the San Joaqum Valley. 

Page 3.4- 1 1 .  In the last sentence of the last paragraph native salinity should be 1lOI;\l1 1h as a possible source of eastward migrating groundwater. � 
Page 3.4- 1 2 .  In the fifth sentence of the third paragraph I suggest you delete thel 1 1 1 parenthetical ·(high quality water," .  Confined water IS not always hIgh quality. � 

CONTINUED ON NEXT PAGE 
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It i. 8Ctaow1edpd lbat the Califomia Aqueduct g not • poIoJic feIIure. Howner. it I. 
believed tbIt the deeeripcioo of thi. facility i. eppropriIte ia Sectiop 3.Ll.1 (PhJllol.y) 
clue to the f'Ict Ibat the Califomia .Aqueduct ruqbiy _rb the IWfiIce bouatduy of two 
illtpONm pomorpbic fOiture. in the retioa; the DOItbeIIt ftIIIt of IDk aw .. IIId .... Sea 
Ja.quin Valley. 

The IOIMIICe dU. c-..t refen to IIddre-. the ......... IIId ..wfen In IterD Coumy 
COlUnam, poIIble w.ter. Thi. includea the uDCODfinocl Illd eoofiaed equifen II defilled by 
KCW A (1917). In tel'l1\ll of bydroloaic leI'minoIoIJ. It i. 8Ctaowledpd thIt equifen .... not 
OOI'IIIIlly defiued by .... ter IfUIlity. However. ,me tbIt DWRlKCW A (1977) .... defilled the 
con6ued lIqIIifer " ,  "extendi.., from the be_ of the Iklly to the bile of 6etb WIler (1,000 
ppm TDS)", it i. believed the text ia Sec!iou 3.4.1.1 of the DSED i. eppropriIte. (See the 
relpOlllO to commoN 9.d). 

See the I'OIpOIIIO to COllllDeM 9.d. 

The s.o Ja.quia W.ter Diltrict i. Joe.ted ia Lodi. Califomil. 

It i. 8CtaowIedJed lbat contpOlite well. 10 the Sea Ja.quIo Valley CIII provide bdIow ftooaa the 
unconfiued equifer imo the confioed equifer. Howner. the text dUe 0.- nfen to 
Iddre_ "UIIUnI poIoJic conditioal" wbich lfI'ect JfOUIIIdweter __ In the _i_ 
of the welterU s.o JOIIIuin V.lley. 

MapI publilbed by the Rem County Wiler Al-y (KCW A) ... thIt JIOUDdwIter fIUII1t1 
in the coafiued equifer i. JODCllllly better !ban tbIt of the ullt'Ollfioed equifer in IIIOIl _ of 
the Sin Ja.quin V.lley. AI thi. commeal poi_ out. dU. i. not .... y. the CIII 011 the .... 
tide of the s.o JOIIIuin V.lley. For example, the IIIOIl ncem Rem County Wiler A,erl!;y 
W.ter Supply Report (KCWA 1991) indicate. thet WIler quality of the uncoafiaed aquifer 
.looJthe northeut flint ofEl"" Hill. III", from epproximltely500-1,OOOppm TDS, wbereII 
confiued .... ifer WIler qUillty in the __ '1'01 g epproximltely 500-3,000 ppm TDS. 

The referenced _monee doe . ...... "1IIlive laIinity" (_te WIler) II • poIIibIe _n:e of 
eI .... rd mi".ti. JrOUndwater. 

The text on p. 3.4-11 of the DSEIS hi. been reviled •• the commeN euaellecl. 

CONTINUED ON NEXT PAGE 
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CONTINUED FROM PREVIOUS PAGE 

Page 3.4-12. In the fint sentence of the last JlllBlraph. I suuest you delete thel 1 1J word "saturated". Groundwater is saturated. --.J 
APPENQIX P 
10. 

I I . 

12. 

13.  

14.  

I S .  

16. 

17. 

18. 

19. 

Page 0·3. In the second paragraph I have the same comment as gIven for com�1 1k 4. 
Page 0·3. In the third paragraph I would like to point out that crop irrigati00l1 11 recharge exceeds natural infiltrallon irom the Kern River by :\ 5: I rallO. --1 

Page 0-1.  My delinition ot the conlined aquifer in the soulhern San Joaqum VaJl�
1 1 m is that ponton oi the Tulare Formallon that underlies the Corcoran Cla\". . I 

Page 0-4. I sugllest you delete the word "Saturated" from Ihe �ublJlle for P.3.3�1 1n (See comment 19). --.J 
Page O·S. Can you proVIde a map ior the locallon oi water supply we1l 6 I ws.8�1 10 

Page O·S. In the third sentence of the iounh paragraph. delete the word ' saturated� 1 1  (see comment 19). --.l p 
Pace O·S. Can you provide a map of the 20 data points used by Rector 10 c:onsuucll1 1  ele¥alion surfaces of undifferentiated Tulare Zone groundwater? ---.J q 
Pace O·S. I sug&eS\ you delete the word saturated from the third sentence of th� 1 1r second full paragraph. --.J 

Page O·S. In the sixth paragraph. Kern River is nO( the greatest source 0fI1 1 a groundwater recharge in the valley (See comment '1 1). --.l 
Pace 0·7. In the 0.3.3.2 Subtitle and following teIIt l  suggest you delete the wordsl1 1t "saturated" and "unsaturated" when referring 10 groundwater. --.J 

CONTINUED ON NEXT PAGE 
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The text OD p. 3.4-12 ofthc DSEIS bal beea revi_ u .... COIIIIIIIIIIt ......... 

See .... IeIpOIIIO 10 COIIIIIIIIIIt I I  ••• 

It it ecbowledpd that crop inipIioa � ......, to Sa JoequIa V..,. .. ........ 
recbaqe. However, .... ........ dUl COIIIIIIIOIIl ..... 10 it IICCUnIte dariIw ... ,..... �!c ...... ....-. 

DOE ecbowledp .... commeaton' defiailioa of .. ·coafiaod ........ ...... .... to tile 
NIpOIIM 10 c:ommeat 9.e. 

See .... IeIpOIIIO 10 c:ommeat 6.j. 

The Ioc:atioa of _ter 1IIppl, well 61WS-1R, .. wei .. ell adler ecdw ad Ibudoaed NPR-I 
Wlter 1IIppl, weill, have beea proQIed Ia finn? 3.+7. 

The text OD p. D-S of .... DSED ... beta ..... .. _ ..... 

See .... IeIpOIIIO to COIIIIIIIIIIt 6.k. 

The word, "utunted", _I DOt ued ia the IICODd fbII ........... OD ,... 0.5 of .... DSED. 

The text OD p. D-S of the DSEIS hal beea .-m_ to .. 8ect tbe lailtoric coatahdoa of tbe 
Kera River to JIOUndwater recbalJe. 

See the retponae to commeat 6.j. 

CONTINUED ON NEXT PAGE 

• 
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CONTINUED FROM PREVIOUS PAGE 

Pace 0-16. With reference 10 par.agraph 2. groundwater underlying alluvial soils iIl1 1  
NPR-I is 1101 usually considen:d to be 'high quality·.  .-J U 

APPENDIX G 
21 .  Page 5-7. The recommendations I n  Ihe second par.agraph are 100 limned. A defmite 

time schedule and budget should be established for work 10 be performed by 
designated qualified people; Ihe highest priorily should be to identify nauve 

11 1  
groundwater conditions. Initial monnonng should mclude down-slope NPR-l V 
property boundaries and might include cooperative activities WIth adjacenl land 

owners. 

I thank you for the opponunny to comment on your Draft Supplemenlai £IS. If you would 
like 10 discuss any of my comments funher I can be reached at (805)322·8206. 

Sincerely. 

�u!. ..<?6;Z; 
�lichael R. Rector 
RegIstered GeologISt #7H 
REA #646 

• 
l 1 .u 

l I .v 
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The text 011 p. 0-16 of lite DSEIS .... been reviaecl by cIeIeti.,, 1be reference to hiP quality 
aroundw.ter underlyi." alluvial aoil •• 

The Looa aa.e Plan i. DOt a dofinilive __ Ia ..... of pnIject ...... ...... Nft-I 
Oround .. aterTaak Force ba. e ... blillhed a ICbeduIe for � the 0r0uDdwater Protection 
Managemc. Plan and Groundwater Monitorint Plan by Jlebnauy 1994. 
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COMMENT LETI'ER 12 

(8 
UNrrED STATES 

DEPARTMENT OF mE INTERIOR 

ER92/443 July 1 6 ,  1992 

Mr. Ja .. s C. Killen 
Technical Aesurance Mana,er 
U.S.  Departllent of Ener9Y 
Naval Petroleu. Reserves in California 
1'.0.  Box 11  
TUpasn, CA 93276 

Dear Mr. Killen: 

The Depart.ent of the Interior has reviewed the Draft 
Supple .. ntal Environ.-ntal Impact State.ent for the Petroleua 
Production at Maxi.u. Efficient Rate Naval Petroleu. Reserve No. 
1 (Elk Hills) , Kern County, California and has no comments . 

Thank you for the opportunity to review this document . 

Sincerely, 
�\ 

. ." / )  -' 
'--"'''' -'' ' ", -- - "---' �,vZ-Y 

Patricia Sanderson Port 
Regional Environmental Offi� 

cc: Director , OEA (w/orig. incoming) 
State Director , 8LH , Sacramento 

• 
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12. No retpoIIIO i. required. 

• • 
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�""". ;i ft .\ UNITED STA.TES ENVIRONMENTAL PROTECfION AGEl'CY l �  REGION IX '-': .. __ l 75 Ha",home Street 
San Francisco. CA 94105 

': ul\' 30. : ':' 9 2  

J a  .. s C .  �ill.n, T.chn ical Assuranc. "anager , 
U. S • DapartHnt of Enerqy 
Naval P.trol.u. R.s.rves in Ca l i fornia 
P . O .  Box 1 1  
Tup .. n ,  CA 9 3 2 76 

D.ar "r . Kill.n: 

• 

Th. Environa.ntal Prot.ct ion Ag.ncy ( EPA) has r.vi.wed the 
Suppl ••• ntal Draft Environa.ntal I�act Stat ••• nt ( SDEIS) for the 
proposed operations .ntitl.d P.trol.a. Produatioa at MaKt.aa 
.ffiai.at aat., 8a .. l P.trol.a. •••• r.. 80. 1 (Ilk Bills' , I.ra 
coaaty, Califoraia. Our r.view is provided pursuant to the 
National Enviro� •• ntal Pol icy Act ( NEPA) , Counc i l  on 
Environ.anta l Qua lity (CEQ) r.gulations ( 4 0  CFR Parts 1500-1508" 
and S.ction 309 of the Clean Air Act . 

Th. Dapart.ant of En.rqy ( OOE) has be.n directed by Public 
Law 94-258 ( Naval P.troleu. R.s.rv.s Production Act ot 1976) to 
continu. operating Naval P.trol.a. R.s.rve No. 1 at the "axi.u. 
Effici.ncy Rat. (MER) , which is d.fin.d as "the .. xi.u. rat. that 
opti.iz.s ulti .. t. hydrocarbOn r.cov.ry and .cono.ic 
r.turn • • •  con.ist.nt with • • •  a l l  • • •  laws and r.gulations , includinq 
ted.ral ,  stat. , and local laws pertaining to the environ.ant . "  
Within that cont.xt , and because ot d.cl ining production rat.s , 
the OOE is proposinq to .nhanc. the recov.ry of hydrocarbOn 
r.s.rves by .xpanding operations within NPR- 1 .  This expansion 
would involve dr i l l ing add it ional w.lls for production as w.ll as 
for inj .ction ; constructing and operating co_pr.ssion and 
processinq facil iti.s : .xpandinq wat.rf lood op.rat ions ; 
construction and operation of a 42 .eqawatt cog.n.ration 
facility; construction and op.ration of a butane iso •• r ization 
faci l ity; construct ion and op.ration ot a 1 4 8  wel l ,  500 acre , 625 
million BTU/hour stea.flood proj.ct : construction and operation 
of faciliti.s to increase gas co_presslon capabi l i t i es by 
approxi .. t.ly 4 6 , 2 50 hors.power : and would include "activities to 
permit third part ies to construct , operate and malntain plp.lin. 

proJects , q.Ophyslcal surveys , and other proJeccs / acclvlt les on 
NPR-1 lands . "  

CONTINUED ON NEXT PAGE 
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CONTINUED ON NEXT PAGE 
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CONTINUED FROM PREVIOUS PAGE 

------, 
In addition to the Propos.d Action ( ident i f ied as the 

pr.ferr.d alt.rnat ive " the OSEIS d i scuss.s two a l cerna t i ve s :  "110 
Act ion" ( Alternative 1 )  and a "Modif ied Proposed ActionM 
(Alternative 2 ) . 110 Act ion would essent i a l ly preclude further 
d.v.lopm.nt at NPR- 1 ,  but would continue production of o i l  and 
gas at a natura l ly declin ing rat.. The Modi f ied Proposed Action 
el iainat.s the gas processing , st.aa injection , and cogeneration 

113G- 1 

proj.ct aspect. of the propos.d act ion . It is uncertain whether 
Alt.rnativ. 2 would 1I •• t " legislated MER require.ents . "  DOE is � 
und.rtakinq .tudi •• to det.�in. the fea.ibil ity of carrying this 
alt.rnativ. forward. 

Froa a NEPA p.rspectiv. , th.r. are s.v.ral instanc.s in th.� 
OSEIS in which outdat.d info�tion is r.f.rr.d t o ,  esp.cially in 
the Air Qual ity Section. I n  addition, i n  d iscussing the Propos.d 
Action, the docuaent oft.n i.pl ies that c.rtain environaental 
prot.ction progralls are linked only to that alt.rnative . For I e..-pl. , on page 4 . 1 . 5- 3 ,  the docua.nt sp •• k. of the Wildlife 
Kanag ... nt Pl.n .s providing ben.f its to the proposed action 
wh.r ••• the Pl.n is not m.nt ion.d by n... in the discussions of L3G-the oth.r a lt.rn.tiv.s . Whil. this may s iaply b. a product o f � 2 
the org.niz.tion of the docua.nt , it is .isl •• ding to suggest 
that such plans are conn.ct.d to the propos.d act ion . Further , 
it is not cl •• r in the OSEIS th.t th.r. is .n actual ne.d for the 
proj.ct . Given that the M l.gal M  requir ••• nt to produce NPR-1 at 
the MER was bas.d on ·cold war" p.rspect iv.s th.t may no longer 
be .pplic.bl. and th.t ailitary progr ... . r. activ.ly and 
substanti.lly being reduc.d , the purpose .nd n •• d for the proj.ct 
should b. r.-.valuat.d and presented cl.arly in the FSEI S .  

Pr oa  tne .nvironmental a nd  r.lated technical info�tion l 
provided in the OSEIS , it appe.rs that in so .. instances there 
.. y be .ctual confl icts betw •• n op.r.ting at the MER 
( iapl ... ntinq the pr.f.rr.d alt.rn.tiv. ) and adherence to 
environmental laws such as coaplianc. with the conformity 
provisions of the Clean Air Act ( CAA) and in t.ras of coaplying 
with the provisions of the Endanger.d Sp.ci.s Act . In addition , 13G-3 
EPA is v.ry concerned with the large amount of fresh water that 
would be requir.d to support enhanced r.cov.ry of hydrocarbon J r.sourc.s ;  with the pot.ntial for additional groundwat.r 
contaaination; with the lIajor incr.as. in surfac. disturbance 
that would take plac. ; with the incr •••• in the gen.ration o f  
hazardous wast.s ; and with the rapidly dec l ining biodiversity and 
c.rrying capac ity of the R ••• rv.. OUr sp.c i f ic concerns are 
discus •• d further in the attach.d co .... nts . 

As a result of our reView , w. have assign.d the Proposed 
Act ion ( Preferred Alternative , a rating of £0-2 , Enviroaaent.l 

CONTINUED ON NEXT PAGE 
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11.0-1 Projectl are approved .nd fimded hued 011 their ccnributioaI towInI .....w., MER 
requiremellla (maximum level of procluctioo !bat i. ecoaomie aad tIoei llllt C8UIe deIrimeat to 
ultimate recovery). If AltematiYe 2 i. IOIectod u 1he _ of KIioa aI NJIR-I aad either 1he 
... proceui ... .... m injeclioo, or CGpMnIIioa projecta of 1he pn!pCIIIIII KIioa ... IMet 
determined to be nece_ry to !Mel MER, appropriaIe project ..,....,.... aDd penaiII -W be 
punuecl at that time. 

13.0-2 The DSEIS wu iateoded 10 iocludo 1he Wildlife .......-PIn iD .. � .... ... 
.u alternativea. In the cue of1he 1M) 8Ctioo IItemative <AItenIaIiYe I) ... _ 1ICCOIIIp1i1hecl 
by .. q in Section 4.2.1.5 of1he DSEIS Ibal aU miIipIioa ......... ....... upoD willa PWS 
duri.. 1he 1987 Section 7 COIIIUIIation would coad.- 10 be prIICtic:ed. 'I"M Wildlife 
M.aaae-m PIn wu ioc1uclecl iD FWS'. 1987 JIioIosicaI 0piDi0a aad tberefore it WOIIId be 
inc1uclecl in the 1M) aclioo alternative. Libwiae, 1he Wdcllife ........... PIn - iocluded 
iD the modified propoeed aclioo (A\lemative 2). Sectjop 4.2.2,5 of 1he DSEIS ... !bat dais 
.lternative i. the .me •• 1he propoeed action, eEOpt that it exeludel the SOZ Steam 
Expalllioa, au Proceaai.. ExpanIioa, and Copocntion ProjectI. 'I"M pn!pCIIIIII 8Ctioo 
ioclude. requiremellla of the 1917 Opinion, aad tbenfore, it ..., iocludel 1he Wildlife 
Manaaemem PIn. 

Sectjogl of 4.2.1.5 aad 4.2.2.5 of 1he DSa IIaw beea reYilecl lo  clutfy 1he ioclulioa of 1he 
Wildlife Mana..-m Plan for boIb AIternItive I aDd AIIenIIIIM 1. 

Repnli .. outdated inf'onnIdoa iD 1he Air QuaIiIJ II8Ctioa, .. re.. 10 the ...... 0 ••• 10 c:oamaIIU 
Il.A-I.  Il.A-5, and 13.A-6. See Sectjop 1.1.2 of1he SEIS aDd 1he  ...- 10 __ 
1l.0-5 and Il.N-6 for di_aaionsof 1he purpoae and .-d for 1he pn!pCIIIIII action. 

13.0-3 'I"M propoaed action wouId llllt coaftict willa any erwiroameaIaIlawI or ........... 'I"M N...t 
Petroleum ROICI'VOI Production Act of 1976 requirel lbal  procluetional NJIR-I be curied .... 
in accorcIaoce with aU IPPlicable environmelUl lawI  aad repIationI. II II ....... 011 p. 1-3 of 
1he DSEIS that 1he propoaed acIioo iocludel c:oqtIiaoce with lUCIa requiIeawntI. COIIIpIiaoce 
with the Cleaft Air Act i. dilCuuod iD 1he I'OIpOIIIO to COIIIIIIIIIt 13.A·1.  DOB cumIIIIIJ II 

operati .. under the 1917 JIioIosicaI Opinioa <_ Appepdjx 1.3). DOE II iD 1he pIOOOII of 
comp1eti .. . Section 7 �with 1he FWS 10 obtaiD a new JIioIosicaI Opinion. A fiMI 
dnft of the new BioIo8icaI Opinion _ provicIed to DOE iD MaJ 1993 <_ AppepdIII,l). 

The 1917 Opinion, and the final dnft Opinion, boIb coocluded �J. DOE will 
COIIIimte compliaoce with 1he 1917 Opinion umil 1he fiMI Opinion II compleled at whicb tiaw 
DOE will COlIform with new requiremen&a (See Appeadjx 1,1). 'I"M fiMI Opinion or ill ....... 
will be adcIrelied ia the Record of Docilioa. See atlO 1he I'OIpOIIIO to COIIIIIIOM 13.8-6. Willa 

... anl to the ocher environmemat concema mentioaocI iD this COItIIIIOM, .. fer 10 ...,.,... to 

commellla 13.W-4, I3.W-12, 13.8-1, 13.H-l, aad 13.8-7, mpectively. 
CONTINUED ON NEXT PAOB 
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Obj.ations - Insuffici.nt InforaatioD .  Wh ile the No Action 
Alt.rnativ. appears to b. the environm.ntally pr.terable 
alt.rnativ. at th1s point , w. do have s.v.ra l concerns with that 
alt.rnative as detailed in the attached comm.nts . Because ot 
those concerns , we have rated No Action ( Alt.rnative 1) a s  EC-2 , 
lD.iro ... ntal Cona.rns - Insuffici.nt Inforaation. Th.s. 
ratinq. are furth.r d.f ined in the attach.d " summary of the EPA 
Rating sy.t.m , " al.o attach.d . Th. l imit.d information availabJe 
and unc.rtainti •• surroundinq the sp.c i f ic scop. of the Modif i.d 30-4 Propo.ed Action (Alt.rnativ. 2 )  doe. not provide a appropriate 
ba.is for ratinq that alt.rnativ. at this ti ••• 

Given that the DS!IS has not, in our opinion, cl.arly 
d.f ined the true n.ed for incr •••• d product ion spec if ically from 
Elk Hills , w • •  ugg •• t that DOE con.id.r • fourth cour •• of 
action . w. r.co ... nd th.t a sub.equ.nt alt.rnative ( Alternative 
3) be d.v.loped to include provision. of the No Action 
alternative for the n.ar t.rm and provis ion. of the Pref.rred 
Alt.rnativ. for the futur. . Th. a lt.rnativ. should/would: 

� • Pl.c. product ion in corr.lation with n.ed ; 

I • Iaaadiat.ly al low for enhanc.d and acc.l.rated restoration GO of the .xisting R.s.rv. ( such as fully impl ••• nting the 
en drainage r.clamation program referred to on page 4 . 1 . 4 - 1  and 

providing additional resourc.s into s ite and roadway 
r.clamation ) ; 

* Al lov for l.ss near-t.rm .xpans ion and the activities 
r.l.t.d to such .xpansion, th.reby providing undisturbed 
habitat for enhanced sp.ci.s r.covery ; 

• Mini.iz. w.t.r usag. during the curr.nt ext.nd.d drought ; 

• Minimiz. aquifer dravdovn and provide a respite from 
wastevat.r inj.ction; 

* Ensure that the activities which would be undertaken on 
the faci lity w i l l  be in compliance with the conformity 
provision of the new CAA, and; 

• Provide tim. to undertake n.ed.d maintenance of aging 
equipm.nt and replace marg inal machinery with state ot art 
equipm.nt . 

w. appreciate the opportunity to revi.w your DSEI S .  Please 
send three copies of the Final SEIS to this of f ice at the same 
time it is off ic ially ti led w ith our Washinaton, D . C .  o f t ice . 
Meanwh i l e , shOUld you have questions or w i sh to arrange a meeting 

CONTINUED ON NEXT rAGE 

30-5 

• • 

DOE RESPONSES 

13.0-4 The eddmc-t information proYided lad the IOxt rmlioal ..... .. the -" of reIpOIIIIIiaa 
10 conunenta 011 the DSEIS IbouId -" In _ftic_ informIIioa 10 ......... the propoMCI 
ectioo. lad AItoI'lllam. I lad 2. 

CEQ rep ...... require COIIIidendoa of . ..... of ..... 1IIIIIIi ... ... . ...., tIIft'enadadoD 
between the impacll of each in order 10 filcUilllte • fiMI _Woo. To comply willa ..... 
requireme.... Ibree .lIOrnativeI ..... been ......... The propoeed ac:tioa (the pnfened 
elternllive) repre"nta the .1I01'III1iYe wiIb the ...... ........ The DO ac:tioa IIIemadve 
(AIIOmllive I) .... the _11ett impect. The iIIIpIIClI of AIIOraIIi¥e 2 (wIIicIa .. the ... .. 
tbc propoeecl ection lela the SOZ SteamOood project, the 0.. IbpuIioa project, lad the 
COJCDCntion project) ... JI'OSler Ibaa DO action, bat ... Ibaa the propoeed ec.... The 
dift'ereacea in the aleme ... of tbeee elternllivea ... clearly .xpIaiMd by T .... 2.0-1. The 
dift' __ in the i...,acll of the Ibree eIternIIivee ... clearly .xpIaiMd by T .... 2.0-2 . The 
iaf'ormlltioo In the" Tablel i • •  xpanded In the IIppI'Opriate IIeCliooI duuuJbaut the --... 

13.0-5 The IOxt 011 ,.", xxvi lad 2-1 of the DSEIS .... been rmaed lO laclude . brief diICUIIioa of 
this propoeed .1I01'III1ive. In _". � aaocber IItoraaIive In deUU IbouId ..,. be 
acc_". Fint. the pu...-e lad need for !be propoeed ac:tioa Is clearly ... bela In Imi2I 
LL1 of !be DSEIS by .. fe_1O !be ..... 1IIatUtoIy 3-year.ldeDIioa of the Nnal PeIroIeum 
Raerve Production Act, wbicb autborizea MER productional NPR-I (the propoeed ....... Iiv. 
would DOl meet Ibi. pu...-e lad aeed). Second. aaalJIIa of thil lItoraaIive -ad provide 
liule. if .ay, eddmc-t Information. The foreaoInI la .lIplaiMd _ tbIIy .. follows: 

A report __ rizi .. the fiadi ... of • -.ely of the 8CODOIIIic .fFect of comioued MER 
production of !be Naval Petroleum ltaervea (NPRa) .... pub61bod In October 1990, (DOE 
1990). The report eddreaeecl four crileria: (I) National Beooomic 1...,aclI; (2) National 
EneIlY StrateJY; (3) Local .nd ReaJoaal Concel'lll; lad (4) Mililuy PrepancI_. The report 
concluded !bat comitaJed production of the NPRa .... clear ......... Pre .... ... 
aubmiued Ibi. report 10 Coopeaa aloof with • PreIideaIial Celtificatioa that comioued 
production of !be NPRa _. _..., .nd In the national iaIereIl (Bulb 1990). nu. _1Ied 
in C�aaiooaI .uthorizatioo of !be IIIOIl recent 3-year .1deDIioo of the NawI Petroleum 
Retervea Production Act, which _1_ In eft'oct duoup April 5, 1994, (DOE 1990). 

The n ... of aIIOl'lllam. to be considered in u EIS ... .....,... by the .... of .... 
underlyilll leaillation. C� .. has dim:led !bat MER productioo be coaIiauecI al NPR-1.  
A m:eot .... Iy •• of ellimaled re"rve. !bat would be !oat by def'enina developlneM al NPR-I 
for 10 yAn clearly eatablillhe. that !be prop<JNd aIIOmIIive would result in ,....ae .. 
unfavorable cha .... in re"rvoir chancterillica that would preveal DOE from achieviDa MER 
production (BPOI 1mb) (_ also relpOllte 10 conune .. 13.N-I I). Therefore, it i. DOt • 
re .. ooable .lIOmltive for echievi .. tbc pl. of the leaialation. 

CONTINUED ON NEXT PAOE 
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to discuss any ot the issues r a i .ed in our review . p l ea.e contact 
Dr . 3acquelina wyland . Chie f . ottice ot Federal Act ivities at 
( 4 1 5 )  7 4 4 - 1 5 8 4  or have your statt contact David Farrel at ( 4 1 5 )  
7 4 4 -1574 . 

Sincerely, 

, l  
(' '----.I 

anna Wi ... n, Director � OU ice ot External AUairs 

00l626CL.DF 

Enclosures ( 2 )  
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Y .... I', au _I, •• of' dU. aJten.tive -ad DOt ......... IiplficIa IIIIdiIioMI iaConaIdoa 
becau. it &IIi within the nmp of aIternacivee ....... , tIoecribed .... .... yzed Ia the DSEJS 
<-the reIpOIIIO 10 � 13.0-4). EaviJoamOIIul impecIe for _ period of ... would 
be the __ • Altenudive I, .... Ibea they -ad ... iDcnMed 10 the __ ..... . the 
propoeedaelioD. Ullimate recovery ..... be .... ecGIIIOaIic ........ -ad ... .... ... ....... 
impacte on ..... iqIotU, amc-l cIebt, local ecoaoaay. 1fIInaIdve acdoa, ... .... ....... 
wouId .-.lt. Further. in reIpOIIIO to the poilu .... ia euppoIt for the ....,.. ...... 
coaIIider that: 

• Habitat NItontioa aetiYidee .... ..... ........... ..... DOt ... ICc.a ...... ... to 
the filet the exillliDt filcilitiea wouId llliD ... ....... for ........ _ (1 .... well 
pede. teat eeai ... .... --..,. ..... ). 

• ___ water ..... 1a IIncMlto ... .... _ . ....... of,...., ... of ..... 
would DOt libl, be impaceed b' ....... 

• NI'R-I·. u. of the ......... FormIdoa b _ water ..... " .. ... ptOduced 

• 

.1IIer c1i1pOlal be .. producedliall. if..., . ......... eft'ect to ... ,..,.......... 
_R:eI sad no koowa etreet to .... JIOIIIMIwater ......,..,... 

The propoeed aeIioD acd9ideI ..... � willa 1M coab..., PIO¥iIioaI of the 
emeadecI Cleu Air Ad; ..... 

• VerJ Hale, it ...,. IIIICidaery .. NPR-i II ...... Molt ..... 111111 Ie .... 
sad ell • wei. _i ....... due ia pat to • .t6cieat cMa flow, wbicIt would DOt 
be the ca. under the eddidoaal eJten.tive. 

CONTINUED ON NEXT PAGB 
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SUMMARY OF RATING DEFJN[[IQN$ AND fOLLOW·UP ACTIO'I 
Eqyjnmmaua! 1m ... of ,'" ACljon 

LQ·Ltclt 1')( Oh!!S!!9P! 
The EPA. rcv_ .... .,. ..... r ... In. f'OC£NIa' cn","",maul � I'eQUU'1ft1 .ubMantIVf; chan.c. to (he propou.l The rev .... .... ., ..... delcloleCt o,.JOnunlla tor 'WUcUIQft 01 m .......... meatura lb_, couid be accomplished ...... no 

more .... ..... cftulf!el1O lbe propoul. 

EC'EnnnmaaNI ' .... ' 

n.. ePA ..... .... ........ .... a .. ..... ... ..... M lvoeded in order 10 NU, pR*ICt 11M ............ . c- _ -, _  ...... .. .... ....- _ .. ......... o, _ __ _  ... _ .... . ,. 1 -.-.  EPA _ IiU  .. _ ..... .... _ .� .. _ _  ... _. 
EQ.1!pnrwMaI Arirn_ 

...... EPA - .... - .....- _ _  - _ be ._ .. 0,*. 10 pnmdo -'" rn-- '"' IIM ...._. COnecll'We ____ .... ., ......... ...,..... et.n .. eo the pftterred altc:nlMrN: OC' 
c ........ ol_ ..... ,..,. ........ t1nc:hId.,.. the - ...,.. ..a.cra.u.. or .  MW Ilw'NIuvc). EPA ..... . - ..... .... _ -, . _ - _. 
EU�EaY4 II! U_feenr 

The EPA ..... ... ....... .... ... 04 I ...... ..... Aft of lU'ferial ............ ..... ...,. ate 
� _  .... ........... oI ... or. ., .... , • ..- _  ... _ .... EPA _ .. _ ..... ... _ .� .. - - -. 1f .... -' _-,. _  ... _ _  .. .... r .... Els ...... ... iI -'  .... be .- ",  ... Iornl .. .... C_ .. I!nv_ Quota, CCEQ) . 

Adcawy of the ...... $ ........... 
C,,"," I.Adgwt 

EPA lie ..... lite ... EIS ....... , ... ..,.... 1M .... .,'11 II �.� 0' the pt'Cierftld .kef"lllllVe ..... ..... of Ihe alU:nwlwa ........, tvatlllltll lO .... proJl!lCl 01' '''''', No ....... anal" .. 0' dUa coUectIOft .. ncecu.ry. but 11M � ... , _.-dIe � 01 c .. ,.". . ......... _ ........... . 
Ctlsna2� ....... Ie ...... 

",. ... m _ _ _  ... ,_ .10_ 10. EPA .. luU, _ ... __ -....- _ _  ... 
• VOIded . ..... .. .., ....-. ... � or .. EPA � ... ......... MW ........ I • •  vatIIIItII ......... - ... _ .... _ o" _ _  lnod .. .... dn. m . .... "'h _101 _ .... _ -....- ., .... aa... The idaIIi6Id add ..... 1 .. it ........ dUa . .... Ina. or dllCtlallOlt lhould be InCluded In the f..w EIS. 

C....., l.' ....... 

EPA _ _ _ _  .... dnl EIS �I' __ U, ...... _ ...... _I _ O, .... _. 
or .. EPA � ... .......... --. ,......... ........ ........... .. ue ....... Of the .�.f ........... ....,... ill die ... 1IS . ..... ...... be .... ,.... . erda 10 nduce lite .......... , ...... flCUll .... _ ...... . 
EPA ....... .... .... ........ � ........... dMa . .... ,... or d .... _ .rc ot aucta .  rna,.... ..... � should he .. Iud pubIae rev_ .. . dnA -IC· EPA. does .. beIIcw "'" the dnft EIS " aOcoualC ior the pu� of the 
sepA. endIor .5clcuGa )09  '"-. and .... tftOutd be eon..u. rnaaI and IMde I"."bac 'or puolac � .. .  s� or ""'"  dn" EIS. 0 . .. bu. ot the ......... ........ tIftPI'CIa .. "ol¥'Cd. \h •• propoaJ coukI be .  , .... _ lor re_ 10 .... CEQ. 

-From' EPA. M __ I 1640. ·Polan :lind f'rocodura lor the Rev.ew nl Federal ActIOn. ImolCune Inc e,,'W'UOftIftCIII. ·  
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aao C0Mmlll'f8 ON 'l'II. DUft 8IJPPLZIIIIII'l'AL EIIV1:RODDITAL IMPACT 

87a.� FOR PETROLEUM PRODUCTIOR AT KAZIKUM EFFICIEBT RATE . KAYaL PETROLEUM RlaERV. RO . 1 ( BLB  RILLS ) . KERR COURTY . 

CALIFORJIIA 0 0 1 6 2 ';SD . DF 

lID 

XI, Th. f i r.t •• nt.nc. in the suaaary ot the DSEIS stat.s that---: 13.N.1 
" ( tl hi. docuaent provid •• an analY.i. at the pot.ntial 
• nvironmental impact • ••• ociated with coatiDa" op.r.tioD 
(hiqhl iqht added) of NPR-1 a. authorized by Public Law 94-258 , 
the N.val P.trol.ua R ••• rv •• Production Act of 1976 (Act ) . "  
Whil. this may be an accur.t • •  t.t ... nt t ram the per.p.ctive of 
per.ona famili.r with operation. at NPR- 1 .  the propo •• d action 
(pr.f.rred alternativ.) actually includ •• • everal new and rather 
.xt.n.iv. und.rtakinq • •  uch a. drillinq nua.rou. n.w we l l s .  
con.truction at a co-q.n.ration plant. and impl ••• ntation o f  
.nbanced r.cov.ry t.chniqu •• • t o  .. ntion a tew . W .  r.co ... nd 
that for purpo ••• at cl.rity the initial t.xt be modit i.d to 
r.flect th.t the docuaant actu.lly provid •• an analy.i. ot 
coatt.8iDq prodactioD of oil and qa. r ••• rv •• at the .axiaua 
.ff icient rat. ( KER) in accord with Public Law 94-258 ( th. 
proposed action) . aDd an analy.i. ot alt.rnativ •• to the propo.ed 1 13N-1 
action . which al.o involve cODtiDU" op.ratioD. at NPR-1 but .t 
varriaq r.t •• of prodaotioD. Th. th.m. at this introduction 
.hould th.n be r.fl.cted throuqhout the docua.nt to avoid 
confu.ion a. to what con.titut •• operation. in t.ras ot the 
propo.ed action (pr.t.rr.d alternativ.) and op.ration. in t.ras 
of no action and alt.rnativ. 2 .  
Thi. confu.ion i. al.o .vid.nt on paq. 4 . 1 . 4-2 wh.re in the DSEIS 
titl •• •• ction 4 . 1 . 4 . 2 . 1 " Impact. fra. Continuation of curr.nt 
oil and Ga. Activiti •• - and stat •• that -this •• ction addr ••••• 
th. t.pacta of the propo.ed action • • •  " It i. our Und.r.tandinq 
that ooatiDuatioa of curr.nt oil and qa. activities is mar. in 
l in. with the d •• cription of the no action alt.rnativ • •  inc. the 
no action alt.rnativ. wou ld .  by d.tinition. continu. production 
witboat .dditioaal d ••• lopa.Dt and witbout .. jar modit io.tioD. to 
carr.Dt operatioD. . � 

which atteapt. to comp.r. ar.a. at habitat disturbance b.tw •• n 
alt.rnativ •• be r.-word.d aa tallow.: 

DOE RESPONSES 

The text 00 ,.P' lDI. . ...... 2·1 , 2·10, 3.1-1, 4.1.1-1, 4.2-1, .... 4.2-6 of .... DSBIS .... .... 
revilOcl lO cllriCy the, ICClpO of .... pIUpOIId eeIioa .... 1IternItiYes • 

The i...,.etI of .... pIUpOIId aetioa are o ..... y ........ 1III»ject of ...... ,1. NodIiIw Ia ... 
SoeIioo .,.,lioI lO ... y of 1ho oIbor aIteawIIivea ....... odIIerwiIa iadieatM. For ...,.........., 
wbieb i. cO¥ered by SteIjop4.IA.2, .... Impac .. of .... pIUpOIId eelioa COIIIiII of two paN: 
those dual are expected 10 eomi .... u .... IMUIt of .... eomilllNdioa of curreat apendIo., .... 
edditional iqNIet8 _iatecI wilb p*-d ftdure llellllr cIewIopmoIIt. Tbeao two paN are 

dilCuaIOcI sepandely. Sec!tiog 4.1.4.2.1 � .... impeet8 of � CIfIOIIIIk-, .... 
Sec!tiog 1.1.1.2.2 di __ . 1ho  impeeta of ftdure lleility cIewIopmoIIt. 

The COIIIIIIeIItoi-'. uDdenlaodm, Ibal .... .......... ... of 0Wnal 01 .... .. IOthidoa 
COIIIIitutu .... 110 aetioa � (Altomstift I) .. CCII'I'OCt. Wbaa ."......., II .,. olaar .. 
1ho relltioosbip bot-. "110 aetioa", .... ptupoaod aedoa, .... ... ..... ptupoaod '"  
(Alternative 2). AI IIaIod in 1ho opoaioa ,.......,.. of ... ........, Secdcm 3.0 .... ".1, 
which have been revilOcl in respooaolO Ibi. � .... pIUpOIIdeelioa iDeludos "1IO action" 
ac:tivitiu. Therefore, whenevor a reCenace i. made 10 .... propolOd aetioo, in edditlon 10 
.,.,lyi" l0 - developmelll activities, .... reCenaco allO IppIioa eo .... ...... i .. 1IIdoo of curreat 
oil and p. acliYitios that COII1'rilO "110 aetioa-. Similarty '" IIIOdifiod ptupoaod action 
alternativo (Alternative 2) allO includoe "110 eeIioa- aetivitioI (_ SootjopP 2.2 yd 1.2.2). 
aefer allO lO 13.0 .... , 13.N-3, 13.N .... , .... 13.N-7 eoam.nl1 "" �. 

XIZ For purpo ••• of clarity, w. r.coaa.nd that the stat ••• ntJ "Impl ... ntation at Alternativ. 1 ,  no action , would disturb 
approximately 7 4 1  acr.s of habitat on and o t f  NPR - 1  over the 
n.xt 30 years . In compari.on to no ac

, 

tion , the preferred 1'3N-2 13.N.2 The text 00 p. XXX of the DSEIS ha. been revilOcl u lUJlOlled. 
alt.rnativ. would iDor •••• habitat d isturbance by 828  acre . ,  
Alt.rnativ. 2 would iDcr •••• habitat di.turbanc. b y  378 
acr.s , and both the propo •• d action and Alternativ. 2 would 
iDcr •••• ' other area. of slqnit icant l �pacts ' 3ccordinq l Y .� 
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7�le 8-1, "Su.aary ot Impacts and Mitigation for Each Major I Impact Area of the Proposed Action , "  presents a very good 
overview ot the proposed action, however . the column entitled I 
" Favorable Impacts /Mitigation Programs" is misleading . The ! 
presentation 1mplies that the " Favorable Impacts /Mitigation i13N-3 
ProqraaB" are actua lly l inked to implementation of the proposed I 
action (preferred alternative , .  We assume , however , that many O�f ' 
the proqra.. are ongoing or have no relation to 1mple.entation of 
any spec i f ic alternative . This should be .ade clear in the 
FSEIS .  

The DSEIS otten compares th e  proposed action with a n  action that 
has ' taken place in the past or uses the proposed action as .. 
basis tor comparing other alt'ematives . For example , under 
I�ct Area 2 (Waste " the document compares the proposed 
drilling program with the past proqram , stating that the proposed 
proqr .. would be signiticantly s .. ller. This is a lso in evidence 
on page 4 . 1 . 2 - 1  wherein the DSEIS states that "the proposed 
action would sharply reduce well-drill ing activity • • •  and the 
volume of spent drilling fluids requiring disposa l . "  This inters 113N-4 
that impl�ting the proposed action is the key in reducing ths 
level of activity in the f ield • • •  which is not true in comparison 
with the no action altemative. Such comparisons are also 
pr .. ented on pages 4 . 1 . 4-2 and 4 . 1 . 4- 1 1 .  Discussions should not 
campare past activities with the proposed actior., but should 
consistently compare the relative i�cts and merits of the 
alternatives with no action as the bese for comparison. This 
would give the reader a clearer picture of the extent of 
activities baing proposed under each a lternative . 

Also in Table S- l ,  in the impacts discussion of It .. 9 ,  the text 
campares the drilling program of the proposed action with that 
which took place in the past rather than comparing propo.ed 
activities with the no action alternative. This could give the 113N-5 talae impression that the proposed action i. favorable because it 
reduces haBardous operations on NPR- 1 .  I n  actua l ity , 
impl�ting the proposed action would not reduce hazardous 
operations on NPR- 1 and would , in fact , increase such operations 
in comparison to the appropriate baseline • 

• 1-3 The three year extension of Public Law 94-258 granted in� 
April of 199 1 was besed on "economic and military preparedness 
criteria . "  I n  claritying the rationale tor the true need for the 
resources at tbls time we reca.m8nd that the FEIS discus. whether 
or not the latest developments in world-wide pol itics and 13N-6 military strategies have been considered and whether the 
signif icant reductions in our m i l itary forces have been factored , 
into the decis ion to extend extraction of petroleum resources at I 
MER. This discussion shou ld be inc luded in the purpose and need I section of the FSEIS . � 

CONTINUED ON NEXT PAGE 
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13.N-3 The text on p. xxvi of the DSEIS bu been revieccl to IICIcIreII the iDcocpon1ioa of uf'ely and 
environmental projecta in the a1ternalivN. 

13.N-4 The CEQ rel'll8liona (or NEPA (40 CFR 1502.14) ..... dull ID lIIYiroameIUI iIIJptIct 
llatement, •••.  Ihould pre..,nt the eavir_ ....... impecta o(the � and the ............ iD 
companaive (orm . . .  • .  Thil compari_ II to be beIed 011 the eavb--....l .... or 
.lternalivN, iDcludina the propoaed scIioa, _ cleacribed iD the ___ 011 eavb--....I 
ConaequeOCN (40 CFR ISOl.16). DOE believ. IbIIt SecIjogI 2.0 and 4.0 o( Ibia 8E1S 
adequately utilly the.., requiremelU. 

Given dI8t the propoaed action COIIIiIla iD part of contiauina pall 8C1ivi1iea, it II appropriate 
to dilCUIl .... comp.re the imptlCta of pall acIivitieI willa tho.o o( the propoaed scIioa iD Older 
to fully delCribe the imptlCta of the propoaed scIioa. (See allO the retipOMO to c.......a 13.0-
4). 

13.N-S The text in item 9 ofI.ble 5-1 of the DSEIS hal been reviaed to recopize the  iDclMaed riIt 
of hazardOUI operationl which the propoaed action would have in compui_ to the DO action 
.lternative. 

13.N-6 The text on p. 1-3 o( the DSEIS bu been reViled to better cleacn'bo the IIIbject of 
reauthorization o( contiooed MER production. 

CONTINUED ON NEXT PAGE 
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• 1-12 Und.r the h •• dinq ·Su...ry of Propo •• d Action" the l 
DSEIS di.cu •••• two "sc.narios" : the "1II.inten.nc. c.se" - which 
a •• u.es that production would continue on NPR-l without 
additional d.v.lop •• nt ;  and the " f u l l  dev.lopllent case" - which 
a •• u.e. add itional develoPII.nt and applicat10n of recovery 
t.chnique. . Ina •• uch as the DSEIS det ines the No Action 
Alt.rnative ( 1 )  as that alternative which "provides for the 
continued production of NPR-l by operatinq and lIa1nta1ninq 
.xi.tinq w.ll. and faciliti... but without' • • •  further 
d.v.lopll.nt . . . .. ( p.q. 2 -1 ) . and on paq. 2 - 1 3  d.fines the Proposed 
Action •• the Pr.f.rred Alt.rn.tiv •• it i. uncl.ar how the 
proposed .ction' . .... int.n.nc. c ..... diff.r. f roa the no action 
.lternativ. . .nd wh.ther the Pr.ferred Alt.rnativ. i • •  ctually 
the "full d.v.lopaent c..... sc.nerio di.cu •• ed as beinq but on. 
·.cen.rio· of the propo.ed .ction . 40 CFR 1 502 . 14 speci f i  •• that 
.n EIS pr ••• nt the .It.rn.tiv •• " in a coap.rative tora. thus 
.harply d.fininq the i •• u •• • nd providinq a cl •• r ba.i. for 
choic • •  aonq option. by the d.ci.ionaak.r .nd the pub l ic . "  Th • 
.. nn.r in which the pr.f.rred . It.rnativ •• no .ction alt.rn.tiv. , 
.nd the pro�ed .ction .r. pr ••• nted in this docua.nt doe. not 
provide .uffici.nt cl.rity to .ccoaaod.t. the requir ... nt. · of 40 
CPR 1502 . 14 .  W. r.c0.aen4 th.t the docuaent be reformatt.d a. 
previously .uqq •• ted to lIor. cl •• rly id.ntify the propo.ed action 
( .nd pr.f.rred alt.rnativ.) •• · full d.v.lopment· and the no 
.ction .It.rn.tiv. ( to be used •• th. ba.i. for coaperinq .11 
.It.rn.tiv •• ) •• the -.. int.nanc. c.... .. If our und.r.tandinq of 
the .. int.n.nc. c ••• • is corr.ct . it should not be l ink.d to 
discu •• ion of the propo.ed .ction/ pr.f.rr.d .It.rn.tiv • •  

• 4 . 1 . 2-7 Th .  DSEIS li.t • •  number of ".itiq.tion activiti.s" 
which " focu. on r.aedi.tinq illpect • ••• oci.ted with p •• t and 
curr.nt op.r.tion • •  • It • •  t.ted th.t the .ctiviti •• are included 
in the Lonq R.nq. Pl.n .nd the propo.ed .ction. Th. FSEIS .hould 
cl.rify wh.th.r th ••• • itiq.tion. would be impl...nted if the 
propo.ed .ction w •• not the •• lected .ction. In .ddition. 
r.ferrinq to the .t.t..ant on p.q. 4 . 1 . 2-6 . wh.r.in it i. 
indicated that ·proposed f.cil ity d.v.lopaent. would und.rgo 
future project-.pecific .nvironaent. l analy ••• which would 
addr ••• • ddition.l lIitiq.tion .... ur .. . . . ..  it i. uncl •• r whether 
•• ch ".itiq.tion activity· li.ted on paq. 4 . 1 . 2 -7 would be 
pr.f.c.d by • NEPA document ina.auch a. .n appropriate l.v.l of 
d.ta i l  is not provided in the DSEIS to •••••• the ef f.ct. of each 
of the .ction. li.t.d . Th. FSEIS should provide .ddition.l 
information to h.lp cl.rify the .pecific NEPA proce.s to ba u.ed 
for individu.l .ctiviti •• b.inq propos.d on NPR-l . 

13N-7 

13N-8 

P 4 . 1 . 3 -1 We a •• ua. the d.t •• siqnifyinq ons.t of construction � 
activities pr ••• nt.d on this paqe ( 1989 ) and on paqe 4 . 1 . 3 - 3  I 
( 1990) have be.n i n.dv.rtently 1nclud.d in this document and tha:J '3N-9 
the .ctivities noted have not be.n initiat.d . The FSEIS should 
include an upd.t.d version of this sect 10n . 

CONTINUED ON NEXT PAGE 
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The Lon, Raaae Plan (UtP) i, the bail b boda Ibo pI'CIPOIIIIlICdoa IDll IIO IICdoa ......... 
descripciona .nd .... ,... The propoeed actioa is 1M utP ... .....,...· 1Ceauio  ... 
AItemative I, the 110 IICtion aItemaIive. is lbo  utP ... ! .......... _. 1Ceauio. Tell 

reviaiona ..... boen made on pqea 1·11, l-I, 1DII 4.l-1 of'lbo DSBIS to clarify tbia. DOH 
believea 1hat Ibia cIocUIIICIII .tiafiel the � .............. of' 40 CFR 1501.14 (
T.ble, 2.0-1 1D11 2.0-2). Sec aI., the mponac to COIIIIDIIIt 13.0-4. 

All coqKIOOIUof'the propoMCl actioD, lac ........ mIdpdoa ecti¥ideI, ..... boea appropriIIeIJ 
deacn"bed ia Sectiona J.l. 3.1.3. 3.1 IDII Am-'b 0, ... their ...... bave boea 
appropriately included in the impact descriptiona ia hrcic!I!!3.4,1.4. 4.1. 4.1.1.1D11 Appepdjlt 
.12. Therefore, 110 further comprebelllive enviroamealal .... y .. _ __ ry or p ........ b 
thele IICtivitie, unlellthere i, • chlUlp la acope. The ",  of'mitiption initUdiv .. Ia.lt£lis!l 
� of the DSEIS i, • compil8tion or all or the Iaitiadvea p ........ Iite-wide wbich _ 
expeclCd to _pte waate pnentiDl imp8cta or the propoMCillCdoa. Tell revllionI ia I2£Ji9g 
� of the DSEIS hive boen made to cllrify the rc...oa.. 

The projects described on p. 4. 1 .3-1 1D11 ineluclecl ia Ttble 4.1.3-1 (p. 4.1 .3-3) of' the  DSEIS 
hive not boen initi.1Cd to date, with the exception or Ibrec I SOO bp CORIpreaMJr elllinea 
illllalled in April, 1992 for Ibc 19R CIoaed-Loop Qu..Lift project. 

CONTINUED ON NEXT PAOE 
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P 4 . 2 - 1  The DSEIS suggests that "up to 500 ml. l l ion barrels of 1 
o i l  and 2 5 0  b i l l ion cUbic f eet of gas would not be recovered" : f  
the no action a l ternatl.ve was lmplemented . Wh i l e  t h l. S  l S  
accurate i n  t h e  snort- term . �e wonder l f  there would be any 3N-10 
e f fort to recover thase resources l n  the mora d i stant f u ture wnen I 
demand

,
i s  greater . We recommend that the FS EIS d i scuss such a : scenarl.o . --.J 

• 5-2 Tha DSEIS statas that 1 . 2  bi l l ion dol lars in federal l 
ravanua. would be lo.t if tha no action a lternative rather than 
tha prafarrad a lternativa wa. implamantad . Wa quastion tha 
actual 10 •• of .uch ravanua givan that : 

1) tha resourca rema ins ultimately recoverable ; and 
2 )  tha position alucidated in the document assumes that the 13N-1 1 re.ource would nevar be recovered and corre lates that non-
recovery to a market v a l ue .  A s imi lar position could be : 
takan which a •• uaa. that tha resource could be recover.d I during a pariod whan the demand and r e latad va lue were 
highar , tharaby sugga.ting that the fadaral government might 
not lo.a ravanua d o l lars by adopt ing the no act ion I 
altarnativa. --.l 

Wa racoaaand that tha FSEIS addra.. tha.a is.uas to the ext.nt 
practicabla. 

CONTINUED ON NEXT PAGE 
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U.N-IO 1be no IICtioa Ilternative (LRP ·mai* .. nc:e cue") I_mea no ftutber clevelopmeal at Ill)' 
lime in the future. Under thi • .ce .. rio IUbllWllial quandtie. of bydrocatbooa would _r be 
recovered. 1be quealion po.d i. could the maiD1eaanl:e cue (Alteraative I) be u..1emeated 
for eome period of lime which would be followocl by filii cIeveIopmeat (1be propoeecl actioo)'t 
11Ii. i. the .. me quelllion po.d by COIIIIIIeIIl I3.O-S. See Ihe reIpCIIIIII to commeaII l3.O-S 
Ind U.N-I I .  

In IURUlllry, the reault of mai*_e oaty lOr I period of.u. followed by filii developmeat 
would be I recovery peater than perpeWaI maiD1eaanI:e, but ... ..... � filii 
development. 11Ii. ie becau .. any cbup in productioa eequeace would I'CIUIt ia lower 
recovery in ComparilOll to continui.., filii cIeveIopmeat. 

U.N-II Improved oil recovery methode IICCCJUIIl for Ihe majority of oil produced at NPR-1.  Improved 
recovery method. aupplement the ..... ra1 reeervoir fOrces _ .....,. iocl'Clleina uIIia.te 
recovery from Ihe _rvoir. 1be primary improved oil recovery methode uaed in Ihe NPR-I 
_rvoin Ire _terfloodilll and ... iI1ioctioa. 
NPR-I wlterflood and p. iI1ioctioa propama ... ellpSlllive to apente _ by� 
recovered by Iheee method. have I reduced profilability. In Ihe cue of wsterftoodina . ....... 
initieUy i. injected lround Ihe periphery of Ihe reaervoir 10 dud I ....... froat _ Inward 
towlrd the ceater of the _rvoir .......,.., oil Iato productioa ....... A cbancterillic of 
wlterfloodi.., is that w.rer injectioa poinII _ oil producdoapobU ... ............. y-..u. 
over lime I. the water Croat move. iawanl lato  new _ of Ihe .....". _ GIber _ .... 
-cpt clean. Stated in other wordl. II I, -" to 0Ml1 ..... .., develop • waterftoocI 
project ia order to maildaia it, _ II is lOr dU, _ dUIl lhe  pn!pOIId actioa Inc ...... well 
drilli.." weD cooveniona, _terflood pIIIIIpina ........ pipeIiaeI. ____ diIpcMaI 
equipment, includina PWI, etc. 

To proceed, I. IUgelled, with I IlnlIeJY of llIowIna waterfIood activitiea to CeI ... followed 
by reiniti.tion of wlterflond development _ opentiona at • I.rer date, would relUtt in 
unfavorable cha •• in reeervoir conditione while Ihe w.rerflood is Ihut-in. Tbi. would mate 
it phylically impoeaible to recover eome bydrocadloal. It aIIO would neeeaitate expeDlive 
mocbballilll llClivilie. initially, "very· ellpSlllive ..... ..., e.- ..... _ • more eldelllive 
development propam Ind expe_'to recover ocher bydrocarboae. Oivea Ihe iaberenl reducecI 
profitability of waterflond recovery method_. the additional ellpelllCl would reader Iheee 
bydroc.mon. uneconomic to recover. 1be I'CIUIt of the fDreJOina is that ultimate recovery 
would be reduced, thue __ illl federal resource. (BPOI 1992b). 

In the ca .. of p. injection, p. oriainally produced from I reeervoir i, reinjected back into 
the _rvoir to maildain reaervoir preaaure Ind eDelJ1 needed to path oil tow.rd producCioo 
well.. At NPR-I,  .feI. have been iclenlirled I. neecli.., P' iJ1jectioa _ the  required facililiea 
Ire inc:luded in the propoeed ICtion. If the .. facililie • •  re not i ..... 1ed .nd opented on • 

CONTINUED ON NEXT PAGE 
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IIORIYIBSlnl'l'lBlM'lIIID , ZlDllQDID sPlens 

XZX The DSEIS indicates that imple.entinq the preterred 
alternative would more than doUble the current a.ount ot 
disturbed habitat and that a lternative 2 would increase habitat 
disturbence by 51' . Given that populat ions ot threatened ' 
endangered species are rapidly declin inq on the Reserve , the �3B-1 
FSEIS should discus. the i.plicationa i nvolved with expandinq the 
a.ount ot habitat disturbance i n  terms ot the Endanqered species 
Act and the provisions ot the "ER which state that deve lop.ent 
.uat be ·consiatent with • • •  a l l  • • •  lawa and requlat iona , inc ludinq 
tederal , state , and local laws pertaininq to the envi ronment . "  

CONTINUED ON NEXT PAGE 
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timely .,..il, Sl would be Ihc cue unller .... no IICIioa den.dve, -.voir preIIUnS would 
fall, and lipt hydrocsrbonl would como out of lOIutioa c:au.m, .... YiIc:Olity of nmaiaina 
hydroc:arbonl to increalll. Inc:reaeed YiIc:Olity would J...,- flow wIIic:b would _III overall 
recovery to dec:realll, thUl WIIliDl fecIenI reaourc:ea. 

13.8-1 The DSEts (p. xxviii) ...... c:urnal cIeftIopmeIIla NJIR-I to be .. 6,546 11CNS. Tbe 
propoeed 8c:tioa would re.uIt in 1 ,569 8c:rea of ICIcIitionIl dI� (_ T,* 1.3-2>. 11Ua 
il All inc:realll of 24". Furthermore, 1.045 8c:_ of ..... would be revepl*d. .f 
reveptation il euc:c:euftd on sll 1,045 _ (wIIic:b • 8111ic:ipIted), Ibea .... .. Inc:_ In 
developed 1_ will be 524 8c:re •• Tbi • •  an Inc:_ of ." . Tbe .ft'ec:ta of a..,1emenIiDt 
Alternative 2 would be _1Ier. Tbeee c:aIc:uIIdionI do not Inc:lucle lliamlc ---y' bec:auae 
the effec:lI of eeiamic: .. "ey. Ire auc:b _lIer In ........ than �of habket for 
petroleum extraction and bec:lluee lbeJ _ only temponry In nature. 

• 

The __ Ill .. that populadont of ............ and ........... lpCCiea _ npIdIy 
dec:IiBiDl. The N"'-I and N"'-2 tit fox popu .. tioaadec:llnecI .,.,rec:iIbIy fivm 1910-1915, 
... re"tiwly _Ie from 1915-1919. and dec:lined fivm 1919-1991 (Wiater 1992 ...".." 
reauIlI on N"'-1 Ire 1ipific:lMly peater than W ...... 1991 tnppiIw mrvey.; - 1t2Iim  
U,J,J, PopuI8tioa Dynamic:1 of .... Sea Joequin Kit Fox on N"'-I). A tImiJuo Iread of 
.reaIer kit fox abundanc:e In .... early 1910'. c:ompIIred to .... .... 1910· • ...., .... been 
oblllrved by Ihc California Depertmeul of Filla and aa- In  .... McKlaric:tII'lft and lilt Horn 
Pl8in lreal, which Ire Ioc:ated applOma.tely five and tea ...... fivm .... 1Ionndariea of NJIR-l, 
l'OIpCCtiwIy (EO&O 1992). 

The IIituation on N"'-1 for .... other ........... and .......... ..... . lea claar . ....... -
noeed Ieopanl 1izanl .... Ii ... dec:1ined between 1979 and 1914, but .... hilher cIuriDa .... 
1989 ""ey (tee Scc:tion 3.5.3.2). Oiut WtpIOO nt burrow CGUI8 and liahtiup of Sea 
Joaquin Intelopuquirrel.dec:lined between 1914 and 1919 (_ SecIjog3J.3.2). While these 
reauIlI .. 1JCIl that conc:ena il warnntecl, .... ..... does not IIJIICIl that .... popul8tioaa of 
threatened and endaJIICred lpCCia oc:currina on .... Reserve Ire ItIpidIy dec:linina (other than 
Ihc kit fox from 1980-1985 and 1919-1991). Alternative explanatioal _ ..... .... observed 
f1uc:tuationt _y be Ittributed to nornwI diff __ In .... Wly ---71 .... c:onduc:tod and 
recorded, nornwI va� in population _, or other fiIcton ......... to c:haapI ln .... 
amount of babitIII dilllUrbanc:e (e •••• cUIIIIIic variatioa). a-a& idAlIIIfion indic:atea that III 
lellt one due8tened lpCCicl, Hoover'. wooly .... , appean to be inc:reIIi .. on N"'-1. 

Tbe dllIlUrNnce of additional habitat 011 N"'-1 i. not incoaIilleat with .... 1iacIurpred Speciea 
Act U eIlIblithed in FWS'. 1917 non-jeopIInly �I Opinion. Thil l_ c:urnatIy it 
beiDl ev.lualed in In on-JOi .. Section 7 CODIIUItatioa with FWS. A final dnft JIioIoPcaI 
Opinion hit been received (tee AppcmIjx .,1>. The 6 ... draft JIioIoPcaI Opinion conc:ludea 
nonjeopanly. DOE il elm _hi .. with FWS repnli .. IOIDO of .... requirementa. The 
6 .. 1 Opinion or ilI llIlul wiD be acldreaeed in the Rec:onI of Dec:i8ion. While habitat a1tention 
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• 1-" The FSEIS should explain what constitutes ".uccessful� 
revegetation" and should de.cribe the proc ••• that would be u.ed 38-2 
to ensure that vegetation is successfully reestabl i shed . 

• 1-40 The fSEIS should describe the e f f ects geophys1cal SOU:Jd 
waves have on a n 1mals residing on the reserve , part1cu l a r l y  those 38-3 
species designated as threatened or endangered . 

Table 2 . 0-1 The d i scuss10n in Elesent 2 0 ,  Enda�q.red Species � Progras , indicates that the program under a l tern 5 � 1ves 1 and 2 I wou ld be "approxiaate1y ( h 1q h 1 1ght added) the same a s  proposed �38-4 action . "  The fSEIS shou ld b r i e f ly ident i f y  =he ma l or I d i t terences . � 
• ' . 5- 1  The d i scussion on terrestr ial biota on t h i S  page and � page 3 . 5 - 1 3  indicates that one ot the possible factors in the - .. I reduction ot k i t  fox populat ions is an 1ncrease in coyote :J abundance . This state.ent appears to be in con f l ict with the 138-5 state.ent on page 3 . 5-6 ( which ref lects the information presented in f igure 3 . 5-1 ) , na .. ly that coyote populat ions have decreased since 1984 . The FSEIS should clarity these important statements . 

• 1 . 1-1' The DSEIS indicates that the "FWS concluded in their 1987 Opinion that , a lthough ' there are no assurances ' that development activities w i l l  not ' eventually contribute to the extirpation ' of the kit trom the site , development activities are ' not l ikely to j eopardize the cont inued existence ' of the species . "  It is unclear , however ,  whether the Opinion considered 1138-6 the proposed action. presented in this EIS .  The FSEIS should provide an updated FWS Opinion ( results of the consultation process required to Undertake this project , as suggested on pages 3 . 5-14 and E-5) , given that kit fox population. have decl ined approxiaately 85. in the last ten years and have continued to decline since the 1987 Opinion. 

CONTINUED ON NEXT PAGE 
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and &aamenution undoubtedly affect eaUntered lpeCioa OIl N"-I, dao .vailable evIcIooce 
doe. DOt IUIJ"l lhat habitat .hentioa i. likely to jeopardize dao exillleDco of UIJ of abe 
e� lpeCioa found OIl N"-I . The cIoelioe in dao abuadaaceof .... .......... kit Colt 
doe. not appear to be linked Ii,mfieaady 10 petroleum deveIopmeal. Oivea dao low abuada_ 
oCtile kit fox OIl N"-I. 1oc8I extirp.tiOll . .... iacreatrinllY libly. H_. daoae ....... .... 
probllbly more likely to be driven by IIoc:buIic � ndaor ..... by babIIat aIteIadoa 
relUlti", from oil-field developmeal. 

13.8-2 Sec the IeIpOIIIe to cornanem 4.c. 

13.8-3 The effect of aeopbylical lOUDll __ OIl tbreateaed ad ........... 1peC_ .... DOt bowD 
to have been ecientific:ally Iludied. Oeopbylical lOUDll effect. OIl N"-I 1peC1oa .... believed 
to be minimal Jiven lhat ,.....ctivity lUrVey . .... c:oaducted 10 lite popb"" projec:ta away 
from .naitive habitat if poaIible. ud becauIe popb"" IOUDIla likely .... .......... by 
N"-I·. numeroUl dninaaea .nd IIeep ropo,nphy. Oeopb"" projectl have been lacludecl 
in pall propoaed actionl which _re the MIbjectI of f ...... Sectioa 7 COIIIIIIIItaIioaa wida FWS; 
the effecll of aeopby.ical lOUDll waY .. have DOt beea sa ..... of COIIIC4II'IlIa daoae COIlIUItadoaI. 
The propoaed action allO include. popbylical projectI ud the potential ..... of popbyaical 
IOUDIl w.ve. on N"-I threatened ud ....... red lpeCioa wiD be add....ect. if appropNte, 
durina the onaoiIII Section 7 proc:_. 

13.8-4 The text in EIemeal 20  in Table 2.0-1 of the DSEIS .... been revIaed 10 Wead� dao dJf'I'ereocea 
in the eaUntered lpeCioa propam _I.ted willa the pnIPOIIed ac:doa ud aItenIIdveI. 

13.8-5 CoycJte .bundaDceappeanto have lacreseed from 1979 to 1914 <_Table 3J-1> . ...... 
in 1914. coyote .bundance appean 10 have cIoeliaecl <_ Fal! 3.'-0. ne text OIl p. 3.'·13 
of the DSEIS hal been revieed appropriately. 

13.M The text OIl ,.... 3.5-14. 4.U-4, 4.U-13, 4.2-', 4.2-1 1 ,  ad 8-' 01 .... DSEIS .... been 
revieed to update the diecu __ OIl �Iiance with abe Eodautered Spec_ Act. CW:remly, 
N"-I i. upend", under the 1987 aoqjeopardy 8ioIoJicaI Opiaioa. The 1917 BioIoJicaI 
Opinion _. baeed on • wide ranae 01 ordinary oil-field activiIiea aeeded 10 comply with MER 
requiremeall contained in the N .... Petroleum Reeervea Productioa Act: tatal dJ .... rbucea 
over the life of the MER project _ projected 10 be 4.032 acres <_ AppegIjx 1.3, ,... 3). 
The propoaed action of thi. SEIS i. baeed on lifedow dillUrbancea of 4,796 acrell (3,227 + 
1 .'69 .. 4.796; .. Tab ... 1.3-2 sad 3.'-0 for MER under the N .... Petroleum ReIorvea 
Production Act. The SEIS includea _ntiaUy the same activiIiea described iD .... 1917 
Opinion with the primary differences bema thal the  SEIS iac""'" IIeamflond ud tbinf.party 
projecll which _re not iacluded in the 1917 Opinioo. To cover dao addilional acope of abe 
SEIS, DOE reiniti.ted cOlllUItatioo with FWS ill October 1991, ad FWS completed . partial 
dnft BioIop:aI Opinion in December 1992, which aI., concluded aoajeopenly. A final 

CONTINUED ON NEXT PAGE 
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Althouqh tha Su.aary of tha DSEIS sUCJ9asts that "NPR-l support. a 
diver.a variaty of flora and fauna" tha fact that four tedarally 
andanqared .pecias , ona stata thraataned ani .. l ,  ona fedarally 
thraataned plant and 2 7  othar plant and ani .. l spac ias "that hava 
bean categorizad at various laval. of concarn" ara known to be 
pra .. nt sUCJ9a.t. that NPR-l aay not continua to support such a 1138-7 
diversity unla •• action. , such a. conductinq operations at a rata 
that would ancouraqa opti.a l .pecia. and habitat recovery , ara 
i�l ... nted. Expandinq o i l  and qa. racovary oparat ions, as 
d..aribad in tha DSEI S ,  would not appear to encouraqa 
biodivar.ity . 

• ' . 1-1. Tha DSEIS sUCJ9a.t. that oil and oil-tield cha.icals 
that hava bean spilled or otharwisa ralaased could have bean 
" inhalad or inqa.ted by kit foxa. throuqh conta.inated drinkinq 
watar or pray , "  and that "oil-f iald wa.tawatar of tan contain. 
hiqh concantration. of di •• olved solida, salt, and varioua other 11�8 einarala and can cauaa daath , narvou. diaordars , ti •• ua d&aaqe , 
and dacraaaed raproduction in • • •  wildlita it inqaatad . "  The FSEIS 
should axpand upon the sa stata .. nts and data i l  the spaci f i � 
.aasure. that would be ( or are beinq, taken to prevant i nq. stion 
of such chamicals by threataned and endanqered and other s�'"c1el!.:.. 

• 4 . 1. 1-3 Givan that past activitias hava had a var iaty of � 8-9 

0.8-7 

D .... 

DOE RESPONSES 

draft DOqjeopanly o.,iaioa hal beea received (_ AppegdixI.D. ...... fhIIl liclaoP* 0pW00 
.... rel8ted DOE COIIIIIIitmeIu. 01' !heir ....... wiD be IoCIdreIIod Ia .... It-.I of DecWoa. 
DOE will comply wida all requiremoau of .... - 1JioIosicaI Opiaioa wbea It .. ....... Villi 
Ibea, DOE will � 10 comply wida .. requinmeGuof .... 1917 Bioiop:.a 0piIIi0a (See 

Appepdjx 1.2l. Ja 1IddiIion. projects willa Impaoca .... an DOl ocmnd by tile 1917 0pIai0a 

will be IUbjectecl IO Section 7 of .... E-dlo ..... Spec_ Act ....... tbeJ an ........ . 

Il Ibou1d  be DOted tblt  � with tile ........ -..... Ia pnIOIpItIdao ....... I99I-

1993 water yeara. Ibe aumber of SaD ........ kit brill tnpped OD .... Nftt-I IIIIIIIJ _ 

iac .... from 2 in wiater 1991 10 16 1a wiater 1992. '1110 �ofllldiocolland ..... 
tit foUl tbIt Ibowed evideaceofnprocluciat la: .... from II" ia ..... 1991 eo 100" ia 

.,... 1992 (_ Sectiog 3.S.3.ll. 
F8Cton aft'ecq biodivenity. iacludiat ...................... rec .......... will be .......... 

in Ibe 0III0iaI Section 7 c� willa FWS (_ .... � eo � 13.8-6). 8 11  

aoCewortby tbIt Ibe 1917 � IJioIosicaI Opiaioa .. baed OD babIIIIl � 

JNIder lbao would occur under Ibe pn1p08Id .... (i .... .... U ...... ditIwtNmcea ....... 

durillllbe 1917 _hatiooprocell.xceeded .... U ...... di.........,.. .... an _1IIIIic ...... 

.... iacluded in Ibe propoted action). NfR-1 1I COIIIpIybw with all ........... io .... 1917 

0.,• . UIIOII. 

'1110 te .. OD ,.... 3.5-34 "" 3.5-35 of ... IISm .... beea rm"' eo ... fbIIy ......... 
IIUdiea coaducted 10 ioveItiaate .... ....... . trec:ta of oiI-6eId �. OD wildlife. 

negative iapacts on an1mal communit ies , includinq questionab le ,13 
Ulpacta on thraataned and andanqared spacias , tha stata .. nt that l� _ • See Ibe 10 COIIIftIOIIlI I3.B-6 ad 13.8-7. tha propoaed act10n would continua to hava .i.11ar 1mpact. �.� � 
sUCJ9aats that an altarnativa action may ba prafarable . For 
exaapla, tha DSEIS stata. that with tha impla .. ntation of the 
propo.ed action, "animals within construction araas would be 
k i l lad durinq conatruction or would diapersa to other araas ; 
dispers inq individuala tand to hava a lowar survivorsh ip , "  and 
that "thay could inqaat oil-fiald cha.icals pre.ant in suaps or 
aaalai lated by foraqa which miqht cauaa or contributa to daath, 
d iaaaaa or diminiahed ability to avoid pradation . "  Daath , 
reduced aurvivorship, and dlainiahed avoidenca of pradation all 
aquata to reducad populationa. lnaa.uch aa tha tour ani .. l 
speciaa that ara currently l iated aa tbraataned/andanqared" ara 1138-8 
11Jtaly to be affacted by tha proposed action , "  (p 4 . 1 . 5-4 ) tha 
FREIR ahould data i l  tha conaultation proce.. undartakan with tha 
U . S .  Fi.h and Wildlifa Sarvica, ahould provida a l ist of thair 
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reco.aended .nd required .ction. , .hould idantify and qu.ntify 
the iapact • •  xpected from oth.r .ctiviti •• vhich vould be 
und.rt.k.n in the region, .nd .hould di.cu •• in d.tsil the plan. 
vhich vould be und.rtak.n .t NPR-1 to .n.ur. to the .. xi_ 
ext.nt po •• ibl. the .urvivorship of the .peci •• in qu •• tion. 
Thi. is e.peci.lly import.nt bec.u.. ·th. FHS be l ieves that 
( oth.r n •• rby) proj.ct. vill r •• ult in .i9nif ic.nt cumu l.tiv • 
• ffect. to the kit fox, blunt-no.ed l.opard l i z.rd , and giant 
kang.roo rat . ·  

I n  addition. 9iv.n that .prG9r ... to mit ig.t. the e f f.cts of NPR-
1 activit i •• on t.rr •• trial biota have been in .f f.ct for a 
nuabar of y •• rs • • •  • and th.t .paci •• popul.tion. h.v. continued 
to d.c lin. throuqhout that period of ti .. , the FSEIS .hould 
di.cu •• the pot.nti.l for .nhanc.d and acc.lerated mitigation progr ... to ••• i.t in r ••• t.bli.hing the c.rrying cap.city of the 
iaaedi.t • •  r.. . For exampl., on P.9. 4 . 1 . 5-10 , the DSEIS 
SU99 •• t. th.t r.claaation .f fort. betv.en 1985 and 1988 re.ulted 
in a low of 1 1 5  .cr •• being racl.iaad in 1985 and • maximum of 
200 .cre. being recl.iaad in 1988 . B •• ed on figure. pre.ented in 
the DSEIS that e.ch vell.ite .nd .cce.. ro.d .ncomp ••••• 
approxiaately 2 . 2  acr •• , raclaaation of 200 acr.s .ccounts for 
only nina v.ll.it... It v •• al.o noted that the av.rag. plant 
cover v •• only 6' in 1990. W • •  ncour.g. continued monitoring of 
r.cl.imed sit.s and racoaaand that the FSEIS provide mora det.ils 
on str.tegi.. to .naur. .nh.nced and acc.l.rat.d rev.g.t.tion of 
di.turbed sit... Th .  di.cu •• ion .hould a l.o deta i l  the 
str.tegi •• us.d .t NPR-l to r.-pl.nt .it •• contsining minimal 
veg.t.tion .  should id.ntify the l.v.ls at vhich rep lanting i. 
und.rt.ken. and .hould di.cu •• the role .ro.ion play. ov.r tim. 
in t.ra. of succ ••• ful (or un.ucces.ful) rev.g.tation . 

W. share your conc.rn that NPR-l is regionally s ignif icant 
b.caus. "ba.ed on the 1979 •• timat. . it cont.ins 8\ of the 
raaa ining und.v.loped habit.t in the .outh.rn San Joaqu1n 
vall.y . "  In the thirt •• n y.ars sinc. that est1mate , i t  would 

•••• plau.ibl. that the extent of undev.lop.d habitat within the 
.outh.rn San Joaqu1n val l.y has continu.d to decline . This would 
s ••• to add impetus to undertaking acceler.ted and enhanced 
re.tora-tion effort. on the Reserve . 

In t.rms of providing data which projects future restoration 
e f forts ( should the proposed action be implemented ) ,  we do 
qu •• tion wh.ther one can assume that continuing to implement the 
curr.nt habitat recla .. tion program vou ld b • •  ucce.sful (a. 
sugge.t.d on page 4 . 1 . 5 - 1 3 ) giv.n that the mo.t recent plant 

• • 
DOE RFSPONSFS 

13.8-10 11ae _lUI of ..-iel popuIatiolll duouPout abe period or time relenecl to _ cHlCUIIOd Ia 
!he relpOllM 10 eommenl 1l.8-1.  S- popuIatioaI be .. ."........, declined, _ !aPe 
apparendy increaled, and _ .."......y haw beea ........ y ....,10. BeIow __ 
precipi .. tion probllbly bel been !he moIl lipiticanl l'aclOr  CCIIIIributiIw to population dec .... 

No lipificanl lint between ..-iel ....... and oil-field �baI beea ...... HIhed <_ the 
relJlODlMll lO commenla 13.8-8 and 13.8-1 1). 

38-10 Willa re.-reI 10 the poItion of Ihil c-a coacemi .. babitIl rec-.aioD, _ the  I'IIpOIIM 
10 commenl 4.c. 

1138- 10 
I 

e ith.r provide inforaat ion on an .nh.nc.d .tr.tegy for 
cov.r on av.rag. v.. ..t1mat.d at only 6 ' . Th. FSEIS should :J 
r •• tor.tion or provide figur •• vhich r.l.t. mora appropri.t.ly to 
the l.v.l of succ ••• ful r.cl ... tion r.al ized in the near pa.t • 

• 4 . 2 . 1 . 5  Th. FSEIS .hould includ. the r •• ults of the toxicOlog� 
study which is being und.rt.k.n to d.t.raine the extent to whi�h I 
oil-fi.ld chaaicsl . ..  y be .nt.ring the tis.u. of NPR-1 kit fox I pr.y . Th. r •• ult • •  hould be di.cu •• ed in t.ra. of the .xt.nt to 
vhich oil-fi.ld act iviti •• indir.ctly iapact the kit fox and ,138- 1 1  13.8-11 
should provide .trategi.. to .limin.t. the intru.ion of .uch 
ch.mic.l. into the food ch. in of the kit fox , i f  the .tudy 1 

11ae text on p. 4.2-4 of !he DSEIS bel been reviled 10 dilC_ the __ of the referencecl 
IOxicology lIUcIy. 

indicat •• th.ir pr ••• ,lc. . --.J 
CONTINUED ON NEXT PAGE CONTINUED ON NEXT PAGE 
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• 5-1 Th. DSEIS .u99 •• t. th.t i.p.ct. t roa i.pl ... nting thel 
no .ction .It.rn.tiv. would includ. di.turbanc. to v.riou. . 
h.bit.t. troa new conatruction. OUr und.r.t.nding ot the no 38-12 
action . It.rn.tive i. that no n.w con.truct ion wou ld occur . I 
Pl •••• cl.rity this in the FSEI S .  � 
• 8-5 Th. DSEIS .t.t •• th.t "the kit tox popul.tion in the --rl 
"PR-1 .tudy .r.. beq.n .t.bi lizing .t or .bout the .... t i  •• the 
( coyot.) control progr .. w •• put in pl.c • • • •  " Whil. this •• y be f 
• 0, tigur. £. 3-1 .how • •  long t.� continual incr •••• in kit tox • 
.ort. lity troa pred.tion. Thi. ..... to .ugq •• t that ev.n though 
tawer coyot •• • r. u.ing the kit tox •• tood .ourc. ( s ine. th.r. 
are tew.r coyot •• on the r ••• rv.) th.y h.v. , in t.ct , tocu.ed on 38-13 
the kit tox •• • •• jor tood .ourc. , .inc. kit tox mort.lity r.t.s 
hsve continued to incr.... . Th. FSEIS .hould di.cu •• this 
i�lic.tion and it. r.l.tion.hip to the po •• ibl. dec l i nation ot 
oth.r t ood  .ourc •• tor the coyot. a. w.ll a. to the po.sibility I 
that ov.r t t.. . di.ruption to kit tox habit.t has placed thee in I 
a .or. pr.cariou. r.lation.hip with the coyot. . � 

D'MP9P' MTIBINelIDItI 13H-1 
xrfII Th. FSEIS should clarify what is m.ant by the statement � 
tha� many of the 106 "older l nactlve waste s i te s "  have been addr •••• d . 1  

�ab1. 2 . 0-2 Th. discu • •  ion i n  Elem.nt 2 d .  Hazardous Waste . � stat •• that hazardous was�e from con.truc�ion and operations I would increase above the current level of approxima t e l y  1 9 , 800 , lb./yr to as much as approx lma�e l y 500 , 0 00 l bs / yr . The �3H-2 con.�itu.nts at this incr.as., approx lma�. l y 26 times that which I is curr.ntly g.nerat.d , Shou ld be de�a i l.d and discussed in teras I at applying was�. minimiza t i on ( source r.duct ion ) techniques . � 

DOE RESPONSES 

13.8-11 The text on p. 5-2 of the DSEIS hal been reviled to de8cribe habitat dhlurba_ expected to 
occur from lMinlenaoee, rcptIir and new cOllllrucIion activiliea of .... pt'OpOIIed acIion. 

13.8-13 It Ihould be noted that tit foxes .... not a fOOd -- - OOJU'II ( .. StcIiop 3.5.3.2), 
Althoup cIaIa on tit fOJ( mortality due to co,.. predadoa baa varied ..... .... period 1910 
to 1989, the cIaIa are DOl sufficiem to dmIr acCUlllle cone ...... fCIIII'CIU!I ....... 1n .... .... 
of coycu predalion on tit fon. oyer tinw. For alWllple, In T!bIe 3.5-6, .... __ of desda 
could DOl be detennined for 32.3" of kJCaI tit fox deaduI between 1910 and .,11. 

13.H-I The text on p. uvii of the DSEIS baa been reviled to cieri" .... ....... of remedial 
illYClli,ationa and actiona Iaken for Ibeae hiatoric: we .. aite •• 

13.H-1 Baled on thi. commelll reprdiDl Table 2.0.2 of .... DSEL'S, .... text in T*h 2.0-2, iteaa l.d, 
Hazanlou. WAIte, Table 5=1, item 2, W .... , and .... tellt 0lIl ,.... 4.1 .2-2, 4.1 .1-4 
([able 4.1.2.2-2), 4.1 .2-5, and 4.1.2-7, have beea nviIId. AI. .... tinw .... DSEL'S .... 
prcpued, only limited coneeptual ...... IaIorIDIIioa .... ....... TIle expected 
walllellreama fiom .... operation of .... COIeaentioa pIuI _  not well lIIIIIeawtood. ,.. a 
reault, the copnenlion plalll'. projec:ted .-J WaM ___ of SOO,OOO pouDdI .... 
recopized AI "potenlially hazerdoUl" in .... DSEIS. 

Raeenlly, additional preliminary deaign efforta were undertaten to addreIe potendaI _ .. 
"realM from the cosenenlion p"lII (SPOI 1993). Tbi. ovaIuaIion determined that .... 
concluaionl reprdiDl the potelllially baardoUl ....... of .... copoonIion ,1aIII'. ..... 
IlrcaIM in the DSEIS _re conaervative. NODI of .... liquid ..... IlrcaIM from .... 
deminenlizi.., IIJIIem, pnentor blowdown, or .,..... ao-. .... _ expec:ted to be 
hazenlou •. Only nomi .. 1 qumiliea ofbaardou ...... .... expected from .... openIion or .... 
facility. Therefore, the projected iDc!'CUe of up to SOO,OOO poundllyearof bazardoaa ..... 
,.nention a. a result of undertltina the propolCd aclion baa been eliminated fiom .... sa 
text. PleAle refer to Section! 1.2.2.13. 4.1.2.2. and 4.1.2.3 for addmc-t information • 

• 3 . 1-15 Th. FS£IS should ret.r.nc. descriptions at the "other --"3tt-3 13.H-3 
additives" pres.nt within the oil  wast. t luid mixtures . �' The text on p. 3.1-15 of the DSEIS baa been reviled to provide a deacriptioaof nIber addiIiY .. 

likely to be prelelll within oil-field waate fluid •• 

CONTINUED ON NEXT PAGE CONTINUED ON NEXT PAGE 
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P J . 2-17 The FSEIS should identify the .eterials currently beinq� 
used as corrosion inhibitors since (we assu.e, arsenic is no 13H-� 
lonqer bein9 used. 

P J •• -. The FSEIS should describe the areal extent ot the J hydrocarbon stains referenced in the DSEIS , identify the specific 
3H 5 source ot cont .. ination, and discuss what is being done to -

eli.inate the conta.ination and control the source . , 

P •• 1.2-1 The discussion and fiqures which supposedly reflect J "the site ' s  annual hazardous waste strea." should be clarified in 
the FSEI S .  Table 2 . 0-2 sU9gests that the proposed action would 13t+-8 increase this waste stream to as .uch as 500 , 000 pounds annually 

� yet the discussion on this page reters to 19 , 800 po�nds , that 
I which is currently beinq generated. 

o Dill IIIOQCI' ....., 
XEYII Wetland resources have not been identified as bein9 
present on NPR- 1 .  The FSEIS should either discuss wetland 
resources or confir. that none exist on the Reserve. 

]3W-1 
qroundVater _inin9 would occur , especially with the proposed -2 
�"le '-1 The FSEIS should discuss the extent to which J increa .. in u.e ot 9roundwater re.ource. ,  and should describe how 3W 
this would affect other aquifers , it at all .  

CONTINUED ON NEXT PAGE 
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13,H'" The text 011 p. 3.2·17 hal been revilOcl. COIl"OIion inbibiton cunemly u.od In NPR-I 
opentioDl conlain no ancnic:. 

13.H-5 The text 011 p. 3.4-6 of the DSEII .... been ....t1Ocl to ptVYide a diICIIIIioa 0Il 11nUD  bed 
hydrocarbon .. iDl. HydrocarboM lie t-n to be ,...... In portioaI of four IInUD bedI 
in Section 26S OIl the nMheut ftant of Elk HIUI. The hyclrocutloa IIIIinI lie believed to 
have occurred from hillOric dilCharpi imo dninapl downIUeam of weill drilled prior to tho 
1960'1 Ind cOllliat of hardened alphalt brei of unknown dUct.. and approxm..ely 2' to 10' 
in width. 

A follow-up invetti,.tion il planned to "ain immediately to determiae tho fWI .lItem of 
hydrocarbon "ini", prelent in the noctIMaat flank dni ...... All hyclrocutloallllinl icIeaIified 
will be cleaned up in ICcordance with applicable requlreftllOllU. 

13.H� The text 011 p. ".1 .2-2 of the DSEI! .... been ....tIOcI to clarify tho projectecI lncreaee In tho 
aite'l annual hazerdoul walle vohuM. See aleo tho reIpOIIIO to COIIIIDIIIIt 13 .H-2. 

13.W-I The text in tho Summary, Sectjog3.1.I. and Secdop4.1.4 or tho DSEII .... been .meed to 
addrell wetland _reel. A preliminary evaluatiOD of poteadaI wedaadI OIl NPR-I .... been 
provided in Appendix I. 

13.W-l The text in Table 5-1 and Sections 3.".2.4 and 4.1.".1.1 of tho DSEII .... been revieed to 
addrell the potential effect of NPR-l aoureewater wiIhdrawaIl OIl local ..,men. AI dilCueIOcI 
by Phillip. (1992), aoureewater withdnwall lince 1919 have not produced lipific:ant decH_ 
in Tulare FOI1I1IItion aroundwater elevationl aloni tho IOUIh Oank ewer an a_ or _rei 
milol. OYer a 9-year IpSn, from 1982 to 1991, tho water table oIevaIioa in Section 110 
increalOcl 3 feet between weill 86WS-11O and "5WS-11O. Over a 1-,..r IpSn, from 1990 
to 1992, the water table elevation __ lOcI 5 feet between weDl 111-1". and .. 3WS-1 .... 
OYer a IO-year ..,an, from 1980 to 1990, the water table elevation between two _III 100 feet 
apart 011 the far welt end of the IOUIh flank decrealOcl 3 .. feet. 

Given !he hip withdnwal ntel, these cha"," are not lipific:ant which delOOllltntel 
that NPR-I'I aroundwater wilhdnwal ntel from the Tulare Formation aIona the aou!h flank 
are within the ufe yield of the aquifer. AI a relUh, there hal been no lipificalll mini. of 
aroundwater from the Tulare ,roundwater aquifer and local aquifen Ihould not be affected. 
(See al80 the reipOllle to conunent 6.a and revilOcl text in Appendix D, Section p .... 2.1.) 

CONTINUED ON NEXT PAGE 
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Th. di.cu •• ion included a. Item 4 b .  Groundwater .  SU99··t• 1 
th.t an analy.i. to a ••••• the risk. as.ociat.d with hydroloqic 
flow unc.rtainti •• i. und.rway and . "ba.ed on pr.liminary re.ults 
it app.ars that groundwater monitor ing w.lls could be ne.ded on 3YV-3 
the northeast portion of the s i t  • .  " We reco .. end that this 
analysis and any necessary mit igation m.asures be developed and I 
pres.nted in the FSEI S ,  and that decis ionmaking on this EIS be i delayed unt i l  the results of the analysls are ava llable . � 

8 

• 1-3. Th. nature of the "wat.r-treatm.nt ch.mica ls" and the� 
.nvi rona.ntal impacts ( including byproducts ) of u�ing "se lective h3YV-4 
catalytic reduct lon with ammon ia inJ ection" should be provided in I 
the FSEIS .  � 

• 1-37 I�! ... ntlng the pr.ferr.d a lt.rnative �ould increa •• 
w.t.r r.quir ••• nts by 7 4 , 800 berrels per day by Apr i l  1995 ( a lso 
note that the April 1990 f iqure pr •• ented is outdated ) . This 
w.t.r would co •• fro. WKWD . Th. FSEIS should out l ine the impacts 
which would b. r.alized by oth.r WKWD water u •• r. should supplies 
be incr •••• d to NPR-l.  I. the "r.duction in water d.l iverie. to 
oebar w •• t.id. oil coapani •• • (th • •  ourc. of additional suppli.. n3YV-5 
fram WKWDI p.rmanent . or would th ••• oth.r o i l  caapanie. a l.o be 
preparinq to .nh.nc. r.cov.ry oper.tion. th.r.by r.quirinq 
addition.l wat.r sourc.. in the n •• r futur.? Th. FSEIS should 
.1.0 di.cu •• the implication. involved in t.ra. of impact. and 
.It.rnativ • •  ourc •• should WKWD not be able to supply ne.ded 
w.t.r . 

CONTINUED ON NEXT PAGE 
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I3.W·3 The potentml need for poundw8ler IDOIIitoriDa on .... DOdbeut Out of NPIt·1 iI to _  
!he potential eft"ccll ofhilloric NPR-I openlioaltb8t occurred -,,.... .., (00IcIer 1990), 
and .... very little to do with the poteaIiaI iqtaclI of .... propoted actioa. Fua1bermore, wMer 
quality in the vicinity of NPR-I'. DOdbeut Out _y ...". beea iaIpected by ........ 

13.W-4 

poundwater flow (Waldroa 1919), or by actividea adaar .... NPIt·1 opendoaI . ........ tbre, 
it i. not appropn.te to link a cleciaioa on .... propoMd actioa to .... 0IIfI0iat ... ,. or .... 
exteal of the need to moaitor poundwateron .... DOdbeuI Out  or NPIt·I. (See .... NIpOCIIN 
to c:ommenll 3 .a, 9.d and I I .a for additb.l iaformatioa on .... deveIop...a and 
implemenlltion of NPR-I poundwater IDOIIitoriDa p .... ) • 

Al a  _It oCthe data obcained from .... prelimiauy ..,. ... ,. or .... eopaentionplaal'. 
w8ler and walle ""'l1li, the ute of water-ao ..... ..... 1UCb _ aodiumzeolite are DO Ioapr 
required. on,inally, in .... copaeration p.'. c:oaeep4Ua1 ..... it waa lhouabt a w.ter 
lOft.ener "litem aIooc with a cation anion elrdaaopr� .,..... -W be required. 
AI di.:uued in See. 1.2.2.13, .... _y treatmeal .,..... beiDa propoMd _ Is a 
deminenlizer "litem. AI dillCUlleCl ill StcJjop 4.1.2.2, .... oaIy � addiIiwa tb8t -W 
be added to the feedwater 1liiy be .... -au or alllliaea1i.., .... biocide ........ TIle use 
of!beae additives -W DOt be expec: ... to preaeal sa eaviromneatAII iii.,. problem_ their  
nature and ute i. c:on.illeM with CIa. 0 Iqjeetioa Buill criteria. TIle !ext on p. 4.1.2-5 of .... 
DSEIS .... been reviled (_ a11O .... reapoaae to � I3.H-2). 

Selective catalytic reduction with ammonia Iqjeetioa iI aD air emiuioa c:omroI proe... There 
are no potential irnpaell to pounchnter from Ihi. pnx:e •• 

I3.W·5 The text on pqe. 3.4-19 and 4.1 .4-10 of !be DSEIS hal beea reviaecI to di_. NPIt·I'. 
pure"'ae of &cab water from !be Well Kem Water Dillrict. 

CONTINUED ON NEXT PAGE 
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• 1 •• -12 Th. "qnitud. ot the .tt.ct ot disposing 2348 8illionJ 13.1¥-6 
barrela ot oil ti.ld .. st. wat.r in percolation su.ps. str ... 
cbannels . and ditch.s is uncl.ar. Th. FEIS should succinctly 
deacribe the .tt.cts such dispoaal practic.s would have had on 3NV-8 soil and groundwat.r r.sourc.s in the vicinity ot NPR-l • 
• specially in light ot the tact that "Rector ( 1983)  has 
int.rpr.ted the dir.ction ot groundwat.r tlow to b. tro. the Elk 
Hills into the adjac.nt vall.ya. "  

lbe 2,348 miliioo barrel. of oil-field w .... ter dilpoled to die IUrtiIce g ... NIi ..... .... t 
..,.,lieI to the Due .. Vi .. and Midway Valley � of Kera CGUay, iacludiJw but _ jUil 
NPR-I.  The portion of thi. NIi_1ed to have beea cIIipOIOd of to die IUrtiIce 011 NPR-I I. 
explained in So2tion p.1.1 a. bei,. -,proxm.&ely IO,OOO barrollldly, or IpplOllimltely 36.5 
million barrel.. The iqlKta of NPR·I IUrtiIce cIIlpOSa1 and midptlon ............. . .,WDecI 
under Produced Water Diapoaal in Sectiona 3.1.2.1. 1.1.4.1. and 1.1.4.3. SudiIce .... , If 
any, are to be .arveyed and if approprUde lludied, 1III!p1ed, and ........ iated la IICCOIduco wlIb 
CERCLA requiremelU. Groundwater efl'OCIa ... 10 be ........... ,..... to JI'OIIIIdwIIter 
monitori,. pnl4ection and monitoR,. p .... Ib8t OUft'IIIdy are __ ........... .. required 
by DOE Order 5400. 1 .  Rector'. imerpretation Ib8t NPR-I .1UUIIIhnter ... .. adjacent 
valley. i. not aupportecI by oCher in¥e1lipti0lll (e ••• , JIeaa and Lopa 1913, MlIliba 1992). 
NPR·I .roundwater pnl4ection and monitorint wiD be deIiped 10 ......... Ihi. iacoaIilleacy. 
There currendy i. no aipificant evide_ that pall NPR-I IUrtiIce dilpOSa1 pncticeI bne bad 
any eO'ect 011 valley JrOUndwater 8CIuifen. • 1 • • -1. Th. diacuasion on this pag. sU99.sts that " SO .. ti .. S] 

well opera tiona r.ault in the accuaulation ot oil in w.ll c.llars 
wbich . it not r..aved could .v.ntually degrade groundwat.r. "  Th. FSBIS should .valuat. operational .editications which could be 13YV-7 13.1¥-7 The text 011 p. 3.1-14 oflhe DSEIS baa been reviaed to deacn'be NPR-I'._D cellar inIpection 

and corrective action propaml. acco.pliabad to .liainat. such accu.ulations and should diacuss 
the r.asons such accuaulations would not be r •• oved (pro.ptly) . 

• 1 • •  -1. Not. that the Ule proqr .. does not allow the ua. ot ] 
unlined aa.pa tor dispos.l ot oil and gas r.lated wa.t.s. All 
su.pa r.ceiving yast.s should be cloaed or lined. Th. FEIS 13NV-8 
aboUld addr.ss and r.solv. thia issu.. R.t.r also to the 
parall.l discussion on page 4 . 1 . 4 -5 . 

• • • 1 • • -. Th. discussion conc.rnlng consu.ption ot tr.ahwat.r aJ NPR-1 sugg.sts that ".xisting ayst... sbou14 b. capabl. ot 
providing raquir ... nts associated with the continuation ot 
curr.nt operations. "  Th. intor.ation provid.d in this •• ction 
shoUld be acr. d.tinitiv •• i • • • • is the .xisting syst •• capabl. , 13YV-9 or will moditication. be required? In addition , the DSEIS states 
that 29 , 000 barrels per day were r.quired in ltaa , and that the ' 

require .. nts "have be.n increasing" but do.s not provide current 
require.ent f igure. . The FSEIS should includ. current data I 
wh.rever poss1ble. � 

CONTINUED ON NEXT PAGE 

Il.1¥-I M explained in Sectiona 3.1.2.1. 1.1.4.2.1. p.1.1. D.1.5.1. and D,$.2.1, ........ ...... 
at NPR·I are conduc1ed in acconlaacewith Wa. Di8cbarp ............ (WDRa) ....... by 
the Ce ..... Valley ReJiona1 Water Quality ControI Ioard, and _ __  die IIIIboritJ of die 
UIC propanl. It i. iqlOlUlnt to note that die WDIb only NIlrict ........ ......... CJIIk) 
alluvial soil. (which coqIriae only . VerJ --al portion of NPR-I). ec-qa.dy, aD ...... 
011 or near alluvial soil. either have been lined, or tabn oat of service. Unlined ....... onIo 
Tulare soil. i. not rellric1ed. Nevet1beIeaa, in recopition of die rllb bwoIvecI wlIb -lOy
aumping, aumpi.., ha. been limi1ed to only that which baa been �..,. .. die nIIUIt of 
emergency and 00'-Il0l1IIII1 circumllancea. In addition, a .amp clolure proJnIIII is In propaa 
to pbaae-out or reduce the total number of lUmp. and amount of water ......,.. As a nIIUIt, 
_ny .amp. have been elimina1ed, and lUmpi,. ha. beea reduced 10 Ipproximltely l  ,000-
2,000 barrel"'.y, or leas. The lUmp closure proJnIIII g IIiII la ,..,.na, and coari ..... 
improvementa are amicipa1ed. 

13.1¥-9 See the relpOllSe to comment I3.W-5. 

CONTINUED ON NEXT PAGE 
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• 4 . 1 . 4-a Th. OSEIS di.cu •••• a proj.ct to r.cycl. apprOXiaatell 
5 0 , 000 barr.l./day of wa.tewat.r and sugg •• t. that additional 
si.ilar proj.cts ar. plann.d to reduce disposal and possibly 
groundwat.r withdrawal., "pending the re.ults of the first 
proj.ct" (this proj.ct i. al.o discuss.d on pages XXVI I I ,  3 . 4 - 2 2  
and 5-1) . Giv.n that the .ucce • •  of the f irst project ha. not 13VV- 10 
been v.rifi.d to dat. , the FSEIS should also discuss water needs I and dispo.al iapact. without the recycle project (s )  and, 
depending upon the iapacts, the .ucc ••• of the f irst project 
should be v.rified before a r.cord of d.cision (ROO) is prepared 
tor the alt.rnativ •• • valuated in this EIS. � 
• 4 . 1 . 4-1a The rsEXS .hould d.fin. vbat is .. ant by u.ing J ·98ft8rally acceptable .. thods that , pose .ini .. l thr.ats to 
underlying and p.riph.ral 9roundvaters· to dispos. of fluids that 

1SVV- 1 1  are ·confiraed to be nonhazardous. " Also, the FSEIS should 
d.fine what is  •• ant by "rare instanc •• " wh.n drilling fluid. 
could test hazardou • •  

for vater and use of the aquifers for dispo .. l versus the long- 3Vf-12 
• .-1 The raEIS .hoUld discuss th. short-t.ra raquir ... ntsQ tara productivity of the region ' .  wat.r resources . 

• 7-1 Tbe raEXS should consid.r inclusion of fr.shvat.r � 
resource. in th. discussion of irr.versibl. and irr.tri.vable SVV-13 
co.aitaenta of r •• ourc ••• 

• D-J riqur.s included in th. OSEIS indicat. that J approxiaat.ly 357 .illion gallons of vastewat.r were disposed of 
in su.pa during 1979 . Th. t.xt indicat.s that wast.water 3Vf-14 
production is incr.asing but does not supply current figures . Thea. f iqur.s should be included in the rSEIS . 

on oth.r pag .. in this appendix. the OSEXS indicat.s that th.rhl 
My be a link between su.s- on th. Ra •• � vith brin.-
contaainatad v.ll. in the San Joaquin Vall.y. DOE should ca.ait 3Vf-15 to asking every effort to .na1U'. that use of suap. i • •  inialzed 
and that those used ar. lined to prevent intrusion of low quality 
vater into n.arby watervall • •  

CONTINUED ON NEXT PAGE 
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I3.W-10 The iqIKta of the propoeed action if the produced __ recycu. iaitialivo it foUlly 
unauc:ceufid IuIve been evaluated (Milliken 1992) . .... are ialipificaal. See .tao II£Ii2D! 
... 1 .... 2.2 .... ... 1 .... 2.3 !!lid D.4.2.2 .... the I'OIIpOMOI to COIIIIDIIIU 13.W-1, 13.W�, .... 
I3.W-12. 

13. W-II The text 011 p . ... . .... 12 of the DSEIS .... been revised to � NJIll-1 'I cbtIII-. fluid __ 
diipOMl practice •. 

A drillilll fluid i. cOllliderecl h.uIIrcIou if II coataiaI lIl  addiIiYe wiIb CCIIIIItituIaII dill ...... 
the replatory level. in Tille 22 CCIl. Then aN DO driIIiat ftuidI ........, .... ued It 
NPR-I !hit cocuin h.uIIrdou. COIIIIiIueau !hit exceed the � 1eftI •• If a bazardouI 
drillilll fluid i. required for fiduN NPR-I opentioal, the ... ftuida -ad be COIUiaed .... 
dilpOMd ofoft'-Iite at a penniaed facility. Thi. i. DOt t-ato bave OCCUl'Nd It NPR-l liace 
aboul 1913. 

13. W-Il The text 011 p. 6-1 of the DSEIS .... been revised to ..... Ibott .... ... tenD _ of water 
to IIIppOIt NPR-I openlionl atou, willa the pcMIIIW efl'ecta of .a _. 

I3.W.13 The text 011 p. 7-1 of 1bc DSEIS lui. been reviaed to _tude the � DIe of Iietb 
water. 

U.\\,-14 Table 1.2-1 prcwideu n ellimate of NPR-I produced ....... producdoa. Peat producdoa ia 
e�.d to  be approximately lll ,OOObeneialday. Ja recopitioaofthe riIb uaocilted wilb 
sumpi .. , NPR-I lull limited IUmpm, to -y .....,...cy .... oft'-DOI'DIIl ........... Efta 
tbouah walteWater production i. iacnalliaa, 1UIIIPinc .... --- IipificamIy. CuneIIdJ, 
IUmpi .. il approximately 1,000-2,000 bamlalday in compari_ to IppI'OxiaIIIeIy 11,000 
berrelalday in 1979. See .tao the rellpOllKl to conm.lIIe 13.W� .... 13.W-I. 

11.W-15 Thi. conuneal lui. been addNlaed in the retIpOIIIIO. to COIIIIDIIIU 13.W�. 13.W-I, .... 13.W
I ... 

CONTINUED ON NEXT PAGE 
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ftlt1. 8-1 "ni. docnment abould di.cu •• • ach ot the anticipated l 
•• i •• iona incr.a... in r.lation to the contorwity provisions 
( S116 (c) J ot the n.v Cl.an Air Act (CAA) . Plea •• note that the 
CAA mandat •• that propo.ed activiti •• will not i )  cause or 113A-1 
contribut. to any new violation ot any standard in any area ; 2 )  

incr.a •• the trequ.ncy or severity of any existinq violation o f  
any standard in  any area; or  J )  d.lay timely attainment o f  any 

standard or any requir.d interim .mis.ion reductions or other 
mil.ston.s in any ar.a . Th. DSEIS does not acknovledqe the new 

CAA and th.r.tor. it is uncl.ar wh.th.r or not the acknovl.dq.d 
incr.a ••• in •• i •• ion. would contorm as r.quired. For exa.ple , 
on paq. 4 . 1 . 3-3 the DSEIS states that there would be n.t 
incr.a ••• in TSP and PM10 e.i •• ion. trOD increased truck trattic 
d.livarinq liquid prOduct. a •• ociated vith incr.ased prOduction 113A-1 
at the n.v tourth q •• plant. Th. FSEIS .hould discu.s these 
incr..... (and oth.r .ourc •• ot incr.a.ed PM10 •• i •• ion. a • • qqg •• ted in the docuaentl in r.lation to the contormity 
provi.ion. ot the new CAA . It i. uncl.ar troa the intoraation 
pr ••• nted in the DSEIS vh.th.r the .xi.tinq SIP tak.. into 
account the new •• i •• ion. which vould r •• ult trOD the propo.ed 
action (r.t.r also to paq. 4 . 1 . 3-19) • 

• 3 .'-1 "ni. DSEIS .tat •• that NPR-1 r.ported that 3 ' 148 ' OOOJ .il .. ot vehicle trav.l i. coapl.t.d p.r y •• r on the R ••• rv ••  
"ni. FSEIS .hould includ. d.tail. on .xi.tinq and/or propo.ed 3A-2 ProcJr'" which NPR has •• tablbhed or vill •• tabli.h to reduce 
the vehicle .il •• tr.v.lled (VMT) and r.duc. air e.i •• ion. troa 
th ... aobll .ourc ••• 

• • • 1. 3-10 It appear. that the Calin. 3 mOd.l va. us.d to] 
aOd.l tran.portation .. i •• ion. • "nii • •  Od.l i. outdated and 
aOd.linq .hould be accoapli.hed u.inq the dat.d Calin. 4 aOd.l.  13A-3 
"ni. data and r.sultinq di.cu.sion. .hould be included in the 
FSBIS. R.t.r al.o to p.q. 8-85 • 

• •• 1. 3-13 "ni. FSBIS .hould .xplain bow .nd wb •• NPR-1 
intend. to ·reduc • •• i •• ion. troa the tank s.ttinqs vith hiqh 
r.l .... record •• • •  • In addition, the docua.nt suqq •• ts a hiqh 
l.v.l ot uncertainty a •• ociated vith e.i •• ion. trOD anOde bed 
vell.. M.tban., on. ot the pri_ry pollutant • •• itted trOD anOde 113A .... 
bed v.lls, i. conaid.red a qr •• nhou •• qa. vhich could contribut. 
to qlobal varainq. Reduction. ot •• than • •• i •• ion. i • •  dvisabl. 
to the .xt.nt po •• ibl.. "ni. FSEIS should di.cu •• this .ituation 
in qreat.r d.tail . ----J 
• 8-21 "ni. DSEIS indicat •• that a r.vi.ed ·attainm.nt Plan:] 
vith provi.ion. tor attainaent ot PMl0 standards is dUe in .id- 3A-5 1" 0 . ·  "ni. FSKIS should r.tlect the curr.nt status ot the 
·attainm.nt plan . "  

..... a.' . ......... " r .. " ....... .... not "" oot . n  ..... t ... I contain.d in the Cl.an Air Act ot 1990,  a. a •• nded. Th. table 
and associat.d t.xt should b. r.vised to r.t lect intorwation 13A-8 
contained in Sl12 ot the Act . 

CONTINUED ON NEXT PAGE 
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I3.A-1 The text 011 paJa 4.1 .3-3, 4.1 .3-10, 8-21 aad 8-29 of die DSEIS hi. beea reviled. To die 
bell of our �1edJe, the exilliaa SIP .. fticiendy lDow. for III ____ iated wida die 
propollCCi eclion, .... ith the exception ofTSPIPM-IO. 

The exilliaa SIP doeI DOt include TSPIPM-IO bcIcIIIM II ...... DOt I .......... poIIutaI lIIIIiI 
the ,...10 of the 1990 Amendmeall to die PedenI a... Air &to 1'bI KCAJICI) curready 
i, developiaa In appropriate TSPlPM-IO plan to ............ ........... oCdIe IIDIIIIIecI &to 
The plan i. 10 be completed in 1993, aad ....... Il I1 Idopted  by CARB, II wiD be ........... 
10 EPA for pronul,llion aad inc:1uioa ia I _ SIP. NPR-I II � wiIb KCAPCD 
to e_re .... t the emiNionl auoc:iated wida .... propcIIId ICdoa _ iacludecl ia .... _ SIP. 

I3.A-2 The teU Oll p. 4.1 .3-19 of the DSEIS .... beea ..... to ........ NPR-I'. _ emp1oyeevu 
pool plOJl'Ull Ind other inililtive. 1hIt wiD reduce mobile __ emi __ • NPR-1.  

13.A-3 Oiveo lhIt there i. only c.- i� � .  NPR-I wbich nceiftI wry Hale balllc, 
end virtually no blCbd up lnIftic, the reau1t1 6om  CeIiae 4 would DOt be .... fic:mly dlft'ereal 
then the relUlU of Caline 3. 

I3.A.... The text 011 p. 4.1 .3-13 of the DSEIS .... beea ....... to deleribe ,.."..... to __ 
emiNionl It link _ ... Ind to diec:_ ia peller deIai1 emiaicx. 60m anode bed ......... 

I3.A-5 See .... retpOIIIIe to conunem 13.A-I .  

I3.A-6 The lill of buardou, lir poIlutaal1 011 TIb!e B.7 (p. 8-30) of the DSEIS .... been reviled to 

CONTINUED ON NEXT PAGE 
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Table 8-1 It .hould be made clear in the rSEIS (within the J "Favorable Impacts'"itiqation Proqram." section of Item 8 ,  
"Socioecon�ic. " )  that the preferred action would alleviate the 
".teep production decline" only for a f inite period ot time and 13()- 1 
that production would .oon deCline at the sa.e rate currently 
being experienced , it not more rapidly. . • 

Table 8-1 In di.cu •• inq ri.ks , Ite. 9 include. a state .. nt tha� .Q998.t8 that the number of blowout. would decline due to a 
reduction ot re.ervoir pre •• ure. . The di.cu •• ion, however , doe. 
not acknowledge the ditterence in re.ervoir pre •• ure. that would 3()-2 
be experienced tram .te .. and watertlood injection. The rSEIS 
abould provide a briet di.cu •• ion ot the relationship between 
antiCipated blowout rate. and injection. 

13.0-1 

13.0-2 

The california Division of Oil and Ga. (CDOG) has the 13 0-3 pri .. ry re.pon.ibility for Class II  (Oil and Ga.) injectio� well. • 

in Calitornia,  and it is.ue. perait. for all injection well. 
related to oil and qa. activitie. . DOE .hould work clo.ely with 
CDOG on all a.pect. ot it. injection program and make sure it I acquire. the appropriate CDOG perait.. 13()-3 

� The FEIS .hould al.o provide updated intormation concerninq 
the TUlare Formation being "an EPA Cla.. II exeapt aquiter since 
the 1950 • •  " Since EPA did not exi.t in the 1950. , the TUlare say 
have been exe.pted by the State at that time • 

• 1-5 The FSEIS .hould provide figure. which discri.inatea 
between abendoned well. and shut-in well. on NPR-l . In addition, 3()-4 13.0-4 
the rSEIS should di.cu •• the fea.ibility ot re-entering shut-in 
well. a. an option to drillinq new well. to increa.e production. 

projected 011 production at NPR-1 with or without impl ... ntation 30-11<. 13.0-5 
rlqara 1 . 2-1 It i. unclear Whether this tiqure depicts � 
ot the preterred action. We .uqqe.t that the tiqure be redrawn .. 
a. a coapari.on ot production for all ot the alternatives. 

hor •• power compre •• or. and three 1500 horsepower compressors 13()-6 ' rave 1-32 The power source tor the 10 proposed 1000 � 13 ().6 
should be identitied in the FSEIS. 

P 1-3' The FSEIS should de.cribe the Re.erve ' s  monitorinq � 
program in teras of en.uring that third party developers conduct 
activities in an environmentally re.pon.ible manner and should 13()-7 
de.cribe the entorce .. nt mechanism u.ed to en.ure that developer. 13.0-7 are held responsible tor impacts to the environment . 

CONTINUED ON NEXT PAGE 
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reflec:t delilftlltiona in 5«:tion 1 12 of the Clean Air Ad of 1990. 

Over the ecooomic life of !be field, !be declioe rate for DO IICdoa -ad .... ,. be ....... thua 
!be decline nle for !be preferred Ktioa. ReprdIeIe of !be prodaotioD IICeMrio (prefernd 
ection or no ection), the field evOlllUdy wiD be ..,..... ......way ID ..., prodaotioD. Tbe 
difference i . .... t Jiven ill _ ........ dec&. rate, the ,..femcI ecdaa .... . tc,... 
economic life .... . lipificamly pealer recoYeI'J of .. � .... aeoaomio MIra. 

See the relpOlllO to commem 13.N-5. 

The lext 011 papa xxiv, xxviii, .... T!bIe 5-1 of !be DSEIS .... beea --.. ID d __ !be 
exemption of the tulare Formation aquifer punuaat lD !be Safe Driatiat w ..... Act. NPR-I 
worb very cJo.ly with the Divilioa of Oil .... au ....... iDa the permiailrt .... opeI1Itioa 
of all NPR-I wen •. 

The lext 011 .,... 1-5, 1-21,  .... 1-23 of !be DSEIS .... been ....... ID differealiate betweeD 
Ibut-in .... . baodoaecI wen •. 

See reviled F'lIUre 1.2-1, which coqNl_ aIIerMdve procIuction -not. 

The lext 011 p. 1-32 of !be DSEIS .... been rovillCl ID ideIIdfy !be power -.ce of !be 

�reaon. 

The lext on p. 1-40 of the DSEIS hal been rovillCl to provide • delcriplion of the moaitorilll 
proanm for third-party .ctivitiOl. 

CONTINUED ON NEXT PAGE 

• 



l: 
I ... 

� 
CAl 

• 

CONTINUED FROM PREVIOUS PAGE 

•• q. 2-10 Th. FSEIS ahould .xpl.in wh.t is m •• nt by the stat.ment r 
th.t ""ER atr.t.qy ia alao conaiat.nt with that which is 3�8 q ••• r.llY pur.u.d Ihiqhliqht added I w ithin the pr ivate sector of 

the oil-fi.ld indu.try . "  Th • •  xpl.nation .hould describe the I 
diff.r.nc •• and provide the rationale for the differences. �130-8 

• 3 . 2 -1' Th. OSEIS •• ntion. the pr.a.nc. of "pinholes" in thea 
sid •• of a drillinq fluid tank but does not indicat. what is 
being don. to curtail the.. leak. .nd to pr.v.nt oth.r tank. from 13()-9 
experi.ncinq siailar probl •• s in the future. The FSEIS should 
expand the discus. ion to addr •• a th •• e issu •• • 

1'.3. and th.t ·thi. incr •••• aay be .ttributed. in part . to 3C)-10 
• 3 . '-1 In discu •• ing hi.torical ri.k •• the OSEIS stat •• tha] 
the nuabar of incident. (.pill.) ·h.s incr ••• ed .t.adily ainc. 

incr ••• inq corro.ion •• soci.ted with aqinq aquipa.nt • • •  " Th. FSBIS .hould provide inforaation on any proqra.. in plac. to 
repair and or r.plac. aqinq aquipaant b.for. accidents occur. 

.bov.. Th. FSBIS .bould clarify this contradiction and provide 30-1 1 

w. .1.0 qu •• tion the ration.l. for the cont.ntion that "the � 
incr ••• inq ag. of aquipaant is not .xpect.d to be a •• riou. 
probl... . Thi • •  tat ... nt appe.r. to contradict the st.t ... nt 

inforaation on the .chedul. for r.pl.cinq old.r equipaant which 1 
0081d fail .nd r •• ult in pollution .pi.od... Th. FSEIS .hould 
al.o discu •• the R ••• rv. ' . pl.n for ainiaizinq and/or eli.inatinq 
w •• t • •  tr .... , i . e  • •  id.ntify aourc. reduction ef forts. 

• ' . 1 . 3-20 Th. OSBIS sugg •• t. th.t work.r .xpo.ure to beniini 
during spills and •• soci.tsd cl •• n-up .fforts could be hiqher 
than the OSHA ' s  permi.sible .xposur. limit. (PEL' s) . and 
indicat.s th.t procedur.s "would be (hiqbligbt added) 
incorpor.ted into the SPeC pl.n so that the oil-spill cl •• nup 
craw arriving at the spill sit. would begin cl •• nup op.ration. 
frGa the upwind sid. of the .pill . ·  Th. FSBIS should indicat. 
why saf.ty procedur.s .rs not .lr.ady incorpor.ted in the SPCC 
plan. and should discus. the prec.ution. that would be taken if 
cleanup auat be conducted downwind of the .. i •• ion sourc • •  
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DOE RESPONSES 

13.0-8 The teno ·Maxi ....... Efficient ... (MBR) • �, ... iIterpIltIIIioaI differ widaia 
pvemmelll and iadu...,. Examples of ...... cliff _ _  ........ Ia a ........ , techaicaI 
pIIpCI' pnpuecI for !be DepeI1meIll of IDterior (USGS 1976). The ....... of MER at NJIR-I 
i. de8cribed by Ibe Naval Petroleum a-m. ......... Act of 1976, MIic lAw 94-25. 
(DOE I9ISb). See allG Soc!jogI I.1.3 and U of ... ___ • 

Due to !be �lexity of !be 1Ubject, it • DOl pnodca1 or ....,...,.. eo IIIIIIIIIpt to dtacrlle all 
of !be potemiaI differences in how cliff .... ......... of .,...- ... iDduIIrr miaht 
iJllerpm !be _nilll of MER. It it t-a. however, dial DOB'a iaterpre«adoD i. Ibe -
U, or very cOllli1te1ll with odIer iIUrpIetata.. .. additioa, it is believed dial DOB'. 
i_rpntalioo doeI DOl differ lipificaaly &om Ibe ... majority • 

l3.o., Al a  a.tter of ..... nI practic:e, NJIR-I .... .... , .... ...... , ... pipeIiDeI - iaIpeeted 
00 a repIIIr bui. to ideMiry any facility prob.... Facility Ieab _ promptly reported to 
8POI EaviRllllllOlllal Servicel for appropriate action. 

The text 00 plIO 3.1-16 of !be DSBIS .... beea ...... eo ..,.. 1be ...... oflbe IlRdrilliat 
ftuid ...... 

D.O... The text 00 p. 3.9-1 of !be DSEIS ha. been IWViIed eo pro¥ide iDfbrmatioa 011 � 
corrOIion conlrol pfOll'Bl1'8. 

l3.o.lI Due to !be illltitutionaliZ8tion and IUCCeII of Ibe NJIR-I cOI'IOIioa eoaIIOI propua (_ Ibe 
re�to commelll l 3.O-IO),and Ibe oiI ..,ut  eoaIIOIpropua (-SecIioaa3.1,5.I.4.1.1.3 
and ".1.9. and Project P49202 in Table 1.2-10), it II DOl .. ipeted dial aainI equipmeawill 
be a .. riou. problem . 

l3.o.l2 The text 00 p. ".1 .3-10 oflbe DSEIS baa been reviled to acIdrea worbr protection ... adanl. 
and .. fety _lUre. implemellled durilll ipill � aclivitie •• 

CONTINUED ON NEXT PAGE 
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do not nacaa .. rily aqr .. that aaintananca of tha aqui�nt would 
3()-13 dt.iniah. In fact va aupport your .arliar atat .. ant that 

• • •  1 • •  -1 While we aqree that vhen production decline. and vel�a 
are plll99ed and abandoned thare vill be laaa aqui�t in u.a, va 

corroding aquipaant in a matura fiald naada anhancad aaintananca 
to .int.iza apill occurrencaa. 

• ini.i&ad, - and .hould dafina -raqularly- aa in -producinq vall 130-14 
• • • 1 •• -11 Tha FSEIS ahould dafine how -apilla vould be � 
callara vould be .onitorad raqularly. -

• 

DOE RESPONSES 

13.0-13 The text on p. 4.1 .4-2 or the DSEIS baa been reviMcl to expllin !he declo. in NJIR-I oiI lpi11 
frequenciea over time and to 8ddre. corrodilll equiplMlll lbat needa _intenance. 

13.0-14 The text on p. 4.1.4-1 1  or the DSBIS � IIICJIIIiIcJdaI of,..,.. ..... ceIIu8 ......... 
reviaed to idedify producm, weU cellar IIIDIIitorinJ .........., ... 

• 

Spilla would be minimized _ expiaiDocl in .... SPCC plan (BPOI 1992c). wbicII 
comprebenaively 8dd_ the aubjact, includitw COIIOIioa conboI • .-......:e . ...... 
replecemelU. and aecondary conIei_. Soe allO !he � 10 COIIIIDIIItI 13.0-10 and 
13.0-1 1 .  
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In Reply Refer To: 

1 - 1 - 8 0 - F- 2 (R2 ) 

DRAFT 
FISh and Wildlife Enhancement 

Saaamento Field Office 
2800 Cottage Way, Room E-I803 

Saaamento, California 95825-1846 

Mr . Danny A .  Hogan , Director 
U . S .  Department of Energy 
Naval Petroleum Res e rves in Cal i fornia 
P . O .  Box 1 1  
Tupman , Cal ifornia 9 3 2 7 6  

May 2 8 , 1 9 9 3  

Subj ect : Re init iation of Formal Consul tation Concerning O i l  Production 
at Maximum Effic ient Rate on Elk Hills Naval Pe troleum Reserve , 
Kern County , Cali fornia 

Dear Mr . Hogan : 

This re sponds to your October 9 ,  1991 , request for reini t iation of formal 
consul tation pursuant to S ection 7 ( a )  of the Endangered Species Act of 19 7 3 , 
as amended ( Act ) , on a proposal by the U . S .  Department o f  Energy ( DOE or the 
Department) to cont inue o i l  produc tion activities at Maximum Efficient Rate 
(MER ) on Elk Hills Naval Petroleum Reserve ( NPR - l or the Res e rve ) , Kern 
County , Cal i fornia . At issua are effec ts of proposed MER production on the 
federally endangered S an Joaquin kit fox ( Vulpes macro ti s  mut i ca ) , 
b lunt - nosed leopard l izard ( Gambelia s i l us ) , giant kangaroo rat (Dipodoroys 
ingens ) ,  Tip ton kangaroo rat (Dipodomys n i tra toi des ni tra toi des ) ,  Kern mal low 
( Eremalch e  kernensi s ) , and San J oaquin wooly threads ( Lembert ia congdoni i ) , 
and the federally threatened Hoover ' s  woo ly - s tar (Erias trum hooveri ) .  Your 
request for formal consultation was rece ived by this o ffice on October 
1 5 , 1 9 9 1 . 

The S e rvice addressed e ffects on federal ly l i s ted species of MER produc tion 
activities on NPR- l in two prior bio logical opinions dated Feb ruary 1 ,  1980 
( Case No . 1 - 1 - 80 - F - 2 )  and December 16 , 1987 ( Case No . 1 - 1 - 80 - F - 2R) . The 1980 
b io lc gical op ini on c oncluded �hat MER oil  produc tion on NPR - l would j p.opardize 
the c ont inued exis tence o f  the S an Joaquin kit fox and b lunt - nosed leopard 
l iza�d . but inc luded s ix reasonable and prudent alternatives that , if 
imp lemented ,  would a llow MER produc tion to cont inue . The Department agreed to 
imp lement thes e  alternat ives and to comp lete a future consultation to evaluate 
the i r  success in minimiz ing adverse effects of MER production on federally 
l i s ted spec ies . 

The subsequent 1 9 8 7  b io logical op inion conc luded that MER production on 
NPR - l would not j eopardize the continued exis tence o f  the S an Joaquin kit 
fox , blunt - nosed leopard l izard , and giant kangaroo rat - -which was l i s ted as 
federally endangered in 1 9 8 8 . Th is conc lus ion was based , in p art , on 
deve lopment and imp lementation by DOE o f  a comp rehens ive mitigation program 



--------------------------------------------------------------" 

DRAFT 
Mr . Danny A .  Hogan 2 

des i gned to minimize adverse effects of MER production on federally l is ted 
spec ies . In addition to this program , the 1987  opinion required the 
Department to imp lement several reasonable and prudent measures ,  including 
rep lacement of endangered species hab itat lost as a result o f  proj ect related 
act ions . 

The 1 9 8 7  b io logical op�n�on also c i ted the Department ' s  intent to deve lop an 
updated Environmental Impact S tatement ( E1 S )  concerning future oil production 
act ivities on NPR - 1 .  The intent to develop such an update resulted from 
planning act ivities conducted concurrently with the 1 9 8 7  c onsultation that 
determined that future oil development activities on NPR - 1 could exceed s ome 
environmental impacts proj ected in the Department ' s  o r i g inal EIS completed in 
1 9 7 9  ( DOE 1 9 7 9 ) . Accordingly , the Department pub l i shed a Notice of Intent to 
prepare a supplemental EIS on NPR - 1 activities in the Federal Regi s ter on 
Apr i l  4 ,  1 9 8 8 , and comp leted a draft supplemental E I S  ( DS EI S ) in May 1992 . 
I t  is this supp lemental EIS , together with Federal l i s t ing o f  several plant 
specie s - - the Hoove r ' s  woo ly - star , S an Joaquin wooly- threads and Kern mal low 
on July 19 , 1 9 90 - - that necess itates re ini t iation of formal consul tation and 
preparation o f  this revised biological op inion . 

Thi s  b iolo gical op inion is based on the DSEIS ( DOE 1 9 9 2 ) ; a biological 
ass e ssment prepared for currently proposed act ivities on NPR - l  ( DOE 199 1 ) ; 
several o ther reports ( see Literature C ited section) ; meet ings and discus s ions 
between the Service , Department , Chevron U . S . A .  ( Chevron) , and EG&G Energy 
Measurements ( EG&G ) , the Department ' s  b io logical contracto r ; and information 
in our files . 

Biological Opinion 

It is our b iological op�n�on that continued petroleum product ion on Elk Hills 
Naval Petro leum Reserve at Maximum Efficient Rate i s  not l ike ly to j eopardize 
the continued exis tence of the San Joaquin kit fox , b lunt - nosed leopard ' 

lizard , giant kangaroo rat , Tipton kangaroo rat , San Joaquin wooly- threads , 
Kern ma l low , or Hoover ' s  wooly - s tar . C r i t ical hab i tat has no t been determined 
for these spec ies ; there fore , none will be adversely modified or des troyed . 

Description Qf the Proposed Action 

Elk H i l l s  Naval Petro leum Reserve. ( or Naval Petroleum Res e rve No . 1. ) was 
es tab l i shed in 1 9 1 2  for national de fense purposes but was large ly maintained 
in reserve shut - in status unti l  1 9 7 6 . Because of o i l  shortages in the early 
1 9 70 ' s ,  Congres s  passed the Naval Petroleum Reserve Produc t ion Act in 1 9 7 6 , 
which provided for oil production on NPR- l at the "Maximum Effic ient Rate . "  
Maximum Effic ient Rate under this s tatute was defined as the maximum rate that 
op t imizes both economic return and hydrocarbon recovery . The proposed ac tion 
addressed in this biological op inion is continuing MER pro duc tion on NPR - 1  in 
comp l iance with the Naval Pe tro leum Produc t ion Ac t and as des cribed in the 
DSEIS ( DOE 1 9 9 2 ) . 

NPR - 1 cons ists o f  approximately 47 , 409 acres about 2 S  miles southwes t  of 
Bakersfield , Cal i fornia . Of thi s , 3 7 , 049 acres ( 7 8 percent ) are administered 
by the Department of Energy ; the balance of 10 , 3 6 0  acres ( 2 2  percent) is owned 
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by Chevron ( DOE 1 9 92 ) . To the south of and partially contiguous with NPR- l 
lies Buena Vista Naval Petroleum Reserve ( NPR- 2 ) . Of approximate ly 30 , 000 
acres compris ing NPR- 2 ,  DOE administrates about 10 , 000 acres and the balance 
is owned by private o i l  companies . The government ' s  share of NPR - 2  has been 
developed under lease by private oil companies s ince the 1 9 20 ' s .  Together , 
NPR - l and NPR - 2 cons t i tute what is known as the Naval Pe troleum Reserves in 
Cal ifornia ( NPRC ) . 

3 

Topo graphically , Elk Hills cons ists of a ridge about 1 6  miles l ong by s ix 
miles wide that runs east to wes t  in the s outhern S an Joaquin Valley . The 
central portions of the reserve cons ist of s teep , rugged terrain grading to 
leve l or gently s lop ing terrain along the north and south s i de s . NPR- l is 
surrounded on three s ides by extens ively deve loped o i l  and gas fie lds and some 
agricul tural l ands . On the nor th s ide , NPR - l is immediately contiguous with a 
large area ( approximately 30 , 000 acres ) of relatively undis turbe d  endangered 
spec ies habitat known as the Lokern Road area . Vegetation on NPR - l  cons i s ts 
primar i ly of s al tbush s crub and grassland habi tats . 

E lk H i l l s  is the s eventh largest o i l  fie l d  in the United S tate s ( DOE 1 9 91 ) . 
I t  is a highly p rofitable field , cumulative net government revenues exclus ive 
of Chevron ' s  share from 1 9 7 6  to 1990 totall ing $ 11 . 6  b i l l ion ( DOE 1992 ) . 
Hydrocarbon products recovered or produced on NPR - l include crude o i l , natural 
gas , and natural gas l iquids including propane , butane , and natural gaso l ine . 
Of e s t imated original recoverable o i l  reserves on NPR- l ,  8 6 0  m i l l ion barrels 
have been produced- - 6 30 as the result of MER product ion s ince 1 9 76 ( DOE 1 9 9 2 ) . 
O i l  produc t ion on NPR- l peaked in 1 9 8 1  at approximate ly 1 80 , 000 barrels per 
day and averaged approximately 74 , 000 barre ls per day in Fiscal Year 1 9 9 1  ( DOE 
1 9 9 2 ) . The Department estimates that o i l  produc tion on NPR- l c ould continue 
to b e  profitable unti l  2010 to 2025 , perhaps longer ( DOE 1 9 9 2 ) . 

Act ivities necess ary to achieve and maintain MER production on NPR - l  were 
first described in the original proj ect EIS ( DOE 1 9 7 9 ) . Thes e  activities 
have resulted in the construction of numerous o i l  production , p rocess ing , and 
storage fac i l ities , assoc iated infrastructure , and admini strat ive fac i l ities 
on NPR - l s ince 1 9 7 6  ( s ee Environmental Bas e l ine s ection ) . Bec ause of evolving 
conditions , however ,  including better technical understanding of oil and gas 
reservo irs beneath NPR- l ,  the Department now proposes several new fac i l ities 
bel ieved to be necess ary to maintain MER production through the 1 9 90 ' s  and 
into the next century . The se are described in the DSEIS ( DOE 1 9 9 2 )  and are 
summarized below . 

To maintain hydrocarbon production on NPR - l at Maximum Effic ient Rate , the 
Department proposes to conduct the following ongo ing activities ( DOE 1 9 9 2 )  
( thos e  not pertaining t o  b iological is sues are omitted) . 

( 1 )  Continued operat ion and maintenance o f  a l l  existing fac i l i t ies , including 
production of approximately 80 , 000 - 9 9 , 000 barre ls of o i l , 415 mill ion 
cub ic feet of natural gas , and 768 , 000 gal lons of natura l  gas l iquids per 
day . 

( 2 )  Dril l ing , redr i l l ing or deepening approximately 3 8 2  exi s t ing we lls 
( including 148 for the s teamflood operat ion described b e l ow ) , performance 
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o f  approximately 2 , 66 3  remedial j obs on existing we lls , and abandonment • 
of approximately 1 , 080 exis ting we lls . 

( 3 )  Investigating , remediating , o r  o therwise manag ing numerous old and 
inactive waste site s . 

( 4 )  Activities to permit third parties to construc t ,  operate , and maintain 
p ipeline p roj ects , geophysical surveys , and o ther p roj ects on NPR - l 
l ands . Approximately 3 - 4  third-party p roj ects are antic ipated per year . 

( 5 )  A p rogram to initiate revegetation on approximately 1 , 045 acres of 
previously disturbed lands no longer needed for production operations . 

( 6 )  Continued annual maintenance o f  the NPR- l perime ter firebreak .  This 
activity was addressed in prior biological opinions dated June 3 ,  1987 
( Case No . l - 1 - 8 7 - F-40 ) , August 20 , 1 9 9 1  ( Case No . l - 1 - 9 l - F - 1 8 ) , and June 
1 6 , 1 9 9 2  [ Case No . l - 1 - 9 l - F - 18 (R) J .  

In addi t ion , the Department propos e s  to initiate the fo l lowing � activities 
to maintain MER production on NPR - l  ( DOE 1 9 9 2 ) . 

( 1 )  Cons truction and operation o f  a phased multi - year s teamflood operation 
cons is ting of 148 wells on an approximately 500 - acre area ( referred to as 
the SOZ S team Flood Proj ect) . This proj ect repres ents an expans ion o f  a 
5 9 - acre p i lot s teamflood proj ect initiated in 1 9 8 7  and addressed under a 
prior b io logical opinion ( Case No . l - 1 - 8 5 - F - 2 2 ) . 

( 2 )  Cons truc tion and operation o f  a 3 - acre , 4 2 - megawatt cogeneration 
fac i l i ty .  

( 3 )  Cons truc tion and operation o f  a 5 - acre butane i somerization fac i l i ty .  

( 4 )  Cons truc tion and operation o f  a fourth gas compre s s ion and process ing 
fac i l i ty .  

( 5 )  Cons truc tion and operation of facil ities to increase gas compress ion 
capac i ty for gas - l ift and gas inj ect ion proj ects , and to increase 
waterflooding capacity .  

To mitigate for adverse effects o n  federally listed spec ies o f  ongo ing and new 
MER produc tion ac tivities on NPR- l ,  DOE proposes to cont inue imp lementing the 
mi tigat ion p rogram developed under previous NPR- l consultations . This program 
cons ists of the fol lowing components .  

Wildl ife Management Plan 

This Plan was deve loped in 1 9 8 7  to mitigate the effects of routine NPR - l  
operat ion on endangered species and other wildl i fe ; i t  requires o r  encourages 
the fo l lowing : ( i )  conduc ting p re - activity surveys prior to surface disturb ing 
activi ties ; ( i i )  revegetation o f  dis turbed areas ; ( i i i )  monitoring endangered 
spec ies populations ; ( iv) contro ll ing coyote populations as appropriate ; 
(v) implementing operating guide l ines ; (vi ) s tudying conservation and hab i tat 
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resto ration techniques ; ( vi i )  developing information and education programs 
for NPR - l  emp loyees and contractors ; and ( vi i i )  participating in endangered 
species recovery programs ( O ' Farrell and Scrivner 1 9 8 7 ) . Some activities 
conducted under the Wildl ife Management Plan are discus sed further below . 

Endange red Species Research and Monitoring Program 

5 

In 1 9 7 9  DOE ini tiated an endangered species research and moni toring program 
on NPR - l  and NPR- 2 and hired EG&G Energy Measurements , Inc . ( EG&G ) as its sole 
bio logical consul tant . In par t ,  EG&G was tasked with imp lementing reasonable 
and prudent alternative no . 1 in the S e rvice ' s  1 9 8 0  b io logical opinion - - which 
required an evaluation of effects of o i l  field development on NPR- l ,  "bas ic 
research" on endangered species including co llect ion of "bas e l ine population 
and distributiona l "  data , and deve lopment of methods to " increase carrying 
capac ity "  and "promote the conservation" o f  endangered spec ies on NPR- l .  

Based on this rather broad charge , s ince 1 9 7 9  EG&G has conducted extens ive 
endangered species activities on behalf o f  the Department and has become an 
integral component of DOE ' s  overall program on NPR - l  and NPR- 2 .  From 
approximate ly 1 9 7 9  to 1 9 80 , EG&G conduc ted s ite wide surveys on the Reserves 
to inventory endangered species populations (Thom Kato , EG&G , pers . comm . ) .  
From approximately 1 9 80 to 1987 , EG&G gathered extens ive data concerning kit 
fox dis tribution , abundance , mortal i ty factors , and reproductive success 
wi thin " deve loped" and "undeveloped habitats on the Reserve s  ( s ee Proj ect 
Effects section) . These data were reported in numerous top ical reports 
prepared in 1 9 8 6  and 1987  and in a biological as ses sment prepared in support 
of the 1987 formal consul tation and biological op inion . 

Operationally , EG&G ' s  role on the Reserve s  is currently divided into seven 
program " e lements " (Thom Kato , EG&G , pers . comm . ) .  These are ( 1 )  endangered 
species moni toring , inc luding monitoring of kit foxes , lagomorphs , small 
mammals , coyo tes , and other federally l i s ted species ; ( 2 )  pre - activity surveys 
on NPR- l ;  ( 3 )  hab itat reclamation and management ( discus sed be low ) ; ( 4 )  
research and development ( discussed below) ; ( 5 )  general program ass i s tance , 
including section 7 consultation support ; ( 6 )  ass i s tance w i th th ird party 
proj ects on NPR - l and NPR- 2 ;  and ( 7 )  endangered spec ies support activities on 
NPR - 2 .  An e ighth program e lement previously included through approximately 
1 9 90 - - investigation of relationships betwe en oil field materials and practices 
and wildlife - -was placed as a task in the research and development element in 
Fiscal Year 1992 , evidently because mos t  tasks assoc iated with thi s  element 
e i ther have been comple ted or de ferred . 

Under Element 4 - - research and deve lopment - - EG&G has conduc ted or proposed to 
conduct a variety of proj ects that are e i ther independent of or indirectly 
related to o ther program tasks . Jus tification for these " op tional" s tudies · 

der ives in large par t  from language in the Service ' s  prior b iological op inions 
requiring or recommending , for example , development of methods to " increase 
carrying capac i ty "  on NPR - l ( 19 8 0  op inion) and to conduc t art i f ic ial kit fox 
den s tudie s  ( 19 8 7  op inion) . Proj ects conduc ted or ongoing under this element 
inc lude , but are not l imited to , a kit fox supp lemental feeding s tudy , a kit 
fox re location proj ect , a giant kangaroo rat hab itat rec lamation study , and a 
burn area re - seeding s tudy . Proj ects p roposed but not conduc ted to date 
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include a k i t  fox art i fic ial den s tudy and a s tudy of Bakersfield kit foxes • 
as soc iated w i th the re location p roj ect (William Lehman , USFWS , pers . comm . ) .  

Beginning in Fiscal Year 19 9 3 , EG&G plans to re - direct i ts endangered species 
program in certain respects ( Thom Kato , EG&G , pers . comm . ) .  Planned changes 
to the program include decreased emphas i s  on basel ine monitoring of kit fox 
l i fe history data - - a  primary activity since 1980 - - and increased emphas is on 
bas e l ine moni toring of other federally l is ted specie s , publ ication of exis t ing 
data , and increased coordination with recovery planning and other researchers . 

In late 1 9 8 8 , the Department es tab l ished an interagency committee to ass i s t  in 
managing i t s  endangered spec ies programs on NPR- l and NPR- 2 .  Known informally 
as the Elk Hills Endangered Species Ad Hoc Advisory Committee , thi s  group is 
composed of representatives from DOE , Bechtel Petro leum Operating , Inc . ( DOE ' s  
Uni t  Operator ) ,  EG&G , Chevron , the Service , Cal ifornia Department of Fish and 
Game , and recently the Cal ifornia Energy Commiss ion . The commit tee meets four 
t imes per year . 

Hab i tat Rec lamation and Compens ation 

Both pr ior b i o logical opinions concerning MER produc tion on NPR - l discussed in 
de tail the is sue of habitat losses resulting MER produc tion and compensation 
for such los s es . A reasonable and prudent al ternat ive in the 1980 opinion 
required DOE to "prepare a Mas ter Plan for the res toration 0.£ disturbed 
hab i tat on NPR- l . "  The terms and condi tions within the 1 9 8 7  opinion required 
the Department to ( 1 ) complete an inventory of previous ly dis turbed parcels at 
NPR - l  that could be rehabil i tated to offs et habitat loss assoc iated with 
proj ect activities , and ( 2 )  to develop a 10-year program to res tore on- s i te 
disturbed acreage equivalent to that los t as a resul t of proj ect activities . 

Pursuant to these requirements , the Department in 1 9 8 8  completed detailed 
dis turbance mapping of NPR - l  based on current aerial pho tography , and in 19 8 5  
ini tiated a hab i tat reclamat ion program o n  NPR- l and NPR- 2 .  To date , 1 , 17 6  
previous ly d i s turbed acres o n  the Reserves have been replanted , inc luding 
1 , 05 1  acres on NPR - l  and 125 acres on NPR - 2  ( EG&G unpublished data ) . Whi le 
this represents al l lands currently available for reclamation ( i . e . , lands 
that are abandoned and mee t all reclamation criteria ) ,  the Department has 
ident ified an additional 1 , 6 39 acres on the Reserves s t ill in use at thi s  time 
that are planned for abandonmer.t and reclamation b e tween 1992 and 2025 ( DOE 
1991 , DOE 1 9 9 2 ) ; of these , 6 2 6  acres would be replante d by 1998 ( DOE 1 9 9 1 ) . 
This would y i e ld a to tal of 2 , 8 15 acres revegetated as a result o f  the 
Department ' s  reclamat ion program through 2025 . In addition , 1 , 46 5  acres of 
dis turbed l ands on NPR- l have revegetated naturally ( EG&G unpubl ished data ) . 

The issue o f  how the Department ' s  habitat reclamation program re lates to 
its overall ob l igation to comp ensate for habitat losses on NPR- l resul ted 
in cons iderab le discuss ion during the current consultat ion . Based on the 
requirement w i thin the 1987  op inion to res tore " equivalent on - s i te acreage" 
DOE questioned whether its hab i tat reclamation program alone was no t 
sufficient to compensate for MER related dis turbances , provided equivalent 
acreage was revege tated . However ,  for the fo llowing reas ons the S e rvice did 
no t cons ide r  hab itat reclamation alone to be adequate . Firs t , the 1987  

• 
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b iological op inion s tates that equivalent on- s ite acreage should be res tored 
"ll A minimum . "  S econd , both prior opinions also mention o ther compensation 
me thods , including zoning for no development , purchase o f  o f f - s i te hab i tats , 
and contribution of funds . Third , "equivalent" reclamation ( at a 1 : 1  ratio)  
would no t be cons istent with S an Joaquin Vall ey compensation pol i cy as 
deve loped by the Service and California Department of Fish and Game through 
numerous p ri o r  proj ects - -which typ ically requires a 3 : 1  compensation rat i o  for 
permanent hab itat impacts and a 1 . 1 : 1  ratio for temporary impacts in saltbush 
scrub hab itats . Finally , in previous proj ects , revegetation of dis turbances 
resulting from a proj ect typ ically is not credited to the compens ation 
obl i gat ion for that proj ect but is cons idered a separate mitigation measure . 

On the o ther hand , the S ervice recognizes that DOE has in good faith expended 
cons iderab l e  e ffort and expense on its hab i tat reclamation program based in 
part on the Service ' s  recommendations and requirements . Becaus e o f  this , the 
Service has worked with the Department to develop a compensation program for 
NPR- l that would uti l ize s tandard compensation polic ies , recognize the 
Department ' s  reclamation e fforts , and encourage cont inuation o f  such e fforts . 

The resulting program is based on the following assumptions : ( 1 )  because MER 
deve lopment has primari ly been cons idered a s ingle integrated proj ect under 
this and pr ior b iological opinions , and not as a series o f  separate proj ects , 
the hab itat compensation obl i gation for MER development should apply retro 
active ly to 1 9 7 6 ; ( 2 )  that hab i tat dis turbances result ing from MER deve lopment 
should be c ompensated at the same rate as o ther San Joaquin Valley hab itat 
losse s ; ( 3 )  that hab i tat dis turbances on NPR - l  that have recovered naturally 
should not count as credits toward DOE ' s  compensat i on obl i gation , s ince they 
are fortuitous and not the result of i ts rec lamation program ; and ( 4 )  that 
all acres revegetated or planned for revegetation under the DOE ' s  recl amation 
program should be credited toward i ts compensation obl igation , even though 
many reclaimed areas were dis turbed after MER deve l opment began . The latter 
assump t ion is also bas ed on the fact that the Department ' s  recl amation program 
is a relatively large - scale . sys tematic effort be ing appl ied to a wide variety 
o f  dis turbance s  on NPR- l .  We there fore regard it as a pro grammatic effort 
rather than merely a proj ect effort . 

Finally , to satisfy DOE ' s  compensation obl i gation , the S ervice and Department 
have discus s e d  concep tually the poss ib ility of placing porti ons o f  NPR - l  into 
pro te�tc d  s tatus for the primary purpose of endangered spec i e s  management . 
The S e rvice cons iders this a suitable s trategy because s ignificant areas of 
NPR - l  are relat ively undisturbed ( espec ially along i ts per iphery ) ; and because 
NPR - l  and undisturbed portions of NPR - 2  are contiguous with o ther important 
native hab i tats , including the Buena Vis ta Valley and the Lokern Road area . 

Based on the above discuss ion , the Department , by le tter of June • 19 9 2 , 
has agreed in princ iple to compensate for hab i tat losses assoc iated with MER 
deve lopment on NPR- l by plac ing into protected s tatus a total of 5 , 05 8  acres 
of undis turbed lands on NPR- l and NPR- 2 .  This figure is based on e s t imated 
temporary dis turbance of 1 , 3 2 6  acres and estimated permanent dis turbance of 
2 . 12 9  acres resulting from MER deve lopment , utiliz ing s tandard compensat ion 
ratios and minus all acres revegetated or planned for reve getat ion under DOE ' s  
reclamation program ( i . e . , 1 , 3 2 6  temporary acres X 1 . 1  - 1485 . 6  acres ; 2 , 129 
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permanent acres X 3 - 6 , 38 7  acres ; 1485 . 6  + 6 , 38 7  - 7 , 87 2 . 6  total compensation 
acres - 2 , 81 5  reclaimed acres - a balance of 5 0 5 7 . 6  acres to be placed into 
protected s tatus ) . The derivation of temporary versus permanent dis turbances 
is explained in the Proj ect Effects section below . 

Other Mitigation 

To protect federally l i s ted p lants on NPR- l ,  in i ts June , 1 9 9 2 , letter , the 
Department also has agreed to the following measures . 

( 1 )  To the maximum extent pos s ible , populations of the Hoove r ' s  woo ly - s tar , 
Kern mal low , and San Joaquin wooly- threads will be avo ided during routine 
NPR - l operations and during s i t ing of planned new fac i l i ties . This will 
be accomp lished through control of routine traffic on NPR- l ,  and , where 
appropriate and feas ib le , through minor re - location of new fac i l ities . 

( 2 )  I f  populations o f  federally l i s ted plants cannot be avo ided dur ing 
cons truction activities because of legitimate technical cons iderations , 
the following measures will apply . For temporary impac ts ( for example , 
p ipe l ines ) , the top 3 to 6 inches of s o i l  will be s tockp i led during 
proj ect ac tivi ties and then will be returned to i ts original location 
after completion of proj ect activities . For permanent fac i l i ties that 
impact endangered plant populations (wi th the except ion of we ll s i tes ) , 
the Department will notify the S ervice ' s  Sacramento Field Office in 
wri ting of the reasons why such populations cannot be avo ided . S i te 
dis turbance may proceed upon wri tten o r  verbal concurrence from the 
Service . 

Spec ies Account/Environmental Basel ine 

Biological information on the San Joaquin kit fox and blunt - nosed leopard 
lizard is available in the Recovery Plans for these spec ies ( O ' Farre ll 19 8 3 , 
USFWS 198 5 ) . Recovery Plans have not yet been comple ted for the giant 
kangaroo rat , Tip ton kangaroo , or Hoover ' s  woo ly - s tar . However , b iological 
information on the giant and Tipton kangaroo rat can be found in Will iams 
( 19 7 9 ) and Will iams ( 198 5 ) , respective ly .  Botanical information on Hoover ' s  
wooly - s tar , Kern mallow , and San Joaquin woo ly - threads can be found in Taylor 
and Davi lla ( 19 86 ) . 

Exi s t ing Fac i l ities 

Exi s t ing operational fac i l i t ies on NPR- l inc lude the fol lowing ( DOE 1 9 9 1 ) : 
( 1 ) 1 , 25 3  active wells (production , water s ource , gas inj ection , waterflood 
inj ec tion , wastewater disposal inj ec tion , and s team inj ection) ; ( 2 )  1 , 05 5  
exi s t ing we lls that are shut - in ( idle ) o r  abandoned ;  ( 3 )  approximately 2 , 500 
miles of p ipe l ines and 1 , 000 miles of roads ; ( 4 )  one c rude o i l  tank farm ; ( 5 )  
1 2 1  tank settings ; ( 6 )  five LACT ( lease automatic cus tody trans fer ) fac i l i ties 
used to separate oil from water and trans fer oil to Chevron and Department 
purchas ers ; ( 7 )  45 produc t s torage tanks ; ( 8 )  four gas - process ing p l ants used 
to separate natural gas liquid products from natural gas ; ( 9 )  five was tewater 
disposal fac i l i ties ; ( 10 )  two gas inj ection plants ; ( 11 )  11 gas compress ion 
plants ; ( 12 )  one s team inj ection fac i l i ty us ed for thermally enhanced o i l  
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recovery ; ( 1 3 )  s everal emergency was tewater sumps and two landfill fac ilities ; 
( 14 )  three building complexes for offices , maintenance , and s torage ; and ( 1 5 )  
a variety o f  o ther supporting sys tems and infras tructure . 

The maj ority o f  was te materials generated on NPR- 1 are non-hazardous and 
include produced water , spent dri l l ing fluids , and so l id was tes such as paper , 
cons truct ion debri s , and garbage ( DOE 19 9 1 ) . Hazardous mater ials uti l ized or 
gene rated on NPR - 1  include used o i l , lubricants , and batter ies ; herb icides and 
pesticides ; s olvent was tes ; and crude o i l  ( DOE 1 9 9 1 ) . Mos t  produced water is 
re - inj ected on- s ite into subsurface formations ; dri l l ing f luids are p laced 
into an on- s ite l andfill in Section lOG ( another landfi l l  in Section 2 7R is 
currently b e ing formally closed) ; and s o l id was tes are taken to approved off
s i te landfills . Hazardous was tes are removed to off - s i te disposal fac il i t ies 
o r  are recyc led ( DOE 1991) . 

Desp i te careful handl ing , spills of o i l  or o ther chemicals occas ional ly occur 
on NPR- 1 .  S ince 19 89 , these have been handled in accordance with a Spill 
Prevention Contro l and Countermeasure Plan ( BPOI 198 9 ) , which provides for an 
emergency response team , cleanup procedures ,  and documentation . Nonetheless , 
an unquantified number of acres on NPR - 1  has been affected by such spills 
s ince 19 7 6  and the Department currently is c leaning up approximately 70 s ites 
known to have been contaminated by chromium , arsenic , and o ther materials ( 5 1  
o f  these s ites already have been remediated) ( DOE 199 1 ) . 

Endangered Species Surveys/Status 

In 1979 , when the Department began its endangered spec ies pro gram on NPR- 1 ,  
k i t  foxes were numerous and wide ly dis tributed with in the Res e rve . In 1984 , 
ki t fox dens were observed on all but two sec tions ( DOE 1 9 9 1 ) . However , s ince 
1 9 7 9  the kit fox population on the NPR - 1  " s tudy area "  has dec l ined from a high 
o f  144 animals in the winter o f  1 9 81 - 1982  to a low o f  j us t  12 animals in the 
winter o f  1 9 9 1 - 19 9 2 . In addit ion , kit foxes have disappeared from the central 
up land portions of NPR - 1 - -where mos t  o i l  development has occurred - - and now 
appear to be confined to the flatter peripheries of NPR- 1 .  This decl ine and 
the status of k i t  foxes on NPR - 1  is discussed in de ta i l  in the Proj ect Effects 
section . 

D i s tribution o f  o ther federally l i s ted species on NPR - 1  typ ically is more 
r e s tr i c ted than that of kit foxes . From J.9 7 9  to 1 9 8 7 , a total of only 1 3 6  
b lunt -nosed leopard l izards were observed i n  only 2 8  o f  NPR- 1 ' s  74 sec tions 
( DOE 1 9 9 1 ) . Leopard l izards typ ically are found in washes and areas of low 
re lief around the periphery of the Reserve , e spec ially in the Buena Vista 
Valley along the NPR- 1/NPR- 2 border ; however ,  leopard l izards also have been 
obs e rved in s ix sections in the NPR- 1 central uplands . Recorded leopard 
l izard dens ities on NPR- l vary from 0 . 1 6 to 0 . 24 individuals per acre ( DOE 
1 9 9 1 ) . 

G i ant kangaroo rat burrow sys tems have been observed in 3 0  sect ions of NPR - 1  
( DOE 1 9 9 1 ) . Like the leopard l izard , the maj ority o f  these burrow sys tems 
o ccur in the Buena Vista Valley , though a few burrows also have been observed 
in the central uplands . In recent surveys , however , many o f  these burrow 
sys tems have been found to be inac tive , pos s ib ly because of drought conditions 
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from 1 9 8 7  to 1 9 9 1 . Giant kangaroo rat burrows on NPR - 1 we re observed at 
e levations ranging from 316 to 1 , 5 10 fee t .  

10 

The California Aqueduct is c ited in Yi11iams ( 19 8 5 ) as the approximate l ine 
between the ranges o f  the Tipton kangaroo rat and the sho r t - nosed kangaroo rat 
(Dipodomys ni tra toides brevinasus ) .  Consequently , T ip ton kangaroo rat 
distribution on NPR- 1 is confined to those small portions o f  the Reserve eas t 
o f  the aqueduct .  During a three -night trapping census conducted in 19 8 8 , s ix 
to 12 Tipton kangaroo rats were captured per night in this area ( DOE 19 9 1 ) . 

Initial field surveys for the Hoover ' s  woo ly - s tar and o ther federally l i s ted 
plants were conducted on NPR - 1  in spring 1988  ( EG&G 1988 , DOE 1 9 9 1 ) . A to tal 
of 28 Hoover ' s  woo ly - s tar populations were observed , primar i ly res tricted to 
alluvial fans along the lower flanks o f  the Reserve in Sections B4 , B10 , G12 , 
R7 , R8 , R10 , R12 ,  R13 , R3 2 ,  S 1 7 , S 1 8 , S 20 , S 2 1 , S 2 2 , S 2 3 , and S 26 ( DOE 1 9 9 1 ) . 
Further surveys were conduc ted in 1 9 9 1  and additional woo ly - s tar populations 
were observed in S ections B 3 , B 1 2 , B 1 3 , G1 , G10 , S 2 5 , S 27 , S 3 0 , S 3 1 , and Z14 
( EG&G unpublished data) . Hoover ' s  woo ly - s tar populations on NPR - 1  tend to 
occur in areas where other vegetation is sparse such as washes and formerly 
disturbed but currently unused s ites ( e . g . , the NPR - 1 f irebreak and abandoned 
roadways ) .  Four populations were found at or above 1 , 000 fee t  in elevation . 

The Kern mallow , S an Joaquin woo ly - threads , and Cal i fornia j ewe 1 f10wer 
( Caulan thus cal ifornicus ) were not observed during the se s�rveys . However ,  
apparently sui table habitat for Kern mal low was observed in the northwes tern 
portion of NPR - 1 ( Sections 1 2 Z , 1 3 Z , and 14Z) , and the spec ies l ikely exis ts 
here in low numbers or may become es tabl ished with in the foreseeable future 
( DOE 1 9 9 1 ) . Potential habi tat for S an J oaquin wooly- threads also was obs erved 
along the northern flanks o f  NPR- 1 ,  but these hab itats may be subop timal 
because of the dense cover of red brome present ( DOE 1 9 9 1 ) . Based on these 
data the Service concludes that the Kern mallow and San Joaquin wooly- threads 
may be present within NPR- 1 and may be affec ted by proposed proj ect ac ti�ties 
within the remaining l ife of the NPR - 1  o i l  field . Sui tab le hab i tat for the 
California j ewe 1f10wer probably does no t exist on NPR- 1 ( DOE 19 9 1 ) . 

Effec ts of � Proposed Action QD Lis ted Species 

Adverse effects of continued MER production on NPR - 1 on the S an J oaquin kit 
fox , b lunt - nosed l eopard l izard , giant kangaroo ra t ,  Tip ton kangaroo rat , Kern 
mallow , San Joaquin woo ly - threads ,

· 
and H�over ' s  wooly - s tar may result · from 

numerous sources . During cons truc tion ac t ivities , indivi dual animals may be 
direc tly inj ured or killed by vehicle strikes resul t ing from cons truction 
re lated traffic , through inadve rtent crushing or entombment in collapsed dens 
or burrows , or through entrapment in cons truc tion re lated ho les or trenches . 

Also during cons truction ,  individual mallow , wooly - threads , or wooly - s tar 
populations may be crushed or damaged by vehicle traffic or des troyed by 
grading , pip e l ine trenching , and re lated dis turbances . Seedbanks of these 
p lants also may be buried or o therwise des troyed . O ther forms of death or 
inj ury to federally listed spec ies may result from wildfires inadvertently 
ignited during welding operat ions and inundation during re lease of hydros tatic 
p ipeline test water . 

---- ----- - - ----
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Individual kit foxes , leopard l izards , kangaroo rats , and p lant populations 
also may be subj ect to harm and mortali ty during rout ine day - to - day operat ions 
on NPR- l .  Fac tors contributing to such harm and mortal i ty include routine 
vehicle traffic , routine grading associated with wel l  drill ing and access road 
construction , o i l  spills or improperly maintained o i l  sumps , contamination by 
commonly used o i l  field chemicals ,  habitat degradation ( discus sed below) , and 
o ther routine operations . Individual kit foxes , leopard l izards , and kangaroo 
rats also may be subj ect to harm or morta l i ty during trapping operations 
associated with DOE ' s  endangered species research and monitoring program . 

In addit ion , individual kit foxe s , leopard l izards , and kangaroo rats may be 
subj ect to harassment during NPR - l construct ion and o ther ac t ivities resulting 
from increased leve l s  of human dis turbance , des truc tion or excavation of dens 
and burrows , entrapment in open p ipes and construction related trenches , and 
o ther fac tors . Some animals may escape direct inj ury during such act ivities 
but become displaced into adj acent areas . These animals may be vulnerable to 
increased predation , exposure , and s tress through disorientat ion and loss o f  
shel ter . 

To date , effects discussed above have been substantially minimized by the 
Department ' s  endangered species mitigation program . A key component of this 
program is the pract ice of conduct ing pre - cons truction surveys prior to all 
surface disturbing activities . Based on available data , the S ervice conc ludes 
that DOE has done a good j ob of implementing i ts pre - cons truc t ion survey 
program . In 1980 , 74 percent of all NPR - l proj ects were conduc ted without 
pre - cons truc tion surveys , while in 1984 and 1985 all proj ects conducted on 
NPR - l were preceded by surveys ( Kato 198 6 ) . Pre - cons truct ion surveys continue 
to be implemented on NPR - l on a regular bas is (Thom Kato , EG&G , pers . comm . ) .  
However ,  some problems exist in ensuring that recommendations resulting from 
such surveys actually are implemented . For example , in Fis cal Year 1 9 9 1  
recommendations were not implemented i n  2 2  of 1 7 5  proj ects ( 12 . 6% )  for which 
pre - cons truct ion surveys were conducted . 

S ince 1980 a to tal of 48 San Joaquin kit foxes , 7 blunt - nosed leopard l izards , 
and 7 2  giant kangaroo rats. have been kil led or inj ured as a result o f  the 
factors discussed above ( EG&G unpubl ished data) . Of these , 11 San J oaquin kit 
foxes , 2 blunt - nosed leopard l izards , and 6 giant kangaroo rats have been 
killed or inj ured as a result of the Departments ' s  endangered species research 
pro gram . No T ip ton kangaroo rats are known to have been killed or inj ured 
during MER ac tivit ies on NPR- l .  

Based on radio - co llar data , 2 9 1  kit foxes were recovered dead on NPR - l from 
1980 to 1 9 8 8 . Of these , cause of death for 2 9 . 9  percent was clas s i fied as 
predation (primarily by coyotes ) ,  24 . 7  percent as probable predat ion , 10 . 0  
percent as vehicle s trikes , and 3 . 1  percent as o ther cause s  ( DOE 1 9 9 1 ) . Cause 
of death for 3 2 . 3  percent of kit foxes recovered could no t be determined . 
Excluding thes e  foxes , 80 . 7  percent of foxes for which cause o f  death could be 
determined were kil led by predation , 14 . 7  pe rcent by vehicle s tr ike s , and 4 . 6  
percent by o ther causes ( DOE 19 9 1 ) . Mortality sources o ther than predation 
and vehicles inc luded disease , shoot ing , drowning , and bury ing . 
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Fo llowing is a detailed discuss ion of the e ffects o f  pas t and proposed future 
MER act ivities on NPR- l on the San Joaquin kit fox , blunt - nosed leopard 
l izard , giant kangaroo rat , Tip ton kangaroo rat , federally l i s ted plants , and 
the ir hab i tats . 

San Joaquin Kit Fox 

EG&G has s tudied the San Joaquin k i t  fox population on NPR - l intens ively s ince 
1 9 8 0  on a 2 8 , 48 0 - acre area encompass ing the southern half of the Reserve and 
2 , 8 8 0  acres in adj acent Buena Vista Valley known as the NPR - l s tudy area . The 
NPR - l  s tudy area contains 1 6 , 640 acres defined as " deve loped" habitat and 
11 , 840 acres defined as "undeve loped" hab itat ; a s quare mile containing more 
than 15 percent of developed land ( o il we lls , roads , e tc . )  is defined as 
deve l oped , and a s quare mile containing 15 percent or less of deve loped land 
is de fined as undeveloped ( DOE 1 9 9 1 ) . S tudies conduc ted by EG&G on NPR - l have 
inc luded monitoring of kit fox population s ize , reproduct ive success , diet , 
morta l i ty fac tors , movement patterns , and den characteris tics . In part , the ir 
purpose has been to determine e ffects of MER re lated o il deve lopment on the 
res ident kit fox population . 

Be tween 1 9 8 1  and 1991 , EG&G has e s t imated the S an J oaquin kit fox populati on 
on the NPR - l  s tudy area and on NPR - 2  twice annually based on intensive 
trapp ing sess ions and capture - recapture data ( once annually s ince Fiscal Year 
1 9 9 2 ) . In 1 9 8 8 , trapp ing sessions were extended to inc lude the ent i re c ivil 
boundaries of NPR- l in an effort to detect differences in kit fox abundance or 
dis tr ibut i on between the s tudy area and the Reserve as a whole . 

During the period s ince detailed s tudies began ( 19 8 0 ) , the minimum known kit 
fox populat i on wi thin the NPR- l s tudy area dec l ined from a h i gh of 165 foxes 
in the winter of 1981 - 19 8 2  to 44 foxes in the winter of 19 8 5 - 1 9 8 6  ( DOE 1 9 9 1 ) . 
S imi larly , the minimum known population s ize dec lined from a h i gh of 167 foxes 
in the summer

' 
of 1982  to 55 foxes in summer 1 9 8 5  ( DOE 1 9 9 1 ) . The population 

appeared to s tab il ize at 40 to SO kit foxes through approximately 1 9 9 0 , but 
recent evidence sugges ts the populat ion has again dec l ined .  In winter 1991 
the minimum population s ize for the NPR- l s tudy area was estimated at j ust 12 
kit foxes ( EG&G unpubl ished data) . 

This S an Joaquin kit fox population dec l ine on NPR - l was dis cussed at length 
in the S ervice ' s  1987  b iological op inion and remains a subj ect of concern . 
"I t has been dis cus sed in the biological asses sment ( DOE 199 1 ) , DSEIS ( DOE 
199 2 ) , a prel iminary DSEIS prepared by Argonne Nati onal Laboratory ( Argonne 
1990 ) , numerous Elk Hills Endangered Species Advisory Commi ttee mee tings , as 
wel l  as o ther documents and forums . However ,  the exac t cause of the dec l ine 
has p roven di fficul t to determine . 

Several factors have been cons idered in attemp t ing to explain this dec l ine , 
inc luding : ( 1 )  the effec ts o f  MER deve lopment ; ( 2 )  the endangered species 
res earch program ; ( 3 )  effects o f  an extended drought in Cal i fo rnia ; and ( 4 )  
o ther natural fac tors . 

MER Deve lopment . As required under the S ervice ' s  1 9 8 0  bio log ical op �n�on , the 
Department attemp ted to de termine the effects o f  MER deve lopment on kit foxes 
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through studies conducted by EG&G from 1980 through 1 9 8 6 . Based on these 
studies , EG&G and DOE concluded that the NPR - l  kit fox dec l ine has occurred 
at s imilar rates in developed and undeve loped hab i tats ( DOE 1 9 9 1 ) . This 
conclus ion in turn suggests that MER deve lopment has not affec ted the NPR- l 
kit fox population in a s ignificant manner .  

13 

However , several factors sugges t  that thes e  conclus i ons may not be accurate . 
Firs t , the kit fox population on NPR- 2 - -where l i t tle o i l  deve lopment occurred 
compared to NPR- l dur ing the s ame time period- -has dec l ined s ignificantly less 
than on NPR - l .  The NPR - 2  ki t fox population numbered 177 animals in the 
summer of 1 9 8 3  and 113 in the summer of 1 9 8 9  ( EG&G unpub l i shed data ) . Based 
on winter data , the NPR - 2  kit fox population appears even more s table compared 
to NPR - l  ( 11 9  foxes in the winter of 198 3 - 1 9 84 and 1 3 1  in the winter of 1 98 8 -
1 9 8 9 )  ( DOE unpublished data ) . These data sugge s t  that s ome factor o r  fac tors 
on NPR - l has affected the kit fox populati on in a relative ly greater fashion 
than on NPR- 2 .  

Second , c ircums tantial evidence suggests that the kit fox dec l ine on NPR - l  has 
been greater in the central upland portions of the Reserve , where mos t  o i l  
deve lopment has occurred ,  than i n  the flatter lands along its periphery , whi ch 
are relative ly undeveloped . This change in distributi on is demons trated by 
the fact that few foxes have been captured in the central uplands in recent 
years , where they were relatively numerous in the early 1 9 80 ' s .  By far mos t  
kit foxes currently are captured i n  the flatter undeveloped periphery o f  the 
Reserve ( Thom Kato , EG&G , pers . comm . ) .  Other c i rcums tantial evidence also 
sugge s ts effects of NPR- l oil deve lopment on ki t foxes - - ki t fox den dens ities 
are lower in developed areas than undeveloped areas on bo th NPR - l  and NPR - 2 ,  
and some measures of reproduct ive success ( e . g . , number o f  l i t ters per square 
mile ) are lower in deve loped areas than undeve loped areas ( DOE 1 9 9 1 ) . 

Third , the defini tions of " deve loped" and " undeve loped" hab itats as de termined 
by EG&G for the Department ' s  kit fox studies may no t be suffic iently re fined 
to de tect subtle differences in effect be tween the two hab i tat types . This 
critic ism has been raised by the California Energy C ommiss ion ( CEC 1992)  and 
others (William Lehman , U . S .  Fish and Wildl i fe S ervice , pers . comm . ) .  For 
examp le , according to EG&G ' s  defini tions , a s quare mile with 16 percent of its 
land deve loped would be clas s i fied as " deve loped" even i f  the dis turbances are 
cons o l i dated in one corner and 84 percent of the square mile is cont i guous 
suitable hab i tat . This tends to underes timate the e ffects o f  o i l  deve lopment 
on cons t i tuent wildl i fe populations because many lands that are essentially 
undis turbed hab i tat are c lass ified as developed . The S e rvice therefore 
questions the accuracy of the Department ' s  conc lus i ons with respect to the 
effects of o i l  deve lopment on kit fox populations based on thi s  de fini tion 
scheme . 

Several factors with respect to MER deve lopment can p robably be e l iminated as 
caus ing the kit fox dec line on NPR- l .  Firs t ,  it is unl ike ly that den loss has 
contributed s ignificantly to the dec l ine . Between 1 9 8 0  and 1 9 8 6 , only 5 known 
kit fox dens were des troyed inadve rtently as a result of the MER product ion 
and ano ther 20 were intenti onally excavated to avo id bur ial of resident foxes 
( DOE 1 9 9 1 ) . However , these losses appear to be re lat ive ly ins ignificant s ince 
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during the s ame period approximately 946 dens were known to be util ized by kit 
foxes ( Berry e t  al . 1 9 87 ) . 

Contamination of ki t foxes by heavy metals commonly assoc iated with o i l  
fields a l s o  appears to be minimal . Kit fox hair s amp le s  collected from kit 
foxes on NPR - l developed lands , NPR - l undeveloped lands , NPR- 2 ,  Camp Roberts , 
and the Elkhorn P lain were analyzed by Oak Ridge Nat ional Laboratory in Oak 
Ridge , Tennessee ( EG&G unpub l ished data) . Results indicated that kit foxes 
on NPR - l exhibi ted l i ttle evidence of contamination by the e lements s tudied , 
including arsenic , barium , vanadium , chromate , or uranium .  Although a few 
foxes showed high tissue concentrations o f  s ome elements , mos t  levels were 
associated w i th background s o i l  concentrations or were highest in undevel oped 
reference s i tes . Heavy metal concentrations evidently were not great enough 
to account for the kit fox dec l ine on NPR - l .  

The Endangered Spe c ies Research Program . The intens ive kit fox research and 
monitoring program conducted on NPR - l  by EG&G has occas ional ly been cited as 
a poss ible contributor to the NPR- l kit fox dec line ( e . g . , O ' Ne i l  and Greer 
198 8 ) . Throughout the l i fe of the program , approximately two thousand kit 
foxes have been captured and 486 foxes have been radio collared ( Thom Kato , 
EG&G , pers . comm . ) .  All foxes captured ,  whether collared o r  not , have been 
equipped with individually numbered ear tags . Res earch fac tors possibly 
contributing to the kit fox dec l ine include lowering of kit fox survivorship 
as a result of wearing radio collars , spread of disease through trapping and 
handl ing , and loss of kit foxes to research accidents . 

. 

Through approximately 1987  EG&G used relative ly heavy radio co llars (4 ounces 
for adul ts , 2 ounces for pups ) .  These collar weights exceeded the maximum o f  
5 percent of body weight recommended b y  Cochran ( 19 80 ) ; during EG&G studies , 
kit foxes were equipped with collars we ighing 2 . 4  percent to 7 . 9  percent o f  
body we ight for the maj ority ( 86 % )  of a l l  k i t  foxes col lared be tween 1 9 8 0  and 
1992 ( DOE 1 9 9 1 ) . S ince 1 9 8 7 , EG&G has ut i l ized cons iderably l i ghter coll�rs 
( Thorn Kato , EG&G , pers . comm . ) .  

Several s tudies have been conducted in an effort to de termine the effects 
of EG&G ' s  radio - co l lar program on kit foxes . In 1988 Pat O ' Brien of Chevron 
U . S . A .  conducted an analys is comparing survivorship of kit foxes on NPR- l that 
were radio collared to foxes that 'lere ear tagged only ( Tom O ' Farrell , EG&G , 
pers . comm . ) .  Res earchers at Argonne Nat ional Laboratory c onduc ted a s imi lar 
analys is about the s ame t ime ( O ' Ne i l  and Greer 198 8 ) . The O ' Brien s tudy 
fonnd no s i gnificant di fference be tween ear - tagged and radi o - co l lared foxes . 
The Argonne s tudy found what the authors fe l t  were pos s ible , but unconf i rmed , 
effects of radio - collars on kit foxe s . 

At the Service ' s  reques t ,  EG&G cons iderably expanded thes e  s tudies in 19 9 2 . 
Utilizing EG&G data from 1980 to 1992 , Dr . Brian Cypher evaluated effec ts of 
radio collars on numerous parameters , including collar to body we ight ra�io , 
col lar des i gn (heavy or light ) , survival per iod , and recap ture interval , again 
comparing radio collared kit foxes to kit foxes with ear tags only . With one 
except ion , no differences in survivorship we re obse rved be tween radio - co l lared 
and ear - tagged foxes . Based on thes e  results , and with re ference to the large 
data set and thoroughness of EG&G ' s  s tudy , the Service conc ludes that EG&G ' s  
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kit fox radio collar program has not s igni ficantly contributed t o  the kit fox 
dec l ine on NPR - l .  

However , Dr . Cypher found that kit fox pups radio collared prior to the month 
of July tended to survive for shorter periods than pups col lared after July 
( EG&G unpubl ished data) . This result p robably has not s igni f icantly affec ted 
kit fox s tatus on NPR- l but may have important imp l ications in how kit fox 
radio c o l lar p rograms are managed on NPR - l and elsewhere . 

Effects Qf the Drought . By the early 1 9 90 ' s ,  endangered spec ies populat ions 
throughout the San Joaquin Val ley were exhib i t ing dec lines l ikely associated 
with Cal i fornia ' s  five -year drought that lasted from 1 9 8 7  to 1 9 9 2 . For 
example , surveys conducted on NPR- l in 1 9 9 1  found that mos t  previous ly active 
giant kangaroo rat prec incts were no longer occup i e d  ( EG&G , unpub lished data ) . 
S imilar giant kangaroo rat dec lines were observed in the Carrizo Plain ( Dan 
Will iams pers . comm . ) ,  and leopard l izards reportedly did no t reproduce in the 
Carrizo P lain and elsewhere in 1991 ( Dave Germano pers· . comm . ) .  S imilarly , 
l i ttle kit fox reproduct ion was observed on NPR- l in 1 9 9 1  ( EG&G , unpub l ished 
data ) . Thi s  except ionally harsh five -year drought has often been c ited as a 
primary o r  contributing factor in the kit fox dec line on NPR - l .  The princ ipal 
resul t of the drought thought to affect kit foxes was reduc t ion in 
availab i l i ty of p rey spec ies ( typically , small mammals and lagomorphs ) .  

S ince 1 9 8 3 , EG&G has conducted a b i - annual census o f  l agomorphs on NPR - l and 
NPR - 2 , and , l ike the kit fox , lagomorphs have dec l ined s i gnificantly on both 
Reserves ( DOE 1 9 9 1 ) . On NPR- l ,  lagomorphs also were censuse d  dur ing road 
counts from 1980 to 1983 and decl ined annual ly over this p e r i o d .  S imi larly , 
the Cal i fornia Department of Fish and Game ( CDFG ) has conduc ted two annual 
spo t l i gh t ing routes near NPR- l ( the "Taft " and "McKittrick" routes )  in which 
both kit foxes and lagomorphs have been censused s ince approximately 1970 
( CDFG unpub l i shed data) . Results of CDFG data also indicate s ignificantly 
dec l ining lagomorph numbers along these routes ,  together with a decl ine in kit 
fox numbers that appears to s trongly "mimic "  the pattern of lagomorph dec l ine . 
These data suggest that a decl ine in prey ava i lab i l i ty caused by the drought 
may be a primary contributor to the kit fox dec l ine on NPR - l .  

However ,  based on other available data this conclus ion canno t be cons idered 
certain . For example , the lagomorph and kit fox dec l ine on NPR - l  began prio r  
t o  l Q 8 7 , when the five -year drought began ; while on NPR - 2 , where the kit fox 
dec l ine has been less pronounced , lagomorph dens i t ies did no t begin to dec l ine 
unt i l  1 9 8 7 , when the drought began ( DOE 199 1 ) . Furthermore , i n  an analys is o f  
EG&G data ( k i t  fox numbers versus lagomorph numbers ) o n  NPR - l and NPR - 2  
conducted i n  1 9 9 1 , the General Accounting Office ( GAO ) found that b e tween 1984 
and 1989 the e s timated number of lagomorphs per kit fox was h igher Qll � 
than 2D NPR - 2  (GAO unpublished data) . This sugges ts that p rey avai lab i l i ty 
alone c an not account for the perceived differences between kit fox numbers on 
NPR - l and NPR- 2 ,  and that some o ther fac tor o r  fac tors may have contributed to 
apparently di fferential kit fox dec l ines on the two Reserve s . 

CDFG data sugges t  another pattern with respect to fluctuat ing kit fox numbers . 
According to the graph of these data ( DOE 1 9 9 1 ) , in 1970 k i t  fox and lagomorph 
numbers appear to have been dec l ining from earlier highs in the late 1960 ' s .  
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The i r  numbers then appear t o  have remained relatively low from approximately 
1 9 7 2  to 19 7 9 , when they began to incline sharp ly to highs in the early 1 9 80 ' s 
that were unequaled with in the s tudy period . The early 1980 ' s  is precisely 
when EG&G began i ts systematic counts o f  kit foxes and lagomorphs on NPR- l and 
NPR- 2 .  

This sugges ts that EG&G initiated its kit fox census on NPR- l and NPR - 2  when 
lagomorph numbers were at an unusual high , resulting from natural cyc l ic 
fluc tuations or to s ome o ther factor such as rainfall .  Thi s  in turn suggests 
that ( 1 )  kit fox numbers were unusually high in 1979 o r  1 9 80 , when EG&G census 
act ivit i e s  began ( l ikely due to high lagomorph numbers ) ;  ( 2 )  that this h i gh 
represented a cycl i c  fluctuation rather than average kit fox carrying capac ity 
on NPR - l ;  and ( 3 )  that the ini t i ation o f  intens ive MER act ivities on NPR - l and 
the observed kit fox dec l ine on the Reserve was coinc idental , no t causally 
related . 

Other Natural Factors Other fac tors possibly contribut ing to the NPR- l kit 
fox dec l ine include coyote predation and diseas e . S ince 1 9 8 0 , coyotes have 
been respons ible for mos t  known kit fox mortal i ties on NPR - l  ( 80 . 7  percent of 
all dead foxes for which a caus e of death could be determined) ( DOE 199 1 ) . 
However ,  based on o ther s tudie s  this appears to be the normal interact ion 
between k i t  foxes and the large r , more aggres s ive coyo te ( e . g . , Linda Spiege l , 
CEC , pers . comm . ) ;  and EG&G data indicate that coyote numbers on NPR- l 
dec l ined contemporaneous ly with kit fox numbers . Though coyote predation may 
have exacerbated kit fox problems originally caused by o ther factors , no data 
we reviewed sugge s t  that kit fox - coyote interactions can account for the kit 
fox dec l ine on NPR- l .  

In 1981 , 1 9 8 2 , and 1984 , the k i t  fox populat ion on NPR - l  was studied for the 
pres ence of dis ease by analyz ing kit fox blood serum for the presence of 10 
infectious pathogens ( DOE 199 1 ) . Desp i te the occurrence o f  antibodies for 
canine parvovirus , tularemia , canine dis temper , and canine hepatitus in kit 
fox blood samp les , l i ttle c l inical evidence of disease has been no ted in the 
NPR - l  kit fox populat ion ( DOE 1 9 9 1 ) . Disease can there fore be large ly ruled 
out in explaining the obs erved kit fox dec l ine on NPR- l .  

Summary The above discuss ion il lus trates that the relationship between kit 
foxes , o i l  deve lopment , and o the r environmental fac tors on NPR - l  is complex . 
In short , i t  i s  difficult to ascribe the San J oaquin kit fox decl ine on NPR- l 
conclus ively to any s ingle fac to r . 

Nevertheless , s everal observations s eem important . Firs t ,  lagomorph and kit 
fox numbers appear to have dec l ined j o intly- - i f different ially - - throughout 
the general area , no t j us t  on NPR- l .  S econd , although the disappearance of 
kit foxes from the central up land porz ionsof NPR - l  has been pronounced and 
contemporaneous with intens ive o il deve lopments - - sugge s t ing a direct 
relationship - - COFG data sugge s t  that kit fox presence in the central up lands 
in the early 1980 ' s  may have been the result o f  unusually optimal condi t ions 
at that t ime . I f  this is true , then kit foxes may no t normally occupy this 
portion of NPR- l becaus e of natural fac tors ( e . g . relatively steep terrain) , 
and this area may have been the first to be abandoned when environmental 
conditions deteriorated- - poss ibly , at leas t in part , because of the drought . 

• 

• 

• 



• 

• 

• 

Mr . Danny A .  Hogan 17 

On the o ther hand , oil deve lopment in the central up lands may have contributed 
to the adverse conditions - - already marginal because of natural factors - - that 
eventually caused kit foxes to abandon the area . In this respec t ,  the Service 
cons iders EG&G data suggest ing that kit fox decl ines have been e quivalent in 
deve loped and undeveloped habi tats on NPR - l  to be inconc lus ive . 

Third , the fact that kit fox dec l ine s on NPR - 2  have been less s evere than fox 
decl ines on NPR - l  may be s ignificant and is d ifficul t to exp lain . Several 
differences be tween the two Reserves that may account for thi s  fact have been 
c i ted- - e . g . , intens ive o i l  development on NPR - l  and overall gentler topography 
on NPR- 2 - - but here again results are inconclus ive . 

Based on exis t ing data , the only factors that probably can be ruled out as 
caus ing o r  s ignificantly contributing to the NPR - l  k i t  fox dec l ine is coyote 
predation , disease , and the endangered species research pro gram . Conversely , 
it seems l ikely that the dec line may have resulted from a comb ination of the 
other effects discussed- - e . g . , the drought , natural cyc l ic fluctuations , o i l  
field deve lopments , and natural ly marginal conditions i n  the cen�ral up lands 
of the Reserve . Continued monitoring of the kit fox populat ion on NPR - l in 
the immediate future - - e spec ially in l i ght o f  the end of the drought in the 
winter of 1992 - l9 9 3 - -will be critically important in be tter understanding the 
respec tive roles of the fac tors discussed above in the NPR - l  k i t  fox decl ine . 

Based on the above discus s ion , the S e rvice conc lude s as follows with respect 
to the S an Joaquin kit fox : ( 1 )  that MER o i l  product ion probably is not s o lely 
respons ible for the kit fox decline on NPR - l but l ikely has been a 
contributing factor ; ( 2 )  that intens ive o i l  deve lopments in the NPR- l central 
uplands l ikely has contributed to the disappearance of the kit fox from thi s  
portion o f  the Reserve ; ( 3 )  that proposed new deve lopments i n  the NPR - l  
central uplands , as described in the DSEIS ( DOE 1 9 9 2 ) , will contr ibute to 
subs tantial continuing habitat loss e s  and adverse e ffects in thi s  area and may 
inhib i t  recolonization or effective future use of the area by kit foxes ; and 
( 4 )  that the latter effect is not like ly to j eopardize the cont inued exis tence 
of the spec ies because the central up lands probably represent marginal kit fox 
habitat except in op timal conditions , and provided that DOE imp lements the 
habitat compensation program described on pages 6 through 8 above . 

G iant and T ipton Kangaroo Rats 

Spec ific effects to giant kangaroo rats potentially resul ting from continuing 
MER produc t ion on NPR- l include ( 1 )  des truc tion of giant kangaroo rat burrow 
sys tems during cons truct ion of proposed fac i l ities in Townships G ,  R ,  and S 
and by third- party pipe l ines ; ( 2 )  removal o f  food s ources ( grasses and seeds ) 
during cons truction activities ; ( 3 )  alterat ion o f  s o i l  conditions - - e . g . , s o i l  
compac tion- - making i t  more difficul t for kangaroo rats t o  cons truc t burrows ; '  
( 4 )  acc idental o i l  spills o r  wastewater discharge ; ( 5 )  dis turbance ; and ( 6 )  
accidental death or inj ury during EG&G ' s  trapp ing and research activi ties ( DOE 
1 9 9 1 ) . In 19 8 6 , for example , 12 kangaroo rats ( species no t ident ified) we re 
killed when a DOE lessee discharged wastewater into a natural drainage 
adj acent to NPR - l .  Furthermore , O ' Farre l l  et al . ( 19 8 7 ) reported that 9 9  
percent of a l l  giant kangaroo burrow sys tems on NPR - l occurred at leas t 300 
fee t  away from wel l  pads , and numerous we ll pads may be cons truc ted in known 
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giant kangaroo rat hab i tats in Sections 6 - 7G ,  l4R , 20R ,  2 5R ,  28R , 26 - 2 7S , and 
3 6 S  during continuing MER production . 

However ,  cons truction of the larger fac i l i t ies currently proposed- - e . g . , the 
fourth gas p l ant , butane fac i l ity , and cogeneration plant - - is not expected to 
affec t  known giant kangaroo rat populations , and pre - construction surveys and 
flexib i l i ty in well pad location should minimize impacts to giant kangaroo 
rats e ls ewhere ( DOE 1 9 9 1 ) . Furthermore , the maj o r i ty of these we l ls would be 
cons truc ted in the central upland portions of NPR - l  where giant kangaroo rats 
are relatively uncommon . Third-party p ip e l ines - - expected to dis turb a total 
of 101 acres - -may directly effect s ome giant kangaroo rat hab itat in the Buena 
V i s ta Val l ey and o ther peripheral areas on the Reserve . 

The T ip ton kangaroo rat , which is present only in Section 2 3 S  eas t  of the 
Cal ifornia Aqueduct ,  should not be affected by any planned DOE activities on 
NPR- l b ecause no deve lopment is p lanned in that area . 

Blunt -nosed Leopard Lizard 

Spec i f i c  effects of continuing NPR - l activit ie s  on blunt -nosed leopard l izards 
are expected to be s imilar to those c i ted above for giant kangaroo rats . In 
addi t ion , because of b etter cl imb ing abi l i ties , leopard l izards are vulnerab le 
to entrapment in wel l  cellars , and , because of the i r  fondness for washes , are 
vulne rable to accidental wastewater discharges and o i l  spills , which tend to 
occur in washe s .  Both such forms of leopard l izard mortality have been 
documented e i ther on or adj acent to NPR- l in the 1 9 80 ' s  ( DOE 19 9 1 ) . In 1992 , 
an aes t ivating leopard lizard was inadvertently unearthed during grave l mining 
on NPR - l but this l izard was unharmed and was returned to its hab i tat ( EG&G 
unpub l i shed data) . Other forms of potential leopard l izard effects on NPR - l 
include vehicle s tr ikes and destruction o f  small mammal burrows during 
cons truct ion activi ties and third- party proj ects such as seismic surveys and 
pipelines . , 

However ,  mos t  cons truc tion o f  relative ly large new fac i l ities will occur in 
the central up land portions of the Reserve where l i ttle leopard l izard habitat 
exists , and pre - construction surveys and flexib i l i ty in well location should 
minimize leopard l izard effects during DOE and third- party proj ects els ewhere 
on the Reserve . 

Hoover ' s  Voo ly-star and Other Federally Listed P lants 

Potent ial e ffects of proposed proj ect act ivities on Hoover ' s  woo ly- s tar would 
include ( 1 )  des truction of plants and plant hab itats during grading , trenching 
and o ther cons truction activi ties ; ( 2 )  crushing o f  individual p lants and p lant 
populat ions during off- road vehicle use and se ismic surveys ; ( 3 )  inundation of 
plant p opulat ions resul ting from o i l  spills or hydros tatic water releases ; and 
( 4 )  des truc t ion o f  p lant populations resulting from man- caused fires . No 
known populations of Kern mallow or San J oaquin wooly- threads currently exist 
on NPR- l .  However . s imi lar adverse effects to these spec ies might occur as a 
resul t of MER activit ies should they later be found or become es tabl ished on 
NPR- l .  
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Adverse effe c ts to federally l is te d  p lants would b e  minimized because ( 1 )  mos t  
proposed new ac t ivities would occur i n  the NPR - l central uplands where Kern 
mal low and S an J o aquin wooly- threads populations are not l ikely to exis t ;  ( 2 )  
populations o f  these species and Hoover ' s  wooly- s tar would b e  avo ided t o  the 
maximum extent practicab le , as des cribed on page 8 above ; and ( 3 )  where plant 
populations are not avo i dable , DOE would implement o ther mitigation measures 
such as s tockp i ling of topso il . 

Habitat D is turbance 

As of June 1 9 8 8 , an e s t imated 6 , 07 7  acres of native hab itat originally 
existing on NPR - l  have been dis turbed e i ther permanently or temporari ly as a 
resul t  of o i l  development activities s ince the 1920 ' s  ( EG&G unpublished data ; 
this represents a mino r adj us tment to the figure p rovided in DOE 1991 ) . Of 
thes e , an e s t imated 2 , 474 acres have been disturbe d  s ince the inception of MER 
production in 19 7 6 . In 1992 , an additional 5 acres were dis turbed by a water 
we ll proj ect addressed under a separate b iological opinion ( Case No . 
1 - 1 - 9 2 - F- 3 9 ) , for a comb ined total of 2 , 479 acres on NPR - l dis turbed s ince 
the incep tion of MER p roduction .  

The Department e s t imates that hab itat dis turbance on NPR- l resul ting from 
proposed � facil ities between 1 9 8 9  and 2 0 2 5  will total 8 7 8  acres ( DOE 1 9 9 1 ) . 
This will result from proposed work on 3 8 2  wells ( 5 7 9  acres ) ,  gas operations 
expans ion ( 1 5  acres ) , and cons truction of the cogeneration fac i l i ty ( 3  acres ) , 
the butane isomer ization fac i l ity ( 5  acres ) ,  s team generators for the SOZ 
S team Flood Proj ect ( 2 10 acres ) ,  gas compress ion facil ities ( 10 acres ) ,  gas 
inj ection fac i l i t ies ( 4  acres ) ,  and p ipeline replacement and maintenance 
ac tivit ies ( 5 0  acres ) ( DOE 1 9 9 1 ) . Of this , 7 5 0  acres would be affec ted by 
1 9 9 8 . 

Adding pas t  MER dis turbances to anticipated future disturbances yields total 
est imated hab itat dis turbance on NPR - l  resul ting from DOE activities through 
the l ife o f  MER produc t i on ( 19 7 6 - 20 2 5 ) , or 3 , 818 acres ( 2 , 474 + 8 7 8  - 3 , 3 5 1 ) . 
In addition , non - Federal third party p ipeline proj e c ts are expected to dis turb 
101 acres through the year 2025 ( DOE 1 9 9 1 ) . Because the Depar tment has 
indicated its willingness to cons ider these as DOE dis turbance for the purpose 
of th is c onsultation ( J im Killen , DOE , pers . corom . ) , total dis turbance 
resulting from DOE and related activities during MER production is 3 , 45 2  
acres . 

In addition , 547 acres within the NPR- l c ivil boundaries have been dis turbed 
in the pas t by ac tivi t i es no t cons tructed or undertaken by the Department .  
Thes e  include 1 3 3  acres dis turbed by the Cal ifornia Aqueduc t ,  45 acres 
occup ied by the town of Taft , and 3 6 9  acres of agricul tural l ands not owned by 
DOE ( EG&G unpub lished data ) . An e s t ima ted 7 9  acres have been dis turbed s ince 
1 9 8 8  as a result of third party proj ects on NPR - l ( DOE 1 9 9 1 ) . However , these 
dis turbances are e i ther the result of non- DOE proj ects o r  are addressed and 
mitigated under separate b io logical op inions . Finally , third party se ismic 
surveys are expected to resul t in minor temporary dis turbances of 3 , 390 acres 
through 2025 ( DOE 1 9 9 1 )  . 
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Because of the s cope and extended t ime frame of o i l  deve lopment activities on 
NPR- l ,  determining which of the above disturbances are permanent and whi ch are 
temporary is comp lex . Also compl icated is determining which dis turbance s  
occurred prior to initiation of MER production and which occurred afterward . 
On December 15 , 1 9 9 2 , representatives from the Service , EG&G , and Chevron met 
to discus s this issue and settled on certain approaches to der ive reasonable 
e s t imates of these disturbance figures . EG&G subsequently computed acreage 
e s t imates , which were util ized in deve loping the hab i tat compensation program 
des cr ibed on pages 6 through 8 above . These estimates are as follows ( an 
exp lanation of how they were derived is available in Service files ) . 

Es t imated temporary dis turbance on NPR - l  resulting from � MER development 
totals 1 , 014 acre s , while estimated permanent disturbance to tals 1 , 460 acres . 
Est imated temporary dis turbance resul ting from proposed new ac tivities totals 
312 acre s , and e s t imated permanent disturbance total s 669 acres . Temporary 
dis turbance throughout the l ife of MER deve lopment ( 1 9 7 6 - 2025 ) totals 1 , 3 2 6  
acres and permanent disturbance totals 2 , 129 acres . O f  disturbed acres 
revege tated by the Department ( or planned for revege tation) , 1 , 9 9 5  acres were 
dis turbed prior to onset of MER production , and 1 , 120 acres were disturbed 
afterward . 

Conclus ions 

Based on the above discus s ion ,  the S ervice concludes that DOE ' s  p roposed 
continuation of the o i l  development program on NPR - l  at Maximum Efficient Rate 
will not appreciably reduce the l ike l ihood of survival and recovery of the San 
Joaquin kit fox , blunt - nosed leopard l izard , giant kangaroo rat , Tip ton 
kangaroo rat , Hoover ' s  wooly - s tar . Kern mallow , or S an J oaquin wooly - threads . 
This conclus ion i s  based on ( 1 ) continuing imp lementation by DOE of its 
endangered species protection p rogram described on pages 4 through 8 above ; 
( 2 )  imp lementation o f  the hab i tat compensation program described on pages 6 
through 8 ;  and ( 3 )  the fact that mos t  proposed future MER - re lated dis turbance s  
would occur i n  the central up land port ions of NPR- l where few populat ions of 
threatened and endange red species currently exist . 

Cumulat ive Effects 

Cumulative effects are those impac ts of future S tate and p r ivate actions that 
are reasonab ly cer tain to occur . Future Federal actions will be subj ect to 
the consultation requirements estab l i shed in section 7 of the Ac t and , 
there: fore , are not cons idered cU!Ilula�ive to the proposed ac tion . 

Our agency i s  aware of o ther proj ects currently under review by S tate , county , 
and local author i ties where b io logical surveys have documented the occurrence 
of the S an Joaquin kit fox , blunt - nosed leopard l izard , giant kangaroo rat , 
T ip ton kangaroo rat , Hoover ' s  wooly - s tar , Kern mal low , and S an Joaquin woo ly 
threads . These p roj ects include urban , mine ral , and energy devel opment , and 
flood control and rese rvo ir construc t ion . 

However , we do not antic ipate that the proj ect under eva luat ion in this 
b io logical op inion , cons idered toge ther with other non- Federal actions , would 
app reciab ly reduce the l ikel ihood of survival and recovery of the San Joaquin 
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kit fox , blunt - nosed leopard l izard , giant kangaroo rat , T ipton kangaroo rat , 
Hoove r ' s  woo ly - s tar . Kern mallow , or San J oaquin wooly - threads . 

Inc idental Take 

Section 9 of the Endangered Spec ies Act prohib its any taking ( i . e . , to harass . 
harm , pursue , hunt , shoot , wound , kill , trap , capture , o r  collec t , or attempt 
to engage in any such conduct )  of l i s ted fish and wildl ife species without 
special exemp tion . Under the terms of sections 7 (b ) ( 4 )  and 7 ( 0 ) ( 2 )  of the 
Act , taking that is incidental to and not a purpose of the agency act ion is 
not cons i dered prohib i ted taking within the bounds of the Act ,  provided that 
such taking is in compl iance with this Inc idental Take S tatement . The 
reasonab le and prudent measures described b elow are non- discret ionary and mus t 
be undertaken by the agency , the appl icant , or made a b inding condition of any 
grant o r  permit issued to the app l icant , as appropr iate . 

S an J oaquin kit foxes , blunt - nosed leopard l izards , giant kangaroo rats , and 
Tipton kangaroo rats may be taken incidentally during cont inued MER production 
and proposed cons truction of new fac i l ities on NPR - l .  Proj ect actions that 
may re sult in the mortality , harm , or harassment of the se species have been 
previ ously discussed in this b io logical op inion . Mitigation measures proposed 
by the Department wi l l  subs tant ially reduce but not el iminate the potenti al 
for inc i dental taking of thes e  species during proposed NPR - 1  ac tivi ties . 

Bas ed on information provided in the proj ect biological as ses sment ( DOE 1991) , 
informat ion on pas t inc idental takings on NPR - l  provided by EG&G , information 
in our f i les , and through prior consultations , the Service ant ic ipates that 
the following numbers of kit foxes , leopard l izards , and kangaroo rats may be 
subj ect to harm or mortal ity during proposed NPR - l proj ect ac t ivities . 

( 1 )  S an J oaquin kit fox ( total - 16 ) 

( a )  Road kills 8 foxes 
( a )  O ther rout ine operations 4 foxes 
( b )  New cons truction 2 foxe s 
( c )  Thi rd party p roj ects 2 foxes 

( 2 )  Blunt-nosed leopard l izard ( to tal - 20 ) 

( a )  Routine operat ion 
( b )  New cons truction 
( c )  Firebreak maintenance 
( d) Third party proj ects 

( 3 )  Giant kangaroo rat ( to tal - 40 ) 

( a )  Rout ine operation 
( b )  New cons truc tion 
( c )  Firebreak maintenance 
( d ) Thi rd party proj ects 

4 l izards 
5 lizards 
6 l izards 
5 l izards 

4 rats 
4 rats 

20 rats 
12 rats 
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( 4 )  T ip ton kangaroo rat ( total - 7 )  

( a )  Routine operation 
( b )  New Cons truct ion 
( c )  Third party proj ects 

2 rats 
o rats 
5 rats 

These inc i dental take l imits shall be subj ect to the following conditions : 

2 2  

( a )  vehicle related inj ury o r  mortality shal l  apply t o  thes e  l imits only i f  
DOE act ivities are demonstrably respons ible ; (b ) inj ury o r  mortality resulting 
from EG&G trapping and handling activities shall not apply to these l imits ; 
( c )  transfer of l imits from one category to another is allowab le if wri tten 
approval from the Service is obtained , with the except ion that l imits may not 
be trans ferred from third party proj ects to another catego ry ; and (d)  the 
S e rvice retains the discretion to determine to which category a taking app lies 
should any such assignment be in dispute . 

The Se rvice cons iders the number of animals subj ect to harassment from no ise , 
vibrations , displ acement , cap ture , or excavat ion of dens and burrows resul ting 
from DOE ac t ivi ties to be imprac tical to est imate . There fore , we author ize 
harassment of all federally listed wi ldl i fe species inhab i t ing NPR- l ,  provided 
that ( 1 )  any such haras sment is the resul t of bona fide proj ect activities ; 
( 2 )  that it is inadvertent or for the express purpose of removing individual 
animals from cons truc tion areas to s afe locations ; and ( 3 )  that all terms and 
conditions spec ified be low are ful ly implemented .  

The Service s tates that the following reasonable and prudent measures are 
necess ary and appropriate to minimize the po tential for inc idental take of 
the S an J oaquin kit fox , blunt - nosed leopard l izard , giant kangaroo rat , and 
Tipton kangaroo rat during NPR - l activities . 

( 1 )  The po tent ial for harm o r  mortality to federally lis ted wildlife spec ies 
and the ir habi tats shall be minimized during proposed DOE ac tivities� 

( 2 )  The potential for harm o r  mortal ity to federally lis ted wi ldlife species 
and the ir habitats shall be minimized during non - Fede ral th ird party 
proj ects permitted but no t conduc ted by DOE . 

In order to be exemp ted from the prohib it ions of Section 9 of the Ac t ,  the 
fo llowing terms and conditions , which implement the reas onab le and prudent 
measures described above , mus t be comp l ied with . 

( 1 )  The po tent ial for harm o r  mortal ity to federally l i s ted wi ldlife shall be 
minimized dur ing DOE proj ects by implementing the fol lowing procedures . 

( a )  The Department shall continue to implement fully the endangered 
spec ies protection program described on pages 4 through 8 of this 
b io logical op inion . This program is hereby incorporated into these 
te rms and condi tions as a requirement of the proposed ac tion . 

( b )  The Department shall cont inue to conduc t pre - ac t lvlty surveys prior 
to all surface dis turbing ac tivi t ies on NPR - l .  Thi s  consul tation 
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( c )  

shall b e  reinitiated if more than five percent o f  such proj ects per 
fiscal year are conducted without such surveys . 

Biological monitors shall be present on NPR - l cons truct ion s ites 
during all critical cons truc tion activities occurring within or 
adj acent to endangered species hab i tat . Activities for which such 
monitors shall be present include surveys or flagging necessary to 
de termine and del ineate specific construct ion areas , p ipel ine 
ali gnments , and location of access routes and s torage areas ; grading 
and trenching act ivities if they occur in s ens i t ive wildl i fe areas , 
as determined by b iological monitors ; checking o f  p ipes , p ip e l ine 
trench segments , and s imilar s tructures for entrapped wildl i fe ;  
removal of entrapped wildlife ; backfill ing p ip e l ine trench segments ; 
den and burrow excavati ons , i f  necessary ; and o ther activities as 
determined by moni toring b iologis ts to be necessary . To the extent 
poss ible , b iological monitors shall be readily available during 
periods when not actually p resent on cons truction s i tes . Biolog ical 
moni tors may allow excep t ions to this term and condi tion on a 
cas e - by - case bas is if ,  in the ir best pro fes s ional j udgement , and 
based on identi fiable c ircums tances , its conditions are unnecessary 
to protect endangered wildl ife . 

( d )  The Department shall make every reasonab le e£for t  t o  avoid damage o r  
des truc tion of San Joaquin ki t fox dens , giant and Tip ton kangaroo 
rat burrows , and burrows potentially util ized by leopard l izards 
during proposed MER act ivities on NPR- l .  Such avo idance measures 
may inc lude minor re - location of proj ect fac i l i t ies and minimization 
of cons truction impacts to the least pos s ib le area . When proj ect 
act ivi t ies mus t unavo idably occur within populated wildl i fe areas , 
as determined by monitor ing b io logis ts ( e . g . , areas with numerous 
small mammal or kangaroo rat burrows ) ,  b io lo g i s ts shall carefully 
monitor ac tual trenching and grading activit ies to dete rmine whether 
federally l is ted species actually are taken , how many are taken , and 
o ther spec ific effec ts . 

( e )  Known San Joaquin kit fox dens shall no t be damaged o r  des troyed by 
proj ect re lated actions unless written or verbal concurrence is 
obtained from the Service ' s  Sacramento Field Office prior to such 
e ffects . I f  concurrence canno t reasonably be obtained in a timely 
manner ( e . g . , on weekends ) ,  des truction of knoWTl kit fox dens may 
p roceed only i f  moni �or ing bio logis�s de termin� that che den canno t 
reasonab ly be avo ided and if the Service is verbally no t ified as 
soon as possible after the fac t . Any known kit fox den that mus t be 
des troyed shall firs t be monitored for three consecut ive nights by a 
quali fied b iologist to ensure that i t  is no t occup ied by kit foxes , 
and then shall be excavated by o r  under the direct supervis ion o f  a 
qual i fied b io logi s t  and backfil led to p reclude later use by kit 
foxes . Des truc t ion of all known kit fox dens shall be documented in 
the annual report . 

Po tential San Joaquin ki t fox dens may be excavated wi thout prior 
no t ification to the Service , provided that a qua l ified biologist has 
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determined that the den is no t a known kit fox den . Alternately , 
excavation of potential kit fox dens nee d  no t be conducted prior to 
construction activi ties , provided that no evidence of kit fox use of 
such dens is observed after three consecutive nights of monitoring , 
and that construction operations over such dens occur no more than 
24 hours after such dens are las t determined to be unoccup ied . 

( f )  S an Joaquin kit foxes , blunt -nosed leopard l izards , and giant and 
Tipton kangaroo rats may from time to t ime be cap tured and relocated 
from construction s i tes , provided ( i ) that burrows of these animals 
cannot reasonably be avo ided during cons truc tion activities ; ( ii )  
that associated conditions and actions deemed appropr iate by the 
S e rvice are satisfied ; ( i i i )  that wri tten approval from the 
S ac ramento Field Office is obtained prior to any such cap ture and 
removal ; and ( iv) that any person or persons conducting capture and 
re location activities possess an appropr iate sc ientific collecting 
perm i t  issued by the S e rvice or are o therwise qualified to conduc t 
such ac tivities , as de termined by the S e rvice in wri ting . 

( g) At the end of each day during all maj or NPR - l  cons truct ion proj ects , 
all open p ipel ine trench s egments and o ther s teep - walled ho les or 
trenches greater than two feet deep sha l l  e i ther be covered with 
p lywood or s imilar materials , or shall be equipped with escape ramps 
constructed of wooden planks , earth fil l , or s imi lar materials and 
spaced no further than one - quarter mile apart . Proj ects to which 
this term and condition app lies inc lude the s ame as those described 
in term and condition l ( i ) . 

(h)  The areas disturbed by construction re l ated activi t ies and routine 
day - to - day operation on NPR- l shall be minimized to the maximum 
extent practicable . All DOE and contractor veh icles shall be 
con�ined to exis ting pr imary or s econdary roads or to spec i fically 
de l ineated proj ect areas ; otherwi se , no off road vehicle traffic 
shall be permitted unles s  o therwise author ized through formal or 
informal consultation . If nece ssary , as de termined by moni toring 
b io logis ts , outs ide perime ters of cons t ruction areas shall be 
prominently s taked , flagged , or demarcated by o ther appropr iate 
means to maintain cons truction activit ie s  ins ide des ignated areas . 
Cons trllction s taging . laydown , and s tockp i l ing areas shall be 
confined to previous ly dis turbed areas or to spe c if ically del ineated 
cons truc tion areas . All flagging shall be removed upon conclus ion 
of cons truction proj ects . 

( i ) Within 6 0  calendar days following the end of each fiscal year , the 
Department shall submi t  to the Service ' s  Sacramento Field Office a 
brief annual report detail ing the follow ing information : ( i )  a 
descrip tion of all maj or cons truc tion activities undertaken the 
previous year ; ( i i )  dates that such cons truc tion occurred and the 
number of habitat acres permanently or temporar i ly dis turbed ; ( i i i )  
pertinent information concerning the Department ' s  success in meeting 
proj ect mitigation measures ; ( iv) an explanation of fai lure to meet 
such measures , if any ; (v) known proj e c t  effec ts on federally listed 
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( j ) 

( k )  

spec ies , including an estimate of the number o f  kit fox dens and 
small mammal burrows des troyed , if any ; (vi ) known occurrences of 
inci dental take of listed species , if any ; (vi i )  hab i tat rec lamation 
efforts undertaken that year , if any ; (vi i i )  results of ongoing 
monitoring of habitats reclaimed in previous year ; ( ix )  an estimate 
of hab i tat acres reclaimed to date ; and ( x )  o ther pertinent 
information .  The term "maj or cons truct ion act ivity" in this term 
and condit ion shall apply to the proposed gas p lant , cogeneration 
p lant , butane isomerization facility ,  all underground pipelines , and 
any o ther fac ility resulting in permanent dis turbance o f  more than 3 
acres at a time , or temporary dis turbance of more than 5 acres at a 
t ime . 

Emp loyees or contractors of DOE shall not be permitted to keep pets 
on NPR - 1 at any time except if confined or leashed . Unsupervised 
p e ts on NPR - 1 shall be cons idered a violation of these terms and 
conditions . 

All spills of oil , liquids contaminated by o i l  o r  other subs tances , 
o r  hazardous materials within NPR - 1  shall be cleaned up immediately 
if they present a potential hazard to endangered wildl ife . 

( 1 )  �ithin nine months of the date of this b io logical opinion . the 
Department shall inspect and evaluate all sump s  and catch bas ins 
on NPR - 1  for potential wildl ife hazards . and shall submi t to the 
Service a brief report describ ing ( i ) the number of such s tructures 
currently in use on NPR - 1 ;  ( i i )  the number of such structures that 
are be ing c losed or re tired ; ( i i i )  the ir type and condi tion ; and 
( iv )  remediation plans for any such struc ture s pos ing identified 
haz ards to wi ldlife . Remediat ion needs ident ified during this 
p rocess shall be completed within 12 months of the date of this 
bio log ical op inion . 

( m )  Within nine months of the date of this biological op 1n10n . the 
Department shall inspect and evaluate all we ll ce llars or s imi lar 
s truc tures on NPR- 1 for potential wildl i fe hazards . and shall submit 
to the Service a brief report describ ing ( i ) the number of we ll 
cellars or s imilar structures currently exis t ing on NPR- l ;  ( i i )  
the ir typE' and condit ion ; and ( i i i )  remediation plans for any such 
s tructures pos ing identi fied hazards to wildl i fe . Remediation needs 
identi fied dur ing this p rocess shall be comple ted wit:hin 12 months 
of the date of this b iological opinion . 

( n )  �ithin two years of the date of this op inion . the Department shall 
p lace into protected s tatus 5 . 05 8  acres of undis turbed endangered 
spec ies hab i tat within NPR - 1 and NPR- 2 ,  if appropriate . preferably 
along the north side of NPR- l adj acent to the Lokern Road area . 
Such hab itat shall be protected agains t maj or deve lopment activities 
in pe rpetuity e ither through conservation eas ement . trans fer of 
t i tle to a suitable publi c agency or conservat ion organization . 
execut ive act ion . or other legally b inding ins trument acceptab le to 
the S e rvice . I f  the Department retains t i t l e  to these compens ation 
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lands and if not o therwise provided for ,  the Department shall enter 
into written , legally b inding agreement w i th the Service and o ther 
affected parties concerning the manner in which compensation lands 
shall be managed . I f  the Department does not retain t itle to the 
lands , the Department shall provide to the agency or organization 
accept ing such t itle hab i tat endowment and enhancement funds in 
amounts acceptable to the Service . These funds shall be provided 
within a time frame acceptable to the Service . 

Prior to final ization o f  any land pro tect ion mechanism as required 
under this term and condition , the Department shall submit for the 
Service ' s  review the fo llowing information : ( i ) a descrip tion of 
lands selected for protection ; ( ii )  the manner in which they would 
be pro tec ted ; ( ii i )  Department commitments with respect to how such 
lands would be managed , if necessary ; and ( iv) o ther information as 
deemed appropriate by the Department or Service . Finalization of 
the protection program shall not occur until written approval is 
obtained from the Service that the protection program is acceptable 
in all pertinent respec ts . The Service is avai lab le to ass ist the 
Department in selecting sui table NPR- l lands for protection and for 
other assis tance as necessary . 

( 0 )  I f  requested , upon comp letion o f  any proposed cons truc t ion proj ect , 
or at any reasonab le t ime deemed appropr iate by the S e rvice , the 
Department or its contractors shall accompany Service personne l on 
on- s i te inspection tours of cons truc t ion s i tes or o ther locations , 
as requested , to review p roj ect impacts to endangered spec ies and 
the ir habitats . 

( 2 )  The potential for harm o r  mortality to federally li sted wildl ife shall be 
minimized during non- Federal third � pro j e c ts by implementing the 
fo llowing procedures .  ' 

( a )  Unless otherwise author ized by the Service in w r l t lng ,  all te rms and 
condi t ions within this b io logical op inion shall apply to all third 
party proj ects permi tted by the Department on NPR - l .  

( b )  Prior to ini tiat ion o f  any third party proj ect , the Department shall 
suhmi t to the Service for review and comment a complete de scrip tion 
of the proj ect . 

( c )  I f ,  after appropri ate review , the S e rvice de termine s that additional 
measures than those inc luded in these te rms and condi tions are 
required to minimize inc idental take result ing from a proposed third 
party proj ect , the Department shall implement such measures as the 
Service deems appropr iate through informal consul tation . I f  the 
Department o r  its third party permittees are unwill ing or unab le to 
imp lement such measure s ,  the Department shall reinit iate 
consul tation prior to c ommencement o f  any such third party proj ect 

( d) The Department also shall reinit iate consul tat ion conce rning third 
party proj ects if ( i ) ant i c ipated hab itat disturbances for such 

• 

• 

• 



• 

• 

• 

Mr . Danny A .  Hogan 
DRAfT 

2 7  

proj ects ( 101 acres ) are expected to b e  exceeded by any proj ect or 
comb inat ion of proj ects ; ( ii )  inc idental take l imits es tablished in 
this Inc idental Take S tatement for third party proj ects are expected 
to be exceeded by any proj ect or comb ination of p roj ects ; and ( i i i )  
i f ,  after appropriate review , the S ervic e  determines that adverse 
e ffects of a propos ed third party proj e c t  on federally l i s ted 
species are inadequately addressed in thi s  b iological op inion and 
reques ts reinitiation o f  consul tation . 

I f ,  during proposed proj ect actions , the amount o r  extent o f  incidental take 
o f  the San Joaquin kit fox , b lunt - nosed leopard l iz ar d ,  giant kangaroo rat , or 
Tip ton kangaroo rat is exceeded , the causative act ion shall ceas e and 
consultation shall be reinit iated immediately to avo id vio lation of section 9 
of the Act . 

The U . S .  Fish and Wildlife Service is to be notified in wr i t ing within three 
working days of the accidental death or inj ury of a San Joaquin kit fox , 
blunt - nosed leopard lizar d ,  giant kangaroo rat , o r  desert tortoise , or of the 
finding o f  any dead or inj ured kit fox , leopard l i z ar d ,  kangaroo rat , or 
des ert torto ise during cons truction of the propos e d  p ipelines . Not ification 
mus t include the date , t ime and location of the incident or of the finding of 
a dead or inj ured animal , and any o ther pertinent informat ion . The U . S .  Fish 
and Wildl ife Service contacts for this information are Mr . Will iam Lehman or 
Mr . Wayne Whi te ( 9 16/9 7 8 - 48 6 6 ) .  To determine disp o s it ion of dead or inj ured 
San J oaquin kit foxes , blunt - nosed leopard l izards , or giant kangaroo rats , 
the Cal ifornia Department of Fish and Game , Region 4 Office , Fresno should be 
contac ted ( 209/222 - 3 7 6 1 ) . 

Conservation Recommendations 

Sect ions 2 ( c )  and 7 ( a) ( 1 )  of the Act direct Federal agenc ies to uti l ize the ir 
author i t ies to further the purposes of the Ac t by carrying out conservation 
programs for the benefit of endangered and threatened species and the 
ecosys tems upon which they depend . Cons ervat ion recommendat ions have been 
de fined as Service suggestions re garding discretionary agency activities to 
minimize or avo id adverse effects of a proposed action on l i s ted spec ies or 
c r i t ical hab itat , or regarding development of information . Therefo re , the 
Service recommends the fo l lowing addit ional actions to pro tect federally 
l i s ted species and their hab i tats during proposed continuing MER activit ies 
at NPR- l .  

( 1 )  As discussed on page 1 3  above , the Se rvice que s tions whether de finitions 
of " developed" and " undeve loped" habi tat on NPR- l ,  as uti l ized by EG&G 
in evaluating effects of MER development on the San J oaquin kit fox , are 
sufficient to detect subtle effects of such development on this species . 
Therefore , the Department should direct EG&G to re - evaluate such effec ts 
utiliZ ing exis ting data from NPR- l for the years 1980 to the present and 
utilizing improved methods to different iate be tween developed and 
undeve loped habitats . Such methods may include applying EG&G ' s  previous 
definit ions to smaller land areas ( e . g . , to quarter- sections rather than 
who le sections ) ;  deve lop ing a broader range o f  definit ions ( e . g  . .  heavily 
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deve loped , moderately developed , l i ghtly deve loped , and undeveloped) ; or 
o ther methods o r  combination of methods . 

( 2 )  The Department should direct EG&G t o  continue monitor ing o f  kit fox and 
lagomorph population trends and rainfall patterns on NPR - l  and NPR- 2 .  
This information ,  together with the analysis described in conservation 
recommendation no . 1 and information obtained from CDFG survey routes , 
should be util ized to further clarify the relat ive importance of factors 
potentially affecting kit fox distribution and abundance on NPR - l .  In 
accordance with the concluding paragraph be low , the Department should 
reinitiate consultation concerning MER activit ie s  on NPR - l should any 
such new information sugges t  that MER production is reSUlting in effects 
to San Joaquin kit foxes not cons idered in thi s  op inion , o r  that the 
conclus ions in thi s  opinion with respect to e ffects of MER production on 
kit foxes is incorrect or inadequate . 

( 3 )  The Department should direct EG&G to increase moni tor ing o f  population 
trends on NPR - l of other federally l i s ted spec ies - - i . e . , the blunt - nosed 
leopard l izard , giant kangaroo rat , Tipton kangaroo rat , Kern mallow , 
Hoover ' s  woo ly - s tar , and San Joaquin woo ly - threads . The Department 
should reinitiate consultation concerning MER activities on NPR- l should 
any new information suggest that MER production is resul ting in effec ts 
on thes e  spec ies no t cons idered in this opinion or that the conclusions 
in this opinion with respec t to effec ts of MER product ion on these 
species is incorrect or inadequate . 

( 4 )  The Department should contribute funds t o  b e  util ized for res earch 
proj ects on federally listed S an Joaquin Valley species conducted e i ther 
on NPR- l but by researchers o ther than EG&G , or off NPR - l in adj acent , 
nearby , or other S an Joaquin Val ley locations . The rationale for this 
recommendation is as follows . 

Firs t ,  NPR - l is a highly lucrat ive o i l  fie l d ,  generat ing average net 
revenues of approximately $ 7 5 0 mill ion per year . S econd , NPR- l occup ies 
a key location in the conf iguration of remaining S an J oaquin Valley 
hab itats in Kern County ( near or adj acent to the Lokern Road area , Buena 
Vista Valley , and others ) and DOE ac tivities on NPR- l have resulted in 
temporary or permanent dis turbance to over 6 , 000 acres of endangered 
species hab itat within thi s  area - -by any measure a s i gnificant e ffect . 
Third ,  over 3 , 500 acres of hab i tat dis turbance on NPR - l  resulted from 
Federal activities conducted prior to the onset of MER deve lopment · and 
no mitigation for the effect has been required under this or previous 
b io logical op inions . Fourth , in the Service ' s  view , res tricting DOE 
research funds non - competitively to a s ingle group ( EG&G ) does not result 
in the greates t  benefit to affec ted endangered species . F inally , as a 
Federal agency , the Department has s i gnificant respons ib i l i ties under 
section 7 ( a ) ( 1 )  of the Act to utilize its author i ties in carrying out 
endangered species programs . 

Based on thes e  cons iderations , the S e rvice recommends that DOE contr ibute 
a sum of approximately $ 100 , 000 per year through the l i fe of the NPR - l 
o i l  field , or unti l  federally l isted species affected by DOE ac tivities 
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are de1 i s ted,  whichever comes firs t , to a suitab le interes t -bear ing 
account to be administered by the S ervice for research and management of 
such spe c ies . 

This conc ludes formal consultation on proposed continuing MER production on 
NPR - 1 .  Re initiat ion o f  formal consultat ion is required ( 1 )  if the amount or 
extent of inc idental take is exceeded ; ( 2 )  if new information reveals effects 
of the action that may affect federally l isted species in a manner or to an 
extent not cons idered in this opinion ; ( 3 )  if the proj ect is subs tantially 
modified in a manner that causes an effec t  to l i s ted spec ies that was not 
cons idered in this opinion ; and/or ( 4 )  i f  a new species is l i s ted or critical 
hab i tat is determined that may be affected by the action . 

We appreciate the cooperation of the Department , Chevron , and EG&G throughout 
this consultation process . Pleas e contact Bill Lehman or Peter Cross o f  my 
s taff at ( 9 1 6 )  9 7 8 - 4 8 6 6  if you have questions or information concerning this 
b iological opinion with respect t o  fede rally listed wi ldl ife specie s , and Jan 
Knight if you have ques tions or information with respect to federally l i s ted 
p l ants . 

cc : 

S incerely , 

\.layne S .  Whi te 
Field Supervisor 

As s is tant Regional Direc tor , Ecol o gical Services , Portland , Ore gon (Attn : 
Richard H i l l )  

Chief , D ivis ion of Endangered Spec ies and Hab i tat Cons e rvation , 
Washington , D . C .  

Mr . Ken Berg , Cal i fornia Department of Fish and Game , 14 1 6  Nin th S tree t , 
Sacramento , Cal ifornia 9 5 8 14 

Mr . George Nokes , Regional Manage r ,  California Department of Fish and 
Game , 1 2 34 E .  Shaw Avenue , Fresno , Cal ifornia 9 3 7 1 0  

Mr . J im Killen , U . S .  Department of Energy , Naval Petroleum Reserves in 
Cal ifornia , P . O .  Box 11 , Tupman , Cal ifornia 

Mr . Thom Kato , EG&G Energy Measurement , Inc . , P . O .  Box 1 2 7 , Tupman , 
Cali fornia 9 3 2 7 6  

Dr . Thomas P .  O ' Farrell , EG&G Ene r gy Measurements , Inc . , 6 1 1  Avenue H ,  
Boulder C i ty , Nevada 8 9005 

Ms . Linda Spiegel , Cal ifornia Energy Commi s s i on ,  4 7 0 5  New Hor izon , 
Suite 8 ,  Bakersfield , Cal ifornia 9 33 1 3  

Mr . J im Browne l l , California Energy Commis s ion , 1 5 1 6  N inth S treet , 
Sacramento , Cal ifornia . 
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United States Department of the Interior 

In Reply Refez To: 
1 - 1 - 9 3 - 1 - 745 

Mr . Danny A. Hogan 

FISH AND WILDLIFE SERVICE 
Emlogical Services 

Saaameoto FJeld Oflice 
2800 Cottage Way, Room E-1803 

Saaamento, California 95825-1846 

U . S .  Department o f  Energy 
Naval Petroleum Reserves in California 
Tupman , California 9 3 2 7 6  

Dear Mr . Hogan : 

April 12 , 1993 

This responds to your April 5 ,  19 9 3 , request for clari fication concerning 
whether the b iological opinion rendered by the U . S .  Fish and Wildlife Service 
on December 16 , 1987 ( Case No . l - 1 - 80 - F - 2R) , for oil development activi ties on 
Elk H i lls Naval Petroleum Reserve (NPR - l )  remains in e ffect .  You reques ted 
such clarification relative to the fact that formal c onsultation on NPR - l  
ac tivities was reinitiated b y  your Department on October 9 ,  1991 , and the 
latter consultation is not yet completed . 

My s taff has reviewed your request and advises as follows . The December 16 , 
1 9 8 7 , b iological opinion will remain in effect for all activities specifically 
de scribed wi thin that opinion until such time as the current consultation 
[ Case No . l - 1 - 80 - F - 2 (R2 ) } is completed and the Service renders a revised 

bio logical opinion addres s ing ongoing and new NPR - l  activities as described in 
your Supplemental Environmental Impact Statement ( SEIS ) . However , newly 
proposed NPR - l  activi ties ( i . e .  activities des cr ibed in the SEIS that are not 
addres s ed in the December 16 , 1987 , b iological op inion) are � covered by the 
earlier opinion . 

I hope this answers your concerns with respect to ongoing Endangered Species 
Act consultation efforts between our two agenc ies . If you have ques tions or 
des ire further information , please contact me or Bill Lehman of my s taff at 
( 9 16 ) 9 7 8 - 4 8 6 6 . 

S incerely , 

� a 4P�1.A �wayne S .  Whi te 
Field Supervisor 

cc : Ass is tant Regional Director , Eco logical Services , Portland , Oregon 
(ARD - ES ;  Attn : Richard Hill) 
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United States Department of the Interior 
FlSH AND WILDLIFE SERVICE 

SACRAMENTO ENDANGERED SPEC I ES OFFICE 
2 8 00 Cottage Way , Room E-1 8 23 

Sacramento ,  Calito rnia 9 S 8 2 S - 1 8 4 6  

In Reply Refer To : 
TAR/ 1-1-8 0-F-2R I I  • 

Hr . Rober t L .  We ller 

DEC 1 6  1987 

Director , Naval Petroleum Reserves 
in Cal i fornia 

P . O .  Box 1 1  
Tupman , C a l i f o rn i a  9 3 2 7 6  

Sub j ect : Formal Endangered Species Consultation o n  the Petroleum 
Deve lopment Program at Maximum Efficient Rate at Naval 
Petroleum Reserve Number 1 ( Elk H i l ls ) , Kern County , 
Cal i fornia 

Dear Mr . Wel l er : 

This responds t o  your request ,  dated July 1 ,  198 6 ,  for formal 
consul tat ion pursuant to the Endangered Species Act of 1973 , as 
amended , on the petro l eum development program at maximum 
e f f i c ient rate o f  extraction at the Elk H i l l s  Naval Petroleum 
Rese rve Number 1 ( also reterred t o  as " NPR- l " or " p e troleum 
reserve " in the text o f  this Bio log ica l Op inion ) . I t  is our i 
B i o l ogical Opinion that continued petrol eum development at Elk 
H i l l s  Naval Petroleum Reserve Number 1 under the maximum 
e t t i cient rate o t  extraction program i s  not l ikely to j eopardize 
the continued existence ot the San Joaquin ki t fox ,  blunt-nosed 
leopard l izard , or giant kangaroo rat . No cri tical habitat has 
been des ignated tor any o t  these speci es ; therefore , none wi l l  b e  
adversely mod i t ied or destroyed . 

A prior Biological Opinion address ing this program s ent to the 
Depar tment ot Energy on February 1 ,  1 9 8 0 , concluded that 
cons truct i on o t  a l iquid products pipel ine , s torage and railroad 
fac i l i ty ,  and implementation o t  the petroleum deve lopment program 

· at maximum e f f i cient rate would j eopardize the continued 
exis tence o t  the San Joaquin ki t tox and b lunt-nosed leopard 
l izard . Six " Reasonabl e  and .Prudent Al t ernatives " were included 
in the Opinion that a l l owed the sub j ect· program t o  cont inue , 
provided t�at the " • • •  USN/DOE would comp l e t e  a tuture 
consultation to examine the aspects o t  HER . " This subj ect 



Biological Opinion examines the ongoing program and success ot 
implementation ot measures specified in our 1980 Biological 
Opinion tor the protection o t  endangered species . Amendments to 
the Endangered Species Act o t  1973 pertaining to the incidental 
taking ( i . e . , kil l ing , harming , or harassment ) ot l i s ted species 
also needed to be addressed tor this proj ect . 

This Opinion does' no t  include a review o t  any on-site proj ects 
that may be related to enhanced o i l  recovery using tertiary 
recovery techniques such as s team inj ection . Later biologi cal 
assessments tor such recovery techniques , i t  proven teasible ,  
should be conducted , and tormal consul tation initiated with our 
agency by the Department ot Energy . 

Rati onal e  

A descript i on o t  the o i l  development program a t  maximum etticient 
rat e ot extraction is provided in the pro j ect EnVironmental 
Impact S tatement ( Department o t  Energy 1 9 79 ) . Planned proj ect� 
related actions to fisca l  year 1 9 9 6  are addressed in a Department 
o t  Energy report ( Department o t  Energy 1 9 8 5a ) . Your agency 
provided additional intormation as enclosures to a l e tter dated 
November 4 ,  1 9 8 6 . Pro ject construct ion actions , based on 
avai lable intormation , are summarized in Table 1 .  

Br i e t ly ,  the Naval Petroleum Reserves Act o t  1 9 7 6  ( P . L .  94-2S8 ) 
dictated that Elk Hi l ls petroleum reserves be produced at their · 
maximum e t t i cient rate tor 6 years . Success ive 3-year extensions 
to this original 6-year program were authorized in 1 9 8 2  and 1 9 8 5 . 
Production is current ly authorized unt i l  Apri l  5 , 1 9 88 . The 
Department o t  Energy currently plans to develop an Envi ronmental 
Impact Statement addressing the continuing program past this 
pOint in time . The Envi ronmental Impac t  S tatement is s cheduled 
tor completion during the spring o t  1 9 8 9  ( Mr .  Carl o  Montemagno , 
Depar tment o t  Energy , personal communi cation ) . 

The approximately . , 000 acres to be impacted by the program at 
NPR- 1 represents about 8 . 6  percent o t  the 4 6 , 09 6-acre reserve . 
Approximately 2 2 5  acres have been partially reclaimed through 
1 9 8 6 . Resul ts o t  the success o t  habi tat restoration et torts at 
NPR- 1 , during 1 9 8 5  through 1 9 8 6 , are provided in Tabl e  2 .  

The Department o t  Energy , as a res�l t o t  our prior 1 9 8 0  
Biological Opinion , ins t i tuted � program t o : determine 
distribution and relative abundance ot the San Joaquin ki t tox , 
blunt-nosed leopard l izard , and o ther s e lected sens itive species 
( Mul len 1 9 8 1 ,  O ' Farrel l 1 9 8 0 ) : moni tor s tatus ot sens i t ive 
species and prey ( O ' Farre l l  1 9 8 4 , Harris 1 9 86 ) : mitigate and 
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Table 1 .  Construction Pro j ects Associated With the Petroleum 
Development Program at Maximum Efficient Rate of Extraction 
at NPR-1 · 

Activity No . Act ions 

Wel l  Pad Construction 

Access Roads to Wells 

Oil Pipelines 
Waterflood System 
Gas Processing P lant 
LACT Fac i l i ty 
Was te Disposal S i t e  
Faci l it i es 
Tank Settings 

Secur i ty Fence/Firebreak 
TOTAL 

79 1 ( to current ) 
2 3 4  ( to FY9 1 ) · · 
7 9 1  ( to current ) 
2 3 4  ( to FY9 1 ) · · 
unknown 

1 3  
2 
1 
1 

unknown 
8 ( proj ected ; current 

number unknown ) 
2 

· Based on avai lab l e  data ( 1 9 8 5 ) . 

Est . Acreage 
Disturbed· 

1 5 8 2  
468 
363 
107 
1 00 · · ·  

1 0 1 0  
40 
4 0  
40 
30 

64 
1 8 8  

4032 

· · Es t imate does not include addi t i onal o i l  t i eld act ivi ties which 
have resulted in modification o t  extant habi tats , including 
cons truction ot a l imi ted enhanced o i l  recovery pro j ect ( 25 
acres ) . 
· ·Approxima te - based on avai lable information and contingent 
upon several variab l es . 
· · · No r e l iab l e  estimates ava i lab l e  . 
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Table 2 .  Qual i tative Evaluation o t  Revegetation Site. Included 

in the 1985 through 1 9 8 6  Hab itat Re.toration Program at 
NPR-1 ( Source : U . S .  Department o t  Energy Data , 1 9 86 ) ·  

Evaluation Score No . o t  S i tes ( - ) Acreage ( - ) 

Poor 1 2  7 . 9  6 . 4  S . 7 
Poor-Pair 3 3  2 1 . 7 1 2 . 6  1 1 . 3  
Pair 24 1 S . 8  7 . 0  6 . 3  
Pair-Good SO 3 2 . 9  3 6 . S  3 2 . 9  
Good 2 0  1 3 . 2  13 . 2  1 1 . 9  
Good-Excel l ent 4 2 . 6  2 . 0  1 . 8  
Excellent 9 S . 9  33 . 4  30 . 1  

TOTAL l S 2  1 1 1 . 1  

-Approximately 300 addi tional s i tes totaling 1 2 S  acres wer e  
included i n  this program during the 1 9 8 6  through 1 9 8 7  Hab itat 
Restorat ion Program at NPR- 1 ( Hr .  Thom Kato , personal comment. ) .  
An addit ional 242 s i tes total ing 1 20 . 4  acres are targeted tor 
rehab i l i tation during 1 9 8 7  through 1 9 8 8  ( Dr .  Thomas O ' Parrel l ,  
personal comments ) .  
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compensate for adverse ef fects of pro j ects to l is ted species 
( Kato e t  al l 1 9 85 , O ' Farr e l l  and Mi tche l l  1 9 85 ) : and examine the 
ef fects o f  o i l  production on these species and thei r  habitats 
( Kato and O ' Farrell 1986 , O ' Farrell et al . 19 8 6 ) . Information 
and mitigation techniques developed from this program were 
required for development of a Biological Opinion addressing the 
overall impacts ot the o i l  production program at maximum 
efficient rate and det�il ing an n equitab l e  compensation/ 
mitigation plan" to assure the continued exis tence ot both the 
San 30aquin kit fox and blunt-nosed leopard l i zard . 

The Department o f  Energy has developed a mitigation plan for the 
San 30aquin kit fox and blunt-nosed l eopard l izard at Elk Hills 
comprised o f  s everal major components . The Department has , in an 
agency repor t  submi t ted with this consultation , s tated tha t  these 
" strategies • . •  will be continued in the future . "  ( O ' Farrell et 
al l 1 9 8 6 , Kato e t  al l 1 9 8 6 ) . Brietly , the maj o r  protective 
measures that the Department ot Energy has indicated a 
wi l l ingness to cont inue are : 

( 1 )  Ini t ia ting pre-cons truction surveys tor l is ted species 
for all operational act ivi ties that wi ll disturb soil 
surface and vege tation . This program i s  speci fied to 
include "all construction , electr i cal , operations , 
secur i ty ,  satety , service , and maintenance pro j ec ts : 
regardless o t  pro j ect s ize , the presence o t  tac i l it ies 
or previous dis turbances " ( correspondence ot May 1 4 ,  
1 9 8 7 , from the D epartment ot Energy , with attachments ) .  

( 2 )  Implement ing the remainder o t  the habi tat restoration 
p lan , " . . •  immediately tol lowing approval o t  the enti re plan by 
DOE " ( O ' Farrell et al l 1 9 8 6 ) . 

( 3  ) 

( 4 ) 

( � ) 

( 6 )  

Continuing to implement a moni tor ing program for lis ted 
species ( O ' Farre l l  et al l 1 9 8 6 ) . 

Cont inuing to impl ement operati onal guidel ines des igned , 
in part , to pro tect lis ted species and the i r  habitats 
( O ' Farr e l l  et a l l 1 9 8 6 ) . 

Des ignat i ng a qua l i t ied individual to supervi se 
implementation o t  the endangered species program at Elk 
Hi l l s  ( O ' Farre l l  et al l 1 9 8 6 ) . ' 

Maintaining a cooperative agreement with the Department 
o t  Agri cul ture ( Animal Damage Control ) to al low tor 
peri odic coyote control activi ties ( O ' Farrell et al l 
1 9 8 6 ) . 

5 



( • 

( 1, )  Developing and implementing an environmental training 
program, encomp ••• ing a l l  facet. o f  endangered .pecie. 
protection during program activities ( correspondence 
from the Department o f  Energy to the O . S .  Fish and 
Wi ldl i fe Service , dated August 2 4 , 1981 ) . 

( 8 )  par t icipatlng . in pe. t  management agreements to minimize 
the potential for indirect and direct adverse e ffects to 
endangered species ( correspondence from the Department 
o f  Energy to the u . s .  Fish and Wildli fe Service , dated 
May 1 4 ,  1 9 81 ) . 

( 9 )  Enforcing speed l imits along paved fac i l i ty roads under 
the Department ' s  j ur i sdiction to reduce the potential 
for ki t fox mortal i ty and injury ( correspondence from 
the Department of Energy to the U . S .  Fish and Wildl i f e  
Servi ce , dated May 1 4 , 1 9 87 ) . 

Measures that the Department o f  Energy has expressed a 
wi l l i ngness to continue for the protect ion of the blunt-nosed 
leopard l i zard at NPR- l are : 

( 1 )  Ini t iat ing pre-construction surveys tor a l l  proposed • cons truction and operati onal act ivi t ies that wi l l  
dis turb s o i l  pro fi les and vege tation ( co rrespondence 
from the Depar tment o f  Energy to the U . S .  Fish and 
Wildl i fe Servi ce , dated May 1 4 , 1 9 8 7 ) . 

( 2 )  Implement ing the remainder o t  the habi tat rehabi l i tation 
program , cont ingent upon approval by the Department o f  
Energy ( Kato et al . 1 9 8 6 ) . 

( 3 )  Requiring S tate agencies to abide by U . S .  F i sh and 
Wi l dl i t e  Service s tipulations set forth in a separate 
B i o l og i cal Opinion ( Case No . 1 - 1-8 S -F-3 8 ) governing 
app l i cation o t  the insecticide malathion ( Kato et al . 
1 9 8 6 ) • 

( 4 )  Cont inuing to imp lement o f  operat ional gui4el ines 
des igned , in part , to protect l i s ted species and their 
habi tats ( Kat o  et al . 1 9 86 ) . 

( 5 )  Regulating use o f  al l insecticides , rodenticide. and 
o ther potent ial ly toxic substances upon the Department 
of Energy approval ( Kato et al . 1 9 8 6 ) . 

( 6 )  Deve lop ing and imp l ementing an envi ronmental training 
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program, encompassing a l l  facets of endangered species 
protection during program activities ( correspondence 
from the Department o f  Energy to the u . s .  Pish and 
Wi ldl ife Service , dated August 2 4 , 1 9 8 7 ) . 

( 7 )  Enforcing speed l imits along paved roads under the 
Departme�t! s jurisdiction to reduce potential for 
l eopard l izard road mortal i ty ( correspondence from the 
Department o f  Energy to the O . S .  Pish and Wildl ife 
Service , dated May 14 , 1 9 87 ) . 

A management plan outlining measures to minimize the impacts of 
development activities on endangered spe cies has identi fied a 
need to investigate potential effects o f  contaminants on San 
Joaquin kit foxes and their prey ( O ' Farre l l  and Scrivner 1 9 81 ) . 
The Department of Energy has also informed the Service that i t  is 
" conduct ing several programs to invest igate , directly and 
indirectly , any possible toxins damage • • •  to • • •  the environment " 
( correspondence from the Department o f  Energy to the O . S .  Fish 
and Wi ldl i f e  Service , dated May 14 , 1 9 8 7 ) . 

Spec i f i c  measures for protect ion o f  the giant kangaroo rat are 
provided in a biologi cal assessment address ing the ef tects o f  
petrol eum production activit i es o n  this species and its habitat 
( O ' Farre l l  and Kato 1 9 87 ) . The Dep�rtment of Energy ,  as a 
port ion o f  the pre-cons truction survey program being conducted to 
minimize the potent ial for inc idental taking of the San Joaquin ; 
ki t fox and b lunt-nosed leopard l izard , includes inventories for 
giant kangaroo rat burrow sys tems . To date , with the exception 
o f  f irebreak maintenance actions , none are known to have been 
des troyed by cons truction act ions at NPR- 1 or NPR-2 ( O ' Farre l l  
1 9 8 1 , O ' Farre l l  and Sauls 1 9 8 2 , Kato e t  al , 1 9 8� , Kato 1 9 8 6a ) . 

Assurance o f  funding and manpower resources necessary for 
impl ementation and compliance with this program is not specified .  
Por example , regarding implementation o t  the habi tat restoration 
program , the Department of Energy has s tated that , " DOE wi l l  
choose the most appropriate s trategies , estab l ish pr iorities , and 
schedul e activi ties , based on the availab i l i ty of appropriate 
funding and the evolving needs o f  the endangered species 
cons e rvat ion program at NPR-1 "  ( O ' Farrel l  and Mitchel l  1 9 8 � ) . 
The Department of Energy reiterated this intention in 
correspondence dated May 14 , 1 9 81 , s tat ing that " reclamat ion 
s trategies wi l l  be based on the availab i l i ty of parcels and the 
techni cal and economic feasibi l i ty o f  ;oestoration . "  

The San Joaquin kit fox is widely dis tr ibuted at NPR- 1 .  A series 
ot l ine transects estab l ished at 2 2 0-yard intervals walked i n  
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1979 and repeated in 1 9 8 4  indicate an average relative kit fox 
den density ot about 9 dens per square mil e , with an est imated 
abso lute kit tox den dens i ty ot 84 dens per square mile 
( O ' Farrel l  1 9 8 0 , O ' Farrell e t  a l e 1 9 86 ) . Den distribution 
include. areas of high relief and past and current oil 
development ( O ' Farre l l  e t  al e 1 9 8 6 ) . In addition to tran.ect 
surveys tor kit f�x. dens , a l ive-trapping program to estimate fox 
population size and di.tribution was initiated in 1980 . Results 
of this program indicate that the minimum " trappable" kit fox 
population peaked during 1 9 8 0  and 1 9 8 1  at 2 3 4  animals , and 
decl ined to 5 7  animals during the summer o f  1 9 8 5  ( O ' Farrel l  et 
a l e 1 9 86 ) . Greater numbers ot animal s  were observed in developed 
areas prior to the winter o f  1 9 8 2  and 1 9 8 3 . This trend was 
rever.ed after the summer o f  1 9 8 2 , although the authors not e  
tha t , " • • •  comparisons between estimated numbers [ of San Joaquin 
kit toxes ] in developed and undeveloped habi tats should be made 
cautiously" unt i l  resul ts o f  additional studi es are obtained 
( O ' Farre l l  et al e 1 9 8 6 ) . More recentl y ,  investigators have 
es timated kit fox popul ation decl ines from a " peak" of  262 
animals in 1 9 8 1 , to 56 animals in 1 9 8 5 . S imilar declines were 
no ted from bo th developed and undeveloped portions o f  the 
fac i l i ty ( i . e . , sections or half-sec t ions o f  th� facil i ty defined 
as having greater or less than 1 5  percent o f  the land surface 
disturbed by o i l  f ield development ) ,  l eading authors to conclude 
that "whatever was caus ing the decl ine in the ki t fox population 
was act ing equally ( or in a manner that cannot be construed as 
di f ferent ) on bo th the developed and undeveloped areas " ( Harris i 
et al e 1 9 8 7 ) . 

Lagomorph populati ons , the principal prey o f  ki t f ox at Elk 
H i l l s , declined approximately 25 percent between 1 9 8 0 and 1 9 8 4 ; 
kit t ox prey compo s i tion shi f ted to include a s�gni t i cantly 
higher proportion of kangaroo rats dur ing this period ( O ' Farre l l  
e t  al e 1 9 8 6 ) . S eparat e  lagomorph densi ty est imates were not 
ini tial ly obtained for undeve loped versus developed portion. of 
NPR-l ( Harris 1 9 8 6 ) . However , more recent information available 
indi cates no appreciable dit ference in lagomorph density between 
these areas ( At tachment A to correspondence f rom the Department 
o t  Energy to the U . S .  Fish and Wildl i fe Service , dated May 1 4 , 
1 9 87 ) . 

Numbers o t  ki t tox l i t ters produced in developed and undeveloped 
habi tats at Elk Hi l ls followed a simi lar pattern to population 
declines . L i tter� produced per 1 , 000 acres o f  undeveloped 
hab i tat increased f rom 0 . 4 5 to 0 . 89 between 1 9 8 2  and 1 9 8 4 , but 
decl ined to 0 . 4 5 between 1 9 8 4  and 1 9 8 5 . L i t t ers produced per 
1 , 000 acres wi thin developed habi tats decl ined from 0 . 67 to 0 . 1 5 
between 1 9 8 2  and 1 9 8 e  ( O ' Farr e l l  et al e 1 9 8 6 ) . L i tter size. did 

8 

• 

• 

• 



• 

• 

not signi t icantly vary between areas . The author. concluded that 
" [ no ] evidence was gathered showing that the pre.ence ot oil tield 
development. and activit ies in portions ot NPR-1 inhibited kit 
tox reproduction- ( O ' Farrell et al e 1 ; 8 8 ) . More recent 
intormation ,  however ,  has documented l owered r ate. o t  pregnancy 
in yearlings , reduced succe •• o t  females to rai.e pups , a 
reduction in the number o t  kit tox l i tters produced per square 
mil e , and imbalan�ed sex ratios on developed portiOns ot the 
tac i l i ty when compared to undeveloped petroleum reserve areas 
( Zoell ick e t  al e 1 9 87 ) . Such noted disparitie. in kit tox 
reproduct ive success between developed and undeveloped portions 
o t  the petroleum reserve "may have been l inked to decline. in 
prey base , increases in coyote predation in developed habi tats , 
habitat degradation caused by o i l  t ield production activitie. , or 
resulted trom unknown causes " ( correspondence trom the Department 
ot Energy to the O . S .  Fish and Wi ldl i te S ervi ce , dated May 1 ' ,  
1 9 8 7 ) . 

Coyote predation accounted tor 5 .  percent o t  total ki t tox 
mortal i ty .  Vehicles accounted overa l l  tor 1 1  percent o t  kit tox 
mortal i ty .  Vehicle-related mortal i ty was signi t icantly higher in 
deve loped ( 1 6 percent ) than in undeveloped ( 4  percent ) portiOns 
o t  the reserve . Approximately 3 1  percent of recovered animal. 
( 70 )  died t rom unknown causes ( O ' Farre l l  et al e 1 9 8 6 ) . More 
recent ly , B er ry et al e ( 1 9 8 7 ) estimated that 1 5  percent ot the 
ki t foxes t ound dead in developed portions and 9 percent o t  the 
ki t toxes found dead in undevel oped portions o t  NPR-l were kil l ed 
by vehicles . Cause o t  death could no t be determined in these 
cas es because ot advanced carcass decompos i tion or recovery ot 
only the animal ' s  radio col lar ( Berry et al e 1 9 87 ) . Deaths ot 
remaining recovered ki t toxes included injuries incurred during 
or prior to trapping ( three animals ) , transmi tter accident ( one 
animal ) ,  pneumonia ( two animals ) ,  shooting ( one · animal ) ,  
entrapment in a land f i l l  ( one animal ) ,  and drowning in water 
pipel ines ( 2  animals )  ( Berry et al e 1 9 87 ) . 

Resul ts o f  a series o f  inventories o f  public and private lands 
wi thin the San �oaquin Val l ey ( O ' Farrel l  et al e 1 9 8 0 , O ' Farrell 
and Sauls 1 9 8 1 ,  O ' Farre l l  and McCue 1 9 8 1 , O ' Farrell et  al e 1 9 8 1 , 
Rhoads et a l e 1 9 8 1 , O ' Farrel l 1 9 8 2 , Hal l 1 9 83 , Larry Seeman 
Associates 1 9 8 6 ) , and ext ending into adjacent val l eys and plain. 
( Balestreri 1 9 8 1 , �ones and Stokes Assoc iates , Incorporated , 
1 9 8 3 , ECOS Management Criteria , Incorpora �ed , 1 9 8 6 , Kato 1 9 8 6 b ) 
have consis tently demons trated the ne�d tor protection of extant 
habi tats wi thin the southern portions o t  the San �oaquin Val l ey 
containing relatively high numbers o t  "animals . The need tor 
insti tut ing protective management here is underscored in the San 
�oaquin K i t  Fox Recovery Plan , whi ch recommends the protection ot 
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approximate ly 3 S , 000 acres o t  pub l i c  and private lands 
s�rrounding both Department o t  Energy and Bureau o t  Land 
Management lands in the Elk Hil la ( O ' Farr e l l  1 9 83 ) . The U . S .  
Fish and Wildl i te Service has previously emphasi zed the 
importance o t  NPR-1 to the protection o t  the San 30aquin kit tox 
in our prior 1 9 8 0  Biological Opinion . 

The blunt-nosed leopar4 lizard i8 periphera l ly distributed at 
NPR- 1 . Transect surveys conducted at 2 2 0 -yard intervals walked 
in 1919 , indicated that the species was distributed in more level 
areas and wash systems in the southern , northwestern and 
northeastern portions o t  the petrol eum reserve ( O ' Parrel l  1980 ) . 
Addi t ional s tudies have contirmed the distribution o t  thi's 
species on more level portions o t  the reserve and a heavy 
reliance upon wash systems ( Mullen 19 8 1 , Kato and O ' Parrell 
1 9 8 6 ) . 

Mos t  blunt-nosed leopard l izard observations have taken place on 
portions ot the petro leum reserve sub j ect to l i t t l e , it  any , o�l 
development . Pre-construct i on surveys tor pro j ects at Elk Hills 
conducted be tween 19 8 0  and 1 9 8 4  turther reintorce this opinion . 
Only 6 pro j ects out o t  a total o t  3 8 5  " ma j o r "  construction 
pro j ect s i tes surveyed during this t ime needed to be modi tied to 
avo id impacts to the blunt-nosed leopard l izard ( Kato et al e • 1 9 8 5 ) . No data are avai lable quanti tying tolerance to oil tield 
activiti es . Mul len ( 19 8 1 ) , stated that "Whi le i t  is not believed 
that the spe cies survival wi l l  be threatened by o i l-related i 
activities on NPR- 1 , alterat ions o t  hab i tat ot the magnitude 
anticipated could have local et tects on population dens it ies and 
overal l e ttects on the total numbers o t  � s 1 1us supportable on 
remaining avai lab l e  hab i tat . "  He noted no direct instances where 
o i l  development nad resul ted in the death ot a leopard l izard , 
al though one specimen captured had i ts tore teet' and claws coated 
with what appeared to be o i l  res idues ( Mul len 1 9 8 1 ) .  rive 
individual leopard l izards were recovered dead during a 
subsequent radiotelemetry study ut i l izing nine individual animals 
at NPR-1 ( Kato and O ' Parre l l  1 9 8 6 ) . Two o t  the leopard lizards 
died in pools o t  o i l  tormed by an o i l  pipel ine l eak into a wash : 
the remaining three died o t  causes unrel ated to o i l  tield 
development ( Kato and O ' Farr e l l  1 9 8 6 ) . 

The general distribut ion o t  the giant kangaroo rat at NPR- 1 
roughly coinc ides wi th that o t  the b lunt-nosed l eopard lizard . 
The maj o r i ty o t  known giant kangaroo rat colonies are di��ributed 
on level lands and gentle s lopes peripheral to devel opment , in 
the southwestern and northeas tern port ions ot the reserve . 
Smal l er , scat tered giant kangaroo rat colony s i tes are also 
located , however ,  on level areas in more rugged terrain 
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( O ' Parrell et al e 1 9 81 ) . Pre-construction surveys o t  petroleum 
development pro jects at the petroleum reserve have not documented 
any contl ic ts with these colony s ites ( Kato et al e 1 9 85 ) . 
However ,  the recent unauthorized discharge o t  o i l-laden waters 
into a natural wash system entering the Buena Vista Vall ey 
adjacent to the reserve during the spring o t  1 9 8 6  resulted in the 
death ot at l eastl l ·1 �  giant kangaroo rats . Unauthorized o tt-road 
vehicle use tor seismic testing during o i l  tield exploration in 
the Buena Vista Val ley also resulted in the destruction ot 
several giant kangaroo rat burrow systems during 1 9 8 6  ( George 
Sheppard , Bureau o t  Land Management ,  personal comments ) .  

The San Joaquin kit tox may be adverse ly attected both directly 
and indirectly as a resul t o t  continuing petroleum development 
activities at NPR- 1 . Mortal i ty may result trom ingestion o t  
toxicants , crushing by vehicles , predation by coyo tes o r  other 
predators , or through overal l reduct ion in prey base populations 
or predator-avoidance areas as extant habi tats are destroyed trom 
ongoing development . 

Individual toxes may be kil l ed trom entrapment in burrows during 
cons truct ion activi t i es . Por examp l e , t ive ki t tox dens are 
known to have been accidental ly co l lapsed during construction o t  
we l l  pads dur ing impl ementation o t  this reserve-wide avoidance 
program ( Kato e t  al l 1 9 85 ) . Given the close association o t  this 
species at NPR- 1 with oil taci l i t i es , undocumented mortal i ty ot 
animals trom s imi lar construct i on actions or dur ing subsequent 
maintenance activ i t i es is high , a l though pre-cons truction surveys 
s igni t icant ly lower the potent ial tor inadvertent morta l i ty or 
injury o t  animals . Resul ts o t  more re cent pre-cons truction 
surveys have shown a dramat ic decreas e  in loss ot kit tox dens 
through accident , and an abi l i ty to modi ty pro j �cts in a manner 
to preclude the necess i ty o t  intent ional excavat ion ( Kato 1 9 8 6a ) . 
Expans ion o t  pre-construction surveys to inc lude a l l  potent ially 
impacting pro j ec t  act ions on the ki t tox ( Enclosure 6 to 
correspondence trom the Department ot Energy to the U . S .  Pish and 
Wildl i te Service , dated May 1 4 , 1 9 87 ) , shoul d turther reduce this 
risk . 

San �oaquin ki t toxes wi l l  continue t o  be vulnerab l e  to mortal ity 
trom vehicular use assoc iated wi th o i l  t ield cons truction and 
maintenance vehi c l es . Vehicle-related mortal i ty o t  kit toxes is 
signi t i cantly higher ( 1 6 percent versus 4 percent ) in developed 
than undeveloped portions o t the petroleum reserve . The 
Department o t  Energy has est imated that , under the cont inuing o i l  
product ion program at maximum e t t i c i ent rate . " . • •  about tive tox 
will be ki l led by vehic l es each year " ( O ' Farre l l  et  al l 1 9 8 6 ) . 
G iven the overal l decl ine in the tox population at Elk Hills ( as 
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evidenced by the est imated changes in numbers o t  " trappable" 
animals )  and estimated recent dec lines in numbers o t  l i tters ot 
kit toxes produced per 1 , 000 acres o t  devel oped and undeveloped 
habi tats , this source ot mortali ty continues to s i gni ticantly 
threaten the long-term survival prospects o t  the kit tox 
population . 

" . 

Although pre-construct i on surveys have been ini tiated as a part 
o t  the endangered species protection program at NPR-l , t ive kit 
tox dens , including at l east one mul tiple entrance den ,  are known 
to have been inadvertently des troyed trom o i l  act ivi ties . An 
addi t ional 1 9  kit tox dens ( including at l east 3 mul tiple hol e  
dens ) and 1 2  o ther dens not having characteristics consistent 
with known kit tox dens were excavated prior to initiation ot 
construction actions to prevent possible kit tox mortal i ty trom 
entrapment ( Kato et a l e 1 9 8� ) .  Al though individual animals may 
no t have been ki l l ed during these actions , the loss ot the 
denning s i tes may have indirectly a t tected the constituent kit 
tox population by reducing escape cover trom predators such as 
coyotes . Ki t tox populations may also have been reduced by loss 
ot natal or pupping dens that " • • •  may represent ances tral 

• 

breeding or rearing s i tes that may be important to successtul 
reproduct ion ot the species " ( O ' Farrel l  et al e 1 9 8 6 ) . The number 

• ot known kit tox dens des troyed i s  roughly equivalent to the 
average den densi ty over 0 . '  square mi les ot the reserve , based 
on prior sys tematic inventories conducted tor the Department o t  
Energy ( O ' Farrel l 1 9 80 ) . Ki t tox dens intentiona l ly excavated or 
inadvertent ly des troyed were not replaced with art i ticial denning 
areas ( Thom Kato , EG&G Energy Measurements Group , personal 
comments ) . 

No ki t toxes are known to have been ki l l ed on N�R-1 trom 
entrapment in spi l l ed o i l . Approximately 1 , 6' 8  o i l  spi l l  
" incidents " occurred a t  the reserve between 1 9 8 0  and 1 9 8 6 . 
Spi l l s  were typical ly smal l ,  averaging be tween about 1 , 00 0  and 
6 , 000 square teet each year ( Department ot Energy data ) . 
However ,  two ki t toxes " . • •  were tound dead in spi l l ed o i l  on NPR-
2 "  ( O ' Far r e l l  et al e 1 9 8 6 ) , the result o t  i l l egal discharges trom 
private companies ( DOE correspondence to USFWS , dated December 3 ,  
1 9 8 7 ) . Potential mor tal i ty to kit toxes exists at NPR- l as wel l , 
particularly tor larger o i l  spi l ls entering wash systems or other 
areas regularly t raversed by foraging adults or emigrating 
juveni les . 

In add i t ion to o i l  spi l l s , the Department o t  Energy has 
acknowl edged tha t chromium spi l ls have- been ident i t ied at � 3  
sites a t  the reserve and that " [ a ] n  evaluation is being 
pertormed on c l eanup methodologies at this time "  ( Department ot 
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Energy data ) . S torage a t  potentially contaminated dri l l ing muds 
and use at open sumps tor storage at waters separated tram o i l  at 
the Lease Automatic Custody Transter System units may also be 
mechanisms tor directly or indirectly providing toxicants to the 
kit tax. O ' �arre l l  an4 Scrivner ( 19 8 7 ) , discussing the need tor 
turther development studi es on the San Joaquin kit tax at the 
petroleum reserve ,'  have s tated that " there were 8urprisingly high 
l evels at vanadium ln the teces , and turther s tudies were 
warranted based on the 'potential threat a t  toxici� to kit taxes 
and their prey . Level s  a t  selenium in hair and teces ot' toxes 
did not suggest selenosis , but concentrations in sott tissues 
were relatively high • .  Additional data are needed betore the role 
at selenium as a potential contaminant can be evaluated . 
Chromium has also been tound in high concentrations in the 
surtace soi l s  o t  several wel l  pads on NPR-1 and may pose a threat 
to wildl i te , inc luding ki t toxes " .  The opportuni ty tor direct 
and indirect morta l i ty ot kit toxes at Elk Hills Naval Petroleum 
Reserve Number 1 trom ingestion ot heavy metals and other 
contaminants is potent ial ly signi ticant and warrants turther 
invest igation . 

Predation by coyotes has been determined to be the greatest 
source o t  known morta l i ty to ki t foxes at Elk Hills ( O ' Farrel l  et 
al l 1 9 8 6 ) . Reasons tor this high l eve l o t  mor tal i ty are 
uncertain , but such morta l i ty could be indirectly related to 
implementation ot measures such as boundary tence construction 
and prohibit ion ot tirearms and trapping ( O ' Farrel l  et al l 1 9 8 6 ) • •  
Implementation ot a coyo te control program at NPR-1 during 1 9 8 5  
ki lled 34 coyo te adults and 6 pups . An addit ional 47 coyote 
tetuses were found in adult temales ki l l ed during March 1 9 8 6 . 
S ixty- tour coyotes were also removed during 1 9 8 6  ( U . S .  Department 
o t  Agricul ture 1 9 8 6 ) . Results o t  success ot this program remain 
unclear : even with coyo t e  control , coyote predation on kit tox 
s t i l l  represented a s igni ticant source o t  mortal i ty ( Harris 
1 9 8 6 ) . Timing and scope ot any tuture control e t tort should be 
based upon r esul ts ot p l anned and ongoing monitor ing studies at 
the reserve , inc luding potent ial ki t tox predators , with timely 
review and input trom our agency . 

The San Joaquin kit tox populat ion has been subject to ongoing 
loss o t  extant habitats on NPR- 1 . This hab i tat suppl ies a prey 
base ot lagomorphs and rodents , and provides cover and locat ions 
tor construc t ion ot burrows tor predator avoidance and raising at 
young . We b e l i eve that loss ot extant habitats total ing about 
4 , 000 acres corresponds to a reduction in the number ot ki t toxes 
that can be maintained at the pe tro l eum reserve . To date , 
approximate ly 2 2 5  acres o t  previous ly disturbed lands at NPR- 1 
have been sub j ect to hab i tat res torat ion and rehab i l i tat ion 
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e ttorts to o t ts e t  kit t ox habitats los t during the o i l  production 
program at maximum e t t1 c1ent rate o t  extraction ( Table 2 ) . Given 
the widespread distribution o t  this species at the petroleum 
reserve , we believe that any extant habitats lost to o i l  t i e ld 
developments correspond to a l oss ot ki t tox hab itat . Specit i ed 
objectives o t  the o i l  extraction program a t  Elk Hil l s  are not 
related to 8urtay� .developments ( we l l s  and support tac i lit1es ) 
but are t ied t o  maximum e t t i c1ent extraction o t  subsurtace 
petrol eum reserves . Pro j ections tor tuture developments at Elk 
Hills under this program are speculative and may s 1 gn1t icantly 
underestimate tuture habi tat loss just as pro j ections considered 
in our 1 98 0  B i o logical Opinion substantially underestimated 
actual devel opment . 

Although intormat ion addressing ettects o t  the program does not 
c l early demonst rate that recent precipi tous declines in the San 
Joaquin ki t t ox population at NPR-1 are specitical ly related to 
this loss o t  habi tat at current levels ot dis turbance , there are 
no assurances that ongoing pro j ect actions and concomitant 
habi tat l oss wi l l  no t eventually contribute to the extirpation ot 
the San Joaquin kit tox at the petroleum reserve . As the 
taci l 1 ty ki t tox populat i on has declined ( tor what ever reasons ) ,  
extirpation becomes an increas ing possib i l i ty .  Judicious 
management o t  program activi t ies in a manner that precludes this 
population l o s s  and maximizes the opportuni ty tor species ' 
recovery i s  o t  paramount importance . Maintenance o t  extant 
habi tats and i ns t i tution o t  an aggress 1ve ' program to o ttset 
completely i ncremental hab i tat loss trom .pro j ect actions should 
be an integral component ot this process �. At present rates o t  
program imp l ementation , we estimat e  that � t  wi ll require over 4 0  
years to r e s t o r e  an equival ent amount o t ' on-s i t e  habi tat t o  that 
los t in the las t 10 years . Addi tional hab i tat �i l l  also be lost 
during this t ime trame , although acreage t i gures are not 
available . To dat e ,  no attempt has been made by the Department 
ot Energy to determine locations and amounts ot tac i l 1 ty-wide 
dis turbed areas that can be rehabi l i tated nor to outl ine 
speci t i cally " targe t "  restorati on acreage tigures on other than a 
year-to-year bas is ( Lt .  Carl o  Montemagno , D epar tment o t  Energy , 
personal communications o t  August 1 1 ,  1 9 81 ) . Clear l y , given the 
precarious s tatus ot the ki t tox at the tac i l i ty ,  such a program 
requires s igni t1cant clar i t i cation and acce l erat ion . 

Several aspects o t  the petroleum deve lopment program have 
directly and i ndi rectly benet 1 ted the San Joaquin kit tox . 
Intormat1on ob tained trom the ongoing funding o t  research 
activit i e s  on the Res erve has signi ti cantly contributed to the 
increased unders tanding ot the l i te history and ecol ogy ot the 
San Joaquin kit tox . Thi s  intormation can be used towards the 
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development o t  conservation-o riented management plans tor 
perpetuating extant populations and associated habi tats . 
Construction o t  a perimeter tence has restricted trespass and 
l imited vehic l e  use . Prohibition o t  l ivestock grazing has 
reduced compe t i tion tor available torage between sheep and 
lagomorph and rodent prey species . Restrictions on rodenti cide 
use may reduce k�� .tox death trom secondary po.isoning potential ly 
resulting trom ingestion o t  contaminated prey remains . 
Prohibi tion o t  hunting p�events the opportunity tor deliberate or 
accidental sho o ting o t  kit t oxes and helps to maintain a 
lagomorph prey base . Prohibition on agri cultural development 
also precludes conversion ot ki t tox habi tat . 

The blunt-nos ed leopard l izard may be adversely attected by 
ongoing pro j ect actions at NPR- 1 by crushing o t  individual 
animals trom vehicle use along exis ting access roads or cross
country , by entrapment ot individual animals or crushing ot their 
eggs during c ons truction activi t ies , or by entrapment ot animals 
in pools ot o i l  during spi l l s  or accidental discharge ot oil
laden waters into natural drainage sys tems . The species may also 
be attected through ongoing loss and disruption o t  habitat trom 
o i l -associated deve lopments . 

An estimated 4 4 6  acres , or 6 percent of the extant b lunt-nosed 
leopard l i zard habi tat on NPR-1 , have been dis turbed by o i l  t ield 
activi ties to date ( Kato and O ' Farrell 1 9 8 6 ) . Reduct ion in 
habi tat trom petroleum tie1d development has been recognized in ; 
the Biological Assessment tor this species , which s tates , " tpe 
mos t  s igni t i cant potential ettect ot MER activities on the b lunt
nosed l eopard l i zard wi l l  be the modi ticati on or loss ot habi tat 
due to cons truc t i on ac t ivi t i es in large washes and low toothi l l  
areas near the perimeter o t  NPR- 1 " ( Kato and O ' ,arre l l  1 9 8 6 ) . 
Minimiz ing impacts to wash sys tems dur ing cons truction act ivities 
and implementat ion ot an ongo ing reclamat i on program are methods 
currently emp loyed at the reserve tor the protection ot the 
b lunt-nosed l eopard lizard and i ts habi tats . 

The blunt-nosed leopard l izard is tol erant o t  comparat ively light 
level s  o t  o i l  development . Previous inves t igators have observed 
leopard l izards in o i l  tields abandoned 2 0  or more years prior 
to s tudy ini tiation ( Chesemore 1 9 80 ) or in o i l  tield areas with 
adj acent unmodi tied " wash 'systems or undeve loped hab i tats ( Mul len 
1 9 80 ) . At the same t ime , inves t igators have concluded that 
intense o i l  deve lopment :esults in exti rpation o t  the 
cons t i tuent l eopard lizard population . ( Chesemore 1 9 80 ) . 
Attempts t o  determine the relationship between o i l  t ield 
development and l e opard l izard abundance have been inconclusive , 
however , ( O ' Farrell and Kato 1 9 8 0 , Chesemo re 1 9 8 0 ) more recent 
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surveys o t  intensive ly developed o i l  tie lds in the Belridge and 
Midway-Sunse t  Fields have documented the occurrence o t  the 
species along t ransmission l ine routes traversing substantially 
unaltered hab itats but have not documented this species on 
neighboring l ands within identical topography sub j ect to 
intensive o i l  development ( CWESA 1 9 85 , Dames and Moore 1986a ,  
1 9 8 6b )  • I .  • 

The heavy r e l i ance o t  this species on wash systems on NPR-l makes 
i t  highly vulnerable to local exti rpations t rom any actions that 
may modity drainage systems o r  introduce contaminants into such 
systems . Authors noted that .. . . .  two blunt-nosed leopard l izards 
were tound dead in poo ls o t  o i l  on NPR-l . . . .. ( Xato and O ' Farrel l  
1 9 8 6 ) . An addi tional two leopard l izards were also recovered 
dead trom a smal l o i l  spi l l  near the vic ini ty o t  Maricopa , Kern 
County , during the summer ot 1 9 8 6  ( Larry Owens , Fish and Wildlite 
Servi ce . personal comments ) .  Although the species may be 
distributed peripheral ly at Elk Hills to areas o t  o i l  tield 
devel opment , waste discharge o r  o i l  spi l l s  into drainage systems 
may directly at tect l izards in areas several mi les downs lope trom 
the s ource o t  impact . Measures proposed by the Department o t  
Energy to " take actionll against o i l  companies si tuated o tt-site 
t o  curtai l i l l egal disposal ot contaminants into wash systems 
cross ing the s outhwes t portions o t  the reserve , a l though 
ambiguously presented in the Biological Assessment ( Xato and 
O ' Farrel l  1 9 8 6 ) , represent a pos i t ive s tep towards minimizing 
leopard l izard mortal i ty on NPR- l . We also recommend additional: 
protective measures need be undertaken tor actions originating on 
NPR- l , including continued impl ementation o t  a program to modity 
o r  e l iminate uncovered sumps which may be present on portions o t  
the petro leum reserve where the b lunt-nosed l eopard lizard has 
beeu previous l y  veritied o r  the species· is l ikely to occur . and 
immediate containment , c leanup , and rehab i l i tati on o t  wash 
sys tems contaminated wi th o i l  o r  o ther toxi c substances . 

Several add i t i onal measures implemented a t  the petroleum reserve 
may indi rect ly bene tit the species by excluding land uses 
incompat i b l e  with the perpetuation ot the species . These 
pos i tive measures include requiring the Cal itornia Department ot 
Food and Agricul ture to abide by stipulations set torth in a 
prior Service B i ological Opinion tor contro l l ing the beet 
l eathopper ( Cas e .No . 1 - 1 - 1 8 5 -F-38 to the u . S .  Bureau ot Land 
Management ) ;  t encing the reserve boundary and prohi b i ting 
II casua l "  o t t-road vehicle travel ; prohibi t in� l ivestock grazing , 
hunting , trapp ing and agricul tural development ;  l imi ting 
app l i cat i on o t  insecti cides , rodenticides or o ther toxic 
subs tances ; and maintaining a qua l i tied individual to oversee 
implementation ot vari ous ongoing and planned measures at the 
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petroleum reserve tor the protection o t  tederal ly-l isted species 
and their habitats . 

The giant kangaroo rat may be adverse ly atfected by direct 
mortali ty ,  displacement , exposure to toxicants , trapping and 
suttocation in o i l  spi l ls , or loss o t  hab itat . Measures 
under way at the ,t�serve to avoid or lessen impacts to the 
San 30aquin kit tox and blunt-nosed leopard lIzard , also 
" targe t "  the giant kangaroo rat . Twelve giant kangaroo rat 
burrow systems were observed during these pre-construction 
surveys : no adjus tments to planned pro j ect actions were required 
to avoid impact to these burrow systems ( Xato et al e 1 9 85 ) . 
Although o i l  development activities adjacent to giant kangaroo 
rat colony s i tes are currently dispersed , tuture development , 
particularly on more level portions o t  the reserve , could 
adversely impact this species . 

Incidental Take 

San Joaquin ki t toxes , blunt-nosed leopard l izards , and giant 
kangaroo rats may be taken incidentally during construction and 
operation act ivi ties . Means by which ki l l ing ,  harming or 
harass ing may occur have been previous ly discussed in the 
" Rationa l e "  portion ot this B i o l ogical Opinion . 

A l though no dens i ty es timates have been obtained tor portions o t  
NPR-l known to contain this species , trom o ther f i e l d  surveys , 
however , we est imate a leopard lizard dens i ty o t  less than 0 . 5  
l izards per acre . Incidental mortal i ty o t  blunt-nosed leopard 
l izards trom cons truct ion proj ects can be subs tantially reduced 
through cont inued implementation o t  pre-construction surveys . 
This wi l l  no t ,  however , eliminate the potent ial for incidental 
take tor several reasons : ( 1 ) many cons truction proj ects may 
occur during the late tall or winter , when leopard l izards are 
inact ive underground , cannot be located , and ' are highly 
sus ceptible to entombment :  ( 2 )  leopard l izards may uti l ize road 
edges or o ther artiticially created " open" areas tor terri torial 
display and thermoregulation where po tential tor mortal i ty trom 
construction or maintenance vehicles exi s ts : ( 3 )  l eopard l izards 
may indirectly be taken by reduction o t  insect prey base 
populations accompanying spraying ot pesticides to control 
vegetati on :  and ( ' )  the species is -heavi Ly �ependent upon natural 
wash systems whi ch may convey drainages on the tac i l i ty and may 
be sub j ect to contamination by crude o i �  from accidental spi lls . 

The giant kangaroo rat population present wi.thin the Buena Vista 
Val l ey ,  partial ly included wi thin the pro j ect area , represents 
one o t  a very tew " core " populat ion areas remaining for this 
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species . No population densi ty estimates are avai lable tor · this 
area . 

Estimates o t  the " trappable "  San Joaquin kit tox population at 
NPR-l indicate that the reserve has the pot ential to support in 
excess of 200 individual animals ,  although the current kit tox 
population appears to be substantially reduced . Locations o t  kit 
tox dens and sig�tihgs also contirm that the species is 
widespread on the reserve , and occurs wi thin portions o t  NPR-1 
sub j ec ted to comparatively intensive petroleum development . 
Intormation trom studies conducted for the Department o t  Energy 
at NPR-1 and NPR-2 ( Buena Vista Reserve ) and resul ts ot other 
inventories on public and private lands clearly show that the San 
Joaquin ki t fox may be vulnerable to incidental take trom a 
vari ety of activi ties associated with petroleum development at 
maximum e f f icient rate . 

The D epartment o f  Energy has estimated that approximately five 
k i t  foxes per year may be kil led at NPR-1 from vehi cle mortality 
alone ( O ' Farre l l  1 9 8 6 ) . The Department has subsequently stated , 
however ,  tha t " DOE wi l l  not include road kills along Cal i fornia 
Route 1 1 9  and Elk Hil l s  Road as part of their tally of deaths due 
to MER " ( Depar tment of Energy correspondence to the u . S .  Pish and • 
Wi ldli.f e Service , dated May 1 4 , 1 9 8 7 ) . Consequent ly , we believe 
that incidental mortal i ty of San Joaquin ki t foxes on o ther 
port ions of the faci l i ty sub j ect to more s t ringent controls may 
be s i gni t i cantly reduced over the pro j ected rate o t  five deaths 
per year estimated by the D epartment o f  Energy through vigorous 
imp l ementation of existing programs at the petrol eum reserve , 
and through implementat ion o f  measures iden t i f i ed in this 
Bio l ogica l  Opinion . 

The San Joaquin kit fox may also be incidental ly taken as a 
resul t of prior and ongoing habi tat a l teration resul ting f rom 
project-related activi ties . The Department o f  Energy has 
e s t imated that " . • •  loss o f  habi tat associated wi th MER resul ted 
in a decreas e in carrying capacity of f ive or f ewer fox "  
( O ' Parrel l  et al e 1 98 6 ) . This estimate may no t reflect the 
relative importance that spe c i f i c  habi tat areas may have had for 
the rearing or pups or for predator avo idance ,  nor does it 
address ongOing .habi tat loss from pro ject actions , and the l arge 
disparity between habi tats lost and habi tats undergoing 
reclamati on .  The abi l i ty o f  this species to tolerate l ower 
levels of o i l  field devel opment at the pe troleum reserve is based , 
in par t , upon the avai lab i l i ty o f  a plenti ful prey supply and the 
" • • •  avai labi l i ty of large undis turbed areas • • •  " ( o ' Parre l l  et al e 
1 9 8 6 ) . Authors have fur ther recognized the ongo ing l oss o f  ki t 
fox habitats to date as " . . .  probably the mos t  s e rious direct 
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e ttect ot MER . " We concur , and believe that incidental take ot 
this species as a resul t ot habi tat alteration can be reduced to 
zero animals through implementation ot an aggressive restoration 
program . 

O ther potential sources o t  incidental take Q t  endangered species 
a t  the petroleum reserve include : ( 1 ) morta l i ty by ingestion ot 
contaminants or entrap�ent in o i l : ( 2 )  mortal i ty , injury , or 
displacement o t  individual animals resul t ing trom grass tires 
inadvertently s tarted t rom o i l  activit ies : ( 3 ) mortali ty to 
individual animals trom ott-road vehicle driving by testing or 
maintenance equipment � and ( 4 )  mortal i ty ,  injury , or displacement 
o t  individual animals during periodic tacil i ty perimeter 
tirebreak maintenance act i ons . 

Based on the toregoing analys i s , we ant icipate inc idental take o t  
the b lunt-nosed l eopard l i zard , giant kangaroo rat , and San 
Joaquin ki t tox at NPR- 1 tor pro j ect act ions relat ing to 
petroleum development at maximum etficient rate ot extraction 
through f i s cal year 1 9 6 9  as f o l l ows : 

( 1 )  blunt-nosed l eopard l izard ( total 9 )  

( 2 ) 

( A )  fac i l i ty cons truc t ion and maintenance activi t i es : 1 

( B )  o i l  spill s , depos i t ion of was tewaters or other 
contaminants into wash sys tems : 2 

( C )  use of pes t i cides for weed control , rodent con�rol ,  
or pes t ins ect control directly related to this 
pro j ect : 1 

( D ) vehicle morta l i ty :  2 

( E )  death or injury f rom inges t ion or inhalat ion of 
toxi c substances : 1 

( F ) death or injury due to f ire : 1 

( G )  death or inj ury due to f irebreak maintenance : 1 

giant kangaroo rat ( to tal 5 4 ) 
( A )  fac i l i ty cons truct ion and maintenance activi ties : 1 

( B )  o i l  spi l ls ,  depos i t i ons · of was tewaters or o ther 
contaminants into wash sys t ems : 1 
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( e )  use o f  pest i cides for weed control ,  rodent 

control ,  or pest insect control tor actions 
direct ly related to this proj ect : 1 

( D )  vehic l e  mortal i ty :  1 

( E )  de�t� or injury trom inges tion or inhalation ot 
toxic substances or gases : 1 

( F )  death or injury due to tire : 1 

( G )  tirebreak maintenance ( harassment : 4 8 : death or 
injury : 3 6 )  

( 3 )  San �oaquin kit t ox ( total 1 1 )  

( A )  fac i l i ty construct ion and maintenance activi ties : 
5 kit taxes ( mortal i ty or injury to a maximum ot 1 
animal : harassment to a maximum o f  5 animals ) 

( B )  o i l  spi l ls : deposition o t  was tewaters or other 
contaminants into wash sys tems : 1. 

( C ) ongo ing al terat i on ot habi tat resul t ing from 
pro j ect-related act ions : 0 

( D )  pes t i cide use t o r  weed contro l , rodent contro l ,  or i 
pest insect control activi ties directly related to . 
this pro j ect : 1 

( E l  morta l i ty f rom vehicular us e ( both road and o f f 
road ) : 2 ( excluding road mortal i �y that may 
resul t f rom pub l i c  vehicular trat f i c  on 
S tate Route 1 1 9  and Elk Hi l l s  Road wi thin 
the petro leum res erve ) 

( F )  mortal i ty or injury t ram ingest i on or inhalation 
ot toxi c substances :  1 

( G )  death o r  injury due to f i r e : 1 

We specify the t o l l owing reasonabl e  and prudent measures that ' are 
considered appropriate to minimiz e  incidental take : 

( 1 )  Replacement o t  endangered species habi tats lost to pro j ect
related act ions : 

( 2 )  Minimizing dis turbance to ki t fox dens : and 
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( 3 )  Minimizing construct ion act ivi ties in washes . 

To implement these measures , we specify the following terms and 
conditions that must be met by the Department of Energy : 

( 1 ) As a means of protecting the San Joaquin kit fox from 
incidenta,l take re.sult ing f rom pro j e c t-related loss of 
habi tat at NPR- l , concurrently with development of an 
Environmental Impact Statement address ing future proj ect 
actions at the petroleum faci l i ty" the Department of Energy 
shal l :  

( A )  complete an inventory and listing of previously 
dis turbed parcels and acreages at Elk Hills Naval 
Petroleum Reserve Number 1 that may be used for 
rehab i l i tat ion to o ffset loss of endangered speCies 
habi tats associated wi th proj ect-r'lated activities ; 

( B )  deve lop a lO-year program ut i l izing information in ( A ) 
above to define program tasks using spec i f i ed t ime 
frames and acreages , with the overall ob j ective of 
restoring ( at a minimum ) equivalent on-site acreage to 
that lost from prior pro j ect-re lated actions , and 
maintaining ( at a minimum ) this overal J acreage on the 
fac i l i ty during a l l  future pro j ec t-related actions ; and 

( e )  examine a l ternative means to o f fset ki t fox habi tat 
loss at the petroleum reserve related to pro j ect 
activi t ies , including : 

( a )  

( b )  

( c ) 

contribution o f  funds to a thi rd party to be used 
solely for the purchase and protect ive management 
of lands for perpetuating the San Joaquin ki t fox ; 

purchase and donat i on o f  o f f-site lands to a third 
party to be managed f o r  the perpetuation of the San 
Joaquin kit fox : and 

any other means as determined feasible on-s ite to 
off-s et the on-s ite l oss of San Joaquin kit fox 
habi tats . 

Infor�3t ion so obtained shall b e  provided t o  this o ffice for 
revi ew pri or to re- ini tiation of future pro j ec t  actions on 
federal ly-l i s t ed species . 

( 2 )  Prior to any autho r i %at ion t o  al low f o r  the destruc tion o f  a 
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San joaquin ki t tox den on the tac i l i ty ,  the the Department 
o t  Energy sha l l  s eek concurrence trom the u . s .  Pish and 
Wild l i t e  Service , Sacramento Endangered Species Ottice . The 
U . S .  Pish and Wildl i te Servic e  may require , in such 
instances , initiati on o t  actions by the Department o t  Energy 
to prevent or to mitigate tor the sub j ect kit tox den loss . 

I ,  • 

( 3 )  Construction activi ty shal l avoid disturbance to wash 
systems along the periphery ot the Reserve in blunt-nosed 
leopard l izard habi tat . In those instances where 
disturbance to wash systems is unaVOidable , drainage 
characteristics o t  the wash systems shall be maintained in a 
manner to prevent erosion . Areas dis turbed during 
cons t ruct ion , which are not needed tor the taci l i ty ,  shall 
be reclaimed to pre-impact condition . Reclamation shall be 
ini tiated within 9 0  days tol lowing termination o t  
activi t i es . 

We hereby spe c i ty the t o l l owing procedures tor handl ing or 
dispos ing ot any individuals listed species incidentally taken � 
as wel l  as the tol lowing reporting requirements that must be met 
by the Depar tment ot Energy : 

• 

( 1 )  The U . S .  Fish and Wi ldl i t e  S ervi ce is to be not i t ied within • three working days o t  the tinding of any endangered species . 

tound dead or injured during this pro j ect , with the 
exception ot anima l s  that are inc luded in moni tor ing and 
research activi t i es . The U . S .  Fish and Wi ldl i t e  Service 
contact representat ives tor tor this intormation are Mr . Ted 
Rado or Mr . Gai l Kob e t i ch ( 9 1 6 / 9 7 8- 4 8 6 6  or FTS 4 60-4 8 6 6 ) .  
Any endangered spec i es tound dead or injured wi l l  be handled 
under provi si ons s t i pulated in Federal Per�i t  PRT-68 3 0 1 1 . 

( 2 )  The Department ot Energy mus t  submi t to the U . S .  Fish and 
Wi ldl i t e  S ervice , wi thin 1 -year ot  date ot  issuance o t  this 
Biological Opini on , a detai led moni toring and evaluation 
report that : 

( A )  describes resul ts o t  the previous year ' s  pro j ect 
construct ion , exploration and maintenance actions , 
and measures ins � i tu�ed �o reduce the potential tor 
the incidental taking ot the San Joaquin ki t tox , 
blunt-nosed l eopard lizard , and giant kangaroo rat ; 

( B )  discusses ongO ing actions impl emented to reduce 
l ike l ihood o t  incidental taking ot thes e species during 
the next pro j ect year , including availab i l i ty ot 
tunding and manpower to implement these measures ; and 
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( e )  revi ews impl ementation measures undertaken tor o ther 
act i ons specitied or recommended in this Biological 
Opinion tor the protection of these spe c i es and their 
associated habitats . 

The O . S .  Fish- and Wildli t e  Service may propos e  amendments to 
I I  • 

current p ro j ect ac�ions pending results o t  this report . 

Cons ervation Recommendations 

( 1 )  The D epartment o f  Energy should continue to provide tunding 
and o ther resources tor s tudi es on the San joaquin kit tox , 
b lunt-nosed leopard l i zard , and giant kangaroo rat unrelated 
to pro j ect actions . Al though tangential to p etroleum 
devel opment etfects , such work has included a s erologic 
s tudy tor disease ( McCue apd O ' Far r e l l  1 9 8 6 ) , and a 
comparative analys is o t  cranial measurements tor the San 
Joaquin kit tox ( Dragoo e t  al e 1 9 8 6 ) . Addi t ional l y ,  studies 
have been undertaken to assess et tect iveness ot techniques 
to moni tor ki t tox population trends ( Harris 1 9 8 7 ) and 
causes o f  morta l i ty ( Zo e l l i ck 1 9 8 6 ) . Pri o r i ty for funding , 
however ,  should be lower than tor measures speci t i ed in 
prior sect ions ot this Biological Op inion . 

( 2 )  The Department ot Energy should undertake a s tudy to 
determine et fectiveness ot  art i t i cial denning structures 
to o t ts e t  loss ot " natural " kit tox dens resul t ing trom 
cons truc t i on or maintenance activi t i es . Resul ts ot this 
s tudy should be conveyed to the O . S .  F ish and Wi ldl i te 
Service for review . 

( 3 )  The D epartment o f  Energy , as a means o f  attempt ing to boos t 
carrying capaci ty of prey species for the San Joaquin ki t 
fox , s hould rehabi l i tate f ive currently damaged small game 
drinkers located on th� Res erve . 

This concludes tormal consul tation address ing the e t tects o t  
ongoing petroleum development a t  maximum et ticient rate o t  
extraction . G iven the intent ot the Department o t  Energy t o  
develop a n  updated Environmental Impact S tatement address ing 
future program act ivi t i es at Elk Hi l ls Naval Petr o l eum Reserve 
Number 1 ,  and our requi rement that spec i f i c  intormat icn relating 
to the on- s i t e  restoration program be deve loped and submi tted to 
our o t f ice for review concurrent ly with this e t tort . we 
ant i cipate that the Department o t  Energy w i l l  re-init iate formal 
consul tat ion tor pro j e ct-related et tects to tederal ly- l isted 
speC ies at that t ime . We would appreCiate wri t ten no t i f i cation 
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of your intentions in l ight of this . Biolog i ca l  Opinion .  Por 
further discussion ,  please contact me or Mr . Ted Rado at 9 1 6/978-
486 6 .  

cc : 

. , . 
Sincerely , fo.Ie�� 
Gail C .  Xobe t i ch 
Field Supervisor 

Field Supervisor , Endangered Species , Sacramento , CA ( SESO ) 
Pield Supervisor , Ecological Services , Sacramento , CA ( ES-S ) 
Mr . Larry Owens , Fish and Wi ldlife Service , Law Enforcement 

Divis ion , P . O . Box � 3 7 7 , Presno , CA 9 3 7 � �  yiLt . Carlo Montemagno , AGMOC , O . S .  Dept . o f  Energy , P . O . Box 1 1 ,  
Tupman , CA 9 3 2 7 6  
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ERRATA SHEET 

Page 6, end of paragraph 1 :  

Subsequent to the completion of this report, the Environmental 
Protection Agency and U.S. Army Corps of Engineers published 
a notice in the Federal Register on January 19, 1993 regarding 
use of in wetlands delineation manuals (58 FR 4995). The use 
of the 1989 Federal Wetlands Delineation Manual for wetland 
determinations has been replaced with the 1987 Corps of 
Engineers Wetlands Delineation Manual. 

Page 1 1 ,  paragraph 4: 

Reference to the 1989 Federal Wetlands Delineation Manual 
should be replaced with the U . S .  Army Corps of Engineers 
1987 Wetlands Delineation Manual. 



PRELIMINARY EVALUATION 
U . S .  PISR and WILDLIPB SERVICE 

NATIONAL WBTLAND INVBH'l'ORY MAPS o f  HPR- l 

Introduction 
In their review of the Naval Petroleum Reserve No . 1 (NPR-1 )  
Draft Supplemental Environmental Impact Statement ( SEIS ) , the 
U . S .  Environmental Protection Agency ( EPA) commented that the 
Final SEIS , " • • •  should either discuss wetland resources or 
confirm that none exist on the Reserve" ( DOE 1992 , EPA 1992 ) . 
This report responds to EPA ' s  comment and presents the results of 
a prel iminary offs ite evaluation of potential wetland resources 
on NPR-1 . This report reviews the U . S .  Fish and Wildl ife Service 
( FWS ) National Wetland Inventory of potential wetland resources 
on NPR-1 , provides a prel iminary evaluation of NPR- 1 wetlands 
identified by FWS that potentially may satisfy criteria for 
wetland designation , and provides recommendations for follow-up 
site evaluations . 

Methodology 

A review of the FWS National Wetland Inventory was conducted to 
determine if wetland resources have been identified within the 

• 

boundaries of NPR-1 .  The National Wetland Inventory ( NWI ) of 

• NPR- 1 consists of portions of five 7 1/2 ' United States Geologi-
cal Service (USGS ) topographic quadrangles which have been 
annotated by FWS to identify potential wetland resources . Four 
NWI maps cover the maj ority of NPR-1 ; they are the Tupman Quad-
rangle , East Elk Hills Quadrangle , West Elk Hills Quadrangle and 
Taft Quadrangle ( FWS 1986 a , b , c , d) . Figure 1 shows the areas of 
NPR-1 that are included within all five NWI maps covering NPR-1 . 

The methodology employed by FWS in the NWI identification of 
potential wetlands on NPR- 1 was stereoscopic analys is of high 
altitude aerial photographs . Wetlands were identified based on 
vegetation , vis ible hydrology , and geography in accordance with 
criteria establ ished for conducting the national inventory ( FWS 
197 9 ) . Field verification of  the potential NPR- 1 wetland areas 
was not performed by FWS ; accordingly , FWS acknowledges the NWI 
maps covering NPR-1 are " Draft" until ons ite and historical 
analyses are performed . 

The potential NPR-1 wetland sites identified in the NWI were 
reviewed to determine if they represent natural features or man
made , oil-field related features . A partial field reconnaissance 
and a review of 1991 infrared aerial photographs of NPR-1 was 
conducted with Department of Energy personnel famil iar with NPR-1 
facil ities to verify the nature of the sites identif ied in the 
NWI ( DOE 1993 , BPOI 1 9 9 1 ) . 

1 

• 



• • • 

F W S  NATI O N A L  W E T LA N D  I N V E NT O RY M A P S  

NAVA L  P E T R O L E U M  R E S E R V E  N O . 1 

LEGEND 

• TAFT QUADRANGLE 

WEST ELK HILLS QUADRANGLE 

D EAST ELK HILLS QUADRANGLE 

D TUPMAN QUADRANGLE 

MOUTH OF KERN QUADRANGLE 

10R I I 12R 

1311 
15R I 14R 188 I 17S 

22R I 23R I 24R I 188 I 208 I 218 I 228 

27R I 2'lR I 25R _ 1 288 1 288 
27S 

25S I 25S 

34R I 3IIR I 30R 318 I 328 I US I 348 3IIS I 30S 

lIB 2B 1B 10 l eo  4G 1 3Cl 2G I 10 I SM 

FIGURE 1 
Source (FWS 1986 .,b,c,d) 



SITE IDENTIFICATION 

A total of 3 3  potential wetland locations on NPR-1 are identified 
by FWS on the TUpman , East Elk Hills , West Elk Hills and Taft 
quadrangles of the National Wetland Inventory . FWS classifies 
all 3 3  s ites either as Palustrine systems ( shal low ponds , 
marshes , swamps or bogs ) , or Riverine systems ( rivers , creeks or 
streams ) ;  26 s ites are classified as Palustrine systems and 7 
sites are classified as Riverine systems . Nine ( 9 )  distinct 
Palustrine or Riverine subsystems on NPR-1 are indicated on the 
NWI maps . Eight ( 8 )  Palustrine subsystems are identi fied as 
follows : PEMC ; PEM1Ch ; PUBFh ; PUBFx ; PUBKx ; PUSAh ; PUSAx ; and 
PUSCx . One ( 1 ) Riverine system is identified as R4S BC . Table 1 
provides a description of the Palustrine and Riverine systems 
preliminarily identified on NPR-1 by the NWI . 

Table 1 Description of NPR- l Wetland systems and Subsystems 
Identi fied by the u . S .  pish and wildli fe Service 

Palustrine systems ( shallow ponds , marshes , swamps and bogs ) 

PEMC 

PEM1Ch 

PUBFh 

PUBFx 

PUBKx 

PUSAh 

PUSAx 

PUSCx 

Emergent vegetation ; seasonally flooded 

Emergent vegetation , persistent ; seasonal ly 
flooded ; diked impoundment 

Unconsol idated bottom ; semi-permanently 
flooded ; diked impoundment 

Unconsol idated bottom ; semi-permanently 
flooded ; excavated 

Unconsol idated bottom ; arti ficially flooded ; 
excavated 

Unconsol idated shore ; temporarily flooded ; 
diked impoundment 

Unconsol idated shore ; temporarily flooded ; 
excavated 

Unconsol idated shore ; seasonally flooded ; 
excavated 

Riverine systems ( rivers , creeks and streams ) 

R4SBC - Intermittent ; streambed ; seasonally flooded 

Source : ( FWS 197 9 )  
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The 3 3  potential wetland sites on NPR-1 are widely scattered and 
are relatively small in size . Table 2 provides site locations 
and NWI wetland designations , and identifies the natural or man
made features they represent . Twenty-five ( 2 5 )  of the sites 
consist of oil-field sumps or gully plugs (man-made obstructions 
that control precipitation run-off or the spread of potential 
spill s ) . One ( 1 )  site is a diked impoundment that was developed 
with artificial watering in the early 1960 ' s  to enhance wildl ife 
habitat . Six ( 6 )  of  the NPR-1 sites identified consist of por
tions of ephemeral stream channels that drain Elk Hills , the most 
notable of which is Buena Vista Creek on the south flank of 
NPR-1 . One ( 1 )  site identified in the NWI is a lowland area 
associated with the historic channel ing of the Buena Vista Slough 
on the periphery of the northeast flank of NPR-1 . 

Federal Wetland Definitions 

Several definitions of wetlands have been formulated by federal 
agencies in conj unction with various federal laws , regulations 
and programs . The definitions that may be appl icable to NPR-1 
include the regulatory definition adopted by EPA and the u . S .  
Army Corps of Engineers for administering the section 4 04 permit 
program of the Clean Water Act ( 4 0  CFR 2 3 0 . 3 ( t ) ; 3 3  CFR 3 2 8 . 3 (b »  
and the nonregulatory definition developed by FWS for conducting 
the NWI program ( FWS 19 7 9 )  . 

The regul atory definition of wetlands used by EPA and the Corps 
of Engineers for the section 4 04 program is as fol lows : "Those 
areas that are inundated or saturated by surface or groundwater 
at a frequency and duration sufficient to support , and that under 
normal circumstances do support , a prevalence of vegetation typi
cally adapted for life in saturated soil conditions . "  This def
inition only appl ies to vegetated wetlands , which generally con
sist of swamps , marshes , bogs , or other similar wetland features . 
To be formally designated as a regulated wetland area , candidate 
sites must satisfy all appl icable hydrologic , vegetative and soil 
characteristic criteria . 

The FWS nonregulatory wetland definition is as fol lows : "Wetlands 
are lands transitional between terrestrial and aquatic systems 
where the water table is usually at or near the surface or the 
land is covered by shallow water" ( FWS 197 9 ) . To be classified 
as a wetland under the FWS system , an area must satisfy one or 
more ( emphasis added) of  the following characteristics : ( 1 ) At 
least periodically , the land supports predominantly hydrophytes ; 
( 2 )  the substrate is predominantly undrained hydric soil ; and , 
( 3 )  the substrate is nonsoil and is saturated with water or 
covered by shallow water at some time during the growing season 
of each year.  This definition , which is much broader than the 
regulatory definition of wetlands adopted by EPA and the Corps of 
Engineers , also includes nonvegetated wetland areas (mud flats , 
sand flats , rocky shores , gravel beaches and sand bars ) • 
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Table 2 Potential NPR- l Wetland. Identi fied in the u . s .  �ish and 
wildl i fe Service National Wetlands Inventory 

Quadrangle 

Tupman 
Tupman 
Tupman 
E .  Elk Hills 
E .  Elk Hills 
E .  Elk Hills 
E .  Elk Hills 
E .  Elk Hills 
E.  Elk Hills 
E .  Elk Hills 
E .  Elk Hills 
E .  Elk Hills 
E .  Elk Hills 

w. Elk Hills 
W.  Elk Hills 
W .  Elk Hills 
W .  Elk Hills 
W. Elk Hills 

Taft 
Taft 
Taft 
Taft 
Taft 
Taft 
Taft 

section 
2 3S 
2 5S 
3 5S 

4 G  
18S 
1 0R/ 1 5R 
2 2R 
2 3 R  
2 5R 
2 6R 
2 6R 
2 7R 
3 5R 

8R/17R/ 2 0R 
9R/ 16R/ 2 1R 
3 0R 
1 4 Z  
2 4 Z  

10B/13B/14B 
lOB 
14B 
lOG 
lOG 
lOG 
18G 

DesiQ'Dation* 
PEMC 
PUBFx 
PUBFh 
PUBFx 
PUSAh 
R4SBC 
R4SBC 
PUSCx 
PUSCx 
PUSAx 
PEMICh 
PUBFx 
PUBFx 

R4SBC 
R4SBC 
PUBFh 
PUBFx 
PUBFx 

R4SBC 
PUBFh 
PUSCx 
PUBFh 
PUBFx 
PUSCx 
PUBKx 

�eature 

Buena Vista Slough 
oil-field sump 
gul ly plug 
gul ly plug 
gul ly plug 
drainage channel 
drainage channel 
gully plug 
gully plug 
gully plug 
diked impoundment 
oil-field sump 
oil-field sumps ( 2 )  

drainage channel 
dra inage channels ( 2 )  
oil-field sump 
oil-field sumps ( 2 )  
oil-field sumps ( 4 )  

Buena vista Creek 
gully plugs ( 2 )  
oil -field sump 
oil-field sump 
oil-field sump 
oil-field sump 
oil-field sumps ( 2 )  

* Refer to Table 1 for a description of wetland des ignations 
included in this Table . 

Source : ( FWS 1986  a , b , c , d) 
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To standardize the various federal wetland definitions , the 
" Federal Manual for Identifying and Delineating Jurisdictional 
Wetlands " was developed and adopted in 1 9 8 9  by EPA ,  FWS , the Army 
Corps of Engineers and the u . s .  Soil Conservation service ( EPA et 
al e 1989 ) . The 1 9 8 9  Federal Manual provides guidance for identi
fying and del ineating wetlands for various management purposes , 
including the determination of wetlands for j urisdiction under 
the Clean Water Act , section 4 04 permit program . In 19 9 1 ,  
revisions to the 1989  Federal Manual were proposed in a draft 
rulemaking ( FR ,  Vol . 5 6 , No . 157 ) ; however , this rulemaking has 
not been finalized . 

Evaluation of NPR-1 s ites 

Twenty-six ( 2 6 )  of the 3 3  sites identified on the NWI maps of  
NPR-1 l ikely do not satisfy criteria for regulatory wetland 
designation . Twenty-five ( 2 5 )  sites are either oil-field sumps 
or man-made gully plugs ; 17 sites are sumps and 8 s ites are gul ly 
plugs . The 17 sumps identified as potential wetlands by FWS 
are/were uti l ized to dispose of  saline wastewaters produced in 
association with NPR-1 o il and gas production ; the sumps do not 
support hydrophytic vegetation and are not frequented by 
wildl ife . The 8 gul ly plugs identified are man-made features 
that were constructed to control runof f  from infrequent storms 
and to provide protection from potential spills . 

Another potential NPR-1 wetland site identi fied by FWS which 
l ikely does not satisfy regulatory wetland criteria is a diked 
impoundment that was developed in the 1960 ' s  with arti ficial 
watering to enhance wildlife habitat . This site supported a 
dense growth of  hydrophytic vegetation until 1 9 9 0  when the 
artificial watering was discontinued ; the hydrophytic vegetatton 
subsequently has either died or become dormant , and the site 
probably does not currently satisfy regulatory wetland criteria .  

Seven ( 7 )  NPR-1 sites identi fied by FWS possibly may satisfy 
regulatory wetland criteria . S ix ( 6 )  of these sites consist of 
portions of  intermittent stream channels which drain the north 
and south flanks of  NPR-1 . The most developed of  the six stream 
channels is Buena Vista Creek on NPR- 1 ' s  south flank ( Figure 2 ) . 
The other five stream channels drain the north flank of NPR-1 ,  
and although they are not as well developed as Buena Vista Creek , 
they may support hydrophytic vegetation in isolated locations 
(Figures 3 and 4 ) . 
The NPR-1 site most l ikely to satisfy criteria for regulatory 
wetland designation is the lowland area associated with the Buena 
Vista S lough on the northeast periphery of  NPR-1 ( Figure 5 ) . 
This site is part of a larger. system that FWS has identified as 
potential wetlands . The portion of NPR-1 that l ies within this 
potential wetland system covers approximately five acres . 
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Conclusions/Recommendations 

Detai led ons ite evaluations are recommended for all potential 
NPR-1 wetland s ites identified in the NWI survey , with the 
exception o f  the 17 produced water disposal sumps . This includes 
the lowland area associated with the Buena Vista S lough on the 
northeast periphery o f  NPR-1 , the s ix intermittent stream 
channels that drain the north and south flanks o f  NPR- 1 ,  the 
diked impoundment that was art ificially watered until 19 9 0 ,  and 
the eight man-made gully plugs . Although the gul ly plug s ites 
and the diked impoundment l ikely do not sat i s fy wetl and des ig
nation criteria , a def initive evaluation of these s ites by 
qualified personnel is recommended . 

The s ix NPR-1 stream channel s  identi fied as potential wetlands in 
the NWI poss ibly may satis fy either regulatory or nonregulatory 
wetland designation criteria . It should be noted that FWS 
acknowledges on their Draft NWI maps that intermittent streams 
may not meet the defition o f  wetland . Nonetheless , these drain
ages should also be evaluated to make definitive determinations 
of their qua l ification for wetland designation . 

The lowland s ite associated with the Buena Vista S lough should 

• 

be evaluated for potential wetland des ignation and its relation- • ship with the larger potential Wetland system identi f ied in the 
NWI . 

It is recommended that the detailed evaluations o f  potential 
NPR- 1 wetland s ites be performed by qual i fied profess ional s  in 
accordance with the proce-dures promulgated by the U .  S .  Army Corps 
of Engineers in 3 3  CFR 3 2'8 . 3  ( b ) , Ami the procedures outl ined in 
the 19 8 9  Federal Interagency Wetlands Del ineation Manual . Formal 
adoption of the Federal ' Wetlands Del ineation Manual should be 
monitored to identi fy any revis ions to the FWS and U . S .  Army 
Corps o f  Engineers wetland del ineation procedures . 

It is further recommended that the f indings from the ons ite 
evaluations be forwarded to the Corps o f  Engineers for their 
review and concurrence prior to formal wetland determinations o f  
NPR-1 s ites by DOE . The evaluations also should b e  forwarded to 
the U . S .  Fish and Wildl i fe Service for cons ideration relative to 
the National Wetlands Inventory . 

All natural wetlands prel iminarily identi fied on NPR-1 by the FWS 
National Wetlands Inventory should be protected from s ite devel
opment activites until future evaluations and appropriate agency 
reviews are completed . This includes the s ix drainage channels 
on the north and south flanks of the Elk Hill s , and the lowland' 
s ite associated with the Buena Vista S lough on the northeast 
periphery o f  NPR-1 .  
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