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COVER SHEET
FINAL ENVIRONMENTAL IMPACT STATEMENT
GEOTHERMAL DEMONSTRATION PROGRAM; 50 MWe POWER PLANT
SANDOVAL AND RIO ARRIBA COUNTIES, NEW MEXICO
DOE/EIS-0049

(a) Lead Agency: U.S. Department of Energy

Cooperating Agency: U.S. Department of Agriculture, Forest Service,
Region 3

(b) Proposed Action: The cost sharing by the Department of Energy and commer-
cial partners in the construction and initial operation of a 50 MWe geothermal
demonstration power plant in Redondo Canyon on the Baca Ranch in the Valles
Caldera located in Sandoval and Rio Arriba Counties, New Mexico.

(¢c) For Further Information Contact: (1) Mr. Bennie G. DiBona, Director,
Division of Geothermal Energy, Office of the Assistant Secretary for Resource
Applications, Mail Stop 3344, Federal Building, 12th and Pennsylvania Ave., NW,
Washington, D.C. 20461, Ph: (202) 633-8909 or 8118; (2) Dr. Robert J. Stern,
Acting Director, NEPA Affairs Division, Office of the Assistant Secretary for
Environment, Room 4G-064, Forrestal Building, Washington, D.C. 20585, (202)
252-4600; or (3) Mr. Stephen H. Greenleigh, Esq., Acting General Counsel for
Environment, Room 6A-152, (202) 252-6947.

For Copies of the EIS Contact: Mr. Bennie G. DiBona at the address noted
above.

(d) Designation: Final EIS

(e) Abstract: The statement assesses the potential environmental impacts
associated with the construction and operation of a 50 MWe geothermal power
plant at the Baca Ranch Location in Redondo Canyon within the Valles Caldera
in New Mexico. Impacts assessed include potential interference with Indian
religious and cultural practices; conflicts with future land use plans;
possible threat to the National Natural Landmark status of the Baca Ranch;
potential contamination of surface water and groundwater; possible non-
compliance with the State ambient air quality standard for hydrogen sulfide;
the presence on the site of a State-declared endangered species; potential
impacts on a Federally declared endangered species; a potential for drawdown
of surface springs; potential impact on water rights; possible induced
seismicity; presence of sites of archeological significance; and potential
impacts of transmission corridors through the Santa Fe National Forest, the
Bandelier National Monument, and private recreation lands. Additionally, the
statement presents an assessment of potential long range and cumulative
impacts of possible future expansion of the resource to support a 400 MWe
power plant complex. A post-EIS monitoring plan to assess the effectiveness
of the planned mitigation measures is also presented.

(£) Jhe range of alternatives assessed includes no Federal action, delayed
action, selecting another location for the demonstration plant, and alter-
native non-electric uses of the resource. Alternative power plant conversion
cycles, and alternative transmission line corridors are also assessed.

(g) The no-action period for the final EIS ends 30 days after its availa-
bility is announced in the Federal Register weekly report of the Environmental
Protection Agency.
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1. SUMMARY &

In pursuit of the Federal Geothermal Program objective to accelerate
the commercialization of geothermal energy in an environmentally sound
manner, the DOE issued a program opportunity notice (PON) on September 30,
1977, inviting organizations to submit proposals for the design, construc-
tion, and operation of a geothermal electric power plant. The PON
specified that the power plant must (1) use a liquid-dominated geothermal
reservoir, and (2) be located in the United States. The objectives of
the PON were chosen to provide the maximum stimulus to non-Federal
development of the widest spectrum of hydrothermal resources that can
be used for electricity production.

The Federal action addressed by this Environmental Impact Statement
is joint funding by the Department of Energy and commercial partners of
a 50-MW(e) geothermal well field, power plant, and transmission line at
the Baca Leocation in Sandoval County, New Mexico. The power plant will
utilize a single-flash steam separation system and mechanical-draft
coaling towers and will use cooled geothermal fluid for cooling. The geo-
thermal well field will initially consist of up to 17 wells producing v
fluid from an area of approximately 300 ha (746 acres), including up to
17 new wells to be added during the 30 years of operation.

A 115-kV transmission line will be constructed from the project
site to the TA-3 substation near Los Alamos. The line will be capable of
carrying up to 150 MW of capacity and will be approximately 30 km in
length. The two routings proposed will traverse private land, portions
of the Santa Fe National Forest, and the Los Alamos Scientific Laboratory.
One of the proposed routes will cross the Bandelier National Monument.

The proposed plant is situated along the Redondo and Jaramillo
Creeks graben within the Valles Caldera, a major Quaternary volcanic
center superimposed upon the western margin of the Rio Grande rift, a
first-order tectonic feature. Volcanic rocks and caldera fill material
of Pleistocene age crop out at the surface, overlying a sequence of
perhaps 3800 m (12,400+ ft) of older Quaternary and Tertiary volcanics,
Tertiary sands, Paleozoic sedimentary rocks, and a Precambrian granitic

basement complex. Reduced heat flow values at the site are high,
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exceeding 3#cal/cm?. A gravity anomaly of 25 milligals is coincident
with the project area. The closest known active fault zone, the Jemez,
lies to the southwest of the Valles Caldera. No significant seismic
events have been recorded near the project site.

The geothermal resources of the project area include both a liquid-
and a vapor-dominated reservoir. The calculated weight of fluid in place
in the major, liquid-dominated reservoir is 1.8 x 10!2 kg (4 x 10!2 1b).
The average reservoir fluid temperature is in excess of 260°C (500°F).
The main production and injection zone is the lower Bandelier Tuff; the
upper Bandelier forms the caprock. '

The principal effluents from the power plant are nonflashed, hot
geothermal fluid, which will be injected, and geothermal vapor released to
the atmosphere from the cooling towers. The liquid contains slightly
concentrated dissolved solids, and the vapor contains small amounts of
noncondensable gases, including hydrogen sulfide.

Releases of hydrogen sulfide during normal operation will result in
increases in H7S concentrations in the air of less than 2 ppb at the Baca
boundary and less than 10 ppb at other locations within the Baca Location.
Accidents or abnormal operation conditions may infrequently result in
concentrations exceeding these values for infrequent intervals of up to
several hours.

Induced subsidence of the land surface resulting from geothermal fluid
production is not expected to be likely or measurable at the surface and
may even be less significant than that occurring naturally. The proposed
fluid injection pressures and temperatures are within a range not likely
to initiate any significant earthquake activity as a result of hydraulic
fracturing or thermal stress cracking of the reservoir rocks. Induced
seismicity at the project site will probably be obscured by natural
seismicity.

Potential impacts resulting from development of the 50-MW(e) geo-
thermal well field, power plant, and transmission line are summarized
in Table 1-1 and the following paragraphs. The impact on groundwater
resulting from the proposed action will be primarily to the deep (geo-

thermal) system in the vicinity of the project site; shallow aquifers




Table 1.1. Summary of potential impacts of development of the 50-MW(e) geothermal well field, power plant, and transmission line at the Baca site”

Ecology Land use Geology Socioeconomics Cultural resources Air Water
(Sects. 4.1.4, 4.2.4, and 4.4.1.2) (Sects. 4.1.1, 4.2.1, and 4.4.1.1) (Sect. 4.2.5) (Sects. 4.1.5and 4.2.7) (Sects. 4.1.5.2, 4.1.7, and 4.4.1.4) (Sects. 4.1.3 and 4.2.3) (Sects. 4.1.2 and 4.2.2)
® Disturbance of important ® Grazing and logging largely ® induced subsidence and  ® Minor effects of disassociation @ Potential impact on identified ® Impact of release of ® Consumptive water requirement
winter elk range unaffected seismicity are very between costs of services and archaeological sites approximately <6 of plant (107 kg/sec or
unlikely tax benefits grams/sec (50 Ib/hr) of 820,000 Ib/hr) requires
hydrogen sulfide during withdrawal of approxi-
plant operation mately 5.67 ha (14 acres)

of land from irrigation
over the 30 year life of

the plant
@ Loss of habitat for Jemez ©® Major recreational resources ® Potential impacts of increased @ Potential disruption or ® |mpact of release of ® Geothermal fluid withdrawal
Mountain Salamander affected (decreased access- traffic volumes on Indian desecration of Indian approximately 0.22 will reduce the flow in the
(state endangered species) ibility and visual impact of Pueblos religious sites, sacred kg/sec (1900 Ib/hr) Jemez River by approxi-
' transmission corridors) areas or sacred objects of cooling tower drift mately 0.78 liters/sec
(plants, animals, water, etc.) during plant operation (12.36 gal/min)

Potential interference with

@ Potential effects on rare Potential threat to designated
plant species National Natural Landmark access to Indian religious
sites, sacred areas, or collect-
ing grounds for sacred
objects

€-T

® Increased stream sedi- ® Possible conflicts with future @ Potential interference with
mentation and possible public acquisition of the Indian religious ceremonies
damage to trout fishery Baca property .
® Estimated land require- ® Withdrawal of geothermal
ments are: fluids may affect dis-
disturbance for plant and charge of Indian sacred -
wells: 18.2 ha (45 acres) springs
transmission line right-
of-way:

corridor 1: 97.5-106.7 ha
(approximately 241-264
acres)

corridor 2: 112.8-126.5 ha
(approximately 279-313
acres)

3| dentification and quantification of the impacts of development of 150 MW(e) and 400 MW(e) is purely speculative and was not included in this table for that reason. The impacts which resuit from development to 150 MW(e)
and 400 MW(e) will be similar to those presented in this table; however, their magnitude will differ. Discussions of the impacts of development of 150 MW(e) and 400 MW(e) are found in Sect. 4.5.
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will not be impacted unless accidental casing rupture should occur.

The maximum geothermal reservoir depletion during the 30-year life of
the 50-MW(e) power plant, at proposed fluid withdrawal rates, will
amount to about 98,690,000 m3 (80,000 acre ft). Reduction in the flow
of springs and wells fed in part by geothermal reservoir outflow is
expected to occur; however, the total amount of depletion is not known
at this time. If known geothermal discharges along the Jemez River are
derived from the production reservoir, the best available estimate of
Jemez River flow reduction as a result of geothermal reservoir drawdown
is approximately 0.78 liters/sec (12.36 gal/min), or 1% of the lowest
recorded flow as of 30 years of plant operation.

Evaporative losses may increase the total dissolved solids
concentration of the fluid by approximately 127. Temperature degradation
of the reservoir is expected to occur because of the mixing of the
relatively cool injection water with hot reservoir water. Pressure will
decline within the reservoir during fluid production. Past activities
with private funding have disturbed approximately 8.1 ha (20 acres) of
vegetation.

Over the 30-year life of the power plant, approximately 300 ha
(746 acres) of land within Redondo Canyon will be committed solely to
geothermal activities, of which 10 to 20% will actually be disturbed by
construction and well-field development. Competing land uses in Redondo
Canyon are grazing, private recreational use, and religious and other
cultural uses by the Pueblos. The greatest potential for land-use
impact lies in the superposition of geothermal power production upon a
natural area surrounded by recreational sites, archaeological resources,
and public lands. The major impacts will be related to conflicts with
recreational uses of surrounding public lands as a result of visual
impacts of transmission lines. The entire Baca Location has been
designated a national natural landmark to protect the Valles Caldera.
Geothermal development could be incompatible with the natural landmark
status. The Valles Caldera is being considered for possible public

acquisition. The proposed 50-MW(e) plant and future geothermal development
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encouraged by its success could prove incompatible with use of the
western portion of the Caldera as a potential future public park or
recreation area.

Impacts of the proposed project on the terrestrial ecosystem will
result from construction of the plant and transmission lines and well
field development. Clearing of vegetation associated with these
activities will be predominantly within the mixed-conifer vegetational
community. The resultant loss of wildlife habitat should not signifi-
cantly affect most species, however, two species have been identified as
being of some concern. Areas within Redondo Canyon and along the trans-—
mission routes have been identified as habitat for the Jemez Mountains
salamander, a species designated as endangered by the State of New
Mexico. Construction of the plant, transmission line, and well pads
will inevitably result in some loss of salamander habitat. Mitigation
of these losses will be achieved by survey of and avoidance of prime
habitat areas. Redondo Canyon has been identified as an elk winter use
area. Disturbance resulting from project construction and operation
will probably result in an unquantifiable loss of elk winter habitat.
Sufficient data on the Jemez elk herd does not exist to determine the
significance of the loss.

Potential sedimentation of stream beds in Redondo Cfeek, San Antonio
Creek, and the Jemez River, resulting from erosion at the site during
construction and well-field development, could be a threat to the aquatic
biota. Sedimentation of these streams would reduce the suitability of
the Jemez River and San Antonio Creek (below Redondo Creek) for trout
and could seriously diminish the recreational value of those fisheries.
Because the geothermal fluids are to be reinjected, neither surface
water quality nor aquatic ecology should be adversely affected by normal
plant operation. Accidental releases of geothermal fluids into Redondo
Creek would have severe impacts on the biota of Redondo Creek. Concen-
trations of arsenic, bromine, and iron in the Jemez River during both
low and average flows, after an accidental spill of geothermal fluids

into Redondo Creek, could be at levels toxic to fish and other biota.




Socioeconomic impacts will be minimal because of the relatively
small size of the project. Farming produétivity from irrigated lands may be
adversely affected by unmitigated flow depletion of the Jemez’River. Also,
Indian Spring on Jemez Pueblo, used by the native Americans for bathing
purposes, could be similarly affected by geothermal fluid production.
Some aesthetic impacts will result to recreational areas nearby from
heavy vehicles operating on the public roads during plant construction.
Otherwise, noise off site will not be above residential standards and
may be totally inaudible.

The project is likely to infringe on Indian religious practices in
one or more of the following ways: (1) by destroying religious sites;
(2) by destroying sacred objects including areas, plants, water, animals,
birds, trees, and shrubs; (3) by increasing the opportunity for invasions
of privacy; (4) by contaminating and/or reducing the availability of
water for sacred practices; (5) by depleting the flow of sacred springs;
and (6) by interferring with access to religious sites. However, the
full extent of any possible infringement is not known because information
on the location of religious sites, dates and times of ceremonies, and
other specific information on religious practices is not known. DOE
will consult with Indian religious leaders during the design, siting,
and construction phases of the project in order to minimize the project's
impacts on areas of religious significance. DOE will also consult with
Indian religious leaders throughout the operating period of the facility
to assure that interference with religious rights and practices is
minimized.

Impacts of the transmission line will depend upon which route is
chosen. Impacts to biota will result from clearing vegetation along the
right-of-way. Up to 38 km of the right-of-way along one proposed route
is within forest. Clearing will result in habitat alteration for wild-
life species that depend upon closed-canopy, dense forest. Right-of-way
clearing will create an earlier successional vegetation of predominately
shrubby species. This will create some habitat for wildlife species
that prefer open canopy habitats. Construction activities along the

line could result in the avoidance of the immediate area around the line




by sensitive wildlife species during construction. Impacts of the
transmission line will be greatest in relation to the visual resources

of the public recreation lands. Line placement in the corridor will avoid
areas of Indian religious and of other cultural or historic significance
to the extent possible. Where avoidance is not possible, areas will be
identified to the administering agency and mitigation measures as defined
in the appropriate mitigation plan will be followed. Both routes cross
sensitivity-one travel routes and use areas and will be visible to
recreational visitors to surrounding public lands.

Alternatives to the proposed action are: (1) to delay or not
pursue the proposed project, (2) to utilize the resource through non-
electric applications, (3) to select another site within the Baca
Location, (4) to select another site at another geothermal area, and (5)
to alter plant design and transmission line routes of the proposed
project. An environmental trade-off analysis of these alternatives
indicates that while some alternatives may be more environmentally
attractive, they may be less attractive from the economic or technologic
aspect. Because of the competitive selection process, alternatives
requiring a location other than that proposed or major design changes
might require another competitive award.

Future expansion up to 400 MW in the Baca Location and more on
leases outside the Baca may be encouraged by the 50-MW demonstration
project; these potential impacts of this future activity are addressed
in lesser detail than for the proposed Federal action. It is assumed
that 150 MW of capacity may be constructed in Redondo Canyon, resulting
in a factor of three times the impact for most areas of analysis. An
additional 250 MW is assumed to be the potential in the Sulfur and Alamo
Canyon regions for the 400-MW total.

Expansion to 400 MW will require construction of a 345-kV trans- -
mission line along one of five feasible routes out of the Baca Location.
Expansion to 400 MW will represent an eightfold increase over the
initial 50 MW in the impact on vegetation and wildlife habitat and

sedimentation impacts on the Jemez River. Expansion to 400 MW could

affect additional salamander habitat and elk wintering areas as well as
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affect elk calving grounds in the Alamo Canyon Valles Seco area. It
will also possibly affect peregrine falcon habitat. Expansion will
involve the Sulfur Creek watershed and the San Antonio Creek watershed
and would potentially affect an important trout fishery in San Antonio
Creek. The likelihood of an accidental release of hydrogen sulfide is
increased eightfold over that for 50 MW. Land use impacts of expansion
to 400 MW would accrue mainly from increased visibility of the well
fields, power plants, and cooling tower plumes from nearby public recrea-
tion areas and residential developments in the Santa Fe National Forest.
Because of uncertainties concerning connections between geothermal
reservoirs in Redondo Canyon and elsewhere and connections to the
shallow groundwater systems and surface water, hydrologic impacts of
400 MW may not necessarily be increased eightfold. The extent of impact
to surface water at 400 MW cannot be confidantly predicted. Because the
400 MW of capacity will not all be in the same drainage basin, ambient
H?S concentrations will not necessarily increase eightfold from the
initial 50 MW. However, it is likely that the odor threshold will be
exceeded in localized areas, especially near NM-4 south of the site.
The magnitude of the effect of development beyond 50 MW cannot be predicted.
However, the potential for infringement on Indian religious practices and
sites will increase as the area assumes a more industrial character.
Comments on the DEIS were grouped into the major categories of
(1) inadequate analysis of expansion beyond the Federal action,
(2) inadequate treatment of American Indian religious impacts,
(3) critiques of the technical methods of impact estimation, partic-
ularly for hydrology and air quality, (4) potential future public
ownership of the Baca Ranch, and (5) transmission line altermative
discussions. These comments have been included in Appendix I of the

EIS, addressed generally in Sect. 12, and resulted in expanded dis-

cussion in appropriate sections of the EIS.




2. DESCRIPTION OF THE PROPOSED FEDERAL ACTION

SUMMARY OF CHANGES

In response to comments in the DEIS, Sect. 2.5 of this document
has been changed and expanded to describe potential development of
geothermal resources in the Valles Caldera Known Geothermal Resource

Area (KGRA) as a result of this project.

INTRODUCTION

The Federal action addressed by this environmental impact statement
is joint funding by the Department of Energy (DOE) and commercial
partners of a 50-MW(e) demonstration geothermal power plant in northern
New Mexico. These partners are Union Geothermal Company of New Mexico
(Union), who will develop the geothermal steam supply and disposal
systems, and Public Service Company of New Mexico (PNM), who will
construct and operate the electrical generation and distribution
facilities. This project was selected by DOE from responses to a PON
issued September 30, 1977. The PON invited organizations to submit a
proposal to design, construct, and operate a geothermal electric power
plant using a liquid-dominated geothermal reservoir. The purpose of the
demonstration plant is to demonstrate the reliability, economic
feasibility, and environmental acceptability of electrical generation
from two-phase (or "liquid-dominated") geothermal resources.

The proposed demonstration plant will be located within the Valles
Caldera at the Baca Location about 30 km (19 miles) west of Los Alamos,
New Mexico. The proposed power plant is a single-flash steam unit
generating 50 MW(e) gross from 710-kPa (103-psi) steam to be supplied by
15 or 17 geothermal wells (number depends on reservoir productivity).
The geothermal reservoir is liquid-dominated, and steam will be separated
by flashing the flow from several wells in satellite separators between
the wellheads and the power plant, so that only saturated steam flows to

the power plant. Since only steam reaches the turbine from the wells,

the power plant will be very similar (from the standpoint of power cycle
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design) to the closed condenser system now being designed and constructed
at The Geysers in northern California.

This impact statement wili evaluate the potential environmental
impacts resulting from well drilling, pipeline construction, and geothermal
fluid withdrawal; from power plant construction and operation; and from
transmission line construction for the 50-MW(e) demonstration plant.

A general discussion of the potential consequences of further commercial
development in the area of geothermal energy beyond 50 MW(e) following

a successful demonstration is also presented.

2.1 PURPOSE AND POLICY OBJECTIVES

The goal of the Federal Geothermal Program is to accelerate com-
mercial development of geothermal energy in an environmentally sound
manner. In pursuit of this goal, a program opportunity notice (PON) was
issued to prospective offerers on September 30, 1977, inviting organiza-
tions to submit proposals to design, construct, and operate a geothermal
electric power plant in the United States using a liquid-dominated
geothermal reservoir. The objectives of the PON were selected to provide
the maximum stimulus to non-Federal development of the widest spectrum
of hydrothermal resources usable for electrical production. The project
described herein is that selected by DOE from responses to the PON.

The objectives of the demonstration plant are to provide information
on the economic, technologic, and environmental aspects of electrical
generation from a liquid-dominated resource. Current geothermal tech-
nology in the United States is based on the generation of electricity
from a vapor-dcminated resource and the use of liquid-dominated resources
for nonelectrical applications. Because all the geothermal resources in
the United States, with the exception of those at The Geysers and two
national parks, are likely to be liquid-dominated and since the develop-
ment risks of liquid-dominated resources are not well known, this demon-
stration is aimed at enhancing development of electrical production from

the bulk of the U.S. geothermal resource.
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Specific objectives included in the PON are as follows:

1. demonstrate the social and environmental acceptabi}}ty and thef
readiness of state-of-the-art technology égngg; production of |
electrical power using a low- to moderate-salinity liquid- ‘
dominated hydrothermal resource,

2., demonstrate reservoir performance characteristics of a specific
liquid-dominated hydrothermal reservoir,

3. demonstrate the validity of reservoir engineering estimates of
reservoir productivity (capability and longevity),

4., demonstrate a conversion system technology at commercial scale,

5. provide Federal assistance needed to initiate development at a
resource of large potential,

6. act as a pathfinder for the regulatory process and other legal
and institutional aspects of geothermal development, and

7. provide a basis for the financial community to estimate the

risks and benefits associated with geothermal investments.

2.2 GENERAL DESCRIPTION OF PROPOSED PROJECT

The proposed project consists of geothermal well-field development,
power plant and transmission line construction, and operation of a
50-MW(e) electrical generating facility. The power plant includes a
turbine generator building, cooling tower, hydrogenw§g;fi4qw§b§ggg§gt
system, and an electrical switchyard. The wéll-field system consists of
'EESEEErmal wells, piping, steam separators, and a liquid injection
system. Electricity will be transmitted from the plant by a newly
constructed transmission line. During operation, fluid will be transported
from wellheads through pipelines to localized or '"satellite" flash
separators, from which steam will be piped to the power plant, and
unflashed liquid will be sent to arn injection plant. Noncondensable
gases will be removed from the geothermal fiuid in the turbine condenser
and processed through a hydrogen sulfide abatement system.

Unless indicated otherwise, the information contained in this
chapter came from the Union/PNM Proposal to DOE, through personal com-
munications with the Union/PNM staff, or by direct analysis of the data

ohtained from these ard other referenced sources.



2.2.1 Historical project information

Figure 2.1 depicts the present surface ownership of the original
Baca Location No. 1 Land Grant and the general location of the well
field and power plant site within the grant area. The lands comprising
the original Baca Location No. 1 Land Grant are owned by the United
States government (Forest Service and National Park Service) (4%), by
Dunigan Enterprises and the Baca Land and Cattle Company (96%), and by
the Los Alamos Ski Club (less than 1%). In 1971 Union Geothermal and
its predecessors entered into a geothermal trade agreement with Dunigan
Enterprises and the Baca Land and Cattle Company for the exclusive
rights to explore for, produce, and sell geothermal energy and to con-
struct and operate generating and transmission facilities for the
electricity produced. This agreement covered all portions of the.Baca
Location No. 1 Land Grant that were under surface ownership by Dunigan
Enterprises and the Baca Land and Cattle Company, which included at that
time the portion now owned by the National Park Service as an addition
to Bandelier National Monument (Fig. 2.1). In 1976, the National Park
Service purchased that parcel from Dunigan Enterprises and the Baca Land
and Cattle Company with all geothermal rights and encumberances intact.

For the purpose of simplicity, in the present document the Baca
Location No. 1 Land Grant will be referred to as 'the Baca Location,"
which will refer to the entire 49,470-ha-square (100,000-acre) original
land grant. The term "Baca Ranch'" will refer to only those portions
currently owned by the Baca Land and Cattle Company and Dunigan Enterprises
(excluding the section now owned by the National Park Service).

Before this project was selected by DOE, a considerable amount of
exploration and reservoir confirmation had taken place. There have been
15 geothermal wells drilled in the Redondo Creek area, four of which
have been tested extensively. In addition, 7 wells have been drilled in
the Sulfur Creek area, for a total of 22 wells in an area of 108 km?2
(43 square miles). The results of well testing have confirmed a 50-MW(e)
energy supply and indicate that the fluid energy of the reservoir may

be capable of supplying 400 MW(e) for 30 years.
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Fig. 2.1. Present surface ownership of the Baca Location No. 1
Land Grant and the general location of the well field and plant site.

In support of and resulting from this past activity, well pads, a
gravel road, laydown areas, staging areas, and a drilling rig are now
present in the Redondo Creek area. In addition, a project office area
consisting of an office trailer and temporary living quarters for some

project people is located near the highway entrance.

2.2.2 Site location and surface features

Figure 2.2 depicts the regional location of the Baca Location and
the project area (well field and plant site). The Baca Location is
located in north-central New Mexico within portions of Sandoval and Rio
Arriba counties. The well field and plant site are located approximately
96 km (60 miles) north of Albuquerque and 30 km (19 miles) west of the

town of Los Alamos. The project area is within Township 19 north and
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Research, Inc. Socioeconomic Analysis for the Proposed Baca Geothermal
Project, 1979.




Range 3 east of the New Mexico Base Meridian; the power plant site is
centered at 106° 35'10" west longitude and 35° 52'58" north latitude. A
115-kV transmission line will connect the plant site to the TA-3 sub-
station near Los Alamos. The line will follow one of two possible
routes discussed in detail in Section 2.2.4.

Access to the project area is via a secondary road off New Mexico
Highway 4 (NM-4), at a point about 2.5 km (1.5 miles) from the plant
site. The majority of the lands surrounding the Baca Location are part
of the Santa Fe National Forest. A number of public campgrounds are
located to the west and south at least 6.4 km (4 miles) from the project
area. The Parajito Ski Area, privately owned, is adjacent to the Baca
Location on the east, 17 km (11 miles) from the project area. The
southeast corner of the Baca Location adjoins Bandelier National Monu-
ment 13 km (8 miles) from the project; the northeast corner adjoins the
Santa Clara Indian Reservation 19 km (12 miles) from the project.
Department of Energy lands, which comprise the Los Alamos Scientific
Laboratory (LASL), are located 30 km (19 miles) east of the Baca
Location.

The Baca Location contains almost all of the Valles Caldera, a
prominent geologic feature in the Jemez Mountains. The elevation of the
caldera floor averages 2575 m (8500 ft) above mean sea level, with the
sides rising from just over 100 m (330 ft) to 610 m (2000 ft) above the
floor. The flanks of the Valles Caldera drop off to the desert lowlands
and are cut by a number of steep-sided, narrow canyons. Much of the
floor of the caldera is occupied by extensive grassy meadows. The edge
of the largest of the meadows, the Valle Grande, is located about 6.5 km
(4 miles) east of the project area. The meadows are surrounded by
forested mountains within the caldera, the highest of which is Redondo
Peak, at an elevation of 3425 m (11,254 ft). The project area is located
in Redondo Canyon, which is a relatively narrow forested canyon adjacent
to Redondo Peak (Fig. 2.2). Elevations in Redondo Canyon range from
2440 m (8000 ft) to 2925 m (9600 ft). Drainage from the wgll field and
plant site is to Redondo Creek and subsequently to the East Fork of the
Jemez River, southwest to the Jemez River, and eventually to the Rio

Grande.
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2.2.3 Well-field development and plant construction

Activities necessary to construct the proposed project are those
associated with full-scale geothermal well-field development and with
power plant and transmission line construction. The total area of land
disturbed by well-field development and plant construction (exclusive of
transmission lines) is approximately 18.2 ha (45 acres) in Redondo

Canyon.

2.2.3.1 Drilling and well testing

Of the 15 wells drilled previously in the Redondo Creek area,
4 have been confirmed as adequate fluid producers for the proposed
project. The most pessimistic estimate of new well success would require
the drilling of 15 new wells. It is more likely that well success
ratio and production capability would require drilling of only 12 new
wells. In the most pessimistic case, a total of 17 new and existing
wells would supply steam for plant operation, whereas in the more likely
case, a total of 15 new and existing wells would suffice.

Three nonproducing wells already in existence will be used to
satisfy the tétal injection requirement for the plant.

It is estimated that the worst case reservoir depletion will require
that one additional well for each initial well be drilled to replace
lost production, or a maximum of 17 additional wells for 30 years of
plant life. The more likely replacement schedule will be one well every
three years of operation, or a total of 10 additional wells.

Initial well spacing of wells will allow approximately 17 ha
(42 acres) per well, decreasing to approximately 8 ha (20 acres) per
well over the 30 years of plant operation. Thus, maximum tctal area of
the well field will be approximately 285 ha (715 acres) initially and will
not increase over 30 years. The actual disturbed area, however, will be
only about 10-207% of this larger area, as discussed in the following

paragraphs.
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Where possible, existing well pads will be used for drilling new
wells, and multiple wells will be drilled from single pads, thus only
six or seven new well pads are planned for the entire plant life. The
new well sites will each be cleared, leveled, and compacted for an area
of up to 1000 m? (1/4 acre) to provide drill pads; from 0.8 to 2.4 ha
(2 to 6 acres) per drill site will be used with minor disturbances for
other equipment, sumps, and laydown areas at each site. A drilling mud
sump will be provided to hold the drilling fluids at each drill pad, and
each site will be sloped toward the sump to provide a drainage catchment.
Figure 2.3 is a layout of a typical drilling site arrangement that may
be used with minor modificatioms.

The drilling operations to be used in this project are typical of
geothermal drilling practices. For each well, a hole of decreasing
diameter will be drilled using a diesel-powered drilling rig, and a
conductor pipe and surface casing will be installed as a part of the
drilling operation. The first 450 m (1500 ft) of the hole will be
drilled using a closed system of circulating mud that consists princi-
paily of water, bentonite clay, and caustic soda. Up to 25,000 liters
(6300 gal) of water per day is used for mud-drilling operations. Water
has been obtained from Redondo Creek in the past for this purpose but
currently comes from geothermal fluid. Creek water, well water, or
geothermal fluid may be used for drilling water in the future. For each
well drilled, Union currently has a permit to withdraw 150 bbl/day of
water for 30 days. The mud discharged at the surface is separated from
the drill cuttings and held in the sump for recycle or neutralization
and evaporation. Treated water, possibly aerated, will be used for
circulation to a depth of 900 m (3000 ft), and aerated water will be
used for drilling at greater depths.

A steel casing and liner will be set in each well with cement to a
depth of approximately 900 m (3000 ft).

The total depth of each well and the exact depth of casing and
liner schedules will be determined by the geological and hydrothermal
conditions of each hole. After confirmation that a production zone has
been reached, test equipment will be installed at the wellhead as shown

schematically in Fig. 2.4. A production test over approximately 30 days
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will determine the wellhead and separator flow rates and the pressure,
temperature, enthalpy, chemical composition, and noncondensable gas
content of the fluids. The average mass flow rate from each well to be
tested is estimated as 91,000 kg/hr (200,000 1b/hr), the unflashed
portion ‘'of which will be contained by the bypass pit shown in Fig. 2.4.

2.2.3.2 Road and pipeline construction

Drilling activities require access roads for each drill site.

Where possible, the access roads will be designed to disturb a minimum
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area by using existing roads or trails, by following the natural topography,
and by using good design practices. Roads will be 4.5 to 6 m (15 to

20 ft) wide with an average disturbed area of 0.5 ha per kilometer of
roadway (2 acres per mile), with turnouts provided in the more level areas.
Roads will be sloped inward toward a culvert drainage collection system

in which runoff is held in settling basins prior to release to the

natural drainage system.

Previous exploration and drilling were facilitated by the
construction of 12 km (7 miles) of roadway. Future wells for the
50-MW(e) plant will require an additional 3.2 km (2 miles) of roadway in
Redondo Canyon. An old logging road connecting Redondo Canyon and
Sulfur Creek canyon has been used by off-road vehicles, snowmobiles, and
ski patrols for activities such as meteorological data collection and
exploration for future expansion.

The power plant will require 8.8 km (5.5 miles) of geothermal fluid
supply piping and 5.4 km (3.4 miles) of injection piping ranging from
6 in. to 36 in. nominal diameter. Since 2 km (1.2 miles) of injection
piping will use the same supports as the supply piping, the net length
of the piping routes will be 12.2 km (7.6 miles). Up to five supply
wells will be connected to each of four satellite steam separators, from
which steam will be provided to the turbine and liquid will be sent to
the injection plant. A schematic of a possible arrangement of the steam
supply piping is shown in Fig. 2.5, and the possible arrangement of
injection piping is shown in the schematic Fig. 2.6. The exact con-
nections and locations of future wells are subject to change as the
field is developed.

Piping will be supported aboveground and insulated to a maximum
diameter of 1.2 m (48 in.). Piping rights-of-way will be cleared of
vegetation (except grasses) to a maximum width of 15 m (50 ft) during
construction but allowed to revegetate to a width of approximately 4.5 m
(15 ft), except for about 507 of the piping that will be constructed
within the disturbed area of access roads. The total cleared area for
piping will be about 12 ha (30 acres). Expansion loops will be provided
approximately every 450 m (1500 ft) and will be about 6 m (20 ft) high.
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2.2.3.3 Power plant construction

The power plant will be located immediately northeast of well Baca
No. 6, as shown in Figs. 2.5, 2.6, and 2.7, on a relatively flat,
previously disturbed area at an elevation of 2651 m (8750 ft) above mean
sea level. The total permanent land commitment for the turbine building,
cooling tower, switchyard, and hydrogen sulfide abatement area will be
less than 2 ha (5 acres). The major components will be arranged as
shown in Fig. 2.8. The spent fluid injection station will be located
gbout 300 m (1000 ft) south of the power plant on an additional 0.8 ha
(2 acres) of land. The total space requirement for the plant for
equipment laydown, maintenance shops, and service areas will be less
than 8 ha (20 acres).

Construction activities will consist of earth moving, concrete
pouring, equipment installation, and field fabrication and erection of
major systems that will extend over a period of about four years. The
peak labor force on site will be about 240 persons, of which only about
165 will be present during 25% of that time. All major components and
construction materials will be shipped to the plant site by truck.

The turbine building will be the tallest structure, having an
overall height of 21 m (70 ft). The building will be a steel-frame
structure on a concrete foundation designed for the snow, wind, seismic,
and soil bearing loads at the site. Floor plan dimensions will be 20 m by
29 m (65 ft by 96 ft).

The cooling tower will be the largest structure, although it is
only 18 m (60 ft) high. It will consist of eight 15 m by 15 m (50 ft by
50 ft) mechanical-draft cells, each having a 9-m (30-ft) fan, arranged
in line for an overall length of 121 m (400 ft).

As much as is practicable, all structures will be of a color that

blends with the natural setting.

2.2.4 Transmission lines

A new 115-kV transmission line will be constructed from the Baca
50-MW demonstration plant to the TA-3 substation, a distance of approxi-

mately 32 km (20 miles). The TA-3 substation is operated by the Public

Service Company of New Mexico (PNM) and located on DOE property within
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the Los Alamos Scientific Laboratory (LASL) restricted area. The TA-3
substation was chosen as the preferred terminus for the new line because
it represents the shortest route for egress of power from the Baca plant
and because Los Alamos is a major PNM load center capable of using the
entire 50 MW of generation output. The additional power will help solve
an existing voltage fluctuation problem at Los Alamos. This routing
also represents the only feasible route by which PNM will directly serve
its own customers; other routes for power egress terminate at load
centers serving customers of another utility.

Based on preliminary environmental and engineering studies and

discussions of rights-of-way with landowners or land managers, two

feasible routes between the Baca plant and the TA-3 station have been
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identified. These routes are depicted as corridor 1 (the Baca corridor)
and corridor 2 (the southern corridor) in Fig. 2.9. Alternative links
within each corridor are labeled x, y, and z for corridor 1 and A, 3, C,
and D for corridor 2. This EIS will consider a 1l.6-km-wide (1-mile)
corridor along both routes 1 and 2, only one of which will ultimately
be chosen for the new transmission corridor. The choice of route will
be based upon data contained in this impact analysis and landowner/land

manager negotiations for right-of-way.

2.2.4.1 Transmission line design

Support structures for the 115-kV line will consist of wooden pole
H-frame structures similar to that depicted in Fig. 2.10. Special
structures will be used at angles, dead-ends, and for long-spans or
where special visual considerations exist. Height of the structures
will range from 20 to 32 m (65 to 105 feet) to provide a minimum clear-
ance of 8.25 m (27 feet) between the conductors and the ground surface.
Additional structure height to maintain minimum ground clearance will be
required where the terrain dictates or where the conductors cross dis-
tribution lines, telephone lines, or highways. A 30.5-m (100-foot)
right-of-way will be utilized for the transmission line. The average
span length between structures will be 245 m (803 feet), resulting in
approximately 4.1 structures/km (6.6/mile). Long spans will be utilized
where terrain or visual considerations dictate.

The transmission line will have three aluminum conductors, steel-
reinforced, one per phase. Each phase will be suspended from the struc-
ture by a single seven-bell insulator string, with spacing between
phases of 4.4 m (14.5 feet). The conductors will be protected from
lightning strikes by two overhead shield wires mounted on the tops of
the wooden poles and connected by ground wires to ground rods driven
into the earth at the bottom of poles.

Subsequent to the selection of one of the two proposed corridors
(Fig. 2.9), determination of the location within the corridor of right-
of-way centerline and structure sites will be based upon further nego-

tiations with landowners or land managers and upon detailed right-of-way

surveys. These surveys will consist of engineering, environmental,
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and archaeological studies. Field surveys will be performed by a survey
crew using four-wheel drive vehicles and utilizing existing roads as
much as possible. No roads will be constructed during this phase of
activity. Only a minimum amount of disturbance of vegetation to allow

accurate operation of surveying instruments would be necessary.

2.2.4.2 Transmission line construction

Construction of the transmission line will proceed after final
right-of-way determination and will probably coincide with plant
construction. Construction activities wil! consist of clearing and site
preparation for the right-of-way, structure sites, and access roads;
erection of transmission structures and line stringing; and clean-up and

reclamation.

Site preparation and vegetation clearing

The amount of clearing and grading necessary for construction of
the right-of-way cannot be accurately estimated before detailed surveys
are .conducted along the chosen right-of-way. However, along the major
portion of the right-of-way, vegetation clearing will be limited to
topping or removal of large trees to provide minimum conductor clearance.
Outside of the right-of-way, danger trees and trees that might contact
the lines during wind-induced swing will also be removed or topped.
Clearing crews will make a minimum number of passes through the right-
of-way utilizing access roads as much as possible.

For each transmission structure a 30- by 46-m (100- by 150-ft)
site will be cleared and levelled for structure assembly and erection.
Levelling will be accomplished with a bulldozer. In addition to the
structure assembly sites, conductor stringing sites will be levelled and
cleared at approximately 5-km (3.l-mile) intervals along the right-of-
way. These stringing sites will be about 30- by 60-m (100- by 200-ft)
and will be used twice — once to pull conductors into place and once for
tensioning the conductors.

Where existing roads cannot be used for access to the right-of-wey,
new onés will be cleared. It is not possible to estimate accurately the
number of miles of new access roads that will be required in all

before the final centerline surveys of the right-of-way are complete.

.
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All vegetation will be removed along newly constructed access roads, and
the roads will be graded with a caterpillar tractor. After construction
of the transmission lines, access roads will be restored and closed to

public access.

Line construction

A wagon drill mounted on a truck or caterpillar tractor will be
used to dig holes for the wooden structures. The structures will be
transported to each site in sections and assembled on-site. After
erection and placement of the structures, the footings will be cemented
and the holes backfilled. Various pieces of heavy construction equip-
ment are used in the transport, assembly, and erection of the structures.

The transmission line conductors will be attached to the structures
by a "tension-stringing'" method whereby a bulldozer or tractor cater-
pillar will be used to pull the sock line (a lightweight leader cable)
down the center of the right-of-way. The sock line is then used to pull
the conductors into place under tension. Normally, the vehicle used to
string the sock line will make one cross-country trip down the right-of-
way centerline. The area of disturbance is a narrow band down the
center of the right-of-way created by the tracks of the bulldozer
(approximately 1 m in width). To allow passage, hindering shrubs and
trees may be cut down or driven over by the dozer during this operation.
To minimize disturbance, PNM is considering using a helicopter to string

the sock line over portions of the transmission line.

Cleanup and reclamation

Vegetation cleared during line construction will be ground up,
removed, concealed, burned, stacked, or scattered depending on the stipu-
lations of the land management agency or landowner. Disturbed areas will
be smoothed where necessary. All roads made during construction will be
closed from access, restored, and reseeded. All areas disturbed during
line construction will be reseeded with appropriate native species.
Revegetation techniques will vary according to each vegetation type along

the transmission right-of-way.

2.2.4.3 Transmission line maintenance

The line will be patrolled by helicopter each month to check for

problems. When maintenance is needed, the area in question will be
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reached by existing access if possible. Otherwise, four-wheel-drive
vehicles will be used overland to reach the area. The landowner or land
management agency will be notified in advance of such action whenever
possible. All land disturbed as a result of maintenance will be restored

and reseeded as necessary.

2.2.5 Plant operation

The proposed power plant turbine will have a gross electrical
capacity of 50 MW when operated at design conditions. Auxiliary power
requirements in the plant will be approximately 5 MW, resulting in a net
capacity to the PNM system of 45 MW. The plant will be operated as a
base-loaded facility. The following approximate design parameters

may vary slightly as designs are finalized.

2.2.5.1 Power cycle

The power cycle selected for the proposed plant is a single-flash,
once-through steam cycle in which liquid geothermal fluid or a mixture
of steam and liquid is flashed to steam in satellite steam separators
connecting several geothermal wells to common steam lines. A schematic
drawing of this arrangement is shown in Fig. 2.5. From the separators
the steam is delivered by insulated pipe to the turbine inlet at satura-
tion conditions of 710 kPa (103 psia) and 166°C (330°F), and the liquid
is sent to the injection plant. Figure 2.11 shows a simplified schematic
diagram of the power system with approximate flow rates for each sub-
system. This system is very similar to the new designs for The Geysers
power plant in northern California for the portion of the system after
the steam has been separated from the liquid in the satellite separators.

Geothermal fluid condensate from the turbine is collected and cir-
culated through the cooling tower, where it is cooled and recirculated
to the turbine condenser as cooling water. This recirculation of the
geothermal fluid frees the plant from the requirement for large quantities
of fresh water, as is common with closed-cycle steam systems in fossil-

fueled and nuclear power plants. The major difference between this system




ES-4850

3,000,000 Ib/hr FLUID FROM
GEOTHERMAL
43 Ib/hr

150 psia WELLS
H,S
2

SATELLITE
SEPARATORS
NONCONDENSIBLE GASES

—-TO H,S ABATEMENT SYSTEM
LIOUID TO
2,080,000 Ib/hr REINJECTION (183 Ib/hr H,S) 23,000 Ib/hr (TOT) EVAPORATED WATER
125 psia T PLANT 820,000 Ib/hr {H,0}
2,980,000 Ib/hr

52,000 Ib/hr AUX COOLING WATER COOLING TOWER

GEOTHERMAL STEAM
892,000 Ib/hr  330°F 103 psia

840,000 Ib/hr

TO SYSTEM
46,200 kW N~ NONCONDENSIBLE
GASES AUX
GAS EJECTION COOLING

NET GENERATOR
ELECTRICAL 50,000 kW STEAM TURBINE
36,000 Ib/hr SYSTEM SYSTEM

POWER GROSS
4‘0$§: l WATER BASIN
STATION POWER COOLING WATER
31,541,000 lb/hr 70°F

3,800 kW
| 31,536,000 Ib/hr
70°F

CONDENSER
et st nd p—
CONDENSATE q‘ COOLING WATER AND CONDENSATE
32,405,000 Ib/hr 96°F 48,000 Ib/hr

CONDENSATE PUMPS
EXCESS STEAM
CONDENSATE TO
REINJECTION
PLANT

56°F w8

CONDENSATE 70°F DB
PUMPS - AIR

Fig. 2.11. Schematic diagram of power system.




2-25

and past geothermal systems is that the steam condensate and the cooling
water are not mixed in the condenser, thereby providing for more thorough
extraction of noncondensable gases before the fluid passes through the
cooling tower. The extracted gases are circulated to the hydrogen sulfide
abatement system, where they are treated by the Stretford process, which
converts a high percentage of the hydrogen sulfide into elemental sulfur.

Experience with geothermal power plants of this size at The Geysers
(without the Stretford process) shows that a plant reliability factor of
70 to 80% over the life of the facility is reasonable. New generating
units at The Geysers power plant use the Stretford process to remove
hydrogen sulfide. This design feature should improve plant reliability.
Hence, the Baca demonstration plant can approach the reliability factor of
The Geysers.

The plant will require full or partial shutdown for repair or
maintenance of major steam supply components, major generating system
components, or the hydrogen sulfide abatement system. Any substantial
cutback of steam flow to the turbine will require that the steam bypass
the condenser and hydrogen sulfide abatement system by venting to bypass
pits at the satellite steam separators. Any flow interruption to the
separators will require total fluid bypass to the bypass pit (see Fig.

2.4). Thdis abnormal operation will be discussed in Sect. 4.3.

2.2.5.2 Effluents of operation

A lower percentage of the hydrogen sulfide in the fluid that circulates
through the cooling tower will be removed by prior treatment, resulting
in a release of hydrogen sulfide to the atmosphere at the low rate of
less than 6 g/sec (50 1b/hr), based on the worst-case fluid composition
from the wells. The more likdly fluid composition will result in a
release rate for hydrogen sulfide of less than 5 g/sec (43 1b/hr).

Other effluents of operation consist of the Stretford process
fluids, cooling tower blowdown and excess geothermal fluid, which are

sent to the injection station, and geothermal fluid in the form of water
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vapor and drift droplets released to the atmosphere. Approximately
0.2%, or 0.22 kg/sec (1900 1b/hr), of the total cooling tower discharge
is in the form of drift (approximately 0.005% of cooling tower circulation).
The vapor and drift released to the atmosphere will contain dis-
solved solids and noncondensable gases that are present in the geothermal
steam. Table 2.1 shows the expected levels of these constituents.
Although the gases will be present in the same amount, the drift and
liquid to be injected will contain dissolved solids in slightly higher
concentrations than the average produced from the geothermal wells, as
discussed in Sect. 3.1.2.3, because of the recirculation of cocling
water and the evaporative losses to the atmosphere. Total dissolved
solids in the cooling tower effluents are estimated to be about 400 ppm,

compared with 30 ppm in the steam condensate leaving the turbine.

Table 2.1. Average chemical analysis of steam
(without scrubbing)

pH, 4.5
Constituent Concentration (mg/liter)
Solids
Suspended solids 7
SiOp 35
HCO3 5
S04
Cl 21
Na 8
K 3
Ca, Mg, Ba, B, F 1.0

Concentration (ppm)

By weig‘t By mcles

Noncondensable gases

Constituent?

co, 28,250 12,000
H,S 204 125
N, 56 37
Hyp 2 14
CHa 2 2

9Weighted averagz of noncondensable gases,
2.64% of steam.
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Periodically a nonoxidizing biocide may be introduced for algae
control in addition to a silica scale remover. The necessity of using
such additives and to what degree they will concentrate if they are
used is unknown at this time; however, their infrequent use is expected

to contribute insignificant concentrations in the circulating fluid.

2.2.5.3 Water use

The release of vapor by the cooling tower is the primary consumptive
use of water by the plant — about 107 kg/sec (820,000 1lb/hr). Other
plant services will be supplied by treatment of geothermal steam, and
potable water will be brought into the plant or obtained from surface
sources.

In order to supply the turbine with 112 kg/sec (892,000 1b/hr),
the geothermal wells must supply a total flow of 378 kg/sec
(3,000,000 1b/hr) of geothermal fluid to the steam separators. The
262 kg/sec (2,080,000 1b/hr) of unflashed fluid from the separators
is mixed with the power plant effluent and sent to the injection plant.
Thus, the 107 kg/sec (820,000 1b/hr) of water vapor that is released to
the atmosphere during operation represents a 27% loss, or net withdrawal,
of geothermal fluid from the reservoir.

Union has applied for a permit to withdraw a total of 14 ha
(34.59 acres) of irrigated crop land from irrigation by Jemez River water
to offset possible reduction in surface water flow in’'the Jemez resulting
from geothermal operations at Baca. This is equivalent to approximately
44 acre-feet of water as defined in the permit application. The land
will be retired in increments at five-year intervals over a period of
50 years starting January 1980. The proposed 50-MW plant will be
responsible for the retirement of an estimated 5.67 ha (14 acres),
equivalent to 17.7 acre-ft of water, over the 30-year life of the plant.
The remaining acres will be reserved for possible future expansion of
geothermal activities beyond 50 MW.

The Pueblos of Jemez, Zia, and Santa Ana and the Bureau of Indian
Affairs (BIA) have protested Union's permit application (Ortega 1979).

The protest identifies three issues: '"(1) the report submitted with the
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application does not accurately address the true hydrologic conditions;
(2) any further reduction in the base flow of the Jemez River or its
tributaries would be in derogation of prior reserve rights of the Jemez,
Zia, and Santa Ana Indian Pueblos; and (3) the Office of the State
Engineer has no jurisdiction to grant an application for appropriation
of nonpotable groundwater 2,500 ft. below the ground surface (NMSA 72-
12-25 1978)." The State Engineer's Office will hold a public hearing in

an attempt to resolve this protest.

2.3 RECLAMATION AND RESTORATION

All land cleared during construction around the plant site, except
for that needed for the facility and associated storage areas and parking,
will be graded and reseeded with appropriate native plant species (refer
to Sect. 3.1.5). Likewise, to prevent soil loss, areas disturbed by
drill pad and pipeline construction will be revegetated as soon as
possible after completion of construction activities. The areas immedi-
ately surrounding the drill pads and separators, which will receive
heavy vehicle use, will be graveled or otherwise stabilized to prevent
erosion. Along the transmission line route, areas adjacent to the
towers, structure-loading sites, wire-stringing sites, and some access
to structures will be cleared to the extent that reclamation will be
required. These areas will be reseeded as necessary with plant species
appropriate for the ‘particular vegetative community (see Sect. 3.1.5).
Access roads for the transmission lines will not be permanently méintained.

The anticipated life of the project will be at least 30 years. 1In
the event the project and further development are terminated, the plant
will be decommissioned and the wells capped. Standard well abandonment
practices will be used. All land disturbed during project activities
will then be recontoured and reseeded with appropriate native plant

species.




2.4 BENEFITS

The principal benefit of the proposed project is the intangible
benefit of enhancing geothermal development through the demonstration of
electrical production from low- to moderate-salinity liquid-dominated
geothermal fluids. Tangible benefits are therefore not the primary
purpose of DOE involvement in the project, although they are important.

The principal benefits are the annual supply of 320,000,000 kWhr
of electrical energy to the PNM system for at least 30 years and the
development of technical and environmental information related to
electrical production from low- to ﬁbderate—salinity liquid-dominated
geothermal fluids. This information will assist future developers of this
type of geothermal resource. Secondary benefits will be construction
wages averaging $2,000,000% per year during four years of peak construction
activity and annual wages of $1,500,000% during the 30 years operating

life of the facility.

2.5 EXPANSION OF GEOTHERMAL DEVELOPMENT BEYOND 50 MW(e)

This EIS evaluates the potential impact of a proposed Federal action
limited to shared funding of a 50-MW(e) geothermal demonstration power
plant. A successful demonstration of 50-MW(e) capacity is expected to
enhance the development of liquid-dominated geothermal resources in
general and at the Valles Caldera KGRA in particular. Although there
are no DOE plans for participation in geothermal development in the
Valles Caldera KGRA beyond the five-year operation of the 50-MW(e) plant
at the Baca Location, the potential impacts of future development are
outlined and discussed briefly in this EIS because of the relationship
between this 50-MW(e) plant and decreased risk to developers of other
geothermal resources in the area. In this section the potential for
future development is described. The potential environmental impacts of
future development are discussed in Sect. 4.5.

Because of the developmental nature of the geothermal resource

potential in the Baca Location, it is not possible to describe a

*
1978 dollars.
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development scenario beyond 50 MW(e) with any high degree of certainty.

The locations, construction schedule, and ultimate capacity to be developed
are highly dependent upon results of exploration and well-field development
which are expected to proceed as the proposed 50-MW(e) plant is constructed
and operated. A development scenario can be postulated on the basis of
what is now known about the Valles Caldera KGRA and the Baca Location,

but because it is highly speculative, its use should be limited to
reference. This scenario gives a very high probability for a 50-MW(e)
power plant resource in Redondo Canyon (the proposed plant), a somewhat
lower probability for an additional 100 MW(e) in Redondo Canyon [two
additional 50-MW(e) plants], and a considerably lower probability for a
resource potential for an additional 250 MW(e) in Sulfur and Alamo Canyons
adjacent to Redondo Canyon [five additional 50-MW(e) plants]. This
development scenario is confined to leases held by the commercial partners
on the privately owned Baca Ranch.

In addition to the above-mentioned leases, there are at least 14
geothermal exploration leases on Federal land in the Valles Caldera KGRA
surrounding the Baca Location. These lease locations are shown in
Fig. 2.12 along with the wells drilled by the commercial partners on the
privately owned Baca Ranch. The area of potential 150-MW(e) development
by the commercial partners is within the stippled area nearest Redondo
Peak, while the area of additional 250-MW(e) development [to a total of
400 MW(e)] will be from well locations outside the stippled area. This
development is likely to occur in Sulfur Canyon, Alamo Canyon, San Luis
Canyon, Valles Seco, and, possibly, portions of Valles San Antonio. The
potential for development in the Valles Caldera KGRA has been estimated
to be between 1000 and 3000 MW(e) total (U.S.G.S. Circular 790, 1979);
the latter figure is based on assumptions of new resource discoveries
and new technology for energy conversion.

Therefore, there are four stages of development each with a lesser
degree of certainty: (1) the proposed 50-MW(e) demonstration power
plant; (2) a total of 150 MW(e) in Redondo Canyon; (3) a total of
400 MW(e) in Redondo, Sulfur, and Alamo Canyons; and (4) between 1000

and 3000 MW(e) for the whole Valles Caldera KGRA. The impacts of these
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stages are discussed in this EIS in detail commensurate with the cer-
tainty of development [i.e., much detail for 50 MW(e), less detail for
150 MW(e), even less detail for 400 MW(e), and only a cursory discussion
of 1000 to 3000 MW(e)]. The two reasons for this are: (1) little
environmental data is available for the areas outside Redondo Canyon and
the proposed transmission line routes, and (2) the DOE has w+ participa-
tion in, nor influence on, the plans for development of this project
beyond 50 MW(e). Any attempt to project impacts beyond 50 MW(e) is

speculative at this time.

2.5.1 Development of 150 MW(e)

Specific sites for three 50-MW(e) power plants do not necessarily
exist in Redondo Canyon. It is assumed, however, that two additional
power plants can be located in the Canyon within‘about 3.2 km (2 miles)
on either side of the proposed 50-MW(e) power plant. It is also assumed
that within the time period for the construction schedule there will not
be any significant technological changes in the power cycles, cooling
systems, or effluent treatment systems. Therefore, the well-field area,
power-plant size, and effluents are assumed to be the same for each addi-
tional plant as for the original proposed plant. In addition, the initial
115-kV transmission line has adequate capacity to handle 150 MW(e),
thereby eliminating the requirement for transmission lines in addition to

the proposed line out of the Baca Location for this stage of development.

2.5.2 Development of 400 MW(e)

Geothermal development beyond 150 MW(e) will probably occur in Sulfur
Creek Canyon and Alamo Canyon (see Figs. 2.7 and 2.12). Preliminary
exploration by Union prior to this project indicates a possible resource
potential of up to 250 MW(e) (but less certain than the potential in
Redondo Canyon), bringing the total goethermal potential for the Redondo
Creek, Sulfur Creek, and Alamo Canyon areas to 400 MW(e). Where these
plants might be located with respect to one another, to the terrain, or
to the Baca Location boundary is not known. The possibility of development
in this area is also highly speculative until more exploration wells are

drilled and until successful operation of the proposed demonstration plant.
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The time at which these plants might come on line is far enough in
the future (beyond six or more years) that it may be possible to assume
new technology for power cycles, cooling systems, and emission control.
However, it has been assumed in this EIS that the plants will be virtually
identical to the proposed 50-MW(e) plant in Redondo Canyon, thereby
providing a "worst case' estimate of potential impacts. Any alterna-
tives discussed in Sects. 9 and 10, such as dry cooling towers or steam
pretreatment for hydrogen sulfide abatement, that might reduce the
effluents or consumptive use of resources by the plants will reduce the
impacts described in this EIS for the development beyond 150 MW(e).

Additional transmission line capacity will be needed for develop-
ment beyond 150 MW(e) (probably a 345-kV line along one of the corridors

discussed in Sect. 4.5).

2.5.3 Future transmission systems for 400 MW(e)

Development of the geothermal resources located on or near the Baca
Location to 400-MW(e) capacity or greater will necessitate egress for the
power via one or two 345-kV transmission lines. The PNM has analyzed
general egress routes for this power and have identified, very generally,
five feasible broad corridors for potential 345-kV transmission lines
from the Baca site into the power distribution grid. Figure 4.8 in
Sect. 4.5 illustrates the placement of these corridors and that of
existing and currently planned 115-kV and 345-kV distribution systems in
the Baca/Albuquerque area. A general discussion of potential environmental
concerns related to construction of a 345-kV line along each of these

five corridors may be found in Sect. 4.5.

2.5.4 Expansion beyond 400 MW(e)

Expansion beyond 400 MW(e) is assumed to involve development on the
geothermal leases shown in Fig. 2.12. No information is currently
available on development plans except that PNM will be the utility used
for power distribution out of the Valles Caldera KGRA should any
electricity be marketed. General paths for egress of the power are

discussed in the following section and in Sect. 4.5.




2-34

Because of the uncertainty of development outside the Baca Location,
most of the available environmental information for expansion beyond
400 MW(e) relates to transmission line construction, operation, and
maintenance. The U.S. Forest Service is currently preparing a coordinated
transmission line development and geothermal plan based on total resource

development in and around the Baca Location.

2.5.5 Future transmission system for greater than 400 MW(e)

The discussion of transmission systems for 400 MW(e) in Sect. 4.2.3

is applicable to systems for greater than 400 MW(e) as well.

REFERENCE FOR SECTION 2 )

Ortega, Lotario D. 1979, personal communication (letter) to S. E.

Reynolds, New Mexico State Engineer, July 20, 1979.




3. DESCRIPTION OF EXISTING ENVIRONMENT

SUMMARY OF CHANGES

The following discussion of the existing environment is divided into
two sectiops. The first section characterizes the regional setting and
the main project area (well field and power plant site) in Redondo Canyon.
The second section describes the two proposed transmission corridors.

The impacts of the project will be discussed in Chapter 4.

In response to comments on the DEIS, editorial changes have been
made in the this section for clarification. In addition, Sect. 3.1.1.4
was expanded to amplify on potential, future public ownership of the
Baca Ranch and Sect. 3.1.10 was added to better identify Indian cultural

and religious issues.

3.1 REGIONAL SETTING AND MAIN PROJECT AREA

The following is a description of the land use, geology, hydrology,
ecology, socioeconomics, climate, air quality, and cultural resources
in the project area and vicinity. Many preproject environmental studies
characterized the area on a regional basis. The definition of study
regions varied according to the subject of the particular study and is

delineated for each of the subjects.

3.1.1 Land use

The land-use study region is depicted in Fig. 3.1. The following
discussion of land use is for the most part condensed from a land-use
inventory prepared by Wirth Associates (1979). The study region was
chosen to characterize areas in addition to the main project area
that could potentially be affected by project activities. The description
of land use along the transmission corridors (Sect. 3.2) draws upon

information presented in this section.
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3.1.1.1 Land ownership

Figure 3.1 depicts surface ownership for the general study region.
There are four major categories of land ownership: Federal, Native
American, Los Alamos County, and private.

Federal lands include the Santa Fe National Forest, administered by
the Department of Agriculture, Forest Service; Bandelier National Monu-
ment, administered by the Department of the Interior, National Park
Service; Los Alamos Scientific Laboratory (LASL), operated for the
Department of Energy (DOE); and parcels of land held by the General
Services Administration. Bandelier National Monument and the Santa Fe
National Forest are further described in Sect. 3.1.1.2. Section 3.1.1.3
contains a brief discussion of the LASL facilities. The General Services
Administration presently administers three parcels of land totaling
approximately 496 ha (1225 acres) adjacent to the Los Alamos townsite.
This land will eventually be released to another governmental agency or
to private ownership (Wirth Associates 1979).

Native American land borders the study region to the north, east,
and south. The Santa Clara Indian Reservation is adjacent to the Baca
Location (Fig. 3.2). The San Ildefonso Reservation is outside the study
region to the east. Three other reservations that could be affected by
an unlikely southern alternative transmission route (Sect. 9.7) are not
shown in Fig. 3.2. These are the Jemez, Zia, and Santa Ana Reservations,
located in the vicinity of the town of San Ysidro, approximately 35 km
southwest of the Baca Location.

The incorporated county of Los Alamos came into existence when the
Federal Government released its jurisdiction over the area to the State
in 1949. Nearly all the land owned by Los Alamos County is within the
Los Alamos townsite and is situated within the steep cauyons between the
inhabited mesas. Most of the county land is devoted to open space
(Wirth Associates 1979).

The Baca Ranch, approximately 39,790 ha (98,320 acres), comprises
the major portion of the private land within the study region. It is
owned by the Baca Land and Cattle Company and Dunigan Enterprises.

Other private land consists of the Pajarito Ski Area, owned by the Los
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Alamos Ski Club, three private children's camps, and private residences
within summer-home areas of the Santa Fe Forest and the Los Alamos

townsite, which are further described in Sect. 3.1.1.3.

3.1.1.2 Preservational designations and recreational uses

The Jemez Mountains are highly scenic and are relatively undeveloped.
They possess outstanding geologic features, wildlife values, and archaeo-
logical resources. Thus, there are a number of preservational designa-
tions and recreational use areas in the study region. Figure 3.2 depicts
the preservational boundaries and recreational use areas within the
study region.

Preservational designations include those areas that have been
recognized for their unique or undisturbed natural environments. These
areas are Bandelier National Monument and Wilderness Area; Santa Fe
National Forest, its designated roadless areas, and Monument Canyon
Research Natural Area; the Valles Caldera National Natural Landmark; the

Jemez State Monument; and recommended state natural areas.

Bandelier National Monument and Wilderness Area. The monument is

composed of two separate regions. The main section is within and to the
southeast of the study area; the smaller Tsankawi section is about 10 km
(6 miles) to the northeast outside the study region. Two proposed
additions to the monument are located near the Tsankawi section (see

Fig. 3.2). 1In recent years the monument has had approximately 300,000
vistors annually (Mountain West Research, 1979). Most visitor use of

the monument is during spring and fall weekends and in summer. The
monument was set aside mainly to preserve the outstanding prehistoric
aboriginal ruins. There are over 600 ruins, including pueblos with up

to 400 rooms (Wirth Associates 1979). The monument is situated in the
canyon lands and mesas of the steeply dissected Pajarito Plateau, which
reaches from the base of the Valles Caldera to the Rio Grande. 1In 1976,
the great majority of this main section of the monument was designated as
a wilderness area (Fig. 3.2). The Park Service is presently studying the

wilderness potential of the latest addition to the monument, the upper
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Frijoles Canyon (the wedge-shaped section out of the Baca Location, Fig.
3.2), which was acquired after the designation of the Bandelier Wilder-
ness (Wirth Associates 1979). The portion of this section south of
State Highway 4 (NM-4) is the most promising for wilderness (Wirth
Associates 1979).

Santa Fe National Forest. The Sante Fe National Forest is composed

of two divisions; most of the study region is within the Jemez Division,
located west of the Rio Grande. The San Pedro Parks Wilderness is
currently the only wilderness area in the Jemez division. It is located
19 km (12 miles) northwest of the study region (Fig. 3.2). Areas under
consideration for wilderness as part of the Forest Service Roadless Area
Review and Evaluation II (RARE II) are indicated in Fig. 3.2. wa areas,
Caballo and Dome, are within the study region. The Final Environmental
Statement for RARE II, released in January 1979, recommends the Caballo
area for further study and recommends the southern third of the Dome
area for wilderness with the remainder of Dome as nonwilderness (U.S.
Forest Service 1979, Siebertson 1979). However, final determination of
the status of these areas will await Presidential and congressional
decisions sometime in 1979. Until a final decision is made, no develop-
ment would be allowed in areas recommended for wilderness or for further
study (Siebertson 1979).

Another area within the Santa Fe National Forest has been restricted
from development. This is the 259-ha (640-acre) Monument Canyon Research
Natural Area, which was established to protect a virgin ponderosa pine

stand (U.S. Forest Service 1977).

Valles Caldera National Natural Landmairk. Under the Natural Land-

reriz Program, currently administered by the Heritage Conservation and
Recreation Service, the entire Baca Location No. 1 Land Grant was desig-
nated as a national natural landmark in August 1975 (National Park Service
1975) and appedcs in the April 1978 complete listing of Lanamarks (U.S.

-~ T

Heritage Conzervation and Recreation Service 1973). The Baza Locaticn

contains most, nut not all, of tee Valles ¢alcdera, which .35 oy naticnal
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significance as one of the largest calderas in the world. Landmark status
was also conveyed because the site has been relatively well preserved in its
natural state as a result of protection afforded it by the present land-
holder. Although the landmark is privately owned, it can be viewed by

the public from NM-4. The briefs accompanying the landmark status
recommendation for the Valles Caldera/Baca Location (Fitzsimmons 1975a)
describe the area as a scenic wonderland and identify geothermal develop-

ment activities as the major threat to the integrity of the landmark.

State preservation designations. The Jemez State Monument, located

just north of the village of Jemez Springs (Fig. 3.2), protects the

ruins of the 17th century mission. State monuments are under the
administration of the Museum of New Mexico. Jemez State Monument is also
listed in the National Register of Historic Places (U.S. Department of
Interior, 1979).

Other areas within the study region have been recommended as State
natural areas. The New Mexico Heritage Program of the Natural Resources
Department has been responsible for compiling an inventory of New Mexico
natural areas and has also conducted a study of unique ecosystems for
the U.S. Fish and Wildlife Service (USFWS). As part of the ecosystems
study, all of the Baca Ranch was recommended to the USFWS as worthy of
preservation. Redondo Peak and Redondo Border, located on either side
of the well field in Redondo Canyon, were singled out as especially
unique and valuable as prime habitat for the endangered Jemez Mountain
salamander and as excellent elk habitat (New Mexico Heritage 1979). Two
fumarole areas on the Baca Location, one within Redondo Canyon, the
other within Alamo Canyon, have been identified by.the Heritage Program
as unique geologic features (New Mexico Heritage 1978). The afore-
mentioned areas have as yet no formal designation but will probably
become part of the New Mexico State natural area system, to be established
by 1982 (Wirth Associates 1979).

In 1972 the State Planning Office undertook a study to identify
portions of State rivers as part of the State Wild and Scenic Rivers

Systems. Two classes of rivers, wild river areas and recreational river




3-8

areas, were used for the purposes of the inventory. Two streams in the
study area, San Antonio Creek and JemezvRiver (including the East Fork
of the Jemez River), were classified as recreational river areas (Wirth
Associates 1979). Recreational river areas are defined as natural free-
flowing bodies of water that are readily accessible by road or railroad
that may have some development along their shorelines, but that still
possess actual or potential scenic recreational values. Management
criteria for these areas specify that "public utility transmission
lines, gas and water lines, etc., be placed underground. Existing
rights-of-ways should be located to minimize their effect on scenic

recreational and related areas'" (Wirth Associates 1979).

Recreation areas. Recreational use areas within the study region

include the Pajarito Ski Area, public and private campgrounds, day-use
areas, and trails. The ski area adjoins the Baca Location to the east
(see Fig. 3.2). There are plans to expand the.ski area toward the east
(Wirth Associates 1979). The locations of all campgrounds are indicated
. in Fig. 3.2; most are in the Santa Fe National Forest to the west and
south of the Baca Location. Day-use sites are mostly picnic areas
located in Santa Fe National Forest. Camp May is at the ski area.
Extensive trail systems are located in the Santa Fe National Forest and
in Bandelier National Monument. Forest trails west of Los Alamos
receive heavy use, particularly the Camp May trail near the ski area.
Points of interest that receive significant recreational and
sightseeing use are indicated in Fig. 3.2. Soda Dam, Spence, and
McCauley are hot springs located on easily accessible public land.
Sulfur Hot Springs is yithin the private Baca Ranch. Jemez Falls are on
the East Fork of the Jemez River south of the project area. Battleship
Rock is at the confluence of the East Fork with San Antonio Creek, where
the stream becomes the Jemez River.
The Jemez Mountains receive heavy recreational use in the summer

and light to medium use in the winter months. The prime recreational
areas within the Jemez Mountains received an estimated 700,000 visitor-

days in 1974; the number of vistor-days is steadily increasing (Wirth
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Associates 1979). All the developed recreation sites occur within the
canyons of major drainages or along the principal State and Forest
Service roads. Probably 90-95% of the recreational use takes place at
these sites and along the roads (U.S. Forest Service 1977). 1In the
Final Environmental Statement for Geothermal Leasing in the Santa Fe
National Forest, the Forest Service (1977) identified areas of heavy
recreation use and high scenic quality and recommended that they be
excepted from geothermal leasing. These scenic areas near the study
region are identified in Fig. 3.2. They include the primary roads,

recreation sites, and scenic areas discussed above.

3.1.1.3 Other existing land uses

Because of the importance of the study region as a recreation area,
recreational uses are discussed separately (Sect. 3.1.1.2). Other
existing land uses in the region include residential, timber harvesting,
grazing, and activities on the LASL technical site. Geothermal exploration
and some aspects of the LASL site are the principal industrial land uses
within or near the study region. According to the U.S. Soil Conservation
Service (Appendix C), there are no prime or unique farmlands in the study

region.

Residential. The Los Alamos townsite is the largest residential
area within the study region. The town has a population of approximately
16,500. Figure 3.3 depicts the location of the urbanized portion of the
Los Alamos townsite. For the most part, the residential areas are
situated along three east-west-trending mesas; the intervening canyons,
owned by Los Alamos County, are devoted to open space.

Other residential areas within the study region are also depicted
in Fig. 3.3. The La Cueva area and Horseshoe Springs Summer Home Area,
located approximately 6.4 km (4 miles) west of the plant site, and the
Vallecitos de los Indios settlement, located approximately 8 km (5 miles)
south of the plant site, are primarily second-home residential areas.
Second-home sites are also being sold on Thompson Ridge, Tent Rocks,

Primos Hermanos, Deer Canyon, and Cerro Pelado (see Fig. 3.3). The
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community of Jemez Springs, located about 14.5 km (9 miles) southwest of
the project site, has a population of approximately 450 year-round

residents.

Travel routes. The locations of major paved roads are depicted in

Fig. 3.3. Two state highways, NM-4 and NM-126, are located within the
study region. NM-4 includes an alternate business loop that serves the
Los Alamos townsite. The West Jemez Road (NM-4 alt.), the East Jemez
Road, and the Pajarito Road are major travel routes that serve the LASL
technical sites. There is a system of unpaved but improved roads that
provide access to recreation areas and second-home developments within
the Santa Fe National Forest. Some of these roads are indicated as

"Forest roads" in Fig. 3.25, on p. 130.

Services. A 12-in. natural gas pipeline passes through the northern
portion of the study region (see Fig. 3.3) The gas line is buried beneath
a graveled access road. The terminus for this pipeline is the Los
Alamos townsite.

All existing electrical transmission lines having a capacity over
69 kV are depicted in Fig. 3.3. All the identified transmission lines
are located south of Los Alamos and within the LASL technical area. The
locations of three electrical substations, TA-3, ETA, and LAMPF, are also
depicted in Fig. 3.3.

The Los Alamos airport.is located east of the townsite. It is a
private airport, owned by the Federal Government, under the administrative

jurisdiction of the DOE.

Los Alamos Scientific Laboratory site. The DOE lands that comprise

the LASL reservation are closed to unauthorized entry, because of the sensi-
tive and often secret nature of the research performed. The entire LASL
reservation includes 30 technical areas and 124 principal buildings.

Most of the technical areas are fenced. The use of LASL land includes

building sites, test areas, waste disposal locations, roads, and utility

rights—-of-way. These uses account for only a small fraction of the
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total land area; the remainder of the land is used to provide isolation
for security and safety and as reserves for future structural locations

(U.S. Department of Energy 1978).

Grazing and timber harvesting. The study region is important for

cattle forage production. The great majority of the Santa Fe National
Forest is open to grazing, except the portion of the forest within

Los Alamos County (Wirth Associates 1979). Grazing allotments within the
forest are detailed in the Final Environmental Statement for Geothermal
Leasing in the Santa Fe National Forest (U.S. Forest Service 1977).
These grazing allotments are used primarily from May through October
(Wirth Associates 1979). Additionally, the main use of the land owmed
by the Baca Land and Cattle Company (the Baca Ranch) is for cattle
grazing. Approximately 4500 head of cattle are grazed on the property,
primarily on the large valles, the high mountain meadows within the
Valles Caldera; the grazing season is from spring to autumn (Wirth
Associates 1979). The LASL reservation allows no grazing.

Timber harvesting in the region began in the early 1900s and continues
to the present. There are few virgin timber stands remaining (U.S. Forest
Service 1977). Commercial sawtimber species existing in the study
region include ponderosa pine, Douglas fir, white fir, spruce, and
aspen. Past timber harvesting practices included both clear-cutting and
selective logging. Large sections of Baca Ranch were clear-cut in the
recent past and are scarred with logging roads. - These areas are indicated
on the vegetation map (Fig. 3.19) in Sect. 3.1.5. Timbering is no

longer conducted on the Baca Ranch.

Other commercial uses. There are no mineral production or major

mining activities in the general vicinity of the study region. Pumice
is the only product currently mined in the general region surrounding
the study area. All three of the operating pumice pits are, however,
outside the study region. Geothermal leasing and exploration activities
are occurring in the Santa Fe National Forest, on and near the Baca
Location. Geothermal resources are discussed in greater detail in

Sect. 3.1.2.3.
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3.1.1.4. Planned future land uses

The study region is located within portions of Sandoval and Los
Alamos Counties. The incorporated county of Los Alamos adopted a
comprehensive plan in 1976 (Wirth Associates 1979). Sandoval County,
however, is only in the initial stages of formulating a general plan.
Two other major planning efforts are under way in the study region.

The master plan for the Los Alamos Scientific Laboratory is scheduled
for completion sometime in mid-1980. The land management plan for the
Santa Fe National Forest is also being prepared, with an expected com-
pletion date of February 1980. This final plan will be the basis of
forest management practices for the ensuing ten years.

Expansion of the LASL reservation is constrained by adjacent land
ownership and the topographic character of the land. Consequently,
nearly all future laboratory growth is expected to be within the con-
fines of the existing reservation. Likewise, future expansion of the
Los Alamos urbanized area is restricted by topography and adjacent land
ownership. Figure 3.3 depicts areas within the Santa Fe National Forest
where inholdings of private land have been subdivided and are expected
to be developed (second homes) in the next few years. These areas are
east, south, and west of the Baca Location. The La Cueva-Horseshoe
Springs and Vallecitos de los Indios settlements have considerable
development in progress and are expected to expand. The Deer Canyon
site is completely subdivided, the Cerro Pelado area is expected to
develop in about five years, the Primos Hermanos area is only partly
subdivided, and Thompson Ridge and Tent Rocks are currently being
developed (Wirth Associates 1979).

Three major new roads are planned within the Los Alamos urbanized
area as part of its comprehensive plan. All three are planned to serve
as access routes into expanding residential areas. Only one significant
change in the National Forest road system is planned within the study
region. Forest Route 268 will be realigned to the east to provide
improved access to NM-4 for the residents of the Tent Rock and Primos
Hermanos residential areas, on the south edge of the study region.

Finally, as part of the proposed project development, Union Geothermal
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plans to pave the access road it presently maintains from NM-4 to the

well field within Redondo Canyon.

Potential public acquisition of the Valles Caldera. The Baca Loca-

tion/Valles Caldera is currently being considered for possible public
acquisition. The Department of Interior recently completed a study of
management alternatives for the Valles Caldera which considered potential
environmental and socioeconomic impacts, effects of public use, and
general costs of each alternative (U.S. DOI 1979b). Five feasible manage-
ment alternatives were outlined, including continued private ownership,
acquisition by the State of New Mexico as part of the state park system,
and Federal acquisition by either the National Park Service, the U.S.

Fish and Wildlife Service, or the U.S. Forest Service. Major findings

and salient details of the study are summarized below.

The Valles Caldera is one of the largest examples of a collapse sub-
sidence volcanic caldera in the world. The catastrophic eruption that
created the Valles Caldera may have been ten times greater than that at
Krakatoa, and it spread ash as far away as Kansas. The Valles Caldera
is significant also because of its long volcanic history, its relatively
recent termination of volcanism, and the variety of volcanic materials
that have been deposited. These features of the interior of the caldera
are readily observable. The caldera supports eight major plant associa-
tions and a diversity of wildlife. The scenic characteristics of the
caldera are unique because of its unusual topography and the juxaposition
of the diverse vegetation types.

The study determined that the Baca Location/Valles Caldera qualifies
as nationally significant on the basis of the following values: (1) it
is an outstanding example of a geologic landform which is extremely rare
in the nation, (2) it possesses high ecological and geologic diversity,
(3) it possesses outstanding scenic values, (4) it is a true example of
essentially unspoiled natural history, and (5) Federally designated
endangered species have been observed to occur in the caldera. The
Valles Caldera further meets the qualifications of a national recreation
area and fits into at least four natural history themes of the National

Park Service's Southern Rocky Mountains Natural Region classification.
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Four major threats to the preservation of the caldera's natural
resources were identified: (1) under continued private ownership,
possible subdivision of the land into seasonal homesites and commercial
developments; (2) possible abusive land management practices under
private ownership (such as overgrazing or extensive logging. : (3) geo-
thermal development; and (4) lack of an effective wildlife management
plan resulting in expansion of the resident elk herd to exceed the
land's carrying capacity. Because of the present geothermal leasing
agreement, it was determined that any management alternative would have
to accommodate some form of geothermal development. The study concluded
that continued private ownership could not assure long-term protection
of the area's resources. Each of the four public management alterna-
tives would have a measure of success in protection of the area's
resources; acquisition by the National Park Service appeared to present
the broadest protection for both natural and cultural resources. The
study made no final recommendations as to which public management alter-
native should be adopted. There was no indication of when such a decision
might be forthcoming. In its comments on the DEIS, the Department of the
Interior recommended that, pending a decision on the issue of public
ownership, the project be delayed or moved to an alternative location

(see Appendix I, Comments and Responses, pp. I-14 and 15).

3.1.1.5 Well field and plant site

The well field and power plant site, which together encompass the
main project area, are located within Redondo Canyon on Baca Ranch land,
owned by the Baca Land and Cattle Company and Dunigan Enterprises, Inc.
Figure 3.6 indicates the location of the project area and Redondo Canyon
with respect to the entire Baca Loﬁation, all of which is a designated
National Natural Landmark (see Sect. 3.1.1.2). Redondo Canyon is bordered
by Redondo Peak and Redondo Border, both of which are recommended as
unique ecosystems (see Sect. 3.1.1.2).

Geothermal development activities are currently the major use of the
land within Redondo Canyon. Livestock may be grazed in the canyon during

certain seasons. The private landowner also has access to the project
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area for his own uses. Figure 3.4 indicates the locations of existing
and planned wells and access roads within the canyon connected with the
geothermal activities. Figure 3.21 in Sect. 3.1.5 shows the topography
of the canyon in relation to the existing wells. The nearest resident

to the main project area is approximately 3 km west.

3.1.2 Geology, soils, and geothermal resources

3.1.2.1 Geology

The geology of the Jemez Mountains and the Valles Caldera is complex.
Significant regional as well as local structural elements coincide within
the area. Evidence of geologically recent volcanic activity is provided
by the presence of numerous rhyolite domes and widespread volcaniclastic

material.

3.1.2.1.1 Regiomal

The Valles Caldera is a central structural feature of the. Jemez
Mountains of north-central New Mexico. Jemez and Pajarito Plateaus bound
Valles Caldera on the west and east respectively. The Jemez Mountains
comprise a complex volcanic pile that occurs within the southern portion
of the Rocky Mountain belt. This mountain system extends from Canada
southward into Mexico, attaining a width of 80 to 160 km (50 to 100 miles)
in New Mexico (West 1973). The Jemez Mountains are the locus of inter-
section of two regionally significant geologic.features: the eastern
rim of the Colorado Plateau to the west, along which various volcanic
fields occur, and the Rio Grande rift to the east (Fig. 3.5) (Dondan-
ville 1978).

The Rio Grande rift is a major north-south-trending tectonic feature
of the North American continent. It is a structural trough which seismic
data indicate occurs along a transition zone between typical Cordilleran
crust and upper mantle and High Plains crustal structure. The rift, which
is Miocene to Holocene in age, includes a central graben as well as
flanking faults and uplifts. The rift zone is several hundred kilometers

in width, extending from at least north-central Colorado southward into
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Mexico. The inner graben is from 25 to 50 km (15.5 to 31 miles) wide,
extending from Leadville, Colorado, southward to Socorro, New Mexico.

The graben is characterized by en echelon offsets in New Mexico, although
it remains an essentially continuous feature (Cordell 1978; Ramberg, Cook,
and Smithson 1978) through which the Rio Grande has flowed for more than
4 million years (Edwards, Reiter, Shearer, and Young 1978).

A positive heat-flow anomaly [more than 2.5 pucal/cm? sec (HFU)] is
associated with the Rio Grande graben in north-central New Mexicoj; heat
flow data (reduced to compensate for a possible crustal radiogenic heat
component) indicate that the depth of the nonradiogenic source within the

crust and upper mantle is no greater than 15 to 35 km (9.5 to 21.7 miles).

Other geophysical data indicate partially melted material upwarped beneath




3-19

the rift zone. The presence of a shallow, mobile thermal source is in
agreement with the existence of recent extensive basaltic volcanism.
Indeed, there is evidence of increased rates of volcanism in the area

(Ramberg, Cook, and Smithson 1978; Edwards, Reiter, Shearer, and Young 1978).

3.1.2.1.2 Site-specific

The Valles Caldera is located within the northeastern portion of
Sandoval County, New Mexico, approximately 97 km (60 miles) north of
Albuquerque and 8 km (5 miles) west of Los Alamos. The caldera
(Fig. 3.6) is a subcircular depression of volcanic origin that ranges
from 19 to 24 km (12 to 15 miles) in diameter. Within the structure,
numerous rhyolite domes divide the area into several valleys, the largest
of which is Valle Grande. Valle Grande lies at an altitude of about
2585 m (8480 ft) and attains a width of 4.8 km (3 miles). The elevations
of the depression's rim vary from 60 m (a few hundred feet) to more
than 610 m (2000 ft) above the floor. Redondo Peak, which is composed
of an outcropping of Bandelier Tuff, is the highest of the interior
domes, reaches a maximum elevation of 3431 m (11,254 ft) above mean sea
level, creating a relief of nearly 915 m (3000 ft) (Dondanville 1978;
Conover, Theis, and Griggs 1963).

The geologic history of Valles Caldera is complex. No known
precaldera rocks crop out within the caldera (Union 0il Co. 1978).

Figure 3.7 is a geologic map of Valles Caldera. Figure 3.8 shows the
geology of Redondo Creek Canyon. A Precambrian basement of microcline
granite was intruded and deformed prior to deposition of Paleozoic units.
The oldest Paleozoic rocks existing beneath the caldera are sedimentary
rocks of the Magdalena Group. This 244+ m (800+ ft) thick sequence of
limestones, snales, and arkosic sandstones was deposited in shallow seas
during the Pennsylvanian (and Permian?). Subsequent tec filling of the
shallow depositional basins, continental sediments accumulated. These
Permian deposits are the Abo Fecrmation, composed primarily of beds c¢f
calcareous, arkosic sandstones and shales. Undernesth Valles Caldera,
the Abo ccmmonly exceeds 488 m (1600 ft) in thickness. Uplift accom-

panying fnlding and f£anlting then occurred during the early Cenozoic
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period. Associated erosion cut down into the Abo, removing younger
rocks. Tertiary sands of mid-Pliocene age are present in restricted
areas, up to a thickness of 150 m (500 ft) (Union 0il Co. 1978, Griggs
and Hem 1964, Purtymun 1973).

Volcanic activity began in the Valles Caldera area in latest Miocene
to earliest Pliocene time. A large, shallow magma chamber was implaced,
and basalt-rhyolite volcanic sequences were erupted. The interior mass
of the Jemez Mountains volcanic pile is represented by the Paliza Canyon
and Tschicoma Volcanics. The Paliza Canyon Volcanics are a series of
andesites, dacite flows, and tuffs. They range from 91 to 732 m
(300 to 2400 ft) in thickness. Overlying the Paliza Canyon are the
Tschicoma Volcanics, comprised of latite and quartz latite flows and
pyroxene andesite flows. Their thickness in the caldera area is quite
variable, up to perhaps 914 m (3000 ft) (Union 0il Co. 1978, Dondanville
1978, Griggs and Hem 1964, Purtymun 1973).

Following a period of quiescence and erosion, two violent pyroclastic
eruptions of volatile-rich material occurred 1.4 and 1.1 million years
agd (mid-Pleistocene). An estimated total of 2110 km3 (50 cubic miles)
of material was erupted during each of these catastrophic events;
the then-unsupported roofs of the magma chambers collapsed to form
caldera structures. The first eruption-collapse formed the Toledo
Caldera (on the northeast rim of Valles Caldera) and laid down the lower
Bandelier Tuff. The second event created Valles Caldera and deposited
the upper Bandelier Tuff. As a result of the simultaneous eruption-
collapse events, the Bandelier attains a thickness of 1830 m (6000 ft)
within Valles Caldera; the maximum thickness outside the depression is
305 m (1000 ft). The Bandelier Tuff consists of unconsolidated pumice
deposits, pumiceous rhyolite tuff breccia, and welded rhyolite tuff
(Union 0il Co. 1978, Dondanville 1978, Griggs and Hem 1964). Caldera
fill consisting of landslide debris and caldera (crater) lake sediments
accumulated to a depth of 610 m (2000 ft) within the depression. Uplift
and doming of a rejuvenated magma chamber created the central Redondo
Peak; associated faulting formed the Redondo and Jaramillo Creeks graben.
Episodic eruptions of rhyolite along the caldera ring graben fractures

from about 1 to 0.1 million years ago formed both domes and flows.
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These rock units are represented by the Redondo Creek (older Valles
Rhyolite) and Valles Rhyolites (Union 0il Co. 1978).

Valles Caldera is a collapsed structural dome superimposed on an
extension of the Rocky Mountain belt between the San Juan Basin to the
west and the Rio Grande rift zone to the east. The Nacimiento high-
angle reverse fault (overthrust) delineates the east side of the San
Juan Basin and the west boundary of the Jemez uplift (West 1973).

Valles Caldera is situated along the western margin of the Rio Grande
rift; marginal faults striking northeast are located near Jemez Pueblo
and San Isidro, southwest of the project site (Trainer 1978). The fault
zone most likely trends across the caldera, though obscured by sediments
and volcanics. The Pajarito Plateau on the east side of the caldera is
characterized by steeply dipping normal faults, downthrown toward the
central Rio Grande graben on the east. Surficial rocks of the plateau
have an eastward regional dip of 1 to 2° (Griggs and Hem 1964).

The structural elements of the Valles Caldera consist primarily of
high-angle, normai faults. Concentrically arranged in a zone 3 to 5 km
(2 to 3 miles) wide, they form an inner ring graben, or circular down-
dropped fault block, along which rhyolite domes were episodically
extruded. This is approximated in Fig. 3.7 as the inferred ring fracture
system. The Redondo and Jaramillo Creeks graben is another primary
structure within the area. Numerous subordinate fault structures are
also present, as can be seen in the structure cross sections of
Figs. 3.9 and 3.10.

The geophysical environment of the general project area is anomalous,
because rocks of widely varying compositions and properties have been
brought into proximity by tectonic and igneous activity. The individual
geophysical anomalies (temperature, gravity, electrical, magnetic),
furthermore, are coincident in the Valles Caldera-Jemez Mountains area
(West 1973).

Reduced heat flow values for the Jemez Mountains are high, exceeding
3.2 ucal/cm2 sec (heat flow units, or HFU). Within this area, radioactive
decay adds only 0.38 HFU to unreduced heat flow values. The above-average
heat flow is therefore primarily attributable to elevated crustal

isotherms and increased thermal conductivity of the rocks (Edwards, Reiter,

Shearer, and Young 1978, West 1973). High subsurface temperatures are
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characteristic of the northwestern half of Valles Caldera; shallow
temperature gradients exceed 0.08°C per meter or 80°C per km (0.15°F per
foot or 792°F per mile) over 130 km? (50 square miles) of the caldera
(Union 0il Co. 1978, Dondanville 1978).

Valles and Toledo Calderas coincide with a negative gravity anomaly
of 25 milligals (Fig. 3.11). Although this is typically indicative of an
intruded granitic pluton at the project site, it is ascribed primarily
to the thick accumulation of relatively low-density rocks within the
collapsed calderas (Dondanville 1978). Magnetic anomalies occur in
an arcuate pattern in the vicinity of Valles Caldera; the magnetic data
depict dike zones along the ring-fracture system (West 1973).

Electrical conductance surveys show that the eastern half of Valles
Caldera contains highly recistant rocks, in contrast to the remainder of
the area. The high conductance characteristic of the western half of the
depression indicates the presence of a high-porosity, high-salinity, or
high-temperature (or a combination of these parameters) reservoir (Union
0il Co. 1978). From information given in Sect. 3.1.3.2.1, highly saline

water can be disregarded.

3.1.2.1.3 Seismicity

New Mexico has historically been an area of low to moderate seismic
risk. There is a long history of faulting (presumably accompanied by
earthquakes) associated with the Rio Grande rift zone and volcanic activity
in the Jemez Mountains. The most active region at present is the Rio
Grande valley between Santa Fe and Socorro. The fault zones closest to
the project area are the Pajarito and Jemez. The Pajarito fault, which
lies immediately east of Valles Caldera, is on the western border of the
Rio Grande rift zone. It has had a long period of movement, although
it is now believed to be inactive. The Jemez fault zone, which is also
believed to be part of the Rio Grande system, lies to the southwest of
Valles Caldera. It is an active fault area, although present movement
is slight (Keller 1968, Rea 1977).

Los Alamos Scientific Laboratory operated a seismic net consisting

of four continuous-recording seismographs for a nine-day period during
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March and April 1967. The nearest recorded seismic events were 20 km
(12.4 miles? away (Keller 1968). A regional seismic net that was
functional in 1973 recorded fairly large events on September 25, 27, and
29, 1975. The main shock had a magnitude of 3.2 (see Table 3.1); its
epicenter was along the Nacimiento fault zone west of Vall~s Caldera.

As of January 1977, no other significant shocks (magnitude greater than

0.7) had been recorded near the project site (Rea 1977).

Table 3.1. Earthquake intensity and magnitude scale

Modified Appr9ximate Corre.sponding
Mercalli equivalent horlzont.a| Effects
intensity shallow acceleration
magnitude (% gravity)
| <0.03 Not generally felt
1 25 0.03-0.05 Felt by few at rest
11 0.05-0.1 Felt noticeably indoors
v 3.5 0.1-0.3 Windows rattled
\% 0.3-0.5 Windows broken
Vi 0.5—-1 Objects upset
v« Vi 5.5 1-3 Moderate damage
Vil 6 3-56 Very destructive to weak
structures
IX 5—-10 Total destruction of weak
structures
X 10-30 Only best buildings survive
XI 8 30-50 Few buildings survive
Xl 8.5 50—>100 Total destruction

Source: Modified after H. O. Wood and F. Neumann, “"Modified Mercalli
Intensity Scale of _1931,” Bull. Seismol. Soc. Am. 21:278—-283 (1931).

3.1.2.1.4 Geologic hazards

Geologic hazards of possible significance within the Baca project
area include seismic activity, landslides, and renewed volcanism.
Seismic hazards are ground-shaking earthquake events. Since active
faulting is known to exist (Sect. 3.1.2.1.3), there is a definite

possibility that felt and possibly structure-damaging earthquakes could

occur. Landslides are another potential hazard. The rock units in Valles
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Caldera are mostly competent. Landslides have, however, occurred in the
past. Isolated rock falls and slumping of unconsolidated material can be
expected to occur along the slopes of the caldera rim and the interior domes.
Renewed volcanism is a definite possibility. The Jemez Mountains
area (and Valles Caldera in particular) is one in which volcanism has
occurred in the geologically recent past. The volcanic activity has
occurred intermittently with periods of dormancy. The caldera is quiescent
at present, but it has not been determined whether the volcano is merely
dormant or has become extinct (Keller 1968). It is interesting to note
that the time interval between volcanic events as indicated by age-dated
rhyolite domes (Fig. 3.12) is approximately 0.1 million years. The last
known extrusion took place about 0.1 million years ago (Union 0il Co.

1978). No volcanism is expected to be induced by project activities.

3.1.2.2 Soils

A number of known soil mapping units are present in the well field
and along the transmission line corridors. An area in which soils data
are not available is within the Baca Location, from its southern )
boundary north to Redondo Creek. Table 3.2 gives the ratings of the
known soil mapping units for different criteria with respect to their
limitations for engineering purposes. Soil mapping units of the well
field and transmission lines are included in Figs. 3.13, 3.14, 3.15,
and 3.16. Detailed descriptions of all known area soil mapping units
are provided in the references cited (Daugherty and Buchanan 1979;
Nyhan et al. 1978; and U.S. Forest Service and Earth Environmental
Consultants 1979).

Figure 3.13 shows the distribution of soil mapping units within the
well field. The proposed power plant and most of the existing pro-
duction wells are located on the Glossoboralf-Rubble land association
(GH), which has a general rating of moderate to severe. The other
project site soils and their general ratings are: Hesperus-Seco (HS),
slight to moderate; Rock outcrop, steep (RS), severe; Glossoboralf-

Argiboroll (GA), slight to moderate; and Cryoboralfs-Rubble (CT),

moderate.
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Table 3.2. Interpretation of the soil mapping units of the Baca project site and proposed transmission line route

Map unit Efosion Depth (shsr::lll?(ilsl\::ell) Drainage Top-soil Runoff Corrosivity s;iin:\:iat[y
Aguic Haplustolls 7  Slight Severe Slight Slight— Slight— Moderate
1—-13% slopes Moderate Moderate
Argic Cryoborolls— 15  Slight— Moderate Slight— Moderate— Moderate — Severe
Rock Outcrop Complex Moderate Moderate Severe Severe
Abrigo loam AB  Moderate  Slight Moderate Slight Good Slight Slight Slight—
Moderate
Arriba—Copar Complex AC  Moderate  Moderate Moderate Slight Fair Slight Slight Moderate
Armstead loam AR  Moderate Slight Severe Slight Poor Slight Slight Moderate—
Severe
Cryoboralf— CA  Slight Slight Slight Slight Poor Slight Severe Moderate
Cryochrept Assoc.,
15—35% slopes
Cryoboralf Assoc., CC  Slight Slight Slight Slight Poor Slight Severe Moderate
15—35% slopes
Cuervo gravelly CL Moderate  Moderate Slight Slight Poor Slight Slight Moderate
loam, 0—15% slopes
Carjo loam CR  Moderate Severe Moderate Slight Poor Slight Slight Severe
Cuervo gravelly loam, CS Moderate  Moderate Slight Slight Poor Moderate Slight Moderate
16—40% slopes
Cryoboralfs—-Rubble CT  Slight Slight Moderate Slight Poor Moderate Moderate Moderate
Assoc., >35% slopes
Cryoborolls 679  Severe
16—40% slopes
Cumulic Haploborolls— 14  Slight— Moderate Slight— Slight— Slight— Moderate
Eutric Glossoboralfs Moderate Moderate Moderate Moderate
Complex 0—15% slopes
Entic Dystrandept, 620 Severe Severe
frigid-Peralta
Complex, 0—15% slopes
Eutric Glossoboralfs 12 Slight— Slight Moderate Slight— Slight— Moderate
Complex, 5—10% slopes Moderate Moderate Moderate
Eutric Glossoboralfs— 13 Slight— Moderate Moderate Moderate— Moderate— Severe
Rock Outcrop Complex Severe Severe Severe
20—45% slopes
Frijoles very fine FR  Moderate Slight Slight Slight Poor Slight Slight Slight—
Sandy loam Moderate
Glossoboralfs—Argiboroll  GA  Slight Slight Slight Slight Poor Moderate Moderate Slight—
Assoc., 156—35% slopes Moderate
Glossoboralfs Assoc., GE  Slight Slight Moderate Slight Fair Moderate Slight Slight—
15-35% slopes Moderate
Glossoboralf Assoc., GG  Slight Slight Moderate Slight Fair Slight Slight Slight
0—-15% slopes
Glossoboralf—Rubble GH  Slight Moderate Moderate Slight Poor Moderate Slight Moderate—
Assoc., >35% slopes Severe
Glossoboralf—Rubble GL Moderate  Moderate Moderate Slight Poor Moderate Slight Slight—
Land Assoc., Moderate
>35% slopes
Glossoboralf— GP  Moderate  Slight Slight Slight Poor Moderate Slight Slight—
Dystrochrept— Moderate
Palebcroll Assoc.,
15--35% slope
Griegos Cobbly GR  Moderate Slight Slight Slight Poor Moderate Slight Moderate
loam, 16--40% 16
Slopes 667
Griegos Cobbly GS  Severe Slight Slight Slight Poor Moderate Slight Moderate—
loam, 41-80% 16 Severe
Slopes 668
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Table 3.2. {continued)

Map unit Erosion Depth (s:rti:Ei\tr:Iell) Drainage Top-soil Runoff Corrosivity s;‘:;l?:?tly

Griegos—Rock GT  Severe Severe Slight Slight Poor Moderate Slight Severe
QOutcrop Complex

Hackroy sandy HA  Moderate  Severe Slight Slight Poor Slight Slight Severe
loam

Hackroy—Rock HR  Severe Severe Slight Slight Poor Moderate Slight Severe
outcrop complex

Hesperus—Seco HS  Slight Slight Moderate Slight Fair Slight Slight Slight—
Assoc., 3—15% slopes Moderate

Kwage—Pelado—Roc