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1.0 INTRODUCTION 

During World War II and the Cold War, the United States developed a massive 
industrial complex to research, produce, and test nuclear weapons. This nuclear 
weapons complex included uranium mining, nuclear reactors, chemical processing 
buildings, metal machining plants, laboratories, and maintenance facilities that 
manufactured tens of thousands of nuclear warheads, and conducted more than one 
thousand nuclear explosion tests. 

Weapons production stopped in the late 1980s, initially to correct widespread 
environmental and safety problems, and was later ended indefinitely because of the end 
of Cold War. The work remaining, and the subject of this analysis, is the legacy of 
thousands of contaminated areas and buildings, and large volumes of "backlog" waste 
and special nuclear materials requiring treatment, stabilization, and disposal. (See 
Appendix B for a further discussion of the causes of the environmental legacy being 
addressed by the Environmental Management program.) Approximately one-half 
million cubic meters of radioactive high-level, mixed, and low-level waste must be 
stabilized, safeguarded, and dispositioned, including a quantity of plutonium sufficient 
to fabricate thousands of nuclear weapons. Therefore, the security as well as the safety 
of this material is of paramount importance. Moreover, because plutonium can 
spontaneously ignite in certain circumstances when in contact with moist air, careful 
attention must be paid to handling and storage safety. 

In 1989, the Department of Energy established the Environmental Restoration and 
Waste Management program, now called the Environmental Management program, to 
consolidate ongoing activities and accelerate efforts to address the inactive production 
facilities and sites and the accumulated waste, contamination, and materials. Six years 
later, this program is responsible for the maintenance and stabilization as well as the 
environmental restoration and waste management work at virtually the entire nuclear 
weapons complex not being used for continued weapons activities. The 
Environmental Management program is the largest environmental stewardship 
program in the world, with 150 sites in approximately 30 states and Puerto Rico. 

1.1 THE 1996 BASELINE ENVIRONMENTAL 
MANAGEMENT REPORT 

The primary mission of the Department of Energy's Environmental Management 
program is to reduce health and safety risks from radioactive waste and environmental 
contamination resulting from developing, producing, and testing nuclear material for 
weapons. The 1996 Baseline Environmental Management Report provides a total life
cycle cost estimate and anticipated schedule of the projects and activities necessary to 
carry out the Environmental Management program's missions for environmental 
remediation, waste management, basic science, technology development, the transition 
of operational facilities to safe shutdown status, and the safeguarding and security of 
special nuclear materials. 
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For more comprehensive information about the Environmental Management program and a description of 
program accomplishments and other related initiatives, see the following published reports : 
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Charting the Course: The Future Use Report (April 1996) provides results of the 
Department-wide Future Use Project and discusses the future-use planning efforts 
under way at 20 Department research and former 
nuclear weapons production sites. Sixteen of the 20 
participating sites, in collaboration with Tribal and local 
governments and stakeholders, developed 
recommendations regarding the future use of site land 
and facilities. 

Environmental Management 1996 (April 1996) is the 
Office of Environmental Management's annual report on 
the program's progress. It assesses the program's 
performance in 1995 compared with 1994. 

Taking Stock: A Look at the Opportunities and 
Challenges Posed by Inventories from the Cold War 
Era (January 1996) reports on a Department-wide effort 
to improve management and disposi tion and to reduce 
costs for materials that no longer have clearly defined or 
immediate uses. 

Closing the Circle on the Splitting of the Atom 
(January 1996, second printing) describes existing 
environmental , safety , and health problems throughout 
the nuclear weapons complex, and what the Department 
of Energy is dqing to remedy the problems. 

Risks and the Risk Debate: Searching for Common 
Ground, "The First Step" (June 1995) details the 
findings of the Department's first effort to develop a 
consistent approach to evaluating risks throughout the 
nuclear weapons complex. This draft risk report 
provides a qualitative risk evaluation of I, 199 
environmental management activities planned for FY 1996. 
finalized in Summer 1996. 
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This report wil l be 

To obtain copies of these reports, or for more information on the Environmental 
Management program, please contact the Center for Environmental Management 
Information at 1-800-7-EM-DATA. 

The Department of Energy prepared this report as an analytical tool to help guide 
Departmental decisions and to provide an accounting of the Department's progress, 
spending, and plans. In addition, federal law requires the Secretary of Energy to 
regularly submit a Baseline Environmental Management Report. The 1996 Baseline 
Environmental Management Report (Baseline Report) is the second of these reports. In 
addition, the report serves as a benchmark - or starting point - in the development of 
new "Ten-Year Plans" that are being prepared to define new, near-term cleanup 
objectives and greatly accelerate the pace and reduce the costs of cleanup over current 
plans. 

The first report, prepared in 1995, estimated that the total cost of the Environmental 
Management program's mission will be between $200 and $350 billion over a 75-year 
period. Significant decisions made over the past 12 months have changed the projected 
scope of the Environmental Management program presented in the 1995 report. For 
example, new technical approaches at the Hanford Site in Washington, the Idaho 
National Engineering Laboratory, and the Rocky Flats Environmental Technology Site 
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in Colorado have affected the cost and schedule estimates for these sites. The 1996 
Baseline Report highlights these changes, both at the site level and at the national level. 
Guided by a new ten-year planning process, we are confident that we can further reduce 
the costs and accelerate the pace of cleanup through better coordination between sites, 
use of "breakthrough management" and use of new technologies. 

• 

_, 
• 

f:fu1:f 
THE f(/96 BASELINE REPORT!§; 

Because the program is only seven years 
into a life cycle that spans over 75 years, 
many decisions will be made that can 
dramatically change the direction of the 
program. In addition to illustrating the 
assumed path forward, the 1996 Baseline 
Report presents policy analyses that 
examine the consequences of modifying 
key program assumptions. The analyses 
presented include answers to the following 
questions: 

• tf of environmental management • 
'es expe¢~ to be necessary to address the 

1eolll'tllrien1~s legacy fl1ld projected future 

• Land Use - What effect will 
future land-use decisions have on 
the overall scope, cost, and 
schedule of cleanup for 
Environmental Management sites? 

• Program and Project 
Scheduling - What are the cost 
consequences of delaying or 
accelerating programs and 
projects? What is the relationship 

• A{~finitive"basi~for planning specific projects 

• A. 'b 
Afu St <it 

oflong•tenn priorities 

between program pace, schedule, and waste volumes? 

• A "Minimal Action" Scenario - What is the minimum funding necessary to 
prevent risks to human health or the environment from increasing for 75 years 
in the absence of the constraints of current legal requirements? 

The 1996 Baseline Report is based on current (as of late 1995) national and site-level 
assumptions regarding the actions or activities that are most likely to occur in the future . 
It is expected that these projected activities will change in the future. In fact, one of the 
principal purposes of this report is to inform a national debate on what the best future 
course should be. 
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1.2 OVERVIEW OF THE 1996 BASELINE REPORT 

The 1996 Baseline Report consists of an executive summary and three volumes: Volume 
I, the 1996 Baseline Environmental Management Report, and Volumes II and ill, Site 
Summaries for the 1996 Baseline Environment Management Report. 

Volume I contains eight chapters : 

Chapter 1 introduces and provides an overview of the 1996 Baseline Report. 

Chapter 2 describes how the Environmental Management program is organized to 
provide remedies to the environmental legacy of the nuclear weapons complex. Six 
functional areas are described: environmental restoration, waste management, nuclear 
material and facility stabilization, science and technology development, landlord, and 
national program planning and management. 

Chapter 3 defines the "Base Case," which is a long-range projection of costs, schedules and 
activities that describe the Environmental Management program from its current state to 
completion. This chapter describes the challenges involved in developing a life-cycle cost 
estimate for the Environmental Management program and outlines the general methodology 
and key assumptions used to develop the Base Case. The key Base Case assumptions are 
divided into four main categories: funding, scheduling/site completion, land use, and 
functional area. 
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Chapter 4 summarizes the Base Case results . These results represent a new baseline 
for the Environmental Management program and depict the most likely scenario for the 
program based on current assumptions. This chapter also includes summary results of 
two Base Case analyses: science and technology development and pollution prevention. 

Chapter 5 compares the 1995 and 1996 Base Case results and describes how the Base 
Case changed since last year. 

Chapter 6 examines alternative scenarios that are built on the Base Case. These 
alternative scenarios examine the impacts to cost and schedule estimates that result from 
varying program assumptions. Included are three scenarios: land use, program and 
project scheduling, and minimal action. 

Chapter 7 compares the results of the Base Case and the alternative scenarios in three 
areas: life-cycle cost estimates, program end states, and overall benefits and losses. This 
chapter provides side-by-side comparisons of the results that are presented separately in 
Chapters 4 and 6. 

Chapter 8 discusses the various conclusions of this year's report and how baseline 
planning exercises will continue in the Environmental Management program. 

Volume I also contains several appendices: 

Appendix A contains the Baseline Environmental Management Report requirements in 
the National Defense Authorization Acts for FY 1994 and FY 1995 . 

Appendix B describes the sources of the environmental legacy being addressed by the 
Environmental Management program, such as the steps in the nuclear weapons 
production process and the resulting contamination. 

Appendix C describes the Baseline Report methodology and presents a detailed 
discussion of the following areas: setting assumptions; defining activities and projects 
for major program elements; developing categories for personnel requirements; 
gathering and assembling data; conducting integration analyses; estimating program 
improvements; developing documentation; and involving stakeholders. 

Appendix D provides supporting information for the land-use scenario analysis. 

Appendix E discusses the effects of productivity and discounting on the Base Case 
estimate. 

Appendix F describes the methodology for the analysis of the effects of technology 
development on the Base Case Estimate. 

Appendix G describes the methodology for the analysis of the effects of pollution 
prevention efforts on the Base Case estimate. 

Appendix H lists the various Department of Energy reading rooms where copies of this 
report and other Departmental information may be obtained. 

Volumes II and ill contain summaries for each site included in the Base Case estimate. 
The site summaries provide specific information about the activities and projected costs 
at each site as requested by the National Defense Authorization Act. The site 
summaries are organized by state. Each summary provides a brief discussion of the 
site's current and future missions, followed by discussions of the projects and activities 
necessary to remediate the site. The summaries also provide more detail about the site
specific assumptions used to develop the Base Case. 

1-5 



1996,'B85eline Environmental Management Report 

Construction of the first high-level waste tanks at Hanford Site, Washington, 1944. 
Designed for a useful life of 25 years, these tanks contain intensely radioactive acids and 
solvents resulting from reprocessing spent nuclear reactor fuel elements to extract plutonium 
and uranium. Approximately half of the 177 tanks were a "single shell", such as these, while 
others were "double shell" tanks. Because workers during the Cold War typically filled the 
tanks without sampling the waste and without recordkeeping that would meet toC:ay's 
standards, the Department is now undertaking a complex and hazardous effort to characterize 
the waste already in the tanks. 
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Installing a mixing pump 
in tank 101-SY at Hanford 
Site, Washington, 1993. 
This custom-built pump was 
critical in controlling the 
buildup of explosive gases 
in the tank, which was 
identified as one of the 
most urgent safety risks in 
the former nuclear weapons 
complex at the time. The 
ongoing cost for simply 
averting serious safety 
problems in these tanks is 
approximately $300 million 
per year. Beyond this 
routine safety operation, the 
Department is planning to 
remove the waste from the 
tank, which is the focus of a 
top-priority multibillion 
dollar, multidecade effort. 
The cost and complexity of 
dealing with these tanks 
provides excellent 
examples of the benefits of 
life-cycle planning and cost 
estimation. Characterizing 
the waste and treating it for 
disposal, after many years 
of storage, is significantly 
more expensive, complex, 
and hazardous than if the 
work was done as part of 
the production process. 



2.0 THE ENVIRONMENTAL MANAGEMENT 
PROGRAM 

The Department established the Environmental Management program in 1989 to 
address the environmental legacy of nuclear weapons production and other sources of 
potential pollutants such as nuclear research. The Environmental Management program 
encompasses six major functional areas: ( 1) environmental restoration, (2) waste 
management, (3) nuclear material and facility stabilization, (4) science and technology 
development (5) landlord, and (6) national program planning and management. These 
six areas are all interrelated. Figure 2.1 graphically depicts the scope of the 
Environmental Management program and the key interrelationships of the six major 
areas. Waste management involves the safe treatment, storage, and disposal of existing 
waste and waste yet to be generated. Environmental restoration activities address 
remediation of contaminated soil and water as well as decommissioning of contaminated 
surplus facilities . Nuclear material and facility stabilization involves stabilizing and 
consolidating special nuclear materials such as plutonium and highly enriched uranium 
and deactivating surplus facilities to a safe, low maintenance condition while awaiting 
final decommissioning. Science and technology development refers to a variety of basic 
and applied research activities that explore more effective and less expensive remedies 
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to address the environmental and safety problems of the Environmental Management 
program. Landlord functions represent crosscutting site-wide support activities such as 
road maintenance and fire and ambulance services. National program planning and 
management encompasses Headquarters functions. The following subsections describe 
each major area. 

The U.S. Department of Energy requires management of its sites and facilities in 
compliance with applicable federal , state, and local regulations. The Base Case 
described in this report is a "compliance case" (that is, based on compliance with all 
applicable provisions of laws, permits, regulations, orders, and agreements) in effect 
throughout the Department of Energy complex. The following box provides a list of 
the major federal laws that directly influence the functional area strategies outlined in 
this chapter. 

LEGAL REQUIREMENTS DRIVING THE ENVIRONMENTAL MANAGEMENT 

• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
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Resource Conservation and Ret:Qvery Act, as amended 
Comprehen'sive Environmental Respo~;r<j:ompensatjon, and Liability Act, as 
amended 1;v · ' · 

. National Envkonmental Policy Act 
, Federal Facility Compliance Act 
,,G'"!ean Air Act, aumended 
clean Water Act as amended 
Safe Drinking Water Act, as amended 

4roxic_Subs esCoQ,troI Act.:~as .amended,, 
" A.tomJc En Act as ame'rtded 

Uranium Mill Taili~g~"Radiation ContrQl Act 
Ebw-leveJ !' aste Policy Act, as amended 

ENVIRONMENTAL RESTORATION 

Mission 

The Environmental Restoration program's overall mission is to protect human health 
and the environment from risks posed by inactive, surplus facilities and contaminated 
areas. The program is accomplishing this mission by remediating sites and facilities in 
the most cost-efficient and responsible manner possible to provide for future beneficial 
use while complying with applicable environmental regulations. Environmental 
restoration activities are prioritized based upon various factors, including the goals of 
reducing risks at all sites and compliance with existing laws, regulations, and 
agreements. Most actions are designed to either clean up or contain contamination in 
the environment (including soil, ground water, and surface water) or to decommission 
contaminated buildings (including reactors and chemical processing buildings). Related 
activities conducted to support these actions may include immediate treatment of 
contaminated soils or ground water, packaging of waste for commercial treatment and/or 
disposal, and onsite disposal of consolidated contaminated media such as soils or 
building rubble. 

2-2 



Cleanup goals and remedies for each contaminated area are decided through processes 
established by federal and state laws and other legal agreements. These processes 
involve decision makers outside of the Department such as the states, the U.S. 
Environmental Protection Agency, and the U.S. Nuclear Regulatory Commission. The 
environmental restoration process described below is a generic approach based 
primarily on requirements of the Comprehensive Environmental Response, 
Compensation, and Liability Act, as amended. Other statutes that influence the process 
include the Resource Conservation and Recovery Act, as amended, and the National 
Environmental Policy Act. 

The Remediation Process 

Initially, the Department characterizes a contaminated area to identify contaminants, 
determine the extent of contamination, and assess potential threats to public health and 
the environment. If a significant contamination problem is indicated, and a fast and 
limited cleanup or containment action could mitigate this problem, the Department may 
conduct an expedited response action or interim action. To date, the Department has 
completed over 500 such limited actions, avoiding larger contamination problems that 
could have resulted from delay. 

Upon completion of characterization, the Department performs a detailed analysis to 
quantify existing risks and evaluate remedial alternatives. The analysis is followed by a 
formal decision process, including public meetings and a formal comment period. If the 
results of the analysis indicate that a contaminated area does not pose a threat to public 
health or the environment, or that a previously completed limited action adequately 
remediated the contamination, the Department makes a decision to take "No Further 
Action," in conjunction with the regulators, the U.S. Environmental Protection Agency, 
and the host state. If, however, a threat is deemed to be present, the Department 
identifies and implements the appropriate remedial action. 

The Department of Energy reviews potential activities to determine how much waste 
will be generated in the cleanup and makes provisions for its storage, treatment, and/or 
disposal. If actual cleanup (for example, a removal action) is not practical, or not 
required because of decisions regarding future land use, the Department may take steps 
to stop or slow the spread of contamination by implementing containment technologies. 
Actions depend on the contaminants and the medium (for example, soil and ground 
water) in which they are found. Contaminants such as hazardous organic chemicals or 
fuel oil are often highly mobile but can be effectively removed from the media and 
destroyed. Heavy metals and radioactive materials are often less mobile but cannot be 
destroyed, even when it is possible to remove them from the media. 

Radioactivity will decay naturally over time, but it can take from a few days to tens of 
thousands of years to become less harmful. During this time, heavy metal contaminated 
soils and radioactive waste that pose threats to public health and the environment must 
be contained, stabilized, or moved to a safer place. Containment structures associated 
with contamination that has not been fully remediated or that has been stabilized in 
place must be continuously monitored and maintained. 
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To date, the Department has completed 119 remedial action projects. Another 111 
projects are under way. These projects have included cleanup of contaminated soils, 
construction of ground-water treatment faci lities, and retrieval of buried waste. The 
Department is positioned to accomplish even more cleanup in the near term as many 
characterization activities are complete or nearing completion, and many formal cleanup 
decisions will be made over the next few years. 

The Decommissioning Process 

Decommissioning of surplus facilities involves a decisionmaking process similar to the 
process used for environmental remediation: characteri zation followed by detailed 
analysis of alternatives and formal remedy selection. Based on a joint policy between 
the Environmental Protection Agency and the Department of Energy, provisions of the 
Comprehensive Environmental Response, Compensation, and Liability Act generally 
govern decommissioning activities, which are conducted as "non-time critical removal 
actions." 

Decommissioning activities, which occur after fac ilities have been stabilized and 
deactivated, address contamination that is already contained within buildings. Building 
deterioration, however, may pose a substantial hazard to surveillance and 
decommissioning workers, and the recurring costs associated with maintaining surplus 
facilities absorb resources that could be better spent on remediation. These issues raise 
important policy and planning questions. 

Of the 3,500 contaminated facilities that are surplus, or projected to be surplus within 
the next ten years, the Department has decommissioned 100 facilities to date. In spite of 
its modest beginnings, the program has placed a priority on minimizing secondary waste 
and has recycled 7.24 million kilograms (16 mill ion pounds) of scrap metal from 
dismantled facilities and equipment. 

2.2 WASTE MANAGEMENT 

Mission 

The Waste Management program's mission is to treat, store, and dispose of waste 
generated during past and future Department of Energy activities. This includes 
managing large volumes of "backlog" waste that currently exist at various facilities 
throughout the United States. For example, at the end of 1995, approximately 600,000 
cubic meters (786,000 cubic yards) of radioactive waste were stored in facilities at 
various Department of Energy installations. Additional waste is expected from 
environmental restoration and nuclear material and facility stabilization acti vities and 
from other ongoing activities within the Department. 

Based on definitions contained in regulations, waste is divided into categories that 
include high-level, transuranic, mixed transuran ic, low-level, low-level mixed, uranium 
mill tailings, hazardous, sanitary, and special case waste. See the following box for a 
brief description of each waste type. Because they have specific requirements for 
treatment, storage, and disposal, each waste type requires a different management 
strategy. 
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Strategies 

Even more than environmental restoration processes, waste management strategies 
depend on following detailed regulatory requirements. These include the Resource 
Conservation and Recovery Act, as implemented through permits, compliance 
agreements, and consent orders into which the Department has entered with host states 
and the U.S. Environmental Protection Agency. For example, the Federal Facility 
Compliance Act of 1992, which amended the Resource Conservation and Recovery Act, 
waives sovereign immunity for all federal agencies and specifically requires the 
Department to subr,1it Site Treatment Plans and enter into compliance agreements with 
the states specifying treatment plans and schedules for mixed waste (including high
level, transuranic, and low-level mixed waste). As a result of this Act, the Department 
has entered into negotiated compliance orders between state regulators and/or the U.S. 
Environmental Protection Agency for 29 states and is currently negotiating orders for six 
sites. 

High-Level Waste 

Approximately 350,000 cubic meters (459,000 cubic yards) of high-level waste is 
currently stored at four sites: Hanford Site, Idaho National Engineering Laboratory, 
Savannah River Site, and West Valley Demonstration Project. The Department has 
ended production operations involving special nuclear materials and is phasing out 
chemical processing of spent nuclear fuel. As a result, the Department does not expect 
large volumes of high-level waste to be generated in the future . Small amounts, 
however, will be generated during nuclear material and facility stabilization activities. 

Two statutes provide the principal regulatory basis for high-level waste. The Atomic 
Energy Act governs the radioactive constituents of high-level waste and Subtitle C of 
the Resource Conservation and Recovery Act governs the hazardous constituents. 
Based on regulatory requirements, liquid high-level waste must be converted to a 
durable, stable, solid form for disposal. The preferred treatment for most high-level 
waste is vitrification (that is, mixing liquid high-level waste with glass frit and heating it 
to create glass that is solidified inside steel canisters). A vitrification facility at the 
Savannah River Site in South Carolina recently began operations, and a facility at the 
West Valley Demonstration Project in western New York plans to begin operating in 
1996. 

Presently, no disposal facility for high-level waste is available. The Department will 
oversee the placement of high-level waste in a national geologic repository developed by 
the Department of Energy's Office of Civilian Radioactive Waste Management. This 
office currently plans to have a repository available for high-level waste shipments by 
2015. However, based on site scheduling assumptions, this report assumes that a high
level waste repository will be available to accept Department of Energy waste in 
approximately 2016. 
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DESCRIPTIONS OF WASTE TYPES 

High-leVfl waste: highly radioactiv~~f11aterial resulting from rep 
nuclear fllel and irradiated targets,ti,~ll9s!ing liquid waste produ 
reprocessing and any solid material ~aerived from such liquid w at contains 
fission products in sufficient concentrations. Most of the Department~s high-level 
waste came from the production of plutonium. A smaller fraction is related to 
recovering enriched uranium from naval reactor fuel. This waste typically contains 
highly r~dioactive, short-lived fission. products as well as long-lived isotopes, 
hazardous chemicals, and heavy me!als. It must be isolated from the 
environment for thousands of years. Liquid high-level waste is typically stored in 
large tanks, while waste in powdered forrn is stored in bins. All high-level waste is 
managed as mixed waste. 

Transuranic and mixed transura'1 '" waste: waste generate ·ng nuclear 
weapon~production"fuel reproce~~ . nd oth9r ~fotivities ip lopg-lived , 
transuranic elements. It contains p ium, arrierlcium. and laments with 
atomic numbers higher than that of uranium. Some of these isotopes have half• 
lives of tens of thousands of years, and therefore require long-term isolation. 
Since 1970, transuranic waste has been stored temporarily in drums at sites 
throughout the complex. Mixed transuranic waste contains both radioactive and 
hazardous waste. ., ,, 

Low-level waste: any radioactive waste that is not classified as high-level waste, 
transuranic waste, spent nuclear fuelor byproduct tailings containing uranium or 
thorium from processed ore. It ls produced by every process involving radioactive 
materials. Low-level waste has a . • ange of characteristics, but most of It 
conta mall amounts; of radioacl large volumes .of mat~ '. Some , 
waste . hls category (fbr exampfi ated metal parts fronr ,. ors) can have 
more radioactivity per unit volume th!in the average high-level waste from nuclear 
weapons production. Most low-levelwaste has been buried in shallow trenches. 
A limited inventory remains stored in boxes and drums. 

Low-level mixed waste: low-level radioactive waste that also contains hazardous 
waste. A significant portion of the Department's mixed waste is low-level mixed 
waste. 

Uranium mill tailings: large volumes of material left from uranium mining and 
milling. While this material is not cat prized as wa!ite, tailings a~~ pf concern 
becau · ey emit radon and beca, ey are u~1..1ally contqm · ' with toxic , 
heavy· Is, including lead, vana · rand molyt){jehum. + ~· 

Hazardous waste: waste that is regulated under Subtitle C of the Resource 
Conservation and Recovery Aet. It contains hazardous constituents but no 
radionuclides. Hazardous waste is generated at most Department of Energy 
installations in a variety of quantities and forms (for example, laboratory solutions, 
acids, bases, and degreasing agents}. 

Sanitary waste: waste that includes solid sanitary waste (for example, garbage, 
rubble, or debris) regulated under Subtitle D of the Resource Conservation and 
Recovery Act and liquid sanitary waste regulated under the Clean Water Act. 

Special,cas~ waste: waste that is./lilhigh-level or transuranic, 
greater'conf 1nement than shallow lari:a· burial. 

-=#\ 
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Transuranic and Mixed Transuranic Waste 

Pending the availability of a geologic repository, many sites store transuranic waste, 
including the Hanford Site, Idaho National Engineering Laboratory, Los Alamos 
National Laboratory, Nevada Test Site, Oak Ridge Reservation, Rocky Flats 
Environmental Technology Site, and Savannah River Site. Storage facilities for 
transuranic waste are upgraded or built to comply with requirements under Subtitle C of 
the Resource Conservation and Recovery Act. Before 1970, this waste was buried in 
shallow trenches, mostly at the Idaho National Engineering Laboratory and the Hanford 
Site. Some burial site retrieval actions are now determined by the Environmental 
Restoration program through a process that is specified by the Comprehensive 
Environmental Response, Compensation, and Liability Act. 

Treatment of mixed transuranic waste (radioactive and hazardous) to remove, or reduce 
to acceptable levels, the constituents in the waste restricted by land disposal restrictions, 
may be required under the Resource Conservation and Recovery Act. Mixed 
transuranic waste treatment requirements are being assessed as part of the Waste 
Isolation Pilot Plant test phase. The Waste Isolation Pilot Plant is a deep geologic 
repository that the Department excavated in the 1980s for disposal of transuranic waste. 
The Plant is located in a salt bed 640 meters (2, 100 feet) below the surface in southern 
New Mexico. The Department plans to use this facility to dispose of transuranic waste 
beginning in 1998, pending completion of regulatory compliance demonstrations. 

Low-Level Waste 

Low-level waste ranges from low-activity waste that can be disposed of by shallow land 
disposal techniques to high-activity waste that requires disposal techniques providing 
greater confinement. Over 30 installations currently generate low-level waste. The 
Hanford Site, Idaho National Engineering Laboratory, Los Alamos National 
Laboratory, Nevada Test Site, Oak Ridge Reservation, and Savannah River Site store 
low-level waste on a long-term basis. 

Low-level waste generally undergoes minimum treatment (that is, volume reduction, 
solidification of liquids, and packaging) before transportation and disposal. Low-level 
waste storage is kept to a minimum because disposal operations are ongoing at six 
installations. Waste radioactivity levels (low-level waste can have high or low levels of 
radioactivity) and geohydrological conditions influence disposal methods (for example, 
shallow land burial or engineered vaults). 

In response to a recommendation from the Defense Facilities Nuclear Safety Board, the 
Department is taking steps to integrate low-level waste management and determine the 
future disposal configuration. 

Low-Level Mixed Waste 

Until the late 1980s, most low-level mixed waste was routinely disposed of by shallow 
land burial. However, enactment of the Resource Conservation and Recovery Act 
limited land disposal of low-level mixed waste, which is subject to land disposal 
restrictions, unless treatment standards are met or a variance is granted. As a result, the 
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Department currently plans to treat most low-level mixed waste at Department of 
Energy sites. 

Treatment strategies for low-level mixed waste have been developed through 
interactions between the Department, states, and stakeholders. Disposal locations will 
be determined in conjunction with the Waste Management Programmatic 
Environmental Impact Statement; site-specific Environmental Impact Statements; state 
regulators; and local stakeholders. For purposes of this analysis, the Department 
assumed that mixed low-level waste will be disposed of at the existing low-level waste 
sites: Hanford Site, Idaho National Engineering Laboratory, Los Alamos National 
Laboratory, Nevada Test Site, Oak Ridge Reservation, Savannah River Site, and 
commercial facilities . 

Hazardous Waste 

Hazardous waste includes materials identified as hazardoas or requiring regulatory 
control as stipulated by Subtitle C of the Resource Conservation and Recovery Act. 
For purposes of this report, the definition of hazarious waste includes Toxic Substances 
Control Act-regulated material, such as asbestos and polychlorinated biphenyls. Land 
disposal restrictions under the Resource Conservation and Recovery Act require 
treatment of the hazardous constituents of waste to specific concentration levels before 
disposal. These regulations are implemented by the states and the Environmental 
Protection Agency regions and apply to local Department of Energy operations. All 
waste management facilities must meet stringent waste acceptance criteria. 

In general, hazardous waste generated by the Environmental Management program is 
sent to commercial treatment and disposal facilities. Permitted commercial facilities 
manage approximately 10,000 cubic meters (13, I 00 cubic yards) of the Department's 
hazardous waste annually. Small amounts of hazardous waste await treatment and 
disposal, except for waste being accumulated for shipment to commercial facilities. 

Sanitary Waste 

Sanitary waste includes materials that are not hazardous or radioactive. There are 
essentially two types of sanitary waste: solid and liquid. Solid sanitary waste includes 
garbage, rubble, and other nonhazardous debris routinely generated by construction or 
other activities. It is regulated under Subtitle D of the Resource Conservation and 
Recovery Act and is typically disposed of in onsite sanitary landfills or shipped offsite 
to municipal landfills. Liquid sanitary waste includes sewage and industrial wastewater 
that is regulated by the Clean Water Act and the National Pollutant Discharge 
Elimination System. Treatment of liquid sanitary waste is usually accomplished at 
onsite or municipally-owned facilities. Industrial wastewater undergoes pretreatment 
processes before being discharged. 

Special Case Waste 

Special case waste is waste that is not high-level or transuranic, but requires greater 
confinement than shallow land burial. This waste is similar to Greater-Than-Class C 
waste regulated by the Nuclear Regulatory Commission. Only a few sites contain 
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special case waste. These sites include the Hanford Site, Idaho National Engineering 
Laboratory and Grand Junction Projects Office. A decision has not been made 
regarding disposal of special case waste. However, the Department is considering 
several disposal options, including disposal onsite and in a national repository. 

Spent Nuclear Fuel 

Spent nuclear fuel is not regulated as a waste material. It consists of nuclear materials 
or heavy metals such as uranium, plutonium, or thorium withdrawn from a nuclear 
reactor or another neutron irradiation facility. Spent nuclear fuel exists primarily in 
solid form as metal-clad rods that require no treatment for near-term storage. However, 
broken or punctured rods must be overpacked to contain the radioactive material. Most 
spent fuel is stored in water pools (for example, at Hanford Site, Idaho National 
Engineering Laboratory, and Savannah River Site). This traditional storage method 
requires constant maintenance, such as water purification, to prevent corrosion of the 
fuel rods. Some spent fuel is stored in dry casks (for example, at Oak Ridge 
Reservation). The Department is developing dry above-ground facilities to provide 
safer and more efficient storage. Some treatment of spent nuclear fuel may be required 
before final disposal in a geologic repository. Until a repository is available, the 
Department will provide for the management of spent nuclear fuel and related facilities, 
including interim activities necessary to ensure safe storage. 

Spent nuclear fuel includes all nuclear fuel generated by Department of Energy 
production reactors, university and government research reactors, foreign research 
reactors that use fuel of U.S. origin, and naval nuclear propulsion reactors (including 
training, prototype, and service reactors). Except for a few special cases (for example, 
Three Mile Island), the Environmental Management program is not responsible for 
managing spent nuclear fuel from commercial reactors. 

In January 1996, the Environmental Management program transferred management of 
spent nuclear fuel from the Waste Management program to the Nuclear Material and 
Facility Stabilization program. This shift occurred because spent nuclear fuel is closely 
related to the special nuclear materials already managed by the Nuclear Material and 
Facility Stabilization program. For purposes of the 1996 Baseline Report, spent nuclear 
fuel is included in the Waste Management program's cost estimates and functional 
element discussion. Future reports will address spent nuclear fuel with the Nuclear 
Material and Facility Stabilization program. 
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. WASTE MINIMIZATION AND POLLUTION PREVENTION 

The De artinent of Energy has institw:g a waste minimization program; administered by 
the En: 'ment.al Ma~agement pro .•.. '" at all of its facilities. Waste ~nimization and 
polluti revention me~$ prevehtin ' ducing the generation of pollu~ants, . 
contaminants, hazardous substances,' ot .. aste at its source or reducing ijie amount of 
waste requiring treatment, storage, and/or disposal through recycling. these objectives 
are achievable by administrative and procedural changes, design features incorporated into 
new facilities, modifications to existing facilities, increased use of existing technologies, 
anc:l exphnded technology development efforts. For example, wastewater treatment has 
been improved by replacing antiquated equipment and processes and site-wide programs 
have begun to recycle materials such as aluminum, paper, lead, oil, tires, and excess 
chemicals. Chapter 4 and Appendix G provide additional information on the 
Departin~nt' s pollution prevention program and the results of an analysi$ of pollution 
preventj;pn: efforts on the Base Case 'e$t!fh~te. 

@ ·~ 

2.3 NUCLEAR MATERIAL AND FACILITY 
STABILIZATION 

Mission 

The mission of the Nuclear Material and Facility Stabilization program consists of three 
primary elements: stabilizing and storing nuclear materials prior to final disposition, 
deactivating surplus facilities, and managing spent nuclear fuel treatment and storage. 
Integral within each element is a surveillance and maintenance function. Surveillance 
and maintenance encompasses all actions required to ensure that adequate material and 
facility safety and security requirements are met. 

The program is responsible for a large number of geographically dispersed sites and 
facilities; large quantities of radioactive, hazardous, and toxic materials in a variety of 
chemical and physical forms and storage configurations; and an aging complex of 
processing and production facilities historically used for chemical and physical 
processing of many different types of nuclear material. The following summary of 
major facilities and materials that are under the purview of the Nuclear Material and 
Facility Stabilization program illustrates the breadth and complexity of the program's 
mission : 

13 nuclear reactors; 

• 41 radioactive processing facilities; 
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approximately 3,000 surplus buildings contaminated with and generally 
containing radioactive, hazardous, and toxic materials; 

39 million liters (I 0.1 million gallons) of acids containing radioactive 
contaminants; 

nearly 3,000 metric tons (3,300 tons)of spent nuclear fuel; 

several thousand kilograms of plutonium in various fonns and locations; 



37,000 packages of plutonium materials and related waste products; 

75 million curies of cesium and strontium; and 

• a large inventory of nuclear materials awaiting long-term storage and final 
disposition decisions. 

Strategy 

Nuclear material and facility stabilization activities manage and mitigate many of the 
urgent risks facing the Department. These risks are associated with a wide variety of 
materials and facilities , including various forms of plutonium, uranium and spent fuel; 
high-activity cesium capsules; aging facilities; hazardous chemicals; and special 
isotopes. The broad scope and potential impacts on the public and workers associated 
with these risks reinforce the need for risk-based planning to address the risks posed by 
the material and facilities . 

Nuclear material and facility stabilization activities are also instrumental in reducing the 
overall scope of materials and facilities that the Environmental Management program 
must address . Because many special nuclear materials and surplus facilities require 
significant resource expenditures for maintenance in a safe and secure condition, the 
program's stabilization, .consolidation, and material removal activities are essential to 
reduce the need for major facility systems and to reduce security perimeters (and other 
surveillance and maintenance requirements). These actions significantly decrease the 
annual cost required to maintain materials and facilities in a safe and secure manner, 
thereby reducing the estimated life-cycle cost of the Environmental Management 
program. 

Nuclear Material Stabilization 

The end of the Cold War resulted in an abrupt halt to nuclear material production 
facilities and reactor operations, leaving nuclear material in a variety of chemical and 
physical forms, packaging configurations, and geographical locations. Stabilization 
activities reduce near-term risks associated with current storage configurations by 
placing these materials in a condition that is suitable for long-term storage. The 
principal materials of concern include plutonium (solutions, metals, oxides, and 
residues), uranium (solutions, solids, and gaseous compounds) and special isotopes 
(americium, curium, neptunium, and plutonium-242). In some cases, stabilization also 
involves long-term storage of nuclear materials prior to their ultimate disposition . 

Facility Deactivation 

Upon completion of stabilization activities, the Department undertakes deactivation 
activities to remove materials, shut down facility systems, and remove or de-energize 
equipment. Deactivation activities reduce physical risks and hazards to the public, 
workers, and the environment by placing surplus facilities in a safe, stable condition. 
Once hazards associated with surplus facilities are mitigated, costs for maintaining the 
facilities can be significantly reduced. 
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2.4 SCIENCE AND TECHNOLOGY DEVELOPMENT 

Mission 

Developing new technologies to address the environmental challenges in the former 
nuclear weapons complex is an integral part of the Environmental Management 
program. The mission of the technology development program is to develop new 
technologies that will allow the Department to reduce risks to people and the 
environment, reduce cleanup costs, and address environmental problems for which no 
solutions currently exist. 

The Department has targeted five major remediation and waste management "focus 
areas" for action on the basis of risk, prevalence, or environmental requirements and 
regulations. (See the following box). The focus area strategy is to identify and develop 
specific technologies to clean up the nuclear weapons complex and manage waste more 
quickly, more safely, and at a lower cost, using the best capabilities available in industry, 
academia, and Department laboratories. Focus area management teams include 
stakeholders and representatives from across the Environmental Management program. 

l~Stabillze, Deei~taminate, att!~Decommissi . acilities. n}' pepartment nduct a 
full-scale demonstration of the ·aevelopment offacility stabilization and decommissioning 
techno,lQgies tbat empq~ize materialsr~cycJing . 

. ,;~:·:::l:t .'"!':\M 4J#;t ;ffJiF¥· ,; 

In 1996, the Department initiated an Environmental Management Science program to 
develop a targeted long-term basic research agenda for environmental problems. One of 
the goals of the program is to ensure that "transformational" or breakthrough 
approaches lead to significantly reduced cleanup costs and risks to workers and the 
public. The program will "bridge the gap" between broad fundamental research 
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performed in the Department of Energy's Office of Energy Research, and needs-driven 
applied technology development historically conducted by the Environmental 
Management program. This effort will stimulate the nation's science infrastructure to 
focus on critical national environmental management problems. Also included in the 
Office of Science and Technology is the Risk Policy program. The goal of this program 
is to conduct and integrate risk management and analysis activities into the 
Environmental Management decisionmaking process. 

2.5 LANDLORD FUNCTIONS 

In addition to the four major functional areas discussed above, the Environmental 
Management program must perform landlord (infrastructure support) activities that are 
both directly and indirectly related to its mission. Landlord functions include cross
cutting, site-wide activities such as managing electrical systems, laboratory support, road 
maintenance and upgrades, fire protection, quality assurance, safety and environmental 
monitoring, sanitary sewer systems, laundry services (for contaminated clothing and 
ether materials), utilities, roadways, and security reviews. Landlord functions are 
required to keep communication, transportation, and security systems operational at 
environmental management sites and, in many cases, to meet environmental regulatory 
requirements. 

Some of the sites under the purview of the Environmental Management program cover 
hundreds of miles of land, and contain hundreds of buildings and facilities. For 
example, the 1,450-square kilometer (560-square mile) Hanford Site in Washington 
State has its own fire department, security force, and medical center. The program 
maintains a utility infrastructure at Hanford that provides steam and sewage treatment, 
maintains grounds and roads, and provides onsite mass transit. 

In some instances, the Environmental Management program has landlord 
responsibilities for entire sites. In general, infrastructure-related costs are typical at large 
sites where the majority of program costs are incurred. For example, Hanford Site, 
Idaho National Engineering Laboratory, Oak Ridge K-25 Site, Rocky Flats 
Environmental Technology Site, and the Savannah River Site have large landlord 
programs. 

2.6 NATIONAL PROGRAM PLANNING AND 
MANAGEMENT 

In addition to its presence at Department of Energy sites, the Environmental 
Management program performs several functions at Headquarters. These functions are 
primarily focused on planning, management, and oversight. Specific roles of 
Headquarters personnel include establishing policy and conducting program reviews to 
ensure adherence to policy; preparing program-wide budgets based upon field input; 
coordinating with Congress and other federal agencies; coordinating with national 
stakeholder organizations; managing national initiatives; overseeing site safety 
programs; establishing and tracking program performance measures; preparing national 
reports; and developing program strategic plans. 
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Uranium mining, United States Atomic Energy Commission, Colorado, 1958. Uranium 
mining expanded dramatically in the United States after World W3r II, from 38,000 tons in 
1948 to 5.2 million tons in 1958 -- nearly all of it for nuclear weapons production. The United 
States mined about 60 million tons of ore to produce its uranium. 

Excavation of uranium mill tailings from a residential septic system, Grand Junction, 
Colorado, 1993. Uranium mining produced large volumes of a sandlike byproduct called "mill 
tailings," containing both toxic heavy metals and radioactive radium and thorium. Uranium-mill 
tailings account for a small fraction of the radioactivity in the byproducts of weapons 
production, but they constitute 96 percent of the total volume of radioactive byproducts for 
which the Environmental Management program is responsible. Because uranium mills 
typically piled tailings without covers or containment, some material was spread by wind or 
water. Life-cycle planning is an effective way to understand and predict the importance of 
such precautions and, ultimately, is an effective method for ensuring long-term cost savings. 



3.0 WHAT IS THE BASE CASE? 

This chapter presents the assumptions that define the Base Case cost estimate for the 
1996 Baseline Report. 

The Environmental Management Base Case is a long-range projection of activities, 
schedules, and associated costs that describes the current Environmental Management 
program from its present state to completion (see "Why Life-Cycle Estimates") based 
upon compliance with current laws, regulations, and agreements. The Base Case looks 
to the future based on the knowledge, information, and assumptions that are available 
today. Because these inputs are rapidly changing, the 1996 Base Case is essentially a 
snapshot in time of a dynamic and complex program. In addition, this analysis helps 
identify missing information necessary for effective planning. The Base Case is not a 
budget estimate or a program funding request. Nor is it intended to provide details on 
specific projects. 

Section 3. 1 describes the Environmental Management Base Case and discusses the 
challenges inherent in developing it. Sections 3.2 and 3.3 provide an overview of the 
Base Case development methodology and key Base Case assumptions. Section 3.4 
discusses support costs. (For further methodology details, see Appendix C, which 
provides a detailed explanation of the Base Case development process . For site-specific 
assumptions, see the site narratives in the 1996 Baseline Report, Volumes II and ill.) 

WHY LIFE-CYCLE ESTIMATES? 
:10, ·~:::mJ:= ~j 

The purpose oflife-cycle cost ana;ses, put simply, is to understaq~ the full "costs of doing 
b~siness." "This incJude,s an estiUi~te of the total direct, indirect, recurring, nonrecurring, and 
c~latcd costs incurred.:-- or estim41~a to be incurred -- for a projix:~)i'The life-cycle cost 
~stlmat.e encompasses all costs of';\ project, including those related to characterization, 
design, remediation, operation, maintenance, support, deactivation and disposition over the 
aC!ticipatcd life span oftbat project 

-=~:::~~,11~= ·.. '~- ~ =··)_ l ' i;.J:;i~ 
Traditionally, cost estimates hav n failed to include all related costs necessary for the full 
life cycle of that project, particularly the "ext.ernalities" such as waste disposal, 
decommissioning and decontamination costs. Moreover, life-cycle estimates belp identify 
aciMties that have the most significant financial impact on a proJect during its life span and 
gtpvide information fof effectiv tegic planning, budgeting, exeeution, and controJ of 
project activities. While near-t tanning remains critical for budgeting and tasking 
purposes, it is incapable of identifWng the long-term implications of issues and the strategies 
pQSed to resolve them. Life-cycle planning is also critical to ensure that issues affecting sites 
throughout the complex are addressed in a programmatically efficient way. 

The information in the Base Case falls into four categories: (I) descriptions of 
Environmental Management activi ti es; (2) estimates of their annual costs; (3) estimates 
of the annual waste volumes generated by each activity and (4) initial schedule estimates 
for each activity, including starting dates and duration. "Activities" are specific sets of 
actions taken to manage special nuclear materials or contaminated facilities, remediate 
contaminated areas, manage waste, maintain federal lands and facilities, and manage the 
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programs individually and collectively in an integrated manner. 

3.1 LIMITATIONS OF A LIFE-CYCLE ESTIMATE 

Developing a life-cycle estimate for the Environmental Management program involves a 
number of challenges related to the length, scope, and complexity of the cleanup effort 
and the uncertain and changeable nature of the program. The purpose of outlining the 
challenges is to explain the element of uncertainty in the Base Case estimates and the 
development of Base Case assumptions (addressed later in this chapter). 

Projecting future activities and costs is always fraught with uncertainty. This 
uncertainty is compounded when projecting the path of an unprecedented program such 
as stabilizing and remediating the facilities and residues of the nuclear weapons 
complex, which is expected to last decades and will be affected by unpredictable factors, 
such as the development of new technologies and laws, and is extremely controversial. 
Nonetheless, these are also some of the reasons why good program management and 
good public policy require that such an estimate be compiled. The following is a list of 
specific limitations of the life-cycle Base Case for the Environmental Management 
program: 

• The program has a large unknown scope for which the nature and extent of 
existing waste have not been identified and an approach for decontamination or 
remediation has not been defined. The largest and most significant of the 
program's 10,500 release sites are characterized and preliminary information is 
available for a large portion of the balance, but incomplete characterization still 
results in a significant information gap. 

The program faces challenges resulting from the production of nuclear materials 
that are inherent only to the Department of Energy. The contaminants tied to the 
nuclear weapons complex are largely unknown to commercial industry and differ 
from site to site. The program must, therefore, develop new approaches and 
technologies to address unique environmental cleanup problems. 

• The program is responsible for environmental management problems for which 
there are no current effective remedies now or on the horizon (defined as 
"infeasible"). Some are infeasible for technological reasons (no available 
technology); others are infeasible because addressing them will result in 
unacceptable levels of ecological damage. The Base Case does not include costs 
for undertaking infeasible projects. See Section 3.3.3 for a list of excluded 
remediation challenges. In addition, the Base Case does not include liabilities due 
to potential natural resources damage claims. Insufficient information currently 
exists to provide a meaningful estimate of these potential liabilities. 

• The estimate must project how long short-term interim measures will be used to 
address problems for which no long-term solutions are available. For example, to 
ensure safe storage of transuranic waste that is currently packaged in corroding or 
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leaking drums, the program is building new storage facilities and placing older 
drums into larger drums to provide secondary containment until a geologic 
repository is available. 

In addition to technical issues that result from the program's unprecedented nature, the 
Base Case estimates must also address uncertainties that stem from legal and 
institutional issues. Department of Energy policy requires management of its facilities 
in compliance with applicable federal , state, and local regulations. This requirement, 
combined with the fact that a large portion of the environmental management activities 
are legally driven by over 100 compliance agreements, creates a substantial inventory of 
legal obligations. The major federal regulations driving the program are listed in 
Chapter 2. Congress has targeted many of these laws, including the Comprehensive 
Environmental Response, Compensation, and Liability Act, the Clean Water Act, and 
the Clean Air.Act for reauthorization. Changes to these laws will likely affect the 
Environmental Management program, although the timing, substance, and extent of the 
changes are currently unclear. 

Site-specific cleanup and compliance agreements, developed with the U.S. 
Environmental Protection Agency and states that host Department of Energy facilities, 
are a primary means for the Department to implement the provisions of federal, state, 
and local regulations . However, because regulators make final decisions about the 
choice of remedial action and the satisfactory completion of each action, the process 
adds complexity and uncertainty to the Department's planning processes. In some 
cases, final agreements are not yet concluded. In other cases, agreements are signed, but 
subsequent information and events require that these agreements be renegotiated. Two 
major agreements that have already been renegotiated include the Hanford Tri-Party 
Agreement and the Rocky Flats Compliance Agreement. 

These issues pose significant uncertainties and challenges to the Base Case development 
process. The assumptions described below address many of these issues with "best 
estimate" scenarios based on the information and knowledge that is currently available. 

3 .2 BASE CASE MET HODOLOGY 

The Department used a five-step process to develop the cost and schedule estimates for 
the 1996 Report (see "Steps in the General Methodology" box). Appendix C presents a 
detailed description of these steps. In developing the Base Case estimate, every effort 
was made to ensure that personnel at individual sites were fully involved with the data 
collection and analysis. The overall scope of the Base Case and the national 
assumptions underlying the estimates were consistent across the program, but each site 
developed its own, fully integrated, cost and schedule estimates, using their most current 
data. Once these estimates were complete, the Department conducted a complex-wide 
integration process to ensure tha.t the interdependencies across sites (for example, waste 
transfers) were fully understood. (See "Environmental Management Cost Reporting" 
box for an explanation of how the estimates were structured based on environmental 
management functional elements.) Volumes II and ill of this report present the final 
estimates for each site. 
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The Department maintained an active stakeholder involvement process throughout the 
development of this report. Their objective was to ensure public input to the overall 
scope and framework for the 1996 estimate and the site-specific assumptions and 
estimating methods. The Department also sought stakeholder input to ensure that Base 
Case assumptions were consistent with other Departmental initiatives (for example, 
future land-use planning). Appendix C outlines the stakeholder involvement process. 

1. 
1 
i;:>;e~de1:he Study~' Establish the 

· e8tlfnates. Seek mput from stalo 

2. 

3. . , Petform Site- .and .Cqmplex-Wide%1!J~gration: 
as~p:t:ned fundmgl~q:pts and all \.\\~,t~ transfers 

=~ 

4. Estimate Program Improvements: Evaluate the 
pollution preventiqn, and productivtty improveme 

- :j:': :t 

5. 

The Base Case development process described above is distinct from the budget 
process. The Base Case methodology was implemented to develop a life-cycle cost 
estimate for the program based on compliance with existing legal requirements and other 
current assumptions. Budget estimates are also compliance-based but they are near
term estimates that reflect federal resource constraints. In addition, budget estimates are 
more focused on the next fiscal year, for which they are more accurate and up-to-date 
then the Base Case. The Baseline Report is not intended to focus on the near term, but 
rather to compel project managers to think about the broader implications of actions. 

::x ~:_:'::l' 

SITE-BASED COST ESTIMATES! "BOTTOM VP" A/'P, OACH 

The 199~,Base Case co~fe~timates wer . 
estimating approach, Detailed cost estitn develo ecific pro '.re 
aggregated into sequentially larger groupings. This apprpach, in which project and site 
managers take responsibility for estimating costs at the site level, offers sevei:al advantage,s: 
increased estimate credibility (due to invo.lvement of staff at

1
best understbds the work · . 

. ' i 
trac~bility;pfsummacy estimates to de!ai!~g.data; av~i, · o!<let.l).i! ,!~s fo~ 
Headquarters to analyze issues ata natfonal level; andfd ment of .... ·.... .. ltoolsi 
can be used for improved site and progr~ xilanagemen , method l~-1~'6~ntrast to a 1 ,. 

down" method that uses field data in a centralized cost estimation model. Because of a lac~ 
of adequately developed life~cycle cost estimates from ld, this " top down" method -n;~s 
used for toughly half of th~ cost data in ~e 1:995 Baselip, Olt. . 
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ENVIRONMENTAL MANAGEMENT COST REPORTING: DISTINCT 
FUNCTIONAL AREAS ARE REFLECTED IN DIFFERENT COST 

·ic' REPORTING STRUCTURES + 

The Environmental Management functional elements (also referred to as "programs") 
sonduct "activities;" however, because their functions are inherently different, each has had 
its own structure for collecting cost estimates and reporting baseline data. The waste 

nagementactf.:ifies are struch.lfed by waste type and waste management function (storage, 
atment, and disposal). The environmental restoration activitieS are reported at the project 

level and are divided by activity phase (assessment, remedial action/decommissioning, 
surveillance and monit.oring, program management, landlord, site treatment, storage and 
disposal.) The basic building block for reporting environmental restoration baseline data is 
,tij~ project, Nu9Jear material and facility stabilization is based on "Scheduling{J'ransfer 
tlnits." These ar_e the basis for grouping facilities and scheduling transfer of projects from 
deactivation to decommissioning. Each Scheduling!Transfer Unit represents a grouping of 
facilities that is similar in historical use and cleanup timing and delineated by activity phase, 
surveillance and maintenance, stabilization, and deactivation. In part as a result of this 

.,}3aseline analysi~. the program structure has becqme much more integrated. 
<ti¥ ''*"*'' 

3.3 ASSUMPTIONS IN THE BASE CASE 

A variety of factors significantly affect the estimated scope, schedule, and total cost of 
the Environmental Management program. This section describes the key assumptions 
that were used to derive the 1996 Baseline Report estimates. They are divided into four 
main categories: funding, scheduling/site completion, land use, and functional program 
element (presented in six categories: environmental restoration, waste management, 
nuclear material and facility stabi lization, science and technology development, landlord, 
and national program planning and management). In addition, site personnel developed 
detailed, site-specific assumptions for each factor to estimate their costs. Volumes II and 
ill of the 1996 Baseline Report describe these site-specific assumptions. 

Assumptions change over time because of revisions to current federal, state, or local 
regulations; renegotiated compliance agreements; shifts in national budget priorities; 
and development or application of new technologies. Assumptions also provide a 
foundation for estimates that reflect, at a given point in time, the strategy intended for 
use at a site. The 1996 Baseline Report endeavors to capture all costs that occur during 
the life of the cleanup effort (to approximately 2070). Because of the long timeframe 
involved, there will be many opportunities for changes that will affect the Environmental 
Management program. Nonetheless, the Base Case is built on a set of stated 
assumptions that bound the estimates . If major changes to these assumptions occur, the 
Base Case estimates will likely be affected . Future Baseline Reports will reflect those 
changes. The type and extent of the change will determine the degree of the impact. For 
purpose of this report, all assumptions are based on program plans and capabilities as of 
October 1995; some of which have changed because of renegotiated agreements, new 
information , etc. Changes in these plans or capabilities since that time are not reflected 
in this report. 
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SITES INCLUDED IN THE ANALYSIS 

The Environmental Management program is responsible for activities at 150 sites. For purposes of the 
1996 Baseline Report, these sites are divided into three main categories: (1) Individually reported sites 
(107) (102 sites excluding the Albuquerque, Chicago, Oak Ridge, Oakland, and Ohio Operations Offices 
which have no contamination), (2) Aggregated sites (17 sites included in the cost estimates of other sites), 
and (3) Completed sites (26). The following list presents the individually reported sites, sorted by state. 

Alaska 
• Amchilka Island Test Site 
Arizona 
• Monument Valley 
• Tuba City 
California 
• Energy Technology Engineering Center 
• General Atomics 
• General Electric Vallecitos Nuclear Center 
• Geothermal Test Facility 

Laboratory for Energy i:ielated Health Research 
Lawrence Berkeley Laboratory 

• Lawrence Livermore National Laboratory 
• Oakland Operations Office 
• Oxnard Site 
• Sandia National Laboratories/California 
• Stanford Linear Accelerator Center 
Colorado 
• Durango 
• Grand Junction Projects Office 
• Grand Junction Uranium Mill Tailings Remedial 

Action Site 
• Gunnison 
• Maybell 
• Slick Rock (Union Carbide Corporation and Old 

North Continent Sites) 
• Naturita 
• New Rifle Site 
• Project Rio Blanco and Rulison Sites 
• Rocky Flats Environmental Technology Site 
Connecticut 
• CE 
Florida 
• Pinellas Plant 
Idaho 
• Argonne National Laboratory - West 
• Idaho National Engineering Laboratory 
• Lowman 
Illinois 
• Argonne National Laboratory - East 
• Chicago Operations Office 
• Fermi National Accelerator Laboratory 
• Madison 
• Site A/Plot M, Palos Forest Preserve 
Iowa 
• Ames Laboratory 
Kentucky 
• Maxey Flats Disposal Site 
• Paducah Gaseous Diffusion Plant 
Maryland/District of Columbia 
• Environmental Management Program 

Headquarters 
• W.R. Grace & Company 
Massachusetts 
• Shpack Landfill 
• Ventron 
Mississippi 
• Salmon Test Site 
Missouri 
• Kansas City Plant 
• Latty Avenue Properties 
• St. Louis Airport Site 
• St. Louis Airport Site Vicinity Properties 
• St. Louis Downtown Site 
• Weldon Spring Site Remedial Action Project 
Nebraska 
• Hallam Nuclear Power Facility 
Nevada 
• Central Nevada Test Area and Project Shoal Site 
• Nevada Test Site and Tonopah Test Range 

New Jersey 
• DuPont & Company 
• Maywood Chemical Works 

Middlesex Sampling Plant 
• New Brunswick Site 
• Princeton Plasma Physics Laboratory 
• Wayne Interim Storage Site 
New Mexico 
• Albuquerque Operations Office 
• Ambrosia Lake 
• Inhalation Toxicology Research Institute 
• Los Alamos National Laboratory 
• Project Gasbuggy and Gnome-Coach Sites 
• Sandia National Laboratories/New Mexico 
• Shiprock 
• South Valley Superfund Site 
• Waste Isolation Pilot Plant 
New York 
• Ashland Oil #1 
• Ashland Oil #2 
• Bliss and Laughlin Steel 
• Brookhaven National Laboratory 
• Colonie Site 
• Linde Air Products 
• Niagara Falls Storage Site 
• Seaway Industrial Park 
• Separations Process Research Unit 
• West Valley Demonstration Project 
North Dakota 
• Belfield 
• Bowman 
Ohio 
• B&T Metals 
• Baker Brothers 
• Battelle Columbus Laboratory 
• Fernald Environmental Management Project 
• Luckey 
• Mound Plant 
• Ohio Operations Office 
• Painesville 
• Piqua Nuclear Power Facility 

Portsmouth Gaseous Diffusion Plant 
• Reactive Metals, Inc. 
Oregon 
• Lakeview 
Pennsylvania 
• Canonsburg 
South Carolina 
• Savannah River Site 
Tennessee 
• Oak Ridge Associated Universities 
• Oak Ridge K-25 Site 
• Oak Ridge National Laboratory 

Oak Ridge Operations Office 
• Oak Ridge Reservation Offsite 
• Oak Ridge Y-12 Plant 
Texas 
• Falls City 
• Pantex Plant 
Utah 
• Green River 
• Mexican Hat 
• Monticello Remedial Action Project 
• Salt Lake City 
Washington 
• Hanford Site 
Wyoming 
• Riverton 
• Spook 

Figure 3. 1. The U.S. Department of Energy Environmental Management Program: 
Responsibilities from Coast-to-Coast and Beyond 
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SITES INCLUDED IN THE ANALYSIS (continued) 

For purposes of the 1996 Baseline Report, the cost and schedule estimates for 17 of the 1 50 
Environmental Management sites are aggregated with other site estimates. 

• Included In Other Site Estimates. Estimates for 17 sites are included in estimates for other sites: 
Pittsburgh Energy Technology Center (Pennsylvania), Morgantown Energy Technology Center (West 
Virginia), and Western Environment Technology Office (Montana) are included in estimates for 
Department of Energy Headquarters. The Center for Energy and Environment Research (Puerto Rico) 
is included in the estimate for the Oak Ridge Operations Office. Salton Sea Test Base (California), 
Kauai Test Facility (Hawaii) , and Holloman Air Force Base (New Mexico) are included in the estimates 
for Sandia National Laboratories (New Mexico). The Pinellas 4.5 Acre Site (Florida) is included in the 
estimates for Pinellas Plant (Florida). The estimates for Climax Mill Site (Colorado) are included in 
Grand Junction Uranium Mill Tailings Remedial Action Sites (Colorado). Old Rifle Site (Colorado) and 
New Rifle Site (Colorado) estimates are combined. The estimates for Peak Petroleum Oil Refinery 
(Florida) appear in Albuquerque Operations Office (New Mexico). Project Gnome-Coach Test Site (New 
Mexico) and Project Gasbuggy Site (New Mexico) are addressed as one site. Project Rulison Site 
(Colorado) estimates are rolled into Project Rio Blanco (Colorado). Project Shoal Test Site (Nevada) 
and the Central Nevada Test Area (Nevada) are also addressed as one site summary. Tonopah Test 
Range (Nevada) estimates appear in Nevada Test Site (Nevada). Estimates for Union Carbide 
Corporation (Colorado) and Old North Continent (Colorado) are combined to form the Slick Rock Site 
summary. Costs for Oak Ridge Reservation are apportioned to other Tennessee sites. 

This report excludes 26 sites because they have been completed. 

• Completed Sites. Completed sites include Cape Thompson (Alaska), Project Chariot (Alaska), 
University of California Gilman Hall (California), Seymour Specialty Wire Company (Connecticut) , 
Chapman Valve (Massachusetts), Granite City (Illinois), Illinois National Guard Armory (Illinois), 
University of Chicago (Illinois), General Motors (Michigan), Kellex/Pierpont (New Jersey), Middlesex 
Municipal Landfill (New Jersey), Acid/Pueblo Canyon (New Mexico), Bayo Canyon (New Mexico), 
Chupadera Mesa (New Mexico), Pagano Salvage Yard (New Mexico), Baker and Williams Warehouse 
(New York), Associated Aircraft (Ohio), Alba Craft (Ohio), HHM Safe Co. (Ohio), Niagara Falls Storage 
Site Vicinity Property (New York), Albany Research Center (Oregon), Aliquippa Forge (Pennsylvania), 
C.H. Schnoor (Pennsylvania), Shippingport Atomic Power Station (Pennsylvania), Edgemont Vicinity 
Properties (South Dakota), and Elza Gate Site (Tennessee). 

Hawaii 

-. 
South Pacific - Bikini Island 

and Enewetak Atoll 

~ States/Territories with one or more 
~ Environmental Management program sites 

~. 
Puerto Alco 

Figure 3. 1. The U.S. Department of Energy Environmental Management Program: 
Responsibilities from Coast-to-Coast and Beyond (Continued) 
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3.3.1 Base Case Funding Assumptions 

As specified by Congress, site personnel projected the cost for meeting the requirements 
of applicable provisions of law, permits, regulations, Department of Energy orders, and 
agreements. This approach involves estimating the cost of meeting the milestones in 
existing compliance agreements in effect throughout the complex or reasonably 
anticipated requirements up to FY 2000. For activities that will be required but are not 
yet specified by milestones in existing compliance agreements, other assumptions were 
needed to complete the analysis. The annual site costs beyond 2000 were "capped" at 
the site's FY 2000 estimate of compliance funding, unless cost increases were dictated 
by existing compliance agreements. See the box below for an example of a site that 
exceeded the FY 2000 funding cap. This provided for an analysis that accommodated 
full funding for compliance commitments while ensuring that the program 's funding 
scenario was realistic in light of other national priorities. 

EXAMPLE OF AN EXCEPTION TO THE FY 2000 FUNDING CAP 

The Base Case cost estimate for the Idaho National Engineering Laboratory exceeded the 
funding cap beyond FY 2000 because of the need to include activities required under a 
settlement agreement between the Department of Energy and the State of Idaho. For 
example, the agreement requires the Department of Energy to remove all spent nuclear fuel 
from the State by 2035 (1 5 years earlier than previous estimates), and to begin transuranic 
waste shipll}ents to the Waste lsolationPil<?t Plant by April 30, 1999. 

<+. 1.•· +;w t 

The compliance case represented by the Base Case does not incorporate recently 
established budget targets. The Department of Energy, and hence the Environmental 
Management program, operates under the same funding pressures as other Departments 
and federal agencies. It is not possib le to predict the level of funding that will be 
available to support the program over the next several decades. Budget reductions may 
force difficult choices about cleanup priorities. These choices will require a national 
discussion of risks, costs, and trade-offs and a management infrastructure that supports 
analysis of various policy options. The Environmental Management Base Case and the 
analytical infrastructure established to support its development are positive steps in this 
direction. (The alternative case analyses in Chapter 6 provide examples of decision 
analyses that compare program options.) 

3.3.2 Schedule/Site Completion Assumptions 

There are three site completion categories: (I) sites that are complete (these are the 26 
sites listed on the previous page) and have no ongoing surveillance and monitoring 
activities; (2) sites that are complete but have ongoing surveillance and monitoring 
activities; and (3) sites that are complete but have ongoing operations outside of their 
environmental management mission that generate waste (for example, national 
laboratories). For the remainder of this report, a site is considered "complete" when the 
following criteria have been met: the site has been remediated to the extent specified in 
land-use plans; all facilities have been properly stabilized and dispositioned ; and all 
legacy waste has been safely disposed. ~here it is assumed that restricted areas (for 
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example, waste disposal sites or nuclear materials storage) will remain, annual 
surveillance and monitoring costs are assumed to be incurred after "completion." 

3.3.3 Environmental Activities Generally 
Excluded from the Base Case 

The 1996 Base Case covers the majority of the activities that must be carried out to fully 
clean up and manage all newly generated and legacy waste associated with the nuclear 
weapons complex. However, some activities are excluded from the 1996 Base Case. 
The exclusions fall into several categories. First, cost estimates for remediation that is 
either not technically possible or not planned are excluded from the Base Case. These 
exclusions are typically remediation problems involving contaminants that will naturally 
attenuate; that currently have no feasib le remediation approach; or that, if addressed, 
will result in collateral ecological damage. The excluded activities in this category are 
further described in Table 3.1. 

Table 3.1. Examples of Environmental Media Activities Excluded 
from the Base Case 

Installation Project Reason Excluded 

Hanford Site Columbia River, Hanford Reach No feasible remediation approach 
available 

Ground Water Limited pump-and-treat followed by 
natural attenuation and monitoring 

Oak Ridge Reservation Clinch Rivet No feasible remediation 
(Y-12, K-25, Associated Uni· Watts Bar Reservoir approach available 
versifies) Poplar Creek Embayment 

White Oak Creek 

Oak Ridge National Laboratory Deep Hydrolracture Grout Sheet No feasible remediation 
approach available 

Savannah River Site L Lake No feasible remedy Without causing 
Savannah River Swamp collateral ecological damage 
Par Pond 

Fernald Plant Great Miami River No feasible remediation 
approach available 

Idaho National Englneerlng Snake River Plain Aquifer Limited pump-and-treat followed by 
Laboratory natural att~tion and monitoring 

Rocky Flats Environmental Walnut Creek No feasible remedy without causing 
Technology Site Woman Creek collateral ecological damage 

Great Western Reservoir 
Stanley Lake 

Nevada Test Site Underground Test Areas 
,, 

No f0a.$lble 'i~ril16n 
approach available '' 

Sandia National Laboratory/New Chemical Waste Landfill Ground Natural attenuation and monitoring 
Mexico Water assumed 

Second, cost estimates for sites and/or facilities with ongoing missions (e.g., Defense 
Programs, Nuclear Energy, Energy Research) are excluded from the Base Case. For 
purposes of this report, facilities that are not declared "surplus" in the Surplus Facilities 
Inventory Assessment are assumed to remain operational in support of ongoing mission 
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act1v1t1es. The costs for cleanup of these facilities are assumed to be the responsibility 
of the operating programs. A similar responsibility is assumed for management of the 
chemical and radioactive substances that they generate. At facilities with ongoing 
missions, (e.g., Argonne National Laboratory, Los Alamos National Laboratory, Oak 
Ridge Y-12 Plant, Pantex Plant, and Savannah River Site) two types of costs are 
excluded: (I) stabilization, deactivation, and decommissioning of facil ities involved in 
ongoing mission activities; and, (2) treatment, storage, and disposal of chemical and 
radioactive substances that result from ongoing mission activities. At two sites 
(Paducah Gaseous Diffusion Plant, Kentucky, and the Portsmouth Gaseous Diffusion 
Plant, Ohio), facility stabilization and deactivation costs are excluded from the Base 
Case. The specific allocation of responsibility for these costs is subject to an agreement 
between the United States Enrichment Corporation and the Department of Energy, 
which assigns these responsibilities to the United States Enrichment Corporation. 

Third, cost estimates for annual long-term, post-closure surveillance and monitoring for 
the Environmental Management program are also excluded from the Base Case because 
of the indefinite and ongoing nature of the costs. For purposes of this report, these long
term activities are reported separately from the Base Case as annual costs after the Base 
Case period (beyond 2070). These activities include the long-term, post-closure 
surveillance and monitoring of onsite disposal facilities, continued environmental 
monitoring, and the safeguard and security associated with special nuclear material. 
There are a few instances where cost estimates for post-closure site cleanup related to 
waste management activities are excluded from the Base Case (for example, the West 
Valley Demonstration Project, New York). 

Fourth, the Base Case does not include costs incurred during the first six years of the 
Environmental Management program ( 1989- 1995), approximately $28.5 billion ($3 1.8 
billion in constant 1996 dollars) . 

Fifth, the Base Case does not include cost estimates for potential li abilities due to 
natural resources damages claims. There is the potential that claims for natural 
resources damages could be filed against the Department of Energy after selection of the 
remedial action at some of the Department's sites. If any such claims result in payment 
of a damage claim, this liability would be additive to the costs estimated in the report. 

Lastly, the cost (or revenue) for disposition of stockpiled special nuclear materials (e.g., 
plutonium) or other materials in inventory (e.g., depleted uranium or lithium) (See 
"Taking Stock: A Look at the Opportunities and Challenges Posed by Inventory f rom 
the Cold War Era," January 1996) are excluded from the Base Case. Although most 
costs are generally included in the Base Case for sites where the Environmental 
Management program serves as "landlord," such as the Rocky Flats and Fernald sites, 
the responsibility for and cost of disposition of these materials will be assumed by 
another Office of the Department of Energy or by another office that has not yet been 
determined. 

As a result of these exclusions, the Baseline Report is an incomplete estimate of the 
"Cold War mortgage" as the title of the 1995 version of the report suggested. The Cold 
War mortgage may be defined as the total life-cycle cost of cleaning up and safely 
disposing of all waste, contamination, buildings, and other materials associated with the 
production and testing of nuclear weapons . The cost estimate in the 1996 Baseline 
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Report is incomplete in several important respects as described above. In terms of 
fundamental methodological assumptions, the Baseline reports are similar to the 
previous Department of Energy estimate of total environmental liabilities, the 1988 
report e9titled "Environmental, Safety, and Health Needs of the U.S. Department of 
Energy. " Both the Baseline reports and the 1988 analysis used the institutional and 
mission assumptions that existed when the analyses were performed. In 1988, the 
analyses assumed that most of the facilities would continue operation for nuclear 
weapons purposes, and that the activities for which costs were estimated were those 
necessary to bring facilities into compliance with environmental requirements to allow 
continued operation. For example, no decommissioning costs were included for most 
facilities. By contrast, the J.995 and 1996 Baseline reports include these costs for a 
much greater number of facilities and types of activities. The Baseline reports, however, 
continue to exclude the deactivation and decommissioning costs for facilities that are 
expected to continue to operate for ongoing Defense Programs, Nuclear Energy, and 
Energy Research Missions. The additional costs necessary to conduct these activities 
may be included in future Baseline analyses or as part of the Department of Energy's 
Consolidated Financial Statement. 

3.3.4 General Assumptions 

All sites must develop a vision for the completion of their environmental mission to 
develop a cleanup strategy and assumptions. It is essential to have assumptions 
regarding future land use to formulate such an end-state vision. The future uses and the 
associated cleanup levels reflected in the following table and represented elsewhere in 
this report were developed for estimating purposes. These land-use and cleanup 
assumptions do not necessarily reflect decisions. All sites are involved in discussions 
with local stakeholders and regulators to reach a consensus on these issues. It is likely 
that final decisions will differ somewhat from what is depicted in this report. 
Subsequent versions of the Baseline Report will update those assumptions 
appropriately. 

The Department developed a standard set of land-use definitions to conduct the Jand
use analysis discussed in Chapter 6. A discussion of the land-use standards appears in 
Appendix D. Volumes II and ill depict the site land-use assumptions using the standard 
definitions. Table 3.2 provides a summary of the assumptions for the five 
Environmental Management sites with the highest life-cycle cost estimates. 
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Table 3.2. Base Case Land-Use Assumptions for the Five 
Highest-Cost Sites 

Site 

Idaho 
National 
Engineering 
Laboratory 

Oak Ridge 
Reservation 

Rocky Flats 
Environmental 
Technology 
Site 

3-12 

Land .. Area 
~f 

• 230,000 hectares (570,000 
acres) 

• Environmental management 
activities in 8 Waste Area 
Groupings 

• 14, 140 hectares (35,000 
actes) Including 3 rnaJor 
~,µctlon facffities " 

»·· 

Oak Ridge ·V·f! 

National UlbOfiltOrY 
• 1,170 tleCtareS (2,900 

89t~) Jn ttie Bethel~ 
Menon Valleys l'' 

K-25 Stte 

• 600 hectares (1.500 acres) 
Including ma1n plant,t:< 
piOcess area and ex19mal 
areas 

Y·12Slte 
::::·;':':':;;.-.. .,_<{ 

• 3®-f\eetare (811·acr'e) 
plant on Upper East FOl1< 
Poplar Creek plus Bear 
Creek Val,l~and Chestnut 
Ridge 

• 2,510 hectares (6,216 
acres) 

• Site can be divided into a 
155-hectare (384-acre) core 
area and an ap1>roximately 
2,355-hectare (5,832-acre) 
buffer zone 

• 80,000 heetares (198,000 
es) ' 

Future Land-Use Assumptions 
'~:'::::< :~> 

• Most currently used land will continue to support Industrial uses 

• A limited area around the perimeter of the site will allow cattle grazing (Agricultural 
use) 

• Most uncontaminated areas will support Open Space/Wildlife Management 

Oak Ridge NatioOal Laboratory 

• Lab !fl!ill support Department of Energy and privatized Industrial uses In both Bethel 
and ~ton Valley facHlties .; ,, . . ... 

• Melton Valley waste management areas will remain Controlled Access 
• Undeveloped iii:• In Melton Vajley wlll support~ Space/Wildlife M!lJlagement 

., .,, uses ·'¥ ····· '' · 9 

¥ tk.2sstte 

• Short·tenn continuing missions eldst, but Base Case costs assume that all buildings 
will ~,demolished (unl~s a use is ldentif~, and the stte will be remediated to 
supj)drt Industrial use. • ii••> 

• Buried waste areas will remain Controlled Access 
AH~· . ,, 
:v+· -.~ 

Y·12Slte 

• uppJl~ast Fork Poptar:'creel< will suppohbbntlnued Oepartrtlent of Energy 
Industrial use 

· • Bear Creek Valley wiU support both Controlled Access and Open Space/Wildlife 
Management uses 

• Chestnut Ridge assumes continued Controlled Access for wa5te management uses 
and Open Space/Wiidiife Management 

• Buffer zone contains an inner and outer buffer area and both can support Open 
Space/Wildlife Management use after cleanup is completed 

• Inner buffer will remain Controlled Access as long as plutonium remains stored at the 
site 

• Core area contains a protected area and an industrial area that will be remediated to 
an industrial standard. Some infrastructure and buildings will remain to support 
environmental technology development activities, and the protected area will contain 
two large disposal cells (Controlled Access) 

• Majority of production areas assumed to support Industrial uses 

• Five reactor areas and the F and H areas (°including chemical processing buildings 
and buried waste areas) will remain Controlled Access after cleanup activities are 
completed 

. ., ~ Land outside 01 production areas is assumed to support a range of Open 
SpacelWlldllfeancl Recreational uses with limitations on surface and ground-water 
use 



Table 3.2. Base Case Land-Use Assumptions for the Five 
Highest-Cost Sites (continued) 

s~~l> Land Area Fyture Land-Use A~sumptlons 

Hanford Site . 145,000 hectares (358,500 . 100 Area is cleaned to meet residential standards but will likely support Open 
acres) Space/Wildlife Management use . Environmental mana~ement . 200 Area will remain a Controlled Access area for permanent waste use 
activities divided into ive 
major areas . 300, 400, and 1100 areas will support Industrial and some Recreational/Disposal 

uses . Arid Lands Ecologd 
Reserve (ALE) an North . ALE and North Slope areas are clean and will support Recreational and Wildlife 
Slope areas are 
uncontaminated 

Management uses 

3.3.5 Environmental Restoration Assumptions 

Environmental Restoration costs comprise approximately one-third of the current FY 
1996 annual program costs. This part of the program is affected by a large number of 
often site-specific factors. The environmental restoration Base Case encompasses 
environmental remediation or containment activities at nearly all 150 sites included in 
this Baseline Report. These sites involve I 0,500 potential release sites that can be 
aggregated into subprojects or operable units. The Baseline Report groups these units 
into 295 geographically based activities. These groupings are the basis for tracking the 
cost estimates reported in Volumes II and III. 

Virtually all of the I 0,500 potential release sites have been at least partially 
characterized, approximately 46 percent have been fully characterized and regulatory 
decisions have been made for substantially fewer sites. For this reason, the 
environmental restoration cost estimate is largely based on two factors: site-specific 
assumptions regarding program scope (that is, the amount and type of contamination) 
and the remediation technologies that will be selected (according to applicable 
regulatory guidelines) . Assumptions are essential for cost estimators to have a basis on 
which to project life-cycle costs. Volume II and ill site narratives detail the site-specific 
assumptions and provide planning information that has resu lted from completed 
regulatory processes. 

REMEDIAL STRATEGIES FOR ENVIRONMENTAL 
CONTAMINATION 

The Environmental Restoration Base Case generally assumes containment technologies 
instead of removal at two types of sites: large isolated facilities and those likely to be 
used for industrial purposes. In some instances, wide areas of lightly contaminated soil 
may be consolidated in a smaller area and sealed with an engineered cap. These 
containment approaches have several advantages: they are less costly than removal 
techniques, protect the public and workers from exposure to the contaminants, and give 
protection while providing access to the land's surface area for appropriate reuse. 
Hanford Site, Idaho National Engineering Laboratory, Nevada Test Site and the 
Savannah River Site are the highest-cost sites in this category. 
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The Base Case assumes that most buried waste remains in place. In some cases, 
because proper techniques were not used when establishing burial sites, contaminant 
releases have occurred or are likely to occur in the future. These problem sites will be 
uncovered, and the contained waste will be segregated and properly treated or disposed. 
An example of such a project is Pit 9 at the Idaho National Engineering Laboratory, 
where transuranic waste encountered in the segregation process will be treated, 
repackaged, and transported to the Waste Isolation Pilot Plant for disposal. Mixed 
radioactive and hazardous waste will then be treated to remove hazardous components 
to the extent possible, and remaining low-level contaminated soil will be returned to the 
pit and properly capped. 

Remediating ground-water contamination at Department of Energy sites poses a 
challenge. In _general, eliminating the sources of ground-water contamination at sites, is, 
or will be, a high priority action. Source elimination generally entails removing or 
capping contaminated soils or burial sites. For ground-water contamination that can be 
effectively reduced or eliminated by pump-and-treat technology or other "in place" 
technologies such as bioremediation, technologies will be applied for a limited time 
period (generally five years in the case of pump-and-treat). Limited application of these 
technologies is cost-effective because a large volume of contaminants is removed early 
in the process; however, the efficiency of these technologies declines significantly over 
time as the total amount of contamination is reduced. 

At sites where ground-water flow is relatively slow, natural reduction (referred to as 
"attenuation") of contaminants may occur prior to passing under the boundary of 
federally controlled lands . At sites with faster flowing ground water, it may be 
necessary to contain or slow the migration of the contaminants with hydraulic control 
techniques such as barriers and pumping (to redirect flows). Ground-water 
contamination that cannot be eliminated is monitored. The Base Case estimate assumes 
that all ground-water contamination will be contained within Department of Energy 
sites. 

The Base Case generally assumes that removing sediments will remediate contamination 
in small ponds and streams. Releases of contaminants to larger surface water bodies, 
such as the Savannah River in South Carolina and the Clinch River/Watts Bar Reservoir 
in Tennessee, pose extreme problems for which there are no currently feasible solutions. 
The course of rivers would need to be diverted at great expense to remediate 
contaminants present in sediments. The threat posed by present contamination, largely 
trapped in sediment, does not justify the ecological damage that would be caused by 
feasible remedies. Lacking a solution, the Department continues to monitor the levels of 
contaminants in these surface waters and their effect on the living things that depend on 
them for survival. 

DECOMMISSIONING STRATEGIES 

The Base Case estimate assumes that large highly contaminated buildings are not fully 
decontaminated but are contained by entombment (that is, filling voids and engineering 
a structure to envelop it) or by collapsing and capping with soil or other materials. 
Entombment approaches provide opportunities for cost-effective use of contaminated 
waste from other projects as void material. Both containment approaches eliminate the 
need for handling and transporting large amounts of contaminated rubble. 
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The Base Case assumes that smaller buildings will be fully decontaminated and 
demolished or reused for storage or treatment of waste, and that surplus laboratory 
facilities will be decontaminated and demolished by the Environmental Management 
program. The Department's laboratory missions, however, are assumed to continue 
indefinitely. The decontamination costs associated with contaminated facilities slated 
for reuse in research missions are, therefore, outside of the scope of this report. 

3.3.6 Waste Management Assumptions 

The Base Case estimates for waste management include costs for: ( I) existing 
inventories from past generation, (2) waste streams from environmental restoration 
activities, (3) waste from facility stabilization and maintenance activities, (4) additional 
waste generated by waste management activities, and (5) newly generated waste from 
Department of Energy programs other than environmental management (e.g., Defense 
Programs, Nuclear Energy, and Energy Research) . Activities for waste management are 
defined as treatment, storage (and handling), and disposal of waste. Volumes II and ill 
discuss significant projects within these activities. 

Table 3.3 highlights the Base Case treatment, storage, and disposal assumptions 
detailed by waste type. Table 3.4 details these assumptions for spent nuclear fuel. The 
remainder of this section includes scheduling, transportation, and decontamination and 
decommissioning assumptions . 

Table 3.3. Base Case Waste Management Assumptions 

Waste Type 

High-Level Waste 

Low-Level Waste 

• Continued storage in 
tanks at Hanford Site, 
Savannah River Site, 
West Valley 
Demonstration 
Project, & Idaho 
National Engineering 
Laboratory 

• Continued storage of 
calcine in bins af 
Idaho National 
Engineering 
Laboratory 

• Onsite stQlage , ... ;,::;; 

• Onsite storage at 
generator sites while 
awaiting treatment 
and disposal at six 
Department of Energy 
sites 

Activity 

• Vitrification at Hanford 
site, Savannah River 
Site, and West Valley 
Demonstration Project 

• Tfaatment to Waste 
Isolation Pilot Plant • 
waste acceptance 
criteria, Jf required 

• Treatment to meet 
transport and disposal 
criteria 

Dlsposal 
,<; _B@t-

• Availability of a geologic 
repository 

• Waste lsotiltil'ili Pilot 
Plant (beginning in 
~998) 

• Disposal at seven sites: 
Hanford Site, Oak 
Ridge Reservation, 
Idaho National 
Engineering Laboratory, 
Los Alamos National 
Laboratory, Nevada 
Test Site, Savannah 
River Site and Rocky 
Flats Environmental 
Technology Site and 
also at commercial 
facilities 
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Table 3.3. Base Case Waste Management Assumptions 
(continued) 

Low-Level M lxed 
Waste 

Sanitary Waste 

• Storage at 30 
generator sites 

• No storage 

• Treatment to meet land 
disposal restrictions 

• Treatment performed 
in accordance with the 
Federal Facility 
Compliance Act 

• Treatment at point of 
generation as needed 

•, Treatment as required 

• Disposal at seven sites: 
Hanford Site, Oak Ridge 
Reservation, ldalho 
National Engineering 
Laboratory, Los Alamos 
National laboratory, 
Nevada Test Site, Rocky 
Flats Environmental 
Technology Site and 
Savannah River Site, and 
also at commercial 
facilities 

~ ·:~:;;:, 

• Ooq)~ f.!l!Cllm.. 

• Commercial or onsite 
disposal depending on the 
site 

• DISDQSal Ql18lte or In a 
natfonal.~lc reposlt 

Table 3.4. Base Case Assumptions for Spent Nuclear Fuel 

• Consolidation of storage at Savannah • No reprocessing 
River Site and Idaho National 

. Engineering Laboratory; continued 
storage at Hanford Site 

• Cost of building new storage facilities 
included 

• Compatibility with the Record of 
Decision for the Spent Nuclear Fuel 
Final Environmental Impact Statement 

SCHEDULE ASSUMPTIONS 

• Availability of a geologic 
repository assumed 

• A national geologic repository for high-level waste, special case waste, and spent 
nuclear fuel will be available to accept Department of Energy waste beginning in 
2016. (It will not accept spent nuclear fuel until much later than 2016.) Disposal 
fees for the repository are included in the costs of the shipping site. 

• The current analysis assumes that future generation of low-level waste, low-level 
mixed waste, and transuranic waste will match mission assumptions on a site-by
site basis. 

• The Waste Isolation Pilot Plant will be available to accept transuranic and 
transuranic mixed waste in 1998. 
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TRANSPORTATION ASSUMPTIONS 

No major regulatory changes will occur to further restrict the offsite shipments of 
hazardous and radioactive materials. 

• New packaging designs will be required. Department of Transportation I Nuclear 
Regulatory Commission certification will require three years following preliminary 
design. 

Site roadways and railways will be upgraded or replaced as necessary to 
accommodate higher shipping frequencies and larger/heavier items. 

These and all other transportation costs will be included in the facility life-cycle 
operating and disposal/remediation cost estimates submitted by the various 
programs. 

DECONTAMINATION AND DECOMMISSIONING/SAFE SHUT 
DOWN ASSUMPTIONS 

• Cost estimates associated with decontamination and decommissioning and safe 
shutdown of existing treatment, storage, and disposal facilities are included in 
waste management estimates in most cases . In some cases, sites have included 
these costs in their environmental restoration estimates. 

3 .3.7 Nuclear Material and Facility Stabilization 
Assumptions 

The total life-cycle cost and schedule estimate for the Nuclear Material and Facility 
Stabilization program is based upon a defined "universe" of materials and facilities . 
This "universe" includes a list of facilities that the Department has declared, or will 
declare, surplus. The Base Case development process involved validating a list of 
facilities scheduled to undergo stabilization and deactivation in the 1995 Baseline 
Report. This list was based on the Surplus Facility Inventory and Assessment 
conducted by the Department in FY 1994. This assessment identified those facilities 
that are currently surplus or will be surplus within the next three years (prior to FY 
1999). 

Other facilities are still operating and currently have no scheduled date for shutdown or 
transfer. These facilities are considered outside the Environmental Management 
program's planning horizon and are not reflected in the 1996 Base Case. Typically, 
these facilities are associated with ongoing nuclear weapons activities. 

Activities for the Nuclear Material and Facility Stabilization program include material 
stabilization, facility deactivation, and surveillance and maintenance. Stabilization 
entails placing nuclear materials into a condition suitable for long-term storage. In 
some instances, Base Case stabilization costs include storage costs for nuclear materials. 
For example, at the Rocky Flats Environmental Technology Site, storage costs 
constitute a significant portion of the stabilization estimate. Deactivation, which usually 
occurs after completion of stabilization, focuses on removing material , shutting down 
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facility systems, and removing or de-energizing equipment to reduce potential facility 
hazards. 

Surveillance and maintenance activities encompass all actions required to ensure 
adequate material and facility requirements for safety and security. Surveillance and 
maintenance activities are assumed to continue during the stabilization and deactivation 
phases (as well as before and between these phases). The Base Case captures 
surveillance and maintenance costs that are incurred before and after stabilization and 
after deactivation activities. Facilities may go directly to stabilization or deactivation, or 
from stabilization to deactivation, depending on risks associated with the facilities, 
timing of projects or other priorities such as outyear funding availability. Pre
stabilization surveillance and maintenance costs represent a "holding" cost prior to 
accomplishing facility stabilization. Post-stabilization surveillance and maintenance 
costs represent a "holding" cost prior to accomplishing facility deactivation. Post
deactivation surveillance and maintenance costs are associated with maintaining the 
facility in a safe and cost-effective manner once all material and facility hazards have 
been removed. The Nuclear Material and Facility Stabilization program incurs post
deactivation surveillance and maintenance costs for two years prior to transfer to the 
Environmental Restoration program for ultimate disposition. 

The Nuclear Material and Facility Stabilization program, established in 1992, is the 
newest of the Environmental Management programs. As a result, the Department 
developed the program's cost and schedule estimates for the 1995 Baseline Report using 
parametric cost-estimating techniques at Headquarters rather than through field
developed estimates. This year's Base Case estimates were developed by field personnel 
at four large sites (Hanford Site, Idaho National Engineering Laboratory, Rocky Flats 
Environmental Technology Site and Savannah River Site). Estimates for nuclear 
materials and facility stabilization costs at other sites (mainly at surplus facilities that 
have been identified, but not yet transferred into the Environmental Management 
program), were generated by Headquarters personnel using parametric cost-estimating 
techniques and site-specific data. 

In instances where parametric cost estimating techniques were used, the following 
hypothetical scheduling scenario was assumed (in this sequence): seven years of 
surveillance and maintenance after transfer of a facility to the Environmental 
Management program, three years of stabilization activities, three years of post
stabilization surveillance and maintenance, two years of deactivation activities, and two 
years of post-deactivation surveillance and maintenance prior to transfer to the 
Environmental Restoration program for final disposition. 

If field-generated estimates were unavailable, facilities already in the Environmental 
Management program were also scheduled according to this hypothetical scenario. 
Those facilities not yet in the program were assigned arbitrary transfer dates, typically 
selected to fit funding constraints assumed in the Base Case. Insufficient data were 
available to guide scheduling of these facilities according to risk or other priorities. 
Therefore, although estimates were generated uniformly using the "7-3-3-2-2" 
scheduling scenario, the scenario does not necessarily represent the way these individual 
facilities will ultimately be addressed. Rather, it is representative of complex-wide 
scheduling assumptions. 
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3.3.8 Science and Technology Development 
Assumptions 

The Science and Technology Development program was established to conduct an 
aggressive national program of basic and applied research, development, demonstration, 
testing, and evaluation for innovative environmental cleanup solutions. The program 
seeks to develop technologies that facilitate compliance with applicable laws, 
regulations, and agreements; minimize generation of waste; and clean up Environmental 
Management sites in a manner that is safer, faster, and less expensive than baseline 
technologies. In many cases, the development of new technologies is critical for 
providing a method of significantly reducing long-term risks to the environment and 
improved safety for workers and the public, within realistic financial constraints. 

The science and technology development assumptions included in the Base Case are as 
follows: 

Current Base Case cost estimates for the Environmental Management program are 
based upon the use of existing technologies. This assumption allows one to 
calculate future savings resulting from the use of emerging technologies against 
the baseline. 

• Science and technology development funding is currently six percent of the 
Environmental Management Base Case and is assumed to remain a constant 
percentage (six percent) annually of the total Environmental Management 
program through 2030. 

The Science and Technology Development program conducts applied and basic research 
related to environmental cleanup technologies. Applied research is directed toward 
specific focus areas such as tanks, mixed waste, and plumes containment (See 
discussion in Appendix F). Basic research is part of a teaming effort with the 
Department of Energy's Office of Energy Research. Basic research concentrates, at a 
broader level, on applying essential sciences such as physics and chemistry to 
environmental problems. Appendix F presents an analysis of projected cost savings 
from science and technology development activities. 

3.3.9 Landlord Assumptions 

In developing landlord cost estimates, site personnel first determined a schedule for 
performing direct mission activities. Then, based on this time profile, they determined the 
required amount and cost of landlord activities on an annual basis. Specifically, site 
personnel determined FY 1996 costs for landlord activities, then assessed how these levels 
might change over time as several factors change: maturity of the program, level of annual 
direct mission activities performed, cleanup completeness, and other factors relevant to the 
site. Based on this analysis, the site personnel forecasted landlord costs. 
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3.3.10 National Program Planning and 
Management Assumptions 

Headquarters personnel used a simple model to estimate the costs for national program 
planning and management. As part of this process, independent cost estimates were 
developed for program direction and program management. Program direction costs include 
salaries, benefits, travel, and training for federal employees. For the purposes of this report, 
Headquarters assumed that these costs will remain at a constant percentage of total cost over 
the life-cycle of the program. Hence, as program funding decreases over time, program 
direction will decrease proportionally. Program management costs fund contractors that 
support federal employees. Headquarters assumed that program management costs will 
decrease as a percentage of total cost as the program matures and becomes better defined. 
These costs have already dropped 55 percent from FY 1994 to FY 1996. 

3.4 SUPPORT COSTS 

The 1996 Baseline Report focuses on answering several basic questions: what activities will 
the Environmental Management program perform, how much will these activities cost, and 
how long will it take for them to be completed? Previous sections of this report focus on the 
methods and assumptions that were used to estimate the costs for "direct mission" activities. 
These activities are represented by the six functional areas described in Chapter 2 (including 
environmental restoration, waste management, nuclear material and facility stabilization, 
landlord, and national program planning and management). 

In addition to direct mission activities, the Environmental Management program, like private 
firms and other public agencies, also must perform "support" activities. These activities fall 
into six main categories: 

• 
• 
• 
• 
• 
• 

Management; 
Finance and Administrative Services; 
Environment, Safety, and Health; 
Infrastructure; 
Safeguards and Security; and 
Stakeholder and Regulatory 
Interactions, and Other. 

Support activities are not extraneous; they are 
vital to maintaining sites and ensuring 
environmental cleanup progress. For example, 
it is necessary to conduct environment, safety, 
and health activities and to provide safeguards 
and security at all sites, particularly those 
storing uranium, plutonium, and other nuclear 
materials. 

The benefits of support activities are shared 
across projects within a functional area. 
Therefore, the Baseline Report does not 

3-20 

$~J= ,,,~,~!~t®:~r ·~ 
l'TOaram man.ag~ · for specific waste , 
(for e1t8J11J>Je, spent nuclear fuel) or major projects (for ' 
example, the Tank Waste Remediation System) 
disappear when the ~ific project or program reaclles 
compl~on. & .};, 



identify support costs as a separate category (except for cost estimating purposes). Rather, 
support costs in this report are spread across the direct mission activities within each 
appropriate functional area. 

ESTIMATION OF SUPPORT COSTS 

The level of direct mission activities affects the amount of support activities and costs 
required at a site. This relationship is similar to the relationship between direct mission 
activities and landlord costs discussed in Section 3.3.8. The estimation process is also 
similar. To develop support cost estimates, site personnel first developed a time profile for 
their direct mission activities . Then, based upon this profile, site personnel estimated the 
level of support activities that they would need on an annual basis and the associated costs. 
Specifically, site personnel determined FY 1996 costs for support activities, then assessed 
how these levels might change over time based on changes to several factors : maturity of the 
program, level of annual cleanup activity performed, completeness of cleanup, and any other 
factors relevant to the site. 
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Nuclear explosion, known as Operation Teapot, Test Shot "MET," at the Nevada Test 
Site, 1955. Above ground tests were conducted at the site until 1963. Some tests were 
conducted to improve understanding of plutonium dispersal. As a result, the top 3 to 6 inches 
of soil is contaminated with plutonium in a 580-acre area of the site known as "Plutonium 
Valley". 

Top soil remover being tested for potential use at Nevada Test Site, Nevada, 1993. 
(Courtesy, Desert Research Institute). The decision to clean up contaminated soils from 
nuclear tests has not yet been made because of concerns about technical feasibility and high 
cost estimates. The 1996 Baseline Report includes cost estimates for some of this soil 
remediation, although remediation of underground nuclear tests is excluded from the analysis 
because no feasible remedy is available or planned. Future analyses will need to address 
such areas through full life-cycle consideration of remediations costs, long-term surveillance 
and monitoring costs, and/or potential natural resource damages liability. 
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4.0 RESULTS 

This chapter summarizes the projected life-cycle costs for the Environmental 
Management Program based on plans and capabilities as of October 1995 . The results 
in this chapter summarize information provided in Volumes II and III of the 1996 
Baseline Report and provide several crosscutting analyses and perspectives. 

THE BASELINE Rif PORT IS NOT A BUDGETDf?CUMENT 

The Baseline Report is noi intended to be a budget document and none of the estimates iJ} 

the rep01-i'.arejntended as 'fCderal budgerrequests. Similarly, the schedule of activities · 
' sented in the Baseline Re uld not be interpreted as ishing specific long-

itive basis f9r planning s ~ projects. 

The Base Case results reflect costs for the Environmental Management program based 
on assumptions described in Chapter 3. These results provide the foundation for 
many of the policy analyses and comparisons in the Baseline Report, particularly the 
analyses of alternatives in Chapter 6. 

T his chapter includes five sections. 

Section 4.1 reports overall Base Case results, including an overview of life
cycle costs and schedules. 

Section 4.2 describes the Base Case estimate from a geographical perspective, 
including the distribution of life-cycle costs by state and site. 

• Section 4.3 focuses on costs for the major functional elements (waste 
management; environmental restoration; nuclear material and facility 
stabilization; science and technology development; landlord; and national 
program planning and management) . 

• Section 4.4 analyzes the waste types and volumes that underlie the life-cycle 
cost estimate. 

• Section 4.5 examines costs for support activities such as program management, 
administrative services, and security. 

4.1 OVERALL RESULTS 

4.1.1 The Range of the Base Case 

Based on the 1996 Base Case assumpti ons, the life-cycle CO\t to 1.umplctc the 
Environmental Management program is projected to be between $189 billion and 
$265 billion, with a mid-range estimate of $227 billion. Life-cycle cost profiles are 
graphically depicted in Figure 4.1. All estimates are in constant 1996 dollars (see the 
box below). 
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Figure 4.1. Base Case Life-Cycle Cost Estimate 
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The mid-range estimate - $227 billion - represents the sum of life-cycle costs for all 
site-specific activities and projects described in Volumes II and ID of the Baseline 
Report. The upper range ($265 billion) and lower range ($189 billion) bound the 
mid-range estimate. Personnel at sites assigned one of three levels of confidence to 
their Base Case estimates (high, medium, or low). Then, a probabilistic analysis of 
these estimates was conducted to establish the range (see the "Confidence in Cost 
Estimates" box for more information). 

A number of factors contribute to the uncertainty in the life-cycle estimate. The 
degree of project definition, the complexity of the project, and the application of new 
technology can significantly influence the confidence in the estimate. Other factors 
contributing to estimate uncertainty include errors in estimating unit costs and labor 
productivity, schedule delays, and even simple errors in arithmetic. Several of these 
factors, such as productivity and the use of new technologies, are discussed later in 
this chapter. 
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estimates that fall into each of these categories are displayed above. In general, there is a 
correlation between the confidence sites have in their estimates and the use of detailed or 
sophistica@ cost estimati11g models. ' , 

The mid-range estimate of $227 billion is the projected cost for carrying out the 
currently planned tasks, including existing compliance agreement obligations (as of 
October I 995), for the active sites within the scope of the Environmental Management 
program. This case is used as the basis for analysis in this chapter and the basis for 
comparison of the alternative cases in Chapter 6. The mid-range case is referred to 
throughout this report as the "Base Case" estimate. 

4.1.2 Productivity 

For any long-range program, the amount by which the program improves productivity 
will have a significant effect on life-cycle cost. For example, if productivity, defined 
as the ratio of outputs-to-inputs, increases at an annual rate of one percent, the 
program will be approximately 50 percent more productive in 2040 than it was in 
2000. Larger productivity improvement rates have even more dramatic effects over a 
longer time horizon . Therefore, any program that has an extended timeframe should 
be concerned about productivity improvement and should ask the question: How will 
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productivity influence the long-term costs of the program? The Environmental 
Management program is such a program. 

For this reason, the Environmental Management program asked site personnel to 
include an estimate of projected productivity savings in their life-cycle cost estimates. 
The site-derived productivity savings, which were approximately five to ten percent 
across the Environmental Management program, were included in the site estimates. 
Almost all of these productivity improvements are expected before 2000. These 
productivity improvement initiatives include performance-based contracting, re
engineering of operational processes, privatization, reducing overhead activities, 
streamlining site characterization processes, and introducing cost-efficient 
technologies. 

Two additional productivity estimates were derived from the Base Case based on 
different assumptions regarding productivity improvement. For the purposes of this 
report, a long-term productivity goal of one percent after 2000 was established. The 
one percent assumption reflects the average productivity savings historically achieved 
by government agencies. The highest cost case assumes that productivity will not 
increase over current levels. That is, projected site productivity savings estimates 
were removed from the life-cycle estimates. 

Based on these three productivity cases, the life-cycle cost for the program ranges 
from $195 billion to $241 billion. Figure 4.2 presents these three cases, depicting 
three different productivity-based life-cycle cost profiles for the Environmental 
Management program. 

(/) 
c: 

~ 
iD 
.E 
!'? 
El 
0 
0 
<O 
Cl> 
Cl> 

c 
"' (ij 
c: 
0 

(.) 

(ij 
:::1 
c: 
c: 
<( 

9 

8 

7 

6 

5 

4 

3 

2 
Base Case With 1% 
Annual Productivity 

After 2000 
$195 billion 

Productivity Excluded 
$241 billion 

oL:::::::::::::::_~--=~~~~ 
1996 2006 2016 2026 2036 2046 2056 2066 

Figure 4.2. Annual Cost Estimate Based on Productivity Assumptions 

Site-based productivity estimates produce a total life-cycle cost reduction of $14 
billion, resulting in a total life-cycle cost for the program of $227 billion. This case is 
used as the base estimate for the confidence level range (discussed in Section 4.1.1 ). 



It is also the basis for the results in the remainder of this chapter. With no 
productivity savings, completion of the Environmental Management program is 
estimated to cost $241 billion- $14 billion higher than the Base Case and $46 billion 
higher than the lowest case (reflecting one percent productivity savings beyond 2000). 
In the 1995 Baseline Report, productivity assumptions were incorporated in the Base 
Case estimate. These assumptions projected a potential short-term productivity goal 
of 23 percent by the year 2000 and a Jong-term goal of one percent productivity 
savings after 2000. This assumption decreased the total 1995 life-cycle cost from 
approximately $350 billion ($360 billion in constant 1996 dollars) to $230 billion 
($237 billion in constant 1996 dollars) . The 1995 approach, which is explained in 
Section 5.3, differs from the 1996 approach described above. 

4.1.3 Reconciling the Base Case Cost Estimate 
with Budget Projections 

The Base Case is not a budget estimate. In fact, with cost projections expected to 
exceed budget availability and priorities continuing to be defined, a clear articulation 
of the current baseline projection is useful. The projected budget target (as of October 
1995), based on larger federal budget realities, is that funding for the Environmental 
Management program will be funded at approximately $5 .5 billion in annual funding 
(in current dollars) by 2000. After accounting for expected inflation, this number 
equates to $4.9 billion in constant 1996 dollars. The difference between the assumed 
funding for the Base Case estimate and the funding target results in a projected budget 
shortfall. Figure 4.3 indicates that this shortfall amounts to $27 billion over a 25-year 
period. 

This budget shortfall has been anticipated since I 993. During this period, the 
Department has successfully reconciled this shortfall through a number of 
management initiatives intended to deliver more results for less money. Specific 
priorities for the Environmental Management program include: 

From 1993-1996 

• Improved Contractor Efficiency - Reduced contractor employment by 17 ,000 
individuals or 33 percent; initiated performance-based contracting systems at 
most of the large sites in the complex. 

• Renegotiated Compliance Agreements - To date, renegotiated agreements have 
resulted in more than $1 billion in potential savings for the Hanford Site and 
Savannah River Site. 

Involved Stakeholders and Workers - At Fernald, Ohio, recommendations from 
the Citizen Task Force on disposal options and future land use at the site are 
expected to result in over $2 billion in savings. 

From 1997-2000 

• Privatizing Operations - Improving public sector efficiency with more private 
sector incentives. 
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Conducting Management 'Work Outs' - Department of Energy, contractors, and 
regulators come together to develop common sense reforms. 

Investing in Science - Bridging basic science and applied research needs on our 
most intractable environmental problems. 

We believe that these efforts will greatly assist in reconciling estimated Base Case 
costs to budget realities . Additional changes such as legislative amendments to 
Superfund will also contribute to helping the program operate more cost effectively. 
Clearly, however, it is critical to good management to anticipate budget problems 
through effective life-cycle analysis . 
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Figure 4.3. Long-Term Budget Shortfall 

4.1.4 A Look at the Life-Cycle Base Case 

The life-cycle activities for the Base Case will cost $227 billion and span a 75-year 
period (1996 to 2070), although most sites will be completed considerably sooner. By 
2070, all environmental management sites requiring remediation will be completed 
(i.e., only long-term surveillance and monitoring activities and ongoing waste 
management activities at active sites will remain). Figure 4.4 presents the Base Case 
schedule for the completion of environmental remediation and decommissioning 
activities at the sites. As noted in Section 3.3.2, I 02 sites require remediation . This 
figure illustrates that 80 percent of these sites will be remediated by 2021. 

Annual costs at the program ' s completion in the year 2070 do not reach zero because 
of "post-closure" expenditures, referred to as post-closure long-term surveillance and 
monitoring activities. These activities focus on sampling, analyzing monitoring well 
data, maintaining protective covering or barriers, and providing for active institutional 
controls at near-surface and deep geologic disposal sites where long-lived radioactive 
wastes were left in place. Preliminary estimates indicate these long-term costs would 
range from $45-$65 million annually for several decades. 
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The distribution of estimated Environmental Management program costs for major 
functional elements changes as the program (and the cleanup effort) moves closer to 
completion (see Figure 4.5). Given these estimates, the mix of activities comprising 
the Environmental Management program will change significantly over time. In the 
near term, the program is focusing on stabilizing nuclear materials and facilities. In 
2000, for example, nuclear material and facility stabilization activities represent 
approximately 18 percent of the estimated site costs for waste management, 
environmental restoration, and nuclear material and facility stabilization . By 2020, 
these activities drop to six percent and by 2040 they are less than one percent of 
estimated cost because these activities are essentially complete. Also, during the next 
40 years, the majority of environmental restoration activities are expected to be 
completed . Although environmental restoration costs as a percent of total costs 
actually increase from 2000 to 2020 when many large facilities are scheduled for 
decommissioning, they shrink to less than six percent of total estimated program costs 
by 2060. By this point, the environmental cleanup is essentially complete and all 
waste currently in inventory and generated by the Environmental Management 
program will have been disposed. By 2060, the primary responsibility of the program 
is expected to be managing waste generated by other Department of Energy programs 
(for example, the Energy Research Program and Defense Programs). 
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At the program "end state" (in 2070), all mission-related activities are expected to be 
completed and most sites are available for alternative land uses. The expectation is 
that buildings are decommissioned, waste planned for offsite disposal is treated and 
will have been shipped to a permanent disposal site or commercial facility, and waste 
being disposed of onsite is capped in pits or trenches or securely enclosed in disposal 
cells. In 2070, Environmental Management program activities are focused on long
term surveillance and monitoring and waste management for Department of Energy 
programs still active at the sites. In other words, sites with ongoing missions outside 
of the Environmental Management program (for example, National Laboratories) will 
continue to incur ongoing waste management costs. 

Many sites complete their Environmental Management mission-related activities 
before 2070. A closer examination of the estimated life-cycle cost profile in Figure 
4.1 reveals a downward trend in annual costs. The estimate after 2050 is relatively 
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level. Ninety percent of the total life-cycle cost is expected to be incurred by 2037 
(see box). 

{fa1f<:,.,- .. , ·,,,~i . 

A 15-YE'AR LIFE-CYCLE PROGR.' 

While the life-cycle data indicate that Envjronmental Management mission~related 
activities are complete at all ~ites by 2070, many of the sites complete a subStantial 
amount of work long before 207Q. For example, 90 percent of tpe projected life-cycle 
c0sts for environmental management activities occurs by 2037. Jj'.ftet this date, most of the 
costs are for managing wastes from on-going mission activities and for long-term 
surveillance and monitorh1g of remediat~ sites. These costs would extend far into the , 
future, but are assumed to be complete irt 2070 for the Baseline Repp~. 
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Despite the general downward cost trend described above, estimated costs suddenly 
increase or decrease for brief periods at several points. These upswings and 
downswings appear as anomalies to the overall trend, but reflect the progression of the 
program. For example, in 2020, completion of remediation and decommissioning 
activities at the Energy Technology Engineering Center, Fernald, Los Alamos 
National Laboratory, and Sandia National Laboratory-New Mexico contribute to a 
drop in estimated environmental restoration costs of more than $300 million. At the 
same time, treatment of high-level waste decreases (primarily at the Hanford Site), 
resulting in an additional cost decrease of almost $200 million . In 2025, a sudden 
increase in estimated cost occurs. It results from· an upswing in high-level waste 
disposal costs following vitrification activities at the Savannah River Site. Estimated 
costs for high-level waste disposal are $200 million higher in 2025 than in 2024 and 
remain at the higher level until 2035 when high-level waste disposal costs increase 
again by an additional $400 million per year because of the expected beginning of 
shipments of vitrified high-level waste from the Hanford Site to a geologic repository 
for disposal. 

J· )t:: :f _ ,,):hS:t( _ t· :tfi@ij:h:t % .'~ 
w PROJECTED LIFE·CYCCl!'CoSTS BY CONGRESSJ<:i'11A'l. APPROPRIATION 

··i· ~ 

The Congressional Appropriations Subcommittee on Energy and Water''appropriates fuqds 
for the Environmental Management program. These discretionary !,tppropriations are 
d~vided into two ~counts: defense and nondefense. Environmenfal Management defense 
tuliding represents $207 billion (or 91 percent) of total costs. Enviwnmental management 
activities with a past defense mission (such as producing plutonium for nudear warheads 
in production reactors at Savannah River Site) are appropriated under the defense account. 
On aJife.cycle basis, nondefense activities represent $19 billion or 9,percent) of the total 
R,~yjected life-~y~le program o ironmenta!P.":nageme' .iti~s with <;1-fc°irmer 
1t0ndefense missum (such as st Flux Test Fac1lity at Han 1te tn Washington) are 
funded through nondefense appropriations. ' 
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4.2 A GEOGRAPHICAL VIEW OF T HE 
ENVIRONMENTAL MANAGEMENT PROGRAM 

The Department's Environmental Management program currently is operating in 
approximately 30 states and territories. By 2020, this number is expected to drop to 
21 states. (See Figure 4.6 for the estimated annual spending level for environmental 
management activities in each state and a depiction of cleanup progress over time.) In 

2000 

2060 

I > $1 Billion ~ $500-999 LJ Million 
l"\l $250-499 
b:SI Million 

~ $50-249 
~Million 

Figure 4.6. Annual Estimated Costs by State 

1<$50Million 

2060, the total is expected to drop to 15 states, with almost all of the costs for long
term surveillance and monitoring and management of waste generated by programs 
with ongoing missions. Remediation is complete at all these sites by 2070. 
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Table 4.1 shows the Base Case cost estimate by state and site. These estimates reveal 
that the majority of costs will be spent at a small number of states and sites. 
Approximately three-quarters of the program's costs are concentrated in six states 
(Washington, Idaho, South Carolina, Tennessee, New Mexico, and Colorado), 
primarily at the five highest-cost sites (Hanford Site, Idaho National Engineering 
Laboratory, Oak Ridge Reservation, Rocky Flats Environmental Technology Site, and 
Savannah River Site). For the purposes of this report, a site with life-cycle costs 
greater than $15 billion is defined as a high-cost site. Historically, the five highest
cost sites played the largest roles in nuclear weapons production and, therefore, 
require the largest amount of cleanup and waste management (see Table 4.2). 
Because these sites represent such a large portion of the program, the analysis of 
alternatives in Chapter 6 focuses solely on them. 

Activities in two states, Washington (Hanford Site) and South Carolina (Savannah 
River Site), dominate the life-cycle cost estimates . They account for approximately 
$100 billion (or 44 percent) of projected life-cycle costs. The concentration of costs at 
the Hanford and Savannah River sites is particularly evident in Figure 4.7, which 
presents the total life-cycle cost by site and major crosscutting functions. In this 
figure, the highest-cost sites and crosscutting functions are presented separately while 
the smaller sites are grouped into an "Other Sites" category. 

The expected end dates for the five highest-cost environmental management sites are 
listed in Table 4.3. Surveillance and monitoring activities will continue beyond these 
dates. All sites will be complete by 2070. These dates are expected to change based 
on variables such as project resequencing, program acceleration or delay (for example, 
to reduce long-term overhead costs or to wait for new technologies), regulatory 
changes, or significant budget reductions. However, these milestones are useful 
starting points for analyzing time lines, priorities, and the potential for program 
acceleration. (See the scheduling alternative case analysis in Chapter 6.) 

Many of the other sites will be completed much sooner. Remediation is already under 
way at most Environmental Management sites. As described earlier, 80 percent of 
sites requiring remediation will be completely remediated by 2021. Only surveillance 
and monitoring and waste management at sites for programs with research or 
production missions remain after that point. 
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Table 4.1. Base Case Estimate by State and Site 

Base Case Percentage of 
Life-Cycle Estimate Total Base Case 

(Constant 1996 Life-Cycle 
Site $In Miiiions) Estimate 

Alaska 6 <1% 
Amchitka Island 6 <.01 % 

Arizona 212 <1 % 
Monument Valley 113 0.05% 
Tuba City 99 0.04% 

California 4,574 2.02% 
Lawrence Livermore National Laboratory 2,408 1.06% 
Oakland ~rations Office 948 0.42% 
Lawrence rkeley Laboratory 533 0.23% 
EnerPc,Y; Technology Engineering Center 351 0.15% 
Stan ord Linear Accelerator Center 161 0.07% 
Sandia National Laboratories - Livermore 105 0.05% 
General Electric Vallecitos Nuclear Center 23 0.01 % 
Laboratory for Energy-Related Health Research 22 0.01 % 
General Atomics 17 0.01 % 
Geothermal Test Facility 5 <.01 % 
Oxnard Facility <1 <.01 % 

Colorado 18,203 8.02% 
Rocky Flats Environmental Technology Stte 17,319 7.63'Yo 
Grand Jl.lnctlon Projecls Offtce 662 029% 
Grand Junction 73 0.03% 
Naturita Stte 43 0.02% 
Slick Rock 33 0.01% 
Ma~ Miii Site 22 0.01% 
RHl9 Sites 20 0.01% 

gu~MlUSite 12 0.01% 
12 0.01% 

Rio BlancolRullson 7 <.01% 

Connecticut 22 <1% 
CE 22 0.01 % 

Florida 437 <1% 
Pinellas Plant 437 0.19% 

Idaho 18,980 8.36% 
Idaho National En~neering Laboratory 18,622 821% 
Argonne National boratory- West 357 0.16% 
Loy.man <1 <.01 % 

tllnols 1tll <1% 

~~-East 0.37% ()pela==- L.abora 
406 I• 0.18% 

Site A/Plot M, Palos Forest~ 165 0.07% 
6 <.01% 

~ .... 2 <.01% 

Iowa 26 8.04% 
Ames 26 0.01 % 

~Gaseous Diffusion Plant 
4,857 2.14% 
4,831 2.13% 

Maxey Flats Disposal Site 26 0.01% 

Ma~and/District of Columbia 18,240 8.04% 
nvironmental Management Program Headquarters 18,218 8.03% 

W.R. Grace & Company 22 0.01 % 

Massacn.lsells 13 <1% 
Ventron 12 0.01% 
~ LandlltWentron <1 <.01 % 

Mississippi 8 <1% 
Salmon Test Site 8 <.01 % 
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Table 4.1. Base Case Estimate by State and Site (continued) 

I' Base Case Percentage of 
Life.cycle Estimate Total Base Case 

(Constant 1996 Life-Cycle 
Site $In Mllllons) Estimate 

Missouri 1,578 <1% 
Weldon Sprin~ Site Remedial Action Project 448 0.20% 
Kansas City P ant 447 0.20% 
St. Louis Downtown Site 266 0.12% 
St. Louis Airport Site 244 0.11% 
St. Louis Airport Site Vicinity Properties 97 0.04% 
Latty Avenue Properties 76 0.03% 

Nebraska 1 <1% 
Hallam Nuclear Power Facility 1 <.01% 

Nevada 3,652 1.61 % 
Nevada Test Site 3,644 1.61 % 
Central Nevada Test Area and Project Shoal Site 8 <.01 % 

New Jersey 713 <1% 
Princeton Plasma P'Wclcs Lab 321 0.14% 
Maywood Chemical orks 255 0.11% 
Wayne Interim Storaie Site 99 0.04% 
Middlesex Sampling lant 25 0.01% 
DuPont & Company 8 <.01% 
New Brunswick Site 6 <.01% 

New Mexico 14,942 6.58% 
Waste Isolation Pilot Project 8,391 3.70% 
Los Alamos National Laboratory 4,081 1.80% 
Sandia National Laboratories - Albuquerque 1,591 0.70% 
Albuquerque Operations Office 802 0.35% 
Inhalation Toxicology Research Institute 42 0.02% 
Project Gasbuf;!gy 15 0.01 % 
South Valley Site 12 0.01 % 
Shigrock 8 <.01% 
Am rosia Lake 1 <.01% 

New York 4,927 2.17% 
West Valley Demonstration Project 3,744 1.65% 
Brookhaven National Laboratory 867 0.38% 
Sercaratlons Process Research Unit 145 0.06% 
Coonie Site 52 0.02% 
Niagara Falls Storage Site 33 0.01% 
Seaw~ Industrial Park 28 0.01% 
Linde Ir Products 28 0.01% 
Ashland Oil #1 21 0.01% 
Ashland Oil #2 8 <.01% 
Bliss and Laughlin Steel 1 <.01% 

North Dakota 24 <1 % 
Belfield 19 0.01 % 
Bowman 5 <.01% 

Ollio 9,158 4.04% 
Portsmouth Gaseous Diffusion Plant 3,960 1.74% 
Fernald Environmental Management Project 3,017 1.33% 
Mound Plant 1,357 0.60% 
Ohio Operations Office 428 0.19% 
Reactive Metals, Inc. (RMI Titanium Co.) 141 0.08% 
Battelle - Columbus Laboratories 101 0.04% 
Painesville 88 0.04% 
Luck~ 63 0.03% 
B&T etals 3 <.01% 
Baker Brothers <1 <.01% 
Piqua Nuclear Power Facility <1 <.01% 

Oregon 6 <1% 
Lakeview 6 <.01% 
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Table 4.1. Base Case Estimate by State and Site (continued) 

' a ... eue 1 Percentage of 
Llfe.Cyc .. Eatl,_.. " J Total B~ CUe 

(Constant 1996 r<· \, Llfe.Cjcle 
Site Sin MllUona) ' Estimate 

Pennsylvania 3 <1% 
Canonsburg 3 <.01% 

Sou1h Carolina 48,769 21.49% 
Savannah River Site 48,769 21.49% 

Tennessee 25,137 11 .06% 
Oak Ridge National Laboratory 9,352 4.12% 
Oak Ridge K-25 Site 7,286 3.21% 
Oak Ridge Y-12 Plant 6,168 2 .72% 
Oak Ridge Operations Office 2,038 0.90% 
Oak Ridge Reservation Off-Site 267 0.12% 
Oak Ridge Associated Universities 26 0.01% 

Te>tas i;[fcW * ··'•@~rt ' {•< 689 l::tl© r ,, <1% 
Pantex Plant 683 0.30".k 
Falls City 6 <.01% 

Utah 129 <1% 
Monticello Mill Site & Vicinity 110 0.05% 
Green River 8 <.01% 
Salt Lake City 7 <.01% 
Mexican Hat 3 <.01% 

WashlnPcton 50,208 22.1 2% 
Han ord Site 50,208 22.12% 

Wyomin~ 11 <1% 
Rive on 10 <.01% 
Spook 1 <.01% 

''\Yfr J "'\[/» .• 
226,950 #1 ·~tt " TOTAL of 100.00% 

Table 4.2. Historical Mission of the Five Highest-Cost Sites 
Drives Environmental Management Costs 

Total Hlatorlcal Mlaalon I 
Site Life-Cycle Cost Environmental Management FunctJona 

Hanford Site $50.2 billion . Uranium fuel fabrication and 
145,000 Hectares irradiation 
(358,500 Acres) . High-level waste management 

Idaho National Engineering $18.6 bUlk>n • Reprocessing of spent nuclear fuel 
Laboratory • High-level waste management 
230,000 Hectares 
(570,000 Acres) 

Oak Ridge Reservation $25.1 billion . Uranium enrichment I energy 
14, 140 Hectares research 
(35,000 Acres) . Weapons component production . Remediation activities 

Rocky Flats EnVlronrnental $17.3 bllllon . Plutonium weapons trigger fabrication 
Techno.logy: Site • Stabilization o ar materials and 
2,510 Hectaths faclUtles 
(6,216 Acre$) B 

Savannah River Site $48.8 billion . Uranium fuel fabrication and 
80,000 Hectares irradiation 
(198,000 Acres) . High-level waste management 
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Figure 4. 7. Distribution of Environmental Management Life-Cycle Estimate 

Table 4.3. Estimated End Dates for the Five Highest-Cost Sites 

Projected Life-Cycle Estimate 
Site Completion Date• 90%ofCost 

Hanford Site 2052 2039 

Idaho National Engineering Laboratory 2045 2035 

Oak Ridge Reservation 2045 2044 

Rocky Flats Environmental Technology Sfte 2055 2034 

Savannah River Site 2040 2031 

·see definition of site completion in Section 3.3.2 . 

Figure 4.8 focuses only on the highest-cost sites, providing total site cost estimates 
broken out by the functional elements of the Environmental Management program. 
At the Hanford Site, Idaho National Engineering Laboratory, and Savannah River 
Site, waste management consumes the largest portion of estimated program costs. At 
the Oak Ridge Reservation, environmental restoration activities are the highest 
proportion of estimated cost. At the Rocky Flats Environmental Technology Site, 
nuclear material and facility stabilization activities represent the largest proportion of 
estimated cost. 
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Figure 4.8. Costs by Major Functional Element for the Five Highest-Cost Sites 

4.3 BASE CASE RESULTS BY MAJOR 
FUNCTIONAL ELEMENTS 

The Base Case estimate for the six major elements of the Environmental Management 
program is shown in Figure 4.9. The highest percentage of the estimated life-cycle 
cost is for waste management activities, amounting to $111 billion (or 49 percent); 
followed by environmental restoration activities, $63 billion (or 28 percent); nuclear 
material and facility stabilization activities, $2 I billion (or 9 percent); landlord 
activities, $13 billion (or 6 percent); science and technology development activities, 
$I 2 billion (or 5 percent); and national program planning and management activities, 
$7 billion (or 3 percent). Section 4.3 describes the results for these functional 
activities. 
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Waste Mana!Jement 
$111 Billion 

Low-level, Low-Level Mixed, 
and Transuranic Wastes 

40% 

National Program 
Planning and 
Management 

$7 Biiiion 

Science & 
Technology 

Development 
$12 Billion 

Estimated Environmental Management Program 
Life-Cycle Cost (Constant 1996 Dollars): 

$227 Billion 

Landlord 
$13 Billion 

Environmental Restoration 
$63 Billion 

Nuclear Material and I 
Facility Stabilization 

$21 Billion 

Figure 4.9. Estimated Life-Cycle Cost by Major Functional Element 
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4.3.1 Waste Management 

The life-cycle cost estimate for the Waste Management program is $111 billion. This 
estimate covers a timeframe that extends to 2070, with most activities expected to be 
completed by 2045. Figure 4.10 and Figure 4.11 further disaggregate these waste 
management costs by type of waste addressed and waste management activity (see 
descriptions for the various waste types in Chapter 2). 
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Figure 4. 10. Estimated Waste Management Cost by Type of Waste Addressed 
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Figure 4. 11. Estimated Waste Management Cost By Activity 
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A large portion of the life-cycle cost estimate for waste management activities is 
concentrated in a relatively small number of projects. Table 4.4 shows ten of the 
highest-cost waste management projects . These projects focus primarily on the 
treatment, storage, and disposal of high-level waste. This result is consistent with the 
fact that the largest portion of estimated Waste Management program costs ($53 
billion or 48 percent) is associated with the management of high-level radioactive 
waste (see box). 

Table 4.4. Ten of the Highest-Cost Waste Management Projects 

Estimated Life-
Cycle Cost 

Site Project (Billions) 

Hanford Site High-Level & Low-Level Vitrification $15.5 

Waste Isolation Pilot Plant Waste Isolation Pilot Plant 8.3 

Idaho National Engineering Laboratory Chemical Processing Plant 4.8 

Savannah River Site Defense Waste Processing Facility 3.8 

Hanford Site Single- and Double-Shell Tanks 3.7 

West Valley Demonstration Project High-Level Waste Vitrification Facility 3.7 

Savannah River Site H Tank Farm 2.1 

Savannah River Site FTank Farm 1.5 

Savannah River Site High-Level Waste In-Tank Precipitation 1.5 

Hanford Site T Plant 1.0 

Figure 4.12 shows a breakdown of the cost estimate for high-level waste activities. 
The Department currently stores more than 300,000 cubic meters (393,000 cubic 
yards) of high-level waste - the largest volume in the Department's inventory - in 243 
large underground tanks. High-level waste management activities include onsite 
storage, treatment, handling, transportation and disposal. The majority of these costs 
are for treatment, in particular for vitrification, which is the permanent immobilization 
of high-level waste in glass. The Defense Waste Processing Facility at the Savannah 
River Site, which recently started processing high-level waste, wi ll operate for 32 
years, with a life-cycle cost estimate of approximately $4 billion . 
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Figure 4. 12. Estimated Cost for High-Level Waste Management Activities 

WHY DOES rr COST SO MUCH TO MANAGE HIGH-LEVEL WASTE? 

"ts associatetl with managirl! high-level waste are due to rl~ny factors: large 
volu , intense radioactivity (which requires any plant that processes hiih'--level waste to 
be shielded and operated by remote control), and teehnical difficulties associated with the 
management of this type of waste. These factors are magnified by problems associated 
with historical waste management practices. Due to inadequate record keeping, 
characterization of stored waste frequently requires extensive testing. Many older, single
shelled ta)lks were designed for a 25-year life span with the expectation that the waste 
would be transferred to a central repository for disposal. For example, by 1973, 15 high
Jevel waste tanks at Hanford were known to have leaked into soil and ground water. 
Waste ii\ these corroding tanks must be transferred to newer double-walled tanks using 
difficult remote-handling procedures. ~~ditionally, large quantities of high-level waste 

k ••·••.•· ... 
currently in liquid fortn require treatmerit'through new technologies (fofexample, 
vitrification), which resolts in a more stable and less voluminous form. 

To implement these technologies, the Environmental Management program must 
overcome many technical challenges and will require billions of dollars to construct and 
operate new facilities. Some facilities, such as the Idaho National Engineering Laboratory 
New Waste Calcining Facility and the Savannah River Site vitrification facility (Defense 
Waste Processing Facility), are already operational. Others, such as the vitrification 
facilities at the Hanford Site and Idaho National Engineering Laboratory, are still in the 
planning phase. 

Management of transuranic waste (see description in Chapter 2) represents the second 
highest percentage of estimated waste management cost ($16 billion or 14 percent) . 
Figure 4.13 shows annual cost estimates for treating, storing, and disposing of this 
type of waste. At the Idaho National Engineering Laboratory, approximately 60,000 
cubic meters (78,600 cubic yards) of transuranic waste were buried at the Radioactive 
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Waste Management Complex from 1952 to 1970. Since 1970, 40,000 cubic meters 
(52,400 cubic yards) of Department of Energy defense-generated waste have been 
placed there in retrievable storage in an earthen berm. These totals represent over 60 
percent of the Department's transuranic waste inventory. Costs to manage this type of 
waste at the Idaho National Engineering Laboratory are estimated to be approximately 
$50 million per year. 
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Estimated costs for managing the remaining types of waste (low-level waste, low
level mixed waste, hazardous waste, and sanitary waste) and spent nuclear fuel 
combine to account for approximately 37 percent of the total waste management cost 
estimate. 

4.3.2 Environmental Restoration 

The life-cycle cost estimate for environmental restoration activities is approximately 
$63 billion. This estimate represents 28 percent of the total program cost estimate. 
These activities are expected to span a timeframe that extends to 2070. Figure 4. 14 
depicts estimated annual environmental restoration costs for the major environmental 
restoration functions: 

• Remedial Action (34 percent), 
• Decommissioning (33 percent), 
• Treatment, Storage, and Disposal (I 4 percent), 
• Surveillance and Monitoring (I 0 percent), and 
• Assessment (8 percent). 

Examples of high-cost environmental restoration projects are listed in Table 4.5. 
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Figure 4. 14. Estimated Annual Costs for Environmental Restoration Activities 

Remedial actions represent the greatest proportion of estimated environmental 
restoration costs ($22 billion, or 28 percent). Most remedial actions are expected to be 
completed by 20 I 6. Remedial action projects fall into three broad categories: those 
that involve remediating contaminated ground water (which represent 9 percent of 
estimated remedial action costs); those that involve remediating soi ls and buried waste 
(48 percent of estimated costs); and those that involve remediating multiple 
environmental media (43 percent of estimated costs). 
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EXPECTED COST SAVINGS FROM POLLUTION PREVENTION 

Environmental Management established a Pollution Prevention program in 1991. The 
Department of Energy defines pollution prevention as activities.that involve source 
reduction and recycling of all waste and pollutants. Pollution prevention refers to the use 
of materials, processes, and practices, including recycling activities, that reduce or 
eliminate the generation and release of pollutants, contaminants., hazardous substances, 
and waste into land, water, and air. This discussion addresses the potential reduction in 
life-cycle costs that can be attributed to pollution prevention aqivities. 

Current funded pollution prevention projects focus primarily on routine waste from 
operations. They include a wide range of simple and complicated projects and are 
applicable at many facilities. For example, a $5,000 investment in laundering rags can 
avoid nearly $14,000 in yearly disposal costs. Dry-ice abrasion equipment is used in a 
more technology-intensive project that will clean surface radiation from lead-shielding 
bricks. A $500,000 investment yields a one-time savings of $1.2 million by avoiding 
disposal of a mixed radioactive waste. 

To evaluate the potential cost savings from pollution prevention activities, information 
was collected from three sources. The first source was cost information from a 
demonstration program that was established for projects with a high return on investment 
over a short timeframe. Second, cost savings information was available from a number of 
other field projects under way that provide a significant payback -0ver a longer period of 
time. Finally, the cost data were evaluated on past pollution prevention projects. 

Using cost savings, total project costs, and various other data fr~m, these three sources, the 
life-cycle cost savings were estimated through 2005. Currently;\;the projected savings 
from these projects exceeds $1.6 biJlion. Other specific projects for which 1ife-cycJe data 
are not available would increase this figure. Many of these projects can be replicated or 
adapted at multiple sites. Although there are insufficient data to extrapolate total 
projected pollution prevention savings in a meaningful, quantitative way, complex-wide 
savings could be in the tens of billions of dollars. Jn addition, the Department has 
established goals for reducing the volume of radioactive, low-level mixed, sanitary, and 
hazardous waste from routine operations 50 percent by the year 2000. Achieving these 
goaJs would reduce waste management costs by an estimated $5 billion over the 
environmental management life-cycle. The Department will continue to pursue pollution 
prevention activities aggressively because they are consistent y.'ith the Department,'~ core 
values for respecting the environment, and they result in a more efficient use of limited 
resources by reducing site operating costs. 

Remedial actions also can be described as involving containment strategies (i.e., stabilizing 
or otherwise immobilizing contamination in place) or removal strategies (i.e., excavating 
contamination for treatment and/or disposal elsewhere). Sixteen percent of estimated 
remedial action costs are expectd to be spent on containment strategies involving barriers or 
solidification. In the case of ground-water remediation, these strategies include pumping 
and re-injecting contaminated ground-water upgradient to prevent the spread of plumes. 
The balance of estimated costs is expected to be spent on projects involving a combination 
of removal and containment strategies (See Figure 4.15). 
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Figure 4. 15. Life-Cycle Costs of Various Containment Strategies 

Table 4.5 Selected High-Cost Environmental Restoration Projects 

25 

Estimated Estimated Waste 
LHe-Cycle Cost Volumes 

Site Pro)ectll'ype (Mllllons) (Cubic Meters)* 

REMEDIAL ACTION 

Hanford Site 100-NR Soils $209 426,000 

Idaho National Engineering Radioactive Waste 1,385 349,000 
Laboratory Management Complex Buried 

Waste 

Lawrence Livermore Maln Site- 334 <100 
National L~t>pratory Ground Water 

DECOMMISSIONING 

Oak Ridge Y-12 Plant Building 9201·4 Removal 256 17,000 

Rocky Flats Environmental 771 Plutonium Recovery 430 13,000 
Technology Site Decontamination/ Containment 

Savannah River Site R Reactor 699 103,000 
Entombment/Removal 

TREATMENT/STORAGE/DISPOSAL 

Portsmouth Storage 80 NIA 

Sandia National Laboratory/ Disposal Facility 25 N/A 
New Mexico 

•Cubic Meters of hazardous, transuranic, low-level. low-level mixed, and sanitary wa~te combined 

Decommissioning focuses on the safe maintenance, demolition and final disposition of 
surplus facilities (for example, reactors, hot cells, processing plants, and storage 
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tanks). Rubble and contaminated materials from demolition will either be removed or 
contained at the building site (for definitions see Section 3.3.4). Greater 
decontamination leads to a greater percentage of "clean" building materials, which 
leaves a lower percentage of contaminated materials to be disposed. 
Decommissioning activities represent the second highest proportion of estimated 
costs, $21 billion (or 33 percent). 

The most contaminated and some of the largest structures are assumed to be 
entombed, including the former processing buildings (called canyons) at the Savannah 
River Site and the plutonium production reactors at the Hanford Site. Projects 
assuming entombment of structures account for 31 percent or $7 billion of estimated 
decommissioning costs. Facilities assumed to be decontaminated with some waste 
capped in the building foundations is 42 percent or $9 billion of estimated 
decommissioning costs. The balance of the facilities are assumed to be fully 
decontaminated with all materials disposed away from the building site and represents 
27 percent or $5 billion of estimated decommissioning costs. 

A 38·ACRE BUILDING? 

Several of the highest-cost environmental restoration projects are ass6ciated with 
deeommissioning the three gaseous diffusion plants. Gaseous diffusion, a process used to 
enrich uranium, involves a series of vast structures designed to drive gaseous uranium 
ttiiougb miles of filters. The end product of this process is enriched uranium-235, which 

Jor nm;le ns, su ine fuel, and miclear power i:ifants. Massiye plants 
f'.:'Fn:@" . . ... ,~,~:·::;: - -: - .- ~=:i. :}'=:::;: . ·- .,;. · ==>:::: 

&int to execu ·s process a three locations: the K-25 Plant in Tennessee, the 
Paducah Plant in Kentucky, and the Portsmouth Plant in Ohio. 

:;;::· '· ~ ~ 

VariousJtazardous, nonhazardous. and radioactive waste resultingfrompast activities was 
gc!nerat&i and dispq.~ of at each' of the gaseous diffusion plant sites. These sites together 
enCo~(?~S apa,roximately l,860 ~yctares (4,600 ac~es). The mai~ building at the J}-25 
Pla11t in'Tennessee is, a half-mile long and covers 15 hectares (38 acres). The effort 
required to complete decommissioning is, therefore, extensive. These activities include 
tlieremoval of haz,ards and contaminants in and around facilities, removal of all major 
b · · s s~ms (piping and electrical systems), and demolition (or preparation for 

)'ofllJl ;~uildings andfaCilities-a wtal estimated life-cycle cost of 
oxtmateJy$9.2 billion. 

The majority of decommissioning activities are expected to occur between 2012 and 
2026. Most decommissioning follows facility deactivation activities, which are 
expected to occur most intensely before 2010. In addition, decommissioning 
activities are generally expected to occur not specifically identified in Federal Facility 
Compliance Agreements. Consequently, decommissioning activities have been 
scheduled to follow remedial actions at most sites. 

Assessment activities represent $5 billion, or 8 percent of estimated environmental 
restoration costs. The assessment activities associated with remedial actions make up 
the majority (approximately two-thirds) of estimated assessment costs. The majority 
of assessment costs are for remedial actions because the contamination addressed by 
remedial actions is spread over greater areas and types of media (i .e., soils and ground 
water) than in contaminated facilities. In addition, some assessment activities result in 
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the decision that no further action is required because contamination has been 
successfully addres ed by a past action or contamination is low and at a safe level. 

Waste treatment, storage, and disposal activities also are associated with remediating 
sites and represent approximately $9 billion, or 14 percent, of estimated 
environmental restoration costs. More than 90 percent of the activities identified as 
treatment, storage, or disposal are associated with sites where there are limited or no 
ongoing waste management operations, such as Portsmouth Gaseous Diffusion Plant 
in Kentucky. Activities at these sites are for a limited duration and are generally 
associated with large decommissioning projects. 

When contamination exists in the environment, actions are necessary to maintain 
structures that contain it and monitor against possible migration. The $7 billion cost 
estimate for surveillance and monitoring is associated with such activities before, 
during, and after remedial action and decommissioning activities are complete. These 
costs are expected to diminish as restoration is accomplished, but they do not 
completely end because mo t sites assume some residual contamination. 

Figure 4.16 presents another perspective on environmental restoration activities. Five 
sites dominate the life-cycle estimates of environmental restoration costs. These sites 
(Hanford Site, Idaho National Engineering Laboratory, Oak Ridge Reservation, Rocky 
Flats Environmental Technology Site, and Savannah River Site) account for 67 
percent of estimated environmental restoration costs and require the longest time to 
remediate. Another 13 large sites account for an additional 28 percent of total cost. 
The remainder of the sites are categorized in three groups: Formerly Utilized Sites 
Remedial Action Program (FUSRAP) sites, Uranium Mill Tailings Remedial Action 
(UMTRA) sites and all other sites. Cleanup of these sites will account for much of the 
near-term progress in the program. The FUSRAP sites account for 25 of the sites and 
two percent of the estimated total life-cycle costs. The UMTRA group comprises 20 
sites and represents one percent of the total life-cycle cost. The other small sites 
account for less than one percent of the overall environmental restoration costs. 
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Formerly Utilized Sites Remedial Action Program 

Uranium Mill Tailing Remedial Action Program 

-------- All Other Sites 
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Figure 4. 16. Environmental Restoration Annual Cost by Site Size and Type 



4.3.3 Nuclear Material and Facility Stabilization 

The life-cycle cost for nuclear material and facility stabilization activities is estimated 
to be $21 billion. This cost estimate includes nuclear material stabilization ($8 
billion), facility deactivation ($5 billion), and surveillance and maintenance ($8 
billion). Figure 4.17 provides a graphical depiction of the total life-cycle cost estimate 
for these activities. A small number of projects make up the majority of estimated 
nuclear material and facility stabilization costs (approximately 60 percent). (See 
Table 4.6). 

Stabilization 

Deactivation 

Surveillance and 
Maintenance 

0 2 

Stabilization 

-r-- Deactivation 

4 6 8 
Life-Cycle Constant 1996 Dollars in Billions 

Figure 4. 17. Nuclear Material and Facility Stabilization Cost By Activity 

10 

Nuclear material stabilization activities account for the largest proportion of estimated 
nuclear material and facility stabilization costs. Stabilization also includes storage 
costs at some sites (for example, storage of plutonium at the Rocky Flats 
Environmental Technology Site). As indicated in Figure 4.17, surveillance and 
maintenance activities occur throughout both the stabilization and deactivation phases 
of a project. In fact, during these phases, approximately 70 percent of the costs are for 
survei llance and maintenance activities. These costs represent the base capacity 
needed to support deactivation and stabilization efforts. Typically, these activities 
provide necessary material and facility safety "envelopes." 

Surveillance and maintenance activities not conducted during facility stabilization or 
deactivation account for the second highest proportion of estimated nuclear material 
and facility stabilization costs. These surveillance and maintenance activities are 
incurred while a facility awaits stabilization, deactivation, or eventual 
decommissioning by the Environmental Management program. One of the unique 
problems included in nuclear material and facility stabilization activities is the 
stabilization, deactivation, and transition of buildings contaminated with special 
nuclear materials (see box). The unique set of actions and concerns associated with 
stabi lizing special nuclear materials left in surplus facilities, such as plutonium, is 
responsible for the large estimated nuclear material and facility stabilization costs. 
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Table 4.6. Ten of the Highest-Cost Nuclear Material and Facility 
Stabilization Projects 

Estimated Life-
Cycle Cost 

Site Project (Billions) 

Hanford Site Plutonium Finishing Plant Facilities $2.2 

Savannah River Site k FCanyon 1.1 

Savannah River Site H Canyon 0.9 

Savannah River Site Actinide Packaging Facility 0.6 

Rocky Flats Environmental 371 Plutonium Recovery Building 1.1 
Technology Site 

Nevada Test Slte Area 15 Facilities 0.5 

Rocky Flats Environmental 707 Production Building 0.5 
Technology Site 

Rocky Flats Environmental 771 Plutonium Recovery Facility 0.5 
Technology Site 

Rocky Flats Environmental 559 Plutonium Analytical Laboratory 0.3 
Technology Site 

Rocky Flats Environmental 776f777 Manufacturing/Assembly Facility 0.3 
Technology Site ., .. 

PLUTONIUM MATERIALS 
r ~ ~- ~wd\- _ ~ 11~ >t' :{ 1:J,lt>,. ·1r· . , .it~: 

In 19 ns production facilities shut down, 23.6 metric tons (26 tons) 
of plutonium remained at the Rocky Flats Environmental Technology Site in Colorado, 
Savannah River Site in South Carolina, and Hanford Site in Washington State, 

...... ·. ~ous, eve ·· small quan\~~es. PJutoniulJl.Wetal. may ·"''¥ 
spon . sly'1gsu pOsed to ai vecertain terrlperatures or iffiiultiple'canistet~ 
are stored in clOsc proximity. Plutonium must be handled with extreme caution, requiring 
workers to wear specia.t~ti..contamination clothing and undergo scanning forradiation 
contamination. .Buildinks with pluton•um inventories also require extensive safety 
sys p~t ag · · accidents ~ theft. 

I ' '* ~·~lw 1[' <ir1f 
To tran~tion the plutonium facilities into a safe and stable mode, each site must remo~~ 
any corroded plutoniui'r! $torage containers, drain tanks and pipes, and solidify all liquids 
removed. Because of the nature of plutonium, thls stabilization and deactivation process 
is very costly . . Hanfo~!~ Plutonium Finishing Plant, the largest plutonium facility, bas 
over 4,f.190 kjlograms ~§iSOO pounds) qf,plutonium in S!orage. The lifq;pyclecost for '[H 
nuclear material and faCility Stabilization at this single facility is estimated at ? 

approximately $2.2 billion. This estimate includes storage of special nuclear material 
prior to final aispositiqf!. . 
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4 .3.4 Science and T echnology Development 

Science and technology development goals include reducing waste management life
cycle costs, reducing risks to people and the environment during and after cleanup, 
and solving cleanup problems that currently have no solution. Science and technology 
development activities represent $12 bi Ilion or 5 percent of the total life-cycle cost 
estimate. These activities are assumed to occur over the next 35 years. These funds 
are for basic science as well as applied technology development and demonstration 
projects. The Base Case estimate is based upon the use of existing tech nologies and 
assumes no cost savings from the use of emerging technologiel;. 

Because projected budgets are potentially restrictive, achieving cost reduction through 
the application of new technology is of prime importance. In fact, potential cost 
savings are a key factor in allocating science and technology development funds. 
Potential savings also give regulators and stakeholders information useful for 
evaluating the value of a new technology for implementation. The Environmental 
Management program is currently supporting the development of approximately 170 
technology systems. Of these, approximately 120 have cost savings as their primary 
objective. 

For the 1996 Baseline Report, a special analysis of the cost savings from science and 
technology development activities was conducted. Thirty-seven of these 120 
technology systems serve as the basis for estimating cost savings in the analysis of the 
1996 Base Case. (See Appendix F for details on the cost savings methodology.) A 
three-step process is used to estimate potential cost savings from the successful 
application of the 37 emerging technology systems/subsystems. The process is 
predictive in nature because the 37 technologies have not had sufficient production 
application to build detailed historical cost and performance data bases. As a result, 
the cost savings projection uses conservative assumptions and practices to avoid 
overestimating the potential cost savings. 

Projected cost savings from science and technology development activities, for the 
first decade's $3 billion investment ( 1990 - 1999), are estimated in the range of $15 to 
$20 billion over the life-cycle of the 1996 Base Case for the Environmental 
Management program. This estimate is considered conservative as discussed in 
Appendix F. No estimate of savings from later decades' investment in technology 
development was made. The range of potential savings is attributable to the 
associated range of "success coefficients" used by the cost engineers and system 
technologists in their calculations. Relative to cost profiles, these savings are 
estimated to have a slight impact on treatment and remediation costs before 1998, but 
the estimated savings will increase to a level equal to approximately 13 percent of 
projected treatment and remediation costs for the remainder of the environmental 
management life cycle . Because these estimated cost savings are related to projected 
treatment and remediation systems and their scheduled implementation, most of the 
savings will be realized from 2000 to 2030. Although the technology systems in this 
analysis are at various stages of development, the selected suite of 37 innovative 
technology systems will presumably be fully developed and implemented du ring the 
1990 to 1999 timeframe. 
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4.3.5 Landlord 

Landlord activities are associated with the provision of site-wide support: providing 
utilities, maintenance, infrastructure and general management for the entire 
installation. Overall, the Environmental Management program is landlord at nine 
Department of Energy installations . The life-cycle costs for these activities are 
estimated to be approximately $13 billion. The largest estimated landlord costs are at 
the Rocky Flats Environmental Technology Site (approximately $5 billion). Other 
large landlord costs occur at the Idaho National Engineering Laboratory 
(approximately $3 billion), the Savannah River Site (approximately $1.6 billion), and 
the K-25 Site in Oak Ridge (approximately $1.2 billion) . 

Environment, safety, and health activities represent the largest share of estimated 
landlord costs (34 percent) followed by facility maintenance activities (30 percent) 
and facility management and engineering activities (8 percent). Regulatory 
compliance, safeguards and security, and monitoring activities also make up a large 
portion of estimated landlord costs. 

4.3.6 National Program Planning and 
Management 

National program planning and management activities account for $7 billion of the 
estimated life-cycle cost of the Environmental Management program. National 
program planning and management activities can be organized into three broad areas: 
program direction, program management, and transportation and emergency 
management. Program direction primarily comprises the costs of salaries and benefits 
for federal employees at Headquarters. Program management includes the costs for 
technical and analytical support contractors. The transportation and emergency 
management activities support all Department of Energy organizations in planning 
and managing transportation issues . 

4.4 VOLUMES OF WASTE AND SPENT NUCLEAR 
FUEL 

The Environmental Management program manages waste from several sources : waste 
inventories currently in storage that were generated during weapons production and 
other activities, waste generated through remediation and decommissioning activities 
conducted by the Environmental Restoration and Nuclear Material and Facility 
Stabilization programs, waste generated by the Waste Management program during 
activities such as treatment or repackaging, and waste generated by other Department 
of Energy programs with ongoing missions (for example, waste generated by the 
Energy Research program). Figure 4 .18 provides more detail s on the sources of the 
waste and spent nuclear fuel. Most waste currently being stored (or in inventory) is 
high-level waste. Nearly all spent nuclear fuel also is currently in storage. The 
majority of waste generated during remediation and decommissioning is classified as 
hazardous, low-level, low-level mixed, sanitary, or transuranic . Most of this waste is 
generated through the remediation and decommissioning of large quantities of 
contaminated media (including soil, ground water, and facilities). 
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Hazardous Waste 

High-Level Waste 

Low-Level Waste 

Low-Level Mixed Waste 

Sanitary Waste 

Spent Nuclear Fuel 
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Special Case Waste 

Uranium Mill Tailing 
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• Currently in Inventory 

0 Generated by Environmental Management Activities 

0 Generated by Other Programs (e.g., Defense Programs) 

Figure 4.18. Source of Waste and Spent Nuclear Fuel Addressed by the 
Environmental Management Program 

3% 

100 

Several key variables affect the scope of the program's treatment, storage, and 
disposal operations: the type and amount of waste that requires management, the 
media that contains the waste; and the timing of the waste management needs. 
Timing is driven by variables such as waste generation rates, regulatory requirements 
(for example, limitations on onsite storage), and acceptance of waste from other 
Department of Energy programs or outside sources (for example, commercial nuclear 
power plants or foreign countries). These variables determine the program' s 
treatment, storage, and disposal capacity needs . Waste management planning, 
therefore, depends on the estimates of incoming waste developed by waste generators 
and the amount of waste currently in storage. 

Table 4.7 presents the volumes of waste and spent nuclear fuel requiring management. 
These volumes only include the initial volumes requiring management, excluding 
treatment residuals. For the waste managed by the Waste Management program, 
estimates are categorized into four areas: ( 1) waste currently in inventory; (2) waste 
generated by the Environmental Restoration and Nuclear Material and Facility 
Stabilization programs; (3) waste generated by the Waste Management program after 
1996; and (4) waste generated by other Departmental programs (e.g., Defense 
Programs) and transferred to the Waste Management program for treatment, storage, 
or disposal. 

Table 4. 7 indicates that more than two thirds of the waste generated by environmental 
restoration activities is managed and disposed of within the scope of that program. 
This is the most cost-efficient arrangement because it eliminates multiple handlings of 
contaminated waste and specially-tailored treatment and disposal methods for waste 
generated from remedial actions and decommissioning. 
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Table 4.7. Initial Volumes of Waste and Spent Nuclear Fuel 
Managed by the Environmental Management Program 

) 

Haz.ardouawaste 

High-Level Waste 

"' Low-Levett.fixed 
Waste ifi 

Low-Level Waste 

Spent Nuclear Fuel 

Special Case Waste 
::-«. 

Uranium tJfn Tcdllngs · 

Other (K-65 
Residues) 

~.4QO. 

346,000 

51:,oop 
' 

69,000 

108,000 

2,400 

ER = Environmental Restoration 

38,000 

2,230,000 

94,00() 

_ J· 

11 ,000 

NMFS = Nuclear Material and Facility Stabilization 

4$,-000 290,000 ~.ooo 1,5$q;OQQ 

5,500 2,900 393,000 

86,000 46,000 ; ~04000 
,.· t 928,000 

649,000 1,390,000 4,340,000 11,300,000 

49,000 32,000 3$4,000 91,000 

1,000 400 3,900 

24,100,000 

11,000 

Notes: All volumes in cubic meters, except spent nuclear fuel, which is in Metric Tons of Heavy Metal. 
Totals may not add due to rounding. 

Generally, permanent treatment facilities built within the scope of the Waste 
Management program are designed to treat process waste with high concentrations of 
contaminants in the form of liquids or sludges. Disposal cells are equipped to handle 
residues from those treatment facilities and meet stringent requirements to prevent 
migration or leaching of contaminants to the environment. 

Figure 4.19 shows the types of contaminated media addressed by the Environmental 
Restoration program. These contaminated media are treated using temporary or 
portable treatment systems designed for these waste media. Contaminated soils and 
building materials generally do not require additional treatment prior to disposal. 

Nonaqueous Media (17 Million Cubic Meters) Aqueous Media (202 Million Cubic Meters) 

Ground Water 
89% 

Figure 4. 19. Contaminated Media Addressed by the Environmental Restoration Program 
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Packaging required for disposal is incorporated into the scope of the remediation and 
decommissioning activities to minimize rehandling. Hazardous waste is generally sent 
to commercial vendors for treatment and/or disposal. Large volumes of soi l and 
building material are disposed of in onsite disposal cells specially designed and 
permitted for such waste. 

Table 4 .8 focuses on the volume estimates of contaminated media for environmental 
restoration activities, which, by their nature , include handling and treatment of 
contaminated materials . The table lists volumes for both nonaqueous (generally 
solids) and aqueous (generally water) media that are removed from the ground or 
decommissioned facilities for "ex situ" management versus volumes that are managed 
"in situ" without removal from contaminated media or facilities. The handling 
activities include exhuming contaminated soi l and buried waste, soi l washing, 
treatment of contaminated ground water, and decontamination and demolition of 
facilities. 

Table 4.8. Volumes Managed by the Environmental Restoration 
Program 

(Volumes in Thousands of Cubic Meters) 

Nonaqueous Aqueous 

Ex Situ In Situ Ex Situ In Situ 
Waste Type Volumes Volumes Volumes Volumes 

Low-Level Waste 11,300 20,700 300 3,400 

Low-Level Mixed Waste 5,200 500 38,000 -

Transuranic Waste 100 - - -
Hazardous Waste 1,500 2,300 3,700 42,200 

Uranium Mill Taillngs 24,100 5,000 900 14,300 

Sanitary Waste 1,500 - 196,600 1,300 

Total 39,400 33,200 201,900 99,200 

Notes: Includes volumes addressed within the Baseline reporting period (1996 - 2070) . Does not 
include previous years. Totals may not add due to rounding. 

Handling and treatment of environmental media will result in waste volumes that may 
need further specialized treatment and disposal. Handling strategies for aqueous 
media are dominated by pumping and treating of ground water. This process generates 
a small amount of waste in compari son to the treated water, which is reinjected. 
Handling strategies for nonaqueous media generally result in generating large volumes 
of waste. Some treated volumes are returned to the ground. If the medium is still 
somewhat contaminated, it may be contained with a barrier. 

The in situ column reflects those vo lumes addressed wi thout handling the aqueous and 
nonaqueous contaminated media. In these instances, engineered barriers are deployed 
to contain the contamination or in place treatment methods (e.g., bioremediation) are 
applied to eliminate contaminants. In some cases, encapsulation is used to preclude 
migration of contamination. Some of these volumes have been previously handled, 
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such as those nonaqueous volumes mentioned above, but they are predominately left 
in place (in situ). 

4.5 SUPPORT COSTS 

The focus of the Baseline Report is on estimating the costs of mission-related 
activities necessary to complete the Environmental Management program, including 
the six major functional elements described earlier in this section. The Environmental 
Management program also directly funds activities in support of the environmental 
mission. These support costs make up approximately 20 percent of the life-cycle cost 
estimate. Excluding an analysis of these support costs (which are integral to the 
performance of the program) would lead to a significant underestimation of the 
program's total life-cycle estimate. 

Direct support costs are approximately 26 percent of costs at Environmental 
Management sites in FY 1996. Figure 4.20 indicates that the majority of these 
support costs (approximately two-thirds) are for the management of the six functional 
elements of the program described above. Approximately 10 percent of the support 
costs funds environment, safety, and health activities. The remaining 20 percent funds 
financial and administrative activities; infrastructure, safeguards and security; 
stakeholder and regulation interations. 

Stakeholder and 
Regulatory Interactions, 

and Other 
3% 

Safeguards 
and Security 

1% 

Figure 4.20. Fiscal Year 1996 Support Costs 

Figure 4.21 illustrates a second finding on support costs: support costs have a 
relatively fixed component. As the level of mission-related activities at a site 
increases or decreases, a portion of support costs remains relatively constant. For 
example, program management costs for specific waste types or major projects are 
constant until the project or program reaches completion. This finding has significant 
ramifications for the life-cycle cost of the program. As annual budgets decrease, 
support costs also decrease, but at a slower rate. Support costs make up 
approximately 26 percent of total cost in FY 1996. By 2050, when most mission 
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activities are complete, support costs account for the largest portion of the program's 
cost estimate. 

In 1996, support costs are 
approximately 26% of total 
costs ... 

Oirect MiAion 

but cleanup costs fall faster 
than support costs ... 

2000 2010 2020 2030 

Figure 4.21. Support Costs Over Time 

by 2050, support costs are 
expected to be approximately 
50 percent of total cost. 

Direct Mission 

Because support costs are a large component of life-cycle cost, the Environmental 
Management program is currently implementing several cost reduction initiatives. For 
example, overhead cost reduction is central to the program's productivity 
improvement efforts. Several sites also have productivity improvement goals focused 
on reducing overhead costs. 
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"Atoms for Peace" Mobile Exhibit, United States Atomic Energy Commission, 1957. The 
"Atoms for Peace" program, initiated under the Eisenhower Administration, assisted foreign 
countries with peaceful applications of nuclear energy in exchange for a commitment to forego 
nuclear weapons development. From the 1950s through the 1970s, as part of the "Atoms for 
Peace" program, the United States supplied highly enriched uranium to fuel foreign research 
reactors in 41 countries around the world. 

Spent nuclear fuel transportation package is offloaded from a ship onto a waiting rail 
car, Military Ocean Terminal, Sunny Point, North Carolina, 1995. In support of national 
and international nonproliferation policies, highly enriched (weapons grade) uranium that was 
supplied to foreign countries is being returned to the United States in the form of spent nuclear 
fuel. Improved life-cycle planning is helping identify the long-term issues and strategies 
involved in the return of the spent fuel. 
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6.0 ALTERNATIVE SCENARIOS 

A number of significant assumptions regarding factors affecting costs underlie the 
Base Case estimate. Varying these assumptions can often influence the overall life
cycle cost estimate. To help inform national policymaking and local decisionmaking 
processes, the 1996 Baseline Report provides a more rigorous analysis of alternative 
program scenarios. By changing certain key assumptions we are able to examine the 
influence of each factor on the life-cycle cost and schedule of the Environmental 
Management program (see box). The analyses varied assumptions regarding the 
following factors expected to influence program costs: 

• Land Use - What effect do future land-use decisions have on the overall 
scope, cost, and schedule of cleanup for Environmental Management sites? 
What factors limit consideration of land uses? 

• Program and Project Scheduling - What are the cost consequences of 
delaying and accelerating programs and projects? What is the relationship 
between program pace, funding levels, and life-cycle cost? 

• A "Minimal Action" Scenario - What is the minimum funding required for 
preventing risks to human health and the environment from increasing for 75 
years without the constraints of current legal requirements? 

The approach for estimating life-cycle costs for the alternative scenarios mirrors the 
basic methodology employed for the Base Case estimate. Site t<Stimates and 
assumptions provided the basis for these analyses. The land-use analysis varies from 
the Base Case in that the analysis assumes different site end states suitable for various 
uses, and measures the cost and waste volume consequences of cleaning up to these 
alternative end states. The program and project scheduling analysis assumes the same 
actions and subsequent end states for programs and projects as described in the Base 
Case, but applies funding and scheduling constraints to better analyze the cost 
consequences of accelerating or delaying programs and projects. The minimal action 
scenario uses methods developed by site personnel to re-scope projects and activities 
to meet a set of minimal action assumptions and thus diverges dramatically from the 
Base Case. Although implementation of particular scenarios may require regulatory 
relief, no scenario specifically examines the impact of changing regulatory 
requirements. 
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The three analyses focus on the five sites in the Environmental Management program 
estimated to have the highest life-cycle costs - Hanford Site, Washington ; Idaho 
National Engineering Laboratory, Idaho; Oak Ridge Reservation, Tennessee; Rocky 
Flats Environmental Technology Site, Colorado; and, Savannah River Site, South 
Carolina. Together, these sites account for approximately 70 percent of the 
Environmental Management total program cost estimate and comprise over one 
million acres of federal land. By focusing on the five highest-cost sites rather than on 
the other 145 sites in the program, the analysis is able to account for the majority of 
program costs and establishes a reliable basis for evaluating the impacts of alternative 
assumptions. Figure 6.1 shows the distribution of costs for the five sites in relation to 
the entire Environmental Management program. 

Five - Site Total = S 160 B1ll1on 

Rocky Flats Environmental 
Technology Site 

8% 

Other Sites 
29% 

Idaho National 
Engineering Laboratory 

8% 

Figure 6.1. Distribution of Life-Cycle Costs for the Five Highest-Cost Sites 

In developing the scenarios, the Department assumed that intersite funding could 
generally not occur. That is, one site could not accelerate work by "borrowing" 
funding from another site. It was assumed that intrasite funding could take place. For 
example, funding for waste management activities could be used to fund stabilization 
and deactivation activities within a site_ (The exception to this convention was for a 
single land-use case that addressed extreme clean-up). 

6.1 LAND USE 

One of the primary difficulties in estimating the total cost of the Environmental 
Management program is that future land use (i.e., the ultimate disposition of lands 
currently managed by the Department) generally has not been determined. The 
Department continues to work with local stakeholders and regulators to determine 
future uses of land and facilities. This process has identified initial future use 
preferences at a number of sites (Charting the Course: The Future Use Report, April 
1996), but final decisions are still pending. Until these decisions are made, there will 
be considerable uncertainty regarding the nature and extent of required environmental 
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restoration act1v1t1es. This, in turn, adds uncertainty to estimates of total program cost. 
For example, analyses presented in the 1995 Baseline Environmental Management 
Report indicated that future-use decisions could change the total cost of the 
Environmental Management program by hundreds of billions of dollars. It was a 
broad analysis, without site-specific data. The land-use analysis presented here 
provides site-specific data and is a more limited evaluation of how a range of potential 
future land-use decisions could affect environmental restoration activities, and how 
these changes would affect the total cost of the Environmental Management program. 
A key feature of this analysis is the consideration of site-specific constraints on future 
land use. 

SIGNIFICANT FINDING OF THE LAND-USE ANALYSIS 

The Department'conducted a lan~fu_.se analysis to examine how.future decisions will affect 
cost and end-state conditions. F6ur scenarios, preserving infrastructure for ongoing 
missions and ecologically sensitive areas, were developed ranging from Iron Fence to 
Modified Green Fields. An additional scenario, Maximum Feasible Green Fields 
eliminated Department missions from the end state and completed cleanup to the fullest 
extent of availab,e technologies regardless of the impact on the ecology. 

• Consideration of site-specific constraints in preserving missions and habitats 
significantly restricts the range of land uses possible at sites; the resulting variation 
in estimated program cos , at most, six percent from the Base Case. 

' ·~· 
:/"'fil 

• Implementation of a Mi' m Feasible Green Fields scenario is expected to cost 
77 percent more than the Base Case. This scenario yields an additional 65,450 
hectares (162,000' acres) clean enough for Residential or Agricultural uses 
compared to the Base Case. Under this scenario, the Department's industrial 
infrastructure would be largely eliminated, and the more ~xtensive remedial actions 
would result in considerable disturbance of ecologically sensitive areas. 

• Assumptions regarding future missions did not consider long-term storage of 
special nuclear materials. This storage would significantly affect the number of 
acres that would be het buffer zones to provide secu · and protect off site 
populations. 

This section includes a description of the general assumptions for this analysis; a 
description of the five alternative scenarios developed for the land-use analysis; an 
overview of how the alternative scenarios were developed and analyzed; the results in 
terms of estimated cost, the schedule of remediation activities, and end states in acres 
of land attaining specific cleanup levels; and the implications of this analysis . 
Appendix C provides a more detailed discussion of the land use analysis 
methodology, and Appendix D presents site-specific results for each of the alternative 
scenarios. 
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6.1.1 General Assumptions for the Land-Use 
Analysis 

The alternative scenarios evaluated in this section are based on changes to the Base 
Case assumptions for environmental management activities. The primary assumptions 
and bounds for this analysis are as follows : 

• The primary focus of this analysis is the estimated cost for environmental 
restoration and associated support activities. Waste management 
activities and cost estimates are affected only to the extent that changes in 
environmental restoration activities result in changes in the volume of 
waste that is treated and/or disposed at waste management facilities . A 
number of Environmental Management program activities are not affected 
by this analysis, including ( 1) decommissioning of waste management 
facilities; (2) high-level waste and spent nuclear fuel management, and (3) 
nuclear material and facility transition activities. 

• The alternative scenarios incorporate land-use standards developed for 
this analysis that provide a consistent basis for comparing land use 
assumptions and evaluating alternatives across sites. Land-use standards 
are provided for six land use categories: Disposal/Storage Areas, Open 
Space, Industrial, Recreational , Residential, and Agricultural. The land
use standards include both operational definitions as well as assumed 
technology strategies for each category. 

• The alternative scenarios also incorporate site-specific constraints on 
future use (i.e., real-world limitations on the future uses that can be 
achieved). These constraints include ongoing program missions 
(including waste disposal/storage); legal commitments (e.g., Records of 
Decision); the presence of unique or sensitive ecological systems (e.g., 
endangered species habitat), and the limits of current technology (e.g., the 
inability to remove contaminants such as tritium from ground water). 

• All alternative scenarios assume a level of annual funding for the 
Environmental Management program equal to that for the Base Case. If 
estimated costs increased above this amount (e.g., because of more 
extensive remedial actions), projects and activities were delayed until 
sufficient funding was available. The scenarios generally assumed no 
transfer of funds from one site to another. 

6.1.2 Alternative Land-Use Scenarios 

The Department used the underlying land-use assumptions in the Base Case as the 
point of reference to evaluate the effect of the following five alternative land-use 
scenarios on the estimated life-cycle costs of the Environmental Management 
program: Maximum Feasible Green Fields, Modified Green Fields, Recreational, 
Industrial, and Iron Fence. These five scenarios were chosen to represent varying land 
use outcomes (and differing levels of environmental restoration activity). The 
Maximum Feasible Green Fields and Iron Fence scenarios represent the two endpoints 
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of the land-use continuum attained at the five highest-cost sites. The Recreational 
scenario represents an intermediate land-use end state without access restrictions, 
while the Industrial scenario represents an intermediate land-use end state with access 
restrictions. The Modified Green Fields scenario illustrates how an aggressive clean 
up strategy might be tempered when considering continued Departmental missions at 
these five large sites. 

Maximum Feasible Green Fields - To illustrate a maximum cleanup scenario, the 
land-use analysis assumed that continued Department of Energy missions and 
stewardship facilitated by a continued government presence would end at some future 
time. This scenario removes site-specific constraints, except for technology 
challenges and assumes a limited number of disposal areas. To support the 
Residential or Agricultural land uses required by this scenario, the most aggressive 
cleanup goals are used in removing all contaminated media or materials at the five 
sites. 

Modified Green Fields - This scenario, like the Maximum Feasible Green Fields 
scenario, has as its goal Residential or Agricultural standards, but it considers all 
applicable site-specific constraints. It represents the most stringent remediation 
strategy possible while continuing Departmental missions and presence at the site. 

Recreational - Contaminated areas at each site are assumed to be remediated to a 
level that supports Recreational uses, while considering site-specific constraints. This 
scenario combines removal and containment remediation strategies. 

Industrial - Contaminated areas at each site are assumed to be remediated to a level 
that supports Industrial uses, while considering site-specific constraints. This scenario 
places more emphasis on containment strategies than does the Recreational scenario 
because Industrial use encompasses more institutional controls. 

Iron Fence - Contaminated areas at each site are assumed to be remediated to a level 
that supports the Disposal/Storage land uses (also termed Controlled Access). 
Generally, contamination will be monitored or contained in place. The Iron Fence 
scenario is intended as the alternative with the least cost. Therefore, in a small 
number of instances where removal actions are less costly than containment actions, 
this scenario selects the least-cost alternative. 

6.1 .3 How the Land-Use Scenarios Were 
Developed and Analyzed 

Three variables were identified that significantly affect environmental restoration 
activities: (1) level of existing contamination, (2) future-use assumptions, and (3) site
specific constraints. Data for these variables were collected for the Base Case. The 
five highest-cost sites verified the Base Case data and defined the parameters for 
developing new cost and schedule data for the alternative scenarios described above. 
These variables, and how they were combined to develop the alternative land-use 
scenarios, are described briefly below. 
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6.1.3.1 FUTURE-USE ASSUMPTIONS 

The starting point for any land-use analysis is an assumed future-use goal. These 
goals determine the types of activities that are assumed to occur in the future, the 
likely exposure pathways, and whether contaminated media may be remediated with 
in situ remediation strategies, such as capping in place. These, in tum, determine the 
type and extent of environmental restoration activities that are likely to be required. 
For example, containment of surface and subsurface contamination (e.g., capping and 
monitoring) is sufficient for an Industrial future-use goal because adequate controls 
are maintained (e.g., capped areas can be fenced off}, the types of exposures are 
limited, and assumed exposure levels are relatively low. In contrast, a Residential 
future-use goal requires extensive removal of surface and subsurface contamination 
because the types of activities associated with this use (e.g., gardening, excavating 
foundations, playing in dirt) can breach containment structures, more types of 
exposures are possible, and assumed exposure levels are relatively higher. 

Table 6.1. Land-Use Categories Defined for this Analysis 

Disposal/Storage 
Area 

Open Space 

Residential 

The Department maintains restricted access areas for secure storage or 
disposal of nuclear materials or waste. Barriers and security fences prevent 
access by unauthorized persons. Wildlife and plant~ are controlled or 
removed. This category also Is known as "Controlled Access". 

~~ ~ facl!~ where ground ~tee may be restricted. 

Posted areas are reserved generally as buffer or wildlife management zones. 
Native Americans or other authorized parties may be allowed permits for 
occasional surface area use. Access to or use of certain areas may be 
prevented by passive barriers (e.g., where soil is capped). Limited hunting or 
livestock grazing may be allowed. 

Unfenc'ea areas wtiei& <la~me us& for r8Cl'eatlonal act1Jties (e.g.{:jhlklng, 
blkl~L $_P.011s), huntlnQ; arid some ovemfght camping is allowed. shing may 
be im;n:ea to catch-aoo-refease. , .. 
Unfenced areas where permanent Residential use predominates. There is no 
restriction on surface water, but ground-water use may be restricted. 

Unfenced areas Where subsistence or commercial agriculture predominates 
. ~ut ~ qrylortace or ground-water use. • 

·i? s · ~r · '·<> D ff@'. 
.... ,~·:';-' 

This analysis required a consistent basis for comparing land-use assumptions and 
evaluating alternative scenarios across the five highest-cost sites. Therefore, a set of 
land-use standards was developed for six land-use categories that includes both 
operational definitions and assumed technology strategies for each category (Table 
6.1). 

The standards were used to describe uses and relative cleanup level of acreage 
consistently. For instance, land on which grazing is permitted has been referred to by 
individual sites as Agricultural use, but according to the standards, it is categorized as 
an Open Space use. If the land has not been contaminated, it would meet the cleanup 
levels for all uses and could be described as suitable for Agricultural use. (Appendix 
D presents Base Case application of standards for uses and cleanup levels.) These 
standards were developed solely for this analysis and are not intended to replace 
specific land-use definitions at any site nor usurp the authority of that site to tailor 
land-use to conditions present. Using these standards, the Base Case future-use 
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assumptions were compared and, to the extent possible, reconciled with the future 
land-use preferences identified by the Future Use Working Groups. 

6.1.3.2 SITE-SPECIFIC CONSTRAINTS 

In general, any desired land-use goal is achievable with current environmental 
restoration technologies. Notable exceptions include instances where there is no 
effective removal technology (e.g., tritium in ground water) or where risks to 
remediation workers using conventional removal technologies are unacceptably high. 
These and other site-specific constraints place limits on the land-use goals that are 
likely to be achieved. For example, all of the five highest-cost sites have assumed that 
some Department of Energy missions (e.g., industrial activities, monitoring of waste 
disposal areas) will continue through the end of the Environmental Management 
program. In addition, the Department has entered into legal commitments that 
incorporate specified land-use goals. Finally, the presence of unique or sensitive 
ecological systems may limit future human uses of these areas. Because it is 
unrealistic to assume certain future uses in the face of these site-specific constraints 
(e.g., Residential use within a waste disposal area), the Department incorporated these 
constraints into this analysis. 

6.1.3.3 LEVEL OF EXISTING CONTAMINATION 

At the five highest-cost sites, the majority of the land area (approximately 400,000 
hectares [one million acres] or 87 percent) is essentially uncontaminated and already 
meets the requirements for the Open Space, Residential, or Agricultural land-use 
categories. This includes approximately 80,000 hectares (200,000 acres) at Idaho 
National Engineering Laboratory that had unexploded ordnance (removal of 
unexploded ordnance is essentially complete) ana approximately 60,000 hectares 
(150,000 acres) at the Savannah River Site where stream beds are contaminated. Both 
these areas meet the requirements of the Open Space land-use category. This analysis 
focuses on the remaining 63,000 hectares (155,000 acres) (13 percent). These areas 
are contaminated to varying degrees. In most cases some remedial action will be 
required, even to meet Disposal/Storage Area standards. In some areas, however, 
existing contamination is sufficiently low that remedial action may be required under 
some future use assumptions (e.g., Residential), but not others (e.g., Open Space). 
This information is incorporated into the analysis. 

6.1.3.4 DEVELOPING THE LAND-USE SCENARIOS 

Using the six standard land-use categories, a nominal future-use assumption was 
assigned to each land-use scenario. These uses ranged from Disposal/Storage Area for 
the Iron Fence scenario to Residential/ Agricultural for the two Green Fields scenarios 
(Table 6.2). 

For each land-use scenario, remedial strategies were assigned to all contaminated 
areas at the five highest-cost sites. Cost and waste volume data were calculated to 
remediate the site to the nominal land use category for that scenario, except where 
site-specific constraints or level of existing contamination indicated otherwise. For 
areas with no site-specific constraints, remedial actions were used where existing 
contamination did not already meet or exceed the nominal land-use standard. In the 
Industrial scenario, for example, areas were remediated unless existing contamination 
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was low enough to meet Industrial or Recreational standards. As a consequence, the 
remedial strategy for a given area of contaminated soil might be containment 
(capping) under the Iron Fence, Industrial, and Recreational scenarios, but removal 
under the two Green Fields scenarios. 

Table 6.2. Assumed Remedial Strategies for Alternative 
Land-Use Scenarios 

Iron Fence 

Industrial 

Recreational 

Modified Green 
Fields 

Maximum Feasible 
Green Fields 

Disposal/Storage 
Area 

Industrial 

Recreational 

Residential or 
Agricultural 

If area currently meets any land use 
standards, no actions required; 
otherwise, remediate to meet 
disposal/storage area standards 

If area currently meets industrial or 
recreational standards, no actions 
required; otherwise remediate to 
meet industrial standards 

If area currently meets recreational 
standards, no actions required; 
otherwise remediate to recreational 
standards 

Remediate all areas to meet 
residential or agricultural standards 

Maintain Base Case remedial 
strategies: 

Do not vary areas with 
disposal/ storage missions 

Remediate areas with other 
ongoing missions to meet 
lncfustrial standards 

Avoid active removal for 
ecologically sensitive areas 
(remain mostly open space) 

Generally do not vary areas 
with existing Records of 
Decision 

Remediate most areas to meet 
Residential or Agricultural standards' 

'No actions are required for uncontaminated areas because they already meet Residential or Agricultural standards 

2For some areas, technical constraints limited remedial strategies under some scenarios but not others (e.g., some areas can be 
remediated to meet Open Space, Industrial, and Recreational standards but not Residential or Agricultural) 

3All site-specific constraints are lifted except for technology limitations and certain disposal areas at the Hanford Site, Idaho 
National Engineering Laboratory, and Savannah River Site 

For areas with site-specific constraints, the Base Case remedial strategy was generally 
left unchanged across all scenarios. For example, contaminated areas in portions of 
the sites with an assumed ongoing Industrial mission were assumed to be remediated 
to meet Industrial standards, whether the nominal future-use assumption was 
Disposal/Storage Area or Residential/Agricultural. The only exception was the 
Maximum Feasible Green Fields scenario, in which all site-specific constraints were 
lifted except for technology constraints and constraints regarding certain waste 
disposal areas at the Hanford Site, Idaho National Engineering Laboratory, and the 
Savannah River Site. 

Parametric models were used to estimate environmental restoration costs and volumes 
of waste generated for each contaminated area under each alternative scenario. The 
Baseline Environmental Management Report Integration Tool (See Methodology in 
Appendix C) was then used to estimate waste management costs associated with the 
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changing waste volumes, as well as changes in program duration under each 
alternative scenario. 

6.1.4 Results 

This section presents the results of the land-use analysis in terms of cost and schedule 
estimates and end-state conditions. 

16.1.4.1 COST AND SCHEDULE ESTIMATES 

Estimated costs for the Environmental Management program at the five highest-cost 
sites range from $150 billion for the Iron Fence scenario to $284 billion for the 
Maximum Feasible Green Fields scenario (Figure 6.2). These estimated costs are 
respectively six percent lower and 77 percent greater than the Base Case estimate of 
$ 160 billion for these five sites. When site-specific constraints are considered (i .e., 
Iron Fence through Modified Green Fields), there is little difference in estimated cost 
among the alternative scenarios. The estimate for the Modified Green Fields scenario 
($166 billion) is only 10 percent greater than the estimate for the Iron Fence scenario 
and six percent greater than the Base Case estimate. The Base Case estimate is 
between that of the Industrial scenario ($155 billion) and the Recreational scenario 
($162 billion). It is important to remember that these are generalized findings, and 
that actual land use will likely vary significantly among different sites. 
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Figure 6.2. Costs for Environmental Restoration, Waste Management, and 
Nuclear Material and Facility Stabilization By Land-Use Case 
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When site-specific constraints are considered, environmental restoration activities 
account for most of the variation in estimated cost. Waste management cost estimates 
change slightly because of variation in estimated waste volumes, but few changes in 
overall waste management strategy are required, given that most waste management 
and nuclear material and facility stabilization activities were held constant across the 
scenarios. When site-specific constraints are lifted (i.e., for the Maximum Feasible 
Green Fields scenario), cost estimates increased more steeply for both environmental 
restoration and waste management activities. These large increases are due to the 
more extensive removal strategies used during environmental restoration activities as 
well as the greater volumes of waste expected to be generated by these activities. 
They also reflect a major change in waste management strategy at Oak Ridge 
Reservation and the Rocky Flats Environmental Technology Site. Under the other 
land-use scenarios (including the Base Case), the waste management strategy included 
onsite disposal of some waste at these sites. Under the Maximum Feasible Green 
Fields scenario, however, all waste was assumed to be shipped offsite for disposal. 

The average duration of the Environmental Management program at the five highest
cost sites is estimated to change as the scope of environmental restoration activities 
changes under the alternative scenarios (Table 6.3). The reduced scope of activities 
under the Industrial and Iron Fence scenarios reduced the average program duration 
estimate from 75 years (Base Case) to 73 years (Industrial) and 72 years (Iron Fence). 
When site-specific constraints were considered, the small increase in the scope of 
environmental restoration activities under the Recreational and Modified Green Fields 
scenarios did not increase estimated program duration. Under the Maximum Feasible 
Green Fields scenario, however, average program duration increased to 78 years. 

Table 6.3. Schedule Impacts of Alternate Land-Use Cases 

.... c ... Modlfted I Maximum 
Green Flelds ; AFea.lble 

' 

Average Program 
Duration (years) 

72 73 75 75 

These program duration estimates do not include long-term surveillance and 
monitoring required to safeguard residual contamination at sites that is expected to 
decay naturally or is contained within engineered structures. Such activities may be 
required for decades. Although it was not possible to quantify the duration of 
surveillance and monitoring, it is likely that it would be longer for scenarios that 
emphasized containment over removal strategies (i.e., Iron Fence and Industrial) than 
for the Green Fields scenarios. 

6.1.4.2 END STATE CONDITIONS 

75 

Table 6.4 illustrates the differences in end-state conditions among the Base Case and 
each alternative land-use scenario. Using the land-use standards discussed above, the 
acreage of the five highest-cost sites has been depicted according to the most stringent 
standard met by the assumed end-state condition, yielding a measure of cleanup level 
and referred to as maximum allowable use. 
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As noted earlier, the majority of the land area at the five highest-cost sites 
(approximately 400,000 hectares [one million acres]) is relatively uncontaminated and 
currently meets the requirements for Open Space, Residential or Agricultural land-use 
categories. Of these, the smaller number of acres meeting the Agricultural land-use 
standard is due to the large number of acres for which use of ground water is 
prohibited (in this analysis, ground water use is required to meet the Agricultural land 
use standard but not the Residential land-use standard). In addition, a relatively 
limited number of acres meet the standards for Storage/Disposal or Industrial uses 
across all cases. For the currently contaminated land areas, most of the variation in 
land use assumptions involves shifting from an emphasis on open space in the Iron 
Fence scenario to residential in the Modified Green Fields. Recreational use, although 
a small percentage of overall use, is most frequent in the Recreational and Modified 
Green Fields scenarios. When site-specific constraints are lifted (i .e., in the Maximum 
Green Fields scenario), all land areas except Storage/Disposal Areas are assumed to be 
remediated to meet a Residential or Agricultural standard. 

Table 6.4. Acreages of Maximum Allowable Use* 

:IJ,,d-U .. ;,) ron Fence .; l•lr.dustr1ar 
~$tanct.rca •· ·;m ; '*'.f 

·;1;, 

Agricultural 132,500 132,500 132,500 132,500 132,500 

• Realdentlal 
x;;::. .;~ , ~. 

653,600 . q. ~1:: $44,000 
y ·L 

861,000 w f j; .844,000 
,..~ . 863,op<> 

Recreational 17,500 19,500 3,000 67 ,500 153,000 

., •i 
Open Spece 341,000 

~· 
~ 147,500 147,500 103,500 0 

Industrial 10,000 14,000 14,000 10,000 9,500 

' <ublspoall 13,500 
1

It"" 1~,000 StOnlge 
9,500 +~ f," 10,000 9,500 

" 

Total 1,167,500 1, 167,500 1, 167,500 1,167,500 1,167,500 

* Acre numbers have been rounded for presentation 

The Maximum Feasible Green Fields scenario yields an additional 65,500 hectares 
(162,000 acres) of Residential and Agricultural use over that achieved in the Base 
Case, at an increased cost of approximatel y $ 124 billion . 

6 .1.5 Implications of the Results 

The land-use analysis demonstrates that when site-specific constraints are considered, 
land-use options are limited, and thus land-use decisions are likely to have only a 
small effect on environmental restoration costs. In the absence of such constraints, 
however, a greater range of land-use options is available, and therefore land-use 
decisions may have a greater effect on costs. This result is vividly illustrated by 
comparing the Maximum Feasible Green Field s and Modified Green Fields scenarios . 
Both assume the same aggress ive c lean up stratc.:gie hut ) 1.'' )' 1 ' 1, •1 

different results . The reason is that when site-specific constraints other than 
technology limits are lifted, cost estimates increase by $124 billion . This additional 
cost highlights the critical importance of site-specific constraints in land-use planning. 

$;~1 

Maximum 
Feasible 

Green Fields 

133,000 

t 1,022,500 

0 

0 

5,000 

7,000 

1,167,500 
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Many of the site-specific constraints examined in this analysis are manifestations of 
federal and local policies or priorities. For example, legal commitments and local 
laws limit future-use options for approximately 295,000 hectares (730,000 acres) (63 
percent) of the uncontaminated land at the five highest-cost sites. In addition, the 
presence of endangered species and ecologically unique habitats may limit future use 
for approximately 57 ,000 hectares (140,000 acres) (12 percent) of uncontaminated 
land and some contaminated land at these sites. It will be necessary to consider these 
constraints, along with stakeholder and regulator preferences, to make ultimate 
decisions regarding future use. Near-term resolution of these issues is important, 
because the decisionmaking processes that govern environmental restoration activities 
will continue in the absence of coherent integrated site planning. Land-use options 
may become limited after deployment of certain remedial strategies, or remedies 
designed to meet Residential standards may be applied inappropriately, resulting in 
higher than necessary costs. 

The siting of Disposal/Storage Areas and continuing Department missions have 
implications beyond the acres directly around these structures. The implications of 
these future missions on land-use alternatives underscores the importance clarifying 
overall goals and developing an integrated, complex-wide, multimission facilities 
plan. In fact, the site missions considered in this analysis did not include long-term 
storage of plutonium and other nuclear materials at any of these large sites. Such 
storage could preclude releasing any land because of security and public safety 
concerns. Other missions will require safety analyses to determine their specific 
buffer requirements. 

Technology challenges relating to ground water and surface water will continue to 
limit land use alternatives in the near term. Information relating to technology limits 
and costs of aggressive remediation strategies should be integral to all decisionmaking 
activities regarding land use and remedial strategies. 

EFFECTS OF LAND-USE DECISIONS ON RISK 

Future land-use decisions will have implications beyond the cost and duration of the 
Environmental Management program. Future land-use decisions can also influence 
the risks incurred by members of the public, workers involved in remediation, site 
personnel (not involved in remediation), and the environment. Because land-use 
decisions affect the remedial strategy and, hence, the remedial technologies selected to 
accomplish remediation, the choice of land use will affect the type of work performed 
by remedial workers, the volume of waste requiring subsequent management, and the 
types of accidents that could injure workers, expose them to radioactive or hazardous 
materials, or release such materials into the environment. All of these factors 
influence the risks to the public, remedial workers, and the environment. 

A comprehensive evaluation of risks associated with the five land-use scenarios 
discussed above was beyond the scope of this analysis. However, to provide some 
indication of these effects, several sites evaluated how risks to human health and the 
environment might change with land-use goals. The sites used their own methods to 
assess changes in risk for selected projects. An example of these analyses is presented 
in the box on the following page. This evaluation is not based on an engineering 
study, but is a qualitative examination of potential risk consequences. 
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6.2 PROGRAM AND PROJECT SCHEDULING 

Many observers have speculated that the pacing of the Environmental Management 
program has a significant impact on life-cycle cost. The 1995 Baseline Report 
confirmed the premise that life-cycle costs will increase if the program is extended and 
decrease if direct mission activities are completed more rapidly. Given the scale of the 
projects undertaken in the Environmental Management program, their cost, and the 
long-term commitment required, the relationship between cost and schedule is 
important. A clear understanding of how scheduling may influence cost will provide 
the basis for effective long-term planning and greater integration of the various 
components of the program. This section provides an analysis of the likely impact of 
changes in the schedule of direct mission activities on the life-cycle cost of the 
Environmental Management program in a series of alternative scheduling cases. 

The following discussion on program and project scheduling is divided into six 
sections: General Assumptions; Description of the Alternative Cases; Analytical 
Approach; Results; Overall Implications of the Analysis; and Limitations of the 
Analysis. As with the other alternative scenarios, this analysis focuses on the five 
highest-cost sites in the Environmental Management program: Hanford Site, Idaho 
National Engineering Laboratory, Oak Ridge Reservation, Rocky Flats Environmental 
Technology Site, and Savannah River Site. 
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General Assumptions for the Scheduling 
Analysis 

The alternative schedules in this section are based on changes to the Base Case 
assumptions. The primary assumption driving schedules in the Base Case is that 
funding is available to fulfill negotiated compliance agreements and to meet legal 
requirements. The scheduling analysis does not assume that funding will be avai lable 
to meet all of these requirements. End states, however, are assumed to be the same as 
in the Base Case. The assumptions varied in thi s analysis include: 

• the level of funding available; 

• commencement of shipments of Department of Energy high-level waste and 
spent nuclear fuel to a geologic depository; and 

the priority of programs and projects to be completed. 

While continuing to address urgent risks and minimize costs, this analysis varies these 
assumptions in a series of scheduling scenarios. Each scenario changes one or more 
of the assumptions and demonstrates the likely impact on life-cycle cost. (Note: all 
scenarios were developed independent of compliance agreements and potential fines 
and penalties.) 
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6.2.2 Alternative Scheduling Scenarios 

The Department developed three alternative scheduling scenarios for the analysis . 

• Funding Reduction - The current Base Case projects annual funding 
requirements of $7.5 billion in FY 2000. This assumption complies with the 
FY 1995 National Defense Authorization Act mandate that requires the 
Department to provide cost estimates associated with complying with existing 
compliance agreements regardless of budget targets. Because this Base Case 
estimate clearly exceeds expected funding availability, it is prudent to analyze 
the long-term impacts of reduced funding using a scenario that constrains the 
overall program spending. This is exactly what is analyzed through the funding 
reduction case that constrains the Environmental Management program's annual 
budget to $4.9 billion ($5 .5 billion in current dollars). 

• Accelerating Stabilization and Deactivation - The Environmental 
Management program performs surveillance and maintenance on all of its 
facilities to maintain them in a safe, secure condition until final disposition has 
been achieved. Stabilization and deactivation of facilities can help to lower 
these non-discretionary costs through the removal of fissile and other dangerous 
materials. However, because of the additional cost required to perform 
stabilization or deactivation, sites are often forced to limit the pace at which 
these activities are performed and incur high-cost surveillance and maintenance 
activities. This case examines how life-cycle cost is affected if stabilization and 
deactivation of facilities was accelerated to reduce the amount of costly 
surveillance and maintenance required. 

• Delaying Waste Disposal - Base Case costs are based on the availability, 
beginning in 2016, of a geologic repository for the disposal of Department of 
Energy high-level waste and spent nuclear fuel. This scenario analyzes the 
impact of a 30-year delay in waste shipments on the life-cycle cost of the 
Environmental Management program. 

Projects were rescheduled and life-cycle costs were recalculated for each alternati ve 
scenario using a general analytical approach. 

6.2.3 Analytical Approach 

The program and project scheduling analysis relies upon data collected in the Base 
Case. Additional information was gathered from the sites to assist in the analysis . 

Three scheduling variables, duration scope growth, physical scope growth, and 
support costs, were identified as posing a probable impact on life-cycle cost. The 
Department evaluated the impact of these variables on projects accounti ng for 
approximately 80 percent of the costs at each of the five highest-cost sites. This 
provided a manageable and representative sample of the activities in the 
Environmental Management program. 

6.2.3.1 DURATION SCOPE GROWTH 

Scope growth refers to the increase or decrease in the cost of a project due to a delay 
or acceleration in the current Base Case schedule. Duration scope growth refers to 
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increases in cost due to additional years of nondiscretionary activities performed at the 
site, including surveillance, monitoring, and maintaining contaminated areas and 
facilities, and the storage of waste awaiting treatment or disposal. These activities 
must be performed each year that a project is in operation or awaiting clean up to keep 
a waste, an area, or a facility in a safe, secure state until a final action is implemented. 

6.2.3.2 PHYSICAL SCOPE GROWTH 

Typically, contaminated facilities deteriorate and contaminated land areas increase 
over time. Aging production and processing buildings, decaying storage facilities, and 
migrating contaminants in the soil contribute to the change in physical scope of the 
project. These changes are referred to as physical scope growth. Where delaying a 
project results in physical scope growth, project costs may increase. Conversely, 
accelerating a project that has physical scope growth potential may decrease project 
cost. 

Projects were assessed by the sites according to how the scope of a project would 
change over time if that project were delayed, and conversely, how the scope might 
change if the project were accelerated. For environmental restoration and nuclear 
materials and facility stabilization activities, estimates of physical scope growth were 
provided for 5, 10, 20, and 50 year delays. 

The Department used a different approach to determine physical scope growth for 
waste management activities. Using models, the Department estimated the change in 
costs under different treatment scenarios and then compared these costs to the Base 
Case. Each treatment scenario required a different strategy for the construction of 
storage and treatment facilities to house and treat waste. (See Appendix C for further 
details on this methodology.) 

6.2.3.3 SUPPORT COSTS 

As discussed in previous chapters, a portion of the Environmental Management 
program costs are not incurred for specific projects. Instead, they are incurred for 
activities that are not directly related to direct mission activities, but are essential to 
the safe and effective management of these activities. Accelerating the completion of 
the Environmental Management program activities should reduce the number of years 
for which these support costs are incurred and therefore reduce life-cycle costs. 
Conversely, delaying the completion of the Environmental Management program 
should increase the number of years for which support costs are paid and increase life
cycle cost. 

For the scheduling analysis, models were used to estimate annual support costs. 
Based on the statistical relationship between support and direct mission costs in the 
Base Case at each site, new support costs were estimated for each alternative scenario. 

6.2.4 Scheduling Results 

Section 6.2.2 briefly described the three scheduling scenarios. The results of the 
analysis are presented below. 
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6.2.4.1 FUNDING REDUCTION 

For this scenario, a reduced annual funding level of $4.9 billion (in 1996 constant 
dollars) was assumed, consistent with the Administration's outyear target of $5.5 
billion (in current dollars) for FY 2000. 

To meet the funding constraint, each site's funding limit was reduced proportionally 
in FY 1998, FY 1999, and FY 2000 and then held constant thereafter at the FY 2000 
level. For the five large sites, this amounts to $3.5 billion in 2000. All activities and 
end states in this case were consistent with those assumed in the Base Case, since this 
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Figure 6.3. Annual Comparison of the Funding Reduction Case and the Base Case 

analysis focuses on rescheduling, and not on re-scoping. Therefore, compliance 
agreements are met in substance, but not according to schedule. 

Projects were rescheduled based on comparisons of the likely impact of scope growth 
on life-cycle cost. To stay beneath the funding level, projects assumed to have little or 
no scope growth were delayed, and projects assumed to have significant scope growth 
were accomplished as soon as possible. Because of technical constraints, relationships 
between large, interconnected projects, including those where changes in scope could 
cascade from one project to another, were maintained. 

A reduction in near-term spending results in a 31 percent increase in Life-cycle costs. 
Delayed treatment and disposal of waste results in increased storage costs, ground
water and surface-water contamination migrates as remediation is delayed, facilities 
decay, requiring maintenance and repairs, and sites have to pay additional support 
costs as the program end date stretches past the Base Case. As discussed in earlier 
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chapters, support costs are relatively fixed . As funding levels are reduced, fewer 
dollars are available to conduct direct mission activities. Figure 6.3 provides an 
annual cost profile comparison between the Funding Reduction Case and the Base 
Case. 
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6.2.4.2 ACCELERATING STABILIZATION AND DEACTIVATION 

Surveillance and maintenance activities ensure that adequate material and facility 
safety and security requirements are met. These costs represent a "mortgage" 
associated with managing potential hazards resulting from the presence of radioactive 
and hazardous materials in the facility . Stabilization and deactivation activities are 
conducted to mitigate these hazards. Once these hazards have been mitigated, 
surveillance and maintenance costs for maintaining the facilities are reduced 
significantly. 
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Figure 6.4. Annual Comparison of the Accelerating Stabilization and Deactivation 
Case and the Base Case 

Further acceleration of stabilization and deactivation has minimal life-cycle cost 
impact. By completing projects earlier in the life cycle, total costs decrease because 
fewer surveillance and maintenance activities are required. 

This scenario was analyzed to determine if total life-cycle cost reductions could be 
achieved by accelerating stabilization and deactivation activities. For the analysis, 
stabilization and deactivation activities in the Base Case were accelerated to begin in 
the near-term, ultimately reducing costly surveillance and maintenance activities by 
one or two years. The results of the analysis demonstrate that approximately $500 
million in life-cycle cost can be saved by accelerating stabilization and deactivation 
activities. The results imply that most stabilization and deactivation activities have 
already been scheduled prudently in the Base Case to realize cost savings in the out
year costs for facilities. Figure 6.4 provides an annual cost profile comparison 
between the Accelerating Stabilization and Deactivation Case and the Base Case. 
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6.2.4.3 DELAYING WASTE DISPOSAL 

The Environmental Management program currently assumes that it will permanently 
dispose of high-level waste and spent nuclear fuel at a national geologic repository. In 
the Base Case, sites assume that shipments from the Environmental Management 
program to a national geologic repository begin in 2016. For this analysis, the 
Department assumes that sites send waste to a geologic repository beginning in the 
year 2046, a 30-year delay. 

Only three of the five sites currently have high-level waste and spent nuclear fuel 
assumed to be disposed of at a national geologic repository: the Hanford Site; the 
Idaho National Engineering Laboratory; and the Savannah River Site. (Note: The 
Department of Energy's Office of Civilian Radioactive Waste Management manages 
and funds the development of a national geologic repository. The costs incurred by a 
30-year delay in this analysis represent only those direct costs to the Environmental 
Management program and reflect Department of Energy defense and nondefense 
waste only. This analysis does not account for any costs incurred by the Civilian 
Radioactive Waste Management program. Furthermore, the results are not intended 
to be extrapolated or applied to the commercial nuclear industry or to costs 
associated with the disposal of commercial nuclear waste.) 

For this scenario, high-level waste and spent fuel are still being treated to the same 
end state assumed in the Base Case. High-level waste vitrification will continue as 
scheduled in the Base Case. However, the vitrified glass logs will be stored for an 
extended period until the repository can accept them. Increases in life-cycle cost are 
due to additional years of waste storage, and in some cases, the construction of new 
storage facilities. 
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The resu lts of this case reveal that delaying waste disposal shipments to a national 
geologic repository has an impact of less than $1 billion (about a one percent increase) 
on the life-cycle cost of the Environmental Management program. Figure 6.5 
provides an annual cost profile comparison between the Delay Waste Disposal Case 
and the Base Case. 

Delaying shipments to a national geologic repository increases life-cycle cost by 
approximately one percent. Delaying the disposal of high-level waste and spent 
nuclear fuel increases life-cycle cost because storage facilities must accommodate the 
waste for a longer period of time. In some cases, if onsite storage is inadequate, sites 
must construct new storage facilities. 

6.2.5 Overall Implications of Program and 
Project Scheduling Analysis 

The scheduling analysis indicates that there will be a significant increase in total life
cycle cost of the Environmental Management program if annual funding levels are 
reduced to $4.9 billion. The increase is due not only to support costs that must be 
paid as long as there are mission activities at the site but also to scope growth of direct 
mission activities. Stabilization and deactivation activities would have to be 
postponed and additional years of costly surveillance and maintenance would be 
realized. In addition, treatment of high-level waste would have to be performed at a 
much slower rate, thereby increasing pre-treatment storage costs (i.e., single-shell 
tanks that currently are storing high-level waste would have to be replaced). Any 
near-term savings from a reduced Environmental Management program budget are 
offset by large increases in life-cycle cost. 
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The results demonstrate that the Accelerating Stabilization and Deactivation and 
Delaying Waste Disposal cases have a minimal impact on the total life-cycle cost of 
the program. By accelerating stabilization and deactivation activities, more funds are 
spent earlier in the life-cycle, but less is spent in later years, resulting in only $300 
million savings in direct mission cost. Delaying disposal activities increases direct 
mission life-cycle cost by only $600 million because of additional direct storage costs. 
Because neither case extends the life-cycle of the program, support costs do not vary 
significantly from the Base Case. Both cases support evidence that these activities are 
prudently scheduled in the Base Case. Figures 6.6 and 6.7 provide life-cycle cost 
comparisons of the Base Case and the three alternative scheduling scenarios. 

Figure 6.7 provides a summary comparison of the scheduling cases, broken-out by 
direct mission and support costs. Support costs increase approximately $20 billion in 
the Funding Reduction Case, a I 5 percent increase above the Base Case. 
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EFFECTS OF PROJECT DELAYS ON RISK 

Scope growth associated with project delays may have implications beyond the cost of 
the Environmental Management program. Scope growth also has the potential to 
affect risks to public health, workers, onsite personnel, and the environment. 
Additional years of nondiscretionary activities such as surveillance and maintenance 
or waste storage will increase the period of time that workers are exposed to the types 
of accidents that could injure them, expose them to radioactive or hazardous materials, 
or release such materials into the environment. Physical deterioration of facilities or 
storage units, or the spread of contamination in the environment, could increase both 
the likelihood of accidents and the amount and type of work required to complete 
direct mission activities. 

A comprehensive evaluation of risks associated with project delays is beyond the 
scope of this analysis. However, to provide some indication of how risks to human 
health and the environment might change with project delays, several sites evaluated 
how risks to human health and the environment might change if selected projects were 
delayed for 5, 10, 20, or 50 years. An example of these analyses is presented in the 
box below. This evaluation is not based on an engineering study, but is a qualitative 
examination of potential risk consequences. 
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6.2.6 Limitations of the Analysis 

This scheduling analysis is intended to be used for policy analysis purposes. Thus, it 
is meant to show at a policy level how and why aggregate life-cycle costs change as 
Base Case scheduling assumptions change. It is not meant to show how these changes 
affect costs at individual sites or to help sites schedule projects. 

First, not all projects were rescheduled. Only those projects accounting for 80 percent 
of the costs in each program at each site were examined. By focusing on only a 
portion of the activities at a given site, the analysis potentially understates both 
savings from an acceleration case and cost increases from the funding reduction and 
delay disposal cases. 

Second, support costs were modeled at each site to reflect changes in the annual cost 
due to rescheduling. Support costs were estimated using a statistical analysis of the 
relationship between Base Case annual direct and support costs. 

Third, the scope growth factors provided by the sites are subject to uncertainty. 
Specific activities were rescheduled based on theoretical scope changes. How the 
costs for activities change over time is difficult to estimate, and an analysis based on 
those estimated scope changes would have the same level of uncertainty. 

6.3 A "MINIMAL ACTION" SCENARIO 

The current budget deficit and the growing need to reassess national priorities have 
led to a controversial yet pragmatic question: What is the minimum funding required 
for maintaining the Environmental Management program without increasing risk to 
human health or the environment, but without the constraints of current environmental 
regulations and compliance agreements? The interest in this "minimal action" 
scenario is driven by a number of diverse perspectives on the program. Some 
observers, especially supporters of the program, have speculated that the cost of a 
minimal action scenario is not significantly different from current program 
expenditures (especially in the short term). This view is based on the fact that a large 
amount of funding currently is required simply for the program to serve as the 
landlord at Environmental Management sites and to monitor the storage of highly 
radioactive waste and special nuclear materials. 

Other observers, especially critics of the current regulatory system, believe that current 
requirements can be relaxed, generating a substantial cost savings without negative 
human health and environmental consequences. Finally, policymakers express 
interest in this minimal action case because it provides a !Ower boundary for the range 
of alternatives available to the program. With this information in hand, policymakers 
and stakeholders can better understand what tasks are truly necessary for short- and 
long-term risk and cost reduction. 
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The minimal action scenario differs 
substantially from the other alternate 
program cases in this chapter: it requires a 
complete re-examination of the mission of 
every activity in the program. An initial 
analysis of a minimal action case was 
conducted for the 1995 Baseline Report (see 
box). The 1996 Baseline Report expands on 
this analysis by: (I) focusing in more detail 
on the life-cycle cost implications of a 
minimal action scenario at the five highest
cost sites, (2) examining in more depth the 
site end-states and long-term risks 
associated with the case, and (3) making a 
more explicit comparison between the Base 
Case and the minimal action case. 

Like many of the other analyses in this 
report, this case is a policy-level 
examination of the consequences of 
modifying key program assumptions. 
However, this analysis provides a broad 
perspective on the implications of a minimal 
action analysis . The information in this 
section is not based on a detailed 
engineering analysis . Each site developed 
its own methods of addressing this scenario; 
in many cases this involved a complete 
rescoping of projects and activities. The 
next steps for a more complete minimal 
action scenario is to extend the analysis to 
all Environmental Management sites and 
base the results on a more detailed 
engineering evaluation of the minimal action 
altemati ves. 

This section begins with a presentation on 
how the minimal action case was developed, 
highlighting the guiding principles and 
strategies used by the sites to develop their 
minimal action approach . This is followed by an overview of the assumptions used by 
the sites in developing their minimal action scenario. The results of the analysis are 
presented in three areas: I) Minimal action 75-year cost estimate by site, functional 
area, and over time; 2) End states at each site (final physical condition), focusing on 
post-2070 land use, onsite waste inventories, and surveillance and monitoring 
activities; and, 3) Onsite and offsite risks (both human and environmental) during and 
beyond the minimal action case period. The section concludes with a discussion of 
the overall implications and limitations of the minimal action analysis . 
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1995 MINIMAL ACTION CASE 
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• .. ~~iJi'ution 
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• Environmental It ~ oration 
• Q¢a0tivation ntarni · · vitjes 
• tri;atment and ispPsal activities or ow-Jevel, I 

waste ' 
• Long-tenn risk information 

Findin~; ·lfir. . 
• Twenty-seven percent reduction 

6.3.1 How the Minimal Action Case Was 
Developed and Analyzed 

The objectives of this case are to develop an alternate scenario that does not increase 
life-cycle risks from current levels to humans and the environment while still reducing 
costs through 2070. The minimal action case examines 75-year costs and activities at 
the five largest sites within the Environmental Management program (Hanford Site, 
Idaho National Engineering Laboratory, Oak Ridge Reservation, Rocky Flats 
Environmental Technology Site, and Savannah River Site). The sites used the 
following broad guiding principles to create 
their minimal action scenario: 

• All activities should reflect the lowest 
possible cost options. 

• Activities must not increase the public 
health, worker, or ecological risks 
associated with the Base Case through 
2070. 

Activities must be consistent with safety 
goals but do not need to address 
compliance agreements or regulatory 
requirements. 

These principles differ from the Base Case in 
that the Base Case is a compliance case, 
whereby costs, end states, and risks reflect 
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activities that address all current environmental regulations and compliance 
agreements. 

In developing their minimal action scenario, the sites used the following strategies to 
develop a case that stabilizes and safely contains waste and surplus materials onsite 
and minimizes the costs of safeguarding these materials throughout the 75-year 
minimal action case time period (1996 through 2070): 

• Urgent risk reduction - Eliminate immediate human health and environmental 
risks. 

• Mortgage reduction - Minimize costs during the minimal action analysis period. 

• Minimum action - Eliminate projects that do not pose risks during the minimal 
action analysis period. 

• Regulatory relief - Activities do not need to meet compliance agreements or 
environmental regulations unless they affect urgent risks . 

• Prudent management practices - Pursue more "complete" actions if cost
effective. 

• Institutional controls - The Federal Government will maintain all control of 
federal lands. 

Each of the five sites used the 1996 Base Case data as a foundation for developing 
site-specific assumptions and 75-year costs. From the Base Case, sites modified their 
project and activity schedules and scopes of work based on minimal action 
assumptions. After developing a set of minimal action projects and activities, each 
site evaluated cost differences, site "end states," and pre-2070/post-2070 onsite and 
offsite risks. 

6.3.2 Cross-Site Assumptions 

Based on the approach discussed above (address urgent risks while reducing costs and 
overall effort), each site developed its own site-specific minimal action scenario. In 
general, the sites adopted similar approaches when addressing specific activities 
(Table 6.5). The only exception was the treatment and stabilization of high-level 
waste. 

For high-level waste, each site found a different minimal action approach to 
addressing onsite high-level waste inventories . Savannah River Site found that the 
best minimal action strategy is to stabilize high-level waste and store it onsite. The 
site recently completed construction of the Defense Waste Processing Facility (a 
facility used to stabilize high-level waste into glass through a process called 
"vitrification"). Under the Base Case, Savannah River Site plans to use the Defense 
Waste Processing Facility to vitrify the high-level waste and then ship the glass to an 
offsite geologic repository. Because the construction of this facility is already 
complete, the Savannah River Site plans to use the facility in the minimal action 
scenario, but at an accelerated rate . The Savannah River Site also will keep the 
vitrified high-level waste onsite, saving the expenses involved in preparing and 
shipping the waste to offsite di sposal. 
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Table 6.5. Cross-Site Assumptions 

High-Level Waste 

Low-Level Low-Level 
Mixed, and Transuranic 
Waste 

To be disposed of in a geologic repository. 

Some treatment of low-level and low-level mixed 
waste; dispose of offsite. Treat transuranic 
waste and ship to Waste Isolation Pilot Plant. 

Same as Base Case. 

The Hanford Site stores high-level waste in 149 single-shell tanks and 28 double-shell 
tanks. Approximately 200 million liters (53 million gallons) of high-level, low-level, 
and transuranic waste have been stored in these underground storage tanks since 1944. 
While no waste has leaked from the double-shell tanks, 67 of the older single-shell 
tanks have leaked approximately four million liters (1.1 million gallons) of this waste 
into the surrounding soil. 

The Hanford Site found that the best minimal action approach is consolidating the 
high-level waste from the double-shell tanks, and leaving single-shell tank high-level 
waste in existing tanks. All high-level waste from the double-shell tanks will be 
separated from low-level liquid waste and consolidated into two tanks. The emptied 
double-shelled tanks will be capped. To avoid increasing risk for the 75-year period 
of analysis, the Hanford Site will begin replacing double-shell tanks around 2030. 
The high-level waste in the single-shell tanks will be stabilized and remain in the 
tanks. Throughout the minimal action period, the domes (roofs) of the single-shell 
tanks will be protected from structural collapse. The waste in the single-shell tanks 
will remain in these tanks indefinitely at some increased risk due to continued tank 
deterioration and leakage. 
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HANFORD SITE - EVALUATING STRATEGIES FOR HIGH-LEVEL WASTE 
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Idaho National Engineering Laboratory stores its high-level waste in aboveground 
storage tanks. For high-level waste stabilization, however, Idaho found the lowest 
risk, least-cost option in calcining the waste at the New Waste Calcining Facility. 
(Calcining converts liquid high-level waste into a granular solid. This process makes 
the waste less corrosive and dramatically reduces volume.) Under the Base Case, 
Idaho plans to further stabilize the calcined high-level waste through vitrification and 
ship it to an offsite geologic repository. Because the high-level waste is already in a 
sufficiently stable form to minimize risks over the 75-year period, Idaho's minimal 
action approach is to store the calcined waste in onsite bins. 
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In comparing the Base Case and minimal action case assumptions, the scope of 
activities in terms of nuclear material and facility stabilization does not change. The 
specific goal of the nuclear material and facility stabilization program-to ready these 
materials and facilities for a "cheap to keep" mode-leads to relatively inexpensive 
long-term surveillance and monitoring. This goal is consistent with the guiding 
principles of the minimal action approach. Therefore, the activities involved in 
nuclear material and facility stabilization will continue in the minimal action case. 

6.3.3 Minimal Action Case Results 

The results of minimal action analysis are presented in the following four categories: 
75-year cost estimates by function area and over time, end states, and risk 
implications. Figure 6.8 compares the 75-year cost estimate for the Base Case and 
minimal action case for each of the five highest-cost sites. As a result of the minimal 
action case analysis, the 75-year cost estimate for all five sites was reduced to 
approximately 56 percent of the Base Case cost estimate for the same period. 
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Figure 6.8. Minimal Action Results for the Five Highest-Cost Sites 
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75-VEAR COST ESTIMATE ACROSS FUNCTIONAL 
AREAS 

As mentioned above, the assumptions used in the minimal action case were strong 
drivers of the results of this case. Specifically, the shift in assumptions between the 
Base Case and the minimal action case is clearly apparent when 75-year costs are 
compared at the functional level (Figure 6.9). The minimal action case life-cycle cost 
estimate represents a 44 percent reduction from the total Base Case 75-year cost 
estimate. The elimination of offsite shipping and disposal activities at the Idaho, 
Hanford, and Savannah River Sites reduced the high-level waste cost estimate by 45 
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percent from the Base Case, matching the overall cost estimate reduction. This 
decrease, however, is not as equally distributed across the remaining functional areas. 

The change in strategy regarding the treatment and disposal of low-level, low-level 
mixed, and transuranic waste affects the 75-year cost estimate, with a 61 percent 
reduction from the Base Case. The treatment and storage of low-level and low-level 
mixed waste are controlled by numerous environmental regulations and compliance 
agreements. These regulations/agreements control the type of treatment, storage, and 
disposal method for each waste type. In the minimal action approach, however, the 
sites are not required to comply with these specific regulations or agreements. Hence, 
the sites found that they could still minimize onsite and offsite human and 
environmental risks for 75 years with the use of less expensive treatment activities and 
onsite storage and disposal facilities. 
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Figure 6.9. 75-Year Cost Estimate by Functional Area for Five Highest-Cost Sites 

Under the Base Case, transuranic waste is destined for the Waste Isolation Pilot Plant, 
a geologic repository. For a site to ship to the plant, all transuranic waste must 
undergo extensive characterization and packaging efforts. Under the minimal action 
approach, each site found that it could keep 75-year risks at the same level as the Base 
Case and lower costs by storing the transuranic waste onsite with periodical repacking. 

The greatest decrease between the two cases is represented in the 75-year cost estimate 
for environmental restoration activities-a 70 percent reduction in minimal action 
costs from the Base Case. This dramatic cost reduction clearly illustrates the impact 
of reduced compliance-driven remediation activities. It also highlights how most Base 
Case environmental remediation and decommissioning activities primarily address 
long-term (post-2070) contamination risks. 
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6.3.3.2 LIFE-CYCLE COST ESTIMATE OVER TIME 

When presented over time, the minimal action case clearly illustrates the change in 
scope of activities at each site (Figure 6.10). In contrast to the Base Case, funding 
level estimates in the minimal action case are higher in the early years and then drop 
quickly, but are maintained at a fairly constant level after approximately 2030. 

One of the 75-year schedule drivers is the different approach to waste management 
between the two cases. In the Base Case, the sites assume that high-level waste, spent 
nuclear fuel, and transuranic waste will be shipped to offsite disposal facilities by 
2045. In the minimal action case, however, sites found that the least-cost strategy is to 
retain high-level waste, spent nuclear fuel, and transuranic waste in onsite storage 
facilities. This change in strategy refocuses cost efforts away from a short-term, high 
investment treatment and disposal strategy towards a strategy of long-term storage and 
continual surveillance and monitoring. 
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Base Case 
Annual Constant 1996 Dollars in Billions 

Minimal Action Case 
Annual Constant 1996 Dollars in Billions 

Figure 6.10. Base Case and Minimal Action Case Annual Costs 

Another driver in the shift in the cost estimate over time between the two cases is the 
comparison of building deactivation and demolition activities. In the Base Case, most 
sites stabilize, decontaminate, and demolish all major buildings onsite and release a 
large amount of land for unrestricted use. Under the minimal action case, buildings 
are stabilized and left standing. Long-term surveillance and monitoring activities are 
required thereafter. 

The shift in activity scope between the Base Case and the minimal action case is 
especially apparent in the area of support cost estimates. These cost estimates 
represent activities that are necessary for the continuation of each site's mission, but 
they are not mission-related activities. (See Chapter 3 for a more detailed description 
of Base Case support costs.) During the early stages of the 75-year period of analysis 
(1996-2025), minimal action support cost estimates range from 45 to 55 percent of 
Base Case cost. Between 2025 and 2050, however, the minimal action support cost 
estimates approach the same levels as the Base Case. By 2070, the minimal action 
support costs are actually three and a half times higher than the Base Case costs. 

While the minimal action scenarios developed by each site decrease overall cost over 
the 75-year period, the minimal action scope of activities requires sites to continue 
operation beyond 2070. This is specifically apparent with Savannah River Site and 
Rocky Flats Environmental Technology Site, two sites that have nearly completed all 
activities by 2055 under the Base Case. These changes in minimal action and Base 
Case cost estimates reflect the minimal action case's shift to long-term surveillance 
and monitoring activities (and corresponding support activities) at the sites. 
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6.3.3.3 END STATES 

As a result of storing waste onsite and eliminating most building demolition activities, 
each site's minimal action end state is quite different from the Base Case. These 
differences can be found in three major areas: land use, onsite waste inventories, and 
surveillance and monitoring activities. 

Land Use: A large portion of land controlled by each site can be considered a buffer 
area used for both security and environmental safety reasons. As a result, a large 
portion of the land in both the Base Case and the minimal action case does not require 
any cleanup or remedial activities. Future land use in the minimal action scenario 
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reveals little difference from the Base Case. For example, under the Base Case, 
Rocky Flats Environmental Technology Site plans to release 2,300 hectares (5,680 
acres) as unrestricted Open Space and 40 hectares (100 acres) as restricted Open 
Space. The minimal action approach decreases the unrestricted Open Space land by 
only 235 hectares (580 acres). The difference: in the minimal action case, 
approximately 175 buildings and facilities remain standing and monitored by Rocky 
Flats. 

Onsite Waste Inventories: As discussed above, all high-level waste, spent nuclear 
fuel, and transuranic waste remain onsite in the minimal action case. During the 
period of this analysis (1996-2070), in accordance with the minimal action principles, 
each site must perform activities aimed at maintaining onsite and offsite risks at the 
same level as the Base Case. However, after 2070 in the minimal action case, this 
waste remains onsite and will require continual storage and repacking activities that 
are not included in the Base Case or minimal action case 75-year cost estimations. To 
understand the magnitude of these waste inventories, the Hanford Site, for example, 
will have an estimated total of 165,000 metric tons (182,000 tons) of waste (high-level 
and transuranic) stored onsite at the end of the minimal action period. In the Base 
Case, all of this waste is shipped to offsite disposal facilities. 

Surveillance and Monitoring Activities: Two factors - the long-term storage of 
high-level waste, spent nuclear fuel, and transuranic waste and the elimination of 
building demolition - require continuing surveillance and monitoring activities not 
addressed in the Base Case. In the minimal action case, the annual cost of 
surveillance and monitoring costs after 2070 is estimated at $135 million (for all five 
sites). Under the Base Case, these five sites estimate between $35-$50 million per 
year of surveillance and monitoring costs beyond 2070. 

A%;,, ~ 

OAH:i,RIDGE RES~RVATION-
FOCUSO . "1NIMAL ACTION ENO STATE 

in onsite; most are dem0lj .·or to 2070. ·waste 
disposal facilities by 2070 re will be no 

repackaging or surveillance activities. 

Ridge Reservation. 
i}di9g ' iP. ' . 
wnes ipped' 

. All land c<lntaining and vacant buildings 
· toring activities to minimize structural or 
onsite also requires perlodiC;repacking to eliminate 
and drums. 
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RISK IMPLICATIONS OF THE MINIMAL ACTION CASE 

Estimating futu re risks involves a great deal of uncertainty. Even over the time period 
of the minimal action analysis, it is difficult to predict accurately any potential risks to 

IOAHO NATIONAL\EN~INEERING LABORATPRY REMEOl,4. TION AND RISI< 

The o~5°ding obj · of the mini~ action scenari~. is to prevent the increase in risk to 
onsite~ offsite po . ·ons (beyond Jr~ Case levils) while.attempting to reduce coSt 
and effon. Nowhere is this m0re apJ>8!ent than in the minimal action remediation 
strategies developed hy ~~o Nationai ,En&in.eering ~ratory. 

Urgent Need 
{.;.:./ 
>i'i 

' Test Area North is the site oh former nuclear research reactof that was designed to 
perform experimer\ · ulating reactor accid~nts. · 197?', both hiizardous and ·" 
radioactive con · have been migrating into th ounding area ground water; 
Through three removal activities, 34 million cubic meters (44.5 million cubic yards) of 
contanyp,ated ~ound a ter is being InJ!lQV~ front th~(J!;est Area ~0£$~ comP.Jetion jfl.;, 
2001 ). Upon removal, the grqpnd water will~ treated; the resulting waste "'211 be ' 
disposed at onsite (low-level waste)~ offsite (hazardous waste) facilities. 

... :':Si 

The remediation activities for Test Area Nonh are exactly the same in the minimal action 
,.and B~ Cases. I:n de~eloping their m~nimal action sc~nario, Icbho determined that th~ 
"remedllion ofthe TJttAreaNorth is4liecessary to adaress urgent environmental and &!+ 
human risks. lf the contaminated ground water is not extracted, offsite populations wilJ be 
at risk prior to 2070: 

No lru;reased llislc lJf,uing Minimal Action Period 

. ~ . • p ~ • ' 
' In developing thejr minimal action approach, ldaho identified a Base Case project that 
does l)Ot affect risk dui;jng the minimal action case period: the envilonmental restoration 
activities at the'Radioaetive Waste Management ComPlex. The complex was establi~beo· 
iil 1952 as a cont.rolled area for the disposal of solid radioactive waste. Monitoring of the 

. site h~ shown c<>n~on in the soil belowzthe Complex. The cu.aent Ba$e Case,; 
strategy is to remove ifud treat the contaminated soil :vld ship any remaining waste to an 
offsite disposal facility. Estimated cost: $1.4 billion for the 75-year period of analysis. 

To prevent an increase in risk to offsite populations during the minimal action case period, 
it is ~~J)ccessacy to ul1(jergo the remq,r!!I, treatment, a,nd disposal of ~ii beneath the 

~ Radioliet ive \Yaste Milagement Com~lex. In developing their minitrtfil action appro::fuh, 
' Idalj.p determiiied thatrisk during the minimahcrion case peri6d will not increase if the 
remedy involves capping the contamina,ted area and installing monitoring equipment. Uie 
risk level continues to be low throughout the minimal action case period, as a system of 
long-term surveillance and monitoring is employed at the capped site. In doing so, the 
cost ot'.J8ddressing riskiat the Radioacti:ve Waste Management Complex under a min4nal 
action scenario is only $152 million. 

humans and/or the environment. However, to obtain a better understanding of the 
consequences of performing minimal actions, each site was asked to estimate the 
potential risks to onsite and offsite populations from the minimal action scenario. 
Given the uncertainty of estimating ri sk, each site attempted to highlight potential 
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areas of concern in both the near term (the time immediately following the end of the 
minimal action case period) and the Jong term (more than 100 years after the end of 
the minimal action case period). The risks identified are those affecting onsite 
workers and offsite populations. 

During the minimal action period, as outlined in the guiding principles, each site must 
address all urgent risks. In doing so, each site has included urgently needed 
remediation and treatment projects in the development of its minimal action scenario. 
Because of these actions, there is no expected increase in risk to humans or the 
environment above Base Case levels in the minimal action case through the end of 
2070. 

Risk issues become different from the Base Case at the end of the minimal action case 
period. During the minimal action case period (1996-2070), buildings are not 
demolished, waste remains onsite, and only urgently needed remediation activities are 
carried out. In the near term, there is the possibility that these buildings will begin to 
deteriorate, posing an occupational risk to onsite workers. The waste inventories that 
remain in onsite storage and disposal facilities may experience corrosion and 
structural deterioration. The deterioration of these facilities poses a potential 
environmental risk to the surrounding soils and ground water and a health risk to 
workers in the immediate areas. Finally, the elimination of most remediation activities 
during the minimal action case period creates the potential for the spread of soil and 
ground-water contamination, affecting risk to both onsite and offsite populations. 

Over the Jong term (from roughly 100 years after the end of the minimal action case 
period), the risks identified in the near term are expected to intensify. If buildings 
have not already collapsed during the near term, there is an increased risk of collapse 
in the long term. Contaminated soils and ground water from both deteriorating waste 
storage areas and nonremediated sites may continue to spread, posing greater risk to 
offsite populations. Over the Jong term in the minimal action scenario, there is an 
increased chance that a catastrophic event could occur, dramatically affecting risk to 
both onsite and offsite populations. Investments such as replacing storage facilities 
and remediating high-risk areas dramatically reduce the risk of such an accident. 

6 .3.4 Overall Implications of a Minimal Action 
Case 

The minimal action case reduces Base Case life-cycle costs by 44 percent over the 75-
year period. This savings is accomplished through the elimination of compliance
driven remediation activities, minimization of building demolition, and change in 
waste disposal strategies. The question posed by this cost reduction is: What are the 
benefits from additional Base Case expenditures that are not addressed in the minimal 
action case scenario? 

The greatest benefit of the higher Base Case costs can be found in a comparison of 
end states. Unlike the Base Case, a minimal action case leaves waste inventories 
onsite. This not only requires continual surveillance and monitoring activities, but 
also increases Jong-term risk to onsite and offsite receptors from the remaining 
contamination. Under a minimal action case, buildings left standing require long-term 
surveillance and monitoring, which may pose a potential risk to workers as these 
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facilities continue to deteriorate. While reducing costs during the 75-year period 
(1996-2070), a minimal action case may actually produce greater costs beyond 2070. 
These costs would be incurred through continual surveillance and monitoring 
activities and the need to address potential onsite and offsite risks. 

The reduced-cost minimal action case provides benefits in the potential uses of saved 
funds. Specifically, any savings gained from a minimal action case approach could be 
used to develop new technologies to address any post-2070 remediation activities or 
other end-state risks. Increased funding of new technologies also could be directed at 
long-term waste storage and disposal strategies, which could alleviate the need for 
sites to continue repacking stored waste. 

6.3.5 Limitations of the Analysis 

When it is applied to a "real world" situation, the minimal action case has several 
limitations, the greatest of which are the elimination of regulatory and compliance 
requirements and the impacts on stakeholder expectations. Specifically, the 
assumptions used for the minimal action analysis allow the sites to bypass regulations 
and stakeholder requirements. Under current compliance agreements, many sites have 
established guidelines and regulations governing waste management, environmental 
restoration, and facility deactivation and decommissioning activities. Federal 
environmental regulations (such as the Resource Conservation and Recovery Act) 
include specific requirements on the types of storage facilities that must be built and 
used at each site. The actual costs and scope of work found in a minimal-action-like 
scenario would be dramatically different. 

Another limitation in a "real world" atmosphere is that, although the minimal action 
period cost estimate is only 56 percent of the Base Case, sites still require 68 percent 
of the Base Case cost estimate to meet minimal action goals in the immediate period 
of 1996 through 2000. In the case of Rocky Flats Environmental Technology Site, the 
minimal action case actually requires a 10 percent increase above the Base Case costs 
for the first five years. The increase is needed to address immediate remediation 
activities and long-term storage facility construction costs. For Rocky Flats 
Environmental Technology Site, specifically, a long-term cost-reducing minimal 
action strategy requires an increase in near-term funding. 

Under this analysis, however, the following is true: there are limitations to the 
"minimal cost" aspect of the minimal action case when costs are assessed beyond the 
75-year period. The minimal action case leaves waste onsite and eliminates most 
building demolition. Both of these situations prolong the requirement for long-term 
surveillance and monitoring activities and, therefore, extend the long-term site costs. 
Without addressing onsite waste inventories (either through onsite or offsite 
permanent disposal methods) and completely demolishing all facilities, the total costs 
and human health/environmental risks of a minimal action case will be greater than 
the Base Case at a point beyond 2070. 
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Plutonium Button and Rubber Glove, Rocky Flats Plant, Colorado, 
1974. Virtually everything involved in plutonium processing, such as this 
rubber glove, becomes contaminated and must be contained and 
monitored indefinitely. This waste is called "transuranic" waste, which 
includes any material containing significant quantities of plutonium, 
americium, or other elements whose atomic weights exceed those of 
uranium. Transuranic waste can include everything from chemicals used 
in plutonium metallurgy to used air filters, gloves (see photo), clothing, 
tools, piping, and contaminated soils. 

Disposal rooms for transuranic waste --

Waste Isolation Piiot Plant Schematic. This simplified layout shows the surface facilities, 
the four shafts, the underground areas in which experiments are conducted, and the 
underground rooms in which transuranic waste will be disposed of if disposal is approved. 
The WIPP is intended for use in disposing of plutonium contaminated materials, such as the 
glove (above photo), but is not intended for use in disposing of bulk plutonium, such as the 
button in the above photograph. A life-cycle cost analysis for plutonium production requires 
consideration of the cost, strategies, and issues involved with all elements (including 
"externalities) of that production -- including the final disposition of both plutonium and 
transuranic waste. 



5.0 COMPARISON OF RESULT S TO THE 
1995 BASELINE ENVIRONMENTAL 
MANAGEMENT REPORT 

The 1996 Base Case estimate is similar to the 1995 Base Case in some respects, and 
quite different in other respects . The total 1995 Base Case estimate, including 
productivity estimates, was $237 (constant 1996 dollars) . This total appears quite 
similar to the 1996 Base Case of $227 billion. There are important differences, 
however, that reflect changes in analytical methods and in the Environmental 
Management program as a whole. 

First, the projected cost savings due to productivity improvements greatly affect the 
estimates. The 1995 total Base Case estimate was reduced from the sum of estimates 
provided by field offices ($360 billion in 1996 constant dollars) to reflect a projection of 
the amount of overall improvement in productivity expected. The 1996 Base Case does 
not include this type of alteration of cost projections provided by field offices, and, 
therefore, does not include an explicit productivity estimate. Instead, productivity is 
assumed to be included in estimates provided by field offices. The 1996 Base Case is 
essentially an integrated sum of estimates provided by field offices. 

To reflect efforts underway to reduce costs, the Environmental Management 
headquarters office applied substantial improvements in productivity up through the 
year 2000 to the 1995 Base Case cost estimates provided by field offices. This "top 
down" change in cost estimates reflected a goal of achieving an approximately 20 
percent increase in productivity and efficiency. Beyond the year 2000, the Department 
assumed a sustained productivity improvement rate of one percent compounded 
annually. Using these assumptions for projecting costs, the 1995 total life-cycle cost 
estimate was $237 billion (in constant 1996 dollars). It is worthwhile to note, however, 
that the site cost estimates reported in Volume II of the 1995 Baseline Report did not 
include productivity projections, and total cumulatively to $360 billion (in 1996 dollars). 
If comparable "top down" changes were made to the 1996 Base Case cost estimate 
provided by the sites in the 1995 Base Case estimate, then an additional one percent 
compounded annually would be applied to the 1996 Base Case estimate of $227 billion 
after the year 2000. Imposing this additional productivity change to the cost estimate 
provided by field offices would result in a 1996 Base Case of approximately $195 
billion in constant 1996 dollars . 

Another difference between the 1995 and 1996 Base Case estimates is how the range of 
estimated costs was calculated. In the 1995 report, the range of $200-$350 was 
developed using different productivity assumptions (e.g., $200 billion life-cycle cost 
estimate represented a 2 percent improvement in productivity compounded annually 
after the year 2000 for the life of the program). Alternatively, the 1996 cost range of 
$189 billion to $265 billion is based on site confidence in the cost estimates as reported 
by site personnel (i.e., there is I 00 percent confidence that total life-cycle costs are less 
than $265 billion, and 100 percent confidence that total life-cycle costs are above $189 
billion). 
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Because total estimates submitted by the sites in 1996 ($227 billion) are directly 
comparable to the total estimates submitted by the sites in 1995 ($360 billion), the 1996 
Base Case of $227 billion is compared to the 1995 cost estimate of $360 billion. The 
1996 cost estimate is thus approximately one-third lower than the 1995 estimate. This 
chapter describes this difference and the technical reasons behind it. 

1 MAJOR DIFFERENCES BETWEEN THE 1995 AND 1996 ESTIMATES 

• The 1996 Base Case is $133 billion (37 percent) lower than the 1:995 Base Case, )L, 

• The duration of the 1996 Base Case is shorter than the duration of the 1995 case. 
Remediation at 80 percent of sites is expected to be complete by 2()21 in the 199() 
estimate as opposed to 2035 in the 1995 estimate. 

• 1996 Base Case waste volume projections are lower than the comgarable 1995 
projections. 

• The 1996 Base Case reflects less costly environmental management strategies (to 
achieve essentially the same risk reduction goals), particularly for facility 
decommissioning and waste management, than the 1995 Base Case. 

k. 

This remainder of this chapter is organized into four sections: 

• Section 5.1 discusses the need for and chief benefits of developing 
a new Base Case and discusses general reasons for differences; 

Section 5.2 describes the four major reasons for the differences 
examined in this chapter; 

Section 5.3 outlines the major activities that result in cost 
reductions and relates those activities to the four major reasons for 
the differences discussed in Section 5.2; and 

Section 5.4 describes the cost differences at the five major sites by 
examining the reasons for cost reductions at each site. 

5.1 THE BENEFITS OF A NEW BASE CASE 

The 1996 Base Case analysis is significantly more useful than the 1995 analysis for 
several reasons, all of which result from the "bottom-up" estimating approach described 
in Chapter 3. (Estimates for the 1996 Baseline Report were developed by field-based 
analysts to a much greater extent than was the case in 1995.) First, the data are 
generally more reliable at a more detailed level. By moving the estimating process 
closer to the knowledge base in the field, the Department has built the report on a better 
quality data base. As a result, the analyses of state, site, and project costs are 
considerably more rigorous and accurate than those in the 1995 estimate. 

Second, the analysis of cost estimates principally by field personnel, (approximately half 
of the 1995 cost estimates were developed by Headquarters personnel), has brought 
about a number of collateral benefits that should help improve program management 
capabilities, thereby helping to reduce costs. As a result of this process of compiling the 



cost estimates, the Department now has a cadre of experienced life-cycle cost analysts. 
Field personnel have been encouraged and empowered to define meaningful long-range 
assumptions and outline long-term strategies for their sites. This capability provides a 
better basis for integrated site planning and facilitates better communication with 
regulators and other stakeholders, as well as between sites and program areas. 

The Department also encouraged site personnel to develop their Base Case estimates 
with input from integrated multidisciplinary project teams, to identify interdependencies 
between programs, and to work together to resolve conflicting assumptions. The 
integration effort enhanced the quality and usefulness of the final product. This 
improved estimation methodology explains some of the differences between the 
estimates. 

The transfer of greater responsibility from Headquarters to the field brought about a 
series of specific improvements to the cost estimate. It allowed the Baseline Report 
better access to the most recent cleanup plans, strategies, and cost data; allowed the use 
of site-specific cost estimating tools and experts rather than generic models; and 
provided a valuable "reality check" on the cost estimates. Working more closely with 
field personnel produced a more detailed cost estimate that reflects current strategies 
more accurately. Table 5.1 provides examples of specific changes to the cost estimate 
that resulted in these benefits. 
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Table 5.1. Examples of Changes in the Approach Used to 
Develop the Cost Estimate in 1995 Versus 1996 

Program Element 

W aste Management 

Envtrcnmental 
Rastorallon 

Nuclear Material and 
Facility Stabilization 

1995 

Headquarters personnel modeled costs for 
managing transuranic waste, low-level waste, 
and low-level mixed waste based upon input 
from sites. 

Headquarters personnel estimated costs for 
managing hazardous waste based upon an 
analysis of FY 1996 budget documents. 

National Spent Nuclear Fuel Program personnel 
modeled the costs for managing spent nuclear 
fuel based upon input from sites. 

• Waste management configuration for low-level 
mixed waste was consistent with Draft Site 
Treatment Plans submitted in 1994. 

• Costs for managing waste generated by non
Environmental Management programs ended 
upon completion of Environmental Restoration 
program or 2030-whichever was first. 

• · The Base Case was built from existing 
environmental restoration baselines. 

Headquarters personnel modeled costs for 
deactivating and stabilizing all facilities identified 
as surplus by the Surplus Facilities Inventory 
and Assessment (SFIA) using a 10-5-2 
scheduling scenario: 

10 years pre-stabilization surveillance and 
maintenance (S&M) 

5 years stabilization/deactivation 

2 years post-stabilization S&M 

1996 

Site personnel estimated costs for managing 
transuranic waste, low-level waste, and low-level 
mixed waste costs based upon current plans. 

Site personnel estimated costs for managing 
hazardous waste based upon best available 
data at the site and from commercial vendors. 

Site personnel estimated costs for managing 
spent nuclear fuel using scenarios consistent 
with the Spent Nuclear Fuel Final Environmental 
Impact Statement preferred alternative. 

Waste management configuration for low-level 
mixed waste was consistent with Proposed Site 
Treatment Plans submitted in April 1995. 

Costs for managing waste generated by non
Environmental Management programs ended in 
2070 unless non-Environmental Management 
programs were assumed to end at an earlier 
date. 

• The Base Case was built from more recent 
environmental restoration baselines that better 
reflect current baseline assumptions. 

At the four largest nuclear material and facility 
stabilization sites, site personnel estimated the 
cost for deactivating and stabilizing all facilities 
identified as surplus by the SFIA. Site 
personnel also modified the SFIA list of faci lities 
to reflect current plans. 

For other sites, Headquarters personnel 
modeled deactivation and stabilization costs for 
all facilities identified as surplus by the SFIA 
using a 7-3-3-2-2 scheduling scenario: 

- 7 years pre-stabilization S&M 

- 3 years stabilization 

- 3 years post-stabilization S&M 

- 2 years deactivation 

- 2 years post-deactivation S&M 



5.2 1995 VERSUS 1996 ESTIMATE - REASONS 
FOR DIFFERENCES 

Two major factors underlie the differences between the 1995 and 1996 esti mates. 
Today, the Environmental Management program has better knowledge of the scope of 
the program and a better understanding of how to achieve this scope cost-effectively. A 
detailed analysis indicates that more accurate information has resulted in a different life
cycle cost estimate for four reasons : change in scope of the estimate, change in technical 
assumptions for addressing environmental problems, change in anticipated productivity 
improvements, and change in the analytical models used to estimate cost. Table 5.2 
provides definitions and examples for each reason . 

Table 5.2. Example of Differences in the Estimates 

Reason Definition Representative Example 

Change in Scope Change in the nature or . Since preparing cost estimates for the 1995 report, Hanford Site 
magnitude of environmental waste management personnel have gained a clearer 
problems being addressed. understanding of the volume of waste that will be generated by 

environmental restoration activities. This understanding translated 
into lower volumes in the 1996 estimate than the 1995 projections. 

Change In Technical Change In technical • In late 1995, the Department of Energy signed an agreement with 
Assumptions for approach, strategy, or the State of Idaho that accelerates the cleanup of the Idaho 
Addressing Environmental schedule for addressing an National Engineering Laboratory. The acceleration reduces 
Problems environmental problem. storage and surveillance and maintenance costs that depend on 

the pac~ of the cleanup. 

• At the Oak Ridge Reservation, the 1996 report reflects commercial 
management of waste. By contrast, Oak Ridge Reservation 
personnel assumed government management of this waste in 
1995. Oak Ridge Reservation personnel anticipate that 
commercial waste management will be less costly than 
government waste management. 

Change in Anticipated Change in amount of work . The Savannah River Site is undergoing several restructuring 
Productivity Improvements that can be performed by a efforts-including business re-engineering, consolidation, and 

given input. fixed-price subcontracting-that are leading to productivity 
increases. 

. The Pantex Plant is increasing productivity through waste 
minimization efforts. 

Change In Estimating Use of different unit cost • In the 1995 report, Headquarters personnel modeled all nuclear 
Models estimates, cost estimating material and facility stabillzatlon direct mission costs using the 10-

algorithms, or models. 5-2 scheduling scenario outHned In Table 5.1. In 1996, personnel 
at large sites estimated these costs baSed upon realistic 
scenarios. 

Figure 5.1 indicates that there is not always a clear delineation between the reasons for 
cost differences. Some cost differences are caused solely by one factor. For example, a 
decrease in spent nuclear fuel disposal costs from the 1995 estimate to the 1996 
estimate is due to a change in the cost estimating model-site models used in 1996 rather 
than the national model used in 1995. Other cost differences cannot be classified so 
simply. For example, success in waste minimization can be described as a reduction in 
scope and an improvement in productivity. 
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Figure 5. 1. Four Interrelated Reasons for Cost Differences 

Although these reasons overlap, the classifications provide a useful framework for 
understanding why the 1995 and 1996 life-cycle estimates are different. Figure 5.2 
graphically illustrates the reasons for the differences between the two estimates. As 
shown, the differences can largely be attributed to two factors . The scope of the 

1995 Site 
Estimate 

1995 Productivity 
Adjusted Estimate 

1996 Site 
Estimate 

0 100 200 300 
Life-Cycle Constant 1996 Dollars in Billions 

Life-Cycle Cost • Scope Change 

Post-FY2000 Productivity Improvement 1:22:1 Technical Assumption Change 

Pre-FY2000 Productivity Improvement D Change in Estimating Model 

Figure 5.2. Comparison of 1995 and 1996 Baseline Report Cost Estimates 



estimate is smaller in the 1996 estimate than in 1995, primarily because of reductions in 
waste volumes generated by the Environmental Management program and better waste 
volume estimates. Also, technical assumptions for addressing environmental problems 
have changed. In general, the 1996 estimate reflects less costly technical approaches to 
facility decommissioning and waste management. The remainder of this chapter 
presents a more detailed analysis of the differences between the 1995 and 1996 
estimates. 

PRODUCTIVfTYIMPROVEMENT 

The Environmental Management program is improving productivity, In 1995, site personnel 
submitted life-cycle cost estimates of $350 billion (or $360 billion in constant 1996 dollars). 
Through a comprehensive assessmept oflife-cycle productivity improvement, the 
Environmental Management ptQ~!UJl conclude<t. that, by increasilig productivity, these costs 
could be lowered by 23 percent' in' the next fiye years and by an additional one percent 
annually thereafter. The case highlighted in Volume I of the 1995 report reflects this goal for 
productivity improvement As shown in Figure 5 .2, these goals resulted in a Base Case of 
$237 billion in constant 1996 dollars. In 1996, sites submitted a Base Case costing $227 
billion; the $360 billion estimate from 1995 was derived in a similar way (from site estimates 
with no productivity adjustments made at Headquarters). For this reason, the two estimates 
are comparable. This chapter compares them. 

Although the differences in life-cycle cost estimates from 1995 to 1996 are not totally 
attributable to realizing the productivity improvements outlined i~ 1995, a significant portion 
of the difference results from pr&tuctivity improvements, or thq ~f'bader concept of 
performing the program in a more intelligent way. M 

Figure 5 .2 shows that site personnel attribute approximately 10 percent of the life-cycle cost 
difference from 1995 to 1996 directly to productivity improvements. In a broader sense, 
many other cost savings from the 1995 to the 1996 Baseline Rep<>n can be considered 
productivity improvements. These savings result from executing the same scope of work in a 
smarter, more efficient, and less costly manner. For example, personnel at the Oak Ridge K-
25 Site have learned that they can save a large amount of money by using rubble from 
decommissioning as backfill of the below-grade structure. The result: completing a similar 
spope of work with the same risk profile at a lower cost , 

;? 

Adopting explicit productivity improvements and incorporating smarter, more efficient 
solutions to the problems of implementing the Environmental Management program indicate 
that the sites have, in effect. assimilated last year's productivity improvement goals {which 
changed the Base Case estimates from the $350 billion provided by site personnel to $230 
billion) into the life-cycle cost estimates in the 1996 Baseline Report. For this reason, the 
1996 Baseline Report does not make an explicit productivity adjustment to the life-cycle 
Environmental Management cost estimate. 

5-7 



5-8 

5.3 ACTIVITIES WITH LARGE COST 
REDUCTIONS 

The majority of the cost reduction in the 1996 report occurs in five major activities at 
environmental management sites: decommissioning; low-level waste, low-level mixed 
waste, and transuranic waste management; management of spent nuclear fuel; remedial 
action; and program management/support. This section discusses the major reasons for 
the lower estimates for these activities in the 1996 Baseline Report. Table 5.3 provides 
an overview of the activities that experienced the largest decreases. 

Table 5.3. Overview of Activities With Large Cost Estimate 
Differences • 

Decommissioning $47.2 billion 

lOw-L.eYal Wpte. ~8Y81 Mlxed.~aete. and $54.9 billion 
Trans~Waste~ ',' 

$32.0 blllon 

Spent Nuclear Fuel Management $11 .8 billion $4.1 billion 

$1.7 ·~ billion 

Program ManagemenVSupport $87.2 billion $57.2 billion 

* Inflated to constant 1996 dollars for comparison . 
•Unlike Chapter 4, support cost is reported as an independent functional element in Chapter 5. 

$7.7 billion I 65% 

$30.0 billion I 34% 

There was also a difference in national program planning and management costs. These 
costs dropped from $47 billion in the 1995 report to $19 billion in the 1996 report. A 
large portion of this cost reduction occurred because costs for federal employees and 
their contractor support were estimated by Headquarters personnel for the 1995 report 
and classified as national program planning and management, regardless of their 
location. In the 1996 report, only federal employees and contractor support located at 
Headquarters were classified as national program planning and management. Costs for 
federal employees and contractor support located in the field were estimated at the 
appropriate site. Also, national program planning and management and science and 
technology development costs are lower in the 1996 estimate because they were 
assumed to vary proportionally with site costs. Because site costs are lower in the 1996 
report, national program planning and management and science and technology 
development costs also dropped. The remainder of the section examines differences in 
the five major areas presented in Table 5.3. 

Decommissioning - Decommissioning cost estimates dropped from $47 billion in the 
1995 report to $18 billion in the 1996 report-a $29 billion decrease primarily caused 
by a change in the technical approach to facility decommissioning. Site personnel plan 
to perform less decontamination before demolition because of a better understanding of 
the scope of decontamination that is necessary before facility demolition. This insight 
reduces costs dramatically. At many sites, personnel now plan to dispose of rubble from 
decommissioning in place rather than in disposal cells that would have to be constructed, 
thereby reducing cost estimates. 



Low-Level Waste, Low-Level Mixed Waste, and Transuranic Waste 
Management - Cost estimates for managing low-level waste, low-level mixed waste, 
and transuranic waste dropped from $55 billion in the 1995 report to $32 billion in the 
1996 report-a $23 billion decrease. Two factors account for this drop: changes in 
technical approach and scope. The 1996 Baseline Report bases cost estimates on two 
less costly approaches to addressing these waste types. In particular, the Department 
plans to use less costly commercial waste management facilities rather than more costly 
government facilities . It also plans to reuse existing government facilities instead of 
building new ones. In addition, the volume of waste being managed by the Waste 
Management program is lower in the 1996 report than it was in the 1995 report. This is 
due primarily to two factors: better waste volume estimates and aggressive waste 
minimization and recycling efforts undertaken by the Department. 

Spent Nuclear Fuel Management - Cost estimates for managing spent nuclear fuel 
dropped from $12 billion in the 1995 report to $4 billion in the 1996 report-an $8 
billion decrease. Two factors account for this drop: acceleration of spent nuclear fuel 
disposal at a national geologic repository and use of better estimation models. 
Acceleration yields cost reductions because it reduces the duration of spent nuclear fuel 
storage before eventual disposal. Also, site-based models used for the 1996 report 
estimated significantly lower costs for spent nuclear fuel disposal at a national geologic 
repository. 

Remedial Action - Remedial action cost estimates dropped from $24 billion in the 1995 
report to $17 billion in the 1996 report-a $7 billion decrease. Most of this reduction is 
due to negotiations with regulators and more accurate predictions of the results of future 
agreements. During the last year, the Department has negotiated several agreements 
with regulators to perform less costly remediation than the 1995 report anticipated. 
These agreements suggest that future negotiations will render similar agreements and 
less costly remediation strategies. The 1996 Baseline Report reflects this expectation 
that future remediation strategies will be less costly than those anticipated in the 1995 
report . 

'i::A\; . '' 

·WHAT HASN'T CHANGED 

This chapter focuses on die major differertces between the 1995 and 1996 Base case 
estimates. However 1 the life-cycle estimates for several functional areas are almost identical; 

• High-Level Waste Management 

• Surveillance and Maintenance of P,acilities 
:,.. 

• Nuclear Material and Facility Stabilization Support/Landlord Costs 
·Y.-

Program Management/Support - Program management and support cost estimates 
dropped from $87 billion in the 1995 report to $57 billion in the 1996 report-a $30 
billion decrease. This reduction is due to the fact that the 1996 estimate reflects a 
smaller program and less direct mission costs. Efforts to reduce overhead costs at 
Environmental Management sites also contribute to the reduction. 
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5.4 COST ESTIMATE DIFFERENCES FOR THE 
HIGHEST-COST SITES 

Figure 5.3 indicates that most of the $133 billion cost reduction from the 1995 Baseline 
Report estimate is for the five highest-cost sites . The rest of this section details the cost 
reduction for each site. 

5.4.1 Hanford Site Differences 

Cost estimates at the Hanford Site dropped from $75 billion in the 1995 report to $50 
billion in the 1996 report- a $25 billion decrease. Unlike several other sites, where 

Primary Factors 

Hanford Site 
75 

- Better estimates of waste volumes and 
spent nuclear fuel disposal costs. 

- Agreements wi th regulators on 

~~~~~===:!....__-------+- remediation . 
~A-cC"eTeraTion~Si~c~a:nupciiJeloSi9n~9 

Idaho National of agreement between the Department and 
Engineering the State of Idaho in late 1995. 

Laboratory ~---------------+- -Integration efforts undertaken in 1995. 
~Lessco~v5trale9ifurdiieommi~~~;g-

Oak Ridge 
Reservation 

Rocky Flats 
Environmental 

Technology Site 

Savannah 
River Site 

gaseous diffusion plants. 
- Shift to commercial from government 

i:::===:...._-----------+--!'~~~~~~g~"2_El~~-----------

0 20 40 60 BO 
Life-Cycle Constant 1996 Dollars in Billions 

- Less costly strategy for facility 
decommissioning. 

- Lower waste volumes from restoration 
activities due to waste minimization efforts. 

--Lesscosl1v5trale9ifordecommiss~~;g-
canyons and reactors. 

- Better estimates of waste volumes and 
spent nuclear fuel costs. 

100 

Figure 5.3. Comparison of 1995 and 1996 Cost Estimates for the Five Highest-Cost Sites 

there is one major explanation for the difference, several factors account for this 
difference. This section discusses the reasons for each major difference. Table 5.4 
highlights the major activities with large cost differences between the two estimates. 

Table 5.4. Differences in 1995 and 1996 Cost Estimates 
at the Hanford Site 

Activity 1995 Eetlmate* 1996 Estimate Difference 

Waste Management Support $1 4.9 billion $7.1 billion $7.8 billion/ 52% 

Low-Lewi Waste Management $5. 7 billion $0.8 billion $4.9 billion I 86% 

Remedial Action $6.3 billion $2.7 billion $3.6 billion I 57% 

Low-Lewi Mixed Waste Management $4.3 billion $2.4 billion $1.9 billion / 44% 

Spent Nuclear Fuel Management $2.9 billion $1 .0 billion $1 .9 billion/ 66% 
.-~: -

Haz:ardous Waste Management $1 .9 billion $0-0 bilUon $1.9 billion / 100% 

Transuranic Waste Management $3.1 billion $1 .3 billion $1.8 billion I 58% 

Other Areas $35.9 billion $34.9 billion $1 .0 billion / 3",b 

Total $75.0 billion $50.2 billion $24.8 biDlon/ SS°k 

*Inflated to constant 1996 dollars for comparison. 



Waste Management Support Costs - The Waste Management support cost estimate 
dropped from $15 billion in the 1995 report to $7 billion in 1996. The primary reason 
for this reduction: the 1996 estimate reflects a smaller program and fewer direct mission 
costs. Support cost estimates are lower because fewer mission activities require less 
support. Efforts under way at the Hanford Site to reduce support costs also contribute 
to the lower support and program management cost estimates. 

Low-Level and Low-Level Mixed Waste Management - Low-level and low-level mixed 
waste management cost estimates at the Hanford Site dropped from $I 0 billion in the 1995 
report to $3 billion in 1996. The primary reason is lower estimates for waste volumes due to 
better waste generation data than was available in 1995. 

Remedial Action - Remedial action cost estimates dropped from $6 billion in the 1995 
report to $3 billion in 1996. The primary reason for this reduction: recent agreements 
between the Department of Energy and regulators. These agreements reduce the amount 
of soil along the Columbia River (100 and 300 Areas) that the Department is required 
to remediate. Furthermore, approximately 50 percent of the analytical samples 
originally anticipated to be performed during the course of remediation have been 
eliminated, reducing remediation unit costs for the soil volumes that must be excavated. 

Several other less important factors also contributed to a reduction in the estimated cost 
of remediation. The cost per square meter for applying surface caps has been reduced 
significantly, reflecting technical evaluations that resulted in revised remedial designs. 
This results in significant cost reductions when applied to the more than 5.7 million 
square meters (62 million square feet) of surface to be capped within the 200 Area. 
Also, the first phases of the Environmental Restoration Disposal Facility will be 
available earlier than previously planned, reducing disposal charges paid to the Waste 
Management program in the early years. 

Spent Nuclear Fuel Management - Spent nuclear fuel management cost estimates at the 
Hanford Site dropped from $3 billion in the 1995 report to $1 billion in 1996. The primary 
reason for this reduction: a better estimate for the cost of disposing of spent nuclear fuel at a 
national geologic repository. In 1996, the Hanford Site personnel developed a bottom-up 
estimate for the spent nuclear fuel program, which has undergone detailed reviews with an 
emphasis on reducing costs. The 1995 estimate was part of a five-site generalized analysis 
developed by the Headquarters National Spent Nuclear Fuel program. 

Hazardous Waste Management - Cost estimates for managing hazardous waste 
dropped from $2 billion to $49 million. This difference is also due to the use of better 
data. The 1995 estimate was based on a Headquarters analysis of budget and waste 
volume data; the 1996 estimate was developed by Hanford personnel. Based on high
level data, the waste volume estimate in 1995 was approximately 1.8 million cubic 
meters (2.4 million cubic yards). The 1996 waste volume estimate has been greatly 
reduced to approximately 33,000 cubic meters (43,230 cubic yards), translating into 
lower cost estimates for hazardous waste management. 

Transuranic Waste Management - Cost estimates for managing transuranic waste 
dropped from $3 billion in the 1995 report to$ I billion in 1996 because of a shift in the 
technical approach for managing transuranic waste. The 1995 report assumed the 
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construction of a new facility for managing remote-handled transuranic waste. The 
1996 estimate assumes treatment of remote-handled transuranic waste in an existing 
canyon facility (T-Plant), resulting in lower costs than those required to construct a new 
facility. Also, transuranic waste volumes are significantly lower in the 1996 report than 
in the 1995 report because the Department has expanded its knowledge of waste 
generation. 

5.4.2 Savannah River Site Differences 

Cost estimates at the Savannah River Site dropped from $70 billion in the 1995 report 
to $49 billion in 1996, resulting in a $21 billion decrease. Table 5.5 indicates that the 
majority of the cost differences between the two reports can be found in the low-level 
mixed waste management, spent nuclear fuel management, decommissioning, and 
support cost estimates. As is the case with the Hanford Site, there are several major 
reasons for the differences. 

Table 5.5. Differences in 1995 and 1996 Cost Estimates at the 
Savannah River Site 

Activity 1995 Estimate• 1996 Estimate Difference 

Decommissioning $12.4 billion $6.6 billion $5.8 billion I 47% 

waste Management Supp(llt 
' 

$11.3 billion $4.9 bllUpo' ¥;t blDlon / 57o/d" ,, 

Low-Level Mixed Waste Management $6.6 billion $2.4 billion $4.2 billion I 64% 

Nuclear Material and Faclllty Stablllzation $8.6bllllon 
Support 

$5.2 billion $.1.4 bilttorr t 40% 

Spent Nuclear Fuel Management $4.1 billion $1.7 billion $2.4 billion I 59% 

01her Areas 
~ 

$27 .2 billion 
:;. 

$28.0 billion ($,8 billion) I (3%) 

Total $70.2 billion $48.8 billion $21.4 billion/ 30% 

* lnOatcd to constant 1996 dollars for comparison. 

Decommissioning - Decommissioning cost estimates dropped from $12 billion in the 
1995 report to $7 billion in 1996. This decrease is primarily due to the anticipation of a 
less costly technical approach to decommissioning reactors and canyons in 1996. 

Support Costs - Support cost estimates for waste management and nuclear material and 
facility stabilization dropped from $20 billion in the 1995 report to $10 billion in 1996 
because the 1996 estimate reflects a smaller program and fewer direct mission costs. 
In 1995, Headquarters personnel developed support cost estimates using high-level 
budget documents; in 1996, Savannah River Site analysts developed estimates of 
support costs. 

Low-Level Mixed Waste Management - Cost estimates for managing low-level mixed 
waste dropped from $7 billion in the 1995 report to $2 billion in 1996. Improved waste 
volume data provided lower waste volume estimates that translated into reduced cost 
estimates for low-level mixed waste in 1996. 



Spent Nuclear Fuel Management - Cost estimates for managing spent nuclear fuel 
dropped from $4 billion in the 1995 report to $2 billion in 1996 because of more 
accurate estimates. In 1995, personnel from the National Spent Nuclear Fuel Program 
estimated costs, and in 1996, Savannah River Site personnel developed the estimate. 
The site's estimates for disposal fees for a national geologic repository are substantially 
smaller than those provided by the national program. 

5.4.3 Oak Ridge Reservation Differences 

Cost estimates for the Oak Ridge Reservation dropped from $39 billion in the 1995 
report to $25 billion in 1996. Table 5.6 indicates that the majority of this cost 
difference is due to changes in the Oak Ridge Reservation's technical approach to waste 
management and decommissioning. For waste management, the 1996 report 
emphasizes commercial treatment and disposal rather than constructing and upgrading 
existing facilities. This is a less costly waste management strategy. Also, the 
Department plans to generate less waste during environmental restoration activities 
which further reduces waste management costs. For these reasons , cost estimates for 
managing transuranic waste and low-level mixed waste decreased from $7 billion in the 
1995 report to $3 billion in 1996. 

Table 5.6. Differences in 1995 and 1996 Cost Estimates at the 
Oak Ridge Reservation 

$6.1 billion/ 67% 

$1 .9 bllltmJ:53% 

$2.4 billion I 57% 

$1.8 bllUon 169% 

* Inflated to constant I 996 dollars for comparison . 

The majority of the cost difference at the Oak Ridge Reservation ($6 billion) is for 
decommissioning, in particular, decommissioning the K-25 Gaseous Diffusion Plant. 
This drop is due primarily to a change in technical assumption. Based upon a 
reevaluation of decommissioning scenarios, the Department anticipates the following 
decommissioning strategy: 

Recycle all process equipment and radioactive metals from the plants; 
Demolish the above-grade structures, 
Leave below-grade structures in place, 
Backfill with demolition rubble, and 
Cap the below-grade structure. 
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Although it is less costly than last year's strategy of disposing waste in onsite disposal 
facilities, the demolition fill will not be placed in a manner that will provide an adequate 
foundation for future development. If the plant is left standing for reuse, as is currently 
being pursued, the estimates will be further reduced. 

PADUCAH AND PORTSMOUTH GASEOUS DIFFUSION PLANTS 

The Department anticipate.9 using the decommissioning strategy described above for the .... 
Portsmouth and Paducaht~ Diffus~'1 P,lants as well~ the K-25 Gaseous Diffusion Plan~ 
The resUlt is similar cost' savings at the POrtsnnrth and PadUCah sites. Specifically, combined; 
deconunissiooing COS1S for the Oak Ridge Reservation, Portsmouth Site, and Paducah Site 
decreased from $19 billion in the 1995 report to $.5 billion in the 1996 report. If these plants are 
left standing for reuse as is currently being pursued, the estimates will be further reduced. 

5.4.4 Rocky Flats Environmental Technology 
Site Differences 

Cost estimates for the Rocky Flats Environmental Technology Site decreased from $37 
billion in the 1995 report to $17 billion in 1996. Although the scope of the 
environmental problem at this site is approximately the same in both reports, the 
cleanup will be less costly, primarily because of changes in the technical approach to the 
problem. (Because cost estimates in this report reflect projections as of October 1995, 
the Rocky Flats Environmental Technology Site's environmental management strategy 
has changed since their Baseline Report cost submittal. Changes such as this are 
expected. Awareness and communication of change is a primary motivation for the 
Baseline Report.) Table 5.7 shows that the cost differences at this site are 
predominantly in two major areas : decommissioning and the management of low-level 
waste, low-level mixed waste, and transuranic waste. The $11 billion cost difference in 
decommissioning and related program management is due to the decrease in the amount 
of decontamination anticipated before demolition . 

Table 5.7. Differences in 1995 and 1996 Cost Estimates at the 
Rocky Flats Environmental Technology Site 

Activity 1995 Estlmat_. 1996 Estimate Difference 

Decommissioning $11 .2 billion $3.6 billion $7.6 billion/ 68% 

Enllironmental Restoration Program Treatment. $3.2bllllon $0:0 bUlion $32billion/100% 
Storage, and Disposal 

Environmental Restoration Program Management $4.1 billion $1 .1 billion $3.0 billion / 73% 

Low-Level Mixed Waste M~ent $3.2 billion $0~7 billion $2.5 billion /78% 

Low-Level Waste Management $2.3 billion $0.5 billion $1.8 billion /78% 

Other Areas $13.0 billion $11.4 billion $1.6 billion/ 12% 

Tolal $37.0billion $17.3 billion $19.7 billion/ 53% 

* lnOated to constant I 996 dollars for comparison . 



Lower waste management cost estimates occur primarily because of changes in scope 
and technical assumptions : 

Waste generation from environmental restoration and nuclear material and 
facility stabilization activities is expected to decrease by 25 percent 
compared to 1995 - Low-level and low-level mixed waste streams from nuclear 
material and facility stabilization activities were reduced through the planned 
expedited deactivation of buildings. Estimated volumes of low-level and low
level mixed waste streams from environmental restoration activities were reduced 
by assuming a risk-based remediation approach and recycling metals from 
decommissioning. The risk-based remediation approach focuses remediation on 
the buffer zone and accessible areas . Site personnel also expect transuranic waste 
volumes generated from decommissioning to be dramatically reduced. 

Shift from offsite disposal strategy to a mixture of offsite and onsite 
disposal - Onsite disposal of low-level waste and low-level mixed waste is less 
expensive than offsite disposal. 

5.4.5 Idaho National Engineering Laboratory 
Differences 

Cost estimates for the Idaho National Engineering Laboratory decreased from $30 
billion in the 1995 report to $19 billion in 1996. A change in schedule accounts for the 
major difference between the estimates . Specifically, a settlement agreement signed by 
the Department of Energy and the State of Idaho requires program acceleration, thereby 
reducing costs. The agreement requires the Department of Energy to remove all spent 
nuclear fuel from the State by 2035 ( 15 years earlier than previously planned); to 
prepare all high-level waste for disposal by 2035 ( 15 years earlier than previous 
estimates); and to begin transuranic waste shipments to the Waste Isolation Pilot Plant 
by April 30, 1999. This cost reduction is due to the acceleration, which reduces the 
duration of storage and the period of time for which facilities must be maintained. It 
also shortens the period of time over which support costs are incurred . 

Table 5.8 indicates that the majority of the cost difference at the Idaho National 
Engineering Laboratory is for spent nuclear fuel management ($3 billion) and high-level 
waste management ($3 billion). This decrease is due to the acceleration, which reduces 
the duration of storage and the period of time for which facilities must be maintained. In 
addition to reduced storage and facility maintenance costs, accelerated management of 
these waste types also reduces the support cost estimates and low-level mixed waste cost 
estimates. As discussed earlier, support cost estimates decrease ($1 billion) because 
direct mission activities are conducted over a shorter period of time. They also are 
reduced in magnitude. Low-level mixed waste cost estimates are lower because the 
acceleration of the high-level waste treatment facilities, which generates low-level mixed 
waste as a byproduct, forces the acceleration of the low-level mixed waste program. 
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Table 5.8. Differences in 1995 and 1996 Cost Estimates at the 
Idaho National Engineering Laboratory 

1995~e· 1991; Estimate Difference 

Spent Nuclear Fuel Management $4.7 billion $1 .4 billion $3.3 billion I 70% 
------~~~~~~~t-~~~~~-+-~~~~~-+~~~~~~-1 

'[' 1$62 bHlion 
fl.· 

$3.4 billion $2.8 billion I 45% 

Remedial Action $3.6 billion $1.7 billion $1 .9 billion I 53% 

-$42 bHllon . $3.0 billion $1.2 billion/ 29% 

Low-Level Mixed Waste Management $1 .2 billion $0.2 billion $1 .0 billion I 63% 

Nuclear .~ .id FacllHy St!lblllz,atlon Support $4.7 billion $4.0 billion $0.7billion/15% 

Other Areas $5.3 billion $5.0 billion $0.3 billion I 6% 

. !f29·9 blllio{l $18.6 bllllol') $11.3 bll!ion / 38% 

* Inflated to constant 1996 dollars for comparison. 

The other major cost difference between the two estimates is in the remediation cost 
estimates, which dropped from $4 billion in the 1995 report to $2 billion in 1996. The 
reduction is due primarily to the 1996 Baseline Report assumption that fewer pits and 
trenches will need remediation than anticipated in 1995 . This new assumption is based 
on the outcomes of past agreements with regulators . 



comparison of Results to"-the 1995iBaseline Environmental Management Rei~:: , 
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Pronghorn Antelope at 
the Idaho National 
Engineering Laboratory, 
1993. The paradox at 
many former nuclear 
weapons facilities is that, 
although localized, and 
sometimes hazardous, 
radioactive contamination 
exists, most of the land 
area is very rich 
ecologically because the 
habitat has been protected 
for safety and security 
reasons. As a result of 
decades of restrictions on 
most human activities, such 
as construction, mining, 
logging, fishing, or hunting, 
most of the land is already 
suitable for use as wildlife 
habitat, although it may 
pose unacceptable risks for 
residential use because of 
unexploded ordnance or 
other contamination. Life
cycle planning requires that 
long-term land use be 
considered in developing 
cleanup plans, so that 
funding is focussed on 
achieving an agreed-to end 
state. 

Future Site of the Portsmouth Gaseous Diffusion Plant, Portsmouth, Ohio, 1953. 
Decisions concerning future land uses at Department of Energy sites, and the costs and other 
consequences of those decisions, will determine whether a site is partially or fully cleaned up 
to its pre-construction state. These decisions have an immense impact on life-cycle 
analyses. 
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8.0 CONCLUSION 

Like all recently formed organizations, the Environmental Management program spent 
its first several years building a foundation: defining its mission, gauging its scope, 
identifying key issues and priorities, and assembling an infrastructure to support 
successful planning and management. Since 1989, the program has introduced many 
planning initiatives focused on gathering programmatic data and providing a basis for 
strategic planning and program analysis. However, most of these initiatives fai led to 
evaluate the Environmental Management program from a life-cycle perspective. 

The program has matured significantly in seven years. The Department has now 
identified the program ' s basic scope and where the greatest risks lie. In addition, the 
baseline process has established a capability fo( projecting future costs and schedules, 
analyzing changes in assumptions and potential scenarios, and accounting for the 
interconnections between its distinct sites and programs. This analytical foundation 
for sound program management is summarized in the 1996 Baseline Report. Using 
the foundation that the Baseline Report now provides, program managers and 
policymakers can make more informed decisions regarding the direction of the 
Environmental Management program and of the elements that affect the program. 

The purpose of the Baseline Report is to articulate clearly two elements of the 
Department of Energy's Environmental Management program: projected life-cycle 
costs and schedules. The Baseline Report describes the program, with Base Case 
results, from a variety of perspectives: for the OVf?rall program, by functional element, 
according to geographical distribution and by functional activity or phase). Because 
of the many uncertainties inherent in estimating environmental management costs and 
schedules, the overall results are presented with a cost range rather than a single 
figure . The program's life-cycle cost range is based on Base Case estimates 
developed by site personnel for the mid-range estimate, with upper and lower bounds 
based on high and low confidence levels. This range spans from $189 billion to $265 
billion. Also included in the overall results is a second range showing the impact of 
productivity savings on the Base Case. The productivity savings range, which spans 
from $195 billion to $241 billion, makes it clear that productivity improvements can 
have a substantial impact on the program's life-cycle cost. 

Included in the Base Case results are two Base Case analyses: pollution prevention 
and science and technology development. These analyses assess the cost savings 
derived from pollution prevention and technology development activities over time. 

Also included in the Baseline Report are three alternative scenario analyses: land-use, 
program and project scheduling, and minimal action. These analyses compare the 
impacts of various cases on the Base Case. They focus on the impacts of each case on 
several dimensions of the program including estimated life-cycle cost, schedule and 
end state. The scenario analyses include five land-use cases, three program and 
project scheduling cases, and one minimal action case. Comparison of these nine 
cases reveals that, in the absence of current constraints, changes to key program 
variables (such as land-use decisions) can have a significant effect on the estimated 
75-year cost of the program and on the projected program end state. 
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Significant impacts resulted from two of the nine alternative cases: the Maximum 
Feasible Green Fields land use case and the Minimal Action case. In both cases, 
however, current constraints (for example, regulatory requirements) were adjusted or 
removed. The majority of the cases (seven) resulted in minimal changes to the Base 
Case. These cases were developed with current constraints intact. Thus, the analysis 
provided the important finding that projected costs and end states can be affected 
through policy decisions, but, in many cases, existing constraints make it difficult for 
significant changes to occur. 

The Environmental Management program now has improved information available to 
analyze policy decisions and set a future course. The program is in a critical transition 
period; it faces near- and mid-term decisions that will have important long-term 
ramifications. Some of these decisions can be made now and adjusted later (if new 
information calls for a different course); others will require long-term commitment to 
a specific path. For example, the program is still considering which technologies to 
pursue over the next decade and which facilities to build for the treatment, storage and 
disposal of waste. These decisions require a long-term commitment and a near-term 
financial investment. 

An important conclusion of the Baseline Report is that, by understanding the impacts 
of various policy decisions, decisionmakers and stakeholders can direct the program in 
a manner that minimizes life-cycle costs, reduces program schedules, optimizes 
program end states, and achieves maximum reduction of risks. However, a great deal 
remains to be done to ensure that issues highlighted in this Baseline Report are framed 
effectively; data and methodologies supporting subsequent analyses are continually 
improved; and interested stakeholders have a voice in the debate. Specific steps 
include the following: 

• Improve Life-Cycle Cost and Schedule Estimates: The 1996 Baseline 
Report is the program's second attempt to develop a comprehensive life-cycle 
cost estimate. This report improves upon the estimates and analyses developed 
last year based on a new methodology (that is, a bottom-up approach that 
emphasizes field-developed estimates); better information in areas such as 
program scope and outyear costs; and improved integration across programs and 
sites. Because the program is constantly changing, however, these estimates 
will need to be adjusted and improved. In addition, the program must continue 
to address uncertainties and information gaps, with ongoing data gathering, 
refined models and updated assumptions. 

• Use the Baseline Report to Address Ongoing Issues, Analyze Program 
Options, Provide Input to Strategic Decisions, and Develop Ties to 
Program Budgets: Although the results of the analyses included in the 1996 
Baseline Report are not definitive, they provide examples of analyses that can 
be conducted. Many other alternate case and sensitivity analyses would benefit 
the program (for example, impacts of various regulatory changes, effects of 
increased privatization, and effects of greater waste minimization). These 
analyses can be used to help inform strategic planning decisions, better focus 
the program's near-term planning and budgeting, and support legislative and 
regulatory reform. 
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• Promote Informed, Broad-based Citizen Involvement in the Debate on the 
Program's Future: One of the "next steps" included in the 1995 Baseline 
Report was to include more stakeholders in the debate and proactively seek 
citizen's views (in subsequent Baseline Report cost estimates). The 1996 
Baseline Report achieved the goal of greater stakeholder participation. 
However, the task of using the information to cultivate more informed debate on 
the program's future still lies ahead. 
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APPENDIX A.1 

1995 BASELINE ENVIRONMENTAL 
MANAGEMENT REPORT REQUIREMENTS1 

(a) Annual Environmental Restoration Reports-

(1) The Secretary of Energy shall (in the years and at the times 
specified in paragraph (2)) submit to the Congress a report on the 
activities and projects necessary to carry out the environmental 
restoration of all Department of Energy defense nuclear facilities . 

(2) Reports under paragraph (1) shall be submitted as follows : 

(A) The initial report shall be submitted not later than March 
1, 1995 . 

(B) A report after the initial report shall be submitted in each 
year after 1995 during which the Secretary of Energy conducts, 
or plans to conduct, environmental restoration activities and 
projects, not later than 30 days after the date on which the 
President submits to the Congress the budget for the fiscal year 
beginning in that year. 

(b) Annual Waste Management Reports-

(1) The Secretary of Energy shall (in the years and at the times 
specified in paragraph (2)) submit to the Congress a report on all 
activities and projects for waste management, transition of operational 
facilities to safe shutdown status, and technology research and 
development related to such activities and projects that are necessary 
for Department of Energy defense nuclear facilities . 

(2) Reports required under paragraph (1) shall be submitted as follows : 

(A) The initial report shall be submitted not later than June 1, 
1995. 

(B) A report after the initial report shall be submitted in each 
year after 1995, not later than 30 days after the date on which 
the President submits to the Congress the budget for the fiscal 
year beginning in that year. 

1 National Def ense Authorization Act j(ir FY 1994, Section 3153, "Baseline Environmental Management Repons," Public Law I 03-160. 
November 30, 1993; 103d Congress, Firs! Session; codified at 42 U.S. Code 7274k. 
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(c) Contents of Reports-A report required under subsection (a) or (b) shall be 
based on compliance with all applicable provisions of law, permits, regulations, 
orders, and agreements, and shall-

(I) Provide the estimated total cost of, and the complete schedule for, 
the activities and projects covered by the report; and 

(2) With respect to each such activity and project, contain-

(A) A description of the activity or project; 

(B) A description of the problem addressed by the acti vity or 
project; 

(C) The proposed remediation of the problem, if the 
remediation is known or decided; 

(D) The estimated cost to complete the activity or project, 
including, where appropriate, the cost for every five-year 
increment; and 

(E) The estimated date for completion of the activity or project, 
including, where appropriate, progress milestones for every 
five-year increment. 

(d) Annual Status and Variance Reports-

(I ) 

(A) The Secretary of Energy shall (in the years and at the time 
specified in subparagraph (B)) submit to the Congress a status 
and variance report on environmental restoration and waste 
management activities and projects at Department of Energy 
defense nuclear facilities. 

(B) A report under subparagraph (A) shall be submitted in 
1995 and in each year thereafter during which the Secretary of 
Energy conducts environmental restoration and waste 
management activities, not later than 30 days after the date on 
which the President submits to the Congress the budget for the 
fiscal year beginning in that year. 

(2) Each status and variance report under paragraph (I) shall contain 
the following: 

(A) Information on each such activity and project for which 
funds were appropriated for the fiscal year immediately before 
the fi scal year during which the report is submitted, including 
the following: 



(i) Information on whether or not the activity or 
project has been completed, and information on the 
estimated date of completion for activities or projects 
that have not been completed. 

(ii) The total amount of funds expended for the 
activity or project during such prior fiscal year, 
including the amount of funds expended from amounts 
made available as the result of supplemental 
appropriations or a transfer of funds, and an estimate 
of the total amount of funds required to complete the 
activity or project. 

(iii) Information on whether the President requested an 
amount of funds for the activity or project in the 
budget for the fiscal year during which the report is 
submitted, and whether such funds were appropriated 
or transferred. 

(iv) An explanation of the reasons for any projected 
cost variance between actual and estimated 
expenditures of more than 15 percent or $10 million, 
or any schedule delay of more than six months, for the 
activity or project. 

(B) For the fiscal year during which the report is submitted, a 
disaggregation of the funds appropriated for Department of 
Energy defense environmental restoration and waste 
management into the activities and projects (including discrete 
parts of multi year activities and projects) that the Secretary of 
Energy expects to accomplish during that fiscal year. 

(C) For the fiscal year for which the budget is submitted, a 
disaggregation of the Department of Energy defense 
environmental restoration and waste management budget 
request into the activities and projects (including discrete parts 
of multi year activities and projects) that the Secretary of 
Energy expects to accomplish during that fiscal year. 

(e) Compliance Tracking-In preparing a report under this section, the 
Secretary of Energy shall provide, with respect to each activity and project 
identified in the report, information which is sufficient to track the Department 
of Energy's compliance with relevant federal and state regulatory milestones. 
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APPENDIX A.2 

1996 BASELINE ENVIRONMENTAL 
MANAGEMENT REPORT REQUIREMENTS1 

(a) Annual Environmental Restoration Reports-

( 1) The Secretary of Energy shall (in the years and at the times specified in 
paragraph (2)) submit to the Congress a report on the activities and projects 
necessary to carry out the environmental restoration of all Department of 
Energy defense nuclear facilities . 

(2) Reports under paragraph ( 1) shall be submitted as follows: 

(A) The initial report shall be submitted not later than March 1, 
1995. 

(B) A report after the initial report shall be submitted in each year 
after 1995 during which the Secretary of Energy conducts, or plans to 
conduct, environmental restoration activities and projects, not later 
than 30 days after the date on which the President submits to the 
Congress the budget for the fiscal year beginning in that year. 

(b) Annual Waste Management Reports-

(I) The Secretary of Energy shall (in the years and at the times specified in 
paragraph (2)) submit to the Congress a report on all activities and projects 
for waste management, including pollution prevention and transition of 
operational facilities to safe shutdown status, that are necessary for 
Department of Energy defense nuclear facilities. 

(2) Reports required under paragraph (1) shall be submitted as follows : 

(A) The initial report shall be submitted not later than June 1, 1995 . 

1 National Defense Authorization Act for Fi.Kai Year 1994, Section 3 I 53, "Baseline Environmental Management Reports" Public Law 

103-160, November 30, 1993; 103d Congress, First Session; amended by National Defense Authorization Actjf1r FY 1995, Sec. 3160. 
"Elimination of Requirement for Five-Year Plan for Defense Nuclear Facilities" Public Law 103-337, October 5, 1994; 103d Congress, 
Second Session, codified at 42 U.S. Code 7274k. 
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(8) A report after the initial report shall be submitted in each year 
after 1995, not later than 30 days after the date on which the 
President submits to the Congress the budget for the fiscal year 
beginning in that year. 

(c) Contents of Reports-A report required under subsection (a) or (b) shall be 
based on compliance with all applicable provisions of law, permits, regulations, 
orders, and agreements, and shall-

( 1) Provide the estimated total cost of, and the complete schedule for, the 
activities and projects covered by the report; 

(2) With respect to each such activity and project, contain-

(A) A description of the activity or project; 

(8) A description of the problem addressed by the activity or project; 

(C) The proposed remediation of the problem, if the remediation is 
known or decided; 

(D) The estimated cost to complete the activity or project, including, 
where appropriate, the cost for every five-year increment; 

(E) The estimated date for completion of the activity or project, 
including, where appropriate, progress milestones for every five-year 
increment; and 

(F) A description of the personnel and facilities required to complete 
the activity or project; and 

(3) Contain a description of the research and development necessary to 
develop the technology to conduct the activities and projects covered by the 
report. 

(d) Annual Status and Variance Reports-

(I) 

(A) The Secretary of Energy shall (in the years and at the time 
specified in subparagraph (8)) submit to the Congress a status and 
variance report on environmental restoration and waste management 
activities and projects at Department of Energy defense nuclear 
facilities. 

(8) A report under subparagraph (A) shall be submitted in 1995 and 
in each year thereafter during which the Secretary of Energy conducts 
environmental restoration and waste management activities, not later 
than 30 days after the date on which the President submits to the 



Congress the budget for the fiscal year beginning in that year. 

(2) Each status and variance report under paragraph (1) shall contain the 
following: 

(A) Information on each such activity and project for which funds 
were appropriated for the fiscal year immediately before the fiscal 
year during which the report is submitted, including the following: 

(i) Information on whether or not the activity or project has 
been completed, and information on the estimated date of 
completion for activities or projects that have not been 
completed. 

(ii) The total amount of funds expended for the activity or 
project during such prior fiscal year, including the amount of 
funds expended from amounts made available as the result of 
supplemental appropriations or a transfer of funds , and an 
estimate of the total amount of funds required to complete the 
activity or project. 

(iii) Information on whether the President requested an amount 
of funds for the activity or project in the budget for the fiscal 
year during which the report is submitted, and whether such 
funds were appropriated or transferred. 

(iv) An explanation of the reasons for any projected cost 
variance between actual and estimated expenditures of more 
than 15 percent or $10 million, or any schedule delay of more 
than six months, for the activity or project. 

(B) For the fiscal year during which the report is submitted, a 
disaggregation of the fonds appropriated for Department of Energy 
defense environmental restoration and waste management into the 
activities and projects (including discrete parts of multi year activities 
and projects) that the Secretary of Energy expects to accomplish 
during that fiscal year. 

(C) For the fiscal year for which the budget is submitted, a 
disaggregation of the Department of Energy defense environmental 
restoration and waste management budget request into the activities 
and projects (including discrete parts of multi year activities and 
projects) that the Secretary of Energy expects to accomplish during 
that fiscal year. · 
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(e) Compliance Tracking-In preparing a report under this section, the Secretary 
of Energy shall provide, with respect to each activity and project identified in the 
report, information which is sufficient to track the Department of Energy's 
compliance with relevant federal and state regulatory milestones. 

(f) Public Participation in Development of Information-

( 1) The Secretary of Energy shall consult with the Administrator of the 
Environmental Protection Agency, the Attorney General, Governors and 
Attorneys General of affected states, appropriate representatives of affected 
Indian Tribes, and interested members of the public in the development of 
information necessary to complete the reports required by subsections (a), 
(b), and (d). 

(2) Consultation under paragraph (1) shall not interfere with the timely 
submission to Congress of the budget for a fiscal year. 

(3) The Secretary may award grants to, and enter into cooperative 
agreements with, affected states and affected Indian Tribes to facilitate the 
participation of such entities in the development of information under this 
subsection. The Secretary may also take appropriate action to facilitate the 
participation of interested members of the public in such development 
under this subsection. 

1996 BASELINE ENVIRONMENTAL 
MANAGEMENT REPORT PUBLIC PARTICIPATION 
IN PLANNING REQUIREMENTS 2 

2 

(e) Public Participation in Planning.- The Secretary of Energy shall consult with 
the Administrator of the Environmental Protection Agency, the Attorney General, 
Governors and Attorneys General of affected states, appropriate representatives 
of affected Indian Tribes, and interested members of the public in any planning 
conducted by the Secretary for environmental restoration and waste management 
at Department of Energy defense nuclear facilities . 

National Defense Authorization Act for Fi.veal Year 1995, Sec. 3 l 60(e) "Elimination of Requirement for Five-Year Plan for Defense 
Nuclear Facilities" Public Law I 03-337, October 5, 1994. 



APPENDIX B 

THE ENVIRONMENTAL LEGACY 

INTRODUCTION 

During World War II and the Cold War, the manufacture of nuclear weapons progressed 
through a wide series of research, testing, and production at laboratories, chemical 
plants, nuclear reactors, machine shops, and test sites throughout the United States . The 
resulting environmental legacy includes radioactive and hazardous waste contamination, 
numerous contaminated buildings, and unneeded materials at many installations across 
the nation. The risks to human health and the environment from these activities vary 
from negligible to substantial. 

Although the primary responsibility of the Environmental Management program is to 
address the risks posed by past nuclear weapons production activities, the program must 
also attend to contaminants resulting from activities outside the nuclear weapons 
production complex. The program must, for example, address hazardous and/or 
radioactive waste from nonweapons sources, including energy research, basic science, 
and the Three Mile Island nuclear power plant accident. The program also manages 
newly generated radioactive waste from ongoing programs throughout the Department 
of Energy, as well as spent nuclear fuel generated by the U.S . Naval Nuclear Propulsion 
Program and foreign research reactors . 

The Department of Energy is preparing an Environmental Impact Statement to 
determine whether to adopt and implement a policy concerning management of 
additional spent fuel from domestic and foreign research reactors that contain uranium 
enriched in the United States. This effort is in support of the United States' nuclear 
nonproliferation policy. A Record of Decision concerning the foreign research reactor 
fuel is anticipated in April 1996. 

In the future, the Environmental Management program will manage waste from 
weapons dismantlement and related maintenance activities. This appendix describes the 
environmental legacy of nuclear weapons production in the United States . 

THE CAUSES OF THE ENVIRONMENTAL LEGACY 

Perhaps the most important characteristic of the environmental legacy of nuclear 
weapons production is its dynamic nature. The environmental cost of 40 years of 
weapons production represents nearly 80 percent of the Environmental Management 
program's responsibilities. The balance results from activities similar to, but outside the 
realm of, nuclear weapons production. The scope of the environmental legacy has 
grown over many years. Today, contamination is being removed from the land, 
remediated in place, or contained to prevent its further spread; old facilities are being 
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decontaminated, dismantled, and demolished; stored waste is being disposed of even as 
new waste is being generated; uncontained contamination is spreading by natural 
dispersion; and radioactive materials and chemical contaminants are decaying or 
deteriorating as time passes. 

SOURCES OF CONTAMINATION 

The process of manufacturing nuclear weapons relied on the production of three 
materials: highly enriched uranium, plutonium, and tritium. Production of these 
materials took place at an array of facilities throughout the United States. Nuclear 
weapons production at facilities such as the Plutonium Uranium Reduction Extraction 
Plant at Hanford Site, Washington; Building 771 at the Rocky Flats Environmental 
Technology Site near Denver, Colorado; and the F and H Canyons at the Savannah 
River Site in South Carolina resulted in the largest sources of contamination. 

Figure B. I shows the scope of the Environmental Management program. The following 
is a brief description of each step in the nuclear weapons manufacturing process, and the 
resulting contamination: 

Alaska 

.. 
·~ 

C> 
Hawaii 

South Pacific - Bikini Island 
and Enewetak Atoll 

D States/Territories with one or more 
Environmental Management program sites 

~o. 

Puerto Rico 

Figure B. 1. The U.S. Department of Energy Environmental Management Program: 
Responsibilities from Coast-to-Coast and Beyond 



Uranium Mining and Milling: Approximately 54.4 metric tons (60 million tons) of 
uranium ore were mined and milled in the United States for nuclear weapons production, 
primarily in western states. Most of this activity was carried out in the 1950s and 
1960s. The environmental legacy of these operations includes large volumes of a sand
like byproduct known as "mill tailings," which contain toxic heavy metals and 
radioactive radium and thorium. The radioactivity present is a small fraction of the total 
radioactive material managed by the Environmental Management program. However, 
because of wind-blown waste and the use of some tailings in construction and 
landscaping projects, the contamination from these tailings affected thousands of 
individual sites. 

Uranium Enrichment: At uranium enrichment plants in Ohio, Kentucky, and 
Tennessee, the mined and milled uranium-238 was enriched and separated to produce 
weapons-grade uranium-235 in the form of uranium hexafluoride gas. The 
environmental legacy of the enrichment process includes depleted uranium, large 
volumes of radioactive and hazardous waste, and facilities contaminated with 
radioactive materials, solvents, polychlorinated biphenyls, heavy metals, and other toxic 
substances. 

Fuel and Target Fabrication: The uranium hexafluoride gas produced at the 
enrichment plants was converted into metal (uranium targets) at fuel and target 
fabrication facilities in the States of South Carolina and Washington. The 
environmental legacy of this step in the production of nuclear weapons includes 
unintended releases of uranium dust, landfills contaminated with hazardous chemicals, 
and facilities contaminated with radioactive and hazardous materials. 

Reactor Irradiation: The uranium targets from fuel and fabrication plants were 
irradiated in 14 production reactors in the States of South Carolina and Washington to 
produce plutonium. This step produced radioactive spent fuel and radioactive 
contamination of reactor and storage facilities near large rivers. 

Chemical Separation: The fission products and uranium and plutonium from spent 
fuel were reprocessed at chemical separation facilities in the States of Washington, 
Idaho, and South Carolina. This step in the production process generated approximately 
385 million liters (100 million gallons) of highly radioactive and hazardous chemical 
waste. Some of this waste was discharged directly into the ground or stored in 
underground storage tanks. Some of the waste in underground storage subsequently 
leaked. This waste represents the vast majority of the radioactivity for which the 
Environmental Management program has responsibility. Many of the radioactive 
elements in this waste are Jong-lived and will pose risks to human health and the 
environment for tens of thousands of years. Contaminated facilities also have resulted 
from chemical separation. 

Fabrication of Weapons Components: Plutonium was machined into warhead 
components at facilities in the States of Colorado, Washington, and Tennessee. 
Laboratories associated with the production complex also used plutonium to make and 
test weapons prototypes. This part of the production process resulted in transuranic 
waste and contaminated facilities. 
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Fabrication of Nonnuclear Weapons Components: Nonnuclear components required 
for weapons assembly were manufactured at plants in Texas, Missouri, Ohio, and 
Florida. Soil contamination from high-explosive waste, fuel and oil leaks, and solvents 
resulted from this part of the process. 

Weapons Assembly, Disassembly, and Maintenance: Final assembly of nuclear 
warheads in Texas and Iowa resulted in radioactive and hazardous chemical 
contamination of facilities. In the years ahead, dismantling nuclear weapons at the 
Department's weapons assembly facilities will generate radioactive and chemical waste 
that must be safely managed. In addition, throughout the Cold War the government 
contracted with private firms to perform research and manufacturing, usually related to 
nuclear weapons production. As a result, radioactive contamination occurred at 46 sites 
in 14 states. These sites are collectively referred to as "formerly utilized sites." 

Research, Development, and Testing: Between 1945 and 1992, over 1,000 nuclear 
devices were exploded in atmospheric, underwater, and underground tests. Most of the 
nuclear weapons tests were conducted in Nevada, but tests were also carried out in the 
Pacific and South Atlantic Oceans, Alaska, and New Mexico. Nuclear explosion tests 
were also conduct~ in Colorado, New Mexico, Mississippi, and Alaska for nonweapons 
purposes. The environmental legacy of these tests includes hundreds of highly 
radioactive underground craters as well as soil and debris contaminated with low-level 
radioactive waste. Nonnuclear weapons components were also tested, leaving a legacy 
of contamination from high-explosive materials and other chemicals. 



APPENDIX D 
LAND-USE ANALYSIS SITE-SPECIFIC 
RESULTS 

Chapter 6 presents the land-use sensitivity analysis for the five highest-cost sites: 
Hanford Site, Idaho National Engineering Laboratory, Oak Ridge Reservation, Rocky 
Flats Environmental Technology Site, and Savannah River Site. The tables in Chapter 
6 depict results that are summaries of the individual site results . The lower-level site 
results that support those summarized results are presented here for interested readers. 

• Site Maps, Acreage, and Findings Summaries - Included in this appendix are 
two versions of each site's Base Case map showing end-state conditions. One 
map employs land-use standards to depict how clean sites will be (Maximum 
Allowable Use) and a contrasting version shows the site' s assumed uses (Likely 
Use). Tables provide acreage by land-use standard and cost totals for the 
alternative scenarios and the Base Case. In addition, significant findings are 
included for each site. 

• Site-Specific Constraints - Following the maps and summary information is a 
discussion of constraints at sites which limit the Department's consideration of 
future uses. A summary of contraints at sites is also included. 

The methodology to conduct this analysis is detailed in Appendix C. Discussions of 
complex-wide implications are discussed in Chapters 6 and 7. 

FRAMING THE RESULTS 

The land-use analysis was undertaken to produce information for national-level policy 
discussions. Most sites have conducted extensive studies of land-use alternatives for 
their individual sites, which have involved site stakeholders and regulators. This 
policy-level analysis cannot substitute for the community-level analysis needed to 
make decisions.. The factors that affect land-use decisions have been summarized, and 
the relative prioritization of those factors, developed by site communities, has been 
captured here. 

The site-specific results are presented only as background information to the analysis 
in Chapter 6. Although care was taken to capture site-specific conditions correctly, 
some inaccuracies may have resulted from summarizing and generalizing the data 
necessary for the national analysis. 

Those seeking information concerning individual site land-use alternatives and 
analyses should consult the future-use points of contact at the individual sites. A 
listing of those representatives and source documents relating to site future use are 
provided at the end of this appendix . Appendix H is a listing of site reading rooms 
that provide access to such reports and documents. 
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Hanford 

LAND-USE SUMMARY 

The majority of land on the Hanford Site currently meets Residential use standards 
and, of the remaining land, the Department actively uses only 3,300 hectares (8, 150 
acres) for industrial and storage/disposal activities. The storage of plutonium onsite is 
a major determinant of future land use because of buffer area and emergency planning 
requirements. In addition, the disposal and waste management activities in the 200 
Area require an appropriate buffer area. As a result, the anticipated land use at the site 
is different from the maximum allowable use. 

The site' s Base Case cleanup strategies are aggressive in the 100 Area, assuming the 
complete dismantlement of the six reactors, removal of the reactor cores, and 
extensive excavation of contaminated soils. In contrast, the 200 Area remains 
Controlled Access for storage/disposal and waste management activities in all 
alternative cases. These two factors limit the range of variability in alternative land
use scenarios and their cleanup costs. 

Alternative Land-Use Case Acreages* 

Land-Uae Base Case Iron Fence lndustrfal Recreational Modlfltd 
Standard Green Fleklt 

1·~1~1!~). 
J: 1~ . ix 

;J<:, .,. .... '.:~: ~:.: ' H j .. ::.~::=:·hi•" 
(.1::+ ·,.,:;_.,._, ' . t'< 

Likely Ma3Clmum Maximum Maximum Maximum ~m 
Use Allowable Allowable Allowable Allowable A~ble 

Use Use Use Use Use 

51ora~e & 1spo al 
6,000 6,000 6,640 6,'640 6,640 6,000 

Open Space 278,000 0 0 0 0 0 

Industrial 2,400 2,500 2,500 2,500 2,500 2,400 

ft!"Creattonal 72,000 '' 0 16,360 16,3.60 16,360 0 . 
. ' 

Residential 0 261,000 244,000 244,000 244,000 261,100 

' Agricultural 0 89,000 89,000 89,000 89,000 89,000 

COST $50.2 billion $47.7 billion $49.1 billion $49.2 billion $51 .0 billion 
•Acre numbers have been rounded for presentation 

MAXIMUM FEASIBLE GREEN FIELDS 

In this most aggressive cleanup scenario, almost 101,000 hectares (250,000 acres) 
could meet Residential use standards. However, since the disposal activities remain in 
the 200 Area, the associated buffer requirements continue to apply. Therefore, despite 
a significant increase in land meeting residential standards, the anticipated uses in this 
case do not vary significantly from the Base Case. In addition, the Maximum Feasible 
Green Fields case results in the loss of industrial infrastructure in the 300 and 400 
areas. 

Maximum 
Feasible 

Green Flelda 

Maximum 
Allowable 

Use 

6,000 

0 

2,300 

0 

261,200 

89,000 

$51 .7 billion 
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IDAHO NATIONAL ENGINEERING LABORATORY 
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Idaho National Engineering Laboratory 

LAND-USE SUMMARY 

The Idaho National Engineering Laboratory is the largest and most remote of the five 
sites included in the analysis. Under the Base Case, 99 percent of the land area meets 
the land-use standard for Residential use, as only small areas of the site were used for 
production or storage/disposal activities. The contaminated areas and facilities present 
only limited opportunities for alternative land uses. In addition, the site's Base Case 
decommissioning assumptions are aggressive, assuming "clean closure" and removal 
of all contaminated material. As a result, the Base Case costs approximate the 
Modified and Maximum Feasible Green Fields costs. The only major change in land 
use occurs in the Iron Fence Case, in which a large area of approximately 77,600 
hectares (192,000 acres) containing unexploded ordnance is not fully remediated. 

Alternative Land-Use Case Acreages* 

Land-Use Ba8eCUe Iron Fence lnduatrU.1 Recreat)Q._i Modlfl9ct 
Standard Green Fields 

1 

Likely MalClmum Maximum MalClmum Maximum Maximum 
Use Allowable Allowable Allowable AlloWable Allowable 

Use Use Use Use Use 

Storage & 184 184 184 184 156 156 
Disposal 

Open Space 524,816 0 192,000 0 0 0 

Industrial 45,000 540 540 540 540 485 

Recreational 0 0 0 0 , 28 28 

Residential 0 569,276 377,276 569,276 569,276 569,331 

Agricultural 0 0 0 0 0 o· 

COST $18.5 billion $17.2 billion $17.3 billion $17.3 billion $18.5 billion 

* Acre numbers have been rounded for presentation. 

MAXIMUM FEASIBLE GREEN FIELDS 

This most aggressive case for the Idaho National Engineering Laboratory results in 
only a small increase in cost from the Base Case. Some of the highest cost projects at 
the site (Idaho Chemical Processing Plant Tanks, Radioactive Waste Management 
Complex) have no other reasonable end state, and their costs remain constant across 
the alternative cases. Under this scenario, only an additional 160 hectares ( 400 acres) 
of land are added to the Residential use category. 

While the site is essentially clean, its remote location and environmental setting limit 
any interest in reuse or redevelopment. In addition, State laws prohibiting new wells 
in the Snake River Plain Aquifer preclude any possibility of Residential or 
Agricultural use. 

Maximum 
Feasible 

Green Flelda 

Maximum 
Allowable 

Use 

156 

0 

171 

0 

569,673 

0 

$19.0 billion 
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OAK RIDGE RESERVATION 
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Oak Ridge Reservation 

LAND-USE SUMMARY 

The Oak Ridge Reservation is the smaller of the two sites located in environlllental 
settings with high water tables. While the majority of the site is uncontaminated, the 
compact nature of the site and the three major production areas limit use of that land 
to Open Space. In addition, the Oak Ridge National Laboratory and the Y-12 Plant 
have established continuing missions that limit their variability in all cases except 
Maximum Feasible Green Fields. A significant portion of cost at the site is allocated 
to monitoring and addressing the migration of contamination from numerous areas of 
buried waste. These costs remain constant for all cases except for Maximum Feasible 
Green Fields. 

Alternative Land-Use Case Acreages* 

Land·Uee Bue Cue @ Iron Fence lnduatrlpl Recreational o:::=. Standard t 
AW• 

' 
~:.-:;:, 
~~=-

'f, » 

' ft~- .,_tr* 
Maximum{ Llf<ely ~rn Maximum ~' Mdm'Um 

Al le AUowable Use , AlloWable u~ ' Use Allowable Al Use ' 4~ Use !• . :y 

'" 
Storage & 
Disposal 

2,541 2,541 2,541 2,541 2,541 2,541 

9'WnSpace+ +aa,~ it ! 1tldtt/5 df1i7351}irn.;l !H 0 if~?Jt @~Ii ff¥ t~~- 0 ; iltttf: H 

Industrial 3,527 3,527 3,527 3,527 1,969 1,969 

' Recreational 0 1,{35 0 1,735 1 ' 3,283 1,735 

Residential 0 27,197 27,197 27,1-97 27,197 28,755 

" 
Agricultural 0 .. 0 ' 0 0 0 0 

COST $25.1 billion $22.9 billion $24.3 billion $28.5 billion $29.1 billion 

• Acre numbers have been rounded for presentation. 

MAXIMUM FEASIBLE GREEN FIELDS 

The Oak Ridge Maximum Feasible Green Fields scenario is the most aggressive 
cleanup proposed in the analysis. While the additional acreage meeting Residential 
land-use standards is not large, the task of excavating, treating and disposing large 
areas of buried waste at Oak Ridge National Laboratory, Y-12 Plant, and K-25 Plant, 
and large volumes of contaminated sediment from White Oak Lake result in a 520 
percent increase in life-cycle cost. The majority of this cost increase is from treatment 
and disposal of previously buried waste. As in the other Maximum Feasible Green 
Fields scenarios, the existing industrial infrastructure is removed, and potentially 
sensitive habitat is disturbed. 

Under this scenario, the entire site is clean enough for Residential use and there is 
local interest in residential development of the site, especially along the banks of the 
Clinch River. Private sector interest in industrial development on the site may be 
limited by the removal of existing infrastructure. 

Mulmum 
Feulble 

Green Fields 

Maximum 
Allowable Use 

0 

0 

0 

0 

35,000 

0 

$132.0 billion 

D-7 



ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 

Base Case Likely Use 
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Rocky Flats 

LAND-USE SUMMARY 

The Rocky Flats Environmental Technology Site represents the smallest 2,500 
hectares (6,216 acres) of the five sites discussed in this analysis. The majority of land 
is uncontaminated and meets Residential land-use standards, but is currently limited to 
use as a buffer area for the plutonium stored at the site. This buffer area contains large 
areas of sensitive tall grass prairie habitat as well as Preble's jumping field mouse 
habitat. The core area of the site is the focus of cleanup efforts and measures only 155 
hectares (384 acres). Under all cases, except for Maximum Feasible Green Fields, 
this core area attains Industrial land-use standards to allow for potential environmental 
technology development activities. 

Alternative Land-Use Case Acreages* 

Land-Ul8 a..ecue Iron Fence Industrial Rec~ Modified 
Green Fleld8 Standard 

Ukely 
Use 

Maximum 
Allowable 

Maximum 
Allowable ~ Maximum Maxlm~m 

Allowable Allowa e 
Use Use USe Use Use: 

Storage & 68 68 68 68 68 68 
Disposal 

~nSpace 5,688 0 0 ,,,·qu, 0 & ii:~ 
Industrial 460 460 460 460 460 460 

Recreational 0 1,227 1,227 1,227 1,227 1,227 

Residential 0 4,461 4,461 4,461 4,461 4,461 

' Agrlcultural 0 0 0 0 0 0 

COST $17.3 billion $15.8 billion $17.3 billion $17.3 billion $17.4 billion 

• Acre numbers have been rounded for presentation. 

MAXIMUM FEASIBLE GREEN FIELDS 

The Maximum Feasible Green Fields scenario for this site envisions the complete 
removal of all contaminated soil, building materials, and previously buried waste. 
Under this scenario, the entire site meets Residential use standards. The excavation of 
buried waste and the disposal of all remediation waste at an offsite location results in a 
significant (50 percent) increase in life-cycle cost. In addition, cleanup activities 
remove all existing industrial infrastructure and disturb/damage tall grass prairie and 
jumping mouse habitat. 

While land at the site would be clean enough to support Residential uses, the 
extensive private ownership of mineral rights may preclude full residential 
development. Some of the land might eventually be ·dedicated to residences, wildlife 
management areas, and mining activities. 

Maximum 
Feaalble 

Green Flelda 

Maximum 
Allowable 

Use 

0 

0 

0 

0 -
6,216 

0 

$26.0 billion 

D-9 



SAVANNAH RIVER SITE 

Not drawn to scale 

•wAG 6 (Multiple Sites) 

•WAG 7 (Multiple Sites) 

Base Case Likely Use 

llstorage/Disposal II Industrial llopen Space lmlRecreational l !/:· IResidential DAgricultural 
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Not drawn to scale 

•WAG 6 (Multiple Sites) 
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Savannah River Site 

LAND-USE SUMMARY 

The Savannah River Site is the larger of the two sites (the other being Oak Ridge 
Reservation) located in humid environmental settings. The majority of the surface area at 
the site is uncontaminated. However, contaminated surface waters and sediment (streams 
south of production areas, L Lake, Par Pond) limit most of the remainder of the site to 
Open Space use. The area of the site north of the production areas is not affected by 
surface or ground-water contamination and therefore meets the land-use standard for 
Agricultural use. 

The Base Case remediation strategy assumptions at this site are quite aggressive and, as a result, 
the Base Case costs at Savannah River Site approach those for the Recreational scenario. In 
addition, the end state of the five reactors and two chemical processing buildings is held 
constant, thereby limiting the variability of costs associated with alternative land-use cases. 

Alternative Land-Use Case Acreages* 
~-· ' 
Land·Use Bue Cue Iron Fence lnduatrlel Recreational Modlffed 
Standard Green Fields 

' • '"''ii. " ' • · ~ MaximJ.m+ 
< ,, •. 

:11 
. m Maximum ~~~' Maximum 

Allowable ' Allowable Allowabl:& . & ' 
Use Us& use ·· Use 

Storage & 645 645 
Disposal 

4,145 645 645 645 

· OP,en Spaca f 1~~/15? 11-r~,55 147,.255 147,255 103,255 0 

Industrial 6,600 6,600 3,100 6,600 4,300 4,300 
}:: 

Ae'Creational ,. 0 0 0 0 46,300 149,555 

Residential 0 0 0 0 0 0 

'''"i A!irteultora1 Ii 0 4,~~ 43,5()0 43i500 43,500 43,500 
:·:=:·::::;·· :".:,:, ' 

COST $48.8 billion $46.8 billion $46.9 billion $49.4 billion $49.7 billion 
• Acre numbers have been rounded for presentation. 

MAXIMUM FEASIBLE GREEN FIELDS 

The Maximum Feasible Green Fields Case for the Savannah River Site is limited by the 
possible end state for the five reactors, the chemical processing buildings and the 
Storage/Disposal Areas in the E, F, and H Areas. All these areas remain Controlled Access for 
storage and disposal because more aggressive remediation or decommissioning strategies pose 
the possibility of spreading more contamination to ground and surface water. Excavation, 
treatment, and removal of contaminated sediments in strearnbeds and Carolina Bay wetlands 
brings the majority of the site to Residential standards, with the corresponding disturbance of 
those sensitive habitats. Industrial infrastructure is removed and the potential for private sector 
reuse is reduced. The interest for residential development is limited, and given the 
environmental setting, it is likely that most of land would be used for resource or wildlife 
management areas. 

Maximum 
Feasible 

Green Fields 

Maximum 
Allowable 

Use 

645 

0 

2,400 

0 

150,955 

44,000 

$54.8 billion 
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SITE-SPECIFIC CONSTRAINTS ON FUTURE LAND 
USE 

The site-specific summaries presented above discussed land use primarily in terms of 
"maximum allowable use" (i .e., the standards that exist currently or could be 
achieved). While such uses can be achieved in theory, other factors such as legal 
commitments and ongoing mission needs may affect whether such uses are likely to be 
achieved. To illustrate how site-specific constraints may affect future use, the 
following table compares, for the Base Case, maximum allowable future land use with 
the most likely future land use at the five highest-cost sites. 

Comparison of Maximum Allowable and Anticipated Land Use 

• '-, ,,,., , . 
t..nct;;U .. ~" '!it ·• U.Xlriil'.!jrl'Aqpwable U"'" LikelyUse 

-~ <.\C*·> (Acres•) 

Agricultural 132,500 0 

Residential 861,000 0 

Recreational 3,000 72,000 

Industrial 14,000 58,000 

Open Space 147,500 1,028,000 

Storage and Disposal ,,,' ... ... .... ' 
,10.000 . . 9,509 

Total Acres 1, 167,500 1,167,500 

*Acre numbers have been rounded for presentatiop 

This comparison indicates that nearly 400,000 hectares (I million acres) (85 percent of the 
total land area) at these sites currently meet or could be remediated to meet Residential or 
Agricultural use standards. However, none of these acres are likely to be used for 
agriculture or residences, given site-specific constraints. Instead, these areas are likely to 
be used for Open Space, Recreational, or Industrial purposes. At the Idaho National 
Engineering Laboratory, for example, all of the land with maximum allowable use 
designated as Residential is most likely to be used for Open Space or Industrial purposes. 

The following paragraphs provide examples of how several key types of site-specfic 
constraints may affect future land use. 

Legal Commitments - At some sites, future land-use and technology strategy has been 
determined through the regulatory process (e.g., a signed Record of Decision). A host of 
other legal commitments exist. Local laws can place restrictions on access to ground water 
(e.g., the Snake River Plain Aquifer in Idaho). All these legal mechanisms limit land uses 
considered for federally controlled sites or place land-use decisionmaking in the hands of 
other parties. Legal commitments limit future-use options for approximately 292,000 
hectares (720,000 acres) (77 percent) of the uncontaminated land at the five highest
cost Environmental Management sites. 

Technical Constraints - Some contamination problems (e.g., ground water 
contaminated with tritium) have no viable removal strategies compatible with · 
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Agricultural or Residential land uses. Containment technologies and restrictions on 
ground-water use are the only means to manage such problems. Other contamination 
problems present unacceptably high risks to workers using conventional construction
type removal technologies and must be remediated by use of remote or robotic 
technologies. Technical constraints restrict future-use options for approximately 
38,300 hectares (95,000 acres) (10 percent) of the uncontaminated land and 17,400 
hectares (43,000 acres) (20 percent) of the contaminated land at the five highest-cost 
Environmental Management sites. 

Safeguarding of Natural, Historical and Cultural Resources - The buffer areas at 
several Environmental Management sites support endangered species (e.g., red
cockaded woodpeckers at the Savannah River Site) or ecologically unique habitats 
(e.g., the tall grass prairie at the Rocky Flats Environmental Technology Site). Certain 
buildings are part of the nation's historical heritage due to their role in developing 
nuclear weapons and energy and have been designated National Historic Landmarks. 
These resources limit future use for approximately 56,500 hectares (140,000 acres) of 
uncontaminated land and some contaminated land at the five highest-cost sites. 

Site Safety Considerations - Site safety considerations require that activities be 
limited to land for ongoing missions including research and storage/disposal of waste. 
In addition to land for housing these activities, in the past large areas of land have 
been set aside to provide buffer zones for those activities involving dangerous 
materials and weapons production. Future site missions, including long-term storage 
of nuclear weapons material, will determine whether those buffer zones can be 
contracted or must be maintained. Current projected land uses include only minimal 
buffers around disposal areas and do not include buffers for future research or storage 
missions. Approximately 2,600 hectares (6,500 acres) (3 ·percent) of contaminated 
land are restricted for storage, disposal and buffer purposes at the five highest-cost 
Environmental Management sites. 

Practical Constraints - Given that permanent disposal of waste and continued 
research missions are planned for portions of four of the five sites analyzed, there are 
practical limitations to the future use of land adjacent to storage/disposal or research 
facilities. Spati;tl relationships are also significant. Parcels of clean land effectively 
surrounded by industrial or waste storage/disposal areas cannot be effectively used for 
many activities. Spatial and other practical constraints limit future-use options for 
approximately 20,000 hectares (50,000 acres) (5 percent) of uncontaminated land at 
the five sites analyzed. 

Although a comprehensive listing would be too extensive here, a summary of the key 
factors constraining land use at the five highest-cost sites is included in the following 
table to provide a greater understanding of individual site constraints. 
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Key Constraints at Five Highest-Cost Sites 

Permanent • Burial Grounds • Environmental • Radioactive • Corrective • Burial Grounds at 
Disposal Areas Restoration Waste Action Oak Ridge 

• Sanitary Landfill Disposal Facility Mana~ement Management National 
Comp ex Unit Laboratory, K-25, 

• Proposed • 200 Area and Y-12 
Regional Landfill • Idaho • Old Landfill 

Chemical 
Processing 
Plant 

• New Sanitary 
Landfill 

Ongoing Ml881on • B Area • Laser • Arm~Tank . Environmental • Oak Ridge 
interferometer Shie ding Technology National 

• NewTritlum Gravitational Facility Development Laboratory 
Facility Wave 

Observatory • Y-12 Defense 

• Pacific Northwest 
Programs 

National • Oak Ridge 
Laboratory Associated 

Universities 
Energy Research 

• Boron • K-25 
,J ·;;;: CaP.tur~)l :;>.;:; 

FaCllity · '> , • Oak. Ridge 
National 
Laboratory 

Technology Limits • Columbia River • Ground • Clinch River 
Water 

• Ground Water • Ground Water 
• Snake River 

• Burial Grounds • Burial Grounds Aquifer 

.t~ 
M . .;·.f,f .~ ' • BReador • !;xparin'l&Atal • Graphite Reactor 

~ Breeder 
.,. Reactor • New Bethel and '.{ 

George Jones 
Baptist Churches 

Sensitive • Carolina Bays • Tall Grass • Wetlands 
Species/Habitat Prairie 

• Red Cockaded • Bald Eagles 
Woodpecker • Jumping Field 

Mouse 
• Bald Eagles 

,~ 

. • Arid Lands • NewWells • Mineral Rights 
E~yR~rva Prohibfted 

;. ~ 'l 
• North Slope 
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Future Use Points of Contact and Reference List 

Argonne National Laboratory - East 
Tim Crawford (708) 252-2436 

Argonne National Laboratory - East, 
Laboratory Integrated Facilities Plan, 
FY94. 
Document No. JOSTD-106-G-T006 

FY 1993 - Site Development Plan. 

Brookhaven National Laboratory 
Joseph Eng (516) 334-7982 

Brookhaven National Laboratory, 
Future Land Use Plan. August 31, 
1995 

The Impact of Brookhaven National 
Laboratory on the Long Island 
Economy. June 1995. 

1992 Site Development Plan, 
Brookhaven National Laboratory 

Fermi National Accelerator 
Laboratory 
John Kasprowicz (708) 252-2691 

FY 1993 Site Development Plan, 
Fermi National Accelerator 
Laboratory. 

Fernald Environmental 
Management Project 
Sue Peterman (513) 648-3179 
Gary Stegner (513) 648-3153 

Fernald Citizens Task Force, 
Recommendations on Remediation 
Levels, Waste Disposition, Priorities 
and Future Use. July 1995 

Fernald Citizens Task Force Tool Box. 
October 1994. 

Hanford Site 
Paul Krupin (509) 372-1112 

The Future for Hanford: Uses and 
Cleanup, the Final Report of the Hanford 
Future Site Uses Working Group. 
December 1992. 

Comprehensive Land Use Plan For the 
Hanford Site, DRAFf. (to be released 
June 1996) 

Hanford Remedial Action Environmental 
Impact Statement, DRAFf. (To be 
released June 1996) 

Hanford Site Development Plan. May 
1993. DOE/RL-93-19 

The Hanford Strategic Plan, DRAFf, 
1996. 

Idaho National Engineering Laboratory 
Dan Shirley (208) 526-9905 

Long-Term Land Use Future Scenarios for 
the Idaho National Engineering 
Laboratory. August 1995. 

Idaho National Engineering Laboratory, 
Site Development Plan, 1994. DOE/ID-
10390. 

DRAFf, 1995, Idaho National 
Engineering Laboratory Comprehensive 
Facility and Land Use Plan. 

Kansas City Plant 
Phil Keary (816) 997-7288 

FY 1994, Kansas City Plant, Site 
Development Plan. 

Kansas City Area Operations Plan. 
January 1996. 
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1996 Baseline Environmental Management Report ,1 ·:.I 

Lawrence Livermore National 
Laboratory 
Rick D' Arienzo 
Shaun Kesterson 

(510) 422-9247 
(510) 637-1702 

FY 1995 Site Development Plan. 
UCRL-LR-110253-95. 

FY 1995 Technical Site Information. 
AR-1183655-94 

Los Alamos National Laboratory 
Pete Crowley (505) 665-8764 
Juan Griego (505) 665-6439 
Bill Pelzer (505) 667-7756 

Site Development Plan, Annual 
Update 1993, Los Alamos National 
Laboratory. LALP-93-27. 

Mound Plant 
Tim Sullivan (513) 865-3220 

Mound Plant, Site Development Plan, 
FY 1996. 

Nevada Test Site 
Tim Killen (702) 295-1288 

Nevada Site Development Plan, 
September 21, 1994. 

Nevada Test Site, DRAFT, 
Environmental Impact Statement. 
January 1996. 

Oak Ridge Reservation 
Gary Bodenstein (423) 576-9429 
Dave Kendal (423) 576-9359 

Future Land Use Process for Oak 
Ridge Operations, A Report to the 
U.S. Department of Energy on the 
Recommended Future Use of the Oak 
Ridge Reservation, Paducah Gaseous 
Diffusion Plant, and the Portsmouth 
Gaseous Diffusion Plant. December 
1995. 
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Oak Ridge Reservation, Site Development 
Plan. June 1994. ES/EN/SFP-22. 

Paducah Gaseous Diffusion Plant 
Carlos Alvarado (502) 441-6804 
John Morgan (502) 441-5069 

Future Land Use Process for Oak Ridge 
Operations, A Report to the U.S. 
Department of Energy on the 
Recommended Future Uses of the Oak 
Ridge Reservation, Paducah Gaseous 
Diffusion Plant, and the Portsmouth 
Gaseous Diffusion Plant. December 1995. 

DRAFT, Site Management Plan (to be 
released mid-1 996) 

Pantex Plant 
Gordon Gabert 
Sharon Buell 

(806) 477-3163 
(806) 477-4041 

Pantex Plant, FY 1994, Site Development 
Plan, PLN14. 

Pantex Plant Future Use 
Recommendations. December 1995. 

FY 1997 Pantex Plant Capital Asset 
Management Process (CAMP) Report. 

Pinellas Plant 
David Ingle (813) 514-8943 

FY 1996 Community Transition Plan, 
Pinellas Plant Community Reuse 
Organization. October 1995. 

FY 1994, Pinellas Plant Construction Plan 
and Site Development Plan. March 1994. 
MMSC-FAC-941 to,UC-700 



Portsmouth Gaseous Diffusion 
Plant 
Bob Barnett 
Sandy Childers 
John Sheppard 

(616) 897-2700 
(614) 897-2336 
(614) 897-5510 

Future Land Use Process for Oak 
Ridge Operations, A Report to the 
U. S. Department of Energy on the 
Recommended Future Uses of the Oak 
Ridge Reservation, Paducah Gaseous 
Diffusion Plant, and the Portsmouth 
Gaseous Diffusion Plant. December 
1995. 

Site Development Plan - Portsmouth 
Uranium Enrichment Plant. July 
1992. 
POEF-3001. 

Rocky Flats Environmental 
Technology Site 
Laura Johnston 
Frazer Lockhart 

(303) 966-4755 
(303) 966-7846 

Future Site Use Recommendations, 
Future Site Use Working Group. July 
1995. 

Site Development Plan, FY 1993, 
Rocky Flats Plant. 
Rocky Flats Environmental 
Technology Site, Accelerated Site 
Action Plan, DRAFr, 1995. 
Rocky Flats Environmental 
Technology Site "Vision," DRAFr. 
November 1995. 

Sandia National Laboratories -
Albuquerque 
Deborah Garcia 
5460 

(505) 845-

Karen Talbot-Rohde (505) 881-
7180 

Handbook: Baseline For Future Use 
Options. June 1995. 

Sandia National Laboratory Site 
Development Plan FY 1995, Sites 
Planning Department, 1995. 

1993 Environmental Report. SAND94-
1293 UC-630. 1994. 

Workbook: Future Use Management Area 
1, Sector P, The Withdrawn Area. October 
1995. 

Workbook: Future Use Management Area 
2, Sectors 2E and 2G, Areas 1 - V. 
September 1995. 

Workbook: Future Use Management Area 
3,4,5, and 6, Sector 3B Ross Aviation, 
Inc.; Sector 4C, Allied Signal Federal 
Management and Technology, New 
Mexico; Sector 5M, Mazano 
Administrative Storage Area; Secwr 6A 
Tijeras Arroyo and Arroyo Del Coyote. 
January 1996. 

Workbook: Future Use Management Area 
7, Sector D Igloo Area and Test Sites; 
Sector F DOE Buffer 'Zone; Sector H 
Training Areas; Sector I 
Test Sites; Sector K Thunder Range; 
Sector L Pendulum Site Area; Sector N 
Coyote Test Area; Sector Q Inhalation 
Toxicology Research Institute. March 
1996. 

Sandia National Laboratories -
California 
Deborah Garcia (505) 845-5460 

FY 1995 Site Development Plan. 
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Savannah River Site 
Virginia Gardner (803) 725-5752 
Gail Jernigan (803) 725-4535 
Cris Van Horn (803) 725-5313 

Stakeholder-Preferred Options for 
SRS Land and Facilities. January 
1996. 

Land-Use Baseline Report, Savannah 
River Site. June 1995. WSRC-TR-95-
0276. 

Savannah River Site, 1993, 
Predecisional Draft, Site 
Development Plan. WSRC-RP-93-
477. 

DRAFT - FY95 Site Development Plan 
for the Savannah River Site. 
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APPENDIX E.1 

PRODUCTIVITY IMPROVEMENT 

The amount by which the Department can improve productivity over time will have a 
large effect on the life-cycle cost of the Environmental Management program. For 
example, if the Department improves productivity, defined as the ratio of outputs-to
inputs, at an annual rate of one percent from 2000 to 2050, the same scope of work 
can be accomplished in 2050 for approximately one-half the cost of completion in 
2000. Larger productivity improvement rates would have an even more dramatic 
effect over the long-term. Therefore, the Department is concerned about productivity 
improvement for two major reasons. First, because productivity improvement can 
have a large effect on life-cycle cost, the accuracy of the Baseline Report cost estimate 
is dependent on addressing the issue of productivity improvement. Second, the 
Department is interested in improving productivity to actually reduce the life-cycle 
cost of the program. This appendix only addresses the first reason. 

::::: "'f~· 

COST SAVINGS REAUzEO THROUGH INCREASING MaDClt. 

The Department approached the problem of forecasting productivity improvements for 
the Baseline Report in two ways. First, Headquarters asked field sites to develop cost 
estimates for the Baseline Report that reflect anticipated cost savings due to 
productivity improvement. The data submission from several sites reported cost 
savings due to productivity improvements in the short term, from FY 1996 through 
FY 2000. On .average, site submissions indicated that they will be approximately five 
to ten percent more productive in FY 2000 than in FY 1996. The Base Case reported 
in Chapter 4 reflects these site-reported cost savings. The majority of these savings 
stem from site productivity improvement initiatives aimed at reducing overhead costs, 
reforming contracting procedures, improving project definition, reengineering 
business processes, streamlining cleanup activities, and preventing pollution. Only a 
small number of site submissions, however, indicated that productivity will increase 
after this period. A primary reason for this is the difficulty of estimating productivity 
improvements far in the future. 

For this reason, the Department developed an additional case based upon the 
assumption that the Department would improve productivity in the long-term (post
FY 2000) at a rate consistent with the past performance of the federal government. 
Historical data from the federal government indicates that productivity has grown at 
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approximately one percent annually over the long term. 1 Major reasons behind these 
annual productivity improvements include adopting improved technologies, using 
existing technologies more efficiently, and improving management structures. 
Increasing productivity at this rate will result in a life-cycle cost of approximately 
$195 billion, a savings of $32 billion from the Base Case. 

1Bureau of Labor Statistics. Productivity Measures for Selected industries and Government Services. March 1994; 
American Productivity and Quality Center. 
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APPENDIX E.2 

DISCOUNTING 

The benefits received by the public or by an individual from government and private 
expenditures often are experienced at approximately the same time that the costs are 
incurred. This, however, is not always true. In the case of the Environmental 
Management program, 90 percent of costs will be incurred over the next 45 years; 
however, many of the benefits will be experienced far after this period. Therefore, in 
programs such as the Environmental Management program, the time at which benefits 
and costs are experienced becomes an important consideration. 

For example, a dollar spent in ten years is worth less than a dollar spent today because 
today's dollar could be invested in a savings account or another investment and be 
worth more than a dollar in ten years. For this reason, policy analysts "discount" 
future costs and benefits so that all costs and benefits are evaluated at their worth in 
terms of today's dollars . Intuitively, "discounting" implies that future costs and 
benefits are worth less than costs and benefits received today. To determine how 
much less future costs and benefits are worth, analysts typically apply a discount rate. 
For example, a five percent discount rate implies that $1 .05 received in one year is 
worth a dollar today. 

CHOOSING A DISCOUNT RATE 

A major issue in discounting future costs and benefits is selecting the appropriate 
discount rate. This choice often has a major effect on policy analysis results (as 
discussed in the next section). Analysts emphasize the use of two major variables to 
determine the proper discount rate. The first variable is the rate at which people are 
willing to sacrifice present consumption for future consumption. This is often called 
the time preference rate or the social rate of time preference. Second, public projects 
use resources that can be employed in private investment projects. Thus, if private 
investment projects yield 15 percent, diverting resources from private investment to 
public projects entails an opportunity cost of 15 percent or an opportunity cost rate of 
15 percent. The return on private investment is often called the opportunity cost rate . 
The discount rate is usually approximated as one of these two rates. Using an 
appropriate discount rate, policy analysts can calculate the "present value" of streams 
of costs and benefits. 

Based on analysis of the social rate of time preference and the opportunity cost rate, 
the U.S . Environmental Protection Agency and the Office of Management and Budget 
suggest using real discount rates (above inflation) of approximately three percent to 
seven percent. 
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EFFECT OF DISCOUNTING ON BASE CASE AND 
ALTERNATIVE CASE COST ESTIMATES 

Table E.1 displays life-cycle costs in constant 1996 dollars and present value costs for 
the Base Case and nine alternative cases. The present value cost for each case was 
calculated separately using a three percent and a seven percent discount rate. Table 
E.l also ranks the cases from least expensive (1) to most expensive (10). As is 
evident from this presentation, discounting results in a different relative ranking of the 
cases based upon cost. This is most evident in the funding reduction case. In constant 
1996 dollars, the funding reduction case is the second most expensive case. In 
contrast, the present value cost of the funding reduction case is the second least costly 
alternative. The major reason for this difference is that the funding reduction case 
shifts costs farther into the future. Shifting costs farther into the future translates into 
a lower present value. To a lesser extent, costs for the delaying waste disposal case 
are higher than those for the Base Case in constant 1996 dollars, but have a lower 
present value cost than the Base Case. Discounting has little effect on the relative cost 
ranking of the other cases because the time profile of costs is similar for these cases. 

Table E.1. Life-Cycle Costs for Base Case and Alternative Cases 



APPENDIX F 

SCIENCE AND TECHNOLOGY 

BACKGROUND 

The Environmental Management program has a mission to manage and direct focused, 
solution-oriented technology development. The program uses a systems approach to 
achieve its goals: reducing waste management life-cycle costs, reducing risks to people 
and the environment during and after cleanup, and solving cleanup problems that 
currently have no solution. The program has identified five major problem areas 
requiring technology development: mixed waste, tank waste, contaminated soils and 
ground water, landfills, and decommissioning facilities. The Office of Science and 
Technology formed teams for each of the five areas to concentrate technical efforts. In 
addition, the Office of Science and Technology formed three discipline-oriented, 
crosscutting technology programs that provide technology systems to the five focus 
areas. 

Budgetary constraints make cost reduction critical. Potential cost savings are a key 
factor in allocating technology development funds to the focus areas and the 
crosscutting programs. Potential savings also give regulators and stakeholders 
information useful for evaluating the value of a new technology. The Office of 
Science and Technology is currently supporting the develqpment of approximately 170 
technology systems. Of these, approximately 120 have cost savings as a primary 
objective. Thirty-seven of these 120 technology systems serve as the basis for 
estimating cost savings in the analysis of the 1996 Base Case. Table F. l displays the 
37 technologies by focus and crosscutting program area. 

"DEVELOPMENT 
::: :}_. ·J ',' ·" - i_:¥: 

The proje.cted savings inothe Base ease life-cycle cost of $227 billion is $I 5 to $20 
billion, assuming 37 emerging technologies demonstrated by the Technology 
Development program during J:990.. l999 are implemented across the Department of 
Energy complex. The total inv~tment for this decade in the entire Technology 
Development pi:ogram, not just in the 37 technologies, is $3 billion. No savings estimates 
were ~ for later dCQ'ades. 
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Table F.1. Technology Systems/Subsystems Used to Estimate 
Potential Cost Savings 

Plumes Contamination Focus Area 

Decontamination and Decommissioning Focus 
Area 

Tanks Focus Area 

Efficient Separations and Processing 
Crosscutting Program 

Dynamic Underground Stripping 

Horizontal Environmental Wells 

In Situ Bioremediation 

Recirculating Wells 

Resonant Sonic Drilling 

Passive Soil Vapor Extraction 

Thermally Enhanced Vapor Extraction System 

LASAGNAT" 

In Situ Anaerobic Bioremediation 

In-Well Vapor Stripping (NoVocs)™ 

Automated Control System for Soil Vapor Extraction 

Conversion of Asbestos-Containing Material into a Nonregulated 
Material 

The Beneficial Reuse of Radioactively Contaminated Scrap Metal 

Advanced Worker Protection System 

Pipe Explorerr" 

Cesium Separation from Radioactive High-Level Waste by Crystalline 
Silico-Titanate Ion Exchange Resin 

Cesium Separation from Radioactive High-Level Waste by Resorcinol
Formaldehyde Ion Exchange 

Enhanced Sludge Washing of Radioactive High-Level Waste 

' . Laser·lndUc(ld:.florescerlce 11ii4g: 
• :r4"eone Penetr~~etet Tectanotogj 

El~I Reslsta~ TomographyS~tlsurta~ Imaging 
EXpedttEtd Slte Cha~~;rtiatkm (ESC) i :·~~' 

;;• ·;;- . ,·_-:::·: :;/~ 

-Fiber. optic-Based Bela Scintillator Sensor 

High-Temperature Vacuum Distillation Separation of Plutonium Waste 
Salls 

C<>otamlnant Analysis Automation (CAA) 



ASSUMPTIONS 

The Office of Science and Technology made the following assumptions to develop 
projected cost savings which are attributable to technology development and 
summarized in the results section below: 

(1) Projected technology development cost savings are based on replacing existing 
technologies assumed in the Base Case. Cost savings are proportional to the 
scope of the program. Thus, technology development cost savings for the 
highest land-use case in the sensitivity analysis will be greater than that for the 
Base Case. 

(2) Technology development cost savings are based on projected cost savings from 
37 of approximately 170 technology systems, of which 120 technology systems 
have identified cost reductions as their primary goal. The selected 37 
technology systems/subsystems are at a more mature level of development than 
those not selected. In the private sector, about one in three technologies under 
advanced development - at the same relative stage of research demonstration 
as these selected 37 systems - is likely to be a commercial success. Therefore, 
selecting the most promising 37 out of 120 technology systems to estimate the 
aggregate potential cost savings should be a reasonable assumption. 
Consistently, the total investment for the development of over 170 innovative 
technology systems/subsystems during the period FY 1990 to FY 1999 has been 
estimated to be approximately $3 billion (1996 constant dollars). 

(3) Projected cost savings affect only direct environmental management costs. 
Indirect and support costs are not affected. 

(4) Savings from the 37 technologies accrue over the entire environmental 
management life-cycle. Potential savings from future substitutions of even 
more cost-effective (not yet developed) technology systems/subsystems are not 
included. 

(5) Cost savings are calculated using conservative "success coefficients." These are 
technology-specific, judgment-based reductions to savings, which recognize that 
regulatory and technical uncertainties associated with new technologies will 
reduce the probability of their successful application in all cases. 

(6) In all cases, the detailed calculations of the individual technology system cost 
study are individually subject to changes as cleanup plans and scenarios become 
finalized and articulated. In addition, full-scale demonstration will provide 
updated cost and performance data that will affect the individual technology 
system cost studies. However, the projected overall or aggregate level results 
remain valid because of the influence of conservative factors, such as the 
"success coefficients." 
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METHODOLOGY 

Estimating potential cost savings from the successful application of the 37 emerging 
technology systems/subsystems is a three-step process. The process is necessarily 
predictive in nature because the 37 technologies have not had sufficient production 
application to build detailed historical cost and performance data bases. As a result, 
the cost savings projection estimate methodology uses conservative assumptions and 
practices to avoid overestimating the potential cost savings. 

Development of Altemative Technology System 
Use Scenarios 

The first step in the process is developing an implementation scenario for each of the 
37 alternative technology systems. These scenarios will serve for comparison with 
existing technology systems that underlie environmental management costs in the 
Base Case. Ultimately, cost savings will be realized when the Department substitutes 
alternative technology systems that will realize cost reduction for existing baseline 
technology systems that are used to build up costs in the Base Case. Figure F.1 
illustrates an example alternative technology system- in situ bioremediation; it would 
substitute for an ex situ air stripping pump-and-treat system for ground water 
contaminated with volatile organic compounds. For each potential substitution, the 
preliminary condition (for example, contaminated ground water) must be equivalent 
for both systems, and the end product of the alternative system must be equivalent to 
or better than the end product of the existing system. 

Extraction 
Wells 

Treatment System: 
Air Stripping and 

Contaminant 
Destruction 

Reinjection 
Wells 

Existing Ground-water Treatment System 

Nutrient 
Injection 

In-situ 
Bioremediation 

Substitute Emerging Technology System 

Figure F. 1. Example of Comparable Technology System 

Clean 
Ground Water 

For each pair of comparable application scenarios, life-cycle costs to construct, 
operate, and maintain an operating-scale system are estimated. Unit costs for each 
system are derived by dividing total life-cycle costs of each system by the volume of 
waste or contaminated media treated. Uncertainties in costs for emerging technologies 



result in estimates with confidence ranges usually between -30 and +50 percent. To 
preserve the conservative nature of the projected savings estimate, the upper end of 
the range is typically employed. Dividing the unit cost estimate for each alternative 
technology system by its existing technology system counterpart produces a life-cycle 
unit cost reduction factor for each of the 37 technology systems. 

Application of Unit Cost Reduction Factors 

Base Case life-cycle costs are composed of cost elements from each of the three major 
functional elements. 

Treatment, storage, or disposal of a 
specific~ type 

To calculate projected potential savings for specific cost elements, the type and 
volume of waste or contaminated media involved and the existing technology system 
to be employed must be identified. Potential savings are only available to the subset 
of cost elements that employ an existing technology system for which there is an · 
applicable alternative technology system/subsystem. Multiplying the direct unit 
cleanup costs for the existing technology by the unit cost reduction factor and the 
volume of waste or contaminated media to be treated in a cost element for which an 
alternative technology system exists results in a "raw" projected cost savings for that 
cost element. 

There are instances where more than one of the 37 alternative treatment systems can 
substitute for an existing technology system in a cost element. For example, both in 
situ bioremediation and in-well vapor stripping could substitute for ex situ pump-and
treat air stripping of contaminated ground water. Site-specific conditions will usually 
dictate which substitution is optimal. Nevertheless, to preserve the conservative 
nature of the projected cost savings, the alternative technology system with the lowest 
unit cost reduction factor (least amount of estimated potential savings) is always 
substituted for each existing baseline technology system where multiple substitutions 
were possible. 

Use of "Success Coefficients" 

Raw projected cost savings for each applicable cost element are adjusted using 
conservative "success coefficients." These are technology-specific, judgment-based 
reductions to savings related to the recognition that regulatory and techniqat 
uncertainties associated with new technologies may reduce the probability of their 
successful application in all cases. There are three areas in which a success coefficient 
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is applied: 1) technology applicability, because data are sometimes incomplete 
regarding waste characterization, planned action by the sites, and the emerging 
technology performance and cost, 2) stakeholder and regulator acceptance, and 3) site
specific institutional and schedule constraints. The Office of Science and Technology 
Development assigned a coefficient ranging in value from zero to one (most are in the 
range of 0.5 - 0.9) for each of the three factors above for each of the 37 technologies. 
To calculate projected cost savings for specific cost elements, raw projected cost 
savings are adjusted by each of the three success coefficients for a given emerging 
technology system. 

RESULTS 

Conservative projected cost savings from the Science and Technology Development 
program, for the first decade' s $3 billion investment, are estimated in the range of $15 
to $20 billion for the Base Case. The range of potential savings is attributable to the 
associated range of "success coefficients" used by the cost engineers and system 
technologists in their calculations. Relative to expenditure profiles, these savings are 
estimated to have a slight impact on the Base Case treatment and remediation 
expenditures before 1998, but the estimated savings will increase to a level equal to 
approximately 13 percent of projected treatment and remediation expenditures for the 
remainder of the environmental management life cycle. Because these estimated cost 
savings are related to existing treatment and remediation systems and their scheduled 
implementation, most of the savings will be realized from 2000 to 2030. Although the 
technology systems in this analysis are at various stages of development, the selected 
suite of 37 innovative technology systerps will presumably be fully developed and 
implemented during the 1990 to 1999 timeframe. 



APPENDIX G 

POLLUTION PREVENTION 

Section 3 I 70 of Public Law 103-337, The National Defense Authorization Act for FY 
I 995, requires the Department of Energy to include a discussion on pollution 
prevention in the I 996 Baseline Environmental Management Report. This section of 
the Baseline Report responds to that legislative mandate by: (I) summarizing the 
Department of Energy's pollution prevention program, and (2) discussing the 
program's potential impact on reducing life-cycle costs of the Department of Energy's 
environmental management efforts. 

POLLUTION PREVENTION PROGRAM OVERVIEW 

The Office of Environmental Management established a Pollution Prevention program 
in I 99 I . The Department of Energy defines pollution prevention as the use of 
materials, processes, and practices, including recycling activities, that reduce or 
eliminate the generation and release of pollutants, contaminants, hazardous 
substances, and waste into land, water, and air. This section describes the Pollution 
Prevention program's objectives, goals, status, and future directions. 

Program Objectives and Goals 

The overall program objective is to minimize pollutant generation and release by 
implementing cost-effective technologies, practices, and policies. Partnerships among 
government agencies and private industry are used to achieve this objective. The 
Department of Energy has committed to meeting the following waste reduction goals' 
by 2000: 

• 

• 

• 

Reduce the generation of radioactive, low-level mixed, and hazardous waste 
from routine operations by 50 percent. 

Reduce the generation of sanitary waste from routine operations by 33 percent . 

Divert 33 percent of sanitary waste from all operations for recycling . 

Achieving these goals will result in significantly decreased waste-related expense that 
could represent an accumulated savings of over$ I billion by 2010 and of $5 billion 
over the environmental management life cycle. These goals should be attainable 
based on benchmarks from similar organizations involved with radioactive waste 
management. For example, the commercial nuclear power industry and the United 
States Navy reduced generation of low-level waste by 75 percent in six years 

1The percentage reductions for these goals were established using 1993 waste generation 
rates as a baseline. 
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following passage of the Low-Level Waste Policy Amendments Act of 1985. Part of 
this reduction occurred as a result of improved volume reduction treatment processes; 
however, the principal reduction resulted from limitations on waste quantities allowed 
for disposal and from surcharges on waste generators. The Department of Energy is 
currently applying this industry approach by holding its waste generators accountable 
for both the quantity of newly generated waste and the direct cost(s) of managing the 
waste until final disposition. Beginning in FY 1996, selected Department of Energy 
sites will participate in a pilot program that will charge waste generators for the cost of 
disposing of their waste. 

The United States Navy has documented a series of case studies in which hazardous 
waste generation rates were reduced significantly, sometimes up to 80 to 90 percent. 
Based on these results, the Department of Energy' s goal of a 50 percent reduction 
should be achievable. 

Program Status and Direction 

The Department' s commitment to pollution prevention is described in its 1996 
Pollution Prevention Program Plan. The Department has institutionalized the program 
by establishing a Pollution Prevention Executive Board, an Office of Pollution 
Prevention within the Environmental Management program, and pollution prevention 
coordinators at its field sites. An important element of the program is the "high return 
on investment" program that funds specific pollution prevention projects that have the 
largest "payback" potential. 

Cost Reductions from Specific Pollution 
Prevention Projects 

The Department has sufficient information for three specific categories of pollution 
prevention projects to report waste volume reductions and corresponding cost savings. 
These are: (1) high return on investment projects, (2) waste minimization/pollution 
prevention projects, and (3) past pollution prevention projects. 

In 1994, the Department sponsored pilot demonstrations of 13 high return on 
investment projects. Based on the success of these projects, an increase in funding 
was approved in FY 1996 for 22 projects in the high return on investment program. 
The Department is currently considering supplemental funding of nine additional 
projects. 

Cost savings, total project costs, and various other data are kept for each high return 
on investment project. These data are used to forecast life-cycle savings through 
2010, which is the useful life of most high return on investment projects. In addition, 
the Office of Pollution Prevention funded 26 projects (referred to in the table below as 
field projects) that did not meet the criteria for the high return on investment program 
but provided significant payback over a longer time period. Past pollution prevention 
projects have also resulted in cost savings. Table G.1 summarizes projected life-cycle 
savings over ten years through 2005 for high return on investment projects (assuming 
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the Board approves supplemental funding), field projects, and selected past pollution 
prevention projects for which cost savings data are available. Because the high return 
on investment program is still in the early stages, most of the savings illustrated are 
projected rather than actual savings. 

Table G.1. Projected Life-Cycle Savings 

1,077,000,000 

$t'>fi14.e®~OOO 
·~ . .. t-.: {!: 

Pollution Prevention Examples 

Current return on investment projects focus primarily on routine waste from 
Department operations. They include a wide range of simple and complicated 
projects and are applicable at many Department facilities . For example, a $5,000 
investment in laundering rags can avoid nearly $14,000 in yearly disposal costs. Dry
ice abrasion equipment is used in a more technology-intensive project that will clean 
surface radiation from lead-shielding bricks. A $500,000 investment yields a one-time 
savings of $1.2 million by avoiding disposal of a mixed radioactive waste. 

Historically, the Environmental Management program has overseen pollution 
prevention projects implemented throughout the Department. Although pollution 
prevention data were not required for reporting purposes, many sites kept track of 
their accomplishments. Some of these projects involved waste streams other than 
routine waste such as environmental restoration waste. For example, in 1994, 
modified procedures for soil borings avoided 150 metric tons (165 tons) of 
contaminated soil drill cuttings, saving $4.5 million in waste disposal costs. At 
Weldon Springs, the use of slightly contaminated soil as capping and stabilization 
materials in remediation projects elsewhere on the site prevented the soil from 
becoming a waste and saved about $15 million. At the Hanford Site, two liquid 

2Approved by the Pollution Prevention Executive Board. 
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effluents that had been discharged to evaporation ponds were eliminated by changing 
equipment and modifying existing systems to save over $26 million. 

Summary of Pollution Prevention Results 

Currently, the projected savings from specific projects for which data are available 
exceeds $1.6 billion. Other specific projects for which life-cycle data are not available 
would increase this figure. Many of these projects can be replicated or adapted at 
multiple sites throughout the Department. Although there are insufficient data to 
extrapolate total projected pollution prevention savings in a meaningful, quantitative 
way, it is not unlikely that complex-wide savings could be in the tens of billions of 
dollars. In addition, the Department has established goals for reducing the volume of 
radioactive, low-level mixed, sanitary, and hazardous waste from routine operations 
by 50 percent by the year 2000. Achieving these goals will reduce waste management 
costs by an estimated $5 billion over the environmental management life cycle. 
Regardless of total savings, actual results and projections from specific projects are 
unequivocal in demonstrating that pollution prevention activities save far more than 
they cost. Therefore, the Department will continue to pursue pollution prevention 
activities aggressively because they are consistent with the Department's core values 
for respecting the environment, and they result in a more efficient use of limited 
resources by reducing site operating costs. 
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APPENDIX H 

DEPARTMENT OF ENERGY 

FREEDOM OF INFORMATION ACT PUBLIC READING 

ROOMS 

DISTRICT OF COLUMBIA 
U.S. Department of Energy Headquarters 
Freedom of Information Act Reading Room 
Room lE-190, Forrestal Bldg .. 
1000 Independence Ave., SW 
Washington, D.C. 20585 
phone: (202) 586-3142 
fax: (202) 586-0575 
e-mail: none 

CALIFORNIA 
U.S. Department of Energy 
Oakland Operations Office 
Public Reading Room 
Environmental Information Center 
1301 Clay Street, Room 700 N 
Oakland, CA 94612-5208 
phone: (510) 637-1762 
fax: (510) 637-2011 
e-mail: lauren.noble@oak.doe.gov 

COLORADO 
U.S. Department of Energy 
Golden Field Office 
Public Reading Room 
14869 Denver West Pkwy. 
Golden, CO 80401 
phone: (303) 275-4709 
fax: (303) 275-4788 
e-mail: manions@tcplink.nrel.gov 

U.S. Department of Energy 
Rocky Flats Operations Office 
Public Reading Room 
Front Range Community College Library 
3645 West 112th Avenue 
Westminster, CO 80030 
phone: (303) 469-4435 
fax: (303) 460-0047 
e-mail: none 

GEORGIA 
U.S. Department of Energy 
Southeastern Power Administration 
Legal Library 
2 South Public Square 
Samuel Elbert Building 
Elberton, GA 30635-2496 
phone: (706) 213-3818 
fax: (706) 213-3884 
e-mail: carolf@wapa.gov 

IDAHO 
U.S. Department of Energy 
Idaho Operations Office 
Public Reading Room 
850 Energy Drive 
Idaho Fatls, ID 83402 
phone: (208) 526-8040 
fax: (208) 526-1926 
e-mail: medellkj@inel.gov 

ILLINOIS 
U.S. Department of Energy 
Chicago Operations Office 
Public Reading Room 
Document Department 
University of Illinois at Chicago 
801 South Morgan Street 
Chicago, IL 60607 
phone: (312) 996-2738 
fax: (312) 413-0424 
e-mail: snasatir@uic.edu 
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NEW MEXICO 
U.S. Department of Energy 
Albuquerque Operations Office 
Albuquerque Technical Vocational Institute 
South Valley Campus 
5816 Ysleta, SW 
Albuquerque, NM 87105 
phone: (505) 873-8347 
fax: (505) 873-8401 
e-mail: abc@svc.tvi.cc.nm.us 

Los Alamos Community Reading Room 
1450 Central, Suite 101 
Los Alamos, NM 87544 
phone: (505) 665-2127 
fax: (505) 667-5410 
e-mail: carmenr@lanl.gov 

NEVADA 
U.S. Department of Energy 
Nevada Operations Office 
Public Reading Room 
2621 Losee Rd .. , B-3 Building 
North Las Vegas, NV 89030 
phone: (702) 295-1623 
fax: (702) 295-1624 
e-mail: cic@egg.doe.gov 

OHIO 
U.S. Department of Energy 
Ohio Field Office 
Freedom of Information Act Public Reading 
Room 
1 Mound Road 
Miamisburg, OH 45342 
phone: (513) 865-4468 
fax: (513) 865-5087 
e-mail: none 

OKLAHOMA 
U.S. Department of Energy 
Bartlesville Project Office/National Institute for 
Petroleum and Energy Research 
BPO/NIPER Library 
220 North Virginia A venue 
P.O. Box 2128 
Bartlesville, OK 74003 
phone: (918) 337-4371 
fax : (918) 339-4365 
e-mail: jsproman@bpo.gov 

U.S. Department of Energy 
Southwestern Power Administration 
Public Reading Room 
P.O. Box 1619 
Tulsa, OK 74101 
phone: (918) 581-7426 
fax: (918) 581-7422 
e-mail: ayers@wapa.gov 

OREGON 
U.S. Department of Energy 
Bonneville Power Administration 
P.O. Box 3621-ALP 
Portland, OR 97208 
phone: (503) 230-7334 
fax: (503) 230-4470 
e-mail: sdludeman@bpa.gov 

PENNSYLVANIA 
U.S. Department of Energy 
Pittsburgh Energy Technology Center 
Building 922/M210 
P.O. Box 10940 
Pittsburgh, PA 15236 
phone: ( 412) 892-6167 
fax: (412) 892-5949 
e-mail: dunlap@petc.doe.gov 

SOUTH CAROLINA 
U.S. Department of Energy 
Savannah River Operations Office 
Gregg-Granite Library 
University of South Carolina Aiken 
171 University Parkway 
Aiken, SC 29801 
phone: (803) 641-3320 
fax: (803) 641 -3302 
e-mail: paull@aiken.sc.edu 

TENNESSEE 
U.S. Department of Energy 
Oak Ridge Operations Office 
Public Reading Room 
55 Jefferson Circle, Room 112 
Oak Ridge, TN 37831 
phone: (423) 241-4780 
fax: (423) 576-1556 
e-mail: rothrockal@oro.doe.gov 



WASHINGTON 
U.S. Department of Energy 
Richland Operations Office 
Washington State University 
WSU Tri-Cities Branch Campus 
100 Sprout Road 
Richland, WA 99352 
phone: (509) 376-8583 
fax: (509) 372-3556 
e-mail: reading_room@pnl.gov 

WEST VIRGINIA 
U.S. Department of Energy 
Morgantown Energy Technology Center 
METC Library 
3610 Collins Ferry Road 
Morgantown, WV 26505 
phone: (304) 285-4184 
fax : (304) 285-4188 
e-mail: . lspach@metc.doe.gov 
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