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_ At a Glance:
The 1995 Baseline Environmental Management Report

RESULTS
“Base-Case”

$230 Billion over a 75-year period

Waste Management - 49%

Envirorimental Restoration - 28%

Nuclear Material and Facility Stabilization - 10%

Technology Development ~ 5%
Other—8%

Top 5 Sites - 70% of costs
Hanford Site — 21%
Savannah River Site—21%
Rocky Flats Site = 10%
Oak Ridge Reservation — 10%
Idaho Laboratory — 8%

ASSUMES:

Significant productivity increases
Meeting current compliance requirements
Use of existing technologies

Development of most assumptions occurred at field
locations (e.g., degree of cleanup)

EXCLUDED:

Cleanup where no feasible cleanup technology
exists (e.g., Nuclear explosion sites, most
contaminated groundwater)

Cleanup of currently active facilities
(e.g., Pantex, Labs)

Naval Nuclear Propulsion facilities cleanups
handled by U.S. Navy.

Activities during first 5 years of program ($23
billion)

ALTERNATIVE CASES
evaluated the effect of:

L ]

Landuse: biggest potential cost impact

New Technologies

Waste Management Facilities configuration
Funding & Schedule

Residual Risk: inadequate data limited analysis

WHAT DID WE LEARN?

» Total projected environmental costs are
comparable to total U.S. nuclear weapons
production costs.

¢ Projected future land use will dramatically
affect costs.

* Significant ($24 billion) projected costs to
support ongoing programs could be substan-
tially reduced through greater pollution
prevention.

¢ Development of new technologies will reduce
certain cleanup costs and make possible other
cleanups that are currently infeasible.

*  Minimum action to stabilize sites - $170
billion:

ESTIMATES, NOT DECISIONS

¢ The estimated costs do not reflect final
Departmental decisions in many cases. The
report is intended to provide a framework for
constructive local and national debate about
the future of the environmental management
program.

» Projected costs significantly exceed current
budget targets. Bridging this gap will require
renegotiating compliance agreements and
some statutory changes, in addition fo
planned productivity improvements.

For further information, please contact the Center for Environmental Management Information (1-800-736-3282)







This is the first annual report on the activities
and potential costs required to address the
waste, contamination, and surplus nuclear
facilities that are the responsibility of the
Department of Energy’s Environmental
Management program. The Department’s
Office of Environmental Management,
established in 1989, manages one of the largest
environmental programs in the world—with
more than 130 sites and facilities in over 30
States and territories. The primary focus of the
program is to reduce

Executive Summary

“nuclear weapons complex.” It includes
thousands of large industrial structures such as
nuclear reactors, chemical processing buildings,
metal machining plants, and maintenance
facilities. During the last 50 years, this
enterprise manufactured tens of thousands of
nuclear warheads and detonated more than a
thousand. The Department of Energy, the
Federal agency responsible for managing the
nuclear weapons complex, manages more than
120 million square feet of buildings and 2.3
million acres of
land—an area

health and safety
risks from
radioactive waste
and contamination
resulting from the
production,
development, and
testing of nuclear
weapons. The
program also is

The 1995 Baseline Environmental
Management Report provides life-cycle
cost estimates, tentative schedules,
and projected activities necessary to
complete the Environmental
Management program.

larger than
Delaware, Rhode
Island, and the
District of
Columbia
combined.

In addition to
creating an arsenal

responsible for the

environmental legacy from, and ongoing waste
management for, nuclear energy research and
development, and basic science research. In an
attempt to better oversee this effort, Congress
required the Secretary of Energy to submit a
Baseline Environmental Management Report
with annual updates.

The 1995 Baseline Environmental Management
Report (Baseline Report) provides life-cycle cost
estimates, tentative schedules, and projected
activities necessary to complete the
Environmental Management program. In doing
so, it represents the Department’s most
comprehensive effort to date to develop a
clearer picture of the “Cold War Mortgage.”

The Cold War Mortgage

During World War Il and the Cold War, the
United States developed a vast network of
industrial facilities for the research, production,
and testing of nuclear weapons, known as the

of nuclear
weapons, the
complex left an unprecedented environmental
legacy. Because of the priority on weapons
production, the treatment and storage of
radioactive and chemical waste was handled in
a way that led to contamination of soil, surface
water, and ground water and an enormous
backlog of waste and dangerous materials. Asa
result of revelations by the news media and
various organizations, as well as studies
conducted by the Department of Energy during
the last 10 years, this legacy has become
increasingly well-known. However, part of the
purpose of this report is to establish a more
disciplined inventory of the problems and the
potential liabilities so it can be used as a
management tool.

The cost of dealing with these problems can be
considered a "Cold War Mortgage.” Much of
these costs were deferred during the nuclear
arms race. Paying the mortgage will take
decades and substantial resources comparable
to the level of effort expended for the nuclear
weapons production and research activities.




The Environmental
Management Program

The Office of Environmental Management was
created in 1989 to help address the
environmental legacy of nuclear weapons
production and other sources such as nuclear
research programs.

Activities that encompass the Environmental
Management program include: (1)
environmental restoration; (2) waste
management; (3) nuclear material and facility
stabilization; and (4) technology development.
Landlord functions (e.g., fire-fighting response,
road maintenance, utilities) represent a fifth
area, which includes cross-cutting support
activities.

These activities are often simplified as
“cleanup,” but it is clear they involve a lot more
than cleanup. Moreover, these activities are not
only interrelated (e.g., facilities must be
stabilized before they can be decontaminated,
and waste must be managed after it is
generated as a result of restoration work), but
they are also inextricably related to the
functions of the Department of Energy and
other Federal agencies. For example, the
Environmental Management program provides
waste management services to the facilities that
continue to operate and maintain the nuclear
weapons stockpile such as the Los Alamos
National Laboratory, the Savannah River Site,
and the Kansas City Plant. Additionally, the
spent nuclear fuel generated from U.S. Navy
vessels is handled by the Environmental
Management program.

In addition to these defense support functions,
the Environmental Management program
supports the variety of basic and applied
scientific research facilities operated by the
Department of Energy, including Brookhaven
National Laboratory, and Fermi National
Accelerator Laboratory.

Although most Environmental Management
program work involves dealing with the legacy
of contamination and the backlog of
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accumulated wastes, a significant amount
involves handling newly generated waste from
these programs—all while protecting worker
health and safety. This report covers this broad
span of Environmental Management program
activities. Additional detail regarding these
activities is provided in Chapter 2.

What Does the Nation Want
to Buy?

The future course of the Environmental
Management program will depend on a
number of fundamental technical and policy
choices, many of which have not yet been
made. Ultimately, these decisions will be made
on the basis of fulfilling congressional
mandates, regulatory direction, and adequate
stakeholder input. The cost and environmental
implications of alternative choices can be
profound. For example, many contaminated
sites and facilities could be restored to a pristine
condition, suitable for any desired use; they
also could be restored to a point where they
pose no near-term health risks to surrounding
communities but are essentially surrounded by
fences and left in place. Achieving pristine
conditions would have a higher cost, but may
or may not warrant the economic costs and
potential ecosystem disruption or be legally
required. Resolving such issues will depend
on what the Nation wants to buy.

Other key questions that affect the cost of the
program include the following:

¢ What level of residual contamination should
be allowed after cleanup?

* Should projects to reduce maintenance costs
(i-e., high storage costs pending ultimate
disposition of materials) be given priority
over certain low-risk cleanup activities? In
other words, how should cost affect priori-
ties?

* Should cleanup and waste management
proceed with existing technologies or is it




Previous Cost Estimates

The Federal Government last estimated the total cost of environmental liabilities at Department of Energy
facilities in 1988 before the end of the Cold War, when the renovation and indefinite operation of the existing
nuclear weapons complex was being planned. These cost estimates primarily assessed what was needed to
bring installations into compliance with environmental regulations to allow continued weapons production.
For example, estimates focused on permitting installations and operation of air and water monitoring
systems with Jimited short-term corrective action at active sites. Little emphasis was placed on more expensive
activities such as remedial action at inactive sites. Most estimates ranged from $100 to $300 billion for total
program cost. Even higher estimates were produced by speculative extrapolation without the benefit of the
type of field data on which this report is based.

The Baseline Report is substantially different —both the results and the methodology — from past estimates for a
number of reasons. First, the Base Case estimate in this report is based on a "bottom up" approach using large
amounts of data and assumptions collected from field offices, rather than centralized estimating processes,
which were used in previous estimates. This method resulted in more realistic land-use assumptions and,
consequently, substantially lower costs than previous cost estimates. Second, this report does not attempt to
provide cost estimates for cleanup activities that are not technically feasible using existing technologies. Such
costs, which were included in some previous estimates, do not make sense because complete
cleanup using existing technologies cannot be attained atany price for certain contamination
situations such as nuclear weapons test residues or large areas of
contaminated ground water and river system sediments.
Third, the activities for which estimates are provided in  § :
this report reflect the Department's significantly reduced | m'ﬁ
nuclear weapons production requirements. Finally, the : M
Baseline Report also reflects a greater understanding of o

the nature and extent of contamination, as well as broader
program support responsibilities than assumed for :
previous estimates. As a result of these differences, this
Baseline Report is not comparable in scope and is A
substantially improved in the level of detail and integration |
over past estimates.

Told Cleanup of Weapots
Pa“%‘\agts May Cost $100 Billion

prudent, in some cases, to wait for the devel- Estimating Costs in the Face
opment of improved technologies? What e

criteria should guide decisions on this issue? of Large U ncertainties
Estimating the cost of future activities requires

Should waste treatment, storage, and dis- making assumptions about what those

Posal activities be carr1eq out in ‘d.efjentral— activities will be and is inherently uncertain.
ized, regional, or centralized facilities? How The uncertainty stems from:
are issues of equity among states factored
into configuration decisions? e lack of characterization of the problems. For
example, of the 10,500 hazardous substance
The most cost-effective way to resolve these release sites addressed in this report, only
issues is to engage in a broad debate to assess one-fourth have been fully characterized.

the costs, risks, and other public trade-offs
associated with different approaches. The 1995
Baseline Report lays the foundation for this

Cco

Environmental Management program is
headed, according to current assumptions, and

e lack of knowledge about what remedies will
be effective or considered acceptable to
regulators and the public, or what level of
human health and environmental protection
is sought through these remedies.

nstructive discussion. It describes where the

illustrates potential impacts if these

as

sumptions vary.




discussion is a key purpose of this analysis.

The Baseline Report Is Not a Budget Document

The purpose of the Baseline Report is to provide a total long-term (life-cycle)
cost estimate for the Environmental Management program. The Baseline
Report is not intended to be a budget document, and none of the estimates
given in the document should be interpreted as Federal budget requests.

Furthermore, the schedule of activities presented in the Baseline Report should
not be interpreted as establishing specific long-term priorities or construed as a
definitive basis for planning specific projects. Too many decisions that will
affect the strategic long-term goals for the program are yet to be made. The issues
underlying these decisions, such as future land use, funding availability, and
acceptable levels of residual contamination, will be resolved over several years
in conjunction with broad public discussion. Fostering and informing this study.

to make wise decisions
in an open manner.
Hence, this first
baseline analysis serves
as a benchmark to
gauge future progress
in defining, as well as
solving, the problems.
In addition to better
facilitating program
management, this is
exactly the value of this

The Department

* lack of fundamental economic, social, and
defense related decisions that affect the
future use of land and facilities. For ex-
ample, policy decisions related to the role of
sites for nuclear nonproliferation and
defense readiness will define the future
mission for the Department’s nuclear
weapons complex. These policy decisions
will affect the continued operations of
some installations, including future land-use
options and the final disposition of nuclear
materials.

* lack of technical remedies for the problems.
The contamination of soils deep under-
ground from nuclear tests in Nevada is one
such case. The costs to remediate these types
of sites were excluded from the cost estimate,
not because of a departmental policy to
ignore such problems, but because no effec-
tive remediation technology currently exists.

* lack of defined program duration. The
length of the program—approximately 75
years—is sufficient to introduce a variety of
uncertainties into any cost and schedule
estimate.

Despite these uncertainties, there is an
important advantage in attempting to estimate
costs before all this information is available or
these decisions have been made: the cost
consequences of different technical and policy
options can be explicitly analyzed and debated
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expects assumptions
about the program and the resulting cost-and-
schedule estimates to change in future Baseline
Reports as new information becomes available,
and ongoing decisionmaking processes evolve,
thereby reducing uncertainty.

Approach Used For
Estimating Costs and
Schedules

The Department used two methods for
estimating costs in this report: the “Base Case”
and “Alternative Cases.” The Base Case was
used to represent current views of the most
likely set of activities. Because many
assumptions are preliminary (i.e., they were
made to estimate costs for activities that will
happen decades from now) and will
undoubtedly change in many cases, alternative
cases are presented.

Estimates of Base Case costs and schedules
provided in the Baseline Report are based
largely on site-specific assumptions regarding
future land use; treatment, storage, and
disposal facility needs; and the technologies to
be used at the site. These assumptions were
developed at individual sites and reflect
specific regulatory requirements and site-
specific planning efforts.

Alternative case cost and schedule estimates
were developed by Department of Energy




Headquarters to show the potential cost
impacts of changing assumptions in four key
areas: future land use, program funding and
scheduling, technology development, and
waste management configurations.

Base Case Assumptions

Because the Baseline Report uses currently
available information, the Base Case estimates
reflect a broad range of assumptions. These
assumptions reflect potential decisions
regarding the scope and pace of the
Environmental Management program.

In addition, the Department excluded projects
with no current feasible remediation approach
from this year’s Baseline Report scope. These
projects include large contaminated river
systems like the Columbia, Clinch and
Savannah rivers and the Nevada Test Site’s
underground weapons test area. The cost
estimate would obviously be higher if some
remediation were assumed for these areas for
which complete cleanup is not technically
feasible with existing technologies. However,
because no effective remedial technology could
be identified, no basis for estimating cost was
available. A more detailed description of the
Base Case is provided in Chapter 3.

Note: Volume II provides summary assump-
tions and results for each site as well as site
personnel contacts for additional details.

Environmental Restoration

Usually described as “cleanup,” environmental
restoration encompasses a wide range of
activities such as stabilizing contaminated soil;
treating ground water; decontaminating and
decommissioning nuclear reactors and process
buildings, including chemical separation plants;
and exhuming buried waste.

The Base Case estimate for environmental
restoration was developed by compiling data
from approximately 10,500 “release sites,”
grouped into 614 subprojects or “operable
units.”

The assumptions used in developing the Base
Case were virtually all developed at the
particular site or field office, usually in
consultation with regulatory officials.

Although each site generally used its own
assumptions for developing the Base Case
estimate, several fundamental assumptions
were used by all sites. These general
assumptions include the following;:

* use of existing technologies;
g g

e compliance with existing or reasonably
anticipated regulatory/negotiated agree-
ments or Energy Department Orders; and

e remedies considered technically and environ-
mentally reasonable and achievable by local
project managers and appropriate regulatory
authorities.

To the extent that restricted future land use was
assumed by field offices to estimate costs, it
reflects current or anticipated agreements with
regulators and /or stakeholders, or interim
determinations based on what remediation goal
is achievable using existing technologies. The
Administration has proposed legislative
changes to the Superfund law to allow such
considerations to be used in selecting remedies
to a greater extent. In some cases, the cost
estimates reflect projected remedial actions that
assume these changes to the law because
unrestricted future land use was not reasonably
achievable using existing technologies. The
particular assumptions used varied among sites
because of the “bottom up” method used for
estimating Base Case costs in this report.

Waste Management

The Department is responsible for storing,
treating, and disposing of an extraordinary
array of wastes and spent nuclear fuel. These
wastes include a variety of physical forms (e.g.,
solids, liquids, and sludges); chemical types
(ie., solvents, metals, and salts); and sources
(e.g., high-level waste from reprocessing, spent
nuclear fuel from production reactors, and
naval reactors); transuranic waste from
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Key Waste Management
Assumptions

High-Level Waste

* Continue storage in tanks at Hanford,
Savannah River Site, West Valley
Demonstration Project, and in calcine bins at
Idaho National Engineering Laboratory.

¢ Vitrify and dispose of all high level wastes in
geologic repository (available beginning in
2015).

Spent Nuclear Fuel

¢ Continue storage at 10 sites with costs for new
wet and dry storage facilities estimated.

* No reprocessing.

¢ Dispose in geologic repository.
Transuranic Waste

¢ Continue storage at 10 sites.

* Treat as necessary to.meet disposal criteria at
the Waste Isolation Pilot Plant (starting in
1998).

Low-Level and Low-Level Mixed Waste

¢ Storage until treatment at 34 sites to meet
minimum disposal requirements.

* Disposal at Hanford, Idaho National
Engineering Laboratory, Los Alamos National
Laboratory, Nevada Test Site, Oak Ridge
Reservation, and Savannah River Site.

* Western sites using shallow land disposal and
eastern sites using engineered disposal
techniques.

plutonium operations; and low-level waste,
which includes virtually everything else that is
radioactive waste.

Most of the wastes included in the Baseline
Report were generated during the production
of nuclear weapons during the Cold War.
Smaller amounts of the existing waste legacy
resulted from various nuclear and other
research projects. In the future, the Department
expects that the quantities of waste from these
sources will decrease as pollution prevention
efforts become more effective, and nuclear
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weapons production activity decreases, and
that a new source of waste will become
increasingly important: secondary waste
generated as a result of environmental
restoration and nuclear material and facility
stabilization.

Costs for waste management cover all life-cycle
phases from planning through
decommissioning. The Base Case reflects site-
specific planning assumptions, which may
include the use of commercial facilities (e.g.,
hazardous waste treatment and disposal).

Costs were compiled from existing program
cost estimates for high-level waste and spent
nuclear fuel and from standardized calculations
designed to estimate treatment, storage, and
disposal costs based on predicted waste
throughput for transuranic, low-level, low-level
mixed, and hazardous wastes.

Nuclear Material and
Facility Stabilization

With the end of the Cold War, production of
most nuclear weapons materials has been
indefinitely halted. Consequently, many
Department of Energy facilities are not needed
for their previous missions. Before “cleanup”
can safely occur at many sites, however, the
facilities and the nuclear material they contain
must be stabilized. Stabilization entails
removal of stored raw materials, stored finished
products, and in-process materials at
production facilities, which were simply turned
off. Because of the urgent risks associated with
these dangerous materials, this work is one of
the highest priorities for the Environmental
Management program. Also, the cost of
maintaining facilities before stabilization is
usually significantly higher than after it is
completed.

The Base Case estimate for nuclear material and
facility stabilization activities was built on cost
estimates for stabilizing 22 different types of
facilities as well as the costs for maintaining
them before and after stabilization. In this way,
the source of the Base Case estimates is
somewhat different than that for waste
management and environmental restoration




activities. Because of limited data and
experience, nuclear material and facility
stabilization Base Case estimates are largely
extrapolated from available data regarding the
22 categories of facilities for the number of
facilities known to exist in each category.

The strategy for the Environmental
Management program is to address urgent risks
first and then pace the subsequent final cleanup
with the availability of effective technologies,
funding, and legal requirements. To implement
this strategy, the Department recently
completed an inventory of surplus “assets” (i.e.,
buildings, reactors, structures, etc.); identified
high risks among them; and began transferring
management responsibility and performing
stabilization work. The Base Case estimates
assume that:

¢ 3,500 contaminated facilities are being trans-
ferred from other Department of Energy
programs to the responsibility of the Envi-
ronmental Management program;

e these facilities will require 10 years of sur-
veillance and maintenance, followed by 5
years of stabilization activities and 2 years of
post-deactivation surveillance and mainte-
nance before final decontamination or dispo-
sition;

e most nuclear material and facility stabiliza-
tion activities will occur in later years be-
cause these activities are not typically driven
by legal requirements (a reevaluation of this
sequence may be warranted based on results
of the risk report to be completed in June
1995 and renegotiation of compliance agree-
ments with regulators); and

e surplus plutonium scraps and residues must
be stabilized, safeguarded, and disposi-
tioned. The Environmental Management
program currently is responsible for approxi-
mately 26 metric tons of plutonium in these
various forms. The Department currently is
involved in a process to decide on the future
disposition of surplus plutonium and what
quantities of plutonium will be considered
surplus.

Technology Development

The Environmental Management program
manages a national program of applied
research, development, demonstration, testing,
and evaluation of technologies. These
technologies support environmental
restoration, nuclear material and facility
stabilization, and waste management.
Examples of savings from specific technologies
are discussed in Chapter 5 of the report.

Landlord

Landlord activities include such services as
safeguards and security, transportation,
property management, and emergency
preparedness (e.g., fire and medical response).
The Base Case includes costs for landlord
activities at the 10 installations where the Office
of Environmental Management has landlord
responsibility.

Results

The Base Case cost estimate begins in 1995 and
ends in approximately 2070, when
environmental management activities are
projected to be substantially completed. The
estimate does not include costs expended since
the program’s formal inception in October
1989—about $23 billion—or costs incurred
before 1989. Nor does it include costs beyond
2070 for long-term surveillance and
maintenance, which are estimated at about $50-
75 million per year. These costs are assumed to
continue indefinitely after a disposal site or
restricted access area is closed.

Under the Base Case, the life-cycle cost estimate
for the Department of Energy’s Environmental
Management program ranges from $200 to $350
billion in constant 1995 dollars, with a mid-
range estimate of $230 billion. Figure 1
graphically depicts the life-cycle cost profiles.
This includes not only the $172 billion for
dealing with the nuclear weapons complex
legacy, but $24 billion for future wastes from
nuclear weapons activities, and $34 billion for
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Figure 1. Base Case Cost and Schedule Estimate
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past and future wastes from other activities.
The projected costs for treatment, storage, and
disposal of waste generated by ongoing defense
and research activities is $19 billion. The
significant projected cost for support for future
ongoing programs indicates the value of
vigorous pollution prevention efforts to reduce
these costs and threats.

The range of the cost estimate varies depending
on the assumed level of productivity over the
life of the program as described below.

* The mid-range total program estimate of
$230 billion reflects a planned 20-percent
increase in productivity and efficiency over
the next 5 years, plus an annual 1-percent
productivity improvement over the remain-
ing life of the program.

* The low-end estimate of $200 billion reflects
a more aggressive efficiency and productiv-
ity improvement program—20-percent for
the next 5 years as in the mid-range total
estimate, and subsequent annual improve-
ments of nearly 2 percent (a number com-
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Long-Term Annual
Monitoring Costs
$50-75 million

¢ 115 Total Sites
¢ 80% Completed by 2035

monly used by the private sector in today’s
business climate).

* The high-end estimate of $350 billion reflects
costs if current levels of inefficiency and
productivity were sustained over the
program’s life.

These levels of efficiency improvement are not
only needed and planned, they are attainable.
The Environmental Management program
already has achieved significant improvements
in efficiency and productivity. From FY 1994 to
FY 1996, the program will have saved more
than $2.1 billion through greater productivity.

Although the total life-cycle estimate is derived
from a 75-year program duration, more than 90
percent of the life-cycle cost estimate reflects
activities projected to occur during the next 40
years. The remaining costs are primarily for the
operation of large waste treatment facilities at a
limited number of sites. In 2070, given the Base
Case assumptions, access will be restricted at
the large, isolated Department of Energy sites
with existing burial grounds. These sites




Figure 2. Mid-Range Base Case Cost Profile for Major Elements of the Environmental Management Program
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include certain sections of the Hanford Site,
Idaho National Engineering Laboratory,
Savannah River Site, Nevada Test Site, Oak
Ridge, Los Alamos National Laboratory, and
the Waste Isolation Pilot Plant. At smaller
Department of Energy sites, such as the Mound
Site in Ohio or the Pinellas Plant in Florida,
where contamination has been contained in
place, future use is expected to be limited to
industrial purposes.

Small non-Department sites or sites near
heavily populated areas or water sources are
assumed to be released for residential or
industrial use. Examples include the General
Atomics Site at La Jolla, California, and Battelle
Columbus Laboratories in Columbus, Ohio.

Figure 2 shows cost estimates for the
Environmental Management program under
the mid-range Base Case estimate. The cost
estimate is divided among the five major
elements of the program: waste management,
environmental restoration, nuclear material and
facility stabilization, program management, and
technology development.

The Administration’s Budget
and the 1995 Baseline
Report

The Administration has established budget
targets for the next 5 years that reflect the
allocation of resources among competing
national priorities, including lower taxes and
deficit reduction. These targets move the
Environmental Management program from $6.6
billion in FY 1996 to $5.5 billion in FY 2000 in
current dollars. This equates to a target of $4.8
billion in constant 1995 dollars in FY 2000. For
purposes of this comparison, this target was
assumed to remain unchanged over the life of
the Environmental Management program.

A shortfall remains between the Base Case cost
estimate (the estimated costs of meeting the
Department’s compliance agreements) and the
FY 1996 funding request and outyear targets.
For the high Base Case estimate of $350 billion,
this shortfall would be about $100 billion over
the next 40 years.
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For the mid-range estimate of $230 billion, the
savings of about $8 billion from the assumed
20-percent productivity improvement over the
next 5 years begins to bridge this gap. Even
with these savings, however, a shortfall remains
of about $7 billion through FY 2000. The total
projected shortfall for the mid-range cost
estimate is $24 billion until 2015, at which point
the projected budget target would match the
projected needs. Figure 3 compares the
Baseline Report cost estimate and the
administration’s FY 1996 budget and outyear
projections.

The Department is addressing this shortfall in
several ways. First, it has reduced the cost of
doing business by streamlining the contractor
workforce and negotiating and recompeting
contracts. Second, the Department is
renegotiating compliance agreements for
various sites and installations, many of which
were crafted during a different budget climate.
In addition, the Administration has proposed
legislative improvements to Superfund to make

it work better and cost less. These changes
would include greater opportunities to consider
future land use in remedy selection and
potential risks to workers.

Base Case Estimate by State
and Site

Further examination of projected costs by State
and site shows where the mid-range Base Case
would be incurred (see Table 1):

¢ Washington, South Carolina, Tennessee,
Colorado, and Idaho account for $170 billion
over the life of the Environmental Manage-
ment program (71 percent).

e The most costly sites are the Hanford Site
(Washington); the Savannah River Site
(South Carolina); the Rocky Flats
Environmental Technology Site (Colorado);
the K-25 Site, the Y-12 Plant, and the Oak
Ridge National Laboratory (Tennessee); and
the Idaho National Engineering Laboratory.

Figure 3. Comparison between the Base Case Report Cost Estimates and the Administration’s Budget Projection

$24 Billion Shortfall
Under Mid-Range Base Case

Constant 1995 dollars in billions

1

$103 Billion Shortfall
Under High Base Case
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Table 1. Mid-Range Base Case Estimated by State and Site

Alaska
Nevada Offsite* - Alaska

California

Energy Technology Engineering Center 249 0.11%
General Atomics 12 0.01%
General Electric Vallecitos Nuclear Center 18 0.01%
Geothermal Test Faciity 6 <.01%

Laboratory for Energy Related Health Research 34 0.01%
Lawrence Berkeley Laboratory 208 0.09%
Lawrence Livermore National Laboratory 1,521 0.66%
Oxnard 13 0.01%
Sandia National Laboratories - Livermore 92 0.04%

Stanford Linear Accelerator Center

- Grand Junction
Gunnison
Maybell -
.. Naturita

_ Rifle

;_-,Nevada Offsite - Colorado
. SlickBock ¢

Connecticut 3 <.01%
FUSRAP'** - Connectlcut

Flonda .
?meiias ?iant

Idaho

Argonne National Laboratory - West
Completed UMTRA S&M - Idaho
Idaho National Enlneerln Laborato

Hiinois : L
_Argonne National Laboralory East; .
Fermi National Accelerator Laborat
FUSHAR - litmms -
Site APlot M

lowa

_ Amgs Laborato

| Keh'tdé'k'y'" e
. Maxey Flats

. Baducah Gaseous lefuszcn Plant

Maryland/District of Columbia
FUSRAP - Maryland
Enwronmental Manaement Headq uarters"“ 30,136 13.07% o

. Massachugelis .
FUSRAPR - Massachusetts

Michigan

FUSRAP Mlch[an

Mississippi
Navada Offsite - Mnssnssupm

Missouri
FUSRAP - Missouri
Kansas City Plant

1,074
388
312

0.47%
0.17%
0.14%
0.16%

Weldon Spring Site Remedial Action Project 373

“Nevada Offsite are locations where nuclear detonations occurred and environmental management activities are managed

by the Nevada Operations Office.

* UMTRA S&M is the acronym for Uranium Mill Tailings Remedial Action projects with long-term Surveillance and Maintenance
activities.

***FUSRAP is the acronym for the Formerly Utilized Sites Remedial Action Program.

*=** Approximately 71 percent of these costs are distributed across Environmental Management sites.
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Table 1. Mid-Range Base Case Estimated by State and Site (Commued)

Mid-RangeBase  Percentage of Tatai
_ Case Cost . Mid-Range
Site {Canstant 19953 in %llaoas) _ Bage Case Cost.
Nebraska <1 <1%
<1

Hallam Nuclear Power Plant

Nevada
Nevada Test Site
Nevada Offsite - Nevada

New Jersey
FUSRAP - New Jersey
Princeton Plasma Physics Laboratory

New Mexico i
Albuquerque Operatlions Office
Ambrosia Lake
Completed UMTRA S&M New Mexico
inhalation Toxicology Research Institute
Los Alamos National Laboratory
Nevada Offsite - New Mexico
Sandia National Laboraiories - New Mexzco
South Valley Site
Waste lsolation Pliot Piant

Reactive Metals, Inc.

QOregon
Com pleted UMTBA S&M - Oregon

Pennsylvania
Completed UMTRA S&M - Pennsylvania

South Carolina
Savannah Hiver Site

Tennessee
Oak Ridge Y-12 Site
Oak Ridge Reservation
Oak Ridge K-25 Site
Qak Ridge Associated Universities
Oak Ridge Natlonal Laboratory

Texas ‘
Completed UMTRA S&M - Texas
Pantex Plant .

Utah
Completed UMTRA S&M - Utah
Monticello Millsite and Vicinity Properties

. Washington
Hanford Site

Wyoming
Completed UMTRA S&M - Wyoming

New York 4,003 1.74%
Brookhaven National Laboratory 460 0.20%
FUSRAP - New York 273 0.12%
Separations Process Research Unit 112 0.05%
West Valley Demonstration Project 3,157 1.37%

North Dakota 22 <1% '
Belfield/Bowman 2 0.01%

Ohio 11,743 5.09%
Battelle Columbus Laboratories 110 0.05%
Fernald Environmental Management Project 4,186 1.82%
FUSRAP - Ohio 197 0.09%
Mound Plant 1,539 0.67%
Pigqua Nuclear Power Plant <1 <.01%
Portsmouth Gaseous Diffusion Plant 5,575 2.42%

48,174
48,174

24,812

- $230 Billion

<.01%

20,90%
20,90%

10.76%
1.79%
0.12%
5.48%
0.01%
3.35%

<1%
<.01%
0.06%

21.11%
21 11%
<1%
0.01%




Alternative Cases

The alternative cases reflect ways the Base Case
could change if certain policy decisions were
made. The alternative cases analyzed four
areas most likely to affect total cost, scope, and
pace of the Environmental Management
program:

¢ land use—What are the ultimate uses for
currently contaminated lands, waters, and
structures at each installation?

¢ program funding and schedule—How
might activities be prioritized, and how
rapidly will this money be spent?

e technology development—How might
future technologies influence the Environ-
mental Management program?

e waste management configurations—Where
and how will we treat, store, and dispose of
wastes?

Land Use

How land will be used after environmental
remediation dictates the type and extent of
remedial approaches, and thus, total costs. The
Base Case estimate.in this report is based on a
"bottom up" approach using large amounts of
data and assumptions collected from field
offices, rather than centralized estimating
processes. This method resulted in more
realistic land-use assumptions and,
consequently, substantially lower costs than
previous cost estimates. For comparison, total
program costs were analyzed for a range of
alternative future land uses, ranging from most
to least restricted. Figure 4 depicts a contiuum
of land use ranging from totally restricted to
totally unrestricted use.

The most restricted case involves containing
existing contamination in place and restricting
public access thereafter. The least restricted
land use requires removing or destroying
contaminants in all parts of the environment,
which would leave land clean enough for a
wide variety of uses, potentially including

farming and public recreation. Two other cases
were also analyzed that were more reflective of
the contractual and legal requirements
accounted for in the Base Case analysis.

The life-cycle cost estimates for the range of
land uses vary from approximately $175 billion
to $500 billion depending on the level of
cleanup assumed. This analysis indicates that
future land-use determinations will have the
single greatest impact on total program cost
among the factors analyzed.

Each land-use case has its limitations. For
example, containment rather than remediation
is unrealistic across the Department of Energy
complex because it would violate several
existing cleanup compliance agreements. Also,
in some cases, it is less costly to remediate
contamination than to contain it. Establishing
“green fields” at Department facilities
nationwide is not realistic because it would
preclude establishing any waste disposal areas,
which must be located in restricted areas. Also,
for certain contamination situations,
technologies do not yet exist to remediate the
environment to the level required for
unrestricted use. For example, ground water
beneath 150 square miles of the Hanford Site is
contaminated with radioactive and chemical
particles captured within a labyrinth of
sediment and rock layers.

Residual Contamination Standards

Costs and schedules reported in the Base Case
are based on each installation’s best estimate of
ultimate cleanup levels. The site-specific land
use assumptions in the Base Case result in
significant restrictions on future land-use at
many of the sites. Variations in residual
contamination standards have little impact on
costs because containment, rather than the
removal of contamination, is assumed to be
used. The Department believes that more
stringent cleanup standards will result in
higher costs if more active remediation
approaches are assumed. However, if less
active remediation, such as containment is
assumed, then little change in cost will occur
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Figure 4. Conceptual Hlustration of Land Use Contiuum

More Controlled . . . less
. r Industrial Open Space Recreational Residential /Agricultural A
Restricted Acess " " Restricted

- Modified
Containment
Strafegy
$225 billion

$175 billion

- Modified  Moximufl |

Removal  Feasible
. Strateqy "Green fields”
$375 billion $500 billion

(1) This scenario represents o modified "pure” Green fields case,

which is not achievable at al sites with today’s technology.

from more stringent residual contamination
standards. More information must be collected,
and analyses need to be conducted before costs
can be quantified nationwide.

Program Funding and Schedule

Another set of analyses addressed the impacts
of more or less available funding for the
program. Assuming additional funding, the
impacts of accelerating stabilization activities
and early closure of sites were analyzed.
Assuming reduced funding, the impacts of
reducing the scope of remediation and waste
management activities are also addressed.
Highlights of the scheduling analysis are shown
below.

* The life-cycle cost estimate for surveillance
and maintenance could be reduced to ap-
proximately $500 million if pre-stabilization
surveillance maintenance was reduced from
10 years (as in the Base Case) to 1 year. This
is about 87 percent lower than the $4 billion
in the Base Case. However, annual costs
during the early years of the program would
exceed the constant, or “flat,” funding limit
assumed for the Base Case.

¢ Almost $5 billion would be saved if the
Department closed the Rocky Flats Site, Oak
Ridge’s K-25 Plant, and the Fernald Plant
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substantially earlier (20-40 years) than cur-
rently scheduled. However, annual costs
would exceed flat funding limits for several
years.

* If funding were significantly reduced beyond
the year 2000, minimal action would require
about $170 billion. This is about 27 percent
lower than the Base Case through 2070.
Minimal action would exclude environmen-
tal restoration, decontamination and dis-
mantlement, and all treatment and disposal
activities associated with future low-level,
low-level mixed, and transuranic wastes.
Annual surveillance and maintenance costs,
however, would be as high as $500 million,
compared with $50-$75 million projected in
the Base Case.

Technology Development

Innovative technologies could make cleanup
and other related activities more efficient and
cost effective. More than 100 potential
technology systems scheduled to be
implemented by the year 2000 were screened
based on the potential applicability to high-cost
remediation projects. Of these, 15 were selected
to evaluate potential cost savings.




Potential cost savings from implementing these
new technologies range from $9 to $80 billion,
depending on future land use strategies, and
assuming the technologies could be
implemented by 2010.

Waste Management
Configurations

The Department currently is examining
alternative configurations (centralized,
regionalized, and decentralized) for waste
management facilities. This involves deciding
where in the country wastes will be stored,
treated, or disposed.

Alternative configurations, ranging from
decentralized to centralized approaches, could
increase costs by $9 billion or decrease them by
$5 billion from the Base Case, because of the
potential for economies of scale in building and
operating fewer facilities. There is substantial
uncertainty about the exact benefits of these
economies. More analysis should be available
for next year’s version of the report.

Next Steps

The purpose of the Baseline Report is to clearly
articulate the potential life-cycle cost and
schedule of the Department of Energy’s
Environmental Management program. The
report represents numerous perspectives on the
Base Case estimate, together with the analysis
of the alternative cases, the range of policy,
technical, and management decisions facing the
program, and indeed, the Nation. After
considering economic factors, productivity
improvements, and alternative cases, the range
of life-cycle costs for the Environmental
Management program is seen to be substantial.
Naturally, this range will narrow as the
program matures. However, in the short term,
the range of uncertainties highlights the need
for a broad public debate both nationally and
locally regarding the future of the
Environmental Management program.

Many significant decisions must be made
during the next several years that will affect the
cost and direction of the Environmental
Management program for years to come. This
report provides a useful framework to analyze
those decisions—the alternatives and their
impacts. We expect next year's version of this
report to change as a result of better
information, additional analyses, and different
assumptions resulting from stakeholder input.
In addition, the compliance agreement and
legal requirements underlying many of these
estimates could be altered by regulators and
Congress. The potential impacts of these
changes can be better analyzed using an open
process and an analytical tool such as this
Baseline Report. Specifically, the next steps
currently planned for next year’s report are to:

e broaden the range of policy, technical, and
management issues evaluated by the Baseline
Report;

e improve the life-cycle cost and schedule
estimates;

» use the Baseline Report tools to address
ongoing program issues; and

* expand stakeholder involvement in the
debate.

Contents

The 1995 Baseline Report consists of two
volumes: Volume I — The 1995 Baseline
Environmental Management Report, and Volume
11 — Site Summaries for the 1995 Baseline
Environmental Management Report.

Volume |

Introduction (Chapter 1) sketches the basic
framework of the report by providing
background on the scope and technical
complexity of the Department’s environmental
problems, a description of the scope of the
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report mandated by the 1994 National Defense
Authorization Act, and a description of the
Environmental Management program in
general.

Sources of Contamination and the Remedies
(Chapter 2) describes in more detail both the
sources of environmental contamination, the
nuclear weapons production process and the
various resulting waste types, and the
responsibilities of the Environmental
Management program.

The Base Case (Chapter 3) provides a detailed
overview of the methods, data sources, and
assumptions the Department used in
developing a total life-cycle cost estimate.

Results (Chapter 4) describes the results of the
Base Case analysis in constant 1995 dollars. It
provides the projected life-cycle estimate for the
major elements of the Environmental
Management program—environmental
restoration, waste management, nuclear
material and facility stabilization, technology
development, and program management. Costs
are examined by State and site.

Alternative Cases (Chapter 5) illustrates how
costs vary when assumptions are changed in
four major areas: land use, scheduling, the pace
of funding and activities, technology
development, and waste management
configurations.

Next Steps (Chapter 6) discusses how this
report can be a more useful tool for national
and local discussions on the future of this
program.

Volume ll: Site Summaries

Volume II presents the site-specific data used to
generate the Department of Energy’s 1995
Baseline Report. The site summaries provided
in this volume give specific information about
the activities and projected costs at each site as
requested by the National Defense
Authorization Act. The site summaries are
organized alphabetically by State. Each
summary provides a brief discussion of the
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site’s past, current, and future missions
followed by discussions of the projects and
activities necessary to remediate the site. Costs
and schedules are also provided, including
milestones. The projects are divided into five
activities: environmental restoration; waste
management; nuclear material and facility
stabilization; landlord activities; and program
management.




Table of Contents

Executive SUMMANY .ot cira s nnsasns s ns s nsnnasanssnaasmsmmsmsmasasmasnas ifi
LIPS T 121 € o e LU Lo 7o T o R 1.1
1.1 The Cold War MOMGAGE .....cocuiieiiieiiie ettt ettt e eee et re e ae e te s rnae e st enesaea s 1.1
1.2 What Does the Nation Want 10 BUY? ..ottt 1.2
1.3  What the Baseling RepOrt COVEIS .....ccci ittt ettt ee e e seneae e e e enenes 1.3
1.4 EStimates, NOt DECISIONS ...uuuicieeiieiece ettt ettt ettt et ee e e ee e ee e e e v e s 1.4
1.5 Preview of the BREPOI ...ttt 1.5
2.0 Sources of Contamination and the Remedies ......cc.coeuvmvimimniciininiannes 2.1
2.1 Contamination from Nuclear Weapons Production ...........cccoccvveveereiieeicicciiiiiieeece e, 2.1
2.2  Contamination from Other SOUICES .......cooiiiiiiiiiiiee e 2.4
2.3 The Environmental Management Program ... seee e eeeeee e 2.5
2.3.1 Environmental ReStOration ..........ccoeiiiiiiiiiiiieee et 27
2.3.2 Waste Management . ... et ra e e s e s e e e 29
2.3.3 Nuclear Material and Facility Stabilization .........cccceieiviiiiniii e, 213
2.3.4 Technology DeVEIOPMENT .....c..ccvviiiieiiiir e serer e s serer e e e e e nanas 2.15
2.3.5 SUPPOI FUNCHONS ...corniiiiiiiiiii ettt e e e s men e s nanes 2.16
3.0 The Base Case@ ..ottt rrn e s n e s ane s e e m e s e s 3.1
3.1  Estimating Costs in the Face of Large Uncertainties ...........ccovceiviecimnnreinnnceecc e 3.1
3.2  Developing the Base Case ......cceeiiiiiiii ettt ettt s e e 3.3
3.3 Assumptions for the Base CaSe.......ccvuveriiiiiiriein e 3.4
3.3.1 Funding and Schedule ASSUMPLIONS ......c.vviivciiririern s 3.4
3.3.2 Environmental ReStOration ..........ocoiviiiiiiii i ene e 3.5
3.3.3 Waste Management .......c..ccceo et senne 3.8
3.3.4 Nuclear Material and Facility Stabilization ...........ccccooivieiiiiiiii e an
3.3.5 Technology Development ... e eeeeee e 3.12
3.3.6 Landlord ACHVILIES ...cooeurierei et 3.13
3.4  Waste Volumes for the Base CaSe ......c.cccereeriirierciincie e vt 3.13
3.5 Sites Included in the ANAIYSIS ....c.ccvviriieriie et st cr e et e s s emerenns 3.14



4.0
4.1

4.2

4.3
4.4

45
46

5.0
5.1

5.2

5.3

5.4

6.0

R OSUIS e eieiicieierutstesentncassnnsnsestasansareraasessamsnsnmsnnrmssnsssassasanssssssnsnnssnsansase 4.1

The Total Life-Cycle Cost of the Environmental Management Program............cc.coeeeee. 41
4.1.1 The Administration’s Budget and the 1995 Baseline Report ...........ccccooviiiininnee, 4.5
4.1.2 Uncertainty of the EStMate ..ot 4.6
Base Case Estimate for Major Elements of the Environmental Management

(oo T -1 11 T OSSP PSPPI PP PRI 4.7
Base Case Estimate by State and Site ... 412
Costs of Activities Supporting the Environmental Management Program ...................... 418
4.4.1 Field SUPPOTt COSES .veorerreriieeesiitciininict sttt st 418
4.4.2 Headguarters SUPPOM COSES ..ottt 419
A Closer Look at the Cold War Montgage ........ccooeeiieeieric i 4.20
Comparison of Results to the Department’s Previous Cost Estimate ..............ccccoceee 422
ARernative Cases ....ccccceivvimiiimiccitrencic it stetnen s seanaaessanmaraseassonssns 51
[ 0o 10T T OO U PPRP 5.2
5.1.1 Base Case ASSUMPLIONS . ...cooiiiiiiiiiier ittt s r e e e 5.3
5.1.2 Land-Use EXIIEMES ......ccocceeiirerecericricciie ittt bs e e 5.5
5.1.3 More Realistic Land-Use ARErNatives ...........ccccceicciiinin e 5.7
5.1.4 Potential Effects of Residual Contamination Standards ...........ccccoeeiiniiiiinans 51
Funding and Scheduling ANalYSIS ... 5.15
5.2.1 Accelerating Stabilization ActiVities ...........cocuvrii 515
5.2.2 Early Site CIOSUMES .....cccoiiiiiiiiiitieiere et 5.16
5.2.3 MINIMEEACHON ..ottt e e e er e s as s e s bans s e b be s e e e e sen e e ssnaneas 517
Technology DeveIOPIMENT ..ot e 519
5.3.1 Impacts of New Technology ... 5.20
5.3.2 Analytical APPrOACH ......coiciiiiieiciiitn e 5.21
5.3.3 Savings ProjECHON ...ttt 5.22
Waste Management Configuration Perspective on the Base Case........c.ccccocviinincnnn 5.23
[ 114 AR o o 2PN PYPPPPPRS 6.1

Glossary



Appendixes

Appendix A: National Defense Authorization ACtTOr FY 1994 ..ot eneeeees A1
Appendix B: The Nuclear Weapons Production ProCeSS......ccccivrrerrverrreriririrrnressesssearessesnciesens B.1
Appendix C: Baseline Report Methodology ........occerureisiemsirsieimmimminiissss e Ci
Appendix D: Effects of Productivity and Discounting on the Base Case .......c..coceneivinennnnens DA

Appendix E: Department of Energy Reading ROOITIS .viireuvrerenressressseersssessssneesssssssssnesasarsesans EA




List of Figures

2.1

2.2

41

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

410

4.11

5.1

5.2

5.3

54

5.5

5.6

5.7

Locations of Nuclear Weapons Production and Assembly Activities ...
Overview of Department of Energy Environmental Management Activities ..................
Base Case Cost and Schedule Estimate......c.cocooceiiiiiinicr s

Comparison Between the Base Case Cost Estimates and the Administration’s
BUdget ProjeCtion ..o

Uncertainty Range Surrounding the Mid-Range Base Case Estimate ...................c......

Mid-Range Base Case Estimate for Major Elements of the Environmental
ManagemMEnt Program .......c.iviuirie ittt s s

Mid-Range Base Case Cost Profile for Major Elements of the Environmental
ManNagemMENt PrOGIAM ........ccuvuiiririiie ettt

Annual Costs of Waste Treated, Stored, and Disposed by the Waste Management
g oo - 122 OO OSSPV P PRSPPI TR

Mid-Range Base Case Estimate by State ...
Mid-Range Base Case Estimate by Site ..o
Mid-Range Base Case Cost Profiles for the Five Largest Sites ...,
Distribution of Site-Wide Support COSES ...

Contributions of the Weapons Legacy to the Environmenta!l Management Total
LifE-CYCIE COSE vttt

Conceptual lilustration of the Land-Use Continuum ...,
Site Land-Use HUSIIAtION ......coeeviiiieeeeeireer et e
Results of Land Use ANAIYSIS .....c...ooceriiiiiiiiiiine e s
Land-Use Case RelationShiPs «....cooriiroiiiieiee it e

Hustration of Land-Use and Residual Contamination on Environmental Restoration
COSES AN VOIUMES eeeeeeeee et et eee e et ettt tereaeeeeaesaaarat e e see et eesenes et s e s e ereanenn e s asernnrnns

Conceptual lllustration of Potential Relationship Between Land Use, Residual
Contamination, and Total Program COst ...

Potential Savings from Accelerating Facility Transition to Decommissioning ................




5.8

5.9

5.10

5.11

6.1

Potential Savings from Accelerating Site Closure are Large: Two Case Studies .......... 517
Minimal Action Reduces Near-Term Costs But Increases Future Liabilities .................. 5.18
Technologies Available for Implementation by 2000 May Reduce Total Program

0BT ettt ettt n e ee e s e e s en et et eneeeeen 5.22
Base Case Comparison to Other Configuration ARErNatives ......c.oveveeeeeeeeeeeeeeeraarenn, 5.24




List of Tables

3.1

3.2

3.3

3.4

3.5

4.1

4.2

43

4.4

5.1

5.2

53

54

Examples of Remedial Action Cost Estimates Excluded from the Baseline Report...... 3.2
Examples of Site-Specific Assumptions for Environmental Restoration Activities ........ 3.5
Base Case Waste Management ASSUMPLONS .......c.oivviiinmeniirenninncn et 3.9
Total Waste Volumes Addressed in the Base Case from 1995-2070 ........ccccooeiiieis 3.14
Sites with Environmental Management Activities in the 1995 Baseline Report ............ 3.15
Life-Cycle Cost Estimates for the Low, Mid-Range, and High Base Case.................... 4.4
Estimate of Costs for Selected Environmental Management Projects .........cccooveiienes 410
Mid-Range Base Case Estimate by State and Site ... 413
Comparison of Cost Estimates in 1988 Needs Report and 1995 Baseline Report ....... 4.23
Basic Assumptions for Land-Use Case .......ccccceviiiiiiiiiiiinenie e 5.6
Sites Varied in Land-Use ANAIYSIS ......cccoveriieiiciiiiiiiiie st 5.8
Technology Systems Used to Estimate Potential Cost Savings ... 5.21

Base Case Waste Management Configuration ..., 5.23




1.0 Introduction

The Department of Energy’s Office of Environmental Management, established in
1989, manages the largest environmental stewardship program in the world—with
over 140 sites and facilities in over 30 States and territories. The primary focus of
the program is to reduce health and safety risks from radioactive waste and envi-
ronmental contamination resulting from the development, production, and testing
of nuclear weapons during the Cold War. Past efforts have put the estimated
cost of the program at several hundred billion dollars over several decades. In an
attempt to better understand the magnitude of this effort, Congress required the
Secretary of Energy to submit a Baseline Environmental Management Report by
March 31, 1995, with annual updates to follow.

The 1995 Baseline Environmental Management Report (Baseline Report) provides
a life-cycle cost estimate, tentative schedules, and projected activities necessary to
complete the Environmental Management program. In doing so it represents the
Department’s most comprehensive effort to date to develop a clearer picture of
the “Cold War Mortgage.”

1.1 The Cold War Mortgage

In the United States, World War II and the Cold War led to the development of a
vast network of industrial facilities for the research, production, and testing of
nuclear weapons, known as the “nuclear weapons complex.” It includes thou-
sands of large industrial buildings such as nuclear reactors, chemical processing
buildings, metal machining plants, and maintenance facilities. Over the last

50 years, this enterprise manufactured tens of thousands of nuclear warheads and
detonated more than a thousand. The Department of Energy, the Federal agency
now responsible for managing the nuclear weapons complex, manages more
than 120 million square feet of buildings and 2.3 million acres of land—an area
larger than Delaware and Rhode Island combined.

In addition to creating an arsenal of nuclear weapons, the complex left an unprec-
edented environmental legacy. Because of the priority on weapons production, the
treatment and storage of radioactive and chemical waste was handled in a way
that eventually led to contamination of soils, surface water, and ground water in
and around facilities. For example, at the Hanford Site in Washington State, radio-
active wastes have leaked from several of the one-million-gallon underground stor-
age tanks. As a result of the revelations by the news media and non-governmental
organizations, as well as studies conducted by the Department of Energy during
the last 10 years, this legacy is generally well-known.

The nuclear weapons complex essentially shut down production operations in the
late 1980’s, leaving not only the legacy of thousands of contaminated areas and
buildings, but huge volumes of "backlog" wastes awaiting treatment and a large
amount of special nuclear materials still in the "pipeline” of the production facili-
ties. For example, over 100 million gallons of high-level radioactive waste are
stored in about 250 tanks at the Hanford Site in Washington, the Savannah River
Site in South Carolina, and the Idaho National Engineering Laboratory in
Idaho. About 1,300 cubic meters of highly radioactive spent nuclear fuel, some

1.1




of which is corroding, remains in continuously monitored storage. Approximately
26 tons of plutonium scraps and residues—no longer needed for nuclear weapons
production—must be stabilized, safeguarded, and dispositioned.

The "Cold War Mortgage," then, can be thought of as the cost and effort associ-
ated with addressing these issues. This expense was deferred in the heat of the
nuclear arms race. Paying the mortgage will take decades and enormous re-
sources.

1.2 What Does the Nation Want to Buy?

The future course of the Environmental Management program will depend on a
number of fundamental technical and policy choices. Most of these choices have
not yet been made, although preliminary decisions have been made in many cases.
Ultimately, meaningful decisions can only be made through adequate stakeholder
input. The cost and environmental implications of alternative choices can be pro-
found.

Some choices are more ethical than technical in nature. For example, what obliga-
tion does the present generation have to future generations regarding future land
use? Many contaminated sites and facilities could be restored to a pristine condi-
tion, suitable for any desired use; they also could be restored to a point where
they pose no health risks to surrounding communities but are essentially sur-
rounded by fences and left in place. The former would obviously have a higher
cost, but, depending on one’s perspective, it may or may not be worth it. Re-
solving such issues will depend on what the Nation wants to buy.

Other key questions that affect the cost of the program include the following:

e What level of residual contamination should be allowed to remain after
cleanup?

¢ Should projects with high safekeeping costs (i.e., high storage costs pending
ultimate disposition of materials) be given priority over certain low-risk
cleanup activities? In other words, how should cost affect priorities?

* Should cleanup and waste management proceed with existing technologies, or
is it prudent, in some cases, to wait for the development of improved technolo-
gies? What criteria should guide decisions on this issue?

* Should activities be carried out in decentralized, regional, or centralized
facilities? How are issues of equity among states factored into configuration
decisions?

The most effective way to resolve these issues is to engage in a broad-based national
and local debate to assess the costs, risks, and other tradeoffs associated with
different approaches. The 1995 Baseline Report lays the foundation for this debate.
It describes where the Environmental Management program is headed, according
to current assumptions, and illustrates potential impacts if these assumptions vary.
Additionally, the report will establish a more-disciplined inventory of the prob-
lems and the potential liabilities that can be used as a management tool.
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1.3 What the Baseline Report Covers

The 1995 Baseline Report was prepared in response to a congressional mandate
made first in the 1994 National Defense Authorization Act (Appendix A). Con-
gress directed the Department to

¢ estimate the total cost of the Environmental Management program;

* describe each project or activity at each site;

» describe the environmental problem addressed by each project or activity;
* specify the proposed remedy or solution to the problem, if known;

¢ estimate the cost of completing each project or activity (in 5-year increments
where appropriate); and

* provide a schedule and estimated completion date for each project or activity
(with progress milestones for every 5-year increment).

The Baseline Report addresses the requirements of the 1994 National Defense Au-
thorization Act in Volume I in Chapter 4, Results, and Chapter 5, Alternative
Cases. More specific requirements of the Act, such as a description of and costs for
projects and activities at the installation level, are answered in the Site Summaries,
Volume II, of the Baseline Report.

Working from these congressional requirements, the Department prepared a
“Base Case” cost estimate. The Base Case was constructed with data provided
primarily by the field offices and sites. The cost and schedules were based on
meeting existing compliance agreements, including milestones for as long as
they were established. Information included costs and schedule estimates for
environmental restoration; nuclear material and facility stabilization; and waste
treatment, storage, and disposal activities at each installation. It also included costs
for related activities such as landlord responsibilities, program management, and
legally prescribed grants for participation and oversight by Tribes and regula-
tory agencies.

For the purpose of this report, the Environmental Management program was con-
sidered “complete” when all sites had been remediated and when waste generated
from previous missions and remediation and stabilization activities was projected to
be safely disposed. Following completion of these activities, annual costs were as-
sessed for surveillance and monitoring, where appropriate, to ensure adequate
protection of human health and the environment at all closed sites. Finally, annual
costs were estimated for managing waste projected to be generated in the future
from Departmental activities such as energy, basic science, and weapons research.

The Base Case estimate was built on a broad range of assumptions regarding
the outcomes of various decisionmaking processes that will determine the ulti-
mate disposition of Department of Energy facilities and installations and, hence,
the scope and pace of the Environmental Management program. Because of the
many unanswered questions in this regard, the Department also examined how
Base Case costs might vary under differing sets of assumptions. Four key areas most
likely to affect total costs were analyzed: (1) possible variation in future land use;
(2) activity prioritization and scheduling; (3) technology development; and

(4) configuration of treatment, storage, and disposal facilities.
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1.4 Estimates, Not Decisions

Many broad assumptions were required to make it possible to estimate the long-
range costs and schedules to complete the Environmental Management program.
Indeed, preliminary answers had to be posed regarding future land use; cleanup
level; and pace, priority, and configuration of activities even to define the Base
Case. In addition to the uncertainty of long-term programmatic and institutional
issues, significant uncertainties stem from limitations in existing data. For ex-
ample, of the approximately 10,500 potential “release sites” (sources of contamina-
tion), only one-fourth are fully characterized, and the future missions of many
installations are ill-defined.

Previous Cast Estimates

The Federal Government last estimated the total cost of environmental liabilities
at Department of Energy facilities in 1988 before the end of the Cold War, when
the renovation and indefinite operation of the existing nuclear weapons
complex was being planned. These cost estimates primarily assessed what was
needed to bring installations into compliance with environmental regulations to
allow continued weapons production, For example; estimates focused on per-
mitting installations and operation of air and water monitoring systems, with
limited short-term corrective action at active sites. Little emphasis was placed
on more expensive activities such as remedial action at inactive sites. These esti-
mates ranged from $100 to $300 billion for total program cost. Even higher esti-
mates were produced by speculative extrapolation without the benefit of the
type of field data on which this report is based.

The Baseline Report is dramatically different—both the results and the method-
ology—-from past estimates for a number of reasons. First, this Base Caseé esti-
matein this report is based on a “bottom up” approach using large amounts of
data and assumptions collected from field offices, rather than centralized esti-
mating processes, which were used in previous estimates. Second, this report
does not attempt to provide cost estimates for cleanup activities that:are not
technically feasible using existing technologies. Such estimates, which were in-
cluded in some previoiis estimates; do not make sense because complete
cleanup using existing technologies canniot be attained at any price for certain
contamination situations such as nuclear weapons test residues or large areas of
contaminated ground water and river system sediments. Third, the activities
for which estimates are provided in this report reflect the Department’s sig-
nificantly reduced nuclear
weapons production require-
ments. Finally, the Baseline Re-
port also reflects a greater
understanding of the nature and
extent of contamination, as well
as broader program support re-
sponsibilities than assumed for
previous estimates. As a result of
these differences, this Baseline Re-
port is not comparable in scope
and is substantially improved in
the level of detail and integration
over past estimates.

Told Cleanup of Weapons

Plagts May Cost $100 Billon
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The development of the Base Case and alternative cases, which are based on tenta-
tive assumptions and limited data, should not be interpreted as shaping Depart-
mental policy, budget requests, or long-term plans. Decisions can only be reached
through developing and sustaining national and local debate involving the people
whose lives these decisions will affect. Providing a framework for such discussion
is a key purpose of The 1995 Baseline Environmental Management Report.

1.5 Preview of the Report

This report consists of two volumes: Volume 1, The 1995 Baseline Environmental
Management Report, and Volume I, Site Sumimaries for the 1995 Baseline Environmental
Management Report.

Volume I begins with a summary of the entire report followed by an introduction
(Chapter 1) that sketches the basic framework for the report—the Cold War mort-
gage and the Environmental Management program—and briefly characterizes the
report itself. Chapter 2 describes in more detail both the sources of environmental
contamination and the remedy—the Environmental Management program. It
establishes the background necessary for understanding Chapter 3, the Base Case,
and Chapter 4, the results of the cost-and-schedule estimating exercise. Alternative
cases to the Base Case and cost-and-schedule estimates are presented in Chapter 5.
The next steps for the Environmental Management program are discussed in
Chapter 6. Volume I also contains a bibliography, glossary, and several appendixes.
Appendix A reprints the portion of the National Defense Authorization Act for

FY 1994 pertinent to this Baseline Report. The other appendixes present informa-
tion pertinent to the cost-and-schedule analysis and list reading rooms where this
report and background materials reside.

Volume II contains summaries for each site included in the baseline estimate. These
summaries start with the past, present, and future missions of current facilities at
the site; review existing contamination problems at each site and remedial actions
under way or planned; and describe activities or plans for facility stabilization and
waste management. Landlord functions, where pertinent, and program man-
agement are also included. Each summary includes tabulated cost estimates,
funding data, and milestones lists.
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2.0 Sources of Contamination
and the Remedies

Production of nuclear weapons in the United States required the use of a vast
array of facilities—mines, laboratories, nuclear reactors, chemical plants, machine
shops, and test sites. At all sites where these activities took place, some envi-
ronmental contamination occurred. In some instances, the contamination is
contained, posing no immediate risk to people and the environment. In others,
however, the contamination is extensive enough to have polluted not only the
surrounding soils but also the underlying ground water. Most waste generated by
the Department of Energy is radioactive, and therefore, cannot be eliminated—it
can only be contained in a safe manner while its radioactivity diminishes.

Although, by far, the major focus of the Environmental Management program is to
address the environmental legacy of nuclear weapons production activities, wastes
come from other sources as well. Nonweapons legacy wastes include those wastes
associated with managing past activities, such as energy research, basic science,
and the Three Mile Island nuclear power plant accident. Newly generated radio-
active wastes from ongoing research activities within other programs at the De-
partment of Energy are also managed by the Environmental Management
program. Environmental Management will also continue to be responsible for
managing applicable wastes generated by the U.S. Navy’s nuclear reactors. Finally,
some wastes will be generated from future weapons dismantlement or mainte-
nance activities.

This chapter describes the primary sources of contamination for which Environmen-
tal Management has responsibility and the types of activities required to address
the concern (e.g., the process of remediation and key waste management activi-
ties). Where appropriate, specific sites or facilities are named as examples. Readers
who are interested in more-detailed information about the production of
nuclear weapons will find the processes described further in Appendix B. Readers
who are interested in more-detailed information about specific sites—or specific
States—will find them described in Volume IL.

2.1 Contamination from Nuclear
Weapons Production

At the core of the weapons-manufacturing process was the production of three
materials—highly enriched uranium, plutonium, and tritium. Production of these
nuclear materials required the most complicated facilities in the weapons complex
and was responsible for most of the environmental legacy of the Cold War. Fig-
ure 2.1 shows where various weapons production facilities are located and which
step in the production process they represent. The following discussion briefly de-
scribes the process of producing nuclear weapons, including the environmental
legacy of each process.

Uranium Mining and Milling—The United States mined about 60 million tons of
ore to produce uranium for nuclear weapons production. Mining and milling pro-
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duced large volumes of a sand-like byproduct called “mill tailings,” which contain
both toxic heavy metals and radioactive radium and thorium. Although there is a
large volume of this material, it represents only a small fraction of the total radio-
activity managed by the Environmental Management program.

Uranium Enrichment—To make highly enriched uranium, enrichment plants
removed and separated uranium-235 from uranium-238. Enrichment plant opera-
tions produced large volumes of enriched uranium and environmental contamina-
tion with radioactive materials, solvents, polychlorinated biphenyls (PCBs), heavy
metals, and other toxic substances.

Fuel and Target Fabrication—The conversion of uranium hexafluoride gas into
metal. The main types of environmental legacies from these operations are
unintended releases of uranium dust, landfills contaminated with chemicals,
and contaminated facilities.

Reactor Irradiation—Uranium targets were irradiated in production reactors to
produce plutonium. Their main environmental legacy is highly radioactive spent
fuel, and contaminated facilities.

Chemical Separations—The chemical separation of fission products from uranium
and plutonium generated more than 100 million gallons of highly radioactive and
hazardous chemical waste, some of which was discharged directly into the ground.
Waste from reprocessing contains the vast majority of the total radioactivity man-
aged by the Environmental Management program, much of it emitted from long-
lived radioactive elements that could pose hazards for tens of thousands of years.
Chemical separations also left a legacy of contaminated facilities.

Fabrication of Weapons Components—Plutonium was machined into warhead
components. The weapons laboratories also used plutonium to make and test
prototype designs for weapons. Waste from this process is mostly plutonium-
contaminated (transuranic) waste.

Weapons Assembly and Maintenance—Factories contributed nonnuclear compo-
nents for the final assembly of nuclear weapons. The environmental legacy includes
soil contaminated with high-explosive waste, fuel and oil leaks, and solvents.

Research, Development, and Testing—More than 1,000 nuclear devices were
exploded in atmospheric, underwater, and underground tests. The environmental
legacy includes hundreds of highly radioactive underground craters and soils and
debris contaminated with low-level waste. Testing nonnuclear components left

contamination with high-explosive materials and other chemicals.

For a more detailed discussion, refer to Appendix B, The Nuclear Weapons Production
Process.

2.2 Contamination from Other Sources

Although the environmental costs of nuclear weapons production are substantial,
the Environmental Management program also addresses a legacy of waste from
nonweapons production as well as wastes generated by ongoing activities.

The nonweapons legacy wastes are those wastes associated with cleaning up
waste generated from past activities, such as energy research, basic science, the
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Three Mile Island nuclear plant accident. For example, Brookhaven National
Laboratory’s environmental restoration activities are focused on remediation of
contamination of soil, surface water, and possibly ground water resulting from re-
search and development work by the U.S. Army and the Department of Energy
since 1947. At the West Valley Demonstration Project, New York, the Environmen-
tal Management program manages approximately 600,000 gallons of high-level
waste from the previous reprocessing of spent nuclear fuel, primarily from com-
mercial nuclear power plants. The Environmental Management program is re-
sponsible for demonstrating the technology for solidifying high-level waste and
cleaning up the facilities that are used. At the Princeton Plasma Physics Labora-
tory, New Jersey, which carried out nuclear fusion research and development for
the Department for more than 40 years, contamination sources include former
wastewater treatment plant facilities, a cooling tower and its adjacent soils, the
chromate reduction pits, and a hazardous waste accumulation area.

The Environmental Management program also manages waste from other ongo-
ing programs within the Department of Energy such as the Office of Energy Re-
search and the Office of Nuclear Energy. For the purpose of this Baseline Report, it
is assumed most of these sites will continue operations.

2.3 The Environmental Management Program

The Office of Environmiental Management was created in 1989 to help address the
environmental legacy of nuclear weapons production and other sources such as
nuclear research programs. The program encompasses remediation of the environ-
ment that has been contaminated with radioactive materials as well as hazardous
chemicals. The program uses safe and practical strategies for dealing with a vari-
ety of radioactive and toxic wastes. It also entails the stabilization and safekeeping
of hundreds of facilities that have no similar counterparts in any other segment of
society, military or civilian. Finally, it requires the management of special nuclear
materials such as plutonium and highly enriched uranium. The scope of activities

For a comprehensive background of the Environmental Management program and a description
of program accomplishments, see the following recently published reports:

Closing the Circle on the Splitting of the Atom (January 1995) describes
existing environmental, safety, and health problems throughout the
nuclear weapons complex, and what the Department of Energy is
doing to remedy the problems.

Closing the Circle
: on the
| Splitting of the Atom | Enoironmental Management 1995 (February
: 1995) is the Office of Environmental
Management’s annual report on the
program’s progress. It assesses the
program’s performance in 1994 compared
with 1993.

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.
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within the Environmental Management program has no technical precedent, mak-
ing it difficult to rely on experience from other endeavors.

Activities that encompass the Environmental Management program are broken
into four major functional areas: (1) environmental restoration; (2) waste man-
agement; (3) nuclear material and facility stabilization; and (4) technology devel-
opment. Landlord functions represent a fifth area of additional cross-cutting
support activities. Figure 2.2 graphically shows the scope of the Environmental
Management program and key interrelationships of the four major areas. Primary
among these is waste management, which involves safe treatment, storage, and
disposal of existing waste and waste still to be generated. Environmental restora-
tion activities address remediation of contaminated soil and water as well as de-
commissioning of contaminated surplus facilities. Facility stabilization
involves collecting and consolidating dangerous nuclear materials in surplus
facilities before dismantlement. Technology development refers to a variety of
applied research activities to develop more effective and less expensive rem-
edies to address the environmental and safety problems of the Environmental
Management program. The following subsections describe each major area and
key relationships among them.

- DOE Faciililes and DOE Environmental Management Program

Qther Sources
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Figure 2.2. Overview of Department of Energy Environmental Management Activities
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2.3.1 Environmental Restoration

Environmental Restoration Mission

Environmental restoration is what is usually described as “cleanup.” It encompasses
a wide range of activities such as stabilizing contaminated soil; treating ground
water; decommissioning process buildings, including nuclear reactors and chemi-
cal separations plants; and exhuming buried drums of waste. The extent to which
a site is “cleaned up” will depend largely on assumptions regarding future land
use. For most sites, the process of determining future site use has only just begun.

Environmental Restoration Activities

Site characterization is the process of determining the contaminants at a release
site. The process generally includes the review of historical records (e.g., past
production reports, drawings, audit reports), walk-downs to conduct visual
inspections and limited testing with hand-held detectors, and more extensive
sampling of all potentially contaminated media, such as ground water, soil, and
building surfaces. The evaluation of media samples for types of contamination is
followed by determination of the associated risks of contamination to the
environment, the risk of cleanup, and the proper approach for decontamination
or remediation.

Site remediation follows careful assessment and characterization and may
include actions which actually remove contaminants or merely stabilize the
contaminants to prohibit migration through the air, soil, or ground water.
Removal techniques may include exhumation of soils, soil washing,
bioremediation (using organisms which eat contaminants in soils or ground
water), or pumping and filtering ground water. Stabilization or containment
techniques include capping of soil or buried waste sites, in-situ vitrification
(heating soil to the melting point to make “glass” and trap contaminants), or
pumping and reinjecting ground water to stop the spread of contaminants.

Decommissioning activities involve the decontamination and safe disposition
of surplus facilities that have been deactivated. The safe disposition may include
reuse of a completely decontaminated building, demolition of the building with
rubble removed from the site, or entombment which might involve collapsing
the structure into its basement level and capping the contaminated rubble in
place. The contents of these surplus facilities are primarily reactors, hot cells,
processing plants, storage tanks, research facilities, and other structures where
releases or spills have occurred.

Long-term surveillance and monitoring physically demonstrate that
contamination has been successfully removed, contained or reduced such that
the level of risk associated with the waste stream is no longer considered a
threat to human health or the environment. Also included are maintenance
activities where containment remediation approaches have been implemented,
such as capping of buried waste and entombment of buildings. In the instance of
ground-water contamination, pumping and treating involve continued
operations for a long period of time.
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Environmental Cleanup: The Regulatory Process

The general process to reach decisions concerning cleanup actions is laid out by
statutes including the Comprehensive Environmental Response, Compensation
and Liability Act; the Resource Conservation and Recovery Act; and the National
Environmental Policy Act. The process is generally implemented at specific sites
through agreements among the Department of Energy, the U.S. Environmental
Protection Agency, and frequently the host State. The process can be described as
follows:

First, a site or a portion of a site is “characterized” to identify contaminants, deter-
mine the extent of contamination, and assess potential threats to public health and
the environment. If significant contamination is indicated, and limited action will
result in mitigation of risk, an expedited response action or interim action may be
conducted as a means to quickly address the problem. To date, over 500 such expe-
dited actions have been completed, avoiding larger contamination problems that
surely would have resulted from delay.

Upon completion of characterization, a detailed analysis is performed to quantify
risk and evaluate remedial alternatives. The analysis is followed by a formal deci-
sion process including public meetings and a formal comment period.

If the results of the analysis indicate that a potential release site (which may be or-
ganized into an “operable unit” or “waste unit” with other related release sites) is
not a threat to health and the environment or that an interim action adequately
remediated the contamination, a recommendation of no further action is made to
the regulators. If, however, a threat is deemed to be present, the appropriate reme-
dial action is identified, and a recommendation is submitted for formal approval.

In deciding on the proper course of action, it is important to ensure that the
cleanup action itself will not pose a greater hazard to workers and the general
public than not disturbing the contaminated area. It is also necessary to determine
how much waste will be generated in the cleanup and make provisions for its stor-
age, treatment, and disposal. If actual cleanup is not practical, or not required be-
cause of decisions regarding future land use, steps may be taken to stop or slow
the spread of contamination. The action depends on the contaminants and the me-
dium (soil or water) in which they are found. Contaminants such as hazardous
chemicals or fuel oil can be effectively removed from the media and destroyed, but
heavy metals and radioactive materials cannot be destroyed, even when it is pos-
sible to remove them from the media. Over time—from days to tens of thousands
of years—the radioactivity will decay naturally. Meanwhile, radioactive and heavy
metal-contaminated soils or radioactive waste must be contained, stabilized, or
moved to a safer place. Future costs associated with contamination that has not
been fully remediated or is stabilized in place result from continuous monitoring
and maintenance of containment structures.

To date, the Department has obtained decisions and completed 119 remedial action
projects with another 111 projects under way. These projects have included
cleanup of contaminated soils, building of ground water treatment facilities, and
retrieval of buried waste. The Department is positioned to do 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.
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The Decommissioning Process

The decommissioning of surplus facilities involves a decision-making process
similar to that for environmental cleanup—characterization followed by detailed
analysis of alternatives and formal remedy selection. This process is generally gov-
erned by the stipulations of the National Environmental Policy Act, although some
future decommissioning may be required and executed under the provisions of
the Comprehensive Environmental Response, Compensation and Liability Act.

Decommissioning activities are generally lower priority than soil, buried waste, or
ground-water contamination sites because their contamination is contained within
buildings, but the deteriorating condition of buildings poses substantial hazard to
surveillance and decommissioning workers, and the recurring costs associated
with maintaining surplus facilities absorbs resources that could be better spent on
remediation. A balance between these priorities must be struck to maximize future
program progress.

The decommissioning program is in its infancy. Of the 3,500 contaminated facili-
ties that are surplus or projected to be surplus within the next 10 years, 100 facili-
ties have been decommissioned to date. In spite of its modest beginnings, the
program has placed a priority on minimizing secondary waste and has recycled
16 million pounds of scrap metal from dismantled facilities and equipment.

2.3.2 Waste Management

The Waste Management Mission

The waste management mission of the Environmental Management program is to
treat, store, and dispose of wastes and to manage spent nuclear fuel generated
during past and future Department of Energy activities. Waste management in-
volves managing large volumes of “backlog” wastes existing now at various facili-
ties throughout the United States. At the end of 1993, approximately 1 million
cubic meters of radioactive waste were stored in facilities at various Department of
Energy installations. Additional wastes are expected from environmental restora-
tion and facility stabilization activities as well as from other ongoing activities
within the Department of Energy.

Based on their physical and chemical characteristics, wastes are divided into a va-
riety of categories including high-level radioactive waste, transuranic waste, low-
level radioactive waste, low-level mixed waste, hazardous chemical waste, and
sanitary waste. Each type of waste requires a different strategy for management, as
each has specific requirements for treatment, storage, and disposal. Spent nuclear
fuel, although not classified as waste, is managed by the Environmental Manage-
ment program and also requires a unique management strategy. The box on the
following page provides additional information on various waste types and spent
nuclear fuel.

Environmental restoration and facility stabilization will generate wastes that will
consist primarily of contaminated soils, rubble, debris, residues, chemicals, and
equipment. Although most of wastes are expected to be low-level, low-level mixed
waste, or hazardous waste, substantial volumes of transuranic waste from exhu-
mation of buried wastes are included in this analysis.
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Definitions of Waste Types:and Spent Nuclear Fuel

High-level waste resulted from the chemical processing of spent nuclear fuel
to recover special nuclear materials. High-level waste is stored largely as a liquid
or sludge, with some waste in the formof calcine. High-level wastes contain haz-
ardous constituents regulated under Subtitle C of the Resource Conservation and
Recovery Act.

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 reac-
tors (including training, prototype, and service reactors). Except for a few special
cases (e.g., Three Mile Island), the Environmental Management program is not
responsible for managing spent nuclear fuel from commercial reactors,

Transuranic waste includes wastes with over 100 nanocuries per gram of plu-
tonium or other long-lived radionuclides that are heavier than uranium. This
waste does not generally require the remoteé handling needed for high-level
waste and spent nuclear fuel but contains radionuclides that remain radioac-
tive for thousands of years. Most transuranic waste was generated during the
production of nuclear weapons and contains hazardous constituents regulated
under Subtitle C of the Resource Conservation and Recovery Act.

Low-level waste includes all radioactive waste not classified as high-level waste,
mixed waste, and tranisuranic waste. Low-level waste also excludes uranium and
thorium tailings. These wastes are subject to provisions of the Atomic Energy
Act.

Low-level mixed waste is low-level waste that also is contaminated with hazard-
ous constituents regulated under Subtitle C of the Resource Conservation Recovery
Act.

Hazardous waste is waste that is regulated under Subtitle C of the Resource Con-
servation Recovery Act. It-.contains hazardous constituents but no radionuclides:
Hazardous waste is generated at most of Department of Energy installations in

a variety of quantities and forms (e.g., laboratory solutions, acids, bases, and
degreasing agents).

Sanitary waste includes solid sanitary waste {e.g., garbage, rubble, or debris)
regulated under Subtitle D of the Resource Conservation Recovery Actand
liquid sanitary waste regulated under the Clean Water Act.

Waste Management Strategies

The management strategy for each type of waste often depends on consent orders
and Agreements-in-Principle the Department of Energy has entered into with host
States and the U.S. Environmental Protection Agency largely in accordance with
requirements of the Resource Conservation and Recovery Act. For example, for
mixed waste (which includes high-level waste, most transuranic waste, and low-
level waste with hazardous constituents), the Department of Energy is complying
with requirements of the Federal Facility Compliance Act. The Act requires the De-
partment to develop and submit Site Treatment Plans to the U.S. Environmental
Protection Agency or State regulators for approval. These plans describe the treat-
ment of mixed waste. Forty-one sites in 21 States currently are developing Site
Treatment Plans. To ensure the plans are acceptable, the Department began nego-
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tiations with the affected States, facilitated by the National Governors’ Associa-
tion. This report incorporates assumptions (e.g., where major volumes of wastes
will be treated) from this process. Approval of Site Treatment Plans by the U.S. En-
vironmental Protection Agency or the affected States is required by October 1995.

The following text describes current assumptions regarding treatment, storage,
and disposal facilities for the different waste types.

High-level waste is stored in large tanks at the Savannah River Site, Idaho National
Engineering Laboratory, Hanford Site, and West Valley Demonstration Project.
Because the Department has ended special nuclear materials production opera-
tions and is phasing out chemical reprocessing of fuel, large volumes of high-level
waste are not expected to be generated in the future. Small amounts of high-level
waste are expected to be generated during nuclear material and facility stabiliza-
tion activities.

Regulations require high-level waste to be converted to durable, stable solid form
for disposal. The Department is developing safe, reliable, and cost-effective meth-
ods for the characterization, retrieval, pretreatment, and final disposition of
these wastes. The preferred treatment for most high-level waste is mixing solid
waste with glass frit and vitrifying it to borosilicate glass that solidifies inside steel
canisters. Some high-level waste may be converted to a ceramic form. The steel
canisters will be stored in aboveground storage facilities until disposal. Vitrifica-
tion facilities at Savannah River and West Valley are about to begin operation.

Disposal for high-level waste currently is not available. It must await the opening
of a geologic repository that is yet to be built and for which a site, though identi-
fied, has not yet been approved. The repository, to be developed by the Department’s
Office of Civilian Radioactive Waste Management, is not expected to be available
to accept Department of Energy waste until the year 2016 at the earliest.

Spent nuclear fuel is primarily in solid form as metal-clad rods, that require no
treatment for near-term storage. Broken or punctured rods must be overpacked to
contain the radioactive material. Most spent fuel is stored in water pools at the
Hanford Site, Idaho National Engineering Laboratory, Savannah River Site, and
Oak Ridge Reservation; this traditional method of storage requires constant main-
tenance, such as water purification to prevent corrosion. More efficient storage will
be provided in dry aboveground facilities the Department plans to develop. These
facilities will use specially engineered storage canisters. Some treatment of spent
fuel may be required before final disposal, but it is premature to make decisions in
this regard until waste acceptance criteria for the repository are developed. Alterna-
tives for treatment of spent nuclear fuel are presently being examined.

Spent fuel requires permanent isolation in a geologic repository. Current plans call
for emplacing it with high-level waste in a repository.

Transuranic waste is stored in a retrievable manner (mostly at the Idaho National
Engineering Laboratory, but also at the Savannah River Site, Los Alamos National
Laboratory, and the Hanford Site) pending the opening of a geologic repository.
Storage facilities are being upgraded or constructed to comply with the requirements
under Subtitle C of the Resource Conservation and Recovery Act. Before 1970, these
wastes were buried in shallow trenches, mostly in Idaho and Hanford. The environ-
mental restoration program is determining future actions at the burial sites under the
Comprehensive Environmental Resource Conservation and Liability Act process.
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The Department intends to dispose of the stored backlog and newly generated
transuranic waste in a deep underground geologic repository. During the 1980’s,
the Department excavated an underground salt layer in southern New Mexico, re-
ferred to as the Waste Isolation Pilot Plant. The Department expects to use this fa-
cility to dispose of transuranic waste, if the Department determines that it is
suitable for disposal and permission is granted by the U.S. Environmental Protec-
tion Agency and the State of New Mexico Environment Department under the
provisions of the Waste Isolation Pilot Plant Land Withdrawal Act. The De-
partment is now completing the prerequisites to arrive at this decision, which is
expected to be made in 1998.

Before being shipped to the Waste Isolation Pilot Plant, all transuranic waste cur-
rently in storage will have to meet the waste acceptance criteria for the Waste
Isolation Pilot Plant and be certified to that effect. Many containers in which the
waste is stored (steel drums or boxes) will need repackaging to meet transporta-
tion requirements. In addition, some treatment may be required to meet waste
acceptance criteria, which have not been finalized and will not be available until
the U.S. Environmental Protection Agency and the State of New Mexico complete
their regulatory reviews.

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. Low-level waste currently is generated at more
than 30 different installations and disposed of at the Savannah River Site, the
Oak Ridge Reservation, the Idaho National Engineering Laboratory, the Nevada
Test Site, the Los Alamos National Laboratory, and the Hanford Site.

Low-level waste generally undergoes minimum treatment—volume reduction,
solidification of liquids, and packaging to transport and dispose of the material.
Similarly, waste storage is kept to a minimum because disposal operations are
ongoing at six installations.

Because low-level waste may have high or low levels of radioactivity, disposal
methods vary. The disposal method (e.g., shallow land burial or engineered
vaults) used at a given site depends on the geologic conditions and types of radio-
active material to be disposed.

Waste Minimization and Pollution Prevention

The Department of Energy instituted a waste minimization program at all its
facilities, The Environmental Management program administers the program.
Waste minimization and pollution prevention means preventing or reducing the
generation of pollutants, contaminants, hazardous substances, or wastes at the
source or reducing the amount of waste requiring treatment, storage, and dis-
posal through recycling. These objectives can be achieved by administrative
and procedural changes, design features incorporated into new facilities, and
design modifications in existing facilities, increased use of existing technologies,
and expanded technology development efforts. The program has set a goal
to reduce by 50 percent the total release to the environment of toxic chemicals
generated through routine operations by December 31, 1999. For example, waste-
water treatment has been improved by replacing antiquated equipment and pro-
cesses and site-wide programs have begun to recycle materials such as
aluminum, paper, lead, oil, tires, and excess chemicals.
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Although not included in this analysis, the department is responsible for disposing
of Greater Than Class C low-level waste from Nuclear Regulatory Commission-
licensed facilities for which is no commercial disposal is available. The Department
also is responsible for storing and disposing of sealed sources from the commercial
sector under emergency conditions as requested by the Nuclear Regulatory
Commission. The Department is in the process of defining the program for man-
aging these wastes.

Low-level mixed waste is currently not disposed by the Department. Until the
late 1980’s, most of this waste was routinely disposed of by shallow land burial.
However, the Resource Conservation and Recovery Act prohibits land disposal of
low-level mixed waste that contains hazardous components subject to land dis-
posal restrictions unless treatment standards are met or a variance is granted. By
law, low-level mixed waste can be stored for 1 year only in facilities that meet
specified requirements. The type of treatment depends on the chemical contami-
nants, radioactive contaminants, and the waste’s physical form (e.g., liquid, solid,
soil). Because of efforts to minimize the use of materials classified as hazardous
under the Resource Conservation and Recovery Act, the bulk of the future inven-
tory of low-level mixed waste will come from environmental restoration activities.

The Department is working with States to develop strategies to treat and dis-
pose of these wastes. Issues include deciding on a location where wastes would be
treated and defining the type of facility to be used, and location of disposal sites.

Hazardous waste is sent to commercial treatment and disposal facilities, for the most
part. About 15,000 cubic meters are managed in approved commercial facilities
annually. Little or no backlog of this waste awaits treatment and disposal, except
for waste being accumulated for shipment to commercial facilities.

Sanitary waste is generated at all Department of Energy installations. It is
disposed of onsite and offsite at Departmental, public, or private facilities.

2.3.3 Nuclear Material and Facility Stabilization

The end of the Cold War and subsequent decisions to stop the production of
special nuclear materials made many Department of Energy facilities obsolete.
Contaminated surplus facilities are being transferred from their current owners to
the Environmental Management program. The mission of nuclear material and fa-
cility stabilization activities is to reduce the high-risk conditions associated with
unstable excess nuclear and chemical materials left intact at former nuclear weap-
ons production facilities and to reduce the maintenance costs associated with fa-
cilities awaiting decommissioning or final disposition. The transition process
began in 1992. Of the approximately 3,500 contaminated facilities that exist, ap-
proximately 35 percent have already been transferred to Environmental Man-
agement; an additional 30 percent will be transferred by the year 2000; the
remaining 35 percent will be transferred after 2000'. Following stabilization, the

(1) The list of 3,500 surplus facilities is a product of recently initiated efforts: the Surplus Facilities
Inventory Assessment and the Draft Environmental Management Programmatic Environmental
Impact Statement, and should not be considered conclusive. Excluded from this list are facilities
that are expected to have a continued role in national security, such as the Naval Reactors Facility
in Idaho, select Defense Program assets at the Pantex Plant in Texas, and national weapons labo-
ratories in New Mexico and California.
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Recent Nuciear Mate "val ancl Facxhty Stab111zatmn Activities

At the Savannah Rivef.Sxte ’South Carolina:

. Imtlated processmg of apprcmmately 80, 000 gallons of piutonmm nitrate
solutions that were strand’ in various process vessels in the F-Canyon
1 operahons were shut down in March 1992.

;At the Hanford Sxte, Washmgton'

. Remedmted the plutomum bearmg duct work in the support facility at the
I’Iutonmm lesmng Plant

. Completed stabﬂxzatlon of the Uramurn Tri-Oxide Plant

 Reduced the contammated area of the PUREX facility by 420,000 square feet,
apprOXImateiy 90 percent
At the Idaho Chemical Processmg Plant Idaho.
¢ Completed the uranium accountability at Bmldmgs 601 and 602

Atthe Rocky Flats Environmental Technology Center, Colorado:
+ Completed the sovli'clifiiczém'oﬁj of 275 bottles of dilute plutonium solutions

majority of surplus facilities will be transferred to the Environmental Restoration
program for decommissioning. Some will be dismantled while others may be re-
leased for continued industrial use.

Stabilizing and maintaining the large quantity of nuclear materials remaining in
these “surplus” facilities is one of the most urgent tasks of the Environmental
Management program. For example, reprocessing plants are no longer needed for
the extraction of weapons-grade plutonium (although they may be needed to
process some spent fuel for disposal), and the special nuclear materials inside
of them are not intended to be used for nuclear weapons. The task of stabilizing
these sensitive materials and facilities to prevent leaks, explosions, theft, or avoid-
able radiation or chemical exposures is part of the mission of Environmental Man-
agement.

Safeguarding surplus facilities is particularly difficult because many are more
than 40 years old. They have reached or exceeded the lifetime for which they were
designed and have begun to deteriorate; surveillance and maintenance of these fa-
cilities must be performed merely to ensure worker safety. Safe, stable conditions
must be achieved, and the facilities and materials must be kept in a stable con-
dition before any decontamination can be undertaken. This means, for example,
that ventilation systems and air filters must work properly, and fire and radiation
alarms must be tested.

Of the technical problems the Department faces in material and facility stabilization,
plutonium is the most challenging. The sudden shutdown of plants that manufac-
tured plutonium parts for nuclear weapons (the Rocky Flats Plant in Colorado
and other plants at the Hanford and Savannah River Sites) stranded 26 metric
tons of plutonium in a variety of forms—from plutonium dissolved in acid, and
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rough pieces of metal, to nearly finished weapons parts. Unknown amounts have
collected on the surfaces of ventilation ducts, air filters, and gloveboxes. Radioac-
tivity from plutonium is slowly destroying the plastic bags and bottles that contain
it. Flammable hydrogen gas is accumulating inside some sealed cans, drums, and
bottles left in aisles and in gloveboxes. Bulging and ruptured containers al-
ready have been found in several places. A primary concern at the plants is
worker safety, because plutonium is dangerous even in small quantities if inhaled
as a dust. Plutonium metal can spontaneously explode and burn under certain
conditions. Handling and storing plutonium requires special precautions to pre-
vent such an occurrence of “nuclear criticality.”

Many chemicals and chemical residues remained in containers or process lines
when nuclear weapons production ended. The strategy for stabilizing chemicals
emphasizes removing excess or unneeded chemicals, proper storage, and improved
inventory tracking and control.

2.3.4 Technology Development

Developing new technologies to address the environmental challenges in the
former nuclear weapons complex is an integral part of the Environmental Man-
agement program. This program also reflects our strategy of investing in technol-
ogy development to develop long-term effective methods for addressing the
unique environmental challenges facing the Department of Energy. The goals of
technology development activities include reducing risks to people and the envi-

Technology Development Focus Areas

Treat and Dispose of Mixed Wastes. The Department is pursuing versatile treat-
ment methods such as plasma, vitrification, molten metal, and non-thermal tech-
niques. These activities are being coordinated closely with waste management
activities to'meet Federal Facility Compliance Act requirements.

Retrieve and Process Tank Wastes. The Department is initiating full-scale dem-
onstrations on technology systems to safely retrieve and efficiently process high-
level tank waste for permanent disposal. Tank structural analysis and waste
content analysis methods are being developed.

Remediate Contaminated Soils and Ground Water. The Department has initi-
ated full-scale demoristrations on technology systems to characterize, contain,
and remediate contaminated plumes in soils and ground water. In-place treat-
ment of dense non-aqueous phase liquids is one example. . -

Stabilize Landfills. Containment and in-place treatment methods for buried
waste are being developed. Technology systems for retrieval, charactenzanon,
and treatment of landfill waste also are being pursued. - .

Stabilize, Decontaminate, and Decommission Facilities. v The Déijammt will
conduct a full-scale demonstration for the development of fac1hty stabilization
| and decommissioning technologies that emphasme the recychng of matenais
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ronment, reducing cleanup costs, and finding new technologies to address envi-
ronmental problems for which no solutions currently exist.

The Environmental Management program manages and coordinates an aggressive
national program of applied research, development, demonstration, testing, and
evaluation of new technologies for environmental restoration, waste management,
and related activities. Technology Development’s strategy is to identify and de-
velop technologies that can clean up the nuclear weapons complex and manage
waste more quickly, more safely, and at a lower cost. A good example is a tech-
nique known as “minimum-additive waste stabilization” that was demonstrated
at the Fernald Site in Ohio to convert low-level radioactive waste into flattened
glass pebbles. The pebbles are easy to handle and will remain stable after disposal.
In many cases, developing new technologies presents the best hope for ensuring a
real reduction in risk to the environment and improved worker and public safety.

Integrated demonstrations and other similar projects bring together technolo-
gies from national laboratories, other governmental agencies, and the private sec-
tor for demonstration, validation, and side-by-side comparison at a single test bed.
Such efforts include nine projects for ground-water and soil remediation (e.g.,
volatile organic chemicals in non-arid soils, minimum additive waste stabiliza-
tion) and seven projects for waste retrieval and processing (e.g., underground
storage tanks, mixed waste). At least 24 technologies will be available for transfer
to private industry and to Federal facilities as a result of these integrated projects.

2.3.5 Support Functions

To carry out its projects and activities, Environmental Management provides a
variety of support functions. For simplicity, these are divided in this report into
landlord functions and program direction and management.

Environmental Management “Landlord” Sites

Sites where Environmental Management is landlord include the following:

¢ Savannah River Site * Rocky Flats Site

*» Hanford Site ¢ Idaho National Engineering Laboratory
¢ Dak Ridge K-25 Site ¢ Grand Junction Projects Office

* Fernald Site * Mound Plant

¢ .Pinellas Plant ¢ Energy Technology Engineering Center
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Landlord Functions

At 10 installations where the mission is predominantly environmental, the Envi-
ronmental Management program is or will soon be landlord. At these installa-
tions, the Environmental Management program both oversees and directly pays
for infrastructure and other site-wide support. West Valley and the Waste Isolation
Pilot Plant landlord costs are included in the waste management program and not
included in the separate landlord categorization.

As a landlord, the Environmental Management program is responsible for pro-
viding the support services and infrastructure required for continued opera-
tions. Many of these services are similar to those provided by local governments
or as part of any industrial or commercial enterprise, such as building mainte-
nance, maintenance of heating and air-conditioning equipment, groundskeep-
ing, roadway upkeep, electrical distribution system and other utility
maintenance, safeguards and security, radiation protection, transportation and
hauling services, real-property management, and emergency preparedness. The
Department’s landlord activities also include a variety of unique support services
because of the special nuclear materials and radiation/chemical hazards at instal-
lations. Landlord programs also often pay for other services, including medical
services, information services, telecommunications, onsite transportation, labo-
ratory support, general administration, and environmental monitoring.

Program Direction and Management

Program direction includes payments for Federal employee salaries, benefits, and
training. Primary program management activities are (1) regulatory support,
(2) operations integration, (3) program integration, and (4) program controls
and analysis. Program management activities can support an entire site or a spe-
cific program such as waste management or environmental restoration.

The regulatory support activity includes regulatory oversight and programmatic
guidance; implementation and monitoring compliance with pertinent environ-
mental regulations and laws; and coordination of external surveillance, audits,
and appraisals.

Operations integration involves developing, implementing, and conducting training
programs; establishing and maintaining performance expectations and measure-
ments; and preparing, reviewing, implementing, and maintaining procedures.
Program integration requires development of near- and long-term plans for all
remedial actions and waste streams, including coordination of private-sector
initiatives, where appropriate.

Other important general activities of program management are quality assurance,
information resource management, and program control and analysis. The latter
includes preparing estimates, schedules, and budgets; budget- and schedule-
variance analyses and corrective action; performance analyses; and funding man-
agement. Support to prepare the Baseline Report falls under this category.
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3.0 The Base Case

This chapter presents the assumptions that define the Base Case cost estimate for
the 1995 Baseline Report. The Base Case is premised on site-specific assumptions
regarding future land use; treatment, storage, and disposal facility needs; and the
technologies to be used at the sites. These assumptions were developed at indi-
vidual sites and reflect specific regulatory requirements and site-specific planning
efforts.! Because many assumptions are preliminary (i.e., they were made to esti-
mate costs for activities that will happen decades from now), and will undoubt-
edly change in many cases, alternative cases are presented in Chapter 5 to
demonstrate how the total program cost would vary as key assumptions are modi-
fied. Estimates of costs and projected schedules of activities for the Base Case are
included in Chapter 4. A detailed discussion of the methodology used to develop
the Base Case estimate is presented in Appendix C.

3.1 Estimating Costs in the Face
of Large Uncertainties

Significant technical and institutional issues must be addressed to estimate cost
and schedule for the complete life-cycle of the Environmental Management pro-
gram. Technical issues result from the sheer magnitude of the program as well as
the lack of data characterizing the levels of contamination at many sites. At the
sites included in the program, the Department has identified a total of approxi-
mately 10,500 potential release sites from which contaminants could migrate into
the environment. Although many of these units have been assessed for their con-
tamination potential, only one-fourth of them have been fully characterized.
Nonetheless, the Department believes it has characterized the largest and most
significant of the 10,500 sites, and preliminary information is available for a sub-
stantial portion of the balance.

In other crucial areas, the problem is more clearly understood, but no solution cur-
rently is available, nor will be available for many years. An example is the need for
a permanent isolation of high-level waste in a geologic repository—a repository
will not be available for the Department’s high-level waste until the year 2016.
In other instances, no remedy for the problem is available or is even on the hori-
zon. The contamination of soils deep underground from nuclear tests in Nevada is
one such case. The costs to remediate these types of sites were excluded from the
cost estimate, not because of a Departmental policy to ignore such problems, but
rather, because no acceptable remediation strategy exists with today’s technolo-
gies. Table 3.1 lists projects excluded from the analysis either because there is no
technological solution, or if an activity were undertaken, it would cause more eco-
logical harm than good.

In addition to the uncertainties that arise from the above-mentioned technical
problems, the Environmental Management program is subject to uncertainties that

(1) For summary level site-specific assumptions, please refer to Volume II. For detailed assump-
tions, contact the site for access to the planning documents addressing facility and contamination
release site assumptions.
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Table 3.1. Examples of Remedial Action Cost Estimates Excluded from the Baseline Report

Oak Ridge Reservation

(Y-12, K-25, Associated Universities)

Installation Project
Hanford Site 100 Area ground water

200 Area ground water

Columbia River, Hanford Reach

Clinch River
Watts Bar Reservoir
Poplar Creek Embayment

White Oak Creek

Oak Ridge National Laboratory

Hydrofracture Site

Reason
Excluded

Nofeasible

remediation
approach available

No feasible
remediation
approach available

No feasible
remediation ,
approach available

Savannah River Site

L Lake

Savannah River Swamp

Par Pond

Collateral
ecological damage

Collateral
ecological damage

Collateral
ecological damage

Fernald Plant

Great Miami River

No feasible
remediation
approach available

Idaho National Engineering
Laboratory

Snake River Plain Aquifer

No feasibie
remediation
approach available

Rocky Flats Plant

West Spray Field
Walnut Creek

Woman Creek

Great Western Reservoir

Offsite surface soils

Collateral
ecological damage

Nevada Test Site

Sandia National Laboratory

3.2

SRR

Underground test areas

No feasible
remediation
approach available

Chemical waste landfili

ground water

No feasible
remediation
approach available




stem from its legal and institutional obligations. These include the legal require-
ments for an institutional framework that involves the U.S. Environmental Protection
Agency and host States in making decisions about the majority of projects in the
program. These participants make the final decisions about the choice of remedial
action and the satisfactory completion of each action. In many cases, these deci-
sions have not yet been made.

Furthermore, objectives have not been fully defined at some sites because the De-
partment of Energy is not empowered to define them alone. For example,
policy decisions related to preserving the interests of the Nation in regard to
nuclear nonproliferation and defense readiness will define the future mission
for the nuclear weapons complex. These policy decisions will affect the con-
tinued operations of some installations, including future land use options, and
the final disposition of nuclear materials. These developments will affect the scope
of the Environmental Management program in ways that are difficult to predict.

Finally, there is the length of the program—several decades. That in itself is sufficient
to introduce a variety of uncertainties into any cost and schedule estimate. Some ac-
tivities have been excluded from this analysis because of uncertainties described
above. The disposition of excess weapons-grade plutonium was excluded, as was
the disposition of materials not classified as waste and potential future projects
that, if implemented, could generate waste (i.e., a new tritium reactor).

Despite the uncertainties, there is an important advantage in attempting to es-
timate costs before all this information is available or these decisions have
been made. The cost consequences of different technical and policy options
can be explicitly analyzed and debated to make wise decisions in an open
manner. In addition to better departmental and congressional program man-
agement, this is exactly the point of the study.

3.2 Developing the Base Case

To develop the Base Case, available data were collected from all sites and as-
sembled into an integrated and comprehensive whole. The data fell into four gen-
eral categories: (1) estimates of the annual cost of each activity; (2) initial schedule
estimates, including starting date and duration of the activity; (3) estimates of the
annual waste volumes generated by each activity; and (4) assumptions regarding
future land use and site mission, which tend to dictate the types of activities re-
quired. An “activity” is generally a specific set of actions taken to remediate a con-
taminated area, manage a facility, or manage a waste type at a site. The primary
sources of these data were preliminary baselines developed by each site and other
program planning documents. Approximately 60 percent of the Base Case life-
cycle cost estimate was developed from these site-specific sources.

The remaining 40 percent of the cost estimate was developed through other sources.
The missing information was generally future costs and schedules that were not
completely estimated and key assumptions that were not addressed. Key assump-
tions regarding facility transfers to Environmental Management, availability of dis-
posal facilities, and future land use were developed with input from stakeholders
at meetings held to discuss methodology and assumptions. This was necessary be-
cause these assumptions are not defined in existing laws or policies, and be-
cause without these types of assumptions a total cost estimate is impossible to
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develop. Gaps in cost estimates were filled using computer models developed to
project costs associated with treating, storing, and disposing of projected waste
volumes and completing remedial actions assumed to be necessary.

Key assumptions have an enormous influence on scope, schedule, and total cost of
this program. The following sections describe key assumptions regarding funding
availability and the major components of the Environmental Management pro-
gram. Additional site-specific assumptions can be found in each site summary
in Volume II of the Baseline Report.

3.3 Assumptions for the Base Case

3.3.1 Funding and Schedule Assumptions

The Environmental Management program operates under the same funding pres-
sures as other Departments and Federal agencies. Although it is not possible to
predict levels of Federal funding that may be available to support the program
over the next several decades, assuming unlimited funding in any given time pe-
riod is unrealistic. Moreover, there is a limited rate at which funds can be ex-
pended and still properly managed. Therefore, funding assumptions regarding the
Base Case cost estimate were structured in such a way as to reflect realistic avail-
ability of future funding (i.e., under somewhat constrained budgets).

As specified by Congress, sites assumed a minimum funding level consistent
with meeting the requirements of applicable laws, permits, regulations, or-
ders, and agreements. In most cases, this involves meeting the milestones in
the 72 existing compliance agreements in effect throughout the complex.
About 65 percent of the near-term budget for the Environmental Management
program is driven by compliance with these legal requirements. Of the re-
maining budget, approximately 25 percent of the costs go to vital nuclear ma-
terial and safety responsibilities while the remainder goes to technology
development and program management. Because the milestones in most com-
pliance agreements do not extend beyond the year 2000, the funding available
beyond that year was “capped” at the site’s FY 2000 target level. In other words,
annual site costs beyond the year 2000 were not permitted to exceed the funding
cap unless cost increases were dictated by existing compliance agreements. This
provided for an analysis that accommodated full funding for compliance commit-
ments while ensuring the funding scenario for the program was realistic in light
of other national priorities.

For purposes of the Base Case analysis, a site was considered “complete” when it
had been remediated to the extent specified in land-use plans, all facilities had
been properly stabilized and dispositioned, and waste had been safely disposed.
Annual surveillance and monitoring costs were assumed to continue to be in-
curred after “completion” where restricted areas (e.g., waste disposal sites) were
assumed to remain.
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3.3.2 Environmental Restoration

The Base Case for environmental restoration encompasses activities at all sites in
the Environmental Management program. These sites involve 10,500 potential re-
lease sites, which have been grouped into 614 subprojects, or operable units. For
purposes of this report, the subprojects were further aggregated into

147 activities. The costs and schedules for each of these activities form the basis
for tracking the costs of projects in Volume IT. Examples of site-specific assump-
tions for environmental restoration activities are included in Table 3.2.

To establish the Base Case for environmental restoration, the Department depended
primarily on ongoing baselining efforts. All sites in the complex have or are com-
pleting baseline estimates for all potential release sites and all surplus contaminated
facilities that have been stabilized. These baselines embody an extensive set of
site-specific assumptions about the nature and extent of contamination, ultimate
land use, and remedial strategies. (The baseline documents are available in the
local Department of Energy public reading rooms. See Appendix E for a list of
reading rooms.)

One of the first tasks in developing the Base Case for environmental restoration
was making assumptions about the extent and type of contamination at the poten-
tial release sites, because less than one-fourth of these release sites have been fully
characterized. To the greatest extent possible, the Environmental Management
program used assumptions made by program managers in the field because
those managers have the best understanding of contamination problems. Field
managers also are familiar with views of local stakeholders (regulators and af-
fected public) about remedial approaches likely to be approved and about future
land uses at the site.

Once a level of contamination has been established or assumed, remedial actions
can be divided into two categories: those directed at containing contaminants to
prevent them from migrating from the source, and those directed at eliminating
the contamination. Remembering that radionuclides and other contaminants like
heavy metals cannot be destroyed is important in understanding general assump-
tions about remediation. For these contaminants, only containment, either in place
or after removal to some other location, is possible. Removal to another area al-
lows contaminated soil, for example, from several areas to be consolidated and
stabilized in one place. It also means creation of a disposal site that will, of neces-
sity, require monitoring and restriction from public access for a long time.

Generally, the Base Case favors in-place containment over removal at large isolated
facilities and at those sites likely to be used in the future for industrial purposes.
Large sites in this category are Savannah River, Hanford, the Idaho National Engi-
neering Laboratory, and the Nevada Test Site. At these sites, contaminated soil
may be consolidated in one area or, if sufficiently concentrated, covered with a
protective material (a clay or engineered cap) that prevents contaminants from be-
ing transported into ground water by rain or blown about by the wind.

Most buried wastes are assumed to be contained in place. In some cases, such as
Pit 9 at the Radioactive Waste Management Complex in Idaho, they may be dug
up to correct past disposal practices that may result in future risks to the public.
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Table 3.2. Examples of Site-Specific Assumptions for Environmental Restoration Activities

Site Issue

Baseline Report Assumptions

Hanford
» Reactors

» PUREX and other
processing buildings

» 200 Area

* Ground water

¢ Reactor buildings decontaminated and demolished.
* Reactor core blocks maved 15 miles to'a disposal area,

* Decontaminated, collapsed, and entombed in place.

* 200 Area buildings would have their equipment removed, demolished; and
buried onsite. Ali contaminated areas will be capped and monitored,
Engineered barriers will be used to protect human heaith and the
environment.

.

Remediation of most ground water is'not included in formulating the current baseline.

Savannah River Site
* Canyons

* Reactors

« Ground water

Buildings will be decontaminated; process equipment will be removed;
structures are not assumed to be demolished.

Reactors will remain in place once deactivated.

Pump and treat operations, air stripping, and in-situ bioremediation. In areas
where tritium is present (high-level waste tanks and reactor areas), assumes
pump and treat to contain not remove contamination.

Idaho National Engineering Laboratory
* Pit 9 and buried waste at Radioactive
Waste Management Complex

* Idaho Chemical Processing Plant

Excavate buried waste, segregate it, send transuranic waste to Waste
Isolation Pilot Plant; return low-leve! waste to the Pit.; The Pit will then be
capped and monitored.

.

All facilities deactivated, collapsed, and entombed in place.

Oak Ridge Reservation
* Gaseous Diffusion Plants (K-25 Site,
Portsmouth, Paducah)

 Offsite Program

*Y-12

Deactivate and decontaminate the gaseous diffusion plants. Wastes will be
disposed of at each site. Superstructure of the facilities will remain in place.

No feasible technology available for the Clinch River, the Watts Bar Reservoir,
and the Poplar Creek embayment. These sites are excluded from the analysis.

Buildings assumed transferred to Environmental Management are
decontaminated and prepared for reuse or demolished and capped.

Pump-and-treat contaminated ground water.

Contaminated soil is to be capped in place or relocated to another portion of the
site and capped.

Rocky Flats Environmental Technology Site
» 881 Hillside

¢ Solar Ponds

Contain and treat ground water.

Pond sludge solidified and shipped to the Nevada Test Site.

Fernald Environmental Management

¢'Underground Test Area

» Soils

Project
* Silos * Residues and oxides will be vitrified, then sent to the Nevada Test Site. Concrete
silo structures will be demolished, and debris will be buried onsite.
Nevada

Excluded from analysis; no feasible remediation technology available.

» Excavate areas with high levels of contamination; dispose in Areas 3 and 5.
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The wastes would then be characterized and segregated by type. Heavily contami-
nated soil would be treated to destroy or stabilize contaminants, whereas soil
with low levels of radioactive contamination would be returned to the ground
and then capped.

Small buildings were assumed to be decontaminated and prepared for reuse or
demolished. The large chemical processing buildings were generally assumed to
be entombed by collapsing the contaminated structures and covering them with
protective material or simply filling the voids and sealing them. For example, the
reactors at the Hanford Site are assumed to be decontaminated and demolished
except for the reactor blocks, which will be disposed of in one piece elsewhere at
the site. The Savannah River reactors will be deactivated and left in place. Con-
tamination at the Department’s laboratories is assumed to be remediated; how-
ever, the missions of the laboratories are assumed to continue indefinitely.

At sites that are not owned by the Department, or are likely to be released for future
residential use, generally a more active remedial approach is assumed. These sites
are usually small and may be in heavily populated areas close to water sources.
Examples are most of the Fernald site in Ohio; the General Atomics site in

La Jolla, California; and Battelle Columbus Laboratories in Columbus, Ohio.

Ground-Water Contamination

Ground water has been contaminated at most major sites, the principal contami-
nants being volatile organic compounds, heavy metals, and radionuclides.
Because current technologies are ineffective, Baseline Report estimates do not as-
suine thatall ground water will be remediated to drinking-water standards. In-
stead, the Baseline Report estimate reflects a spectrum of measures aimed mainly
at preventing further contaminant migration and protecting offsite populations.
The measures used in Baseline Report include the following:

¢ ‘Source elimination. Most sites eliminate the sotirce of the ground-water con-
tamination by removing the contaminant or capping the contaminated area to
prevent further leaching. Generally, the Baseline Report estimate includes the
cost of source elimination at all sites.

¢ Containment. Some sites are planning to contain contaminant migration
in ground water by using slurry.walls; barriers, or innovative pumping
actions. Where containment is the most cost-effective option; the Baseline
Report estimate reflects it.

¢ Natural attenuation. The concentrations of some naturally occurring contami-
nants (e.g:, uranium) in ground water will return to natural levels before the
contaminants can reach any-offsite users. And certain short-lived radionu-
clides (e.g.; tritium) will decay to safe levels before they reach offsite receptors.
Where natural attenuation is the assumed strategy, the Baseline Report estimate
includes costs for monitoring butnot for remediation.

¢ Pumping and treating. Costs for this remedial action are included in the
Baseline Report estimate for a few sites, mainly those where remediation has
already started (e.g., Kansas City Plant, Savannah River Site). Because this
costly method can take many years, and its efficacy has not been established,
it is not the dominant strategy reflected in the Baseline Report estimate.
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Surface and ground-water contamination is a technical challenge for the pro-
gram. Large river systems like the Columbia, Clinch, and Savannah rivers are
not addressed because no effective remediation is available. For some other sur-
face-water bodies, remediation is not planned because of potential ecological dam-
age. Thus, in the Base Case, remediation of currently contaminated surface and
ground waters accounts for less than 5 percent of the estimated total life-cycle cost
of environmental restoration. The Department does, however, plan to monitor and
contain contamination to the extent possible (see “Ground-Water Contamination”
box). All primary sources of contaminants that can migrate to surface and ground
water were assumed to be addressed by the program and are within the scope of
the estimate. The Department hopes in the future to address these problems
more effectively through technology development.

3.3.3 Waste Management

The Base Case estimates for waste management encompass (1) existing inventories
from past generation, (2) new non-Environmental Management-generated waste,
(3) secondary waste streams from environmental restoration activities, (4) waste
from facility stabilization and maintenance activities, and (5) additional material
generated by waste management activities.

Activities for waste management are defined as treatment, storage (and handling),
and disposal of waste. These activities are detailed by waste type. Significant
projects within these activities are discussed in Volume I1.

For purposes of the Base Case analysis, configurations for treatment, storage,
and disposal facilities were based on current agreements and negotiations as
well as current operations. This includes treatment facilities in the Draft Site
Treatment Plans, required by the Federal Facility Compliance Act, as well as
current disposal operations of low-level waste at six facilities. See Table 3.3 for
highlights of the Base Case assumptions for treatment, storage, and disposal.

Treatment

The Base Case includes four treatment projects, planned or in progress, for high-
level waste stored in tanks at Hanford, the Savannah River site, the Idaho
Chemical Processing Plant, and the West Valley in New York State. Two of these
projects, the Defense Waste Processing Facility at Savannah River and the vitrifica-
tion plant at the West Valley Demonstration Project, are nearing the start of opera-
tion. Planning continues for similar facilities at Hanford and Idaho. Secondary
wastes (e.g., low-level and low-level mixed wastes) from these treatment facilities
are assumed to be processed and prepared for disposal in approved facilities.
The life-cycle costs cover all phases from planning through facility decommission-
ing.

Treatment facilities for low-level mixed waste are being planned through the
consultation process under the Federal Facility Compliance Act. The Base Case
includes treatment at 34 generator sites; this assumption is consistent with the
Draft Site Treatment Plans developed in August 1994. The treatment facilities include
new ones planned for large sites that will use a variety of technologies. Unless oth-
erwise specified by an individual site, facilities are assumed to require 10 years for
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Table 3.3. Base Case Waste Management Assumptions

Activity

Waste Type

High-Level Waste .

Spent Nuclear Fuel

Transuranic Waste

Low-Level Mixed Waste

Storage

_ Savannah River Site, and

West Vallay
Demonstration

Contmued storage of
Calcine in bins at. Idaho

. National &ngmeermg
'Laboratory

e Continued storage at 10
sites, with majority at
Hanford, ldaho National
Engineering Laboratory,
and Savannah River Site

» Cost of building new
storage facilities, both
wet and dry included.

at Hanford, Idaho
National Engineering
Laboratory, Los Alamos
National Laboratory,

Savannah River Site

« Storage at more than 30
generator sites

10 instatlations, primarily |

Treatment

'West Vailey
. Demonstration Proje
. and Idaho National
. Engineering Laborator

No reprocessing

Processed to meet

_disposal criteria |

Land disposal restrictions
met

Treatment performed at
34 sites

Low-Level Waste

* Storage at generator
sites while-waiting for
disposal at six
Department of Energy
sites

Minimal treatment to
maet transport and
disposal criteria

Disposal

'+ Goologic repository
‘assummed available
beginning in 2016

* Geologic repository
assumed available in
2016

e The Waste isoiatioh Pilot
Plant beginning in 1998

* Hanford, Idaho National
Engineering Laboratory,
Los Alamos National
Laboratory, Nevada Test
Site, Oak Ridge,
Savannah River Site

¢ Western sites will use
shallow land disposal
techniques, eastern sites
will use an engineered
disposal technique

+ Disposalonsiteat
Hanford, Idaho Nationat
. Engmeenng Laboratory,
Los Alamos National =«
Laboratory, Nevada Tesl
Site, Oak Ridge,
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research, development, design, permitting, construction, and start-up activities.
Facilities are assumed to have 30 years of operation capability. Smaller sites are
considering mobile treatment units or using new or existing facilities. Life-cycle
costs cover all phases from planning through facility decommissioning. The Base
Case reflects site-specific planning assumptions, which may include the use of
commercial facilities.

Treatment for low-level and transuranic waste consists of characterization, packag-
ing, and, if necessary, processing to meet criteria for disposal. In the Base Case,
these functions are performed at the generating sites.

All sites manage hazardous and sanitary wastes within their waste management
programs. The estimate includes life-cycle costs for collection, treatment, and dis-
posal of sanitary and hazardous wastes generated by Environmental Management
activities. For this estimate, current costs for treatment and disposal of these mate-
rials were assumed to remain constant and that adequate capacity and availability
would continue.

Storage and Handling

High-level waste is stored either in tanks or bins at Hanford, Savannah River, the
Idaho Chemical Processing Plant, and West Valley. The Base Case cost estimate in-
cludes complete life-cycle costs for the tank farms, storage facilities, and transfer
facilities. Costs include facility upgrades and decommissioning once the mission is
complete. The estimate also includes costs for storing canisters of vitrified high-
level waste pending disposal in a repository.

Spent nuclear fuel is currently stored at 13 sites within the complex, with approxi-
mately 99 percent stored at the Hanford Site, the Idaho National Engineering
Laboratory, the Savannah River Site, and the Oak Ridge Reservation. The Base
Case cost estimate includes life-cycle costs of storing spent nuclear fuel prior to
disposal at a national geologic repository, which is assumed to be available by
2016. The Base Case does not include costs for the remaining 1 percent of spent
fuel stored at various locations throughout the complex. It is assumed that no
spent nuclear fuel will be reprocessed in the future.

Transuranic wastes are stored at 10 installations, primarily Idaho National
Engineering Laboratory, Hanford, Savannah River, and Los Alamos National
Laboratory. The Base Case includes existing and additional facilities to store,
characterize, and treat waste to current waste acceptance criteria for the Waste Iso-
lation Pilot Plant.

Low-level mixed wastes are stored in approved facilities pending the availability
of treatment facilities. Life-cycle costs cover planning through decommissioning,
for both existing and additional facilities.

Disposal

High-level waste and spent nuclear fuel will eventually be disposed of in a deep
geologic repository developed and operated by the Department’s Office of Civilian
Radioactive Waste Management. For purposes of this analysis, it was assumed
that Department wastes would be accepted by the repository beginning in 2016.
In the Base Case, costs are included for disposal fees.
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Transuranic waste is stored in a retrievable manner pending the opening of a geo-
logic repository. For the purpose of this Baseline Report, it is assumed that the
Waste Isolation Pilot Plant will start accepting waste in 1998.

Low-level waste continues to be disposed of at the existing six disposal sites:
Hanford, Savannah River, the Oak Ridge Reservation, Los Alamos National Labo-
ratory, Idaho National Engineering Laboratory, and the Nevada Test Site. Engineered
disposal vaults are assumed at Savannah River and Oak Ridge. Shallow land dis-
posal was assumed to continue at the remaining sites. Life-cycle costs are included
for continued operations through closure, which is assumed to occur at the comple-
tion of all Environmental Management activities at the installation and post-clo-
sure monitoring.

Low-level mixed waste, after treatment to meet regulatory standards, is assumed to
be disposed of in approved disposal facilities. The Base Case assumes that dis-
posal facilities for low-level mixed waste will be provided at the six sites (see
above) where low-level waste is disposed. Life-cycle costs are included from early
planning through post-closure monitoring (until 2070).

Examples of Facility Categories

_ Fourteen large production reactors designed for the production of nuclear mate-
rials (e.g., plutonium and tritium). These large, complex facilities have extensive
support structures for nuclear fuel storage, handling, and processing. Such reac-
tors are located at the Savannah River Site in South Carolina and the Hanford
Site in Washington State.

Eight chemical processing plants designed to process spent nuiclear fuel for the
recovery of nuclear materials. These are very complex facilities with vast arrays
of piping, duct-work, and support structures required for handling and storing
spent fuel, high-level radioactive waste, and mixed waste. These facilities dare lo-
cated at Hanford, the Idaho National Engineering Laboratory, and Savannah
River sites.

Other radiologically contaminated buildings include the largest number of
contaminated structures in the Department of Energy inventory of surplus
buildings. They range from small storage buildings of several hundred square
feet to large milling, manufacturing, and assembly facilities. Buildings contami-
nated with both radiological and chemical constituents are included in this cat-
egory and are present at almost every Department of Energy site across the

country.

Buildings contaminated with hazardous materials occur across the Department
of Energy complex and include those structures contaminated with hazardous
chemicals, primarily organic solvents, and metals. Although widely dispersed,
these facilities are usually associated with research and development operations
conducted at national laboratoties.

Research reactors are designed to study new technology for power generation,
nuclear materials production, or propulsion (e.g., nuclear-naval vessels). Al-
though not physically as large as production reactors, these facilities are just as
complex and contain similar contaminants. Some of the major Department of
Energy research reactor locations include Idaho National Engineering Labora-
tory, Savannah River Site, and Oak Ridge Reservation.
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3.3.4 Nuclear Material and Facility Stabilization

Some 3,500 contaminated facilities are in the process of being turned over to Envi-
ronmental Management for stabilization and maintenance. These facilities were di-
vided into 22 categories based on their physical characteristics. Examples of
facility categories include large production reactors, chemical processing build-
ings, and research reactors (see following box). Because these surplus facilities will
not undergo transition immediately or simultaneously, it was necessary to make
assumptions for the Base Case regarding schedules for facility transfers. Addition-
ally, schedule assumptions had to be made regarding how long a facility would
undergo surveillance and maintenance before and after stabilization, as well as the
duration of stabilization activities.

For the Base Case, the following hypothetical scheduling scenario was assumed
for each facility: 10 years of surveillance and maintenance after the transfer of a fa-
cility to Environmental Management, followed by 5 years of stabilization activities
and 2 years of post-deactivation surveillance and maintenance before final disposi-
tion. Facilities already transferred to Environmental Management were scheduled
according to the hypothetical “10-5-2” scenario, depending on how far along they
are in the process. The remaining majority of facilities were assigned arbitrary
transfer dates, which were typically selected to fit within funding constraints as-
sumed for the Base Case. No attempt was made to schedule these facilities accord-
ing to risk or other priorities. Therefore, the 10-5-2 schedule scenario, with its
uniform assumptions for all facilities, is hypothetical and by no means represents
the way facilities will actually be handled.

In the Base Case, surveillance and maintenance encompasses all actions required
to ensure adequate safety and security pending the ultimate disposition of the
surplus facility. Surveillance and maintenance is assumed to continue during the
stabilization step as well. Stabilization entails eliminating immediate safety and
environmental hazards as well as removing most contaminants from the facility.
The costs for managing waste generated by these activities are included in waste
management costs.

Nuclear material and facility stabilization has less than 3 years of experience to
draw on, and thus its data base is very limited. Most cost data were extrapolated
based on a limited number of projects recently initiated at the Hanford, Idaho,
Savannah River, Oak Ridge, and Rocky Flats sites. Because the nuclear material
and facility stabilization activities are typically not driven by regulatory require-
ments, they were often scheduled to take place later rather that sooner.

Therefore, the Base Case does not demonstrate the savings that could be real-
ized in reducing the cost of surveillance and maintenance by accelerating the start
of stabilization for nuclear materials and surplus facilities. This case is explored in
Chapter 5.

3.3.5 Technology Development

The primary assumption regarding technology development is that only existing
technologies will be available over the life of the program. As such, the description
of technologies to be used in the program is inherent in the descriptions of waste
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Table 3.5. Sites with Environmental Management Activities in the 1995 Baseline Report

State
Alaska

Arizona

California

Colorado

- Connecticut

Florida

General Electric Vallecitos Nuclear Center

Amchitka Island Test Site {reported under Nevada Offsite” - Alaska)

Monument Valley (reported under completed UMTRA S&M** - Arizona)
Tuba City (reported under completed UMTRA S&M - Arizona)

Energy Technology Engineertng Center
General Atomics

Geothermal Test Facility

Laboratory for Energy-Related Health Research
Lawrence Berkeloy Laboratory .
Lawerence Livermore National l.abora%ory
Oxnard

Rockwell International (reported under energy Technctogy Engmeen

Salton Sea Test Base (reported under Sandia Natlonal Laboratorigs - Aibvquerque

Sandia National Laboratories, Livermore
Stanford Linear Accelerator

Durango (reported under completed UMTRA S&M - Colorado)
Grand Junction Projects Office Site

Gunnison

Maybell

Naturita

Project Rio Blanco (reported under Nevada Offsite - Colorado)
Project Rulison (reported under Nevada Offsite - Colorado)
Old/New Rifie

Old North Continent/Union Carbide, Slick Rock

Rocky Flats Environmental Technology Site

Gombustion Engineering Site {reponed under FUSRAP™” - Connechcut)
Peak Oil Petroleum Refining Plant (reported under Pinellas Plant)

Pinellas Plant
4.5 Acre Site (reported under Pinellas Plant)

Hawaii ’

Idaho

. Hlinois

Maryland/
Washington D.C.

Massachusetis

_ Mississippi

_ Nebraska

Kauai Test Facility {reported under. Sandia National Laboratories - Albuquerque)

Argonne National Laboratory - West
Ildaho National Engineering Laboratory
Lowman (reported under completed UMTRA S&M - Idaho)

Argonne National Laboratory - East
Fermi:National Accelerator Laboratory
Madison (reported under FUSRAP - lilinols)
Site A/PlotM

Ames Laboratory

Maxey Flats
Paducah Gaseous Diffusion Plant

.

W.R. Grace & Co. (reported under FUSRAP - Maryland)
Environmental Management Program Headquarters™**

Chapman {reported under FUSRAP - Massachusetis)
Shpack Landtill {reported under FUSRAP « Massachusetts)
Ventron (reported under FUSRAP - Massachusetts)

General Motors (reported under FUSRAP - Michigan)

Salmon Peacetul Nuclear Explosion Site {reported under Nevada Offsite - Mississippi)

Kansas City Plant

Latty Avenue Properties (reported under FUSRAP - Missouri)

St. Louis Airport (reported under FUSRAP - Missouri)

St. Louis Airport Vicinity Properties (reported under FUSRAP - Missouri)
St. Louis Downtown Site (reported under FUSRAP - Missouri)

Weldon Spring Site Remedial Action Project

Haliam Nuclear Power Facility

*Nevada Offsite are locations where nuclear detonations occurred and environmental management activities are managed
by the Nevada Operations Office.
* UMTRA S&M is the acronym for Uranium Mill Tailings Remedial Action projects with long-term Surveillance and Maintenance

activities.

«*FUSRAP is the acronym for the Formerly Utilized Sites Remedial Action Program.
*+*Approximately 71 percent of these costs are distributed across Environmental Management sites.
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Table 3.5. Sites with Environmental Management Activities in the 1995 Baseline Report (contd.)

State
Nevada

New Jersey

Central Nevada Test Area (reported under Nevada Offsite - Nevada)
Nevada Test Site.

Project Shoal {reported under Nevada Offsite - Nevada)

Tonopah Test Range (reported under Nevada Offsite - Nevada)

Du Pont / Chambers Dye Works (reported under FUSRAP - New Jersey )
Maywood Chemical (reported under FUSRAP - New Jersey )

Middlesex Sampling Plant (reported under FUSRAP - New Jersey )

New Brunswick Laboratory (reported under FUSRAP - New Jersey )
Princeton Plasma Physics Laboratory

Wayne Interim Storage Site (reported under FUSRAP - New Jersey )

New Mexico

Albuquerque Operations Office

Ambrosia Lake I

Holloman Air Forcd Base (reported under Sandia National Laboratories - Albuguerque)
Inhalation Toxicology Research Institute

Los Alamos Nationat Laboratory

Project Gasbtiggy (reported under Nevada Offsite - New Maxico)
Project Gnome (reported under Nevada Offsite - New Mexico)
Sandia National Laboratories, Albuguerque

Shiprock {reported under completed UMTRA S&M - New Mexico)
South Valiey Site

Waste Isolation Pilot Plant

New York

Ashland Qil Co. (reported under FUSRAP - New York)

Bliss & Laughlin (reported under FUSRAP - New York)
Brookhaven National Laboratory

Colonie Intermin Storage (reported under FUSRAP - New York)
Linde Air Products (reported under FUSRAP - New York)
Seaway Industrial Park (reported under FUSRAP - New York)
Separations Process Research Unit

West Valley Demonstration Project

North Dakota Belfield
Bowman
Ohio Alba Craft (reported under FUSRAP - Ohio)
Associated Aircraft and Tool Manufacturing (reported under FUSRAP - Ohio)
B&T Metals (reported under FUSRAP - Ohio)
Baker Bros. (reported under FUSRAP - Ohio)
Battelle Columbus Laboratories
Fernald Environmental Management Project
HHM Safe Site (reported under FUSRAP - Ohio)
Luckey Site (reported under FUSRAP - Ohio)
Mound Plant
Painesville Site (reported under FUSRAP - Ohio)
Piqua Nuclear Power Facilty
Portsmouth Gaseous Diffusion Plant
Reactive Metals, Inc.
Oregon Lakeview (reported under completed UMTRA Site S&M - Oregon}

Pennsylvania

Canonsburg (reported under completed UMTRA Site S&M - Pennsylvania)

South Carolina

Savannah River Site

Tennessee

K-25 Site

Oak Ridge Reservation

QOak Ridge Associated Universities
Oak Ridge National Laboratory
Y-12 Plant

Texas

Falls City. {reported under completed UMTRA Site S&M - Texas)
Pantex Plant

Utah

Green River (reported under completed UMTRA Site S&M - Utah)
Mexican Hat (reported under completed UMTRA Site S&M - Utah)
Monticello Millsite and Vicinity Properties

Washington

Salt Lake City (reported under completed UMTRA Site S&M - Utah)

Hanford Site

Wyoming

Riverton (reported under completed UMTRA Site S&M - Wyoming)
Spook (reported under completed UMTRA Site S&M - Wyoming)
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Included in Other Site Estimates. Estimates for 6 of the aggregated sites are
included in estimates for other sites. For these sites, Rockwell International
(California) is included in the estimate for the Energy Technology Engineer-
ing Center (California); Salton Sea Test Base (California), Kauai Test Facility
(Hawaii), and Holloman Air Force Base (New Mexico) are included in the
offsite estimates for Sandia National Laboratories—Albuquerque (New
Mexico); and Peak Oil Petroleum Refining Plant (Florida) and 4.5 Acre Site
(Florida) are included in the estimates for Pinellas Plant (Florida).

A total of 25 sites are not included in the analysis for the Baseline Report. These
sites are completed or are excluded because of inadequate information. These
25 sites include:

Completed Sites. Of the 25 excluded sites, remediation is complete at 21 of
the sites, and no long-term monitoring or operations costs are included in the
report. These sites are Cape Thompson (Alaska), University of California
Gilman Hall (California), Seymour Specialty Wire Co. (Connecticut), Granite
City (Illinois), Illinois National Guard Armory (Illinois), University of Chi-
cago (Illinois), 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), Niagara Falls Storage
Site (New York), Niagara Falls Storage Site Vicinity Property (New York),
Albany Research Center (Oregon), Aliquippa Forge (Pennsylvania),

C.H. Schnoor (Pennsylvania), Shippingport Atomic Power Station (Pennsyl-
vania), Edgemont Vicinity Properties (South Dakota), and Elza Gate Site
(Tennessee).

Excluded Sites. Four of the sites have been excluded from the analysis
because of insufficient information on the future cost and schedule of envi-
ronmental management activities at these sites. These sites are Component
Development and Integration Site (Montana), Center for Energy and Environ-
mental Research (Puerto Rico), Bikini Island (South Pacific Ocean), and
Enewetak Atoll (South Pacific Ocean).

Finally, the treatment, storage, and disposal of radioactively contaminated waste
from more than 10 sites not included in the list of sites for which Environmental
Management has environmental restoration responsibility are included in the
Baseline Report. Although these sites are not the responsibility of the Environmen-
tal Management program, waste from these sites is included in the estimate.
These sites are Bettis Atomic Power Laboratory, Knolls Kesselring, Knolls
Schenectady, Knolls Windsor, Mare Island Naval Station, Norfolk Naval Station,
Naval Reactor Site, Pearl Harbor Naval Station, Portsmouth Naval Station, and
Puget Sound Naval Station.
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4.0 Results

This chapter presents the cost and schedule estimates mandated by Congress in
the Fiscal Year 1994 National Defense Authorization Act. As required by the Act,
the scope of the estimate includes all activities necessary to carry out the environ-
mental restoration and waste management activities associated with the Depart-
ment's defense nuclear facilities. Although not specifically requested by Congress,
the costs incurred by the Environmental Management program to address nonde-
fense waste and restoration activities are also presented for completeness. The esti-
mates, therefore, reflect the total "life-cycle” cost of the Environmental
Management program.

The chapter provides estimates for the "Base Case" scenario, which represents cur-
rent site-specific assumptions about the most likely set of activities and projects
envisioned to form the program (see Section 3.3). Because many key policy deci-
sions affecting the cost of the Base Case remain uncertain, the program’s life-cycle
costs also are examined (in Chapter 5) under different sets of assumptions for com-
parison to the Base Case estimate.

The Baseline Report Is Not a Budget Document

The purpose of the Baseline Report is to provide a total long-term (life-cycle) cost
estimate for the Environmental Management program. The Baseline Report is
not intended to be a budget document, and none of the estimates given in the
document should be interpreted as Federal budget requests. »

Furthermore, the schedule of activities presented in the Baseline Report should
not be interpreted as establishing specific long-term priorities or construed as a
definitive basis for planning specific projects. Too many decisions that will affect
the strategic long-term goals for the program are yet to be made. The issues under-
lying these decisions, such as future land use, funding availability, and accept-
able levels of residual contamination, will be resolved over several years in
conjunction with broad public discussion. Fostering and informing this discus-
sion is-a key purpose of this analysis. ' s .

4.1 The Total Life-Cycle Cost of the
Environmental Management Program

Under the Base Case assumptions, the life-cycle cost estimate to complete the En-
vironmental Management program ranges from $200 to $350 billion with a mid-
range estimate of $230 billion. All estimates are in constant 1995 dollars (see the
box on p. 4.2 for a discussion of constant versus current dollars). These three esti-
mates reflect different assumptions regarding productivity improvement over the
life of the program. The life-cycle cost profiles are graphically depicted in Fig-
ure 4.1.

The high end of the cost range—$350 billion—represents the sum of life-cycle costs
of all site-specific activities and projects described in Volume II of the Baseline Re-
port. This figure, however, does not account for the substantial cost savings ex-
pected from progress in changing the way the Office of Environmental
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Figure 4.1. Base Case Cost and Schedule Estimate

Management conducts its business or savings it may achieve by aggressively
seeking opportunities to increase productivity or applying advanced technolo-
gies over the life of the program.

Because of these efforts, Environmental Management believes the program will
demonstrate substantial improvements in productivity over the next 5 years and
continue these improvements over the life of the program. Before the year 2000,
Environmental Management hopes to achieve an approximately 20-percent in-
crease in productivity and efficiency. These improvements would result in a sav-
ings of approximately $8 billion over the next 5 years. Improvements would be
realized through activities currently being implemented such as reductions in indi-
rect and overhead costs, contract reform, privatization, and workforce reduction. Pro-
ductivity gains realized by the year 2000 are assumed to affect costs for the life of
the program. For example, more efficient procurement practices, adoption of
more efficient technologies, and improved organizational learning initiated before
the year 2000 will continue to yield future savings. Appendix D provides more de-
tails on initiatives that will be implemented to achieve productivity savings.

Constant vs. Current Dollars '

Constant dollars represent a dollar value adjusted for changes in prices. Dollars
in the future are adjusted by removmg inflation. Unless otherwise noted, all 1995
Baseline Report cost pro;ectlons are in constant 1995 dollars.

Current dollars represent the dollar value of goods or services in terms-of prices
current at the time the goods or services were sold (in other words, inflation is
included in the numbers).

(1) The inflation factors are 3 percent in 1996, 3.1 percent in 1997, and 3.2 percent in 1998 and be-
yond. These factors are based on Office of Management and Budget, FY 1995 Budget of the United
States Goverriment.
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Beyond the year 2000 as the program matures, the Department expects to continue
its productivity improvements but at a reduced rate. Historically, a sustained pro-
ductivity improvement rate of 1 percent annually is typical of public sector organi-
zations.! Such rates are realized as a program naturally matures and may also
result from applying advanced technologies. (Chapter 5 provides examples of po-
tential savings that could be achieved by applying advanced technology).

Assuming the Environmental Management program will realize a 20-percent in-
crease in productivity and efficiency over the next 5 years, and sustain a 1-percent
annual improvement in productivity over the remaining life of the program, the
total life-cycle cost estimate is $230 billion. This mid-range estimate, adjusted for ex-
pected savings, is judged to be more representative of the total cost of the Envi-
ronmental Management program than the high estimate. The discussion of
Baseline Report results focuses on this estimate. Over the lifetime of the pro-
gram, productivity savings amount to $120 billion compared to the initial esti-
mate. Table 4.1 shows the annual breakdown of the Base Case cost estimate.

Under a more aggressive efficiency and productivity improvement program, or
with greater breakthroughs in technology development, life-cycle costs could be
further reduced. For example, if productivity were to' grow beyond 2000 at a rate
similar to that of private industry (close to 2 percent per year), the life-cycle cost
estimate would be approximately $200 billion. This more aggressive improvement
in productivity yields an additional savings of $30 billion over that projected for
the mid-range case.

What is the Life-Cycle?

Congress requested an estimate of the total cost of the Environmental Manage-
ment program, which is referred to throughout the Baseline Report as the life-
cycle cost. Base Case life-cycle costs are incurred over approximately 75 years.
This is because scheduling under the Base Case assumes most activities are
completed by approximately 2070. The availability of more or less funding than
assumed for this analysis would, however, affect the length of the program.

The Base Case cost estimate does not include costs expended before 1995 (ap-
proximately $23 billion since the Environmental Management program was es-
tablished in October 1989). It also does not include costs projected beyond 2070
associated with monitoring and maintaining disposal sites and other restricted-
access areas, estimated to be $50 to $75 million per year, and costs of managing
wastes from ongoing activities (e.g., basic research and nuclear weapons main-
tenance), estimated at approximately $300 million annually.

(1) Bureau of Labor Statistics. Productivity Measures in Selected Industries and Government Services.
March 1994.
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Table 4.1. Life-Cycle Cost Estimates for the Low, Mid-Range, and High Base Case

5096.5630"

2041-2045
2046-2050
2051:2055
2056-2060
2061:0065
2066-2070

Total Cost:

Office of Management and Budget, FY 1995 Budget of the United States Government.

Examining the cost estimates reveals a number of key issues. First, costs increase
sharply from the present until the year 2000. These costs reflect aggressive activity
in all program areas. For example, activities include construction and operation of
waste treatment facilities at several major sites, shifting from characterization to
active remediation at restoration sites across the complex and deactivation of ma-
jor facilities. Costs for these activities hold fairly constant for about a decade and
slowly decline to the year 2025 at which time they begin to fall off more sharply.
Given the Base Case scheduling assumptions, this falling off reflects completion of
the majority of work on the large components of the program, including tank
remediation activities for high-level waste, decommissioning of most large struc-
tures across the complex, and construction activities for environmental restoration.
Finally, almost 90 percent of the life-cycle estimate is scheduled before the year
2035. Remaining costs are primarily from environmental restoration activity at the
large sites.

In the Base Case estimates, costs of treating and disposing of waste generated by fa-
cilities in other Department of Energy programs (e.g., Los Alamos National Labo-
ratory, Princeton Plasma Physics Laboratory, and Brookhaven National
Laboratory) were cut off at the year 2030. If these programs were to continue, costs
to manage wastes from such ongoing activities would be incurred, perhaps by En-
vironmental Management, for as long as the facilities operated. The annual rate in
the year 2030 is approximately $300 million. If one assumed these costs were
borne by Environmental Management over the life of the program (i.e., until
2070), they would add approximately $12 billion to the Base Case mid-range cost
estimate.

Finally, the annual costs at the program’s completion do not reach zero because of
“post-operational” expenditures (e.g., long-term surveillance and maintenance).
These costs were not analyzed on a site-specific basis and are expected to vary
widely from site to site. For example, costs to monitor the Waste Isolation Pilot
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Year Mid-Range Mid-Range Low Estimate High Estimate
Estimate Estimate (1) (constant 1995 (constant 1995
(constant 1995 $ (current § billions ) $ billions) $ billions)
billions)
1995-2000 oL 39 b a4 L8
2001-2005 41
.2006-2010
2011-2015
2016-2020
2021-2025

(1) The inflation factors are 3 percent in 1996, 3.1 percent in 1997, and 3.2 percent in 1998 and beyond. These factors are based on




Annual constant 1995 dollars in billions

o]

Plant repository in New Mexico would be significantly greater than those to moni-
tor a small site not used for disposal like the Pinellas Plant in Florida. Post-opera-
tional 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 $50 to 75 million annually for several decades.

4.1.1 The Administration's Budget and the 1995
Baseline Report

Figure 4.2 compares the Baseline Report cost estimate and the Administration’s
FY 1996 budget and outyear projections. The Administration has established bud-
get targets for the next 5 years that reflect the allocation of resources among com-
peting national priorities, including lower taxes and deficit reduction. These
targets move the Environmental Management program from $6.6 billion in

FY 1996 to $5.5 billion in FY 2000 in current dollars. This equates to a target of
$4.7 billion in constant 1995 dollars in FY 2000. For purposes of this comparison,
this target is assumed to remain unchanged over the life of the Environmental
Management program.

A shortfall remains between the Base Case cost estimate (i.e., the estimated cost of
meeting compliance agreements) and the Environmental Management program’s
FY 1996 funding request and outyear targets. For the high Base Case estimate, this
shortfall would be approximately $100 billion over the next 40 years without pro-

$103 Billion Shortfall
Under High Base Case

M%ML"?Z“‘“% High Base Case
/’/ / e

Projected

$24 Billion Shortfall Budget Target

Under Mid-Range Base Case

Mid-Range Base Case

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070

Figure 4.2. Comparison Between the Base Case Cost Estimates and the Administration’s Budget Projection
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ductivity improvements. With the mid-range Base Case estimate, this shortfall is
$24 billion through the year 2015, at which point the hypothetical target would
match projected needs. Savings of approximately $8 billion from the assumed
20 percent productivity improvement over the next 5 years begins to bridge this
gap. However, even with these savings, a shortfall remains of approximately

$7 billion through FY 2000.

To address this immense challenge, the Department must continue to be smarter
about the way it operates by streamlining its contractor workforce, reducing indi-
rect and overhead labor costs, and reforming its contracting process. Specific pri-
orities include the following;:

* hiring 1600 experienced project managers, cost estimators, safety and health
professionals, and environmental engineers to provide greater accountability
and oversight at Department of Energy sites;

* renegotiating $30 billion worth of contracts to include greater incentives for
outstanding performance and to ensure that contractors take on a larger share
of risks associated with doing business;

e reducing the number of contractor employees by about 34 percent from
1994-1996, in accordance with Section 3161 of the Defense Authorization Act of
1993; and

* providing greater flexibility at the site level to direct resources to activities that
most reduce urgent risks and threats to workers and public health and safety.

In addition, the Department is supporting legislative changes to form a more eftfi-
cient and cost-effective framework for assessing and reducing public health and
safety risks. A key factor in legislative reform is reauthorizing Superfund, particu-
larly to incorporate the land-use provisions in the Administration’s Superfund
proposal.

Most importantly, the Department has begun and will continue to work coopera-
tively with States and other stakeholders to develop more achievable, effective
risk-based compliance agreements.

4.1.2 Uncertainty of the Estimate

In addition to the uncertainty surrounding outyear productivity, a range of uncer-
tainty also is inherent in projecting the costs of any project. Projects that are well
defined and use proven technology have a narrow range of uncertainty, often less
than 5 percent above and below the most likely estimate. However, certain classes
of projects, especially extremely complex projects, based mainly on new technol-
ogy, and subject to substantial changes in scope, have a very broad range of esti-
mate uncertainty. Other factors contributing to estimate uncertainty include errors
in estimating unit costs and labor productivity, schedule delays, unexpected fees,
and even simple errors in arithmetic. Estimate uncertainty also relates to the phase
of the project. As a project nears completion, the range of uncertainty narrows.
Changes in basic project assumptions and scope are the greatest contributor to er-
rors in cost estimation. Several of these larger programmatic issues (e.g., changes
in future land-use assumptions and their associated influence on the cost estimate)
are addressed in Chapter 5.
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Annual Constant 1995 $ (billions)

ronmental Management Repo

To more accurately portray the 1995 Baseline Report cost estimate, an uncertainty
range can be added to any of the Base Case cost estimates (see Figure 4.3). Using
definitions provided by the American Association of Cost Engineers', the near-
term estimates (next 5 years) are assumed to be definitive estimates with an error
range of 10 percent above and 5 percent below the Base Case estimate. All esti-
mates beyond the year 2000 are assumed to be conceptual estimates with an un-
certainty range of 50 percent above and 30 percent below the Base Case estimates.
Applying these uncertainty assumptions to the mid-range Base Case estimate
yields a total life-cycle cost range from $170 billion to $330 billion for the low-un-
certainty and high-uncertainty cases, respectively.

4.2 Base Case Estimate for Major Elements of
the Environmental Management Program

The mid-range Base Case life-cycle estimate for the major elements of the Environ-
mental Management program is shown in Figures 4.4 and 4.5. The program is
divided into five major cost elements: waste management, environmental restora-
tion, nuclear material and facility stabilization, technology development, and na-
tional program management. Table 4.2 presents examples of the magnitude of total
cost for major projects across the complex.

Waste management activities account for $112 billion of the projected estimate and
represent the largest share (49 percent) of the total life-cycle program costs.
After an initial increase in waste management costs to the year 2000, costs in Fig-
ure 4.5 are seen to decline steadily until the year 2060. Costs associated with man-
aging high-level radioactive waste are the largest component of the program and

High Uncertainty
$330 billion

Mid-Range Base Case
$230 billion

Low Uncertainty
$170 billion

0

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2043 2050 2055 2060 2065 2070

Figure 4.3. Uncertainty Range Surrounding the Mid-Range Base Case Estimate

(1) American Association of Cost Engineers, Cost Engineers Notebook, Morgantown, WV, 1978. Cost En-
gineering Terminology Index No. AA-4,000 revised - 1/78.
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Waste Management Environmental Restoration
Total Life-Cycle Cost: $112 billion Total Life-Cycle Cost: $65 billion

Surveillonce
& Maintenance
- Assessment
Hozardous Waste Remediation
!
Transuranic Waste

Spent Nuclear fuel _

. High-Level Waste

Sanitary Waste - Decommissioning

Total Estimated Environmental

Management Program

Life-Cvcle Cost: :
$230 biflion onent Londlord

Progrom Management -.

Ve
Mixed Low-Level Waste

National Program Management and Planning*

Nuclear Material and Facility Stabilization
Total Life-Cycle Cost: $19 billion

Total Life-Cycle Cost: $22 biflion

Transportafion
Progrom Technology Development Management
Honogemen! Total Life-Cycle Cost: 512 billion p Federal Personnel-HQ

Progrom

Surveillonce & Management-Field

Maintenance
Federal Personnel-Field

Program
Management-HQ

Stabilization”

* Approximately 71 percent of these
costs ore distributed across Environmental Management Sites

Figure 4.4. Mid-Range Base Case Estimate for Major Elements of the Environmental Management Program
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Management and Planning
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Environmental
Restoration
$65 billion

Annual constant 1995 dollars in billions

Long-Term
» Annual Monitoring
$50-$75 million
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Figure 4.5. Mid-Range Base Case Cost Profile for Major Elements of the Environmental Management Program

amount to $34 billion or over 30 percent of the total waste management costs and
approximately 15 percent of the total mid-range Base Case estimate. The spent
nuclear fuel program totals $8 billion. The remaining costs of managing low-level
waste, transuranic waste, low-level mixed waste, hazardous waste, and sanitary
waste are $19 billion, $13 billion, $13 billion, $5 billion, and $2 billion, respectively,
on a life-cycle cost basis.

A further breakdown of the waste management life-cycle costs in terms of treat-
ment, storage, and disposal activities is depicted in Figure 4.6. Initially, the largest
cost component is storage of wastes awaiting appropriate treatment and disposal.
As treatment facilities are built and waste is processed, the storage costs decrease.
The large increase in treatment costs up to a sustained peak from about the year
2005 to 2020 reflects the construction and operation of treatment facilities at sev-
eral major sites (e.g., in response to the requirements of the Federal Facility Com-
pliance Act). Disposal costs include operation of the Waste Isolation Pilot Plant for
transuranic waste and currently operating low-level waste sites. Costs for disposal
increase as waste is treated and low-level mixed waste disposal facilities are as-
sumed to become available. Disposal costs significantly increase as the geologic re-
pository becomes available for high-level waste disposal after the year 2016.

Environmental restoration is the next largest component (28 percent) of the total pro-
gram estimate at $65 billion. The costs of remedial actions and decommissioning
dominate the environmental restoration program; together they amount to $45 bil-
lion on a life-cycle basis and represent 69 percent of the total environmental resto-
ration program. The assessment activities at the sites, which include the remedial
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Table 4.2. Estimate of Costs for Selected Environmental Management Projects*

(Contant 1995 $ Millions)

Environmental Restoration

Idaho National ‘Enginéering Laboratory Radiodctive Waste
Management Complex Remediation {Idaho) $3,000

K-25 Site Decontamination and
Decommissioning (Tennessee) 7,900

Savannah River Site H and F Canyon Remediation
(South Carolina) ' 9,600

Waste Management

Tank Waste Remediation System at Hanford (Washington) 29,000
Defense Waste Processing Facility

at Savannah River Site (South Carolina) 4,000
West Valley Demonstration Plant

(New York) 3,800
Waste Isolation Pilot Plant (New Mexico) 7,600

Nuclear Material and Facility Stabilization

PUREX Plant (Washington) 270
Special nuctear material consoiidativon at Rocky Flats 80
Oa}:' Ridge National Laboratory Isotopes Facilities l 50

*Cost estimates for projects/activities are found in Volume II. Productivity savings are not in-
cluded in these estimates because the savings are yet to be realized and may not be equally dis-
tributed across the project/activity level.

investigations and Resource Conservation and Recovery Act facility investiga-
tions, are $6 billion or 9 percent of the total environmental restoration program.
The balance of the costs are for direct landlord responsibilities ($2 billion), surveil-
lance and maintenance activities ($1 billion), and program management ($11 bil-
lion).

The third largest element of the Environmental Management program, the nuclear
material and facility stabilization program, represents $22 billion or 10 percent of
the total Environmental Management program. Although these activities are
approximately 25 percent of the FY 1996 budget, the lower percentage over the
life-cycle of the program reflects the assumption that many major facilities are de-
activated and transferred to the restoration program for decommissioning by the
year 2010, as reflected in Figure 4.5. Site landlord and program management ac-
tivities combine to $14 billion with estimates of approximately $10 billion and

$4 billion, respectively. Facility stabilization activities are $4 billion; surveillance
and maintenance before stabilization are $4 billion; and surveillance and mainte-
nance after stabilization are $0.2 billion.
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Figure 4.6. Annual Costs of Waste Treated, Stored, and Disposed by the Waste Management Program

National program management activities account for $19 billion of the mid-range
life-cycle estimate. In the Baseline Report estimates, this category covers the cost
for all (field and Headquarters) Federal personnel and analytical contractor sup-
port. Of the $19 billion in management activities, over $13 billion or 71 percent
are distributed to the field operations in the form of Federal employees or ana-
lytical contractor support. The life-cycle cost estimate for these management
activities includes $0.5 billion for the Department’s coordination and manage-
ment of transportation activities.

Savings from Waste Minimization

The projected future costs for providing waste management support for ongoing
programs is $19 billion (see Section 4.5). Although it was not possible to quantify
life-cycle cost savings from future waste minimization and pollution prevention
activities, significant savings to this projected cost can also be expected from the
waste minimization program that is being implemented throughout Environ-
mental Management. This program already has resulted in significant savings.
For example, in FY 1994, the pollution prevention program at Hanford saved
nearly $44 million in disposal, product, and labor costs. It is reasonable to ex-
pect that waste reductions and cost savings could amount to several billion dol-
lars over the life-cycle of the Environmental Management program.
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The technology development program amounts to $12 billion or 5 percent of the
total projected costs. These monies fund research and development programs on
innovative technology applications for the Environmental Management program.

4.3 Base Case Estimate by State and Site

The projected life-cycle costs by State and by site are examined to understand
more clearly where and when the mid-range Environmental Management life-
cycle costs will be spent.

Table 4.3 shows projected life-cycle costs by State and the percentage by State of
the cumulative life-cycle cost. Five out of the more than 30 States and territories
examined in the 1995 Baseline Report (Washington, South Carolina, Tennessee,
Colorado, and Idaho) account for $164 billion over the life of the Environmental
Management program—71 percent of projected life-cycle costs (see Figure 4.7).
Within these States are the major environmental management sites.

The projected program estimate is largely defined by environmental management
activities within two States, Washington and South Carolina. Washington and
South Carolina together account for $97 billion or 42 percent of projected life-cycle
costs, which is consistent with the current Environmental Management budget
(environmental management activities within the States of Washington and South
Carolina account for 38 percent of the Environmental Management FY 1996 con-
gressional budget request).

Projected Life-Cycle Costs by Congressional Appropriation

The Congressional Appropriations Subcommittee on Energy and Water appropri-
ates funds to the Environmental Management program. These discretionary ap-
propriations are divided into two accounts: (1) defense; and (2). nondefense.
Environmental Management defense funding represents $214 billion or 93 per-
cent of total costs. Environmental Management

activities with a past defense mission, such as sta- Nendefense

bilizing the high-level waste at the Hanford Site, 7%
Washington, are appropriated under the defense
account. On a life-cycle basis, nondefense activities
represent $16 billion or 7 percent of the total pro-
jected life-cycle program cost. Environmental
Management activities with a nondefense mission,
such as the West Valley Demonstration Project,
New York, are funded through nondefense ap-

e Envi M L. Defense
propriations. Environmental Management activi- 93%

ties compete for funding against other activities
under the jurisdiction of the Energy and Water
Subcommittee, such as the Army Corps:of Engi-

neers (Civil), the Nuclear Regulatory Commission, Total Mid-Range Life-Cycle
and the Bureau of Reclamation (Department of the Cost = $230 billion
Interior)

Within the States of Washington, South Carolina, Colorado, Tennessee, and Idaho are
the 5 most costly Environmental Management sites—the Hanford Site (Washington),
the Savannah River Site (South Carolina), the Rocky Flats Environmental Technol-
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Alaska 2 <1%
_» Nevada Offsite* - Alaska 2 <.01%

California
Energy Technology Engineering Center 249 0.11%
General Atomics 12 0.01%
General Electric Vallecitos Nuclear Center 18 0.01%
Geothermal Test Faciity 6 <.01%
Laboratory for Energy Related Health Research 34 0.01%
Lawrence Berkeley Laboratory 208 0.09%
Lawrence Livermore National Laboratory 1,521 0.66%
Oxnard 13 0.01%
Sandia National Laboratories - Livermore 92 0.04%

Stanford Linear Accelerator Center

Colorado » . - ' v _ . 10.10%
Completed UMTRA S&M - Colcrado 7 o <0{%
Grand Junction F’ro;ect Office Bit . _ L goE

© . Gunnison ' ; . 4 ’ 001%
- Maybelt ‘ < 001%

 Natrta = , 28 ; . 0%
Rile ‘ _ 4 L Giw

. Rocky Flats Envxronmemai echnotogys o - , - 874%

_ Nevada Dffsite - Coiorado o » o <0l%
SlickRock . S L B0 %

Connecticut
FUSRAP*** - Connecticut

Florids
Pinellas Plant.

Idaho
Argonne National Laboratory - West
Completed UMTRA S&M - Idaho
Idaho Natlonal Enlneenn Laborato

~ Argonne National _Lat}or, ory - Easl

| Fermi National Accelerator Laboratory-f .
‘ FUSRAP - lilinois

_ Site APIOtM

lowa 12 <1%
Ames Laborato » » » ‘ » 0.01%

'Kentucky
Maxey Flats
‘Paducah Gaseous Dnﬁusaon Piam

Maryland/District of Columbia
FUSRAP Maryland 7 <.01%
13.07%

Michigan
FUSRAP - Michigan

Missouri 1,074 0.47%

FUSRAP - Missouri 388 0.17%
Kansas City Plant 312 0.14%
Weldon Spring Site Remedial Action Project 373 0.16%

“Nevada Offsite are locations where nuclear detonations occurred and environmental management activities are managed

by the Nevada Operations Office.

*JMTRA S&M is the acronym for Uranium Mill Tailings Remedial Action projects with long-term Surveillance and Maintenance
activities.

**FUSRAP is the acronym for the Formerly Utilized Sites Remedial Action Program.

*++ Approximately 71 percent of these costs are distributed across Environmental Management sites.
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Case Cost

Nebraska
Hallam Nuclear Power Plant

Nevada » ‘
Nevada Test Site -
Nevada Offsite - Nevada

New Jersey 440
FUSRAP - New Jersey 322
Princeton Plasma PhySICS Laboratory

New Mexico

Albuguergue Operatlons Ofﬁce
Ambrosia Lake »
Completed UMTRA S&M - New Mexaco o
Inhatation Toxicology Research Institute |

_ Los Alamos National Laboraiory
Nevada Offsite - New Mexico .
Bandia Nationa! Laboratories - New Mexnco
South Valley Site

Waste {solation Pilat Plam . L
New York 4,003

Brookhaven National Laboratory 460
FUSRAP - New York 273
Separations Process Research Unit 112
West Valley Demonstration Project 3,157

North Dakota ’ ... 22
Beifield/Bowman :

Ohio
Battelle Columbus Laboratories 110
Fernald Environmental Management Project 4,186
FUSRAP - Ohio 197
Mound Plant 1,539
Piqua Nuclear Power Plant <1
Portsmouth Gaseous Diffusion Plant 5,575

Reactive Metals, Inc.

Oregon
Compi otod UMTRA S&M Oregon

Pennsylvania 3
Completed UMTRA S&M - Pennsylvama 3
South Carofina - T
Savannah River Site o - .

Tennessee 24,812
Oak Ridge Y-12 Site 4,127
Oak Ridge Reservation 277
Oak Ridge K-25 Site 12,662
Oak Ridge Associated Universities 18
Oak Ridge National Laboratory 7,729

Utah 140
Completed UMTRA S&M - Utah 8

Monhcello Millsite and Vacmny Propemes 131

_Hanford Site:

Wyoming 25
Completed UMTRA S&M - Wyoming 25
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20,90%
20,90%

10.76%
1.79%
0.12%
5.49%
0.01%
3.35%

<1%
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0.06%
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Yy $15-840 Billion

$1 - $15 Billion
E:] <$1 Billion

* These costs include technology development costs and program
direction costs that will be distributed across environmental
management sites.

Figure 4.7. Mid-Range Base Case Estimate by State

ogy Site (Colorado), the Oak Ridge Reservation [including the K-25 Site, the

Y-12 Plant, and the Oak Ridge National Laboratory (Tennessee)], and the Idaho
National Engineering Laboratory (Idaho). Table 4.3 displays the projected total
life-cycle costs by site and the percentage by site of the cumulative life-cycle cost.
Consistent with the projected costs by State, these 5 sites—out of the 115 sites ex-
amined in the 1995 Baseline Report—account for 71 percent of the total program
estimate (see Figures 4.8, 4.9, and Table 4.3). Consistent with the projected total
costs by State, the mid-range Base Case estimate is largely defined by the activities at
two sites, the Hanford Site in Washington and the Savannah River Site in South
Carolina.

At the Hanford Site, Washington, estimated waste management costs represent
about 75 percent of the Environmental Management mid-range life-cycle cost esti-
mate, half of which is required for the treatment, storage, and disposal of high-
level waste.

At the Savannah River Site, the majority of costs are associated with constructing or
upgrading treatment and storage facilities for high-level waste and spent nuclear
fuel. Also, decontaminating and dismantling more than 100 facilities contaminated
with radioactive and hazardous chemicals and remediating contaminated ground
water significantly increases costs.

Based on Base Case funding assumptions, the Environmental Management pro-
gram extends about 75 years, with the majority of environmental management ac-
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National Program Management
H O,
Technology Development and Planning 8%

Los Alamos National Paducah G >% ! |
os Alamos Nationa aducah Gaseous )
- ) Headquarters i
Laboratory Diffusion Plant g Program Direction

1% 1% 2% - Allocated to Field
{ L L
Portsmouth Gaseous \ N\ ; 6%
Diffusion Plant ™~ “ \ : o L
i I ' ]

o)
2% ~ \\ \ - West Valley Demonstration

Waste Isolation Pilot Plant\ . Project
2% . 1%
Fernald
2% Other*
[~ 8%

Oak Ridge National

Laboratory
3%
Oak Ridge
Reservation K-25
10% 5%

Y-12 Plant
2%

Hanford Site
Idaho National 21%
Engineering Laboratory

8%

Rocky Flats
10%

Life-Cycle Cost = $230 billion Savannah River Site

|
|
|
1
Total Mid-Range
21%

*Other denotes total of all other sites listed in Table 4.3.

Figure 4.8. Mid-Range Base Case Estimate by Site

4.16




T he 1995 Baseline Environmental Management Report

Savannah River Site

billions of constant
1995 dollars

idaho

billions of constant
1995 dollars
|

Oak Ridge Reservation

billions of constant
1995 dollars
}

€ Rocky Flats

9 g Environmental Technology Site

8%

T 1]

On

23

g ~

B

= Hanford Site

B

€S

831

w— :

O

23

o

E

1995 2000 05 2010 2015 2020 2025 2030 2035 2040 2045 2050 205 2060 2065 2070

E Waste Management [ Environmental Restoration [T] Facility Stubilizutio‘ng\ \‘ Total for these five sites represents 71% of the fotol life-cycle cost.

Figure 4.9. Mid-Range Base Case Cost Profiles for the Five Largest Sites
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tivities ending in about FY 2070. However, limited activities at some major envir-
onmental management sites extend beyond this date because of the costs of long-
term surveillance and maintenance activities, such as maintaining containment
barriers and periodic ground-water sampling and support of ongoing operations.

4.4 Costs of Activities Supporting the
Environmental Management Program

Previous sections describe the activities and costs most often thought of as “envi-
ronmental management” such as remediating contaminated areas and treating,
storing, and disposing of radioactive and hazardous wastes. Other functions,
known as “support” activities, although not considered direct environmental ef-
forts, are integral to ensuring the mission is accomplished, and therefore, must be
included in an estimate of the cost of the Environmental Management program.
The costs of support functions associated with field operations and Headquarters
activities are described below.

4.4.1 Field Support Costs

For cost-estimating purposes, field support activities were divided into three cat-
egories: landlord, program management, and site-wide support. The first two cat-
egories—program management and landlord—are discreet cost categories, often
referred to as “direct funded.” It is easy to highlight these costs as distinct activi-
ties (see Figure 4.4). The third category, site-wide support, is not a discreet cost
category, and is referred to as an “indirect” cost. These indirect costs are not high-
lighted as separate costs in this report; rather, they are included in the total life-
cycle costs for the waste management, environmental restoration, and material
stabilization programs (see Figure 4.4).

Landlord

As discussed in Section 2.3.5, the Environmental Management program is or will
soon be landlord at 10 installations. At these sites, the Environmental Manage-
ment program both oversees and directly pays for site-wide infrastructure sup-
port. Over the lifetime of the program, the direct-funded landlord costs are
estimated to be $11.5 billion or 5 percent of the total projected cost estimate. As
shown in Figure 4.4, approximately $2 billion of these costs are managed in con-
junction with environmental restoration activities at the K-25, Fernald, and Grand
Junction sites. The remaining costs are managed under the nuclear material and
facility stabilization program.

Program Management

The size of the installations and complexity of the work in progress mandate that
effective management controls are in place to ensure worker safety, environmental
compliance, and sound project management. The field “program management”
cost category provides for these management controls, as well as other activities
such as grants to States and localities. Volume II site summaries report program
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management activities separately at each installation—describing activities spe-
cific to the installation. Over the lifetime of the program, field program manage-
ment is estimated to cost $34 billion or 15 percent of the total mid-range Base Case
estimate.

Site-Wide Support Functions

Site-wide support activities are administrative in nature and benefit all programs
at an installation. They include human resources, financial offices, procurement,
legal, logistics support, administrative support, quality assurance, taxes, informa-
tion services, environmental safety and health, facilities management and engi-
neering and maintenance, public information and outreach, safeguards and
security, utilities, executive direction, fee, and research and development. The ap-
proximate distribution of site-wide support costs is provided in Figure 4.10.
Across all activities, Environmental Management will pay approximately $46 bil-
lion to fund site-wide support activities over the life of the program. These costs
represent 20 percent of the total mid-range life-cycle cost estimate.

4.4.2 Headquarters Support Costs

The program activities managed at Headquarters can be considered “support

costs” because they are not direct environmental missions, but are integral to

management of the Federal program. For cost-estimating purposes, the assump-

tion was made that support costs originating at Headquarters would continue to

be estimated as such. The national accounts of program direction, program man-
Information Services

8% Executive Direction  Human Resources
4% 6%

Taxes
3%

Chief Financial Officer

6%
Utilities
5% Legol
2%

Procurement

Safeguards 0& Sequrity 2%

8%
Logistics
5%

Information
Outreach
5% Administrative

4%

Research & Development
7 Quality Assuronce
3%

Fee

Facility Management
ty Manag 8

Engineering
16%

Environmental Sofety & Health
16%

Figure 4.10. Distribution of Site-Wide Support Costs
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agement, and transportation management all have their origins at Headquarters.
However, it is misleading to attribute all expenditures to Headquarters because
the majority of the funds are eventually allocated to the field. The following sec-
tions describe these accounts and their relative distribution to field operations.

Program Direction (Federal Personnel)/Program Management (Contractor
Analytical Support)

The program direction account funds all Federal full-time equivalents at Head-
quarters and field offices, including salaries, benefits, and training. Approximately
75 percent of this account is reallocated to field operations. The total life-cycle
cost assumes $12 billion for program direction over the life of the program. Pro-
gram Management activities provide technical contractor support services for all
elements of the Headquarters-directed activities. Approximately 70 percent of this
account is transferred to field operations. The total life-cycle costs assume $6 bil-
lion for program management over the life-cycle of the program.

Transportation Management

The transportation program provides for Department-wide development and
implementation of effective strategies, techniques, methods, and policy guidance
for safe, secure, efficient transportation of Department of Energy materials. These
materials include general commodities (coal construction materials, recyclables,
etc.), hazardous materials, spent fuel, radioactive and hazardous wastes, and spe-
cial nuclear materials. Approximately 95 percent of these funds are transferred to
field operations to develop agency-wide logistics management tools, training, and
technology to address Department transportation and packaging requirements.
The total life-cycle cost assumes $0.5 billion for transportation management over
the life-cycle of the program.

4.5 A Closer Look at the Cold War Mortgage

Most of the life-cycle costs for the Environmental Management program address
wastes that have been generated or facilities or areas contaminated in the process
of producing nuclear weapons. Although the environmental costs of the weapons
legacy are large, Environmental Management also addresses a legacy of waste
from nonweapons programs as well as wastes generated by ongoing activities. To
evaluate their respective cost impacts, Environmental Management activities were
divided into the following three categories:

* Nuclear weapons legacy waste costs encompass environmental activities that
remediate sites in the weapons complex or address stored legacy wastes from
weapons research, design, and production. These costs also include activities
for stabilizing and decommissioning excess facilities, or portions of facilities,
attributable to the weapons program (see Figure 4.11). Weapons-legacy waste
accounts for approximately $172 billion, mid-range Base Case of the cost
estimate or about 75 percent of the cost of the Environmental Management
program.
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Figure 4.11. Contributions of the Weapons Legacy to the Environmental Management Total Life-Cycle Cost

» Nonweapons legacy waste costs are those associated with cleaning up waste
generated in the past in activities not specifically linked to nuclear weapons
production, such as energy research, basic science, and the Three Mile Island
accident. The total life-cycle costs associated with nonweapons legacy amount
to $34 billion or approximately 15 percent of the total life-cycle cost.

* Ongoing program costs are costs necessary to manage all future waste streams.
The projected cost of treatment, storage, and disposal of waste generated by
ongoing defense and research activities is $19 billion. In addition to the environ-
mental costs of future waste, this category also includes a portion of landlord
costs for operating and maintaining sites.

Weapons legacy costs can be further divided into costs from the eight major
nuclear weapons production steps, which were summarized in Chapter 2 and are
detailed in Appendix B. The life-cycle environmental costs associated with each of
these steps can be estimated by examining the legacy waste at those sites where
any one or more of these nuclear weapons production activities were conducted.
For example, the Portsmouth Gaseous Diffusion Plant was dedicated to uranium
enrichment. Other sites had multiple weapons production steps, such as the Han-
ford Site, Washington (e.g., fuel fabrication, irradiation, chemical separation).
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Chemical separation is seen to be, by far, the most costly step in terms of life-cycle
environmental management costs. During this step, chemical separation plants,
called "canyons," recovered plutonium and uranium from irradiated fuel and tar-
gets. These plants generated millions of gallons of highly radioactive and hazard-
ous chemical wastes, which were stored in tanks. Billions of gallons of
contaminated waste water also were generated and for many years were dis-
charged directly into the ground. The environmental management costs for this
step alone represent over 53 percent or $91 billion of the total mid-range Base Case
program cost for weapons legacy waste. The share of environmental costs attribut-
able to other weapon process steps is shown in the figure.

4.6 Comparison of Results to the Department’s
Previous Cost Estimate

The estimate of the total cost of the Environmental Management program pre-
sented in this report is substantially higher than the Department’s previous total
cost estimate.! In 1988, the Department estimated a total cost of $91-130 billion to
meet its environment, safety, and health needs, primarily during a 20-year time
period. This equates to $109-156 billion in constant FY 1995 dollars. Using the
same metric, the total cost estimate in this Baseline Report (unadjusted for produc-
tivity gains) is $350 billion, or two to three times greater than the 1988 estimate.
Table 4.4 compares these two cost estimates.

The total cost estimate in this Baseline Report reflects a profound change in the
mission, activities, and land-use goals at Department of Energy installations re-
sulting from the end of the Cold War. The 1988 cost estimate was made when the
primary concern was to bring the Department’s installations into compliance with
environmental regulations to allow continued weapons production. Environmen-
tal management activities reflected in the 1988 estimate focused on activities such
as permitting, installation, and operation of air and water monitoring systems and
some corrective actions at active sites. Little emphasis was placed on more expen-
sive activities such as facility decommissioning and waste treatment. The end of
the Cold War resulted in a shift from production to cleanup.

The comparison in Table 4.4 reflects this shift in priorities. The estimated cost for
decommissioning is 10 times greater in this report than in the 1988 report, and this
report includes $14 billion in facility stabilization costs that were not included in
the 1988 report. These differences reflect the greater number of production and re-
search facilities that now are considered surplus. In contrast, the 1988 report in-
cludes $34-42 billion in costs for corrective and other actions to bring weapons
production facilities into compliance with environmental laws and regulations
and to continue to operate these facilities, while these activities are largely com-
pleted or unnecessary now that production has ceased.

The estimated cost for waste management activities is nearly five times greater in
this report than in the 1988 report. This higher cost estimate reflects a more com-
prehensive understanding of the volumes and nature of wastes present in the
complex and the amount of treatment that will be necessary than was available for

(1) U.S. Department of Energy. 1988. Environment, Safety, and Health Needs of the U.S. Department of
Energy, Volume 2: Site Summaries, DOE/EH-0079. Washington, D.C.
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Table 4.4. Comparison of Cost Estimates in 1988 Needs Report and 1995 Baseline Report (values in
billions of constant 1995 dollars)

Facility stabilization

Technology development

Support activities
Landlord
Program direction/management

Total

Environmental safety & fieaith
Ongoing operations
Corrective-actions

Total

Grand Total

109-156

14

24
70

350

- The 1988 report includes corrective actions to bring
‘production facilities and infrastructure into compliance
with existing environmental, heaith, and safety laws,
_regulations, and directives. These activities are not
_included explicitly in the 1995 report (many have been
| ‘completed), although similar activities may be

Activity Category 19881 | 19952 Comparison
Environmental restoration The 1995 estimate for remedial actions is somewhat
Assessment 2-4 8 | comparable to the lower bound of the 1988 estimate
Remedial actions 39-73 29 | because both place greater emphasis on containment
Decommissioning 4-6 45 | versus active remediation strategies. The scope of
decommissioning activities is much greater in the
Total 45-83 82 | 1995 estimate because the 1988 report assumes that
most facilities will continue to have a nuclear weapons
production mission.
Waste Management
High-level waste . -
Transuranic waste
Other wastes
Total

The 1988 report assumes that most facilities will
continue to have a nuclear weapons production
mission; therefore, the number of surplus facilities is
much greater in the 1995 report. The 1988 estimate
for decommissioning activities includes stabilization.

! 3 1988 re ort mciudes som"":echnology
development in other calegories, particularly

rj_envnronmentaf restoratlon and waste management

The 1988 report does not explicitly include support
costs such as directly funded landlord, program
management, and program direction.

included in landlord activitics.

11988 cost estimates (in constant 1990 dollars) were inflated to constant 1995 dollars using 1.2 as a multiplier.
21995 cost estimates are not adjusted for productivity.

the previous cost estimate. The 1988 estimate was made when information on the
nature and extent of environmental problems was sketchy. The more comprehen-
sive information available for this report, including current waste inventories, re-
flect the greater amount of information available as the result of site

characterization efforts since 1988.

The higher total cost estimate presented in this report also reflects a more compre-
hensive methodology. This report includes support costs such as landlord and
program management that were not within the scope of the 1988 cost estimate. In
addition, the 1988 report assumed that most environmental management activities
will be completed by 2020, while this report assumes that most activities will con-
tinue until approximately 2070.
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5.0 Alternative Cases

This section describes several analyses looking at the effort of changing the as-
sumptions regarding:

* Land use—What are the ultimate uses for currently contaminated lands, waters,
and structures at each installation?

» Program funding and scheduling—How might activities be prioritized, and how
rapidly will money be spent?

¢ Technology development—How might future technologies influence the Environ-
mental Management program?

o Waste management configuration—Should treatment, storage, and disposal be
carried out in a decentralized, regionalized, or centralized manner?

The Base Case used assumptions derived largely from field locations regarding the
outcomes of various decisionmaking processes that will determine the scope and
pace of the Environmental Management program and the ultimate disposition of
Department of Energy facilities and installations. The final cost and schedule for
the program will depend largely on departmental management decisions and
compliance requirements under various environmental laws such as Superfund.
Ultimately, the rate at which Congress appropriates funds also will determine final
cost and schedule.

To help inform the national policymaking as well as local decisionmaking pro-
cesses, a rigorous and objective analysis of life-cycle cost and schedule as well as
the potential magnitude of these effects was needed. This section reports on analy-
ses conducted for the four general areas listed above where future decisions or de-
velopments were felt to have significant impact on total program cost and
schedule.

The approach used to develop and estimate costs to answer these questions dif-
fered from that used for the Base Case. Although the Base Case was developed us-
ing primarily field estimates and assumptions, the alternative cases were
developed using a standardized modeling approach. The primary reason for this
shift in strategy is that tools and data sources used to develop the Base Case were
not adequate for evaluating alternative cases (e.g., detailed site-specific baselines
and other bottom-up estimation techniques are not easily redone with alternative
assumptions).

These four decision areas represent a partial list of factors that may affect total pro-
gram cost. For example, different residual contamination standards—cleanup lev-
els—for soil, water, and other media are thought to influence costs of
remediation activities. An attempt was made to establish the variation in costs as-
sociated with different residual contamination levels. However, more information
must be collected, and analyses need to be conducted before costs can be quanti-
fied nation-wide. Future analyses will evaluate the cost consequences of these
and other factors as they are identified.
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5.1 Land Use

The Department has begun working with stakeholders and regulators regarding
the ultimate disposition of lands currently managed by the Department of Energy.
Land-use decisions, which determine both the type and extent of site remedial ap-
proaches, will be a significant variable in the ultimate cost of the Environmental
Management program. For example, containing contamination at a site may be
sufficient for land that will remain restricted (i.e., off limits to human activity),
while removal may be required for unrestricted land use. The range of costs asso-
ciated with differing land-use scenarios is substantial. To illustrate the significance
of future land-use decisions, the Department examined how total program cost
would vary assuming a range of alternative future land uses.

Figure 5.1 depicts a continuum of future land uses ranging from completely re-
stricted or controlled access to completely unrestricted or residential use. Four
cases were developed for comparison with the Base Case cost estimate. Two cases
illustrate the extreme opposite ends of the land-use spectrum. The “Iron Fence”
case, based exclusively on containment strategies, represents the most restrictive
land use. The “Maximum Feasible Green Field” case, based on removal of con-
tamination, provides for essentially unrestricted land use. Two other cases, re-
ferred to as “Modified Containment” and “Modified Removal,” illustrate what
were judged to be more reasonable alternatives, taking into account existing legal
obligations and departmental commitments that were reflected in the Base Case.

The costs for all four scenarios were estimated using a relatively simple computer
model. This model used unit activity costs derived from experience at several of
the Department’s larger sites as well as nongovernmental cleanup projects. The
scenarios are highly idealized and involve several simplifying assumptions to pro-
duce rough complex-wide estimates.

M ore Controlled
Restricted Access

Industrial Open Space Recreational Residential /Agricultural

Maximedt!
Feasible
"Green fields"

Modified
Removal
Strategy

Modified
Containment
Strategy

(1) This scenario represents a modified "pure” Green
fields case, which is not achievable at all sites with
today's technology.

Figure 5.1. Conceptual Illustration of the Land-Use Continuum
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5.1.1 Base Case Assumptions

The Department has begun integrating future land-use planning at its sites to
guide environmental remediation goals. Since these efforts are under way, final
land-use determinations have not been made at many of the Department’s sites,
particularly large sites with complex missions. Nonetheless, preliminary determi-
nations or assumptions were made to prepare the Baseline Report.

The Base Case cost estimate was built on site-specific assumptions regarding fu-
ture land use(s) at each installation or for a particular part of an installation. Land-
use decisions are made or influenced by a number of different processes and
situations, including;

e where a Record of Decision under the Comprehensive Environmental Resource,
Compensation, and Liability Act process, contractual agreement, or other
legally binding decision document has been signed;

o where an installation is not owned by the Department of Energy, and a contrac-
tual agreement dictates cleanup standards or future land use;

e where the Department has committed to release an installation for specific uses;
e where the Department has ongoing or planned disposal activities; and

¢ where remediation is not technologically possible.

These decision processes and situations guided field program managers in creat-
ing the Base Case estimate. The Base Case incorporates decisions that have been
made or anticipated outcomes of these processes.

Future land use in the Base Case varies from restricted use to unrestricted use. At
the Department’s smaller facilities, such as the Mound Site in Ohio or the Pinellas
Plant in Florida, where contamination is assumed to be contained in place, future
use would be limited to industrial purposes. Sites not owned by the Department
or sites near heavily populated areas or water sources are generally assumed to be
released for either residential use or industrial use. Examples include the General
Atomics Site at La Jolla, California, and Battelle Columbus Laboratories in Colum-
bus, Ohio.

Restricted land use is assumed for designated areas associated with ongoing dis-
posal activities at six sites—the Hanford Site, the Idaho National Engineering
Laboratory, Savannah River Site, Nevada Test Site, Oak Ridge Reservation, and the
Los Alamos National Laboratory. In addition, restricted land use was assumed at
the proposed deep geologic repository for transuranic waste—the Waste Isolation
Pilot Plant. Finally, restricted land use was assumed at release sites that could not
be remediated to risk levels associated with unrestricted use using current tech-
nologies. Prime examples of such sites are where ground water is contaminated
with tritium, for which no removal technology is available, and nuclear explosion
test areas like the Nevada Test Site with deep underground soil contamination.

In cases not bound by legal obligations or departmental commitments, future land
use is less clear. This is particularly true for large sites, which are anticipated to in-
corporate a range of future land uses across the site. For example, at the Hanford

Site, certain areas near the Columbia River are assumed to be remediated for unre-
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stricted use. However, to accomplish this goal, contamination is to be moved to a
disposal site away from the river. The disposal area is then assumed to remain in-
definitely restricted. Figure 5.2 illustrates a mixed land-use concept for a hypo-
thetical site. For example, a site may have areas where land-use decisions have
been made: some restricted (e.g., a designated disposal site) and other areas as-
sumed to be unrestricted (e.g., a commitment to a release land for an ecological re-
serve). Other contaminated areas may be excluded due to a lack of acceptable
technology as in the case of contaminated wetlands. For areas where land-use de-
cisions have not been made, assumptions regarding remedial strategies were made
to conduct the analyses.

Some assumpt]ons Restricted Future Land Use
benefited from regulator
and Stakeh0|der Ianlt- Unrestricted Future Land Use

Remedies not yét
decided

Remedies for some
sites have not yet
been decided

Both situations
require projections
about future land use

Remedies
Decided?

Remedies for som
sites have bee
decided?

Infeasible’

Areas Where No
Technology is Available to
Address Contamination
are Excluded From Cost
Estimates.

Cleanup
Technically
Infeasible !

1 Examples are underground test areas and large surface water areas.
2 In Record of Decision, signed agreements with site owner or where only one remedy is technically feasible.

Figure 5.2. Site Land-Use Illustration

In the Base Case cost estimate, a restricted future use assumption for a specific site
reflects a current or anticipated agreement with regulators or stakeholders, or an
interim determination based on what remediation goal is achievable using exist-
ing technologies. The Administration has proposed legislative changes to the
Superfund law to allow such considerations to be used to a greater extent in se-
lecting remedies. In some cases, the cost estimates reflect projections of actions
that assume these changes to the law are enacted because unrestricted land use
was not achievable using existing technologies. Depending on possible legislative
changes, and the outcome of land-use decision processes, final land use at any site
or area within a site might be more or less restricted than assumed in the Base
Case.
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Making Sound Land-Use Assumptions: The Department’s Future Use Project

To ensure that the Department’s remediation efforts reflect the surrounding
communities” interests in future land use, the Department initiated the “Future
Use” project in winter 1994. This planning initiative encourages stakeholders to
help define preferred future uses for Department of Energy installations.

At certain sites, Environmental Management Site-Specific Advisory Boards,
comprised of a wide range of stakeholders, are taking the lead in formulating
recommendations on future uses. At other sites, the Department is using focus
groups, public meetings, individual meetings, and other mechanisms to formu-
late preferred options. The Department intends to use these stakeholder-pre-
ferred future use recommendations as a guide in working with its
regulators—the U.S. Environmental Protection Agency and States—to identify
appropriate remedial methods.

In conjunction with these efforts, the Department is assessing its land, facilities,
and other assets to identify those assets that could be released for use by other
federal agencies, State, Tribal, and local governments, and the private or non-
profit sectors. This effort has already met with success in Florida as evidenced
by the recent sale of the Pinellas Plant to the County of Pinellas for continued
private industrial use. In Washington State, the Department also plans to re-
lease large portions of the Hanford Site that are no longer needed to carry out
its current or future missions. In some cases, the Department will enter into
leasing arrangements to maintain the option to use land or facilities for future
mission needs. The Department is committed to engaging all affected and inter-
ested stakeholders in thinking strategically about which facilities, land, and
other assets are suited for disposition and viable for reuse.

5.1.2 Land-Use Extremes

As depicted in Figure 5.1, the concepts of the “Iron Fence” and “Green Field” illus-
trate the two extremes of potential land use. The Iron Fence, or most-restricted
case, is characterized by containing rather than treating or removing contamina-
tion. In contrast, the Green Field, or least restricted case, would be characterized
by the removal or destruction of contaminants. These cases were examined to bet-
ter understand the full range of costs associated with various land uses. Table 5.1
compares key assumptions for the range of land-use scenarios described below.

Iron Fence Case

Implementing a complex-wide Iron Fence case would actually be unrealistic be-
cause, at some sites, it is more costly to keep contamination from spreading than
to remove it altogether. In addition, containment strategies would not meet con-
tractual or legal requirements at all installations. Finally, the Iron Fence case ig-
nores many of the legal, moral, and political commitments associated with the
existing Department of Energy cleanup program.

For purposes of this comparative analysis, however, all contaminated sites were
assumed to be addressed by simply containing contamination in the Iron Fence
case. This means that contaminated soil and buried waste sites would be capped,
contaminated ground water would be controlled from spreading by hydraulic
controls and barriers, and facilities would be entombed in place.
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Table 5.1. Basic Assumptions for Land-Use Cases

All buried waste

and entombed

entombed; some
removed

Modified Modified Maximum Feasible
Iron Fence Containment Base Case Removal Green Fields
@ All facilities stabilized; Al faclities stabilized: Al facilities stabilized; -All facilities stabilized: Al fdcilities
& | collapsedand at variable sites, all some facilities at'variable sites; all - stabilized and
S | entombed facilities are coliapsed  collapsed and facilities are removed . removed
1]
L

All buried waste

Some buried waste

All buried waste

All buried waste

stabilized in place,
or untouched

soil capped or
stabilized at variable
sites

soil capped; some
removed

soif removed at
variable sites
if technologically

feasible

Contaminated
Soils

T o
2 § left in place left in place at removed; some removed at variable  removed
5 = variable sites left in place sites

All ground water All ground water Some ground water - All ground water All.ground water
2 & | contained if contained at variable  remediated; some remediated at remediated if
3®| technologically sites if contained variable sites it technologically
5] 2| feasible technologically technologically feasible

feasible feasible
Soils capped, All contaminated Some contaminated  All contaminated All contaminated

soil removed if
technologically
feasible

* Some sites were excluded from the analysis because no feasible technological remediation strategy exists (e.g., nuclear weapons

underground test areas) (see table 3.1 for list of exclusions).

The estimated cost of the Iron Fence case is approximately $175 billion. This esti-
mate assumes productivity improvements similar to those of the mid-range Base
Case. It is important to note that approximately $25 billion of this estimate is for
containment activities while the remaining $150 billion is associated with manag-
ing existing waste and stabilizing special nuclear material and facilities (e.g., vitri-
fication and disposal of high-level waste and dispositioning plutonium scraps and
residues).

Maximum Feasible Green Fields Case

In contrast to the Iron Fence case, which may be unrealistic from a legal or policy
perspective but technically achievable, a complex-wide Green Fields case is both
technically infeasible as well as programmatically unrealistic. Most importantly, as
pointed out in the discussion of the Base Case assumptions, certain sites cannot be
remediated to risk levels associated with unrestricted land use with existing reme-
dial technologies. Moreover, a complex-wide Green Fields case would preclude es-
tablishing any waste disposal areas, which are by necessity restricted areas. Hence,
a complex-wide Green Fields case was not analyzed.

For the purposes of this analysis, a “Maximum Feasible Green Fields” case was de-
veloped that assumed containment and restricted land use for all release sites
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where current technologies are unavailable or those sites being used for active dis-
posal. For all other release sites, aggressive removal strategies were assumed, in-
cluding exhumation of contaminated soil and demolition of buildings with all
contaminated media removed from the site. As discussed, containment strategies
generally involve containing waste in place with caps and other barriers. These
strategies will not support unrestricted land use because over long periods of time,
normal activities associated with residential, agricultural, and other unrestricted
uses could result in breaching of caps or unearthing of unstabilized materials.

The Maximum Feasible Green Fields case was estimated to cost approximately
$500 billion. As with the Iron Fence case, the estimates assume productivity im-
provements similar to those of the mid-range Base Case. The significant difference
in cost between the Iron Fence and the Maximum Feasible Green Fields cases—ap-
proximately $325 billion—stems from the use of containment strategies versus re-
moval strategies.

Removal and containment technologies differ in the types and amounts of waste
they generate—sometimes referred to as secondary waste. Most containment tech-
nologies produce little or no secondary waste. In contrast, most materials removed
or excavated using removal technologies (e.g., soil washing) are considered waste
and require subsequent transportation, storage, treatment, and disposal. Thus,
waste management costs increase whenever a removal technology replaces a con-
tainment technology. Removal and containment technologies also differ in the
amount of required post-remediation surveillance and maintenance. Because con-
tainment strategies result in more waste being left in place, some type of institu-
tional controls to monitor the waste and replace or repair containment structures is
required. Thus, over the long term, additional surveillance and maintenance costs
are incurred indefinitely in conjunction with containment strategies.

5.1.3 More Realistic Land-Use Alternatives

To estimate the costs for more realistic land-use scenarios, the assumptions used
for the extreme scenarios were modified. Two additional scenarios, referred to as
the “Modified Containment Case” and the “Modified Removal Case,” were devel-
oped. To develop these scenarios, certain assumptions from the bounding cases
were combined with assumptions from the Base Case. This involved categorizing
sites into those where land-use decisions are relatively firm versus those where fu-
ture land use is less clear. (See Section 5.1.1 for a discussion of factors influencing
land-use assumptions.)

Table 5.2 divides sites into those where land-use assumptions were varied and
those that were held constant (i.e., not changed from Base Case assumptions). Site
land-use assumptions and their corresponding activities were held constant for
sites listed in the first column for both the Modified Containment case and Modi-
fied Removal case. Most of the unchanged assumptions at these sites originate
from legally binding contracts, records of decision, designation for permanent dis-
posal sites, or other departmental commitments. For the sites listed in the second
column of Table 5.2, land-use assumptions were varied from case to case. These
sites are typically large sites with differing levels of contamination throughout the
site, where final land-use options have not been determined.
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Table 5.2. Sites Varied in Land-Use Analysis

State

California

Areas with Unchanged Base
Case Land Use Assumptions

Energy Technology Engineering Center
General Alomics Center

General Electric Vallecitos

Geothermal Test Facility

Lab for Energy Reiated Health Research
Oxnard

Stanford Linear Accelerator Genter

Colorado

Florida

Idaho

Grand Junction Vicinity Properties
Rocky Flats Plant
Protected Area, D&D, Solar Pond

Argonne National Laboratory-West

Idaho National Engineering Laboratory
WAGs 1, 2, 4-7

ldaho Chemical Processing Plant

llinois

Argonne National Laboratory -East
Site A/Plot M, Palos Forest Reserve
Fermi National Accelerator Laboratory

lowa

Ames National Laboratory

) Pinellas Plant

Areas Where Land Use
Assumptions Were Varied
From The Base Case

Lawrence Barkeloy Laboratcry
Lawrence Livermore National Laboratoryi-;
Stanford Linear Accelerator .
Sandia Nationat Laboratory«l,xvermore .

Rocky Flats Plant
Remainder of Site

Idaho National Engineering Laboratory
WAG 10

Kentucky

Missouri

Maxey Flats

Kansas City Plant
Weldon Spring Site

Nebraska

Nevada

New Jersey

Paducah Gaseous Diffusion Fiant

Hallam Nuciear Power

Nevada Test Site
Underground Test Areas

Princeton Plasma Physics Laboratory

New Mexico

- New York

Tennessee

| Washington

Multiple

| South Carolina

Inhalation Toxicology Research Institute
Waste Isolation Pifot Plant
South Valley Site

S—

Nevada Test Site - Remainder of Site

Los Alamos National Laboratory
Sandia National Laboratory-Albuquerque

Separation Process Research Unit
West Vailey Demonstration Plant

Battelle-Columbus

Fernald Environmental Management Project,
Surface and Facilities

Mound Plant

Piqua Nuclear Power Facility

RMI Titanium, Inc.

. Savannah River Site
WAGs1,3. 9
(Areas ASM, Reactors, D&D)

Oak Ridge Associated Universities
Oak Ridge Offsite

Monticello Mili Site & Vicinity Properties

Hanford Site

’ 1100, 200Areasv.

FUSRAP Sites
Nevada, Sandia Nat. Lab, Grand
Junction Offsites
UMTRA Sites
Surface

Brookhaven National Laboratory

Portsmouth Gaseous Diffusion Plant
Fernald Environmental Management
Project

Groundwater

Savannah River Site I

WAGs 2, 4.7

K-25 Site
Oak Ridge National Laboratory
Y-12 Plant

Hanford Site
100, 300 Areas

UMTRA Sites
Groundwater
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' The 1995 Baseline Environmenta

For the sites with relatively firm land-use plans, costs developed for the Base Case
were substituted for the costs of remediation assumed in the extreme cases,
whether it was removal or containment. For the balance of the sites, where future
land use is yet to be resolved, the results from the Iron Fence case or the Maximum
Feasible Green Fields case were used. Therefore, the Modified Contaminated case
results in a less restricted land-use scenario than the Iron Fence case, and the
Modified Removal case results in a more restricted case than the Maximum Fea-
sible Green Fields case.

Modified Containment Case

The Modified Containment case and the Base Case land-use activities differ by the
amount of contamination contained versus contamination removed at sites where
land-use assumptions were varied (Table 5.2, column 2 sites). All Base Case re-
moval activities at these sites were replaced by containment activities. In other
words, as shown in Table 5.1, buried waste was left in place, contaminated soil
was capped or stabilized, facilities were stabilized, collapsed and entombed in
place, and ground water was contained if technologically feasible.

The Modified Containment case cost estimate is approximately $225 billion. This
estimate is approximately $5 billion less than the Base Case estimate of $230 bil-
lion. This difference results from eliminating removal activities that were assumed
for the Base Case. The Modified Containment case estimate is $50 billion higher
than the Iron Fence. This difference is from assumed removal activity at the sites
where land use was held the same as (Table 5.2, column 1 sites) that of the Base
Case.

Modified Removal Case

Alternatively, the Modified Removal case and the Base Case scenarios differ by the
amount of contamination removed versus contained at sites where assumptions
were changed relative to the Base Case. All Base Case containment activities were
assumed to be removal activities in this case. As a result, all buried waste, con-
taminated soils, and facilities were removed, and ground water was remediated if
feasible.

The estimated cost of the Modified Removal case is $375 billion. This estimate is
$145 billion higher than the Base Case estimate as a result of increased removal ac-
tivity. The estimate remains $125 billion below the Maximum Feasible Green
Fields case because of the containment activities at the sites where land use was
unchanged from that of the Base Case.

Comparison of Cost Estimates

Figure 5.3 illustrates how total program cost is a function of the difference in scope
and remedial strategies required to meet the different land-use goals. The first box
of Figure 5.3 shows total amounts of waste produced by restoration activities un-
der each of the five cases. Estimated are final volumes of remediated media (e.g.,
treated soils, secondary waste, treated ground water), which increase steadily as
more aggressive removal strategies are implemented. The second box represents
changes in initial volumes of contaminated soil assumed under the no action;
treated but left onsite; or removed from the site remedial strategies. The results
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Figure 5.3. Results of Land-Use Analysis
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show that Base Case land-use assumptions result in large volumes of contami-
nated soil being contained rather than removed.

Referring again to our hypothetical site, Figure 5.4 depicts the five land-use cases
that were analyzed. One can follow the decrease in restricted land-use areas from
the Iron Fence to Green Fields cases and the associated increase in costs.

Technically infeasible
areas are excluded from
all analyses

Cleanup
Technically
Infeasible

Feasible

PRt Green Fields
T e
Modified ($500B)
Removal
($385B)

($230B)

Areas where the remedy

vodified . )
Containment has been decided are - Restrictad Use

($225B) unchanged in the modified

containment and modified [: Unrestricted Use
removal cases nresticted Le

Iron
Fence
($1758B)

—
More Restricted Use Less Unrestricted Use

Figure 5.4. Land-Use Case Relationships

5.1.4 Potential Effects of Residual Contamination
Standards

Although the general goal of environmental restoration is cleanup, no universal
answer exists to the question "how clean is clean?" Cleanup under the Compre-
hensive Environmental Response, Compensation and Liability Act is considered
complete if existing Federal and State cleanup standards are met. Remediation de-
cisions are being made now, consistent with the Comprehensive Environmental
Response, Compensation, and Liability Act and the National Contingency Plan,
which identifies the regulatory parameters for developing, evaluating, and select-
ing a cleanup strategy or remedy. Such standards exist for drinking water supplies
(protection of human health) and surface waters (protection of ecosystems). Few
such standards exist for soils, even for hazardous chemicals, and standards de-
signed specifically for cleanup of most radionuclides in soil do not currently exist.
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The only standards designed for the cleanup of radionuclides are those for land
and buildings contaminated by uranium mill tailings at inactive uranium-process-
ing sites.

Under the Comprehensive Environmental Response, Compensation, and Li-
ability Act, risk assessments are conducted to determine the relationship be-
tween contaminant concentrations at the affected site and the likelihood of
adverse effects to human health and the environment, also referred to as risk esti-
mates. Cleanup levels are established by calculating the expected lifetime cancer
risk from the risk estimates. Cleanup under the Comprehensive Environmental
Response, Compensation, and Liability Act is considered complete if residual con-
tamination will result in a calculated human health risk of 1 statistical cancer death
in a population of 1 million individuals (i.e., 10 risk level) for radionuclides. The
10° calculated risk level represents the “point of departure” with waivers
from this criterion considered for cleanup technology limitations and other
limiting factors.

Ongoing Efforts

In an effort to remedy the lack of consistent radiation cleanup standards, the
U.S. Environmental Protection Agency (EPA) and Nuclear Regulatory Commis-
ston (NRC) are developing the Radiation Site Cleanup Regulation (40 CFR 196)
and Radiological Criteria for Decommissioning (10 CFR 20), respectively. These

regulations will apply to Department of Energy and Department of Defense sites,

ts “Agreement States.” An EPA/NRC Mem

and sites licensed by the NRC and i

Comprehensive Environmental Resource, Compensation, and Liability Actrisk

range. Cleanup for unrestricted residential use is the goal: however, land use re-

strictions will be allowed as long as a maximum proposed dose limitof
75 mrem/year or 100 mrem/year (NRC) is not exceeded if active control mea-
 sures {e.g, engineered barriers) fail. ...

Applying the Comprehensive Environmental Response, Compensation, and Liability
Act risk assessment approach to establish cleanup standards for radionuclides creates
special difficulties. As cleanup levels become more stringent, the ability to distin-
guish between naturally occurring radioactive material and radioactive contami-
nation becomes technically difficult and/or infeasible. Under a residential land-
use scenario, carcinogenic risk associated with the natural background levels of
some radionuclides exceeds the 10° risk range specified in the Comprehensive En-
vironmental Response, Compensation, and Liability Act. For example, the risk
goal for radium-226 in soil is 0.1 picocuries per gram or less, but natural back-
ground levels in the United States vary from 0.23 to 4.2 picocuries per gram, and
background measured at three Department of Energy installations ranged from
0.59-2.5 picocuries per gram (Fernald) and 0.31-1.4 picocuries per gram (Weldon
Spring) to 0.55-1.4 picocuries per gram (Oak Ridge).
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As is the case for land use, the Base Case incorporates each installation's assumptions
regarding current and likely future decisions regarding cleanup levels. Because
specific cleanup levels generally are determined case by case, it is difficult to antici-
pate the ultimate residual contamination standards that will be selected for each
site. Current information and the tools available to prepare the cost estimates for
this report (i.e., the modeling capability) are insufficient to determine the magni-
tude of importance of these decisions on total program cost. However, several
lines of evidence suggest that the cost implications of cleanup level decisions are
closely related to land-use decisions.

Figure 5.5 illustrates how land use and residual contamination standards applied
to the same soil contamination release site might affect ultimate remediation. Gen-
erally, changes in cleanup standards are considered less likely to cause a shift

in remediation strategy (i.e., from containment to active remediation) than are
changes in assumed land use. However, changes in standards will affect the
amount of work required for a given strategy, as seen in Figure 5.5. For a restricted
land use, using a capping approach under different residual standards, the reme-
dial approach might reflect a larger cap under a cleanup standard based on the
10¢ risk level than the 10 level. In both instances, the containment approach
would result in very little secondary waste. If unrestricted land use is assumed,
more contaminated soil may have to be removed under the more stringent residual
contamination standard than the less stringent standard.

Containment Strategy Removal Strategy

Less restricted Land Use

104 Risk Level

Secondary Waste

Cost $100M

Secondary Woste

~ogotenr ) coecoes Y eosserer D moosttirs N —eossotac ¥ moctosere

10-0 Risk Level

Secondary Waste Secondary Waste

Cost $500M

Figure 5.5. [llustration of Land Use and Residual Contamination on Environmental Restoration Costs and
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The primary, yet tentative, conclusion to draw from this is that more stringent
cleanup standards will equate to greater cleanup (and greater costs) if active
remediation approaches are assumed. In the event of containment approaches, the
effect on the work scope (and cost) is likely to be minimal. Figure 5.6 conceptually
illustrates the causal interrelationship among costs, land use, and residual contamina-
tion. Two possible relationships are presented because not enough analysis has
been conducted to determine the precise relationship among the variables. Be-
cause of the relative positioning of the Base Case and the land-use alternatives to-
ward the restricted end of the land-use continuum, Figure 5.6 suggests that residual
contamination standards may have a relatively small effect on total cost for the
land-use cases considered in the reasonable range. However, if the program were
to move toward more unrestricted land use, Figure 5.6 suggests that residual con-
tamination standards might significantly affect total program cost.

Residual Contamination

Figure 5.6. Conceptual Illustration of Potential Relationship Between Land Use, Residual Contamination,

and Total Program Cost

More information must be collected and analyses conducted to determine both
the precise shape of the graphs and the Base Case position on the graph for the
Department of Energy complex as currently configured. The Office of Integrated
Risk Management within the Environmental Management program provides a
focal point to better assess the occupational and environmental risks at Department
of Energy installations and assist in establishing priorities based on mitigating the
most urgent risks first. Increased information on risk will help to determine the
eventual scope of the Environmental Management program. This risk information
also will help to determine the relative importance of residual contamination stan-
dards on total program cost. Future reports will incorporate the results of these re-
lated efforts.
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Land-Use Agreement Affects Residual Contamination Goals at Fernald

Revised future land use has influenced residual contamination goals at the
Fernald Site, resulting in an estimated environmental restoration cost savings of
approximately $1 billion or about 15 percent of the life-cycle cleanup estimate.
The original land-use scenario included potential use as a residential and agricul-
tural area, requiring that large quantities of soil be removed and disposed of
offsite. The Fernald Citizens Advisory Group evaluated alternative land-use op-
tions including industrial and recreational uses. The group recommended a land
use that (1) supports protection of the underlying aquifer with active ground-wa-
ter remediation to attack existing contamination and removal of prime sources of
ground-water contamination limiting future additional contamination; (2) estab-
lishes a disposal cell onsite; and (3) excludes certain types of waste from being
left onsite, including process residues currently stored in the silos. Consideration
of a future land use with fewer potential means of exposure to the public allowed
cleanup plans to include less removal of contaminated soil (i.e., greater residual
contamination roughly equivalent to a calculated 10° risk level). This case illus-
trates the interrelationship between land use and residual contamination and the
successful balancing of local stakeholder concerns with the national goal of cost-
efficient cleanup: , o

5.2 Funding and Scheduling Analysis

The primary assumption driving schedules in the Base Case is that funding will be
sufficient to fulfill previously negotiated compliance agreements and will remain
constant thereafter. With the exception of the Hanford Tri-Party Agreement, most
compliance agreements extend no farther than the year 2000. For the Base Case,
the schedule of activities at a site is determined by the level of funding assumed
available. Because it is not possible to anticipate specific funding levels set by con-
gressional appropriations, annual funding levels are likely to differ from those as-
sumed in the Base Case—perhaps higher, perhaps lower. To provide an indication
of the efficiencies that could be gained or lost if funding is higher or lower than as-
sumed, the Department examined how total program cost might be affected by ex-
amining alternative ways to schedule and pace the Environmental Management
program activities. Projected savings discussed below are in constant 1995 dollars
and include productivity assumptions.

5.2.1 Accelerating Stabilization Activities

For this case, the Department accelerated surplus facility stabilization projects to
reduce surveillance and maintenance costs. Surveillance and maintenance activi-
ties are required to maintain facilities in a safe condition while they await stabi-
lization. Typically, once surplus facilities are transferred to Environmental
Management, they are not immediately stabilized because of the expense of
these operations, and therefore, have to undergo pre-stabilization surveillance and
maintenance for a number of years. For purposes of this analysis, the assumed du-
ration of pre-stabilization surveillance and maintenance was reduced from

10 years (the Base Case assumption) to 1 year. In other words, stabilization activities
were assumed to begin almost immediately after transfer.
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Figure 5.7. Potential Savings from Accelerating Facility Transition to Decommissioning

Annual cost during the early years of the program increased because stabilization
costs are generally higher than surveillance and maintenance costs. To accommo-
date the increased costs, the Department relaxed the assumption that funding
would remain constant after activities in existing compliance agreements were
met. This allowed activities to be scheduled at a greater pace early in the life of the
program.

For this case, life-cycle surveillance and maintenance costs were reduced to ap-
proximately $500 million, approximately 87 percent lower than the $4 billion esti-
mated for the Base Case.

5.2.2 Early Site Closures

The Department also developed and analyzed three case studies to indicate poten-
tial cost savings derived from accelerating the scheduled completion for all activi-
ties at an installation. Closing a site more quickly would reduce overall costs by
reducing the time landlord and other support activities would be required. The
costs for these types of activities, which are generally considered fixed (they do
not vary with the amount of work being done), would therefore be reduced. With
an accelerated schedule of activities, annual site costs would increase in the early
years of the total cost estimate. As with the example in Section 5.2.1, the available
funding limit was relaxed for purposes of this analysis. Case studies were con-
ducted for the Rocky Flats Plant and the K-25 Site at Oak Ridge.
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Figure 5.8. Potential Savings from Accelerating Site Closure are Large: Two Case
Studies

Figure 5.8 presents cost savings for two of the three case studies in which environ-
mental management activities are accelerated. For the Rocky Flats Plant, accelerat-
ing site closure by 20 years led to an estimated savings of $2.4 billion. At the

K-25 Site, accelerating closure by 30 years led to an estimated savings of ap-
proximately $2 billion. As expected, the majority of these savings were in fixed
support costs at these sites.

5.2.3 Minimal Action

In the first two examples, which assumed no annual funding limits, a Minimal
Action case was analyzed under the assumption that available annual funding
would be significantly reduced beyond the year 2000. Assuming this, the Depart-
ment sought to analyze the minimum amount of activity required for this pro-
gram, as well as costs of this type of strategy both annually and cumulatively.
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Figure 5.9. Minimal Action Reduces Near-Term Costs But Increases Future Liabilities

Those activities assumed to be required in the program for this analysis include
treatment and disposal of all high-level waste and spent nuclear fuel; stabilization
and surveillance and maintenance of surplus facilities; and safe storage of all low-
level, low-level mixed, and transuranic wastes.

Those activities excluded from the program for this analysis include environmental
restoration; decontamination and dismantlement; and all treatment and disposal ac-
tivities associated with low-level, low-level mixed, and transuranic wastes.

The Minimal Action scenario assumes that all high-level waste and spent nuclear
fuel is disposed as assumed in the Base Case and existing volumes of low-level,
low-level mixed, and transuranic wastes remain in pretreatment storage in-
definitely; and that remediation activities planned in the Base Case are not con-
ducted.

For this case, the total cost estimate of approximately $170 billion is about 27 percent
lower than the Base Case through the year 2070, as shown in Figure 5.9. Total esti-
mated cost for the first 20 years of this case (approximately $80 billion) is about

40 percent lower than the corresponding estimate for the Base Case ($122 billion).
However, after 2070, the estimated annual program cost is approximately

$50-75 million for the Base Case for long-term surveillance and maintenance of
disposal sites and restricted access sites. Annual costs in the minimal action case
after 2070 are approximately $500 million for waste storage and surveillance and
maintenance.

The end date for the minimal action case was set at 2070 for purposes of compari-
son to the Base Case. Obviously, as the period of analysis is extended, the minimal
action case costs will grow in relation to Base Case costs and eventually exceed
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them. Additionally, this analysis does not attempt to assess the potential increases
in risk associated with ceasing to perform remediation and decontamination
activities. However, risk to workers and the public may significantly increase
under this approach.

These analyses illustrate that total program cost may be affected by the overall
pacing of Environmental Management activities. Annual costs for surveillance and
maintenance for some facilities will be high until they are safely stabilized. Land-
lord and other support costs will be incurred until all Environmental Management
activities are finished at an installation. Thus, a dynamic relationship appears to
exist between annual and total program costs. Within some limits, increasing
the pace of activities, while resulting in increased annual costs, appears to decrease
total cost.

5.3 Technology Development

The Environmental Management technology development program addresses a
spectrum of innovative technologies dealing with such areas as site characteriza-
tion, capping and barrier containment, and the removal of radionuclides. Newly
introduced characterization and remediation technologies have yielded over

$115 million in cost savings to date. Emphasis is being placed on development of
less costly systems and on “enabling technologies” that address cases where no
feasible or acceptable technical solution currently exists to remedy a site. Technolo-
gies that reduce worker and public risk also are receiving major attention.

Achieving Improvements in Technology

Examples of the initial application of innovative technologies involve character-
ization, treatment, and in situ remediation. At the Pantex Plant, innovative meth-
ods for site characterization at 1 operable unit resulted in cost reductions of
about 66 percent or about $3 million. Use of innovative ground-water treatment
technologies at the Lawrence Livermore National Laboratory in California re-
sulted in‘a calculated cost savings of $19 million and site remediation in months
rather than decades. Using a more flexible waste stabilization methodology at
Fernald has resulted in cost savings of over $30 million.

Risk Reduction Approaches

Robotics retrieval and characterization devices will make possible the removal of
otherwise nonretrievable high-level waste from tanks and much safer investiga-
tion of tank contents. Other robotics systems will permit very precise removal of
buried, solid waste and remote controlled dismantlement of equipment in gas
diffusion plants should the worker risk of conventional technologies be unac-
ceptable. In situ bioremediation technologies and in-well treatment systems will
destroy hazardous components underground and collect a minimum volume of
radioactive components for removal and safe disposal at significant cost savings
and reduced risk compared to conventional excavation and pump/treat strate-
gies. Improved vitrification technology will produce a more durable waste form
for disposal and could provide a more controllable, safer treatment process asan
alternative to incineration.
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A key assumption for the Base Case is that current technologies will be used as the
basis for life-cycle cost estimates for the Environmental Management program.
Given that the Base Case activities are projected to continue until 2070 and be-
yond, it is expected that a variety of new, more efficient, and effective technolo-
gies will be introduced in future years. The productivity assumptions
incorporated into the Base Case account for approximately $121 billion in cost sav-
ings over the life of the Environmental Management program. A portion of these
savings is assumed to come from new technologies. This analysis provides ex-
amples of the potential savings that may result through the implementation of a
number of innovative technologies. The following analysis involved a limited set of
technologies under development and addressed only some of the Environmental
Management program'’s identified remediation and treatment problems. For this
reason, the potential savings identified should be viewed as a fraction of the to-
tal potential for the technology development program. Future reports will incorpo-
rate a broader analysis.

5.3.1 Impacts of New Technology

New technologies may enable a site to be remediated without removal of contami-
nated material (e.g., in-place destruction or treatment) or may reduce the amount
of waste produced during removals (and hence reduce secondary waste manage-
ment costs). Further, improved technologies will enable problems which currently
have no feasible solution to be addressed, such as the removal of solids from high-
level waste tanks. Such technologies may increase the degree of remediation that
is possible for a given level of funding and reduce risks to workers and the public.
These types of benefits are not included in this analysis.

The Base Case emphasizes containment and institutional controls for many soil
projects and most ground-water projects, thus limiting the applicability of im-
proved waste removal and in-situ and ex-situ treatment technologies that
were the focus of this analysis. Significant work is being done on improved
barrier and containment technologies, but potential savings in these areas has not
yet been analyzed. To understand the impact of new removal technologies under
a more active remediation strategy, costs savings were also estimated based on
the more active remediation land use case assumptions (see Section 5.1).

Case Study: Advanced Ground-Water Technologies at Savannah River

A case study was made of the ground-water contamination problem at the Sa-
vannah River Site. If conventional pump and treat remediation strategies were
replaced with microbial filters or reactive barriers inserted in the aquifer to inter-
cept the contaminant plume, savings of $130 million, or 33 percent, of the current
estimated costs for ground-water remediation could be saved. These technolo-
gies are anticipated to be available sometime between the years 2000 and 2015.
Longer range improvements to reactive barriers would employ engineered
sequestrants to trap specific radionuclides in their molecular structure and
achieve even more cost savings.
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Table 5.3. Technology Systems Used to Estimate Potential Cost Savings

Technology Analysis

Electrokinetics_coliects radionticlides and heavy

Soil remediation  radio des el
‘ contaminants are subsequently removed for dispusal. .

innovative soil washing-an ex-situ treatment to reio
including radioactive contaminants like cesium.

In situ vitrification-creates a glass-iike monoiith that immobilizes contaminants in 1
matrix in the ground. . : e -

Groundwater Recirculating wells—pumps groundwater through in-well modules designed to selectively
remove contaminants.

Microbial filters—selected microbes are placed across the flow path of contaminated
groundwater so that eventual contaminant-microbe contact will permit microbial
degradation of the waste.

In situ bioremediation—either stimulation of indigenous microbes or insertion of foreign
microbes in the contaminated region to promote contaminant elimination by microbial
metabolism.

Dynamic underground stripping—injection of steam into the contaminant plume to volatilize
the waste species and sweep them to centrally located extraction wells.

Biosorption of uranium—removal and concentration of uranium-238 from wastewater using
non-living biomass that is immobilized in an inert material.

Automatad facility dismantiement-robotic systems disconnsct and remove contaminated
eguipment. .

Facilities

(as phase decontamination-surface decontamination of bulk metal by long-term (3-manth)
exposure to CIF5, at ambient temperalure.

Selective retrieval—telerobotic systems to perform real-time monitoring for contaminants,
three dimensional imaging of sites underground, dig-face characterization, and remote
retrieval of contaminated waste.

Buried waste

Automated waste handiing—-telerobotic systems to perfom cryogenic cutting without creating
secondary waste streams, excavate and convey waste, and assay waste samples.

Mixed iowvlevél ’ Plasma hearth system-high<temperature vitrification that préduces a leach-resistant glass

Waste Treatment without the need for extensive pretreatment of the waste fo be vitrified and significantly
- -reduces disposed volumes. ‘ '
Characterization Expedited site characterization-a multi-disciplinary team of experts use a variety of new

sensor/analytical technologies in real time in the field to produce a more accurate, complete
site characterization.

. Efficient separations—chemical pretreatment processes that segregate high-level waste into

_High-level wasie v f v
. component waste streams (o raduce the total volume of high-level waste io be'handl‘ed.

5.3.2 Analytical Approach

This sensitivity analysis was conducted in two parts: to yield a low-end estimate
of potential cost savings based on the Base Case strategy and a high-end estimate,
based on the aggressive Remediation Case strategy. Over 100 potential technol-
ogy systems scheduled to be ready for implementation by the year 2000 were
screened based on their potential applicability to high-cost remediation
projects in the Unrestricted Land Use case. Of these, 15 were selected and used to
evaluate potential cost savings when applied to specific projects (see Table 5.3).
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These same 15 technology/systems were also evaluated for applicability to the
Base Case.

There are significant potential applications for these improved technologies. Cost
savings were estimated for specific projects and applied to the balance of projects
in the program with similar contamination problems. Savings projections were
based on field data regarding waste volumes and projected unit costs of current
technologies versus innovative technologies.

The technology savings calculated were then reduced by applying several factors
to compensate for the limited information available to validate the applicability
of new technologies to specific projects. Another factor was applied to account
for uncertainties about the acceptance rate (by States, regulators, and private
corporations) of implementing new technologies. Factors for uncertainty in
project applicability and acceptance rate were combined with factors for un-
certainty in technology cost to calculate the net savings.

5.3.3 Savings Projections

The potential cost savings from the implementation of these specific new technolo-
gies range from 20 percent to 50 percent of the currently estimated costs for se-
lected projects. The estimated savings are based on program investment and
technologies expected to be implemented by the year 2010. Further reductions can
be expected from technologies developed after 2010. When applied to the Base
Case, the minimum potential savings projected as a result of this analysis is esti-
mated to be $9 billion dollars (about 10 percent of the projected remediation costs).
Savings for the Modified Removal Case were estimated at $40 billion dollars.
Minimum savings of $80 billion dollars are estimated for the Maximum Green
Fields Case. Results are illustrated in Figure 5.10.

Base Case Land Use Modified Removal
Assumptions Land Use Assumptions
Total
Savings =
$40 billion

Total Savings = $9 billion

Total cost for soil and ground water
restoration; facility stabilization; high-level
and low-level mixed waste treatment; and

characterization and assessment with
current technologies = $52 billion

Total cost for soil, buried waste, and ground water

restoration; facility stabilization; high-level and low-

level mixed waste treatment; and characterization
and assessment with current technologies = $163 billion

Figure 5.10. Technologies Available for Implementation by 2000 May Reduce Total Program Cost

5.22




‘The 1995 Bas

A major benefit of enabling and lower cost technology /systems now under devel-
opment may be the ability to move away from containment strategies now assumed
in the Base Case in the direction of more strategies involving contaminant removal,
while remaining within whatever funding level the Nation decides is appropriate
for cleanup of the complex.

5.4 Waste Management Configuration
Perspective on the Base Case

The Department of Energy currently is examining alternative configurations (cen-
tralized, regionalized, and decentralized) for siting treatment, storage, and dis-
posal facilities for each waste type and spent nuclear fuel. Different alternatives
offer potential positive and negative attributes. For example, a centralized alterna-
tive is usually the most cost effective. However, this approach requires large
amounts of waste to be transported from various sites to a central location. This re-
sults in a higher risk to the public and workers due to increased handling as well
as the transportation of the waste. Conversely, a decentralized approach would
not require as much transport of waste but is usually the most expensive option.
For the Baseline Report, configurations were selected for each waste type that rep-
resent current strategic approaches. Table 5.4 identifies the types of configurations
used for each activity and waste type in the Base Case. The configurations used for
each waste type differ as far as approach. For example, in the high-level waste pro-
gram, the Department is planning to treat liquid high-level waste at the four sites
where it is stored. The current plan for high-level waste is disposal in a geologic

Table 5.4. Base Case Waste Management Configuration

Waste Type ’ Centrgtizéd

Regionalized  Decentralized

High-Level Waste
Treatment
Storage
Disposal X

Transuranic Waste _
Treatment o . X
Storage . o X
Disposal - X

Low-Level Waste
Treatment
Storage
Disposal : - . X

Low-Level Mixed Waste
Treatment

Storage ,
Disposal - . X

Hazardous Waste

Sanitary Waste
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repository. The Base Case, therefore, reflects a configuration combining decentral-
ized treatment and centralized disposal. This variation in configuration approach
is true in other waste types as well. Therefore, the Base Case does not represent
one configuration concept but a combination of configurations reflecting different
approaches to treatment, storage, and disposal for each waste type based on differ-
ent management requirements for each. In general, the Base Case represents a re-
gionalized /decentralized approach to the treatment and storage of waste, and a
regionalized/centralized approach to disposal.

The Department currently has several initiatives underway to examine the poten-
tial risks and costs of alternative configurations to managing its waste types. These
efforts include the Spent Nuclear Fuel Programmatic Environmental Impact State-
ment, the Waste Management Programmatic Environmental Impact Statement,
and the Federal Facility Compliance Act process. The Department is using these
efforts to build consensus on which configurations are the most acceptable.

An example of the Department’s new approach to consensus building for siting new
facilities is the process used to address the requirements of the Federal Facility
Compliance Act. The Act requires the Secretary of Energy to submit, for each
site storing or generating mixed waste, plans for the development of treatment
capacity and technologies for treating mixed waste. These Site Treatment Plans
identify how the Department will provide the necessary mixed waste treatment
capacity, including schedules for bringing new treatment systems into operation.
At the request of State representatives, each site developed a Draft Site Treatment
Plan with the emphasis on treating its low-level mixed waste onsite to the greatest
extent possible. Because of the very limited amounts of some of the waste streams,
especially at the smaller sites, this approach resulted in an inefficient configuration
from a complex-wide perspective. The Department, in coordination with States
and the U.S. Environmental Protection Agency, evaluated alternative siting
options. This included examining a more centralized configuration. Analysis
showed that only marginal cost savings (less than $600 million out of roughly

$3 billion) could be achieved through greater centralization; however, it resulted in
a substantial increase in the volume of waste shipped, particularly from one State
to another. The final proposed mixed waste treatment configuration balances the ad-
vantages and disadvantages of the configurations that were considered. It offers
modest cost savings over the Draft Site Treatment Plan configuration, with some
consolidation of treatment for certain waste streams but a substantial amount of
onsite treatment.

A scenario was developed to evaluate how changes in siting assumptions could
affect the Base Case cost estimates. Based on information in the Programmatic En-
vironmental Impact Statement analysis, a more centralized approach than that
identified in the Base Case could reduce overall costs by approximately $5 billion
for storage, treatment, and disposal of wastes. Figure 5.11 shows a more decentral-
ized approach than that identified in the Base Case, which could increase costs by
$9 billion. Although the data in this alternative case are preliminary, and fur-
ther evaluation is necessary, tentative conclusions can be made with respect to
the implications of this type of analysis. For example, the Base Case assumes
that low-level and low-level mixed waste will be disposed of at 6 sites. The
decentralized scenario assumes disposal at 16 sites, which accounts for a con-
siderable portion of the increased cost. The Department is working with State
representatives to develop a siting configuration for low-level mixed waste
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disposal facilities. Preliminary discussions have pointed out the importance to
minimize waste shipments across State borders. Life-cycle cost and risk infor-
mation being developed by the Department will be used in developing spe-
cific siting options. Obviously, trade-offs will need to be made between costs,
risks, and public acceptability to reach agreement on configurations that are
both acceptable and implementable from a cost and risk perspective.

$ Billions

Base Case

Centralized Regionalized Decentralized

Figure 5.11. Base Case Comparison to Other Configuration Alternatives

5.25




6.0 Next Steps

The purpose of the Baseline Report is to clearly articulate the potential life-cycle
cost and schedule of the Department of Energy’s Environmental Management
program. The report represents numerous perspectives on the Base Case estimate,
together with the analysis of the alternative cases, the range of policy, technical,
and management decisions facing the program, and indeed, the Nation. After con-
sidering economic factors, productivity improvements, and alternative cases, the
range of life-cycle costs for the Environmental Management program is seen to be
substantial. This range is depicted in Figure 6.1. Naturally, this range will narrow
as the program matures. However, in the short term, the broad range of technical,
economic, and policy uncertainties highlight the need for a broad public debate
both nationally and locally regarding the future of the Environmental Manage-
ment program.

Many significant decisions must be made over the next several years. Although
this report is a starting point, much work needs to follow to ensure that these is-
sues are effectively framed, that all interested stakeholders participate in the de-
bate, and that data and methodologies supporting the analysis are continuously
improved. Next steps should include the following:

e Broaden the Range of Policy, Technical, and Management Issues Evaluated
by the Baseline Report: This report addresses, at a very general level, several
key issues confronting the program. The policy analyses begun this year need
to be more rigorous to make more-informed decisions—particularly in the areas
of land use and residual contamination. New issues not addressed in this report,
or that arise as a result of the information presented, need to be introduced into
the debate—issues such as the impacts of varying program schedule and program
prioritization based on risk. To achieve these ends, more focused data collection
instruments and data quality objectives are necessary.

* Improve the Life-Cycle Cost and Schedule Estimates: This report is the first
attempt by the Environmental Management program to develop a compre-
hensive life-cycle cost estimate. A number of lessons have been learned in the
construction of these estimates. Appendix C, Baseline Environmental Management
Report Methodology, offers some suggestions for improving the report methodol-
ogy and data collection. More suggestions are anticipated from the review
process.

¢ Use the Baseline Report Tools to Address Ongoing Program Issues: The
1995 report and the supporting data and analyses lay the foundation for
evaluating program alternatives. The tools developed for this first report and
the experiences gained in modeling and compiling these estimates should
be routinely applied to ongoing program issues. We now recognize that
program disconnects exist within installations and across the Department of
Energy complex. Identifying inconsistencies is the first step to problem
resolution. Continuous application of the tools will strengthen the model
outputs and improve the quality of the tools.
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¢ Include More Stakeholders in the Debate: To date, neither a comprehensive,

integrated total cost estimate nor a well-defined scope for the total Environmen-
tal Management program has been available. Until the results of this first effort
are thoroughly evaluated by and feedback is received from the program'’s
stakeholders, they must be considered preliminary. The assumptions, data, and
methodologies used to integrate the program’s components and extrapolate
costs far into the future need rigorous scrutiny and debate. However, with the
information provided in this report, a more informed debate on the future of the
program is possible. The Department is committed to involving a wide range of
stakeholders in these discussions in an effort to promote and inform broad-based
citizen involvement in Government decisionmaking. Citizen views will be
aggressively sought, especially at the local levels, to formulate subsequent
Baseline Report cost estimates.
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APPENDIX A
National Defense Authorization
Act for Fiscal Year 1994

Sec. 3153. Baseline Environmental Management Reports

(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 31,
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.
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(c) Contents of reports

A report required under subsection (a) or (b) of this section 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; and

(2) with respect to each such activity and project, contain:

(A) adescription of the activity or project;

(B)

©

(D)

(E)

a description of the problem addressed by the activity or
project;

the proposed remediation of the problem, if the remediation
is known or decided;

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

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

A2

(D(A)

(B)

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.

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:




(B)

©

(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.

(i) 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 $10,000,000, or any schedule
delay of more than six months, for the activity or
project.

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 multiyear activities and projects) that the
Secretary of Energy expects to accomplish during that fiscal
year.

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 multiyear 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.

(Public Law 103-160, Div. C, Title XXXI, §3153, Nov. 30, 1993, 107 Stat. 1950., Codified at 42 a.s.c.
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APPENDIX B
The Nuclear Weapons
Production Process

Introduction

The production of nuclear weapons requires special technologies invented
for the Manhattan Project. It also requires special materials: highly
enriched uranium and plutonium. Both are made, by different processes,
from naturally occurring uranium ore. Mining uranium ore is thus the first
link in a chain of complex processes that eventually produces a nuclear
weapon.

Although plutonium and uranium are both essential parts of modern
nuclear weapons, it is possible to make nuclear weapons by using one or
the other material alone. In fact, the first generation of atomic weapons did
so. Early nuclear weapons were of two types: (1) gun-type bombs using
two masses of highly enriched uranium, forced together very quickly to
assemble a “critical mass” that would sustain a nuclear chain reaction and
subsequent explosion; and (2) implosion bombs using high explosives to
squeeze together a sphere of plutonium very quickly and symmetrically
into a critical mass to attain a nuclear explosion. The “Little Boy” dropped
on Hiroshima was a uranium gun-type weapon, while the bomb dropped on
Nagasaki was a plutonium implosion bomb. As designs for nuclear
weapons improved and advanced, a new generation of bombs—
thermonuclear weapons—evolved. Most modern weapons use both
plutonium and uranium.

There is another essential material in most nuclear weapons: tritium, a
radioactive gas, produced by bombarding lithium with neutrons ina
reactor. Tritium is used to boost the explosive power of many modern
weapons.

Special Nuclear Materials

In nature, more than 99 percent of the atoms in uranium have an atomic
weight of 238. From this, the remaining 1 percent, a particular atomic
form, or isotope, with a weight of 235 must be physically separated in
sufficient quantities to sustain a nuclear chain reaction--either for
generating electrical power or, at much higher concentrations, for
explosives.
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To separate sufficient quantities of uranium-235 requires enormous
amounts of energy and the meticulous operation of large, complex
separation methods were pursued simultaneously: electromagnetic
separation in the “‘Calutron” (California University Cyclotron) and gaseous
diffusion. Facilities for both were built at the Oak Ridge Reservation in
Tennessee. Since then, however, gaseous diffusion has generally been used
in the United States to enrich uranium. The process involves a series of
vast structures designed to drive gaseous uranium at controlled
temperatures and pressured through miles of filters that gradually collected
uranium-235 atoms in increasing concentrations--a process called
“uranium enrichment.” Two additional diffusion plants were built in Ohio
and Kentucky in the 1950s.

The highly enriched uranium (more than 20 percent uranium-235, and
typically more than 90 percent) thus produced is used in nuclear weapons.
Low-enrichment uranium, consisting of less than 20 percent uranium-235,
is nearly impossible to make bombs with, but is used as fuel for nuclear
reactors. The uranium-238 that is removed in the enrichment process is
called “depleted uranium.” It is used to make plutonium; it is also used in
some nuclear weapon parts, as radiation shielding, in tank armor, and in
armor-piercing bullets.

Scientists knew they could avoid the trouble and expense of physically
enriching uranium if they could produce another nuclear material that
could be chemically separated from impurities for use in bombs. That
material was plutonium-239—an element that is created in nuclear
reactors. In the fuel for these production reactors, uranium-235 splits into
a host of radioactive by-products and releases neutrons. The neutrons
bombard the uranium-238 in the reactor, transforming it into the heavier
element plutonium.

Plutonium, like uranium, is a mix of several isotopes. Material rich in the
isotope plutonium-239 is referred to as “weapons-grade plutonium.” After
plutonium-239 has been created in the reactor, workers must separate it
from the uranium and the radioactive byproducts (fission products) in a
reprocessing plant. This plant dissolves irradiated uranium in acid and
then extracts the uranium and plutonium, leaving behind a highly
radioactive liquid known as high-level waste.

Because radiation levels inside a procession plant are very high, the plant
must be heavily shielded and operated by remote control to protect workers
and the environment.
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Uranium Mining and Milling

Most of the uranium ore for the first atomic bombs came from rich deposits
in Africa and Canada, but more than 400 mines eventually opened in the
United States. After World War II, uranium mining in the United States
expanded dramatically, from 38,000 tons of ore in 1948 to 5.2 million tons
in 1958, nearly all of which was used for nuclear weapons. One ton of
uranium ore yields only a few pounds of uranium metal. The United States
mined about 60 million tons of ore to produce uranium for nuclear
weapons production. This activity produced large volumes of a sandlike
byproduct called “mill tailings,” which contain both toxic heavy metals and
radioactive radium and thorium. For each 2 pounds of plutonium made for
the U.S. arsenal, miners took roughly 1,000 tons of uranium ore. In the
mills, the ore was crushed, and the uranium metal was leached out with
acid. The result was a dry, purified concentrate called “yellowcake.”

Because uranium mills typically piled tailings outdoors without covers or
containment, some material was spread by wind and water. And
unfortunately large volumes of the tailings were used in some areas as
construction materials for pavements and houses. The primary hazard of
these tailings is the emission of radon. In 1978, the Congress passed a law
requiring that the tailings be adequately stabilized to protect the
environment and human health.

Uranium mills, like those at Monument Valley in Arizona and Grand
Junction or Rifle in Colorado, shipped the yellowcake to refineries at the
Fernald Plant in Ohio and to Weldon Spring, Missouri, to refine the
concentrate into forms suitable for different roles in weapons production.
The refineries discharged uranium dust into the air, contaminating soils,
surface waters, and ultimately ground water. From the refineries, the
refined uranium went to enrichment plants at Oak Ridge, Tennessee;
Paducah, Kentucky; and Portsmouth, Ohio.

Uranium Enrichment

To make highly enriched uranium, the enrichment plants used a
complicated process to remove and separate most of the rare uranium-235
from the more-abundant uranium-238 isotope. The highly enriched
uranium produced in the United States between 1943 and 1964 was used to
make nuclear weapons. Most of the material fed into the enrichment plants
came out as depleted uranium, also called enrichment “tails.” Many
thousands of tons of depleted uranium are still stored in cylinders at
Paducah, Kentucky; Portsmouth, Ohio; and Oak Ridge, Tennessee.
Inadequate waste management at enrichment plants over the years caused
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extensive environmental contamination not only with radioactive materials
but also solvents, polychlorinated biphenyls, heavy metals, and other toxic
substances.

Fuel and Target Fabrication

Before uranium was used in nuclear weapons production, it was converted
into metal. Workers at the Fernald uranium foundry in Ohio converted
hundreds of tons of uranium hexafluoride gas into “green-salt” crystals.
These crystals were blended with magnesium granules and cooked in a
furnace. The mixture ignited, converting the green-salt crystals into
uranium metal. Some of this metal was made into reactor fuel or targets for
plutonium production at Hanford in southeastern Washington, and the
Savannah River Site in South Carolina. Additional uranium metal was
converted into alloys for fabrication into weapons components at the
Rocky Flats Plant in Colorado and the Y-12 Plant in Oak Ridge, Tennessee.
The main environmental impacts of these operations were unintended
releases of uranium dust and chemicals leaking from landfills.

Reactor Irradiation

The uranium fuel slugs were used to power the 14 plutonium production
reactors at the Hanford and Savannah River sites. The targets were
irradiated in these reactors to produce plutonium (about 100 metric tons in
total). Because only a small fraction of the uranium in fuel and targets
could be converted to plutonium during each cycle through a reactor,
workers at Hanford and Savannah River handled thousands of tons of
uranium. While the reactors were operating, their main environmental
legacy was highly radioactive spent fuel and irradiated targets, which,
when reprocessed as described below, yielded high-level radioactive waste.
Now that the reactors are shut down, they must be stabilized and
maintained until they can be decommissioned.

Chemical Separations

The irradiated fuel and targets discharged from the Hanford and the
Savannah River reactors contained hundreds of different radioactive
isotopes, collectively called “fission products.” This waste had to be
separated from the uranium and plutonium. Chemical processes for this
separation were developed, and separation “canyons” (also known as
“reprocessing plants”) were built at the Idaho National Engineering
Laboratory, the Savannah River Site, and the Hanford Site. Over a period
of 40 years, these plants generated 105 million gallons of highly
radioactive and hazardous chemical waste—enough to fill a 1,000-foot-
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long supertanker. They also produced billions of gallons ofwastewater that
contained small amounts of radionuclides and chemicals. Because it was
discharged directly to the ground, this wastewater caused widespread
contamination.

The high-level waste generated in chemical separations contains almost 99
percent of all radioactivity present in byproducts and waste generated by
nuclear weapons production. It also contains some long-lived radioactive
elements that could pose environmental risks for tens of thousands of
years. As discussed in Section 2.2, none of this waste has been disposed; it
remains stored in steel tanks and must be maintained and monitored until it
can be converted into a solid form suitable for permanent disposal at a
geologic repository. The earliest projected date for the operational start of
this repository is 2016.

Another legacy of the chemical separation process is contaminated
facilities. The enormous buildings used for this purpose at the Hanford
Site in Washington and at the Savannah River Site in South Carolina are so
contaminated with radioactive materials that decontamination must be
done by remote control to protect workers.

Fabrication of Weapons Components

Most plutonium from the reprocessing plants went to the Rocky Flats Plant
in Colorado to be machined into warhead components. The weapons
laboratories—for example, the Los Alamos National Laboratory in New
Mexico—also used some plutonium to make and test prototype designs for
weapons. Waste from this step in the process is mostly plutonium-
contaminated (transuranic) waste, which requires long-term isolation, or
low-level radioactive waste; in addition to radioactivity, both of these
wastes may contain hazardous chemicals and thus by law require special
treatment or storage. Large quantities of plutonium in various forms were
left in the plant when the Rocky Flats Plant was shut down, and there is
widespread contamination at the site.

Weapons Assembly and Maintenance

Factories in several States (mainly Florida, Missouri, and Ohio)
contributed nonnuclear components for the final assembly of nuclear
weapons. Final assembly occurred primarily near Amarillo, Texas, at the
Pantex Plant. The assembly process generated very little radioactive waste,
but local areas of soil were contaminated with high-explosives waste, fuel
and oil leaks, and the like. The Pantex Plant now disassembles warheads
that have been retired from the Nation’s arsenal and is responsible for
storing most of our plutonium components. The enriched-uranium
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components are stored primarily at the Y-12 Plant at Oak Ridge, Tennessee.
Interim storage and ultimate disposition of surplus nuclear weapons
materials pose a number of serious challenges, such as worker and public
safety and security against potential theft.

Research, Development, and Testing

Research, development, and testing have been a critical part of the nuclear
weapons enterprise. Two national laboratories, at Livermore, California,
and Los Alamos, New Mexico, devoted their expertise to nuclear weapons
development and testing. Sandia National Laboratories in Albuquerque,
New Mexico, and Livermore, California, worked on the nonnuclear
components for nuclear warheads and designs for coupling the warheads to
bombs and missiles.

The United States tested more than 1,000 individual nuclear devices in
atmospheric, underwater, and underground tests. Most of the tests were
conducted in Nevada. The United States stopped atmospheric testing in
1963 and has not conducted any nuclear explosion tests since 1992.
Nuclear explosion tests were also conducted in Colorado, New Mexico,
Mississippi, and Alaska for non-weapons purposes—to explore the
potential use of nuclear explosions for extracting natural gas and digging
harbors. Waste from research, development, and testing consists mostly of
low-level waste as well as large volumes of contaminated soil and debris.
The testing of nonnuclear components left contamination with high-
explosives materials and other chemicals.
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C.0 Introduction

The mandate from Congress in the FY 1994 National Defense
Authorization Act presented an immense challenge. The Department of
Energy was asked to provide a complete life-cycle cost estimate, broken
out by specific projects and activities, at a time when the mission of the
Department and the scope and objectives of the Environmental
Management program are incompletely defined. Three fundamental
questions must be answered in order to be able to develop a life-cycle cost
estimate (Table C.1):

Table C.1
Fundamental Questions Affecting Environmental

None of these fundamental questions can
be answered fully at present. In some

Management Program Life Cycle Costs cases, basic information is insufficient to

What are the environmental problems or challenges facing
the Environmental Management program?

What are the potential solutions to these problems?

fully understand the nature of problems,
solutions, or ultimate goals. In other cases,
the answers to these questions are evolving.
In all cases, the answers must be obtained

What are the ultimate goals or end-states that the through a democratic process involving the

Environmental Management program is attempting to

achieve?

Department, Federal and state regulators,
the Congress, and citizens.

Defining the environmental problems and challenges is particularly
difficult because the nature and extent of environmental contamination has
not been characterized fully. Moreover, prior to publication of this report,
existing data were not yet assembled in one place and integrated in one
comprehensive framework. When the problems eventually are identified
fully, a series of policy, regulatory, and technical decisions and constraints
will affect the ultimate goals or end-states that the Environmental
Management program must achieve as well as the range of potential
solutions available. The total cost and schedule for the Environmental
Management program ultimately will depend on the sum total of the paths
each problem takes as it moves through the solution phase to the ultimate
end-state. A host of policy, regulatory, and technical decisions, along with
constraints and end-states, will determine the final cost and schedule
estimates.

The challenge facing the Department of Energy was to provide a credible,
comprehensive estimate of the total cost and schedule for the
Environmental Management program when the problems have not been
characterized fully and few of the key decisions affecting solutions and
end-states have been made. As a consequence, the Department had to
develop a number of assumptions about the future of the Environmental
Management program and a number of new approaches and tools for
developing this cost and schedule estimate. These assumptions had to
reflect technically feasible solutions and reasonable end-states (e.g., future
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land uses). At the same time, these assumptions could not be seen as
prejudicial to ongoing decision-making processes (e.g., renegotiating
compliance agreements with the Environmental Protection Agency and
states, developing plans for siting low-level mixed waste treatment
facilities under the Federal Facility Compliance Act).

With this methodology, the Department of Energy has attempted to create a
framework for estimating cost and schedule that (a) incorporates current
understanding of problems, solutions, and ultimate end-states; (b) is
understandable to Congress and citizens; and (c) is flexible enough to
incorporate changes in an efficient and simple manner. The methodology
also allows explicit re-evaluation of cost and schedule estimates as key
decisions (e.g., new regulations, change in preferred end-states) or
assumptions (e.g, availability of new technologies) change over time.

The assumptions, approaches, and tools that comprise the methodology
reflect the immense challenges outlined above. The overall process used
by the Department can be divided into six general steps (Figure C.1). Each
of these steps is described in a separate subsection below.
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Establish scope,
bounds, and
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for BEMR cost
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installation levels
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developing cost and
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Figure C.1 Steps in the General Methodology
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Table C.2

General Assumptions for this Report

Legal Requirements — all cost and schedute
estimates will assume that Department of '
Energy actions will be consistent with existing

tegat agreements and will be in compliance with

existing laws and regulations.

Ongoing Decision Processes — all cost and
scheduls estimates will be as consisteni as
possible with ongoing negotiations, decision-
making processes, and related studies.

Local Visions of.the Fuliure — alicostand
schedule estimates will, 1o the extent possible,
reflect each installation's own views of their likely

future.

Estimates, not Decisions — the cost and
schedule estimates presented in this report do
not reflect decisions reached unilaterally by ihe

Department.

CA

Getting Started

C.1.1 Setting Assumptions

This section presents the approach used to develop assumptions for cost
and schedule estimates. The Department developed assumptions at three
levels: general assumptions to guide development of this report, national
assumptions to be applied uniformly across all of the Department of
Energy installations, and installation-specific assumptions.

General assumptions — The Department established
several overarching, general assumptions to guide
development of this report (Table C.2). The primary
assumption is that all Department of Energy activities
will be in full compliance with all legal agreements (e.g.,
Tri-party compliance agreements) and all applicable
Federal, state, and local laws and regulations. For
example, cost estimates for all projected remedial actions
assume that remedial technologies will be designed to
meet all applicable or relevant and appropriate regula-
tions and will be implemented in compliance with all
worker safety regulations (e.g., Occupational Safety and
Health Administration requirements). Similarly, all
projected waste management facilities are assumed to be
designed, permitted, operated, and closed in full
compliance with Resource Conservation and Recovery
Act requirements and worker safety regulations.

The second general assumption is that all cost and schedule estimates will
be as consistent as possible with ongoing decision-making processes. The
Department currently is engaged in a number of negotiations, discussions,
and studies in support of key decisions affecting solutions or desired end-

states, including:

Federal Facility Compliance Act negotiations to determine where
mixed low-level waste treatment facilities will be located;

The Future Use initiative aimed at determining local stakeholders’
preferred future land uses for Department of Energy installations;

Studies leading to National Environmental Policy Act documenta-
tion such as the Waste Management Programmatic Environmental
Impact Statement, installation-specific environmental impact
statements, and the Spent Nuclear Fuel Programmatic Environmen-
tal Impact Statement; and
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¢ The process examining how the Department of Energy can meet
compliance agreements under projected Congressional funding
limits.

Ideally, this report should reflect the key policy

decisions reached via these democratic processes. Many assumptions usedf?r this .
However, many of these processes will not achieve final report will become out of date as ,

decisions for several months or years, and the directions ongoing decisiommaking’processes
that these processes are leading is expected to change evolve and will need to be revisited

any number of times as these processes evolve. Asa each year:
consequence, the specific assump-tions used to develop
cost and schedule estimates for this report (e.g., future
land use, locations of waste management facilities) reflect the current state
of these processes ‘“frozen” at a particular point in time. Therefore, it is
expected that this report will rapidly become out of date with respect to the
current state of these processes, and assumptions in future reports will
differ from those in this report.

The third general assumption is that the assumptions used to develop cost
and schedule estimates for this report will reflect each installation’s own
vision of the future. The inherent uncertainties associated with predicting
activities several decades into the future make it difficult for anyone to
accurately estimate the total life cycle cost and schedule for the
Environmental Management program. The best current understanding of
potential future developments at each installation, limited as it may be, is
likely to be held by those individuals that live and
work at or nearby these facilities.

The assumptions and resulting cost and
schedule estimates presented in this report
are not, and should not be interpreted as.
final decisions, except where these reflect
existing legal agreements.

The final general assumption is that this report is
not a decision document. Given the fundamental
uncertainties and gaps associated with the
problems, solutions, and end-states, the Department
recognized that numerous assumptions would be
required in order to meet the Congressional
mandates set forth in the National Defense Authorization Act. The FY
1994 Department also recognized that these assumptions, and the resulting
cost and schedule estimates, could be interpreted as final decisions.
Therefore, the assumptions used to develop this report, and the cost and
schedule resulting from implementing these assumptions, are developed
solely to meet the Congressional mandates for this report, except where
these assumptions, costs, and schedules reflect conditions set forth in
Records of Decision, compliance agreements, and other legal agreements.
The Department fully expects assumptions and cost and schedule estimates
to change in future reports as new information becomes available and
ongoing decision-making processes evolve.
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National assumptions — Certain assumptions were applied uniformly
across all of the Department of Energy installations. These assumptions
dealt with issues such as projected funding levels; where treatment,
storage, and disposal of low-level mixed waste, low-level waste, and
transuranic waste would occur; and when the geologic repository and the
Waste Isolation Pilot Plant are expected to accept waste for disposal.
Most of the national assumptions were developed at Headquarters based
on the current status of ongoing decision processes (e.g., negotiations with
states under the Federal Facility Compliance Act), current Environmental
Management program plans, and discussions with the Office of
Management and Budget. National assumptions were reviewed by each
field office and modified as necessary.

Installation-specific assumptions — Specific assumptions regarding how
the Environmental Management program is likely to unfold at each
installation were provided by each installation. These assumptions dealt
with issues such as expected future land use and the likely types of
remedial technologies to be used for particular problems. Installation-
specific assumptions were reviewed at Headquarters and modified as
necessary.

C.1.2 Defining Environmental Management Program Ele-
ments, Activities, Projects, and Cost Categories

The cost and schedule estimates presented in this report represent a
significant departure from the way that the Environmental Management
program has been described to date. The FY 1994 National Defense
Authorization Act required the Department to provide a description of
each project and activity to be performed by the Environmental
Management program. Congress, however, did not define or provide
guidance for what should be considered a project or activity. One of the
critical first tasks in developing this report was to develop an installation-
by-installation list of all proposed activities and to describe the projects
and tasks that would be included in these activities.

Cc.1.2.1 General Definitions and Criteria

Activities — The Department developed several guidelines and criteria
for defining activities. The primary objectives were to ensure that cost
and schedule estimates were linked to real, definable problems. At the
same time, activities needed to be limited in number to keep the analysis
manageable. Activities thus had to meet several criteria (Table C.3).
Activities had to be tangible entities linked to geographically identifiable
problems or sites. They also had to be large enough to address real
problems and represent significant cost. To facilitate schedule estimates,
activities had to have a definable beginning and end. Finally, individual
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installations had to have the ability to crosswalk activities
with existing budget breakdowns and planning tools. Using Cnterla for Defmmg ,ctlvmes
the above criteria, each installation developed a proposed
list of activities for this report. These activity lists were
reviewed by Headquarters staff and revised as needed.
Lists and descriptions of specific activities are provided in
the individual installation summaries presented in Volume
II of this report.

Tanglbie entltles imked to geographzcaliy
‘ |dentlflable problems or sites

ge .enough to add S8 eal Pl’Oblems
and r 99resent s;gmfscam co:

) . . Abie to be hnked o existmg udget
Environmental restoration activities generally represent  breakdowns and

d planning tools
discrete, identifiable geographical portions of installations e
(or entire small installations). For nuclear material and
facility stabilization activities, large facilities are listed as discrete
activities, while smaller facilities are grouped together by facility category
and geography. Waste management activities are defined as treatment,
storage, and disposal of high-level waste, spent nuclear fuel, low-level
waste, low-level mixed waste, and transuranic waste at each installation
where the waste type is present. Hazardous waste and sanitary waste are
considered activities, but have not been divided into treatment, storage, and
disposal. Directly funded landlord activities are listed as discrete activities
at each applicable installation. Program management is listed in two ways.
Each installation lists a discrete program management activity associated
with environmental restoration, nuclear material and facility stabilization,
and waste management. In addition, a discrete, national program
management activity is listed for Headquarters. Program direction,
technology development, and transportation management also are listed as
a discrete Headquarters activities. However, most of the funding for these
activities, although budgeted at Headquarters, is transferred to the field.

Projects — The Department subdivided environmental restoration
activities into separate projects (“‘subprojects™) to assist in developing cost
and schedule estimates. Each separate subproject represents an individual
unit for which regulatory decisions are made at an installation (generally
comparable to a Superfund Operable Unit). This allowed the Department
to re-schedule environmental restoration activities at a finer grain than
would have been possible at the activity level. Subprojects also made it
easier to estimate the actual types of work that might need to be performed
for each activity and to crosswalk activities with existing budget
breakdowns and planning tools. The Department also provides a listing of
waste management projects to identify significant facilities at major
installations.

Cost Categories — To facilitate understanding of how cost and schedule
estimates were prepared, the Department developed an initial list of cost
categories for the various elements that make up the Environmental
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Management program (Table C.4). Note that these cost categories do not
correspond directly to current program budget categories. These
categories were reviewed by Headquarters staff and revised as needed.
Each individual installation then provided a written description of the
types of tasks included in each of their activities. These descriptions are
provided in the individual installation summaries presented in Volume 1
of this report. A description of each cost category is provided below.

Table C.4
Program Elements and Cost Categories
Environmental Restoration Technology Development
Assessment Landlord

Remedial actions
Decommissioning
Long-term operation and maintenance

Program Management

Installations

Nuclear Material and Facility Stabilization Headquarters

Surveillance and maintenance Program Direction

Stabilization Transportation Management

Waste Management
Waste treatment

Waste storage
Waste disposal

c.1.2.2 Environmental Restoration Cost Categories

Environmental restoration activities are carried out to ensure that potential
exposures to radionuclides and other contaminants present in
environmental media and surplus facilities are eliminated or reduced to
prescribed levels deemed tolerable through formal agreement with
regulators. The major cost categories for environmental restoration
activities are assessment, remedial actions, decommissioning, and long-
term surveillance and maintenance.

Assessment involves all activities required to identify and characterize
release sites or facilities and reach a formal agreement with regulators
regarding appropriate further actions (e.g., Superfund Records of
Decision). Specific tasks include reviewing historical records; physically
assessing current conditions at the release site or facility; collecting and
evaluating media samples to identify the nature and extent of
contamination; assessing current and future risks to human health and the
environment; developing and evaluating the feasibility of potential
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decommissioning or remedial options (including no action); conducting
appropriate public involvement activities; and preparing, reviewing, and
revising all reports and documents required by applicable regulations.

Remedial actions follow assessment and involve all activities required to
implement further actions deemed appropriate through formal agreement
with regulators. There are three general types of remedial
actions: active remediation, containment, and no further action.
Active remediation of most contaminants, including
radionuclides, involves excavating or extracting contaminated
media and one or more of the following: treatment to remove
contaminants from the medium, placing the contaminated
medium or by-products in appropriate containers for shipment
to treatment or disposal sites, and/or directly disposing of the
contaminated medium or by-products in an appropriate disposal
facility. In-place destruction (e.g., bioremediation) may be
possible for some organic contaminants. Containment involves leaving
contaminants in place and constructing physical barriers (e.g., caps, slurry
walls) or implementing interception strategies (e.g., pumping ground
water) to prevent further migration of contaminants. No further action
involves leaving contaminants in place with no active steps to prevent
further migration.

Remediation efforts cqﬂho? .
destroy radionuclides and
other inorganic chemicals.
These contaminqhtsbmu;st -
ultimately be contained in
place or transferred 1o a

permitted disposal site.

Decommissioning activities involve the safe decontamination or complete
dismantlement of surplus facilities that have been stabilized. The contents
of these facilities are primarily reactors, hot cells, processing plants,
storage tanks, research equipment, and other structures. Related tasks
include surveillance and maintenance, assessment and characterization,
environmental documentation review, waste disposal, and closeout.

Long-term operation and maintenance is conducted to ensure that the
selected remedies continue to provide the level of protection for human
health and the environment that is specified in formal agreements with
regulators. These activities are required for all remedies involving
containment or no further action and may be required for long-term
remediation strategies (e.g., ground water pump-and-treat operations) and
following completion of decommissioning actions. Specific tasks may
include compliance monitoring to ensure that the remedial technologies
remain effective as well as surveillance to ensure that physical access to
restricted areas is prevented.

Cc.1.23 Nuclear Material and Facility Stabilization Cost Categories

Nuclear material and facility stabilization activities involve facilities that
the Department has deemed surplus as they no longer are needed to meet
mission objectives (e.g., research, waste management, nuclear weapons
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Waste Management activities include the

design, permitting, construction, opera_t_ién,» -
maintenance, stabilization, and clean .
closure of facilities for treating, storing, b'an‘d

disposing of wastes.

production or dismantlement). These activities are carried out to ensure
that surplus facilities are secure and in a safe shutdown condition pending
their ultimate disposition, which could range from demolition to further
cleanup and commercial reuse. The major cost categories for nuclear
material and facility stabilization activities are surveillance and mainten-
ance and stabilization. Although not costed in this initial report, future
activities within this scope will include the management and safeguarding
of special nuclear materials.

Surveillance and maintenance activities involve all actions required to
ensure adequate security of surplus facilities pending their ultimate
disposition. Specific tasks include maintaining fences and other access
barriers and providing on-site surveillance, environmental monitoring,
repairs, and other routine maintenance. Surveillance and maintenance
continues prior to, during, and after stabilization until the ultimate
disposition has been completed.

Stabilization activities involve elimination of immediate safety and
environmental hazards as well as removal of most contaminants within
the facility. Specific tasks include removing equipment and stock
chemicals: cleaning out pipelines, holding tanks, and process vessels; and
removing reactor cores.

C.1.2.4 Waste Management Cost Categories

Waste management activities involve the safe and efficient treatment,
storage, and disposal of wastes and other related materials managed by
the Department of Energy. Most of this effort involves the design,
permitting, construction, operation, maintenance, stabilization, and clean
closure of treatment, storage, and disposal facilities. The wastes come
from three primary sources: existing inventories from past generation and
new waste generated by ongoing Departmental missions; wastes derived
from environmental restoration activities; and wastes derived from
nuclear material and facility stabilization
activities. The Environmental Management
program manages high-level, transuranic,
low-level mixed, low-level, hazardous, and
sanitary waste as well as the Department of
Energy inventory of spent nuclear fuel. The
major cost categories for waste management
activities are treatment, storage, and disposal.

Treatment activities involve the application of a wide variety of
technologies such as incineration, vitrification, and grouting that
transform wastes into materials suitable for disposal. In addition to
constructing, operating, maintaining, and closing waste treatment
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facilities, specific tasks include characterizing wastes to determine
appropriate handling procedures, and packaging and transporting wastes
to appropriate treatment facilities, or disposal facilities.

Storage activities are undertaken if no appropriate treatment or disposal
facility is available for a given volume of waste. In addition to
constructing, operating, maintaining, and closing storage facilities, specific
tasks include characterizing wastes to determine appropriate handling
procedures, and packaging and transporting wastes to appropriate treatment
or disposal facilities.

Disposal activities involve placing post-treatment materials into
appropriate landfills, repositories, or other engineered structures and
providing adequate security, surveillance, and maintenance to ensure that
contaminants are not released from these facilities into the environment. In
addition to construction, operation, and maintenance of disposal facilities,
specific tasks include providing on-site surveillance, environmental
monitoring, repairs, and other routine maintenance.

C.1.25 Technology Development Cost Categories

Technology development activities include managing and directing
focused, problem/solution-oriented technology development programs to
support environmental restoration, nuclear material and facility
stabilization, and waste management activities. These activities do not
include basic science research. Technologies are designed to facilitate
compliance, minimize waste generation, and decrease site cleanup costs.
The Environmental Management program has focused on five major
remediation and waste management problem areas for action on the basis
of risk, prevalence, or need for technology development to meet
environmental requirements and regulations (Table C.5). A major goal of
the targeted areas is to enhance the commercialization and implementation
of new technologies to reduce costs and provide a world-wide leadership
role for the U.S. in environmental remediation. In the future, the
Department may identify and add other areas to ensure that research and
technology development programs remain focused on the most pressing
remediation and waste management needs. Costs for technology
development activities are shown in this report at Headquarters. However,
approximately 91 percent of program funding for these activities is
transferred to field operations.

C.10




Radioactive Waste Tank Remedfatron — Across the compiex here are hundreds of
large storage tanks containing hundreds of thousands of cubic meters of high-level and
other radioactive wastes. Primary areas of concern include deteriorating tank structures
that pose risks due to leaking. This effort focuses on developmg.safe} reliable. cost-
effective methods for charactenzmg retrfevmg treatmg, and disposi g of radioactlve
tank waste. - L , - v

Landf;/l Stab:lrzat/on — Many Iandi:lis require mterim contamment prlor to flnai
remediation because contaminants are migrating from these structures. This area
focuses on developing in-place methods for containment, as well as deveiopmg
retrieval systems and off-site treatment systems that reduce worker exposure and the
quantity of secondary waste. . .

Nuclear Material and Facmty Stab/hzatfon Decommfssiomng and Fmal D/sposmon —
The reduction in nuclear weapons producnon along with the continued aging of the
complex has generated the need to disposition numerous contaminated facilities. This
area focuses on enhancing technologies for decontaminating materials and educating
the public on the relatively low risks associated with the recovered materials, These

 efforts promote recovery, recycling, and/or reuse of these resources. The ‘
Environmental Management program also is working on material removal, handling, -
and processing technologues to enhance worker safety and reduce costs.

Landlord activities involve the physical operatlon and mamtenance of Department of
- Energy installations, Specific tasks vary from {nstallation to installation but generally
include provision of utztmes, maintenance, and genera! infrastructure for the entire
instaliation. -

C.1.2.6 Cost Categories for Other Environmental Management
Program Elements

Other Environmental Management program elements include landlord,
program management, program direction, and transportation management
(see Table C.4).

Landlord Activities involve the physical operation and maintenance of
Department of Energy installations. Specific tasks vary from installation to
installation but generally include provision of utilities, maintenance, and
general infrastructure for the entire installation.
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Program Management activities include planning, monitoring, and
reporting of ongoing activities, cost/schedule tracking, clerical, and other
administrative support. This cost category also includes grants to states
and localities. Examples of support costs include government furnished
equipment and laboratory upgrades, and those associated with treatability
studies, prevention of contamination dispersion studies. Program
management costs include management of the Environmental Management
program at each installation as well as nation-wide management of the
Environmental Management program at Headquarters. Program
management includes program support, which includes general technical
contractor support services for all Environmental Management
Headquarters elements, special projects of immediate concern, and other
projects that arise during the course of a fiscal year. Approximately

70 percent of program support funding budgeted at Headquarters is
transferred to field operations.

Program Direction activities includes all federal full-time equivalents at
Headquarters and the field offices. Program direction provides funding for
salaries, and benefits. Costs for program direction activities are shown in
this report at Headquarters. However, approximately 75 percent of
program direction funding budgeted at Headquarters is transferred to field
operations.

Transportation Management activities include Department-wide
development and implementation of effective strategies, techniques,
methods, and policy guidance for the safe, secure, efficient, and cost-
effective transportation of Department of Energy materials, including
radioactive materials, hazardous substances, and hazardous and mixed
wastes. Activities include managing the transportation of materials
between Department of Energy installations; packing, shipping, and
handling materials prior to shipping; container safety; logistics;
transportation communication systems; and monitoring and guidance for
installation-specific transportation support.

C.1.3 Limitations and Next Steps

The basic limitation in setting assumptions for a life cycle cost and
schedule estimate is that most specific assumptions evolve over time. The
logistics of assembling and analyzing data, and writing and publishing a
report based on these data, require “freezing” assumptions at a certain
point in time. As assumptions continue to change, cost and schedule
estimates will be changed to reflect those changes.

Several ongoing decision-making processes have the potential to alter
many of the key assumptions underlying this cost and schedule estimate.
Many Department of Energy installations are currently engaged in
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processes to determine preferred land use options. Negotiations under the
Federal Facility Compliance Act also are underway to determine where
low-level mixed waste treatment facilities will be located. A variety of
environmental impact statements (EISs) are being prepared, including the
Spent Nuclear Fuel Programmatic EIS, the Waste Management
Programmatic EIS, and installation-specific EISs. As these decision-
making processes move forward, changes in national and installation-
specific assumptions will be required. Future reports will incorporate these
changes to the extent possible.

In developing the activities and cost categories for this report, the
Department has attempted to describe clearly the scope and magnitude of
the Environmental Management program. In most cases, activities
represented discrete sets of problems and projected solutions, and cost
categories mapped discretely into activities. However, some
approximation and apportioning was necessary to map existing budget
breakdowns into these new categories. For subsequent reports, the
Department will evaluate the effectiveness of the structure developed for
this report, both for describing the Environmental Management program,
and for developing cost and schedule estimates, and revise it as needed.

C.2 Gathering and Assembling Data

The nuclear weapons complex is a sprawling industrial complex of
production, fabrication, and research facilities located on thousands of
square miles of Federal lands. Nuclear weapons production has left a
legacy of widespread environmental contamination. Millions of cubic
meters of radioactive and hazardous wastes have been buried throughout
the complex, and this has resulted in extensive contamination of soil,
sediments, surface waters, and ground waters. The Environmental
Management program has responsibility for more than 10,000 individual
“release sites” (separate structures or portions of environmental media
containing contaminants), and more than 3,500 separate facilities. Waste
treatment may need to occur at 34 separate installations. Clearly, the
Department was faced with an enormous task in defining the activities
necessary to complete the Environmental Management program and
estimating costs for these activities.

The need to provide a basis for policy analyses (e.g., how total cost would
change if annual funding went up or down) required the ability to isolate
direct project costs from various indirect costs, including landlord
activities. This was made difficult by numerous differences in cost
estimating methodologies, planning methodologies, and accounting
practices across the complex. With integrated planning efforts in their
infancy, both within and between installations, huge gaps in data and
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multiple potential sources of data required decisions as to which data
sources would be used and how data gaps would be filled. Prior to this
analysis, there also was no central repository for critical data.

Given the uncertainties, the Department developed a Base Case Scenario
representing current views of the most likely set of activities and unit costs
and several Alternative Scenarios to examine the potential impacts of
various policy decisions on total program cost and schedule. For the Base
Case, cost and schedule estimates are based primarily on installation-
specific (field) data, supplemented with parametric modeling
(Headquarters) only when necessary to fill data gaps. Alternative scenarios
used field data where available but relied primarily on parametric
modeling.

C.2.1 Gathering Data

Obtaining an integrated cost and schedule estimate required eight basic
types of data for each Environmental Management activity (Table C.6).
Data on phases, cost and duration were used to estimate activity cost and
duration. Waste volume data were used to develop an integrated schedule
of Environmental Management activities (e.g., to coordinate planned waste
management facilities with estimated waste generation) and to estimate
waste management costs. Technology data were used to evaluate the
impact of technology development on cost and schedule estimates.
Anticipating the potential need to re-schedule Environmental Management
projects to accommodate funding and waste management constraints, it
also was critical to understand which projects were governed by existing
compliance agreements (to avoid creating a Base Case that was not in
compliance with these agreements).

Environmental restoration activities are divided into three
phases: Characterization and assessment (e.g., remedial
investigations, feasibility studies), remediation or
decommissioning, and post-remediation operation and
maintenance (e.g., ground water monitoring, inspecting
caps). Nuclear material and facility stabilization activities
are divided into four phases: Pre-stabilization surveillance
and maintenance, assessment, stabilization, and post-
stabilization surveillance and maintenance. Waste
management activities are divided into four phases: Pre-
construction (including design, pilot testing, and permitting),
construction, operation and maintenance, and
decommissioning. Specific methods used to collect data for
each of these types of projects are described in separate
sections below.

Required Data for
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c.2.11 Environmental Restoration Activities

The primary source of Base Case cost and schedule data for environmental
restoration activities is existing Baselines developed at each installation
(Table C.7). These Baselines incorporate the installations’ assumptions
regarding extent of contamination and ultimate remediation approach
based on final land use assumptions. This approach allows the field
offices, who know their individual installations best and have experience
with their prospective regulators, to make the necessary assumptions for
this analysis. Use of Baselines ensured that the resulting analysis was
based on the strongest possible foundation and is the best approximation of
future events at Department of Energy installations that can be made at this
time.

The Department extended existing Baselines to full life-cycle where
possible and supplemented these with parametric modeling as required to
account for all present and future activities. Using a data call instrument
developed at Headquarters, field offices extracted the elements listed in
Table C.6 from the Baselines.

C.2.1.2 Nuclear Material and Facility Stabilization Activities

The cost and schedule estimates for nuclear material and facility
stabilization activities are order-of-magnitude estimates and were obtained
using parametric cost estimating techniques. The Environmental

TahleC? .
Env;ronmental Restoratlo'" Baselines




Management program has limited experience with which to base cost and
schedule estimates for surveillance, maintenance, and stabilization of
surplus facilities. In addition, uncertainty regarding the ultimate mission
and/or disposition of many nuclear weapons production facilities has made
it difficult to determine which facilities will become surplus and when
transition activities will begin. Therefore, to address the total life-cycle
cost requirement, specific cost and schedule assumptions had to be
developed for nuclear material and facility stabilization activities

(Table C.8).

_ TableC.8
Assumptions for Nuclear Material and Facility Stabilization
Cost and Schedule Estimates

, Based on paSt expenehce the inmal schedule developed for this report assumes

stabilization, and then 2 years of post-stabilization survexliance and maintenance; this
“10-5-2 scenario” Is by no means the scenario that will be used for current and future
surplus facilities.

Data for each facmty represents the best mformation available from the Surplus Facility
lnventory Assessment database as,_of December 1994

Only surveillance, mamtenance and stabilization activities are included in the estimate.

Surveillance and mamtenance is assumed to be oceurring during facility stabilization
activities.

The cost of managing waste generated from stabilization activities includes extracting,
removing, and packaging waste for transport to an appropriate treatment, storage, or
disposal (T/5/D) facility; subsequent transportation and T/S/D costs are included in

. each mstallatzon s waste management cost estimates.

The Department used a four-step process to develop cost and schedule
estimates for nuclear material and facility stabilization activities

(Figure C.2). Although detailed, installation-specific, cost and schedule
data were limited, the Department made maximum use of actual cost and
schedule information obtained from the initial stabilization and
maintenance activities that have been conducted at the Hanford, Rocky
Flats, and Idaho installations. All information developed by Environmental
Management Headquarters was provided to field offices for review to
ensure that the resulting analysis was based on the strongest possible
foundation. The four steps of the methodology employed to estimate
nuclear material and facility stabilization activities are described below.

Figure C.2 Steps for Estimating Cost and Schedule for Nuclear Material and
Facility Stabilization Activities

Provide List of Facilities and
Cost and Waste Volume
Estimates to Field for
Review and Verification

Develop Unified List of Define Cost Estimating Develop and Execute
Surplus Facilities Expected f—jp| Categories and Classify Algorithms for EStimating  fep
to Require Stabilization Facilities Costs and Waste Volumes

v
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Assessment,ﬁata Base

The Surplus Fac;trty l_ ntory Assessment

data base accepts and stores data aboutthe

assets associated with each Department of
Energy installation ot operations talso
serves as a decision-making support toolto
assist Department of Energy management thh

Develop Unified List — The starting point for
developing a unified list of surplus facilities was the
Surplus Facilities and Inventory Assessment (SFIA)
database (Table C.9). Three cases of contaminated
facilities included in the SFIA database are expected
to require stabilization and maintenance by Environ-
mental Management. These cases include:

(1) surplus facilities currently within the

Environmental Management program; (2) surplus
facilities that have not yet been transferred to
Environmental Management, and (3) facilities that are
expected to become surplus at some time in the future. The Department
compared the SFIA with a list of surplus facilities developed for the
Waste Management Programmatic Environmental Impact Statement. This
comparison was necessary to link follow-on decommissioning cost
estimates to the nuclear material and facility stabilization cost estimates.
The reconciled lists were then reviewed by the field offices (see below).
The resulting Unified List of approximately 3,500 facilities represents the
best estimate of facilities likely to eventually require stabilization (as of
December 1994). Nonetheless, the list is likely to contain uncertainties
and inaccuracies, and further tuning is required for future reports. The
Department is confident that all of the large facilities, which account for
the bulk of the nuclear material and facility stabilization costs and waste
volumes generated, are identified in the Unified List.

Define Facility Categories — To permit extrapolation of surveillance and
maintenance costs from actual projects to the remainder of facilities on
the Unified List, the Department identified 22 facility categories based on
the type of historical activity performed at the facility and by its physical
characteristics (e.g., stacks, pipelines, switchyards; Table C.10). These
categories then were compared and reconciled with categories in the
Waste Management Programmatic Environmental Impact Statement data
bases and submitted to the field for review and verification.

Develop and Apply Algorithms — A separate algorithm for estimating
cost and waste volumes was created for each of the 22 facility categories.
Given the limited information available for many facilities, the
Department used a simple approach based on multiplying the facility’s
physical characteristics (square feet, linear feet, gallons of facility size) by
a unit cost (per square foot, linear foot, or gallon) to develop the cost
estimates. Data on facility size generally were available in the Surplus
Facility Inventory Assessment database and subsequently were verified by
field offices. A description of the process used to develop each algorithm
is presented in Section C.3.2.
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Field Review and Verification — Numerous discussions have taken place
between Headquarters and the field regarding what facilities are on the
Unified List, how these have been classified for cost estimation purposes,
size and other key physical characteristics, types of wastes expected to be
present, and waste volumes expected to be generated during stabilization.
Many modifications of the Unified List have resulted from this review and
verification effort. A variety of facilities were removed from the list,
including those that already have undergone stabilization and those such as
mobile offices that are unlikely to be contaminated. Cost and waste
volume estimates for several facilities were modified based on updated
information from the field regarding their physical, chemical, and
radiological characteristics.

C.2.1.3 Waste Management Activities

The Environmental Management program is responsible for managing six
types of waste and spent nuclear fuel. The approach for estimating life-
cycle waste management costs depended considerably on the type of waste
being managed. The Department currently has accurate estimates of the
total volume of high-level waste and spent nuclear fuel for which the
Environmental Management program is responsible. Plans for managing
high-level waste are reasonably well advanced, and options for managing
spent nuclear fuel are being evaluated in accordance with the National
Environmental Policy Act process. Life-cycle costs and schedules for
managing these two waste types thus are fairly well defined. Similarly,
most of the hazardous waste and sanitary waste being managed by
Environmental Management is generated by ongoing Department of
Energy operations. Data on annual costs for managing these waste types
are included in the site summaries (Volume II).

Low-level waste, low-level mixed waste, and transuranic waste present a
different challenge. A significant fraction of the volumes of these three
waste types requiring treatment, storage, and disposal will be generated by
environmental restoration and nuclear material and facility stabilization
activities. As noted earlier, it is not possible to predict how much waste
will be generated, where and when it will be generated, where and when
treatment and disposal facilities will need to be built, and how large these
facilities will need to be until numerous decisions are made by the
President, Congress, and citizens. Life-cycle cost estimates for waste
management activities thus (a) depend directly on the life cycle estimates
for environmental restoration and nuclear material and facility stabilization
activities and (b) may change significantly as environmental restoration
and nuclear material and facility stabilization activities, assumptions,
decisions change. To provide a flexible cost and schedule estimating
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approach, the Department used parametric modeling, calibrated to existing
site planning information, for low-level waste, low-level mixed waste, and
transuranic waste management estimates.

Program management costs for waste management activities are included
as either a portion of the direct costs (for high-level waste, spent nuclear
fuel, hazardous waste and sanitary waste) or through a multiplier applied to
direct cost estimates (low-level waste, low-level mixed waste, and
transuranic waste). The appropriate proportion is included in the waste
management costs (see Section 3.2.1.5).

High-level Waste — The Department obtained cost and schedule data for
managing high-level waste primarily from program planning documents,
supplemented by data from Environmental Management Headquarters
program staff. Planning estimates for high-level waste are available for
Hanford (including the Tank Waste Remediation System), Savannah River
(including the Defense Waste Processing Facility), the West Valley
Demonstration Project, and the Idaho National Engineering Laboratory
(including the Idaho Chemical Processing Plant). Cost and schedule
estimates are partitioned into treatment, storage, and disposal activities and
further divided into specific projects (e.g., high-level waste disposal, tank
farm operations and maintenance). Cost estimates for high-level waste
include the treatment and disposal of low-level waste resulting from
treatment processes such as the saltstone facility at the Savannah River Site
and a vitrification facility at Hanford. Decommissioning costs for high-
level waste facilities were not included in program planning documents.
Headquarters program staff provided estimates based on conceptual
estimates for the Defense Waste Processing Facility.

Spent Nuclear Fuel — The Department obtained cost and schedule data for
the spent nuclear fuel program from headquarters program staff supporting
development of the Programmatic Environmental Impact Statement (EIS)
for the National Spent Nuclear Fuel Program. As of March 1995, the
Department has not identified a preferred option for managing spent
nuclear fuel. The Department used a regionalized by waste-type scenario
being evaluated for the EIS as the Base Case for this report. This Base
Case estimate, partitioned into treatment, storage, and disposal activities
and projects, includes full life-cycle costs, including facility
decommissioning.

Hazardous and Sanitary Waste — The Department obtained cost and
schedule estimates for hazardous waste and sanitary waste generated and/
or managed by Environmental Management based on Activity Data Sheets
for the years FY 1995 through FY 2000. Costs were adjusted to FY 1995
dollars using an assumed annual inflation rate of 3 percent. Costs then
were compared with data provided by the field and adjusted accordingly.
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The resulting average annual costs for each installation were assumed to
remain constant (in FY 1995 dollars) until Environmental Management
activities at the site are completed. Hazardous waste generated by
environmental restoration and nuclear material and facility stabilization
activities are assumed to be handled by the Environmental Management
program and sent to a commercial vendor for treatment and disposal.
Estimated cost is $2,000 per cubic meter, including handling and storage
costs prior to off-site shipment.

Low-level Waste, Low-level Mixed Waste, and Transuranic Waste — The
Department obtained cost and schedule estimates for low-level waste, low-
level mixed waste, and transuranic waste through a combination of site
planning information and parametric modeling. The Department obtained
estimates of existing inventories and annual generation rates for low-level
mixed waste from the Draft Site Treatment Plans developed to comply with
the Federal Facility Compliance Act. Estimates of existing inventories and
annual generation rates for low-level waste and transuranic waste were
obtained from analyses in support of the Waste Management Programmatic
Environmental Impact Statement. Data for these three waste types were
supplemented with additional information from individual installations and
are current as of December 1994.

The System Cost Model was used to integrate waste loads from all
Environmental Management activities into a single treatment and disposal
configuration for managing existing and estimated future waste loads. The
model estimates the direct costs of planning, constructing, operating, and
decommissioning new facilities for the treatment, storage, and disposal of
these wastes types. It is also includes information on the operating costs of
existing facilities. A description of this model is provided in Section C.3.1.

The Department obtained a total life-cycle cost estimate for the Waste
Isolation Pilot Plant (WIPP) from headquarters program staff. This fully-
loaded cost allows the System Cost Model to model WIPP disposal
operations based on the estimated operational life predicted by the model.

C.2.1.4 Technology Development Activities

The Department obtained current (FY 1995) cost estimates for technology
development activities from existing budget documents. Current funding
is 5.75 percent of the total Environmental Management program budget.
The Department assumed that technology development funding would
continue at this percentage throughout the life of the Environmental
Management program.
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C.2.1.5 Support Activities

The Environmental Management program performs many activities in
accomplishing its varied missions. Activities such as remedial actions,
decommissioning, and constructing and operating waste management
facilities contribute directly to these missions. The costs of these activities
are accounted for in the primary sources of cost estimates for this report
(i.e., environmental restoration Baselines, waste management program
planning documents, Activity Data Sheets, other budget documents, and
parametric models). However, these primary sources do not always
account for all of the Environmental Management program costs and
activities. Omitted activities typically are “support” activities such as
surveillance and maintenance, program management, landlord and
infrastructure, and human resources that are necessary to operate the
Environmental Management program. The Department evaluated how
support costs are accounted at each installation in order to ensure that all
costs are accounted once, and only once, in this cost estimate. This section
provides a definition of support activities, describes how they are
accounted for in this cost estimate, and describes how the Department
estimated their life-cycle costs.

Most support activities can be classified into five categories (Table C.11).
There are several ways that the Department of Energy installations fund
support activities, and these practices differ between installations. Thus,

Table C.11
Environmental Management Support Activities

Landiord/infrastructure — ACthltIeS associated wnh provsdmg utzimes mamtenance -
and general infrastructure for the entire mstalfatlon

Program management — Activities include plannrng, momtonng, and reportmg of
ongoing activities; cost/schedule tracking; and clerical and other administrative support.
This also includes grants to states and localities. Program management also includes
refated support activities such as providing furnished equipment and laboratory ,
upgrades. Program management activities are reported separately at each mstaﬂation‘ -
and at Headquarters. However, 70 percent of Headquarters program management "
tunding is transterred to field operat:ons

Surveiflance and maintenance — Actlwtles mclude routme secunty mspect;ons
radiological surveillance, safety/fire mspectlons security patrols, and mamtenance of
contaminated or formerly contammated areas or facilities. .

Other sitewide support actlvatles — These costs include human resources cmef
financial officer, executive direction, and procurement. .

Program direction — The Federal full-time equivalents to oversee and manage

Environmental Management operations in the field and at Headquarters. Although ,
costs for these activities are accounted for at Headquarters, approximately 75 percent -
l of this funding is transterred to field operatlons . ’
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the accounting practices for costs associated with each of these activities
were identified separately, categorized, and aggregated for this report.
Four categories of support costs must be examined:

Direct support funding — Support activities specific to one
Environmental Management program element are directly paid for by that
element. For example, waste management costs include program
management specific to waste management activities, and environmental
restoration costs include surveillance and maintenance specific to
environmental restoration activities.

e Indirect support funding — Activities that support more than one
type of Environmental Management activity at an installation
(e.g., human resources) often are indirectly funded. These costs
are allocated to budgets for environmental restoration, nuclear
material and facility stabilization, and waste management
projects. Some infrastructure and other site-wide support activi-
ties are funded through this mechanism. If the activity supports

Table C.12
Installations at which the
Environmental Management Program has
Landiord Responsibilities

Nuclear material and facility stabilization
activities include or soon will include site-wide
{andlord respons;bﬂltles at seven installations:

* Energy Technology Engineeting Center
Hanford Site

idaho National Engineering Lab

Mound Plant ‘
Pinellas Plant
Rocky Flats Plant
. Savannah River Site

- [ i ] -

e

- Envaronmental restoratlon actuv:t;es include
_ site-wide landlord responsnb:l;ties at three
. v:nstaliataons ‘

*+ Fernald Sate _
. Grand Junction Project Oﬁice
'f . Oak Ridge K—25 Site

_:55 Waste management acttwtnes include sﬂe»w;de
& ne attwo instailations‘ '

atiey Demonstraﬁon Pfo}ect

all projects and activities at the installation, the cost is
called an overhead cost. If the activity supports only
some types of projects (e.g., environmental restoration)
the cost is referred to as organizational burden.

e Direct landlord funding — The Environmental
Management program has landlord responsibilities at
10 Department of Energy installations (Table C.12).
Landlord responsibility implies that the Environmental
Management program must fund some, but not neces-
sarily all, infrastructure and site-wide support activity
costs. Landlord funding at the Waste Isolation Pilot
Plant and the West Valley Demonstration Project is
included but not specifically identified in this total cost
estimate.

« Direct Headquarters funding — Several categories
of support are funded directly at Headquarters. These
include Headquarters program management, program
direction, and transportation management. Note,
however, that the majority of Headquarters program
management and program direction funding is trans-
ferred to field operations (see Table C.11)

Many support activities are funded through more than
one of the above four categories. Thus, funds from all
sources must be accounted for in order to accurately
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assess the total cost of any Environmental Management activity.
Disregarding either the directly or the indirectly funded portion would
present an incomplete view of cost.

Some, but not all, support costs are accounted for in the primary sources of
cost estimates for this report (Table C.13). Thus, cost estimates derived
from these sources were adjusted to account for all support costs. The
Department used variations of the following three-step process to estimate
current and future costs for support activities:

. Determine the current distribution of costs;

*  Assess the variability of each cost type with respect to total pro-
gram budget and program maturity; and

*  Use information from the first two steps to determine time- and
size-dependent outyear support costs.

Table c.13
Suppon Costs Accounted for in Primary Sources of Cost Estimates

Data Source .  SupportCnstCategory

Direct Indirect: Direct  Direct
Environmental restoration Béseiines . :  . Yes  VYes Yes No

Envzronmentai restoration paramemc . - Ne! “No  NA - No
model (ARAM) . ’ o ’

_ Waste management programand . Yes ' Yes NA No
planning documents S .. .

Waste Management parametnc . s N/A No
_ model (SCM). o o »

Nuclear materxaf and facmty smbmzanon
parametric models

- N/A not applicable
. 'Added from enwronmentat restoratlon Baselmes

Estimating direct support costs — Cost estimates for environmental
restoration activities included estimates of direct support costs. Cost
estimates for waste management activities based on program and planning
documents (i.e., costs for high-level waste, spent nuclear fuel, hazardous
waste, and sanitary waste) also included estimates of direct support costs.
Direct support costs, however, were not provided for waste management
activities modeled using the System Cost Model (i.e., costs for low-level
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waste, low-level mixed waste, and transuranic waste) and for nuclear
material and facility stabilization activities. Direct support costs for
nuclear material and facility stabilization activities were included in
estimates of direct landlord costs (see below). Direct support costs for
activities modeled using the System Cost Model were estimated as follows.

To estimate the current ratio of direct support costs to low-level, low-level
mixed, and transuranic waste treatment, storage, and disposal costs, the
Department examined budget data from the Progress Tracking System.
Costs were disaggregated to a low level (by Activity Data Sheet and
Budgeting and Reporting Code), and expert judgment was used to
associate each cost with a support or a direct waste management activity.

The resulting ratio of direct support costs to low-level, low-level mixed,
and transuranic waste management activity costs was confirmed by
Headquarters program managers.

To estimate how direct support costs might vary with respect to future
changes in low-level, low-level mixed, and transuranic waste management
costs, budget data were disaggregated further by function. Specific
functions included program management, agreements-in-principle, waste
minimization planning, environmental safety and health, corrective
activities, general plant projects and upgrades, technology development,
regulatory compliance, environmental monitoring, and tank farm
operations (other than high-level waste). Headquarters program managers
were surveyed regarding their judgement of the cost variability of each
function with respect to changes in waste treatment, storage, and disposal
(T/S/D) costs. From survey responses, a relationship of the following form
was determined:

Support Costs (Year X) = A * T/S/D (1995) + B* T/S/D (Year X)

On average, estimated direct support costs in any year are the sum of
85 percent of FY 1995 T/S/D costs and 15 percent of the current year’s
estimated T/S/D costs.

Estimating indirect support costs — All sources of cost estimates
accounted for indirect support costs except the Automated Remedial
Assessment Methodology (ARAM). ARAM was not used extensively for
the Base Case, but rather was used primarily to estimate environmental
restoration costs for the Alternative land use scenarios (see

Section C.4.2.2). Indirect support costs for activities modeled using ARAM
were estimated as follows. Installation personnel completed questionnaires
regarding FY 1995 - FY 2000 direct cost and total cost estimates for each
Environmental Management program element present at the installation.
The average ratio of indirect costs to direct costs was calculated from these
questionnaires. Questionnaires were completed by personnel at
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installations that comprise approximately 90 percent of Environmental
Management costs. Data gaps were filled using either the average ratio for
installations managed by the same Operations Office or by the complex-
wide average ratio. The composition of indirect costs were obtained from
the Allocable Cost Report, which classifies overhead costs into eighteen
common categories.

Estimating direct landlord costs — Life-cycle estimates of site-wide
landlord costs were obtained from installation personnel and reviewed by
Headquarters program managers. Estimated costs were re-evaluated if
estimated landlord costs as a percentage of total Environmental-
Management costs fluctuated dramatically from year to year, seemed
implausibly high, or appeared unrealistic. Estimates for two installations
(Savannah River and Hanford) were prepared by Headquarters personnel
based on their five-year cost projections. Landlord costs for nuclear
material and facility stabilization activities also included direct support
costs. Available information did not allow the Department to separate
these two types of costs.

Estimating direct Headquarters support costs — The Department obtained
estimates of direct Headquarters support costs from current budget
estimates and best professional judgement regarding how these costs are
likely to change as the Environmental Management program matures.
Table C.14 lists the assumptions used for these estimates.

Table C.14
Assumptions Used to Estimate Support Activity Costs at Headquarters
Eiement FY 1995 Funding Levels Projected Funding Levels
Program Management 6% of total Environmental 6% of total Environmental Management
Management funding funding through FY 2000

3% of total Environmental- Management
funding from FY 2001 to FY-2020

1.5% of total Environmental Management
funding from FY 2021 until end of
Environmental Management program

Program Direction 5.75% of total Environmental 5% of total Environmental Management
funding Management funding throughout
life of Environmental Management
program

Transportation $20 million $20 million through FY.2020
Management
$10 miltion from FY 2021 t0. FY. 2040

$5 million from FY 2041 10.FY 2060

$2.5 million from FY 2060 until.end of
Environmental Management program
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C.2.2 Assembling the Data

The Department used a nine-step process to assemble cost and schedule
data prior to the integration/scheduling analysis (Figure C.3). Each step is
described below.

Step 1 — Develop analytical units for integration and scheduling
analysis
Information obtained from Baselines and other data sources included
anticipated starting dates for each Environmental Management activity.
The Department anticipated a need to revise these start dates in order to
meet anticipated funding restrictions, allow for capital costs of new waste
management facilities, and ensure that remediation and nuclear material
and facility stabilization projects that would generate waste would be
coordinated with waste management capacity. The Department therefore
compiled information for each activity into analytical units for purposes of
integration and scheduling. Most of the analytical units corresponded
directly to the Environmental Management activities defined earlier (see
Section C.1.2.1). Exceptions are described below.

Environmental restoration subprojects — The analytical units for
environmental restoration activities were defined at the “subproject” level
rather than the activity level to provide more flexibility in the integration
and scheduling analysis. The 147 environmental restoration activities were
subdivided into 614 subprojects. Each element included total cost less
program management and directly-funded landlord costs.

Figure C.3 Steps in Assembling Data
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Facility surveillance and maintenance activities — The 3,560 individual
surplus facilities in the Unified List were grouped into 114 activities.
Large facilities were reported individually; smaller facilities were grouped
by geography and category. Decommissioning subprojects (from
environmental restoration activities) were linked to each activity. Each
activity included total cost less program management and directly-funded
landlord costs.

Waste management activities — The initial list of waste management
activities consisted of individual units for high-level waste, spent nuclear
fuel, hazardous waste, and sanitary wastes at appropriate installations and
existing treatment, storage, and disposal (T/S/D) facilities for managing
low-level waste, low-level mixed waste, and transuranic waste. During the
integration/scheduling analysis, the Department expected to add “new”
T/S/D facilities to manage low-level waste, low-level mixed waste, and
transuranic waste generated by environmental restoration and nuclear
material and facility stabilization activities. Each new facility represented
a new activity and included total cost less program management and
directly-funded landlord costs.

Step 2 — Crosslink analytical units with Baselines and other data
sources
It was necessary to crosslink analytical units with Baselines, parametric
model data bases, and other data sources in order to develop a complete
and integrated set of data on Environmental Management activities.
Crosslinking efforts focused in three areas. (1) Environmental restoration
subprojects (defined from Baselines) were linked to a data base of release
sites (source areas) used by the Automated Remedial Assessment
Methodology (ARAM) to ensure that missing data could be supplemented
and to assist in calibrating ARAM for use in alternative land use scenarios
(see Sections C.3.1 and C.4.2.2). (2) Environmental restoration
decommissioning subprojects were linked to the Unified List of surplus
facilities to ensure that decommissioning costs and schedule estimates were
matched to nuclear material and facility stabilization cost estimates. This
crosslinking effort also was used to further refine the list of facilities for
which the Environmental Management program eventually will be
responsible. (3) Data on existing and planned waste management facilities
(obtained from the field) were placed and updated in the System Cost
Model data bases to ensure that the cost, schedule, capacity, and location of
these facilities were accurately incorporated into the scheduling analysis.
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Step 3 — Map data from Baselines and other sources into analytical
units

Concurrent with the crosslinking process, the Department mapped data
from Baselines and other sources into the analytical units. As noted above,
key data included duration, annual cost, annual waste volumes by type,
anticipated start date, and whether or not any portion of the element was
included in a compliance agreement (see Table C.6).

Step 4 — Perform initial quality assurance/quality control of data and
identify missing data

Following the above data mapping step, the data in each analytical unit

were reviewed by Headquarters staff to provide quality assurance/quality

control checks. Missing and problematic data were identified.

Step 5 — Modify data and fill in missing data using parametric
models

Missing data were filled and problematic data were filled and modified

based on review comments and incorporated into the analytical units.

Additional rounds of review and quality assurance/quality control were

performed as necessary.

Step 6 — Develop data dictionary and data formats for input to
integration tool

Concurrent with the data modification process, the Department developed

a set of specifications for loading data to an integration tool being

developed to assist in the integration and scheduling effort (see

Section C.3.2). These specifications ensured that the data provided to the

integration tool would accurately match data in the analytical units.

Step 7 — Assemble preliminary data set for input into integration tool

In this step, the Department translated data from the analytical units into
the integration tool data formats.

Step 8 — Perform final quality assurance/quality control on input data

In this step, the Department loaded the translated data into the integration
tool and used these data to debug the integration software and provide a
final quality assurance/quality control check on the input data. Missing or
problematic data were provided or modified accordingly.

Step 9 — Assemble final data set for input to integration tool

Following extensive review and quality assurance/quality control checks,
the final set of data representing the Base Case was assembled and loaded
into the integration tool data bases.
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C.2.3 Checking and Documenting Data

Throughout the data assembly process, the Department performed a variety
of efforts to ensure that the data used for the integration and scheduling
analysis were the most accurate and complete representation of the
Environmental Management program that could be provided to date. Data
from all available sources were checked to ensure completeness, avoid
double-counting, and ensure smooth integration of data from Baselines
versus other sources. Internal consistency checks included a mass balance
accounting to ensure that all waste assumed to be generated is assumed to
be treated, stored, and/or disposed, particularly when transfer from one
installation to another is anticipated. Projected waste volumes generated
from environmental restoration and nuclear material and facility
stabilization activities were reviewed by program managers to ensure
consistency with installation- or facility-specific processes.

C.2.4 Limitations and Next Steps

The two most important limitations associated with gathering and
assembling data for this initial cost and schedule estimate are data
integration and data quality.

Limirations in data integration — The Department faced a number of
challenges during the process of merging and integrating information from
a variety of data sources into a single data base. Security concerns during
the Cold War led to development of a compartmentalized and secretive
management structure in the Department of Energy and its predecessor
organizations. Although the Department presently is moving toward more
openness and coordination, the planning process is not yet fully integrated
at installations or Headquarters. Although it is moving toward fully
integrated life cycle cost and schedule estimates, the process for
developing Environmental Management Baselines is not yet complete.
Moreover, developing this report has required a new and different type of
integration. Because this report represents a new way to present the
Environmental Management program, the data requirements for this report
and the tools used to develop the Base Case scenario were not refined fully
while this initial estimate was being prepared. Compartmentalization has
led to multiple definitions for the same terms, differences in cost
accounting methodologies, and other inconsistencies. The Department will
develop more focused data collection instruments and more consistent cost
estimating and accounting practices for next year’s submission.

Limitations in data quality — Factors that limit the ability of the
Department to estimate the cost and schedule for environmental restoration
activities include insufficient characterization of the nature and extent of
environmental contamination and uncertainty regarding the effectiveness
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and unit cost of projected technologies. Limitations on estimates for
nuclear material and facility stabilization activities include uncertainty in
the number of facilities that eventually will require stabilization, a lack of
information concerning the condition of these facilities, and the small
experience basis for scope and cost estimates. Factors limiting the ability
of the Department to estimate waste management costs include uncertainty
in the volumes and characteristics of wastes that will need to be managed,
and uncertainty in the effectiveness and unit cost of projected technologies.
More general limitations on data quality include uncertainty in
infrastructure costs and uncertainty in productivity gains to be realized as
the Environmental Management program matures. The Department will
develop more specific data quality objectives and more activity-based cost
estimates for next year’s submission.

C.3 Developing and Calibrating Cost Estimating Tools

The Department used two types of cost estimation tools in developing this
report. Three separate tools were used to develop cost and waste volume
data for the Base Case and Alternative scenarios. Another separate tool
was used to assist the Department in re-scheduling activities and projects to
meet assumed funding or waste management capacity limitations. This
section describes the cost estimation tools used and how they were
modified or developed to provide cost and schedule estimates.

C.3.1 Modifications to Existing Cost Estimating Tools

The Department modified two existing tools to provide cost and waste
volume data for environmental restoration and waste management
activities. Each of these tools is described below.

The Automated Remedial Assessment Methodology (ARAM) was used
primarily to provide environmental restoration cost and waste volume
estimates for alternative land use scenarios (see Section C.4.2.2). ARAM
also was used to supplement missing data to complete data sets for the
Base Case (Table C.15).

Prior to its use for this analysis, ARAM was calibrated to existing
Baselines at six major installations (i.e., Hanford, Idaho, Los Alamos
National Laboratory, Oak Ridge, Rocky Flats Environmental Technology
Site, and the Savannah River Site) representing the majority of
environmental restoration costs. The calibration effort included site visits
and intense data gathering to:

. Update information on source terms (i.e., release sites) with the
most current field characterization information;
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Table C.15
Automated Remedial Assessment Methodology

The Automated Remedial Assessment Methodology (ARAM) was developed for the Waste Management
Programmatic Environmental Impact Statement. ARAM was developed initially to provide relative estimates of cost,
labor requirements, and waste volumes generated from alternative environmental restoration activity scenarios.

Given a set of environmental restoration goals (i.e., cleanup goals and points of compliance), ARAM algorithms will (a)
select remedial technologies; (b) determine the effectiveness of each technology in destroying, removing, or
immobilizing contaminants; (c) determine the amount and type of waste generated from using each technology; and
(d) and estimate the cost and labor requirements for each technology.

ARAM is applicable to seven types of “release sites™ contaminated soils, buried waste, contaminated ground water,
contaminated surface water, buildings, and liquid containment structures. ARAM is composed of four modules.

Decision Logic Modules are used to select an applicable technology category based on the environmental restoration
goals, type of release site, types of contaminants present, and geological/climatological setting.

Technology applicability rules are used to determine the constraints of applicability for each technology category.

Technology effectiveness algorithms are used to determine reductions in contaminant concentrations and waste
volumes generated-from applying technologies.

Cost and labor estimating factors are used to estimate cost and labor requirements.

¢ Expand the number of sites for which unique environmental condi-
tion profiles (e.g., rainfall, geology, groundwater location and
flow) are available;

*  Adjust decision methodologies to reflect each installation’s as-
sumed remedial technologies for specific releases; and

¢  (Calibrate unit costs and media volumes (both primary contamina-
tion and secondary waste volumes) to reflect field estimates.

The System Cost Model (SCM) was used to provide cost estimates for
treating, storing, and disposing low-level waste, low-level mixed waste,
and transuranic waste (Table C.16). Prior to its use for this analysis, SCM
was calibrated to program planning documents at six major installations
(i.e., Hanford, Idaho, Los Alamos National Laboratory, Oak Ridge
Reservation, Rocky Flats Environmental Technology Site, and the
Savannah River Site) representing the majority of waste management
costs. The calibration effort included site visits and intense data gathering
to:

*  Calibrate estimated operation and maintenance costs to actual costs
at existing treatment, storage, and disposal facilities;

. Calibrate algorithms for studies and bench scale tests, demonstra-
tion, production, and operations to the installation’s assumptions
for facility design, construction, and operations costs; and
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Table C.16
The System Cost Model (SCM)

The SCM'was built from computer models and cost algorithms developed for the Waste
Management Programmatic Environmental Impact Statement. The SCM uses
parametric cost functions to develop costs for various treatment, storage, and disposal
modules, reflecting planned and existing facilities at installations. It has the capability to
model new facilities based on needed capacities over the program iife cycle.

The System Cost Model (SCM) estimates life-cycle costs for designing, constructing,
operating and decommissioning treatment, storage, and disposal facilities for low-level
waste, low-level mixed waste and transuranic waste. The SCM also estimates cost of
transporting wastes or resulting products from generator to treatment sites and from
treatment to storage sites. The user is required to provide input data on the volume and
nature of waste to be managed, the time period over which the waste is to be managed,
and the configuration of the waste management complex (i.e., where waste generated
at each installation is to be treated, stored, and disposed). The System Cost Model
then uses conceptual facility design criteria and information on the nature and quantity
of waste requiring management, to determine the type and size of new waste
management facilities required to manage the waste. The System Cost Model then
uses documented cost equations to estimate the costs of designing, constructing,
operating, and decommissioning these waste management facilities.

Studies and bench scale tests — manpower during research, equipment, installation,
project management before title 1, and contingency related to studies and bench'scale
tests

Demonstration — manpower during demonstration, design, inspection, project
management, construction (building structure, equipment, indirect), construction
management, management reserve, and contingency related to demonstration

Construction costs — design, inspection, project management, construction (building
structure, equipment, indirect), construction management, management reserve, and
contingency related to production facility construction

Operation management — conceptual design, safety assurance, permitting under the
National Environmental Policy Act, preparation for operations, and project management

Operation and maintenance — operations manpower, utilities, materials, maintenance,
and contingency related to operating and maintenance; and

Decommissioning — manpower, surveillance and maintenance, assessment and
characterization, environmental documentation review, operations, closure, and post:
closure monitoring

e Develop multipliers to determine total waste management COsts
from modeled SCM costs.

The SCM algorithms estimate direct costs associated with constructing,
operating, and decommissioning treatment, storage, and disposal facilities.
A large part of the activities required to manage waste are not included in
these direct costs (Table C.17). The Department obtained cost estimates
for these additional activities from these six installations. These cost
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estimates were translated into a percentage and used as a
multiplier on SCM costs to provide and estimate of the
total life-cycle costs for a given treatment, storage, or
disposal facility.

A simple calibration factor was used to adjust the SCM
estimates for the remainder of the Department of Energy
installations. Total volumes of low-level waste, low-level
mixed waste, and transuranic waste requiring treatment,
storage,and disposal were identified. The SCM was used
to estimate the direct costs of managing these waste
volumes. Total cost was obtained by multiplying the SCM
direct cost estimate by the average factor for non-SCM
costs at the six large installations. The ratio of the resulting
total cost estimate using SCM and the installation’s total
cost estimate was used as a calibration factor for these
smaller installations. This calibration factor was used to
estimate total costs for managing low-level waste, mixed
low-level waste, and transuranic waste in the years after
FY 2000.

C.3.2 Developing New Cost Estimating Tools

The Department developed two new cost estimating tools
for this report. One was developed to provide cost and
waste volume data for nuclear material and facility
stabilization activities. The other was developed to provide
the ability to re-schedule anticipated project starting dates
to meet funding limits or to match waste generation with
waste management capacity. Each of these tools is
described below.

Table C.17
Waste Management Activities
Not Included in System Cost
Model Algorithms

General plant projects
Corrective activities
Program control/support
Program direction

Waste minimization planning
Research and development
Agreements-in-principle

Routine surveillance and environmental
monitoring

Waste characterization

Waste shipping

Waste immobilization

Training costs

Stakeholder involvement costs
Generator service costs

Health, safety, and surveillance costs
Permitting ‘and-.compliance costs
Information management costs

New facility planning costs

Infrastructure costs/site maintenance

Other costs ‘as specified by installations
The Department used the Micro Computer Aided Cost
Estimating System to develop and revise algorithms for
estimating cost and waste volumes for nuclear material and facility
stabilization activities (Table C.18). Specific cost algorithms were
developed by reviewing walk-down
reports, proposed stabilization standards, Table C.18
and existing stabilization estimates as well Micro Computer Assisted Cost Engineering System
as interviewing headquarters and field The Micro Computer Assisted Cost Engineering System is a

representatives. Each algorithm provides
cost estimates for the four phases of nuclear

personal computer based cost estimating system developed
for the U.S.-Army Corps of Engineers and used for estimating
environmental clean-up and capital construction project costs.

material and facility stabilization: Pre- It utilizes data bases which contain environmental line items,
stabilization surveillance and maintenance, labor rates, material costs, and crew productivity rates.. All

assessment, stabilization, and post-

data bases are fully adjustable to allow the cost estimator
complete flexibility in developing the cost estimate.
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Figure C.4 The Integration Tool
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Scheduler stabilization surveillance and maintenance. The
algorithms incorporate an estimate of the specific
t types of labor, material, and equipment requirements
for each phase. Algorithms provide cost estimates
Link to System only for direct activities associated with facility
Cost Model surveillance and maintenance and stabilization.

Other costs, including those for indirect activities
and landlord, are estimated separately (see
Section C.2.1.5).

The Department developed an Integration Tool to provide the ability to re-
schedule anticipated project starting dates to meet funding limits or to
match waste generation with treatment, storage, and disposal capacity. The
integration tool was designed to assist in performing several of the steps
required to develop the Base Case Scenario for this report. The integration
tool consists of six main components (Figure C.4). The components and
their relationships are described below.

Data Base (Step 1) — The data base contains all of the input data on cost,
schedule, and waste volumes provided as inputs to the integration/
scheduling analysis. The data base is in ACCESS format.

Waste Load Accumulator/Project Scheduler (Steps 2 and 8) — The
accumulator/scheduler sums up annual cost and waste volume data over
time. The accumulator feature is used to sum the volumes of low-level
waste, low-level mixed waste, and transuranic waste to be managed at each
treatment, storage, and disposal installation. These volumes include
existing wastes as well as wastes to be generated by environmental
restoration, nuclear material and facility stabilization, and other
Environmental Management or non-Environmental Management activities.
Waste loads are directed from the installation at which they are generated
to the installation at which treatment, storage, or disposal will occur using
a pre-determined destination matrix. This matrix reflects information in
low-level mixed waste draft site treatment plans (December 1994)
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developed under the Federal Facility Compliance Act. The scheduler
feature allows the user to input revised start dates for environmental
restoration subprojects and nuclear material and facility stabilization
activities. To assist users in selecting analytical units for re-scheduling, the
scheduler displays the annual accumulated waste loads, costs, and schedule
for each analytical unit.

Treatment, Storage, and Disposal (T/S/D) Capacity Scheduler (Steps 3 and
4) — The capacity scheduler compares annual waste loads to be managed
at each designated T/S/D installation to existing and planned treatment,
storage, and disposal capacity at these installations. If wasteloads exceed
capacity, visual displays of data assist the user in dividing the excess
capacity into *“vintages” that define needed capacity for additional T/S/D
facilities. The capacity scheduler tracks the volumes and estimates pre-
treatment storage costs for waste volumes in excess of available capacity.
The capacity scheduler also displays the costs, capacity, and schedule for
existing and planned T/S/D facilities.

Linkage to System Cost Model (Step 5) — The capacity scheduler
transfers information on the volume and timing of each waste “vintage” to
the System Cost Model (SCM). The SCM estimates the life-cycle costs of
new T/S/D facilities for treatment, post-treatment storage, and disposal of
wastes in each vintage (see Table C.16). Schedule and cost for each new
facility are transferred back to the integration tool as “new” waste
management projects.

Cost Accumulator (Steps 6 and 7) — The cost accumulator aggregates cost
output from the System Cost Model (“new” waste management facilities)
with all other Environmental Management program costs to obtain a total
cost estimate over time. The aggregated costs then can be compared with
funding estimates at the installation and national levels.

Report Writer (Steps 8 and 9) — The report writer generates tables and
graphs for this report directly from the data bases in the integration tool.
This feature ensures that the results presented in this report are identical
with those specified by the integration process and represented in the
integration model data bases. Cost and schedule information can be
reported in a variety of ways, including by installation, Environmental
Management program element (e.g., environmental restoration, waste
management), project phase (e.g., assessment, remediation, operation and
maintenance), and waste type. Categories of cost also can be reported
separately (e.g., landlord, program management, program direction,
defense, non-defense).
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C.4 Performing Scheduling Analyses

The Department performed a variety of integration/scheduling analyses for
the Base Case and Alternative scenarios. This section describes the
approach used for these analyses.

C.4.1 Base Case Scenario

The Department used a 10-step process to develop the Base Case Scenario
for this report (Figure C.4). Each step is described below.

Step 1 — Input Data on Cost, Schedule, and Waste Volumes for Each
Analytical Unit

The final set of data representing the Base Case scenario was assembled

and loaded into the integration tool data bases.

Step 2 — Calculate Cost and Waste Volumes over Time

The input data for the Base Case scenario included estimates of when each
activity or subproject would start and end, annual cost during that period,
and annual waste volumes generated during that period. In this step, cost
and waste volumes were summed to develop an initial schedule for
Environmental Management activities. For low-level waste, low-level
mixed waste, and transuranic waste, volumes summed were existing legacy

®

Define New
T/S/D_* Y Ngv\alloTl;lSa/tS *
Capacity Costs Over
Needs Time
| Over Time

1 v

Input Data Calculate Compare Calculate Compare Revi Document
on Cost, Cost and Waste Total Total Cost to eview Ly Final Base
Schedule, [P  Waste Volumes to Program —> Funding i Base Case Case
and Waste Volumes T/S/D * Cost Over Levels Scenario Scenario
Volumes Over Time Capacity Time
Reschedule
Integration/
| Scheduling [4
Elements as
* Treatment/Storage/Disposal Needed

Figure C.5 Steps in Developing Base Case Scenario
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wastes, annual waste loads from environmental restoration and nuclear
material and facility stabilization activities, and annual waste loads from
other Environmental Management and non-Environmental Management
activities.

Step 3 — Compare Waste Volumes to Treatment, Storage, and
Disposal (T/S/D) Capacity
The input data for the Base Case scenario was expected to be incomplete in
terms of facilities needed to manage low-level waste, low-level mixed
waste, and transuranic waste. The next step in developing an initial life
cycle cost estimate was to compare the initial schedule for waste volumes
generated with existing and planned T/S/D facilities in the input data.
Where waste volumes did not match T/S/D capacity, either re-scheduling
of activities/subprojects or new T/S/D facilities would be necessary.

Step 4 — Define New T/S/D Needs over Time (if necessary)

Where re-scheduling of activities or subprojects would be insufficient to
meet T/S/D needs over time, estimates of new T/S/D capacity would be
required. Each T/S/D can be assumed to have limits on lifetime and
capacity. Therefore, where waste volumes were extremely large or were
predicted to be generated for several decades, T/S/D capacity needs were
partitioned manually into “vintages”. Each “vintage” represents a portion
of the waste load that can be managed at a single facility. The parameters
of each “vintage” include the 5-year period in which pre-construction
activities for the waste management facility would need to begin (e.g.,
2000-2005, 2015-2020), the number of years that the facility could accept
waste, and the annual volume of waste that could be managed at the
facility. The number, size and temporal distribution of “vintages” at a
given waste management installation depended on the distribution of waste
loads over time.

Step 5 — Calculate New T/S/D Costs over Time (if necessary)

The System Cost Model (SCM) was used to calculate the life-cycle costs
of designing, permitting, constructing, operating, and dismantling any new
T/S/D facilities that would be needed to manage the waste volumes being
generated.

Step 6 — Calculate Total Cost over Time

Annual costs for the new T/S/D facilities were added to the costs
represented in the input data to derive an estimate of the total life-cycle
Environmental Management costs and schedule.
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Step 7 — Compare Total Program Cost to Funding Levels

The initial total program cost estimate was compared to assumed annual
funding levels. Where costs exceeded or were less than funding levels, re-
scheduling of activities was necessary.

Step 8 — Re-Schedule Analytical Units Needed

Individual activities or subprojects were re-scheduled manually to more
closely match cost and funding estimates. Re-scheduling was performed
by Department of Energy staff and discussed with Headquarters program
managers. Steps 3 through 8 were repeated as necessary until total
program cost matched assumed funding levels on an annual basis within a
reasonable tolerance. This cost and schedule estimate was considered the
initial Base Case scenario.

Step 9 — Review Base Case Scenario

The initial Base Case Scenario was reviewed by program managers at
Headquarters and at field sites.

Step 10 — Document Final Base Case Scenario

The Department documented the final Base Case scenario based on
programmatic review. Cost and schedule estimates, aggregated at the
activity level, are presented in the individual site summaries presented in
Volume II of this report.

c4.1.1 Performing the Integration

The integration analysis was performed by Department of Energy staff.
The integration and scheduling analysis was aimed at smoothing projected
costs and waste generation rates to match available funding and waste
management capacities. The only “new” activities generated during this
process were treatment, storage, and disposal facilities needed to manage
low-level waste, low-level mixed waste, and transuranic waste generated
from environmental restoration and nuclear material and facility
stabilization activities. Otherwise, the analysis only moved project starting
dates for individual activities or subprojects back or forward in time.

Re-scheduling required to meet funding or waste management capacity
limitations may result in a mis-match between the schedule and funding
profiles for activities in this report and those in site Baselines or other
source documents. Therefore, Baselines and other documents in reading
rooms and elsewhere may not match up exactly with the Base Case in this
report.
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Certain general rules were used during the integration/scheduling process.
Projects underway in 1995 or scheduled to begin from 1995 to 2000 were
not re-scheduled. Projects which are governed by existing compliance
agreements were not re-scheduled unless there were no other options for
meeting funding limitations. No attempt was made to trade-off funding
between installations (i.e., the flat funding assumption was applied to each
installation).

C.4.1.2 Documentation

The Department developed a change control process for documenting all
changes in the input data and in scheduled starting dates for projects and
activities. This process included operator procedures to be used at the
beginning and end of each session to document how the operator made
changes in the data base; and data manager procedures to merge changes
made by multiple operators into a single copy of the data base and to
maintain appropriate configuration control.

C.4.1.3  Productivity and Discounting

Productivity initiatives in the Environmental Management program were
initiated in 1993. Because these initiatives are recent, there are little
historic data regarding Environmental Management productivity. For this
reason, the Department looked to other industries and government
organizations to determine typical productivity gains. These productivity
improvements were then analyzed and used to adjust out-year cost
estimates. The methodology for estimating productivity gains is described
in Appendix D.

C4.14 Limitations and Next Steps

The two most important limitations associated with performing the
scheduling analysis are the format of analytical units used for the
integration and scheduling analysis and the fact that the analysis was
Headquarters-based.

Analytical unit format — The format selected for organizing data for each
activity or subproject, while generally useful for re-scheduling, created
some difficulties when large blocks of cost or waste volumes were
involved because annual costs could not be reduced by “stretching”
individual portions of projects. In reality, many large activities could be
speeded up or slowed down to match available funding. For future reports,
the Department will work to develop a more flexible format.

Headquarters-based integration — The time and resource constraints for
developing this report precluded the direct involvement of field staff in the
scheduling analysis. Although field staff reviewed the results, more direct
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input would be preferable. As integrated planning at the installation level
improves, future reports should involve a more field-based scheduling
analyses.

C.4.2 Alternative Scenarios

The Base Case scenario incorporates a broad range of assumptions
regarding the eventual outcomes of various decision-making processes that
will determine the solutions applied to problems and the ultimate end states
for Department of Energy facilities. The final cost and schedule for the
Environmental Management program will depend considerably on
decisions reached through processes specified in the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), the
National Environmental Policy Act (NEPA), and other environmental laws.
It is important to understand which decisions are likely to affect life-cycle
cost and schedule significantly as well as the potential magnitude of these
effects. Preliminary analyses suggested that four general categories of
decisions have the potential to affect significantly the life-cycle cost and
schedule for the Environmental Management program (Table C.19).

C.4.2.1 General Approach

The primary tools available for developing the Base Case scenario are
inadequate for evaluating Alternative scenarios (e.g., Baselines and other
bottom-up estimation techniques are not easily re-done with alternate
assumptions). Ongoing processes such as negotiations over siting of waste
management facilities under the Federal Facility Compliance Act are not
examining the Environmental Management program as a whole or ina
fully integrated fashion. Therefore, the Department needed to develop an
alternate approach for examining the cost consequences of broad policy
decisions.

Table C.19
Types of Decisions Likely to Aftect Environmental
Management Life Cycle Costs

Land Use — What ultimate uses should be permitted for currently contaminated lands
and waters at each installation?

Funding and Schedule — How much money should be spent on Environmental
Management activities and how rapidly should this money be spent?

Technology Development — What types of new technologies should be mtroduced and
when should they be implemented? .

Waste Management Configuration — At what mstallatzons thl treatment, storage, and
disposal of wastes occur? . . o
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With some modifications, the 10-step process used to develop the Base
Case scenario (see Figure C.5) also was used to develop Alternative
scenarios. The modifications generally consisted of either changing input
data at the start of the process or assumptions at specific steps during the
process.

C.4.2.2 Land Use

To provide an understanding of the range of costs associated with land use
decisions, the Department developed two alternative land use scenarios.
The modified removal case assumed that land use decistons would result in
use of more active remediation technologies than assumed for the Base
Case. This generally means that the remediation strategy would be
designed to allow people to use these resources for any alternative
purposes, including subsistence farming. The modified containment case
assumed that land use decisions would result in use of more containment
technologies than assumed for the Base Case. This generally means that
institutional controls would be used to prohibit access to contaminated land
or use of contaminated water indefinitely.

In order to add a measure of realism to the analyses, the more containment
and more active remediation scenarios did not represent extreme, “pure”
restricted or unrestricted land uses (i.e., the more active remediation
scenario does not assume that the entire complex will be released for
unrestricted use). Some Base Case land use (remedial technology)
assumptions were unchanged, or in other words, “fixed” for the purposes
of these analysis. Land use assumptions were fixed in these cases:

*  Where a Record of Decision, contractual agreement or other
legally binding decision document has been signed (such as Cor-
rective Measures under RCRA or specific conditions in a Consent
Order);

*  Where the Department has ongoing or planned waste disposal
activities (e.g., 200 Areas at Hanford);

*  Where an installation is not owned by the Department of Energy
and a contractual agreement dictates cleanup standards or future
land use;

*  Where the Department of Energy has promised to release an
installation for specific uses (e.g., the Pinellas installation for
industrial use); and

*  Where remediation is not technologically possible.
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The Department used the Automated Remedial Assessment Methodology
(ARAM) to develop cost and waste volume estimates for environmental
restoration activities under the two alternative land use scenarios. ARAM
uses a technology selection logic to evaluate potential remedial
technologies and select a most likely technology under each land use
scenario (Table C.20). ARAM generally selects technologies that result in
in situ (in-place) destruction or treatment of contaminants over excavation
due to lower cost and worker risk. When in situ destruction is not
technically feasible (e.g., for radionuclides or metals), ARAM technology
selection varies for the two land use alternative. Leaving contaminants in
place generally is incompatible for unrestricted land use, and therefore
ARAM generally selects technologies that result in removal of
contaminants for off-site treatment and disposal. Thus, the modified

Table C.20
Technology Selection Preferences for Unrestricted and Restricted Land Use Scenarios

Soil, Buried Waste, Ground Water, Surface Water
Unrestricted Land Use Restricted Land Use

« |n situ destructive technologies (thermal and ¢ In'situ technologies are the first choice
nonthermal) are the first choice because they reduce
concentration and/or inventory; leaving a monolith in
place (e.g., in situ vitrification) is acceptable

» Containment is preferred over in situ treatment when
risk targets can be achieved

+ Containment and in situ technologies that do not * Exsitu treatment is a last resort
remove or destroy contaminanis (e.g., caps, barriers,
ground water access controls) are precluded because
it is assumed that the Department cannot provide
institutional control and long-term maintenance

« Ex situ excavation, treatment, and disposal generally
are selected

Liquid Containment Structures, Buildings

Unrestricted Land Use Restricted Land Use

* All petroleum tanks are removed * All petroleum tanks are removed

« All'above-ground tanks are removed for safety

« All buildings, tanks, and other structures are cleaned
reasons

and demolished for public safety
« Underground tanks are cleaned, filled with gravel,

«- All contaminated rubble/debris is removed (cost of
and capped

storage and/or disposal is included in waste
management activities) « For all buildings, major equipemtn is removed, minimal
decontamination (washing, blasting, scabbling) is

« Clean rubble/debris is buried on site with additional fill bl 1Y)
performed, and the buildings are left standing in place

to restore the site grade/contour
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removal scenario included more removal technologies. In contrast, ARAM
generally selects technologies that focus on containment rather than
removal of contaminants for the restricted land use case. Thus, the
modified containment scenario included more containment technologies.

Part of the ARAM calibration effort involved linking individual release
sites in the ARAM data base to individual environmental restoration
subprojects. This allowed the Department to aggregate revised cost and
waste volume estimates (from ARAM) for the two land use cases at the
subproject level for input to the integration tool. In essence, a replacement
set of input data for environmental restoration activities was prepared for
each of the two land use cases. These alternate data sets were input into
the integration tool, and the integration and scheduling analysis was
performed as outlined in Section C.4.1.2.

C.4.23 Scheduling

To provide an understanding of the range of costs associated with how
future Environmental Management activities might be scheduled, the
Department developed two alternative scheduling scenarios. For this
analysis, input data for the Base Case remained unchanged, and different
assumptions were used for the two alternative scheduling scenarios.

The first case accelerated stabilization, assumes that facility stabilization
projects are accelerated to reduce surveillance and maintenance costs in the
long term. Specifically, the assumed duration of pre-stabilization
surveillance and maintenance was reduced from ten years to one year, and
decommissioning was assumed to follow directly after stabilization (i.e.,
post-stabilization surveillance and maintenance was eliminated). Annual
cost during the early years of the program thus increased, but total
surveillance and maintenance costs decreased.

As a supplement to this case, the Department developed three case studies
to indicate potential cost savings from accelerating some high-cost
environmental restoration projects in order to complete all activities at an
installation more quickly and thus minimize landlord costs. These case
studies are for Rocky Flats, K-25, and Fernald.

The second case assumed minimal action in performing the following
Environmental Management activities: restoration, decommissioning, and
treatment and disposal of low-level, low-level mixed, and transuranic
waste. Specifically, this case assumed that the program would focus on
completing treatment and disposal of high-level waste and spent nuclear
fuel and placing surplus facilities into a safe condition (i.e., facility
stabilization), with no subsequent decommissioning. Existing volumes of
low-level, low-level mixed, and transuranic waste would remain in storage,
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and no environmental restoration activities would be performed unless
specified in compliance agreements. Assumed pace thus would decrease
during the early years of the Environmental Management program, with
surveillance and maintenance activities continuing indefinitely.

For both alternative scheduling scenarios, the integration and scheduling
analysis was performed as outlined in Section C.4.1.2.

C.4.2.4 Technology Development

This analysis focused on the savings potential from activities directly
related to remediation, waste treatment and waste disposal costs and does
not address costs associated with safeguarding plutonium, maintaining site
infrastructure, program management, landlord, and long term surveillance
and monitoring. Cost savings may be realized directly through decreased
unit costs for remediation or indirectly through decreased waste generation
(and subsequent management and disposal costs) as a result of applying
these alternative technologies.

The Department analyzed the currently available remediation technology
strategies assumed to be used for the more active remediation land use
scenario to identify high payoff alternative technologies/systems.
Technical Focus Area groups recommended improved, alternative
strategies to replace the current strategies identified in the cost models.
Unit costs of the alternative technology systems were developed to show
cost savings compared with currently available technology systems. Based
on this comparison, the Department calculated percentage savings and
percentage impacts on waste volumes generated during the activity. These
same technologies were used to analyze potential savings for both the Base
Case and the more active remediation land use scenarios.

Identifying High-cost Technologies — The Department identified the set of
technologies assumed for the more active remediation land use scenario
using information from the Automated Remediation Assessment
Methodology (ARAM) and the System Cost Model (SCM). ARAM was
used to estimate cost and waste volumes associated with environmental
restoration activities for the alternative land use scenarios. The SCM was
used to estimate construction and operation costs for low-level mixed
waste treatment and disposal facilities for all analyses presented in this
report.

Identifying Alternative Technologies — The Technical Focus Area groups
used the remediation strategies assumed for the more active remediation
land use scenario to determine the appropriate alternative remediation/
treatment technology or system with the potential for greatest cost savings.
After selecting an alternative remediation/treatment strategy, the Technical
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Focus Area groups described the operations in the process and determined
which operations were likely to be deleted from or added to the
remediation/treatment scenario. Process flow diagrams for the alternative
strategies were developed to graphically illustrate the differences from the
baseline. The cost savings from the use of alternative technologies/systems
compared to the use of current technologies was estimated. The
implementation time frame for the alternative strategy, an important aspect
of this analysis, was also identified. Performance attributes were
documented to determine the reliability and/or the degree of effectiveness
of the alternative strategy for the relative contaminants.

The assumptions and operational impacts of using alternative technology
systems were coordinated with the activities and requirements of
environmental restoration and waste management activities. This
coordination was important in resolving issues concerning the applicability
of the new technologies, further defining the site geological conditions, and
evaluating the overall treatment effectiveness. These discussions
addressed shortcomings and limitations of the new technologies and any
potential objections by stakeholders and the general public.

Estimating Unit Costs — The Technical Focus Area groups developed unit
costs for alternative technologies to compare with unit costs in the cost
models. The potential cost savings were based on a percentage of costs
saved or on the percentage of waste volume reduced as a result of utilizing
the alternative strategy. Industry information and technology
demonstration cost and performance data provided the basis for unit costs
of new and innovative, alternative remediation/treatment technology
systems.

Estimating the Potential Cost Savings on Total Program Cost — A two-
part process was used to estimate potential cost savings. The total cost for
remediation and treatment using current strategies, was bounded at the low
end by Base Case assumptions on land use and at the high end by the more
active remediation land use scenario. The estimated total cost savings were
reduced to allow for uncertainties in the technical applicability of a new
technology to the specific characteristics of a project; regulatory and/or
stakeholder acceptance of a new technology; and the cost of implementing
a new technology. The technology systems examined for the Base Case
assumptions included a plasma arc melter for mixed waste; efficient
separation technology systems for high-level waste; in situ remediation
technologies that avoid disposal costs; in-place soil and ground water
remediation technologies; and facilities decommissioning. The more
active remediation land use scenario included the suite of technology
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systems identified for the Base Case plus additional remediation
technology systems for buried waste problem areas. The following
assumptions were used to implement this analysis:

«  Environmental restoration technology data of Remedial Investiga-
tion/Feasibility Study (RI/FS) quality were not required in order to
propose alternative remediation technology systems;

»  Fully validated cost and performance data are limited for new
technology systems; and

e Information on level of contaminants and geological/environmental
conditions are limited.

e Only costs directly related to remediation, waste treatment and
waste storage activities were evaluated. Program management,
program direction and landlord costs were excluded.

*+  No escalation or discounting was included.

C.4.25 Waste Management Configuration

The Department of Energy has several strategic planning initiatives to
determine the future configurations for storing, treating and disposing of
wastes. These initiatives include the site treatment plans under the Federal
Facility Compliance Act, the Waste Management Programmatic
Environmental Impact Statement, and the National Spent Nuclear Fuel
Programmatic Environmental Impact Statement. Each of these initiatives
are aimed at providing decisions for where in the Department of Energy
system wastes will be stored, treated or disposed (i.e., waste management
configuration). The waste management configuration assumed in the Base
Case was based on these current planning efforts. Cost estimates for
alternative treatment and disposal configurations have been developed for
the Waste Management Programmatic Environmental Impact Statement.
Alternative configurations range from a centralized configuration, where
most of the waste is treated at centralized facilities, to a decentralized
configuration, where waste is treated at each generator site. A range of
representative costs based on these alternative assumptions were provided
for use in this report.

C.4.2.6 Limitations and Next Steps

The limitations associated with developing Alternative Scenarios depend
on the particular analysis.

Land use — The primary limitations are the inability to evaluate other land
use options (e.g., commercial/industrial, Native American) and the lack of
maps dividing each installation into geographic sectors and identifying the
future land uses still being considered for each sector. The Automated
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Remedial Assessment Methodology (ARAM) could be improved to
include a broader range of land use options. The Department will
determine whether such an improvement is desirable for subsequent
reports. As the future land use initiative continues, the Department expects
stakeholders to begin identifying preferred land use options for each
installation. Eventually, such preferences could be indicated on maps.
Future reports will reflect progress toward this goal. A more general
limitation is the lack of high-quality information on remedial options and
their cost consequences at the installation level. The ARAM algorithms
provide an estimate of the cost consequences of land use decisions from a
nationwide perspective, but by necessity incorporate generalized and
simplified calculations. Much more detailed site-specific information
would be required to determine the actual cost of achieving various land
use options at a given installation.

Scheduling strategy — The primary limitation is the lack of consensus on
how to prioritize Environmental Management activities based on funding
limits. The scenario represented in this analysis is based primarily on cost,
and does not take include many other factors (e.g., risk) that normally
would be considered in setting priorities. The Department will determine
whether future reports would benefit from more specific alternate
schedules.

Technology development — Analyses in subsequent reports will be refined
by evaluating field data describing the clean-up strategy and cost for
individual projects, analyzing geological information and descriptions of
contaminants, and selecting specific alternative clean-up strategies that
would reasonably apply. These more detailed analyses will then be
aggregated to yield refined estimates of potential cost savings.

Waste management configuration — While a centralized approach may
offer the lowest cost option, other considerations need to be assessed, such
as transportation and environmental impacts, worker risk, and public risk.
These will be examined as part of the Waste Management Programmatic
Environmental Impact Statement and the Spent Nuclear Fuel
Programmatic Environmental Impact Statement. This will form the basis
for the Department of Energy and states to negotiate a configuration that is
both cost effective and acceptable to stakeholders near the Department of
Energy installations. Stakeholder input to the decision-making process is
viewed by the Department as vital to determining a cost effective and
equitable configuration for waste management facilities. Future reports
will reflect progress toward this final decision.
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C.5 Developing Documentation

The Department prepared this report to summarize the background for this
effort, methods used to develop life cycle estimates for the Base Case and
alternative scenarios, and results of the analyses. The report was prepared
by Headquarters staff and reviewed throughout Headquarters.

The Department also prepared individual reports for each installation
(Volume II). These include background information about the installation,
description of the problems being addressed by the Environmental
Management program, and descriptions of the types of remedies assumed
to be used for each problem. Results of the Base Case analysis also are
reported by Environmental Management program element, activity level,
and cost category. Headquarters activities are reported in a separate
installation summary. Installation summaries were reviewed throughout
Headquarters and the field.

C.6 Peer Review and Stakeholder Involvement

One of the key objectives for this report is for its cost and schedule
estimates to be clear and understandable. Congress also set forth a
requirement in the FY 1994 National Defense Authorization Act for the
Department to provide for stakeholder involvement in preparation of this
report. To help ensure that this report met these obligations, the
Department established a process for informing stakeholders about this
report and its preparation, providing some stakeholder input in its
preparation, and obtaining peer review of the process and tools used to
prepare the total program cost and schedule estimates. Both of these
efforts were challenging due to the magnitude of effort required and
limited time available to assemble data, perform the integration/scheduling
analysis, and document the process and results in this report. Moreover,
many of the methodologies, approaches, and data sets necessary to
complete this report were actively being revised in January through March
of 1995. Nonetheless, the Department considers external peer review and
stakeholder involvement critical to the credibility of cost and schedule
estimates presented in this and all subsequent reports.

C.6.1 Peer Review Process

The peer review process included two key elements: a technical review of
key tools used to provide cost and schedule estimates, and an
administrative review of the process used to develop this report. The
objective of the technical review was to determine whether cost and
schedule estimates were comprehensive and objective, given the
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uncertainties involved. The objective of the administrative review was to
determine whether the process used to develop this report was adequate
and reasonable, given the magnitude of the task and limited time available.

Technical Review — The Department obtained external peer review of the
three key calculation tools used to develop this report: the Automated
Remedial Assessment Methodology (ARAM) used for environmental
restoration costs; the System Cost Model (SCM) used for waste
management costs; and the integration tool used for the integration and
scheduling effort. The general approach used for each peer review was to
provide reviewers with all pertinent background documents (e.g., reports,
manuals) and to hold a 1-2 day meeting where the developers and
reviewers could discuss the tools in detail.

Two independent peer reviews of ARAM were conducted. Experts in
remedial technology conducted a general review of the logic diagrams used
to select remedial technologies and the unit cost estimates in ARAM.
Experts in nuclear facility decommissioning reviewed all parts of the
ARAM model relating to these activities. Experts in low-level, low-level
mixed, and transuranic waste treatment, storage, and disposal reviewed
SCM algorithms for the Waste Management Programmatic Environmental
Impact Statement. Experts in developing complex models reviewed the
approach used to develop the tool, the algorithms used in the tool, and the
interfaces and reports generated to assist the users.

Administrative Review — The Department is in the process of obtaining
external review of the administrative process used to develop this report.
The review is being conducted by fellows of the National Academy of
Public Administration (NAPA) and experts (identified by NAPA) in
administrative tasks of similar magnitude and scope. The Department
provided reviewers with all pertinent background documents (e.g., reports,
manuals) and a review draft of the report. NAPA staff also interviewed
key individuals involved in preparing this report both at Headquarters and
the field. The peer review panel was briefed by project staff members.

C.6.2 Stakeholder Involvement Process

The Department divided responsibility for stakeholder involvement
between Headquarters and field offices. Field offices were responsible for
ensuring that the views of stakeholders were accurately reflected in the
Base Case scenarios provided as input data. Processes such as negotiations
leading to compliance agreements, environmental impact statements under
the National Environmental Policy Act, and Records of Decision (RODs)
under the Comprehensive Environmental Response, Compensation, and
Liability Act require stakeholder input into final decisions reached by the
Department of Energy and regulatory agencies. Input data from

installations include remedial actions and timetables laid out in existing
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agreements such as RODs and compliance agreements. In addition, the
primary source of input data for environmental restoration activities,
Environmental Management Baselines, are available in public reading
rooms at each installation. Where such agreements do not exist (e.g., for
future activities), installations used the recent history of such agreements to
predict the likely outcome of future decision-making processes.

Department of Energy Headquarters was responsible for stakeholder
involvement at a more national level. Information on the requirements,
assumptions for, schedule for, and preliminary results of this report was
provided to stakeholders at several meetings (Table C-21). Minutes of
each meeting, including commitments by the Department to incorporate
specific stakeholder comments, were prepared and distributed to all
attendees. While these meetings were primarily informational, the
Department did incorporate specific stakeholder suggestions in this report
to the fullest extent possible.

C.6.3 Limitations and Next Steps

The timing of the peer review process and stakeholder meetings, coupled
with the limited time available to prepare this report, made it difficult for
the Department to respond to all suggestions or criticisms raised by
reviewers and stakeholders. In many cases, for example, existing tools did
not allow the Department to perform specific analyses or to perform a
given analysis differently. Many comments, therefore, must be addressed
in future reports. Individual installations will get more detailed stakeholder
involvement in the assumptions process. The Department currently is
working on a process to produce integrated teams at sites that will include
stakeholders.

Table C.21
Stakeholder Meetings

April 18, 1994 — The Department held a kick-off meeting with stakeholders in
Washington, D.C.

April 1994 to February 1995 — The Department held meetings and briefings with
Office of Management and Budget and Congressional staff in Washington, D.C.

October 28, 1994 — The Department met with members of the Environmental
Management Advisory Board in Washington, D.C.

November 30, 1994 — The Department met with members of the Western Governor’s
Association in Las Vegas, Nevada

December 1-2, 1994 — The Department met with representatives of the National
Governor's Association and other stakeholder groups in‘Salt Lake: City, Utah

February 2, 1995 -— The Department met with members of the Environmental
Management Advisory Board in Washington, D.C.

February 14-15,.1995 — The Department met with members of installation Site
Specific Advisory Boards in Washington, D.C.
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APPENDIX D
Effects of Productivity and
Discounting on the Base Case

D.1 Incorporating Productivity into the Base Case

Several initiatives within the Environmental Management program are
geared towards increasing worker productivity to reduce costs. Short-term
initiatives are aimed at reducing indirect and overhead costs, contract
reform, privatization, and streamlining. Through these initiatives,
Environmental Management intends to cut costs 20 percent by FY 2000.
Studies internal and external to the Department of Energy indicate that this
goal is reasonable.

Longer term cost savings initiatives are aimed at developing and adopting
new, cost-effective technologies and worker learning. Historical data from
government agencies and private firms indicate that worker productivity
should increase at an annual rate of 1-2 percent in the longer term. This
section provides examples of Environmental Management’s efforts to
increase productivity, estimates the potential savings achievable through
them, and shows their impact on the Baseline Report cost estimate.

D.1.1 Description of Environmental Management
Productivity Initiatives

The Environmental Management program has set a goal of cutting costs
20 percent by FY 2000 with no decrease in work scope. Through annual
performance plans and the FTE Bid Process Implementation Plans,
Operations Office have outlined how they will meet these productivity
improvement goals. Operations Offices have identified nearly $300 million
in productivity savings that they intend to achieve in FY 1995. The
Department of Energy will hold Operations Offices responsible for
achieving their goals at the end of the fiscal year. Although FY 1994
savings were not tracked formally, preliminary estimates suggest that
Environmental Management saved about $60 million through working
smarter and being more productive in that year. A major contributor to
these savings was the implementation of a waste minimization program at
the Savannah River Site that reduced costs by more than $20 million in
FY 1994 alone.

Environmental Management also has implemented plans to improve
performance through improved contractor oversight under the belief that
contractors will perform better if Environmental Management takes past
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performance into account when making budgetary and policy decisions.
Toward this end, Environmental Management has begun performing
contractor assessments, in particular, the Cost Quality Management
Assessments. Environmental Management performed these performance
assessments in FY 1992 and FY 1994. These assessments provide
Operations Offices with ideas on how to improve productivity and an
incentive to improve (i.e., fact that their performance is being monitored
and evaluated). By holding contractors accountable for their performance
and incorporating it into decision making, Environmental Management is
becoming a more demanding customer.

D.1.2 Short-Term Productivity Savings

To estimate the savings the Department could achieve through short-term
initiatives aimed at reducing indirect and overhead costs, contract reform,
privatization, and streamlining, Environmental Management reviewed
internal and external studies. Internal studies indicate that there is room for
productivity improvement in the program. External studies indicate that
initiatives similar to those Environmental Management is implementing
have the potential to spur productivity gains.

After years of neglecting environmental issues due to the need to produce
weapons for the Cold War, the Department initiated an Environmental
Management program. As the program developed, the emphasis was on
establishing a program quickly rather than doing so in a cost-effective
manner. This lack of emphasis on cost effectiveness has resulted in
practices like multiple layers of contracting, inappropriate contracting
mechanisms, and insufficient Government oversight. Stories analogous to
the $500 hammers abound.

A study performed for the Department by Independent Project Analysis in
November 1993 provides a quantitative estimate of cost-saving
opportunities. It states that environmental restoration projects cost

32 percent more than those of their private counterparts and 15 percent
more than comparable projects in other Government agencies.' This
indicates that there is room for increasing Environmental Management
efficiency.

Even before the results of this study were known, Environmental
Management had initiated programs to reduce costs by increasing worker
productivity. Contracting reform is a major part of this program. Because
most of the Environmental Management program is contracted out,
contract reform offers large cost saving opportunities. This is particularly

1 Independent Project Analysis, Inc. The Department of Energy Office of Environmental
Restoration and Waste Management Project Performance Study, (Reston, VA, 1993).
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true because a large portion of Environmental Management cost is not for
exotic waste management and cleanup technologies, but for everyday
goods and services (training, security services, personnel and human
resource departments, and maintenance).

External studies on contracting also support the idea that increased
competition stemming from contracting reform and improved oversight
can reduce the Department’s costs. Former Defense Secretary McNamara
testified before the House Committee on Armed Services in 1965 that the
introduction of competitive procurement into Department of Defense
contracts resulted in an average savings of 25 percent to the government.?
Also, a recent study of the Postal Service found that third-class mail costs
would be 26 percent less expensive if the Postal Service operated in more
competitive markets.® External literature indicates that cost savings from
improved management and contracting reform can be substantial.

A goal of 20 percent cost savings by FY 2000 is realistic and achievable.
Achieving this goal and sustaining these savings over the life cycle of the
program will reduce the life-cycle cost of the program from $350 billion to
$281 billion, a savings of $69 billion over the life cycle of the program.

D.1.3 Longer Term Productivity Savings

In the long term, the Environmental Management program has the potential
to realize significant cost savings through worker learning and the
application of new technologies. Learning theory indicates that the
repeated use of similar technologies and production techniques provides
laborers the opportunity to master the appropriate skills, and supervisors
the opportunity to adapt their management strategies to the technology. It
also allows all workers the chance to suggest cost-saving process
modifications, for example, those geared at waste minimization. These
improvements increase productivity over time. The application of new,
more efficient technologies can also lead to significant cost savings.

The Base Case assumes that Environmental Management productivity will
increase, after FY 2000, at a rate similar to other Federal agencies. The
mean annual productivity growth rate for Federal agencies is
approximately 1 percent for the period from 1967 to 1992.% In the base
case, the life-cycle cost of the program is $230 billion.

2 U.S. House of Representatives. Armed Services Committee. Military Posture and
H.R. 4016,” hearings, February-March, 1965. 433-439.

3 Lenard, Thomas. 1994. “The Efficiency Costs of the Postal Monopoly: The Case of
Third-Class Mail.” Journal of Regulatory Economics, 6:421-432.
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Because productivity growth is hard to forecast precisely, Environmental
Management also estimated the life-cycle cost of the program assuming
two other productivity growth rates: O percent and 2 percent. The first
alternative assumes that Environmental Management’s long-term
productivity initiatives are unsuccessful. In this case, the life cycle of the
program is $281 billion.

The second assumes that Environmental Management’s growth rate is
similar to that of private firms.® There are several reasons to believe that
Environmental Management’s productivity would increase similarly to that
of private firms. First, Environmental Management spends more of its
budget—about five percent—on technology development than other
agencies. Second, more than 90 percent of Environmental Management’s
work is performed by private contractors.® In this case, the life-cycle cost
of the program will be $200 billion.

As can be seen from the cost differentials between the cases assuming
different rates of improvement, incrementally increasing productivity in the
long term has the potential to reduce life-cycle costs by more than

25 percent. Improving worker productivity is a key to keeping the cost of
the program under control.

D.2 Effects of Discounting on the Baseline

Discounting converts a stream of costs incurred over time to a single
present value. The process of discounting does not affect the size of the
appropriations necessary to pay for the Environmental Management
program, it simply describes how this stream of costs is valued. This
section discusses the method used to discount the life-cycle costs of the
Environmental Management program.

4 Bureau of Labor Statistics. Productivity Measures and Selected Industries and
Government Services. March 1994 productivity growth rates: 0 percent and 2 percent. The
first alternative assumes that Environmental Management’s long term productivity
initiatives are unsuccesstul. In this case, the life-cycle cost of the program is $273 billion.

5 American Productivity and Quality Center. Multiple Input Productivity Indexes.
December 1988.

6 National Science Foundation, Selected Data on Federal Funds for Research and
Development: Fiscal Years 1992, 1993, and 1994, NSF 94-311 (Arlington, VA, 1994);
Clinton, Bill, Budget of the United States Government: Fiscal Year 1994, April 8, 1993,
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The most important step in determining a present value is finding a proper
discount rate. The discount rate is the premium, expressed as a percentage,
that makes a person indifferent between receiving a dollar today and
receiving a dollar plus the premium next year. Because it is hard to
precisely determine the appropriate rate, the Department found the present
value using more than one. For the Baseline Report, discount rates of

3 percent and 7 percent were used to determine the present value of the
program.

Three percent is a rate similar to those used by the U.S. Environmental
Protection Agency. It is also similar to the social rate of time preference.
The Office of Management and Budget recommends using a discount rate
of 7 percent. This rate is the average real rate of return on private
investment. The reason for using this rate is the belief that government
expenditures crowd out private sector investments. Because consumption
and investment are both opportunity costs of funds spent on the
Environmental Management program, these rates bound the true rate.

The next step in discounting a stream of costs is calculating of present
value. The following formula is typically used to determine the present
value of a stream of costs:

Present Value = S[(AnnualCosts)/(1+1)]0n = Fiscal Year 1995
i = Annual discount rate (3 or 7 percent)

Annual cost is in constant dollars.

Since the Baseline Report database only provides post-year 2000 costs in
5-year periods, it was assumed that annual costs were the same for each
year within the 5-year time frame. The assumption allows the use of the
above formula in calculating the present value of the Environmental
Management program. Using a 3 percent discount rate, the present value of
Environmental Management life-cycle cost is $136 billion. With a

7 percent discount rate, the present value is $84 billion. This implies that
the Government is indifferent between paying $84-$136 billion in FY 1995
for the program or paying the life-cycle stream of costs outlined in the
Base Case.
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APPENDIX E
Department of Energy Reading Rooms

Maria Hall

Morgantown Energy Techology Center
U.S. Department of Energy Library
3610 Collins Ferry Road

P. O. Box 880

Morgantown, WV 26507-0880

Library/Reading Room

U.S. Department of Energy

Dallas Support Office

1440 W. Mockingbird Lane, Suite 305
Dallas, TX 75247

Library/Reading Room
U.S. Department of Energy
Niper Library

220 North Virginia Avenue
Bartlesville, OK 74003

Library/Reading Room
Boston Support Office
ATTN: Hugh Saussy, Director
I Congress Street

Boston, MA 02114-2021

Library/Reading Room

U.S. Department of Energy

Southeastern Power Administration
Samuel Elberton Building, Public Square
Elberton, GA 30635

Library/Reading Room
U.S. Department of Energy
Public Reading Room
Mailstop H2-53

P. O. Box 999

Richland, WA 99352

Library/Reading Room

U.S. Department of Energy
Nevada

2753 S. Highland Drive
Las Vegas, NV 89193-8518

Library/Reading Room

U.S. Department of Energy
Morgantown Energy Technology
Center Library

3610 Collins Ferry Road
Morgantown, WV 26507

Library/Reading Room
U.S. Department of Energy
Grand Junction Area Office
P. O. Box 2567

Grand Junction, CO 81503

Library/Reading Room

U.S. Department of Energy
Philadelphia Support Office

18th & John F. Kennedy, Jr. Blvd.
Philadelphia, PA 19102

Library/Reading Room
Idaho National Engineering
Laboratory

Pocatello Office

1651 Alvin Rickin Drive
Pocatello, ID 83201

Library/Reading Room
U.S. Department of Energy
Oakland Field Office
Wells Fargo Building

1333 Broadway

Oakland, CA 94612

Library/Reading Room
U.S. Department of Energy
Oak Ridge Field Office

200 Administration Road
Oak Ridge, TN 37831

Library/Reading Room
U.S. Department of Energy
Idaho Field Office

1776 Science Center Drive
Idaho Falls, ID 83415
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Library/Reading Room
U.S. Department of Energy
Chicago Field Office

9800 South Cass Avenue
Argonne, IL. 60439

Library/Reading Room

U.S. Department of Energy
Albuquerque

National Atomic Museum

P. O. Box 5400

Albuquerque, NM 87185-5400

Library/Reading Room
Cochran Mill Road, Building 95
P. O. Box 10940

Pittsburgh, PA 15236-0940

Public Reading Room

U.S. Department of Energy
Rocky Flats Public Reading
Room

Front Range Community College
Library

3645 West 112th Avenue
Westminister, CO 80030

Library/Reading Room
Department of Energy—Amarillo
P. O. Box 30030

Amarillo, TX 79120-0030

Library/Reading Room

U.S. Department of Energy
Forrestal Bldg., Room 1E-190
1000 Independence Avenue, S.W.
Washington, DC 20585

U.S. Department of Energy
Reading Room

Amarillo College

Lynn Library/Learning Center
2201 Washington Street
Amarillo, TX 79178

U.S. Department of Energy
Reading Room

Carson Ccounty Library

P. O. Box 339, Main Street
Panhandle, TX 79068

National Atomic Museum Building
Kirtland Air Force Base

U.S. Department of Energy

Public Reading Room

P. O. Box 5400

Albuquerque, NM 87185-5400




