
Appendix C

Costs of Environmental Restoration at the
Department of Energy Nuclear Weapons Complex

INTRODUCTION
Much attention has been devoted to budgetary matters

of late, with the Department of Energy (DOE) environ-
mental restoration budget being no exception. The
prospect of a long-term environmental cleanup at the
Nuclear Weapons Complex, given the experience of
Superfund cost inflation, raises serious concerns about
funding requirements. Because of DOE’s lengthy budget-
ary process, costs must be projected years into the future.
With weapons production and engineering construction
projects, cost estimators are usually dealing with known
technologies and well-defiied specifications. With envi-
ronmental remediation, however, technologies and speci-
fications are much less well-defined. The art of environ-
mental cost estimating is just now leaving its infancy.

Initial estimates have been made by DOE for its
environmental restoration program, but the validity of
these estimates has been widely debated. The uncertainty
regarding environmental cost estimates may necessitate
some divergence from the traditional defense budget
allocation process. At the same time, some efforts are
needed to reduce the uncertainty.

This appendix examines DOE’s environmental restora-
tion cost estimates in an attempt to get a clearer picture of
the uncertainties involved. The aim of this analysis is to
determine the mechanisms by which DOE estimates
environmental restoration costs, to examine the diver-
gence between those estimates and actual costs incurred,
and to assess the implications of those findings for
policymakers.

The process of environmental restoration is in the very
early stages of a long-term (at least 30-year) process. Cost
estimates for such a project are bound to have a large
margin of error. Nevertheless, important decisions are
based on them. The experience on which existing DOE
estimates are based is very limited. Most environmental
restoration (ER) projects are only at the stage of site
characterization, a process that can vary considerably
from site to site. Some remediation work, however, has
been undertaken at DOE facilities. To shed some light
both on DOE’s estimation track record and on the
potential for current estimates to vary, these remediation
projects were examined in detail.

REMEDIATION PROJECTS FOR
WHICH COSTS HAVE BEEN

ANALYZED

The Office of Technology Assessment (OTA) identi-
fied a list of remediation projects at Nuclear Weapons
Complex facilities for which estimated and actual cost
data would be requested. Because of the limited number
of remediation projects that have been completed in the
recent past, the list was short. In drawing up the list,
projects were chosen according to the following criteria:

1.

2.

3.

4.

Work on the project was completed or underway as
of FY 1990.

The work planned represented typical remediation
activity, in terms of the work breakdown elements,
that may be expected to occur in remedial action at
any industrial site.
The work, for the most part, was carried out under
the environmental restoration portion of the Five-
Year Plan, in most cases excluding decontamination
and decommissioning (D&D) projects (in several
instances, D&D and corrective action projects were
included because they were very similar to ER-type
projects and because few ER projects had been
completed or initiated).

The list was confined to remedial activities as
described above, to the exclusion of remedial
investigation/feasibility study (RI/FS) work.

The list of projects was drawn primarily from informa-
tion in the 1989 Five-Year Plan and the attendant activity
data sheets (ADSs) and supplemented by discussions with
DOE. Remedial activities completed or underway were
identified at nine facilities: The Feed Materials Produc-
tion Center (Femald), the Hanford Reservation, the Idaho
National Engineering Laboratory (lNEL), the Kansas
City Plant, the Lawrence Livermore National Laboratory
(LLNL), the Oak Ridge National Laboratory (ORNL), the
Oak Ridge Y-12 Plant, the Pinellas Plant, and the
Savannah River Site. OTA was unable to obtain any
information indicating that other remedial activities had
been completed in the recent past. For projects that have
not been completed, actual cost data were requested for
the portion of the project completed as of the end of 1989.
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Projects at those sites for which cost data were requested
are as follows:

Fernald

. Groundwater monitoring well installation
● pumping of contaminated groundwater

Hanford Reservation

●

●

●

●

A-29 Ditch interim remediation (interim activity
deemed irrelevant to study; no cost estimate avail-
able on final closure)
B-Pond interim stabilization (interim activity
deemed irrelevant to study; no cost estimate avail-
able on final closure)
183-H solar basins decontamination and decom-
missioning
Groundwater monitoring well installation (only
some costs provided)

Idaho National Engineering Laboratory

. Idaho Chemical Processing Plant (ICPP) gravel pit
and tank farm cleanup (data not available)

. SPERT IV waste removal and remedial action (only
some data received)

● Capping of CPP injection well
. Groundwater monitoring well installation (only

some data received)

Kansas City Plant

● Rernov~ of Polychkxinated biphenyl (PCB) con-
taminated soils and capping at outfall 002

Lawrence Livermore National Laboratory

. Groundwater remediation at LLNL (received data on
proposed groundwater remediation)

. Groundwater monitoring well installation

Oak Ridge National Laboratory

. SWSA 6 dynamic compaction and grouting demon-
stration projects

. SWSA 6 interim capping

. Groundwater monitoring well installation

Oak Ridge Y-12 Plant

. S-3 Pond closure

. Oil land farm closure

. Groundwater monitoring well installation

Pinellas Plant

. Groundwater remediation at 4.5-acre site

Savannah River Site

. Closure of M-Area settling basin/Lost Lake
● AIM Area groundwater remediation
. Mixed waste management facility closure
. Groundwater monitoring well installation

Letters requesting specific information, including esti-
mated costs and actual costs incurred, were sent to all
appropriate field offices on the dates noted above. The
purpose of requesting this information was to identify
variations in unit costs among facilities, to determine the
ability of contractors to estimate actual costs, to evaluate
the potential for incurring unexpected costs for specific
remediations, and to determine the ability of DOE/
contractors to retrieve detailed cost and site charac-
terization information.

The cost information that has been supplied, in many
cases, is rounded, aggregated, or disaggregate from
information available to field engineers. As such, it may
not represent exact costs for the activities shown.
However, after lengthy conversations with field engineers
at all of the responding facilities, OTA believes that
considerable effort was made to provide data that is as
accurate as possible. Great caution should be taken in
using these data for any purpose other than that intended
in this report. The manner in which many of the
environmental restoration activities described in this
report are accounted for makes extraction of specific unit
costs difficult. OTA believes that although field engineers
made every effort to portray unit costs accurately, further
use of the data by other researchers should be preceded by
direct communication with field personnel to avoid
misunderstanding.

COST DATA PROVIDED
BY FIELD OPERATIONS

Fewer than one-half of the data originally requested
was provided. In most cases, both estimated costs and
actual costs were not available. DOE does not routinely
collect detailed cost information on its remedial actions
but rather entrusts this responsibility to its contractors and
subcontractors. At the majority of sites, OTA research
efforts became productive only when contact was made
with contractor personnel. Following is a summary of the
information provided. All relevant field offices were
given the opportunity to review this report in draft form.

Albuquerque Operations Office

The Albuquerque Operations Office (AL) maintains
administrative responsibility for two of the projects
listed-the 002 outfall at Kansas City and the 4.5-acre site
at Pinellas. AL’s initial attempt to estimate costs of
environmental restoration at its field oillce in a compre-
hensive manner was begun in 1987, although some
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facilities prepared separate cost estimates (including
Roe@ Flats, no longer reporting to AL, and Kansas City).
This effort was undertaken by Roy F. Weston under
contract to AL. Given the remediation needs of each
facility, Weston estimated aggregated costs for each field
office. These costs were never verified by AL but were
apparently based on EPA unit cost assumptions.

After implementation of the Environmental Res-
toration (ER) Program in FY 1988, a detailed list of
environmental problems was created for each field office
for the ER program implementation plan, which identi-
fied expected remediation needs at the task level. To
facilitate the estimation of costs for these tasks, AL again
contracted with Weston to prepare a cost estimation
document that could be used by the field offices. This
document was completed in November 1988.

The cost estimation guidelines were divided into two
sections. The costs for RI/FSs were based on the
perceived complexity of the task-a one-stage characteri-
zation effort for simple tasks and a two-stage effort for
more complex tasks. For remedial action costs, generic
remedial actions were created for five cases, and work
breakdown schedules were outlined for each. Unit costs
were then developed and adjusted for location. These unit
costs provided the basis for estimating the cost of each
task at the field offices. Unfortunately, the assumptions
used at the field offices for defining the tasks were not
recorded; only the results (i.e., total costs) were put into
the implementation plan. Because of time constraints, AL
performed only a limited review and revision of these cost
estimates prior to including them in the first Five-Year
Plan issued by DOE in the fall of 1989. All of the costs
estimated in this way were assigned a low level of
confidence. AL identified, in the 1989 Five-Year Plan, a
total ER fimding need of $1,439.8 million for FY 1989
through FY 1995. This includes assessment, cleanup,
D&D, and research and development (R&D) at all priority
levels.

In December 1989, AL requested backup information
on assumptions made by the field offices in preparing the
implementation plan to allow for a higher leveI of
confidence in the estimates. The revised costs are being
entered into a time-line computer program to allow
schedule and cost tracking as each task proceeds. AL
plans to request that all field offices for which it has
responsibility use this or a similar format to provide
detailed reports on  ER tasks. This system should allow for
more consistent and comprehensive reporting on ER
activities among all of AL’s field offices.

Pinellas Plant (see table C-1)

The total ER funding identified for the Pinellas Plant
for the FY 1989-95 period was reported as $23.117
million in the 1989 Five-Year Plan. The corresponding

Table C-l-Costs Reported for Pinellas Plant

Monitoring well costs
Monitoring wells were installed as part of the site
characterization phase. Over the period 1986-89,38 wells were
drilled to depths averaging 20 feet. Total cost of monitoring well
installation was $115,000, or about $150/foot.

Soil excavation and removal (1986 doliars)

Gost of soii excavation
Actual: $20,000 ($66/ton) (This was estimated as the

applicable portion of an $80,000 contract for
characterization and an emergency removal.)

amount identified for the 4.5-acre site remediation was
reported as $4.5 million (an additional $750,000 was
spent on the site prior to FY 1989) in the ADS. The level
of confidence of this estimate was reported as high in the
ADS, based on definitive design.

The 4.5-acre site is located on private property adjacent
to Pinellas Plant property. The site was used as a disposal
area for drums containing solvents. The site was first
investigated in 1985, and a Feasibility Study was
completed in November 1987. The drums and the
contaminated soil were removed to an EPA-approved
landfill in 1985. That soil was never analyzed to
determine contaminant levels. Low levels of contamina-
tion remain in an estimated 35 million gallons of
groundwater, which is less than 20 feet below the surface
(l).

34-496 0 - 91 - 7 QL 3
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Kansas City Plant (see table C-2)

The total ER funding identified in the 1989 Five-Year
Plan for the Kansas City Plant amounted to $36.0 million
for FY 1989-95. The total cost of the 002 outfall
remediation was reported at $637,458 (incurred in FY
1988 and FY 1989 in the ADS). The remediation cost
(excluding concrete flume construction, engineering, site
work, and removal of contaminated liquids) was reported
at $385,169 or $255/ton of contaminated soil. The costs
reported are actual, and the level of confidence is therefore

Table C-2-Costs Reported for Kansas City Plant
(1988 dollars)

@e ~ple was 792 ppm; others ranged from 5 to 16 Ppm.
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required to comply with a National Pollution Discharge
Elimination System (NPDES) permit. Soil removed
amounted to 1,509 tons; it has been estimated that only
865 tons would have to be removed. 2 Thc difference
between the estimated and the actual cost of remediation
is in part due to this underestimation in the quantity of
contarnma“ ted soil. Estimated unit costs were inflated to
some extent to account for some expected increase. Initial
quantities were estimated by IT Corp. and reviewed by
Allied-Signal. IT Corp. was Allied Signal’s subcontractor
for the remedial design. Construction was subcontracted
to ENSCO Environmental Services.

The total cost of the remedial action was 87 percent
higher than estimated, partly because the amount of
contamma“ ted soil was 140 percent higher than estimated.
As mentioned above, the estimated cost was inflated to
account for an expected increase in the amount of soiI that
would need to be excavated. Discussions with project
engineers indicate that the underestimation in soil
amounts was due to technical difficulties in characterizing
the site. The decision was made to save money on detailed
characterization and to proceed with remediation. Details
of the contamination were well known, but to determine
the extent would have entailed bringing a drilling rig to
the site. Because of the configuration of the land, this
would have been extremely expensive; a road would have
been required to bring the rig into the are% and even then,
only one side of the outfall could have been sampled
because of the levee grade. A permit would also have been
required to build the road Note that a road was eventually
constructed for remediation, but not in the time frame
allowed for investigation. It was not believed that further
characterization would change the choice of remedy, so
remedial action was begun. Site engineers doubt that
determining the extent of contamination prior to cleanup
would have reduced remediation costs significantly.

Richland Opertions Office (RL)

The Richland Operations Office has responsibility for
operating the Hanford Reservation. Data for Hanford’s
1989 Five-Year Plan were taken from existing plans and
budgets as of April 1989. Responsibility for gathering
cost information was given to the Westinghouse Hanford
Company Environmental Division; the submittals were
reviewed by DOE RL senior officials. Some preliminary
cost estimation work was performed in 1987 by Science
Applications International Corp. (SAIC) under contract to

Westinghouse. According to SAIC, “the purpose of this
work was to develop a strategy for the characterization
and remediation of potential CERCLA and RCRA
Resource Conservation and Recovery Act] section
3(X)4(U) inactive sites in sufficient detail to enable the
development of costs and schedules” (2). Costs were
addressed therein based on the type of unit to be
remediated, not on the specific characteristics of each
individual site (i.e., “generic Hanford units” were
developed for which remediation costs were estimated for
a variety of technologies). It is not known how strictly the
1989 Five-Year Plan cost estimates adhere to the SAIC
cost estimates.3 An examination of SAIC data indicate
that comparison would be difficult.

According to RL’s predecisional draft, a field office
financial review board was formed to confirm the validity
of the final cost estimates for inclusion in the 1989
Five-Year Plan. Each ADS was reviewed and assigned a
level of confidence.4 According to RL’s Five-Year Plan,
“The budget estimates tend to reflect a ‘success oriented’
approach to activity data sheet workscope completion,
even though recent experience indicates the evolution of
more stringent and costly regulatory requirements” (3).
This statement is apparently an expression of the belief
held by some Hanford personnel that, under the recently
complekxi Federal Facilities Agreement with EPA and
the State of Washington, Hanford will face increasingly
stringent standards as new technologies are developed
They attribute this in part to the inexperience of technical
staff at the State level, which results in regulation “by the
book” rather than by reasoned engineering judgment.5

The total ER budget identified in the 1989 Five-Year
Plan for RL amounted to $1,127.4 million over the period
FY 1989-95. This includes assessment, cleanup, D&D,
and hazardous waste technology. No red remedial
activities have been completed to date at Hanford. The
A-29 Ditch and B-Pond interim remediation consists only
of installing a bypass line for liquid effluent to B-Pond
The ditch and unused areas of the pond will be covered
with clean fill until an RI/FS can be completed. These
activities are considered closures of treatment, storage,
and disposal units and come under the regulatory
authority of the Washington State Department of Ecol-
ogy. Remedial action for these units is not expected until
1996 and beyond. These two activities were not consid-
ered relevant to this cost analysis, and further data were
not requested.

my  volume, the amount of contaminated  soil was initially estimated at 500 cubic yards; the actual amount was 1,259 cubic yards. In additio&  the
soil was found to contain more rock than expected. This difference in soil density was not accounted for in the excavation unit cost estimate. Records
were not kept for soil volume (cubic yards). However, a typical soil density for Kansas City (excluding rock) is 1(XI pounds per cubic foot.

s~e site nm~rs in tie SAIC  report  do not correspond to the facilityhmste  area group:ing pumbrs in tie activity ~~ ~eets.
d~e me~ods of es~tion and levels of contldence  were defined in the predecisional draft. NO particuhlr me~od of cOSt es-on ww

recommended.
Spaul Day, WA Region X, fidic~~  tit tie regio~  off~~ is attempting  to ~dr~s  ~s problem of CWer-in_ing  costs by C)ff@ ~o~mtion

and technical assistance to the State and DOE.



188 . Complex Cleanup: The Environmental Legacy of Nuclear Weapons Production

183-H Solar Basins Decontamination and
Decommissioning (see table C-3)

The 183-H solar basins were used for the treatment of
cooling water from H Reactor and for the storage and
evaporation of liquid chemical waste. A leak detected in
one of the basins in 1977 resulted in groundwater
contamination. The primary contaminants are chromium,
nitrate, uranium, sodium, and technetium. The decontam-
ination and decommissioning of the four basins consist of
removing the liquids and solidified sludge and demolish-
ing the enclosing structures. After this, the surrounding
area will be sampled, and a cap will be installed. The total
estimated cost of D&D on the basins, to be completed in
FY 1992, of $21.4 million is based on conceptual
engineering estimates and work done to date. The
estimate has a medium level of confidence.

The basins comprise an area of 0.6 acre (26,332 square
feet) and, as of early 1990, had an estimated 35,860 cubic
feet of sludge containing solvents, heavy metals, and
radioactive materials remains in place. A total of 7.8
million liters of contaminated water has been removed
through evaporation or solidification from the basins, and
an estimated 193 million liters of groundwater is believed
to be contaminated. The basins are being closed as a
RCRA treatment, storage, and disposal unit under the
direction of the Washington State Department of Ecology.

The D&D activities consist of the following:

1,

2.

3.

4.

5.

6,

7.

All liquids have been evaporated, transformed into
a crystallized solid material, or solidified and
removed from the basins.
Sludge was removed and packaged in 55-gallon
drums, which are now stored in the 200 West Area
Central Waste Complex, Retrievable Waste Storage
Area.
Concrete surfaces within the basin were wet sand-
blasted, and spent grit was packaged in the same
manner as sludge.
Concrete will be sampled and tested to determine
residual contaminants.
The basins will be demolished by using standard
practices, and the rubble will be disposed of
according to the level of contamination. (The rubble
is expected to have been adequately cleaned so that
it can be classified as nonregulated waste.)
Soil below the concrete floors of the basins will be
sampled to determine if any hot spots exist in the
surrounding area.
A cap will be installed, and postclosure care and
monfioring will be carried out for a minimum of 30
years.

Costs for the 183-H basin D&D were obtained only for
the sludge removal, packaging, and storage phases (steps
1 through 3). This activity occurred from 1985 through

Table C-3-Cost Reported for Hanford 183-H
Solar Basins (1989 dollars)

Cost of soraping, grit blasting, and packaging (includes
transportation of paokaged waste 10 miles to on-site facility)
Actual: $4,754,000 ($77.20/cubic foot)

Cost of storage (of 8,211 55-gallon drums)
Actual: $1,813,000 ($29.44/cubic foot on average)

Cost of groundwater monitoring program (inoludes installation of
some monitoring wells)
Actual: $2,863,000

Total cost of sludge removal and storage, 1985-90
Actual: $9,430,000 ($153/cubic foot)

Cost of monitoring well installation at Hanford
Actual: $125,000 per well ($417/foot)

Annual cost of sampling analysis
Actual: $11,500 per well

Actual: $1.1 million ($2,750 per well)
SOURCE: Office of Technology Assessment, 1990.

early 1990. Included in reported costs are the removal of
61,583 cubic feet of solidified sludge, its packaging in
55-gallon drums and transport to the storage facility,
groundwater monitoring over the 1985-90 period, and the
costs of storage. All of the work was estimated and
completed by Westinghouse and monitored through its
D&D program office. Further detail on the actual costs
and estimated costs were not available because cost
accounting has not been done on a unit cost basis.

Costs for the full 183-H solar basin D&D project are
not yet available because work is expected to continue
until 1992, preliminary estimates on waste volumes have
changed as a result of rain and evaporation, and the costs
of retrievable waste storage change annually. Preliminary
cost estimates are therefore considered unreliable for
projecting actual final costs.

Savannah River Operations Office (SR)

Attention to environmental problems at Savannah
River began relatively early. The characterization of
waste at SR started in 1981, with refinements in 1983. By
1984, the seven chemicals, metals, and pesticides (CMP)
pits, covering approximately 2 acres, were closed at a cost
of about $2.1 million. Closure consisted of excavation,
capping, interim storage of excavated waste, installation
of a leach field, and installation of monitoring wells. This
closure was undertaken with no regulatory impetus, with
verbal approval from the South Carolina Department of
Health and Environmental Control (SCDHEC). Ground-
water remediation began in the A/M Area at about the
same time. As a result of this early work, SR and its
current prime contractor, Westinghouse Savannah River
Co., feel confident about their environmental restoration
program plans and the associated cost estimates.
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6These  people  are generay  project engineers, not cost estimators. Westinghouse cost estimators have not been involved in estiting ~ Pmj=fi
to date.

7Each  oWm@g tit dso  has an erlvironmenti coordinator, who reports to Westinghouse through the Manufacturing Division head.
s~e~ pro=wplW  prep~edby Dupont for~e Environmental Divisio~ Savannah River Operations Hce, U.S. DOE (revised November 1988).
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Table C-4-Costs Reported for Savannah River
M-Area Basin (In 1986 dollars)

Cost of basin water treatment (includes dewatering)
Estimated: $320,760 (8 cents/gallon for estimated 4 million

gallons)
Actual: $444,379 (6.6 cents/gallon for actual 6.747 million

gallons)
Cost of soil excavation from Lost Lake and disposal in M-Area

basin
Estimated: $350,000 ($7.78/cubic yard for estimated 45,000

cubic yards)
Actual: $500,000 ($8.47/cubic yard for actual 59,000 cubic

yards)

Cost of sludge treatment (inotudes dredging)
Estimated: $502,408 ($1.00/gallon for 500,000 gallons

estimated)
Actual: $1,893,342 ($1 .00/gallon for 1.9 million gallons

actual)

Cost of dewatering Lost Lake
Estimated: $83,804 (6 oents/gallon for estimated 1 million

gallons)
Actual: $300,572 (4.3 centdgallon for actual 6.954 million

gallons)
Cost of backfilling

Estimated: $68,000 (estimated amount of dean fill not
available)

Actual: $85,000 ($8.50/cubic yard for 10,000 cubic yards
of dean fill)

Cost of cap installation (includes materials, see description
above)
Estimated: $450,000 (estimated area unknown)
Actual: $600,000 ($6.00/square foot)

The total expected cost for the M-Area/Lost Lake
closure is now $5.8 million; the project was originally

‘%e  bottom liner was not required because the basin was considered a RCRA interim status facility.
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Table C-5-Costs Reported for A/M Area Groundwater
Remediation

variety of waste types, including boxes containing mixed
debris, random mixed debris, containers of absorbed
waste oil, containers of scintillation solution, waste lead,
cadmium, and silver, as well as heavy equipment. The
estimated volume of contaminated soil in the 58-acre area
is 3.75 million cubic yards.

Groundwater at the site is at average depths of 30 to 40
feet below the surface; however, perched water conditions
due to intermittent clay lenses exist 15 to 20 feet below the
surface in some areas.

The MWMF will be closed by dynamic compaction
and capping as a RCRA closure under SCDHEC. In
dynamic compaction, a 20-ton weight is dropped by a
crane onto old trenches identified by ground-penetrating
radar. The compaction reduces settling of contaminated
material and helps maintain cap integrity. The area will be
covered with a 3-foot-thick kaolin clay cap and an
additional 2 feet of soil and will be monitored. The total

Table C-6-Costs Reported for Savannah River Mixed
Waste Management Facility (1989 dollars)

NOTE: All costs are actual; estimated costs for the lump sum subcontract
were not broken down into the increments above.)

SOURCE: Office of Technology Assessment, 1990.

baseline cost of design, procurement, and remediation
was estimated at $52.8 million, with $37 million ac-
counted for by an expected “lump sum” subcontractor
bid for the dynamic compaction and capping procedure.
The original estimate to close the site had been much
higher ($118 million) because the contractor’s estimate
included a higher level of worker protection than ulti-
mately deemed necessary (4). Once the lump-sum con-
tract was let, the total cost was revised further downward
to $35.029 million (the lump-sum subcontract was
reduced to $24.44 million, including a 6 percent contin-
gency). It now appears that the final actual cost of the
dynamic compaction and capping will be less than $18
million-lower than expected due to a fewer number of
drops required per acre than originally estimated.

Remedial design for the site, as well as cost estimation
and cost review, was conducted by C.T. Main and
reviewed by DOE SR; construction is being performed by
Nello L. Teer. Testing on the project began in October
1987, and full-scale dynamic compaction began in
February 1989. Closure is almost complete. The total
funding allocated to the closure in the 1989 Five-Year
Plan amounts to $42.7 million for FY 1989-91. The level
of confidence associated with this estimate was high
because SR is well into closure activities.

Oak Ridge Operations Office (OR)
The Oak Ridge Operations Office oversees the activi-

ties of the Y-12 Plant, ORNL, the former gaseous
diffusion plant at K-25, and the Feed Materials Production
Center at Femald, OH. Cost estimates for the environ-
mental restoration and waste management activities for
the 1989 Five-Year Plan were made by Martin Marietta
field engineers. For activities at the conceptual design
stage, estimates were based on that design and reviewed
by DOE headquarters in its annual validation review. For
activities with no conceptual design, estimates were based
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Contaminant ts included nitrates in a concentration as
high as 10,620 ppm and, in general, exceeded 1,000
milligrams per liter in groundwater. Mercury contamina-
tion in excess of 0.002 milligram per liter was also found
in the area of the ponds; volatile organic compounds in the
groundwater ranged from 10 to 1,000 micrograms per
liter. The saturated zone is comprised of silty clay, and the
depth to groundwater is approximately 12 feet.

Prior to closure, pond water was neutralized with lime,
treated with bacteria for denitrifying, pumped, and treated
in a liquid treatment facility. Closure of the ponds
consisted of stabilizing the remaining sludge by spreading
dolomite shot rock over the bottom of the ponds and by
installing an engineered cap consisting of compacted clay,
a poly vinyl chloride liner, a geosynthetic drainage net, a
filter fabric, and a vegetative layer. Pond water was
treated from 1983 through 1986 by Martin Marietta under
an operation and maintenance budget.

Remedial design and construction, conducted by Rust
Engineering under contract to Martin Marietta, took place
from November 1987 to November 1988. Cost estimates
were made by Martin Marietta Energy Systems and
Lockwood Greene Engineers and reviewed by Martin
Marietta Energy Systems and Lee Wan & Associates.

The total cost of S-3 Pond closure, not including water
treatment, was $2.283 million, about 3 percent less than
the estimated cost of $2.346 million. Field engineers
indicated that capping costs at the Y-12 Plant have
declined since the S-3 Ponds were capped as a result of
improvements in productivity. (S-3 Ponds were the first

Table C-7-Costs Reported for the Y-12 Plant

SOURCE: Office of Technology Assessment, 1990.
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area capped.) Cost estimates and cost breakdowns were
not available for water treatment activities because the
work was carried out by Martin Marietta under general
operating and maintenance task, and was not recorded as
environmental restoration. Estimates provided for the
closure were based on the remedial action project
description; the 30 percent, 60 percent, and 90 percent
design reviews; and subcontractors’ bids.

Oil Lund Farm (see table C-8)-The Oil Land Farm
comprises a 13-acre area that received machine coolants
and waste oil, some uranium-contaminated, from 1973 to
1982. (Other areas in the land farm are also undergoing
closure, but they are not included in this analysis.) The
land farm was designed to promote the biological
degradation of this waste through the application of
nutrient-adjusted soil. Prior to closure, the area contained
contaminated soil and groundwater.

Closure of the site consisted of the removal of 390
cubic yards of PCB-contarninated soil, which constituted
all of the soil with PCB concentrations in excess of 25
ppm. Other contaminants included solvents and radioac-
tive materials, but no cleanup standard was specified for
them. No information is available on the levels of these
other contaminants. Soil is being stored in a vault for
future disposal. The area was then covered with an
engineered cap.

The remedial design and construction period extended
from February 1988 through September 1989. Cost
estimates were prepared by Martin Marietta Energy
Systems and Lockwood Greene Engineers and reviewed
by Martin Marietta Energy Systems and Lee Wan &
Associates.

The total cost of closure amounted to $3.16 million,
including the costs of administration, design, road con-
struction, stream diversion, and vault construction. Cost
breakdowns were provided only as shown.

Oak Ridge National Laboratory (ORNL)

Remediation work at ORNL has been minimal. How-
ever, a series of technology demonstration projects have
been carried out at Solid Waste Storage Area 6 (SWSA 6)
that are similar to activities carried out elsewhere. The
total ER budget for ORNL in the 1989 Five-Year Plan was
$601 million.

SWSA 6 (see table C-9)

SWSA 6 covers a 68-acre area, about 15 acres of which
were used for waste disposal. The area has been in use
since 1973 and contains waste in unlined trenches and
auger holes. The waste includes low-level solid radio-
active waste, solvents, scintillation liquids, Laboratory
glassware and equipment, protective clothing, obsolete
mechanical equipment, construction materials, asbestos,
filter media and resins, animal remains, and contaminated

Table C-8-Costs Reported for the Oil Land Farm
(1988 dollars)

Cost of excavation
Actual: $18,000 ($46.15/cubic yard)

Cost of vault construction
Actual: $250,000 ($833/cubic yard capacity)

Cost of backfilling and contouring
Cost of soil

Actual: $36,000 ($1 55/cubic yard)

Cost of contouring
Actual: $239,000 ($18,800/acre)

Cost of cap installation (including administration, design, etc.)
Estimated: $3,240,000 ($249,23/acre; $5.72square foot)
Actual: $3,160,000 ($243,076/acre; $5.58/square foot)

SOURCE: Office of Technology Assessment, 1990.

earth. These disposal areas are now in the process of
characterization; the total volume and nature of contamin-
ation are as yet unknown. Currently, SWSA 6 is used for
the disposal of low-level radioactive waste in concrete
silos and above-ground tumuli. Through May 1986,
approximately 312,000 cubic feet of low-level waste
containing more than 200,000 curies of radioactivity was
buried at SWSA 6.

Groundwater in the area is very close to the surface,
occurring in the lithologically heterogeneous Conasauga
Group. The soil is generally characterized as strongly
leached, low in organic matter, and silty, although
considerable amounts of clay maybe present. In addition
to the city of Oak Ridge, four communities are within 10
miles of the site. Public involvement in ER activities has
been low to date but is expected to increase during the
remedy selection process. The RFI of SWSA 6 was
scheduled for completion in September 1990. Final
closure is expected to be completed in FY 1993. An
interim cap consisting of an 80-mile high-density poly-
ethylene liner has been placed over the site until final
closure is begun.

The Tennessee Department of Health and Environment
has regulatory authority over the RCRA closure of SWSA
6; however, radioactive contamination will be covered by
CERCLA under a pending FFA. Cleanup goals have not
yet been determined but will be developed as part of the
RFI.

Existing cost estimates for the closure of SWSA 6 are
based on preliminary evaluations of potential remedies.
These estimates were made by Martin Marietta, but they
have not been reviewed or validated.

The final remedy for SWSA 6 has not yet been chosen.
The grouting demonstration project indicated that the
trench voids could be successfully filled, thereby elimin-
ating subsidence. The dynamic compaction project
indicated that compaction also reduced the void space
considerably.
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Table C-9-Costs Reported for SWSA 6 (1989 dollars)

Costs of groundwater monitoring wells
Cost of well installation (shallow wells, 2-inoh diameter; deep wells, 4-inoh diameter)

Estimated: $22,500 to $25,000 per well
Actual: $22,147 per well (about $340/foot for 65-footaverage depth)

Annual cost of sample analysis
Estimated: $1,740 per well

Annual operating and maintenance oost
Estimated: $320 per well

Cost of interim capping
Cost of cap installation (includes planning, management, design, and construction; health, safety,

and environmental monitoring)
Estimated: $3 million
Actual: $3 million ($288,461 /acre; $6.62/square foot) (construction only $1.4

million; $3.09/square foot)

Annual cost of cap operation and maintenance
Estimated: $104,000 ($0.23/square foot)

Annual monitoring cost
Estimated: $150,000 ($0.33/square foot)

Cost of grouting demonstration project (The voids in Trench 150 were grouted using 30% Portland
cement, 55.5% eastern class C fly ash,5.5% sodium bentonite, and 0.02% glucono-delta-lactone at
12.5 pounds/gallon of water. Total injected= 8,081 gallons.)

Cost of materials
Estimated: $2,000
Actual: $1,697

Cost of equipment mobilization
Estimated: $10,000

Cost of grouting process
Actual: $48,680 ($6.05/gallon)

Cost of scientific evaluations
Estimated: $100,000

Cost of commercial grout application
Estimated: $2.60/gallon of grout emplacement

Cost of dynamic compaction demonstration project (test on Trench 271; 64 square meters (690 square
feet), 4.06 meters deep (13 feet), consisting of low-level radioactive solid waste components;
compaction achieved with a 60-ton crane)

Cost of site preparation
Estimated: $1,000

Cost of equipment mobilization
Estimated: $3,500

Dynamic compaction operation and maintenance cost
Estimated: $3,000 ($4.35/square foot)

Cost of scientific evaluation
Estimated: $100,000

SOURCE: Office of Technology Assessment, 1990.

Idaho Operations Office (ID) (see table C-10)

The Idaho Operations Office oversees the activities at
INEL and the Grand Junction Projects Office. According
to ID and EG&G Idaho personnel, the only completed
remedial action at their facility is the capping of a waste
injection well. Information was requested, but not avail-
able, on the Chemical Processing Plant gravel pit and tank
farm closing and the SPERT IV waste removal and
remedial action.

The initial 1989 Five-Year Plan estimates for ID were
made by EG&G personnel (including a financial manager
and an environmental engineer). These estimates were

reviewed and amended by DOE and EG&G reviewers,
but no documentation is available for either the initial or
the amended estimates. The total ER funding identifkd
for ID for FY 1989-95 was $707.9 million, according to
the 1989 Five-Year Plan.

The capping of the CPP injection well was initiated in
October 1989 and completed in November 1989. Remedi-
ation was designed by EG&G and WINCO in February
1989 and undertaken by M&K with the supervision of
WINCO. The 468-foot injection well had been used for
the disposal of liquid waste. Remediation consisted of
perforating the well casing with explosives and tilling the
well with cement in stages. The total actual cost of the
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Table C-lO-Costs Reported for the Idaho Chemical
Processing Plant

SOURCE: Office of Technology Assessment, 1990.

remediation was reported at $558,278, including design
and construction but excluding the salaries of supervising
WINCO personnel.

Increases in monitoring well costs resulted from
problems encountered during drilling, including heaving
sand, grouting of wells, and use of bentonite seals.
Sampling costs have been steadily increasing due to the
limited availability of qualified laboratories. Samples are
sent from Idaho to St. Louis for analysis and often require
at least 8 weeks for results.

Lawrence Livermore National Laboratory
(LLNL)

LLNL (see table C-n) is managed by DOE’s San
Francisco Operations Office (SAN), along with a number
of other facilities. The total ER funding identified for
SAN in the 1989 Five-Year Plan for FY 1989-95 was
$218.2 million. LLNL contains two general areas of
contamination: 1) the main Liverrnore site, which is now
listed on the National Priorities List (NPL), and 2) Site
300. The 1989 Five-Year Plan estimate amounted to
$55.9 million for the Livermore site cleanup over FY
1989-95 and to $30.75 million for the Site 300 cleanup
during that same period (not including an additional $12.2
million for Site 300 environmental assessment activities
during that same period). The level of confidence for both
estimates was reported as moderate or at the conceptual
design stage. Environmental investigation and remedia-
tion efforts have been underway at LLNL, under the
direction of the California Regional Water Quality
Control Board (RWQCB) San Francisco Bay Region and
the Califomia Department of Health Services (DHS) since
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Table C-n-Costs Reported for LLNL (1989 dollars)

Groundwater monitoring wells (No actual costs were provided, only estimates, although 300
monitoring wells have been completed.)

Cost of installation (50 to 300 feet deep, 4.5 inch diameter)
Estimated: $20,000 per well plus $2,000 for soil and drilling mudsamples (additional

mobilization/demobilization costs estimated at $1,200 per well)
Annual cost of water sample analyses

Estimated: $400,000 for 300 wells ($1,333 per well)

Annual cost of well operation and maintenance
Estimated: $50,000 for 300 wells ($167 per well)

Groundwater remedlation (planned; all rests estimated)
Number of wells planned, by type

Extraction: 20
Recharge: 2 to 3
Piezometers: 100

Cost of well installation, by type
Extraction: $50,000 per well (50 to 200-foot depth; 6-inch diameter)
Recharge: $65,000 per well (400 to 500-foot depth; 8-inch diameter)
Piezometers: $10,000 per well (50 to 200-foot depth; 2-4-inch diameter)

Annual cost of sample analysis
Total: $275,000 (about $2,200 per well); (Frequency of water sampling is

generally quarterly; various clean wells and wells well within the margins
of the plume are sampled on a semiannual or annual basis.)

Annual well operation and maintenance cost, by type
Extraction: $10,000 per well
Recharge: $15,000 per well
Piezometers: $1,000

Cost of treatment tacilities (Total volume treated will be about 400 gallons/minute for the site; the
number of treatment facilities is estimated at seven.)

Treatment facility instruction cost
Per facility: $400,000

Treatment facility annual operation and maintenance cost
Total: $75,000

Method of wastewater disposal (recharge via recharge basin and recharge wells; infiltration in
arroyos; total of 400 gallons/minute)

Cost of disposal: $1,150,000

Cost of decommissioning wells and treatment facility
Wells: $7,000 each
Treatment facilities: $300,000 ($400,000 if underground piping removed)

SOURCE: Office of Technology Assessment, 1990.

DOE and its prime contractors to address this inconsis-
tency, the costs in the 1990 Five-Year Plan are also of a
very tenuous nature. As the above case studies show, costs
for similar activities, both estimated and actual, can vary
significantly from facility to facility, and even from site
to site (see table C-12).

Because data are extremely limited and so few remedial
actions have actually been completed, it is difficult to
draw any valid conclusions from this variation. Variations
in costs may be the result of legitimate differences in
circumstances at each facility. The experience with unit
costs of remedial action in the Superfund program has
been similar. The implications are that it is very important
to keep good records of costs, project characteristics,
implementation, problems encountered, and other factors
impacting costs to assess the efficiency and effectiveness

of DOE’s Environmental Restoration Program. Such
careful attention to costs appears to have been lacking in
the early years of the Superfund program (and may even
continue), making it extremely difficult to determine its
success and opening EPA to a barrage of criticism.
Careful attention to unit costs can be most valuable if
initiated early in a program.

With respect to the ability of DOE and its contractors
to estimate costs of remedial action, no conclusions can
be drawn from the above information. The availability of
both estimated and actual costs has been limited to some
extent because of the way in which some of the remedial
activities were funded In many cases, cleanup or
operation and maintenance work was done under an
operating or central services budget (for example, water
treatment of the S-3 Ponds at Oak Ridge). When this
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OVERVIEW OF THE
DEPARTMENT OF ENERGY

COST ESTIMATION PROCESS

Past Estimation Practices and Consistency of
Five-Year Plan Estimates

DOE has a well-established process for the estimation
and review of cost for major construction contracts. (This
process is regularly applied to “line item” projects and is
generally followed, with more limited review, for smaller
construction projects.) All requests for proposals for
construction work include detailed instructions specify-
ing how cost estimates are to be provided for specific
types of contracts and services. These guidelines are set
out in DOE orders and supplemented by field office
guidelines and orders based on Federal Acquisition
Regulations, which include basic cost accounting princi-
ples in sections 30 and 31, and on the DOE Supplemental
Acquisition Regulations.

Each DOE operations office has access to its own cost
estimators, who are usually employed by the management
and operations contractor. These estimators all follow the
same basic cost guidelines. However, because of the
uncertain nature of cost estimation and the flexibility of
the guidelines (which is necessary to allow for this

uncertainty and the variability among sites), different cost
engineers/estirnators may interpret the guidelines differ-
ently.

DOE headquarters has an independent cost estimators
group, which reviews cost proposals to determine the
probable costs of services and reviews mod.iilcations to
contracts both for headquarters and for field offices. Line
item project costs are regularly submitted to the independ-
ent cost estimators at DOE headquarters. In the event of
a disagreement or large discrepancy, management makes
a determination based on the evidence.

It must be emphasized that this procedure has been used
for all projects in the past with regularity, except ER
projects. The cost guidelines used for typical construc-
tion/service contracts are not fully compatible with
environmental remediation projects. This incompatibility
arises for two major reasons. First, the work breakdown
structure for construction projects is not entirely transfer-
able to environmental restoration projects because of the
differences in the kind of work being done. Second,
regulatory requirements for ER projects include a number
of items, such as public involvement, that might not
normally appear in a construction contract and are not
accurately reflected in construction work breakdown
structures.

Partially for these reasons, DOE cost estimators have
not routinely been involved in estimating costs for ER
projects and have generally been excluded from estimat-
ing costs that appear in the Five-Year Plan. Estimates in
the 1989 Five-Year Plan were often prepared by contrac-
tors, or subcontractors, and compiled by DOE engineer-
ing or environmental staff in what has been described by
some as a “seat of the pants” manner.

According to information gathered on the meth-
odologies used to prepare cost estimates for the 1989
Five-Year Plan, no degree of consistency appears to exist
among estimates for the various field offices, and little
may even exist among estimates for different sites within
each field office’s area of responsibility. Field offices
were given limited time to prepare the initial estimates,
and these were often done on an ad hoc basis. Several field
offices attempted to develop a more methodological
approach. One example of such an attempt is the
Albuquerque Operations Office, whose estimation strat-
egy is described above. Even there, however, some
facilities (i.e., Rocky Flats and Kansas City) opted to
prepare their own estimates for the 1989 Five-Year Plan.
The precise methods used at those facilities have not been
documented. Apparently, DOE headquarters issued no

locost  v~ation  has been  studied  for environmental remediation  projects by IPA, Inc., under contract to DOE. The studies conclude tit about 75
percent of the variation can be explained by project defiitiow site complexity, and level of sophistication of cleanup technology.

1 IAlthough cost es~tes  for the ~ groundwater project accurately reflect expenditures for the plant equipment installed, the fiti~  desi~ w~
insufficient because of incomplete characterization and additional equipment was required (see app. B).



Current Efforts To Standardize
Environmental Restoration Cost

Estimation Practices

The need to create consistency among cost estimates
for environmental restoration has been recognized by
some DOE staff, both at headquarters and at field offices.
The Environmental Restoration and Waste Management
Cost Assessment Team (EM-CAT) has been meeting
since about mid-1988 in an effort to develop standardized
cost estimation tools and techniques. Members of the
team are primarily cost engineers, but environmental
engineers and other related professionals have also
attended meetings on an ad hoc basis. EM-CAT’s goal is
to provide a focal point for the dissemination of costing
data, methodologies, and techniques (7).

The CAT guidelines provide work breakdown struc-
tures for remedial activities, including RIs, FSS, remedial
design, and remedial action. The attitude of the cost
engineers is rather conservative, in that they seem
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POTENTIAL FOR FUTURE COST
SAVINGS FROM RESEARCH

AND DEVELOPMENT
DOE has stated that new technologies on the horizon

for environmental restoration have the potential to reduce
estimated costs considerably. Inquiry into the justification
for this statement indicates that the only attempt to
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1990.



performance required for a site can greatly affect costs.
Also, one study of the costs of megaprojects found that the
use of new technologies in such projects resulted in ‘cost
growth, schedule slippage, and performance shortfalls”
(16). Although this may not be directly comparable to
environmental restoration, it does provide a reminder that
the benefits of new technologies may not always be
manifested in cost savings, particularly at the outset.

It seems premature, at this point, to try to quantify the
potential for innovative technologies to reduce the cost of
environmental restoration for DOE waste sites. As one
scientist at Hanford said, “there’s no silver bullet on the
horizon for radioactive and mixed waste” (17).
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