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FOREWORD
BY
NUCLEAR REGULATORY COMMISSION STAFF

The NRC staff is in the process of reappraising its regulatory position
relative to the decommissioning of nuclear faci!ities.(]) As a part of this
activity NRC has initiated two series of studies through technical assistance
contracts. These contracts are being undertaken to develop information to
support the preparation of new standards covering decoi*rissioning.

The basic series of studies will cover the technology, safety .ad costs of
decommissioning reference nuclear facilities. Light water reactors, fuel cycle
and non-fuel-cycle facilities are included. Facilities of current design on
typical sites are selected for the studies. Separate reports will be prepared
as the studies of the various facilities are completed.

The first report in this series was published in FY 1977 and covered a fuel
(2) the second was published in FY 1978 and covered a pres-
surized water reactor;(3) the third of the series was published in FY 1979 and
dealt with a small mixed oxide fuel fabrication p]ant.(4) An addendum to the

(5) was fssusd during "¢ 1979 which examined

the relationship between reactor size and decommissioning cost, the cost of
entombment, and the sensitivity of cost to radiation levels, contractual arrange-
ments, and disposal site charges. The fifth report in this series dealt with

reprocessing plant;

pressurized water reactor report

(1)Plan for Reevaluation of NRC Policy on Decommissioning of Nuclear Facilities.
NUREG-0436, Rev. 1, Office of Standards Development, U.S. Nuclear Regulatory
Commission, December 1978.

(2)Technology, Safety and Costs of Decommissioning a Reference Nuclear Fuel
Reprocessing Plant. NUREG-0278, Pacific Northwest Laboratory for U.S.
Nuclear Regulatory Commission, October 1977.

(3)Technology, Safety and Costs of Decommissioning a Reference Pressurized
Water Reactor Power Station. NUREG/CR-0130, Pacific Northwest Laboratory
for U.S. Nuclear Requlatory Commission, June 1978.

(4)Technolo Safety and Costs of Decommissioning a Reference Small Mixed
Oxide Fuel Fabrication Plant. NUREG/CR-0129, gacific Northwest Laboratory
for U.S. Nuclear Regulatory Commission, February 1979.

(5)Technology, Safety and Costs of Decommissioning a Reference Pressuriced
Water Reactor Power Station. NUREG/CR-0.2:0 Addendum, Pacific Northwest
Laboratory for U.S. Nuclear Regulatory Commission, August 1979.
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a low-leve: waste burial ground.(s) The <ixth report dealt with a large
boiling water reactor power station.(7) The following report, seventh in the
series, provides information on the technology, safety, and costs of decommis-
sioning a uranium fuel fabrication plant. Additional topics will be reported
on the tentative schedule as follows:

FY 1981 e Non-Fuel-Cycle Nuclear Facilities
FY 1981 e Multiple Reactor Facilities

The second series of studies covers supporting information on the decom-
missioning of nuclear facilities. Three reports have been issued in the second
series. The first consists of an annotated biblicgraphy on the decommissioning
of nuclear faci]ities.(s) The second is a review and analysis of current decom-
missioning regulations.(g) The third of this series covers the fac.'itation
of the decommissioning of 1ight water reactors.(lo) The major purpose is to
identify modifications or design changes to facilities, equipment and procedures
which will improve safety and/or reduce costs.

The information provided in this report on the uranium fuel fabrication
plant, including any comments, will be included in the record for consideration
by the Commission in establishing criteria and new standards for decommission-
ing. Persons wishing to comment on this report should mail their comments to:

Chie?

Fuel Process Systems Standards Branch
Division of Engineering Standards
Office of Standards Development

U.S. Nuclear Regulatory Commission
Washington, DC 20555

(6)Technology, Safety and Costs of Decommissioning a Reference Luw-Level Waste
Burial Ground. NUREG/CR-0570, Pacific Northwest Laboratory for U.S. Nuclear
Regulatory Commission, June 1980.

(7)Technolo S3fety, and Costs of Decommissioning a Reference Boiling Water
Reactor gower Station, NUREG/CR-0672, Pacific Northwest Laboratory for U.S.
Nuclear Regulatory Commission, June 1980.

(8)Decommissioning of Nuclear Facilities - An Annotated Bibliugraphy.
NUREG/CR-0131, Pacific Northwest Laboratory for U.S. Nuclear Regulatory
Commission, September 1978.

(9)Decommissioning of Nuclear Facilities - A Review and Analysis of Current

Regulations. NUREG/CR-0671, Pacific Northwest Laboratory for U.S. Nuclear
Regulatory Commission, August 1979.

(10)Facilitation of Decommissioning of Light Water Reactors. NUREG/CR-0569,
Pacific Northwest Laboratory for U.S. Nuclear Regulatory Commission,

December 1979,

vi
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ABSTRACT

Safety and cost informaticn is developed for the conceptual decommission-
ing of a commercial uranium fuel fabrication (U-Fab) plant. Two decommission-
ing alternatives are studied to obtain comparisons between costs and safety
impacts. The alternatives considered are DECON and passive SAFSTOR.

DECON includes the immediate removal (following piant shutdown) of all
radioactivity in excess of unrestricted release levels, with subsequent release
of the site for public use. Passive SAFSTOR requires decontamination and pre-
paration and maintenance and surveillance for a period of time after shutdown,
followed by deferred decontamination and unrestricted releass:.

The decommissioning methods assumed for use in each decommissioning alter-
native are based on state-of-the-art technology. The e~lapsed time following
plant shutdown required to perform the decommissioning work in each alternative
is astimated to be: for DECON, 9 months; for passive SAFSTOR, 3 months to pre-
pare the plant for safe storage and 9 months to accomplish deferred decontamina-
tion. Planning and preparation for decommissioning prior to plant shutdown is
estimated to require about 7 months for DECON and about 6 months for preparing
for passive SAFSTOR. Planning and preparation prior to starting deferred decon-
tamination is estimated to require about 8 months.

Decommissioning cost, in terms of 1978 dollars, is estimated to be $3.54
million for DECON. For passive SAFSTOR, preparing the facility is estimated
to cost $0.85 million, the annual maintainance and surveillance cost is esti-
mated to be about $0.28 million, and deferred decontamination is estimated to
cost about $3.84 million. Therefore, passive SAFSTOR for 10 years is esti-
mated to cost $7.52 million in nondiscounted 1978 aollars. All of these esti-
mates include a 25% contingency. Waste management costs for DECON comprise
about 7% of the total decommissioning cost and are kept low by minimizing the
amount of material shipped to licensed low-level waste burial.

Safety analyses indicate that radiological and nonradiological safety
impacts from decommissioning activities should be small. The 50-year committed
dose equivalent to members of the public from airborne releases from normal
decommissioning activities is estimated to be about 0.06 man-rem.

vii
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Radiation doses to the public from accidents are also found to be very i(ow
for all phases or decommissioning. Occupational radiation doses fror. normal
decommissioning operations (excluding transport operations) are estimated to be
about 16 man-rem for DECON and about 22 man-rem for passive SAFSTOR with 10 years
of safe storage. The number of fatalities and serious lost-time injuries not
related to radiation is found to be small for both decommissioning alternatives.

Comparison of the cost estimates shows that DECON is the Jeast-expensive
alternative. The annual cost of maintenance and surveillance and the higher
cost of deferred decont-mination makes passive SAFSTOR more expensive.

Methods to assure that the licensee has adequate funds for decommissioning
are considered. Methods investigated (all based on expected decommissioning
costs) range from a single payment when plant operations begin, to accumulative
payments during the normal plant operating pericd, to a single payment when
normal plant operations cease and decommissioning veyinc.

viii
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1.0 INTRODUCTION

The purpose of this study is to provide information on the technology,
safety, and costs of decommissioning uranium fuel fabrication (U-Fab) plants.
This information is intended to contribute background data for U-Fab plant
owners and for the NRC and to provide bases for future regulations regarding
decommissioning of such facilities. Decommissioning techniques are reviewed
and conceptually applied to a reference facility. Potential new guidelines
and criteria are developed and used where appropriate.

Decommissioning of a nuclear facility can be defined as the measures
taken at the end of the facility's operating lifetime to ensure the continued
protection of the oublic from the residual radioactivity and other potential
safety concerns associated with the retired facility. A spectrum of decommis-
sioning alternatives, all resulting in unrestricted release, are possible for
such a facility and, for this study, two specific alternatives are examined:
DECON and passive SAFSTOR.

As used in this study, these decommissioning alternatives are defined as
follows:

e DELON - Radioactive materials are removed and the facility is decontami-
nated and disassembled immediately following final shutdown. Upon com-
pletion, the property is released for unrestricted use.

e Passive SAFSTOR - Radioactive materials and contaminated areas are secured,
and the structures and life support systems are deactivated for a period of
time ending in deferred decontamination. Until deferred decontamination
is finished, the facility remains under a modi,ied nuclear license. Decon-
tamination is deferred for reasons specified by the facility owner, with
NRC approval. Upon completion of decontamination, the property is released
for unrestricted use.

existing facility, the Wilmington, North Carolina, plant owned by the
General Electric Company, is selected for this conceptual analysis. The
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Many aspects of decommissioning (e.g., plans, methods, safety, and costs)
may be sensitive to variations in facility location, specific facility shut-
down conditions, and residual contamination levels in the plant. The bases
and assumptions used in this study must be carefully examin.d before the
results can be applied to a different facility and site.

The results of the scudy are reported in two volumes. Volume 1 (Main
Report) summarizes the key information developed, and contains a summary as
well as general hackground information (i.e., past experience in decommission-
ing selacted types of facilities, decommissioning alternative definitions, study
approach, applicable regulations and safeguards considerations, plant and site
descriptions, and an overview of the suggested methodology used to develop
acceptable ~esidual contamination levels). Decommissioning techniques are des-
cribed, and cost and safety analyses for each of the decommissioning alterna-
tives are presented. Also included in Volume 1 is a discussion of basic methods
for assuring financial capability for decommissioning, and a glossary of terms
used in the report. Volume 2 (Appendices) contains the supporting data, method-
ology, and analyses, in appendices that are organized in sections corresponding
to those in Volume 1. In both volumes, references are presented at the end of
each major section.
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2.0 SUMMARY

The results of this study to conceptually decommission a reference uranium
oxide fuel fabrication (U-Fab) plant are summarized in this section. The pur-
pose of the study is to identify the technology available and to evaluate the
safety and costs related to decommissioning such a facility. The study is
intended to provide background information related to decommissioning for use
in the develupment of regulations, designs, and operational characteristics of
commercial U-Fab plants.

The General Electriz Company's Wilmington facility is selected as the
reference plant and is characterized for the conceptual decommissioning activi-
ties. The Wilmington plant is censidered to have characteristics similar to
other existing commercial U-Fab plants. For this study, the facility is assumed
to be Jocated on a reference site having characteristics typical of midwestern
or southeastern areas. Decommissioning plans, procedures, and schedules are
developed for all plant areas that contain radiocctive materials and for the
inseparable adjacent areas that contain no radicactivity.

Two decommissioning alternatives(a) are considered in detail: 1) DECON
and 2) passive SAFSTOR. Costs and safety impacts are estimated for both of
these alternatives, and comparisons of overall costs and potential risks are
made. Methodology developed for previous decommissioning studies is modified
and applied to determine example acceptable contamination levels for selected
facility and site uses,

Some of the key !ases for the study are:

® Decommissioning plans are selected on the basis of providing good public
and occupational safety in a cost-effective manner.

¢ Decommissioning operations are evaluated assumi.g efficient performance of
the work.

e Current decomnissioning technology and techniques are used.

(a)See Section 4 for descriptions of these alternatives.
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e Expected cvitamination levels within the facility/site at the time of
plant shutdown are based on known typical housckeeping practices during
plant operation. This residual radioactive material is assumed to have
accumulated at the rate of 1/40 per yeay for the assumed 40-year plant
life.

e A radiation dose of 50 mrem/year to the maximum-exposed individual is
used as the basis for the determination of suggested levels of radio-
activity that can remain on the site and the facility when the property
is released for unrestricted use.

The results obtained in this study are specific tc the above key bases and to
the other bases and assumptions used in this study. Use of other conditions,
bases, and assumptions (e.g., contamination levels) may change the results
significantly.

2.1 REVIEW OF DECOMMISSIONING EXPERIENCE

A review of past decommissioning cases of related nuclear facilities shows
that most of the plants that have been shut down were high-level enriched
facilities. Two low-level enrichment LWR fuel fabrication plants have been
shut down and partially decommissioned. The review shuws that: 1) experience
exists in government and private organizations regarding methods and equipment
for accomplisnng decommissioning of nuclear fuel cycle facilities, and 2) there
are no major tecnnrical impediments to the successful decommissioning of U-Fab
plants.

2.2 FEDERAL REGULATIONS AND GUIDELINES

Requlatory and fedcral guidelines are reviewed relative to their general
application to decommissioning of U-Fab plants. The review shows that in
many cases the regulations do not speak specifically to decommissioning but
can be interpreted as being applicable.

Areas where our review of current regulations indicate that more specific

guidance could be helpful are:
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e Financial qualifications and responsibilities for decommissioning need
to be clarified to better define the commitments of the facility owner
for achieving the firal decommissioned status of the property. Specific
definitions need to be established as to what are acceptable methods for
assuring funds at the time of decommissioning.

® Some centralization, or a central indexing, of regulations pertaining to
decommissioning in the Code of Federal Regulations would be very helpful.

e Existing guidance on what levels of residual radioactivity are acceptable
on materials, structures, and sites for unrestricted use is somewhat
fragmentary and does not have a common identifiable basis. The suggested
methodology demonstrated in this study could form that basis, predicated
on a decision by regulatory agencies as to what constitutes an acceptable
annual radiation dose to the maximum-exposed individual from unrestricted
use of decommissioned property.

e Existing guidance on safeguarding of fissile materials could be addressed
more directly to specific safeguards needs as decommissioning progresses.

2.3 APPROACHES TO FINANCING DECOMMISSIONING

Three general approaches to finarcing future decommissioning costs are
identified. They are: 1) payment of costs when they are incurred during
decommissioning, 2) creation of a sinking fund by annual payments during the
cperating lifetime of the facility, and 3) an initial payment into a trust
fund at the time of facility startup. A set of five criteria is identified
that may be helpful in evaluating the desirability of each of these financing
approaches. These criteria are: 1) the extert to which decommissioning is
financially assured, 2) the present value cost of each approach, 3) the extent
to which the beneficiaries of the operation of the facility pay for its decom-
missioning costs, 4) the extent to which the approach facilitates the consid-
eration of decommissioning costs when making selections between alternative
power generation systems, and 5) the ease with which the approach can be
administered.

2-3



2.4 SUGGESTED METHODOLOGY FOR DETERMINING ACCEPTABLE RESIDUAL RADIOACTIVE
AND CHEMICAL CONTAMINATION LEVELS FOR A U-FAB FACILITY

Methodology presented in this report is used to develop numerical values
for acceptable residual radioactive and chemical contamination levels for decom-
missioned U-Fab facilities and sites. The suggested methodology for radioactive
levels is based on maximum annual doses to any member of the public from all
probable radiation exposure pathways resulting from unrestricted use of the
reference facility or site.

Numerical dose limits for unrestricted use of decommissioned facilities
and sites by members of the public are currently being investigated by the
Nuclear Regulatory Commission and the Environmental Protection Agency. For
this study, it is assumed that the limit that will apply is an annual dose of
50 mrem. The use of 50 mrem in this study should not be construed as a recom-
mendation of that value as a . se limit for decommissioned nuclear facilities,
but rather as a reasonable value to use in ~-xample calculations. Example cal-
culations for a maximum annua'® dose of 50 mrem are summarized in Table 2.4-1.
These numbers are based on a specific radionuclide mixture expected to be pre-
sent in the reference U-Fab facility and in the site soil, resulting from nor-
mal production operations and associated atmospheric releases. For the site,
acceptable residual contamination levels are determined for various times bet-
ween plant shutdown and final decommissioning. The principal contributors to

the calculated annual dose are fcund to be 234U, 235U and 238U.

The methodology developed to determine chemical contamination levels is
based on the radiological methodology. Acceptable residual chemical contami-
nation levels are determined for inhalation and ingestion pathways. Inhalation
exposure level limits are based on 0.01 of the threshold limit value, and inges-
tion limits are based on exposure not exceeding EPA drinking water standards.
These levels provide a safety factor that accounts for exposures to most suscep-
tible individuals.

As dose limits for decommissioned facilities and sites are promulgated by
federal agencies, corresponding acceptable residual contamination levels can be
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TABLE 2.4-1. Example of Acceptable Residual Contamination Levels for
Unrestricted Release of the Decommissioned Reference
U-Fab Plant and Site

Sur ace Contamination
(uCi/m€) Corresponding to (a)
Location Organ an Annual Dose of 50 mrem'®

Class W Material(b)

U-Fab Facility Total Body 10.0
Lungs 0.14
Bone 0.98
LLI 29.0

U-Fab Site Total Body 8.5
Lungs 2.8
Bone 0.69

Class Y Material'C/

U-Fab Facility Total Body 26.0
Lungs 0.029
Bone 9.5
LLI 28.0

U-Fab Site Total Body 8.5
Lungs 0.5
Bone 0.69

(a)The maximum annual dose to any organ of reference from all
probable exposure pathways.

(b)Class W materials are translocated from the lungs ove~ times
on the order of a few days to a few months.

(c)Class Y materials are translocated from the lungs over times
on the order of 6 months to several years.

derived using the suggested methodology developed in this study for conditions
specific to a particular facility. The examples of acceptable contamination
levels derived in this study are specific to the facility and site conditions
assumed to exist at the reference U-Fab plant.
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2.5 FACILITY CHARACTERISTICS

The plant is assumed to be operated for 40 years, at a production rate of
1000 metric tons of uranium oxide fuel per year. The feed to the plant is
slightly enriched uranium in the chemical form of UF6. The plant uses two
head end processes for converting the UF6 to U02. The primary method 's a
chemical process in which UF6 is reacted with ammonia to form ammonium diuranate
(ADU) precipitate, and reduction and calcining of the ADU to dry UO2 powder.
The secondary method involves direct conversion of the UF6 to U308 to UO2 powder
in a reduction-calciner. The UO2 powder from each process is subsequently
milled and pressed into pellets that are sintered and ground to size. The
pellets are loaded into rods and sealed. The rods are assembled into fuel
bundles ready for use in light water reactors.

Liquid waste streams containing uranium are kept separate to facilitate
uranium recovery operations. They are classified as nitrate wastes, fluoride
wastes, and radwastes. Uranium-bearing nitrate sludge is sent to an offsite
contractor for uranium recovery. Calcium fluoride solids entrap uranium
residuals in the waste from the UF6 to UO2 conversion process. Can solids
are stored onsite for eventual reprocessing to recover the uranium residuals.

2.6 ESTIMATED RAD.ONUCLIDE INVENTORIES

Estimates are made of the amount of residual radioactivity within the
plant (after final operational flushing and chemical decontamination) and on
the plant site from 40 years of normal operation. Numerous activities could
occur during the operational phase of the facility that could significantly
affect radionuclide inventories. The inventories used in this stuily are pre-
sented in Table 7.4-1 of Section 7 and are based on engineering judguent that
considers the craracteristics of the reference facility. After operational
inventory cleznout, the total uranium inventory in the building is estimated
to be about 270 kg. Chemical decontamination activities during decommissioning
roduce this inventory to about 100 kg of uranium.
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2.7 DECOMMISSIONING METHODS

A plan and a set of procedures are developed for each of the two alternatives
studied for decommissioning the reference U-Fab plant. Decommissioning is assumed
to start after termination of production operations. Termination includes a pro-
cess inventory cleanout and audit similar to that done periodically between oper-
ating campaigns for material segregation and accountability.

The first decommissioning phase for each alternative is termed “planning and
preparation.” This phase takes place during the last year of normal plant opera-
tion. During this phase, the decommissioning staff is assembled; a decommission-
ing plan and procedures are prepared; safety and safeguards analysis reports and
an environmental impact evaluation are prepared; an application for an amended
Ticense is prepared; a quality assurance program is established; health and safety
requirements are developed; and bulk quantities of unneeded process chemicals,
radicactive materials, and nonessential uncontaminated equipment are removed.

In general, decommissioning work is assumed to be done on the basis of
5 days per week with one shift of workers. Certain operations such as calcium
fluoride recovery and plant security are carried o'.t on a 3-shift-dz,, 7-day-
week basis.

Z2.7.1 DECON Procedures

After about 7 months of planning and preparation, DECON activities are
initiated. These activities are generally divided into four phases:

physical and chemical decontamination of equipment and facilities
removal of equipment and facilities
materials handling, packaging, and shipping

final cleaning and survey.

These phases can proceed simultaneously in different parts of the facility.
Approximately 9 months are needed to complete all phases and release the site
for unrestricted use.

Chemical decontamination involves flushing of internal surfaces of process

piping and equipment. Physical decontamination involves disassembly of equipment
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and enclosures and removal of the contaminated materials. Physical decontamination
also involves removal of contaminated portions of structural and site materials.
These contaminated materials are packaged and transported offsite as waste, or

they are processed through the plant radwaste and incinerator facilities for
recovery. Upon completion of dismantlement, decontamination, shipping, and final
cleaning and survey, the facility can be released for unrestricted use.

2.7.2 Passive SAFSTOR Procedures

After about 6 months of planning and preparation, active decommissioning
efforts (preparations for safe storage) are divided into four phases:

e waste treatment facilities stabilization
® equipment deactivation

e isolation of contaminated areas

e final preparations for safe storage.

Many of the decommissioning activities associated with preparations for
safe storage can proceed simultaneously. It is estimated that approximately
3 months are required to place the plant and site in passive SAFSTOR.

Decontamination efforts for passive SAFSTOR are similar to those performed
for DECON, but are performed to a lesser extent. Also involved are deactivation
and isolation of contaminated areas, sealing of contamination by adding durable
seals or covering with paint, refurbishment of the plant ventilation system, and
installation of improved alarm and protection systems for fire, intrusion, or

malfunctioning equiprent.

Activities dur. 4 e safe storage period include routine inspection,
corrective and preventive maintenance on the safety systems, environmental
surveillance, and prevention of unauthorized intrusion by man.

Safe storage must be terminated eventually by deferred decontamination.
Activities are generally similar to those for DECON, with allowanc. > for the
prior decontamination efforts and for retraining of new decommissioning staff.
An estimated 17 months are needed to decontaminate the facility at the con-
clusion of the period of safe storage, including 8 months for planning and pre-
paration and 9 months of active decommissioning.



2.8 COSTS

Table 2.8-1 summarizes the estimated costs in 1978 dollars for the two

decommissioning alternatives analyzed in this study. These cost estimates include

25% contingencies. For DECON, the cost is estimated to be $3.54 million; for
plicing the plant in passive SAFSTOR, $0.85 million; and for deferred decontam-
~nation of the plant $3.84 million. The annual cost of maintaining the plant
in passive SAFSTOR is estimated to be about $0.28 million. Therefore, passive
SAFSTOR with final decontamination after 10 years is estimated to cost about
$7.5 million. ATl costs are in nor-discounted 1978 dollars. This analysis of
decommissioning costs indicates #~ economic disincentive to defer decontamina-
tion, primarily because of the cost of safe storage. Deferred decontamination
costs more than DECON because of increased labor costs for the following items:
1) removal of seals and barricades erected for safe storage, 2) replacement and
testing of ventilation filters, and 3) training of the decommissioning staff.

TABLE 2.8-1. Summary of Estimated Costs for Decommiisjoning the Reference
U-Fab Plant (Millions of 1978 Dollars)\@

Passive SAFSTOR with
Deferred Decontamination

o Item __ DECON After 10 Years
Initial Decommissioning'®’ 3.54 0.85
Safe Storage -- 2.83
Deferred Decontamination(b) - 3.84
Total Costs 3.54 7

Other Possible Costs(c)
Chemical Sludge Disposal 0.40 --
Contaminated Can Disposal 9.00 -
Misc. Contaminated Material 1.20 --

Total Other Possible
Costs 10.6 -

(a)Cost estimates include 25% contingencies.

(b)Costs are based on five shifts/week (single shift) for most
of the decommissioning. Decommissioning on a two-shift/day
basis would reduce time requirements but costs would be
about the same.

(c)These costs are not appropriate if the wastes are disposed
of during operation or plant cleanup or if the uranium in
the solids is recovered.
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The breakdown of costs by major cost element is given in Table 2.8-2.
Labor costs are 60 to 80% of the tota’ costs. Thus, there is considerable
incentive to develop plans or techr cues that could reduce labor costs. The
deferral of decontamination requires additional costs to modify facilities, to
reinstitite a trained decommissioning organization, and to provide a new
safety aralysis and an ad¢’*iona’ license application. Also, passive SAFSTOR
costs increase with longer storage time. Other costs of deferred decontamina-
tion are about the same 25 for DECON.

Cost of managerent of the wastes from DECON amounts to about 7% of the
total costs. Of the waste management costs, transportation accounts for about
20% and disposal costs account for about 50%.

TRELE 2 B-2. Decommissioning Cost Distribution ?f the Reference U-Fab
Plant (Millions of 1978 Dollars)(a

Passive SAFSTOR with
Deferred Decontam'g?tion

I tem DECON After 10 Years
Labor 2.05 5.94
Materials 0.15 0.21
Waste Management 0.24 0.24
Subcontracts 0.08 0.08
Utilities, Taxes 1.02 1.05

Totals 3.54 7.52

(a)Includes 25% contingency.
(b)Includes thz costs of safe storage for the
years before decontamination.

2.9 SAFETY

Generally conservative estimates are made of the potential safety impacts
on the public and on the workers from decommissioning the reference U-Fab plant.

Events are analyzed relative to potential consequences and approximate frequency

of occurence. Radiation exposures from normal operations and potential acci-

dents are investigated for immediate and deferred decommissioning activities,
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safe storage of partly decommissioned facilities, and transportation of radio-
active materials. The results are summarized in Table 2.9-1.

TABLE 2.9-1.

Summary of Safety Analysis - Decommissioning of Reference

U-Fab Plant
Passive SAFSTOR with
Type of Source of Deferred Decontamzn?tion
Safety Concern Safety Concern Units DECON After 10 Years\d
Public Safety(b)
Radiation Dose Jecommissioning man-rem'S)  0.06 0.06
Operations
Transportation man-rem 0.53(0) 0.53(d)
Safe Stc -age man-rem(c) NA 0.05
Totals 0.57 0.62

Occupational Safety

Serious Lost-Time Decommissioning no./mode 0.42 0.46
Injuries Operations
Transportation no./mode 0.03 0.03
Safe Storage no./mode NA_ 0.47
Totals 0.45 0.96
Fo “ities Decommissioning no./mode 0.003 0.003
(Lperations
Transportation no./mode 0.002 0.002
Safe Storage no./mode NA 0.005
Totals 0.005 0.010
Radiation Decommissioning man-rem 15.7 16.1
Operations
Transportation man-rem 2.6(8) 2.6(9)
Safe Storage man-rem _NA 6.0
Totals 18.3 24.7

(a)Time after reference facility final shutdown; includes 1 year of preparations
for safe storage.

(b)Radiation doses from postulated accidents are not included. They are given in
Section 11 of this report.

(c)50-year committed dose equivalent to the lung.

(d)These doses would increase 0.39 man-rem if the stored Caf, is disposed of.

(e;These doses would increase 20 man-rem if the stored CaF2 %s disposed of.
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The 50-year committed dose equivalent to the populace located within

80 km of the facility from airborne releases resulting from DECON activities is
conservatively estimated to be about 0.06 man-rem to the lungs. This radiation
dose is a very small fraction of the dose received by the affected population
from naturally occurring radiation. Radiation doses to members of the pubiic
during the period of passive SAFSTOR are essentially negligible. All of the
postulated radiation doses are low, primarily because of greatly reduced radio-
nuclide inventories during most of the decommissioning operations and the utili-
zation of efficient process and ventilation filtration systems.

The estimated occupational radiation dose for DECON is i5.7 man-rem, and
the doses for passive SAFSTOR are 0.4 man-rem for preparations for safe storage,
0.6 man-rem for each year of safe storage, and 15.7 man-rem for deferred decon-
tamination. Because of the long-lived radionuclides, deferral of decontamination
does not reduce the occupational dose.

Potent a1 ridiation doses to members of the public from accidents are
generally fou < to be quite Tow. The major accident postulated with a high
frequency (g eater than 10'2 per year) is the loss o° an intermediate HEPA
filter immzdiately following decontamination of the upstream ductwork during
decontamination of the plant. This accident is estimated to give a 50-year
committed dose equivalent of 1.9 x ]0'4 rem to the lungs of the maximum-

exposed individual.

Chemical pollutants that could be released during decommissioning activi-
ties are found to come from residuals from plant operation and from decontami-
nation chemicals. Chemical releases during decommissioning are examined and
the quantities released are not found to have a significant effect on the
public. Occupational exposure to toxic chemicals is assumed to be limited by
conventional industrial contamination control techniques.

2.10 WASTE MANAGEMENT

Radiocactive wastes generated during the decommissioning of a U-Fab plant
are packaged and shipped to a licensed low-level waste burial ground. There
are no high-level or TRU wastes present in the reference plant. Only about
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3% (1100 m3) of the theoretical total compacted radioactive waste volume of
36,900 m°
remainder is either decontaminated and disposed of in commercial waste dumps
or is processed to recover residual uranium. Moct of the material not sent

to licensed burial consists of calcium fluoride solids from the fluoride waste
lagcons (29 00 m3). The rest of the waste (about 6200 m3) is decontaminated
and sent to the local commercial dump or is sold for scrap.

for the reference plant is shipped to low-level waste burial. The

CaF2 is assumed to be processed by a contractor to recover tne residual
uranium. The decision to recover the uranium would be based on an economic
study to determine if the cost of recovery would be less than the value of the
uranium recovered and of any valuable products of the recover, process. The
economic value of the recovered uranium (estimated to be $30 million at end of
40-year plant life) and cther valuable products of the recovery process is
expected to exceed the cost of recovery.

If the calcium fluoride and other wastes that are assumed to be decontami-
nated are shipped instead to low-level waste burial, the additional cost is
estimated to be $10.6 million. Licensed disposal of the CaF2 is estimated to
be 85% of the cost (approximately $9.0 million).

Development of methods to recover the uranium from the plant wastes (mainly
CaFZ) would help minimize the volume of radioactive waste generated during
decommissioning.

2.11 STUDY CONCLUSIONS

Decommissioning of a U-Fab plant is technically feasible with current tech-
nology. Decommissioning can be done with virtually no impact on the safety
of the general public. Further development of some techniques (such as decon-
tamination and waste volume reduction) could lead to reductions in osts.

A comparison of the deconmissioning alternatives for the various parameters
used in this study is given in Table 2.11-1. The main parameters considered
are the costs, the potential radiation doses, and the impacts of the DECON and

passive SAFSTOR alternatives on staffing requirements and on space requirements

at waste disposal facilities.
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TABLE 2.11-1. Comparison of Decommissioning Alternatives for the Reference
U-Fab Plant

Passive SAFSTOR with
Deferred Decontamination
Parameter DECON After 10 Years

Decommissioning Cost'?) 3.54 7.52

(millions of 1978 dollars)

Occupational Radiation Dose 15.7 22.1
{man-rem)

Staff Required (man-vears) 53.2 76.2(P)
Waste Volume (m°) 1 100 1 100
Final Site Status Unrestricted Unrestricted

(a)Estimates include a 25% contingency.
(b)Inciudes 17.4 man-years fu* preparations for safe storage and 9.1
man-years for safe storage.

DECON costs are considerably lower than the cost of passive SAFSTOR, mainly
because of the cost of safe storage. Radiation doses to workers are higher for
the passive SAFSTOR alternative because of the doses received during safe stor-
age. The total radiation doses (received mostly by the decommissioning workers)
do not decrease with time for deferral of decontamination. The waste volume is
essentially the same for both decommissioning alternatives.

The decontamination of U-Fab facilities is highly labor intensive. Thus,
labor is a major component of the total decommissioning cost. Facility and
equipment designs and decontamination systems and techniques that minimize
labor could help reduce overall decommissioning costs.

The conditions in effect 2t a specific facility at the time it is decom-
missioned, including sociological aspects, may dictate the choice of the
decommissioning alternative to be used. Therefore, the results and conclusions
in this report should be used only in the context of the reference site and
facility studied and the key bases and assumptions used.
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3.0 REVIEW OF DECOMMISSIONING EXPERIENCE

This section contains a review of information from uranium fuel fabrica-
tion (U-Fab) facilities t. at have been decommissioned. Information specific
to U-rab facilities is 1i' ted, because only a few of the small number of
commercial plants constructed have been decommissioned. Information in the
open literature regarding these decommissioning projects i1s fragmentary and
poorly documented. For these reasons, information on the decommissioning of
other types of uranium processing facilities is included in this section,
since their decommissioning problems are similar in nature to those antici-
pated for commercial U-Fab plants. These facilities include several high-
enriched fuel fabrication plants where the buildings were decontaminated,
usable source and special nuclear materials were recovered, and unusable |
containment enclosures and processing equipment were discarded as radioactive @
waste to low-level waste burial grounds. |

To date, the decommissioning of most uranium-handling facilities has not
resulted in the release of the facility and site for unrestricted use.

3.1 HISTORY AND STATUS

Table 3.1-1 gives a brief outline of information on U-Fab facilities in
the United States. A discussion of experience at decommissioned U-Fab facili-
ties follows.

Several U-Fab plants have ceased operations and are in various stages of
decommissioning. Two facilities have high-level enrichment operations that
have been shut down, leaving a low-level enriched operation still in produc-
tion. These are a Babcock and Wilcox plant at Apollo, Pennsylvania, and a
Combustion Engineering plant at Hematite, Missouri. At the Combustion Engineer-
ing plant, there has been a partial cleanup, but at neither plant has the
facility been completely decommissioned. Babcock and Wilcox also has a high-
level enriched plant at Leechburg, Pennsylvania, that is shut down. Some
2quipment has been removed, but the ventilation system is stiil intact.

United Nucliear closed a high-level enriched plant at New Haven, Connecticut,
several years ago and U.S. Nuclear closed a high-level ¢ richment test and
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TABLE 3.1-1.

Licensee

Information on LWk Fuel Fabrication Plants in the U.S.

Babcock and Wilcox
Babcock and Wilcox

Combustion Engi-
neering

Combustio Engi-
neering

Exxon Nuclear Co.

General Electric
General Electric

(c)

Kerr-McGee

Nuclear Fu?]
Services(c)

United Nuclear
Westinghouse

Plant Plant Feed Plant Present
Location Material Product Status
Lynchburg, VA UO2 Pellets Fuel Assemblies Operating
Apollo, PA UF6 UO2 Powder or Operating
Pellets
Windsor, CT UO2 Powder Fuel Assemblies Operating
Hematite, MO UF6 U02 Powder or Operating
Pellets
Richland, WA UF6 Fuel Assemblies Operating
Wilmington, NC UF6 Fuel Assemblies Operating
Pleasanton, CA UF6 Fuel Assemblies Dismantled
R&D
Crescent, OK UF6 UU2 Powder or In Standby
Pellets
Erwin, TN UF6 Pellets UO2 Powder or Chutdown
Pellets
New Haven, CT U02 Pellets Fuel Assemblies Shutdown
Columbia, SC UF6 Fuei Assemblies Operating

(a)Formerly Nuclear Mzcerials and Equipment Corp. (NUMEC).
(b)Formerly Gulf I',1ted Nuclear.
(c)Kerr-McGee and Nuclear Fuel Services data are from USAEC Regulatory files.

research facility at Qak Ridge, Tennessee.
and released for unrestricted use by the NRC.

The latter has been decommissi ned
Atomics International at

Canoga Park, California, decommissioned a small plant which manufactured highly

enriched uranium fuel for the space nuclear program.
and the site used for other purposes, but no documentation on the decommissioning

is available in the open literature.

The plant has been removed

Among the low-level enriched U-Fab plants, two facilities that have been

shut down are examples of decommissioning experience.
Crescent, Oklahoma, has been partly decommissioned.

A Kerr-McGee plant at

The plant is still intact,

and the waste ponds were cleaned up and waste was loaded into drums and shipped

to a Tow-level waste burial ground.



The most complete experience with decommissioning a low-enrichment plant
has been the General Electric U-Fab plant in San Jose, California. At shut-
down, the area was cleaned to administrative control levels not exceeding
1000 dpm/100 cm2 for alpha radiation. Decommissioning was accomplished by
dismantling and removing all of the equipmer*t and ventilation system and
cleaning the building. Pipes and lighting i "ures were vacuumed or hosed
down with water; fluorescent tubes were replaced; ceilings, walls, pipes, and
lighting fixtures were damp-wiped; baseboard moldings and tile floors were
removed; and concrete floors were vacuumed and mopped. Pump basins that had
been formed by constructing concrete berms were cleaned up by removing the
berms and wet-grinding any hot spots. The decommissioning effort was more
extensive than should have ncrmallv been necessary because, on one occasion,

an accident occurred that released a large amount of UF_ inside t plant.

i
6
This accident contaminated not only all of the building and fixture surfaces

in the production areas but also the otherwise clean areas.

3.2 LESSONS LEARNED FROM DECOMMISSIONING EXPERIENCE

The necessary technology for decontamination and decommissioning exists
and has been successfully applied to a wide variety of nuclear instillations.
Because of the uniqueness of each facility, no two have had identical problems
or conditions. However, the basi. approach to any mode of decommissioning
remains virtually unchanged (i.e., the gathering of staff manpower and a
period of planning and preparation, followed by chemical decontamination and
mechanical removal operations). The fundamental course of events varies
primarily with building design and with the inherent refinements potentially
available or needed for a given facility. Areas that could use improvements
in technology are remote handling equipment, disassembly techniques, decon-
tamination techniques, and waste volume reduction.

From the standpoint of decontamination, all walls should be seamless and
have a smooth, durable surface to aid in flushing and cieaning. Separation of
process areas into compartments allows for more effective controi of radio-
active migration. Sealed-off access areas behind processing pipes or glove
boxes provide an effective means of controlling radioactive contamination,
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while also providing a suitable work area for personnel. Building and glove
box fluid services, located either beneath the floor level or in some area
away from work areas, tend to minimize the hazardous effects of pipe leaks.
Location of building service systems (such as vacuum systems, corrosive vapor
removal systems, and glove box exhaust systems) in isolated areas >1lows main-
tenance work to be performed with little interruption of ongoing processing
ope-ations. These are some of the most ot ricus improvements in design that
could enhance Jdecommissioning. A more comprehensive listing of design con-
siderations favorable to decommissioning of the reference facility is given
in Section 13. New techniques, as well as improvements in current decommis-
sioning techniques, can be expected to occur. These improvements, in turn,
will directly impact future decommissioning considerations.
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4.0 DECOMMISSIONING ALTERNATIVES AND STUDY APPROACH

Once a uranium fuel fabrication (U-Fab) plant reaches the end of its use-
vul operating life, it must be decommissioned or placed in a condition that
future risk to public safety from the facility and its site is within regula-
tory 1imits. Several alternatives are possible to satisfy the general require-
ments for decommissioning. These alternatives range from minimal initia} cleanup
requiring continued surveillance and pnysical security followed by later more
complete cleanup, to immediate complete cleanup and removal of contaminated
materials resulting in unrestricted public use of and access to the facility
and site. For all of the alternatives categorized, the goal is unrestricted
access of the facility.

In this section, decomnmissioning alternatives are evaluated for a reference
U-Fab plant and the reasons for selecting certain alternatives are discussed.
The approach of this decommissioning study is also discussed. Certain assump-
tions must be made in the absence of specific data, to permit general applica-
tion of the results. The important overall assumptions for the study and the
rationale for their selection are identified.

4.1 DECOMMISSIONING ALTE. IVES

The general characteristics of the basic decommissioning alternatives are
summarized in Table 4.1-1. Each of the alternatives as applied to the refer-
ence U-Fab plant is defined and discussed in the following subsections.

4.1.1 Definition of and Rationale for DECON

DECON (immediate decontamination to unrestricted release) provides a way
to meet the requirements for termination of a nuclear possession-only license in
the near term, thus eliminating long-term security, maintenance, and surveil-
lance needs and making the site available for unrestricted use within about
I year following facility shutdown. To accomplish DECON requires that all
potentially contami: .ted systems pe disassembled and removed from the facility
and transported to a re ulated disposal site.

a-1]



TABLE 4.1-1. Characteristics of the Various Decommissioning Alternatives

Facility/Site Use

Alternative Facility Status -
DECON Equipment - removed if radicactive Facility - Unrestricted
Surveillance Staff - none Site - Unrestricted
Security - none
Environmental Monttoring - none
Radioactivity - removed
Surveiliance - nene
Structures - removal optional
License - terminated
Custodial Equipment - Lome operating Facility and site are restricted to nuclear use
Surveillance Staff - some required until deferred decontamination is accomplished.
Security - continuous
Environmental Monitoring - continuous
Radioactivity - confined
Surveillance - continuous
Structures - intact
License - amended version maintained
Passive Equipment - nane operating All of the facility and mst(” of the site are
Surveillance Staff - routine periodic inspections restricted to nuclear use until deferred decon-
Security - remote alarms tamination 15 accomplished.
Environmental Monitoring - routine pertodic
Radigactivity - immobilized/sometimes sealed
Surveillance - periodic
Structures - intact
License - amended version maintained
Hardened  Equipment - none operating Most'®) of the facility and most'®) of the
Surveillance Staff - nore on site site are restricted to nuclear use until de-
Security - temporary hardcned barriers; fencing and ferred decontamination is accomplished.
posting, remote alarms
Environmenta)l Monitoring - infrequent
Radioactivity - sealed in nardened structures
Surveillance - infrequent
Structures - partial remcval optional
License - anended version maintained
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