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ABSTRACT

Cost and safety information is developed for the conceptual decommission-
ing of non-fuel-cycle nuclear facilities that represent a significant decommis-
sionias task in terms of decontamination and/or disposal activities. Reference
facilities examined in this study include six types of laboratories and three
site elements associated with materials facilities that require some decommis-
sioning effort, Decommissioning of these reference facilities and sites can be
accomplished using techniques and equipment that are in common inlustrial

use. Since decommissioning technology for non-fuel-cycle nuclear fazilities
has not changed appreciably since publication of NUREG/CR-1754, essentially the
same technology assumed in that study is used in this study.

For the reference laboratory-type facilities, the study approach is to
first evaluate the decommissioning of representative components (e.g., hoods,
glove boxes, building surtaces, exhaust systen ductwork, etc.) that are common
to meny laboratory facilities. Reference laboratories are then anaiyzed using
data for individual components (the unit-component approach) to proviue infor-
mation about the costs and safety of decommissioning entire facilities. DECON
is the decommissioning alternative evaluated for the reference laboratories
because it results in release of the facility for unrestrictea use as soon as
possible. For a facility, DECON requires that contaminated components either
be: 1) decontaminated to unrestricted release levels or 2) packaged and
shipped tc an authorized disposal site.

The costs of decommissioning facility components are generally estimated
to be in the range of $1,000 to $12,000, depending on the type of component,
the type and amount of radioactive contamination, the DECON options chosen, and
the quantity of radioactive waste gererated from decommissioning operations.
Estimated costs for decommissioniny the example laboratories rarge from
$100,000 to $150,000, On the basis of estimated decommissioning costs for
facility components, the costs of decommissioning typical non-fuel-cycle
laboratory facilities are estimated to range from about $20,000 for the decom-
missisning of a small room containing one or two m. .erately contaminated fume
hoods to more than $1 million for the decommissioning of an industrial plant
containing several laboratories in which radiochemicals and sealed radioactive
sources are prepared.

For the reference sites of this study, the basic decommissioning alterna-
t'ons are: 1) site stabilization followed by long-term care and 2) removal of
the waste or contaminated soil to an authorized disposal site. Cost estimates
made for decommissioning three reference sites range 'rom about $69,000 for the
removal of a contaminated drain line and hold-up tank to more than %31 million
for the removal of a tailings pile that contains radioactive residue from ore-
processing operations in which tin siag i¢ processed for the recovery of rare
metals,

Total ocrupational rad.ation doses generally range from 0.001 to 1.0 man-
ren for decommissioning the laboratory facilities of this study. An exception
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exists when decommissioning operations create signif}sgnt quantities of air-
borne radiocactivity as in the case of the reference \n laboratory, where
inhalation of afrborne radiocactivity is estimated to result in a total decom-
missioning worker dose of 40 to 50 man-rem, for decommissioning operations in
an enviroiment with a potential for high inhalation exposure to ~adiation,
workers may be required to wear protective respiratory equipment, which would
greatly reauce the occupational doses.

An adaition to this study, not present in the original study, is the
inclusion of a section (Appendix E) providing a simplified procedure for
estimating decomnissioning costs of non-fuel-cycle nuclear facilities. The
purpose of this procedure is to provide NRC staff with thc means to easily
generate their own estimate of decommissioning costs for a given facility for
comparison ajgainst a licersee's suhmittal,

The results of this study do not change anv of the conclusions giver in
NUREG/CR-1754, However, an additional conclusion of this study is that rapidly
escalating costs for disposal of radioactive wastes have necessitated the use
of advanced volume-reduction technologies to minimize the volumes of radio-
active waste that need to be disposed.
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FOREWORD
BY
NUCLEAR REGULATORY COMMISSION STAFF

The Nuclear Regulatery Commission (NRC) has issued regulations

related to the decommissioning of nuclear facilities. (1) As part
ot *his activity, the NRC initieted two series of studies thrcugh
technical assistance contructs, These contracts were undertaken to
develop information to suppor. the preparation of new standerds
covering deconmissioning.

The first series of studies covers the technology, safety and

costs of decommissioning reference nuclear fecilities. (2-25) Light
water reactors (LWRs) and fuel-cycle and non-fuel-cycle facilities
were included, Fecilities of current design on typical sites were
selected for the studies, Separate reports were prepared as the
studies of the various facilities were completed.

The second series of studies covers supporting information on

the decommissioning of nuclear facilities. (26-30) " g4 series
includes an annotated bibliography on decommiesion and studies on
facilitution and radiation survey methods appropriate for decom-
missioning, as well as an examination of regulations applicable to
decommissioning.

This report contains information concerning technical support
provided by Pacific Northwest Laboratory statf for decommissioning
matters related to implementation of the final Pecommissioning Rule
by the NRC staff,

The information provided in this report on decommissioning of
reference non-fuel-cycle nuclear facilities will be used as part of
the NRC information base to develop regulatory guides for imple-
menting the decommissioning rule amendments.
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1.0 INTRODUCTION

This report contains the results or a study sponsored by the Nuclear
Regulatory Commission (NRC) to conceptually decommission non-iuel-cycle nuclear
facilities, The primary purpose of the study is to provide a current come
pendium of relevant information on the technology safety, and costs for decom-
missioning such radioactive mterials facilities. The information provided in
this report revises and/or updates the information already provided in te
original document with the same title (NUREG/CR-1754). This information is
intended for use by NRC staff as background data in evaluating licensee cost
estimates and decommissioning plans, as required by the final decommissioning
rule. It is also intended for use by materials licensees in planning for the
decommissioring of their facilities,

The example facilities decommissioned in this study are the same as those
used in NUREG/CR-1754 and are considered representative of actual facilities.
The reference laboratory facilities include individual laboratories that are
representetive of facilities for 1) the manufacture of radiochemicals and
sealed sources and 2) institutional laboratories where radioisolopcs are
used., The study spproach used for the e facilities is to describe the decrm-
missioning of components such as fume hoods, glove boxes, building surfaces,
exhaust system ductwork, etc., that are common to many facilities., Example
laboratories are then analyzed using data for individual components (the unit-
component approach) to provide representative information ahbout the costs and
safety of decommissionirg entire faciiities. This study analyzes th¢ decommis-
sioning of example laboratories by the DECON {immediate decontamination (o
unrestricted release) dotions of: 1) decontamination of equipment and building
surfaces to unrestricted relvase levels and 2) disposal of contaminated com-
ponents and material at authorized burial sites.

The reference sites are actually site elements for which some effort would
he required to remove the raadioactive contamination. The site elements
g¢nalvzed include a contaminated underground drain line and hold-un tank, a
contaninated ground surface, and a tailings pile/evaporaticn pond containing
the radioactive residue from ore prucessing operations in which rare metzls aro
recovered from o~es containing licensable quantities of thorium and uranium,
Analysis of the decommissioning requirements for these site e¢lements is
intended to pr vide examples to assist in estimating the requirements and costs
of decommissioning sites with similar rudioactive contamination., The decormis-
sioning alternatives analyzed for these sices are: 1) site stabilvzation fol-
lowed by lonc-temn care and 2) removal of the waste or contaminated sofl te an
authorized disposal site,

fstimates are made of manpower requirements, work schedules, .aterial and
equipment. needs, waste management requirements, and occupational radiation
doses ftor decammissioning facility components, ex:z m'e laboratory facilities,
and site eiements by the decommissioning alternatives described previously,
Deconmissioning techniques are chosen that renresent current technology and
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that conform to the principle of keeping public and occupational radiation
coses as low as reasonsvly achievable (ALARA), Decontamination and decommis-
sioning technology for non-fuel-cycle nuclear facilities has not changed
appreciably since publication of the base study (NUREG/CR-1754); therefore, the
technology assuried in that study was used for this study, with Lhe addition of
more cffective volume-~redurtion technology.

Foilowing this introductory chapter, a summary of the important informa-
tinn and res.lts of this study is presented in Chapter 2. Chapter 3 contains a
review of decoomissionina experience at three non-fuel-cycle nuclear far<'i-
ties. Advanced volume-reductiom technologies are covered in Chepter 4,
Chapters 5, 6 and 7 present the resuits of the analyses for decommissioning
facility components, reference facilities, and reference siices, respectively,
The study results are discussed in Chapter 8., Appendices A through ( provide
the cetails of the decommissioning analyses set forth in the main report. The
cost estimating bases utilized in the study are jresented in Appendix D,
Finally, a procedure for easily estimating decomissioning costs for non-fuel-
cycle nuclear facilities is provided in Appendi« £,



2.0 SUMMARY

The objective of this study 1s to prcvide a current compendium of relevant
information on the technology, safety, and costs for decommissioning non-fuel-
cycle nuciear facilities, The information in this report revises and/or
updates t?’ information already provided in the original document on the same
subject, The study is intended to provide background information tor use by
NRC staff in evaluating licensee cost estimates and decommissioning plans, as
required by tne final decommissioning rule., A procedure for use by NRC sta“f
in estimating decommissioning costs of ron-fuel-cycle nuclear facilities is
provide. in Appendix E, This procedure is also intended for use by materials
licensees in planning for the cdecommissionirq of their facilities., This
chepter provides a brief discussiun of the results of the study; a more
detailea presentation of results follows in later chapters.

2,1 DECOMMISSIONING ALTERNATIVES

The decommissioning alternatives ava1l?Yse to materials licensees have not
charged since publication of NUREG/CR-1754, The basic alternatives are
immediate decontamination to unrestricted rclease (DECON), safe storage
followed by radioactive dec.y or decontamination to unrestricted release
§SA;STU§). and entombment with radioactive decay to unrestricted release

ENTOMB ).

VECON or a facility requires that contaminated components either be:
1) decontaminated to unrestricted release levels or 2) packaged and shipped to
an autinorized disposal site. The approach used to analyze laboratory decommis-
stoning i5 to first describe the decommissioning of representative components
(e.g., fume hoods, glove boxes, building surfaces, exhaust system ductwork,
etc.) that «re common to many lahoratories. Example lahoratories are then
analyzed using data for individual components (the unit-component approach) to
provide information about the costs and safety of decommissioning entire
facilities.,

For the reference sites of this study, the basic decommissioning aiterna-
tives are: 1) site stabilization followed by long-term care (similar to
SAFSTUR) and 2) removal cf the waste or coutaminated soil to an authorized dis-
posal site (DECON), For a site that contains a tailings pile/evaporation pond,
a combination of these alternatives is also possible in which the tailings
pile/evaporation pond is stabilized and used as a temporary waste storage site.

ENTOMB is not considered a viable deconmiszsioning alternative due to the
urban or suburben location of most materials licensee laboratory facilities,

-

A nuaber of non-fuel-cycle nuclear facilities nave beYn)decommi:sioned in
the intervening years between publication of NUR.L/CR-1754'*/ and this
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report., A few of these facilities of particular relevance to this study are
discussed, including: a cobalt-60 irradiation facility, an alpha-contaminated
heavy isotope separation laboratory, and a depleted uranium manufacturing
facility and a depleted uranium and thorium waste pond,

2.3 REVIEW OF ADVANCED VOL'IME-REDUCTIUN TECHNOLOGIE>

The rapidly escelctin? cost for disposing of radioactive waste at the
available siallow-land burial grounds has created an incentive to reduce the
volume of waste that must be shipped to a disposal site as much as possible.
Two emerging, but not necessarily commercially available, technologies offer
potentially significant volume reduction of generated radioective waste:
supercompaction and incineration., Supercompaction is capable of volume-
reducing most dry-active weste (DAW), including trash and metal waste. On the
other hand, while incineration can yield even higher volume reduction cf trash
and combustipble materials, incineration is not applicable to metal waste, and
has encountered significant public opposition to its implementation.

2.4 CHARACTERIZATION OF REFERENCE FACILIT.ES AND SITES

The reference facilities a?? sites analyzed in this study are the same as
those assumed in NUREG/Ck-1754, ) The reference laboratories inciude:

® a laboratory for the manufacture of 34-1abeled compounds

® a laboratory Jor the manufacture of l"C-labe\ed compounds

4 a laboratory for the manufacture of 125l-labe\ed compounds

® a laboratory for the manufacture of 137Cs sealed sources

® a laboratory for the manufacture o/ 28lpp sealed sources

® a reference institutional user laboratory.
inese facilities are described in detail in Section 7 of NUREG/CR-1754.(1)

Several facility components ire common to the reference laborutories,

These components include fume hoods, glove boxes, hot cells, laboratory work-
benches, sinks and drains, ventilation ductwork, filters, and building surfaces
(floors, walle, and ceilings). Some of these components experience significant
radioactive ceontamination during the operational phase of *“e laboratory.
Release of a laboratory for unrestrictec use and termination of the radiocaciive
material license recuire either that: ' a contaminated component be decon-
taminated to unrestricted release levels, with wastes packaged and shipped to a

waste disposal site or 2) the entire component be packaged and shipped to an
authorized disposal site.
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The refererce sites include:
® a site with a contaminated drain line and hold-up tank
® a site with a contaminated ground surface
® a tailings pile containing uranium and thorium residues.

Section 7.3 of NUREG/CR-I?Sd(l) di . ribes each of these sites in detail.

2,5 DECOMMISSIONING OF FACILITY COMPONENTS

Facility components may be decommissioned by decontamination to unre-
stricted release levels or by disposal at a shallow-land bu.ial ground. The
facility components for which decommissioning analyses are made and the PECON
vptions analyzed are shown in Table 2.1, A summary of estimated costs for
decommissioning facility components is given in Table 2,2. A summary of esti-
mated occupational radiation doses for cecommissioning facility components is
given in Table 2,3, Components are assumed to be located in a room that mea-
sures 6 m by 10 m, with walls 3 m high,

Contamination level; on facility components before decontamination are
given in NUREG/CR-1754, ) Decontamination procedures are described in
Appendix B of that document., Decontamination is assumed to reduce removable
surface contamination to the unrestricted release levels specified in the NRC
Guidelines of Reference 1.,

TABLE 2,1, DECOM Options for Facility Components
DECON Op.ion

Clean to Dismantle and
Unrestricted Package for
Facility Component Release Levels Disposal
Fume Hood x\2) X
Glove Box X X
Small Hot Cell X X
Laboratory Workberch X X
Sink and Drain X X
X

Ventilation Ductwfgs

Building Surfaces *

(a) An "x" indicates that the facility component can be
decommissioned by the indicated option.

(b) Some contaminated material such as floor tiles or
concrete chipped from walls might be packaged and
shipped fcr disposal.



TABLE 2,2, Summary of Estimated Costs for Decommissioning Facility Components

Estimeted Costs (3 thousands)'®’ +o Decom
misslon Component vith Indicated Contaminant

Fac! i1ty Component and DECON OpYlon 3 e 128, 1370, 21,
Fume Hood
Decontamination 6,0 5,9 6,2 6.2 7.7
Packeqlng and Disposal w/o Volume Reductlon 9.5 9.5 9.% 9.5 10,2
¥ackeqing and Disposal w/ Supercompaction 6,% 6,5 6,% 6,% 71
Packaalng and Disposal w/ Incineration 7.0 7.0 7.0 7.0 7.7
Glove Rox
Decontamination 4,4 4,1 4.5 - 5,7
Packaalng and Disposal w/o Volume Reductlon 4,0 4,0 4,0 -- 4.5
Packaging and Disposal w/ Supercompaction 3.8 3.8 3.8 - 4,6
Packaaing and Disposal w/ Incineration 4,0 4,0 4,0 - 4,7
Small Hot Cel!l
Decontamination - - - 8,6 -
Packaglng and Disposal w/o Volume Reduction - - - 10,1 -
w/0 Lead Salvage
Packaging and Disposal w/o Volume Reduction .- - .- 12,0 .-
w/ Lead Salvege
Packaging and Dispossl w/ Supercompaction - - - 11,9 -
w/ Lead Salvage
Fackaging and Disposal w/ Incineration - - - 12,3 -
w/ Lead Salvaqe
Laboratory w "kbench
Decontamination 2,0 2.1 2. 2.1 2.1
Packaqing and Disposea| w/o Volume Reduction 9.0 9,0 9.0 9,0 9,0
Packaring and Disposal w/ Supercompaction 4,7 4,7 4,7 4,7 4,7
Sint and Drain
Decontamination - 1.3 1.3 1.3 -
Packaaino and Disposal w/o Volume Reduction - 2.3 2.3 2.3 -
Packaging and Dieposal v/ Supercuspaction - 1.9 1.9 1.9 -
Ventilation Ductwork
Packaaging and Dispasal w/o Volume Reduction 11,8 11,8 11,8 11,8 12,3
Packaging and Disposal w/ Suparcompaction 6, 6,1 6,1 6,1 7.
Packesaling and Disposal w/ Irslneration 6,9 6,9 6.9 6,9 7.9
walls
Decontamination 19,5 19,5 21,4 21,9 21,4
Floor
Decontamination 8,8 8.8 8.8 8.8 8.%

(a) Costs sre In January 1988 dollars and Include a 2%f contingency,

Disposal is postulated to be hy shallow-land burial at a site located
800 km from both the laboratory being decommissioned and from the centrally
located supercompaction facility, The supercompaction facility is postulated
to be located 350 km frum the laboratory, Wacstes are packaged in 208-2 steel
drums or in plywood boxes and are shipped by truck either to the disposal site
or to the supercompaction facility HBoth the contaminated cuuponents and the
decommissioning wastes, with the exception of contaninated liquids, are dis-
posed of in this manner, Contaminated liquids are solidified on-site and
always shipped directiy to the dispcsal site,
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TABLE 2.3.

Sumnary of Estimated Occupational Radiation Doses for
Decommissioning Facility Compunents

Estimated Occupational Doses (man-rem) to
Decommiss lon Component with Indlicated Contaminant

Facl|ity Component and DECON Optlon 3y Ve 125, 137, () 241, (8
fume Houd .2 -5 -5 -1 .
Uecontamination 1 x 105 1 x 10 4x 104 1x 10, 1x10,
Pockeging and Disposal w/o Volume Reduction 2 x 1005 2 x \0g 7 x 1004 3 x 10, 2 x 10,
Packaging and Disposal w/ Supercompaction 4x 105 &x 10 1x 10, 5x10, 3x10,
Peckaging and Dispisal w/ Incineration 4 x 10 4 x 10 ' x 10 $x 10 3x 10
Glove Box -3 o1 .2 0
Decontamination 2 x lo.’ 5 x ‘0-6 1 x 10_2 - 4 x loo
Packaging and Disposs! w/o Volume Reduction 3 x 105 1 x 10, 2 x 105 .. 6 x 10,
Packag!ng and Disposel w/ Supercompaction S x 1003 2 x 1070 3 x 1005 - B x|
Packaging and Disposal w/ ‘ncineration 5x 10 2x 10 3x 10 - 8 x 10
Small Hot Cell
Decontaminat ion - -- -- 3 x vog -
Packaqing and Disposal w/o Volume Reduction - - .- 4 x 10 .-
w/0 Lead Salvage 0
Packaging and D!sposal »/o Volume Reduction - - - 8 x 10 -
w/ Lead Salvaqe 0
Packaqing and Disposal w/ Supercompaction - .- .- 9 x 10 --
w/ Lend Salvege 0
Packaging and Disposal w/ Incineration - - - 9 x 10 .-
w/ Lead Salvage
Laboratory Workbench -7 .7 o 5 3
Decontamination 4 x 1075 4x 100, 7 x 1000 2x 1005 L ox 1073
Packag'ng and Dlisposal w/o Volume Reduction 7 x to_b T8 lo_b 1 x 10_5 Sn 10z 3x 10 3
Packaging and Disposal w/ Supercompaction 1x 10°% 1 x10™® 2x 10" $x 107 5 x 107
81k and Drain -7 -6 5
Decontamination - 4 x 107, 6x 1070 4x 1075 .-
Packaging and Disposal w/o Volume Reduction - 6x 05 9x 10 6x 10§ e
Packeging and Disposa! w/ Supercompaction - 7x 10 1 10 8 x 10 -
Yent|ilation Ductwork il -5 .5 .3 -2
Peckaging and Disposal w/o Volume Reduction 2 x 10 o 2 x 105 8 x 104 3 x 10,5 2x 105
Packaging and Disposal w/ Supercompaction 3x 10 3x10.g 1 x 10 0 5x 104 3 x 105
Packaging and Disposal w/ Incineration 3x 10 3x 10 1 x 10 5 x 10 3x 10
Decontamination 5x 107> 210" s x10™ 8x 10" 1x 10"
Floor 4
Decontaminat |on 2x 10" 8 x 10" 8 x 10" 3x 10 7 x 10"
(a) Occupational exposures tor work with ‘5705 and 2“Am contamination could be reduced 1 or

2 orders ot meanitude |t workers used protective respirstory equipment,

It is assumed that components contaminated with 241Am can be disposed of
by shallow-land burial. If contamination levels exceed 100 nCi/gram of waste,
it may be necessary to decontaminate the componert prior to packaging it for
dispocal. Alternatively, it may be necessary to provide for interim storage cf
the contaminated component, since facilities for the permanent disposal cf
transuranic wastes are not yet available.
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Decommissioning costs include the costs of staff labor, equipment and sup-
plies, and waste management (the packeging, volume reduction, transportatien,
and disposal of wastes). A1l costs are expressed in January 1988 dollars.
Total costs include a 25% contingency.

Decommissioning of facility components is assumed to be performed by
employees of the owner/operator of the facility. Staff labor costs are deter-
mined by multiplying the man-days required to decommission a component by the
costs per man-day given in Appendix D, To determine the total time required to
decommission a component, an estimate is made of the time required for effi-
cient performance of the work by a postulated work crew. Thic time estimate is
then increased by 50% to provide for preparation and set-up time, rest periods,
etc.

The base-case scenario for determining the requirements and costs of dis-
posal of facility compononts assumes that current decommissioning practice 1is
followed and that compor:nts are packaged and shipped intact with a minimum of
sectioning (1.e., cutting) or compaction. To provide a basis for cost compari-
sons, estimates are made of the additional expense of volume-reduction proce-
dures and of cost savings resulting from a decrease in the volume of waste
shipped to the disposa, site. For the cecommissioning of a small hot cell, the
cost savings resulting from salvaging lead bricks is also estimated. Costs of
these alternatives are summarized in Section 5.2.

An estimate of occupational dose is made for the decommissioning of each
facility component, The occupational dose is evaluated by multiplying the
estimated worker dose rate for a component by the man-days required to decon-
missfon the component. The estimated worker dose rates that form the bf??s of
occupational dose calculation are given in Section 8.1 of NUREG/CR-1754 and
include contributions from both direct expousure and irhalation., The worker
dose rates used in this study are in reasonzble agreement with experience at
typical radinactive materials labcratories.

2.6 DECOMMISSIONING OF REFERENCE F*CILITIES

Estimates are made of time and manpower requirements, occupational radi-
ation doses, and total costs for DECON of the six reference laboratories listed
in Section 2.4, The decommissioning analyses for these laboratories use cost
and sal'ety data for the decommissioning of facility components summarized in
Section 2.5. Costs of plarning and preparation and of a final radiation survey
of the decommissioned facility are added to the basic decontamination costs of
the individual components. Decommissioning requirements &nd costt for the six
reference laboratories are sumnarized in Table 2.4,

Decommissioning is preceded by a period of planning and preparation that
includes activities to ensure that dz2commissioning is performed in a safe and
cost-effective manner in accordance with all applicab’e federal, state, and
local regulations. Planning and preparation activities include the preparation



TABLE 2.4, Summary of Estimated Requirements and Costs for DECON of Six
Reference Laboratories that Process or Use Radioisotopes

Requirement or Cost for Reference Lgborotory(')

3 LN 128, T3¢, Alpn  Institutiona!
Parameter Laboretory Laborstory Laboratory Lahorstory Leboratory _Laboratoty

"ON
Time (days) n 62 6l 60 R]
Manpower lnnn-dnyszb) 279 238 230 336
chaga!;ag’\ Dose 0.001 0.1 40
Costs ($ thousands)(€)

Staff Labor 66.3 55.3 80.9

fauioment 4.2 3.6 4.7

3upgl1:t i 10,3 g.s 12.9

aste Manageme S A
Totals

N Vo) ion
Time (days) 76 65 64 61 86 73
Manpower (man doys?b) 105 251 257 234 359 263
0Cng“§‘8a’l fose 0.1 n.001 0.1 6 50 0.1
Costs ($ thousands)(€)

Staff Labor 73.3 60,2 69.6 56.5 86.0 68,1

Equipment 8.1 4.4 3.8 8.9 4.9 4.6

Suopli:s ‘9.; 10.9 10,1 9.4 12.9 9.3

Waste Management 0 %a,? 26,1 24,9 33,] %E,;

Totals T8 \

(8) The Yisted value represents the =equirement or cost for both planning and preparation and
the actual decommissioning of the laboratory,

‘b) Estima ed on the .ssumption that workers do not use protective respiratory equipment,
Noses could be reduced hy 1 or 2 ordefi of magnitude through the use of this equipment,
This 1s a 1ikely alternative for the Lam laboratory.

5(? Costs are in January 1988 dollars and include a 25 contingency.

d) Credit for lead salvage.

of documentation for regulatory agencies, an initial radiation survey to deter-
imine the radiological condition of the laboratory, and the development of
detailed work plans,

DECON options postulated for the components of the reference laboratories
are arbitrary but are believed to represent reasonable approaches to the decom-
missioning of particular components. Some fume hoods and glove boxes are
assumed to be decontaminated to unrestricted release levels, while other hoods
and glove boxes are packaged for disposal, depending on the magnitude and type
of surface contamination. Laboratory workbenches and otheir components such as
refrigerators, storage cabinets, etc., are assumed to be decontaminated to
unrestricted release levels. Sinks are decontaminated, and drain lines are
packaged for disposal. Ventilation ductwork is sectioned and packaged for dis-
posal, Building surfaces ar? generally assumed to be decontaminated to unre-
stricted use levels,
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The decommissfoning activities evaluated in this report do not include
consideration of significantly off-normal conditions, such as spread of
contamination within the structural walls or beneath the primary covering of
the floors of the facility. Because of the unique characteristics of such
situations, they cannot be evaluated in the same generic manner as i1s done for
the normal conditions., If these types of conditions exist in a facility,
specific analyses by the owner will be necessary to estimate the costs of these
additional cleanup operations, which would then be added to the estimates
developed using the methodology and unit cost factors preserted in this report.

The final decommissioning activity is a comprehensive radiological survey
to document levels of radioactivity remaining in the facility after DECUN is
completed and to certify that these levels are liss than those specified for
unrestricted release.

Decommissioning 1s assumed to be performed by employees of the owners or
operators of the laboratories. The ba‘ic decommissioning work crew includes a
foreman and three technicians, assisted by a health physicist, Craftsmen
(electricians, pipefitters, etc.) are added to this crew on a part-time basis
to perform specific tasks., Staff labor costs are postulated to include the
salary of & supervisor on a half-time basis.

Costs for decommissioning the reference laboratories include the costs of
staff labor, equipment, suppliers, and waste management. Costs are estimated
for planning and preparation, for the actual decommissioning, and for the ter-
mination survey. Total costs listed in Table 2.4 are the sum of all of these
costs. All costs are expressed in January 1998 dollars and include a 25%
contingency.

Estimates of occupational radiation dose ar?lTade by muiltiplying worker

dose rates given in Section 8.1 of NUREG/CR-1754 by the estimated man-days
required to decommission a facility.

2.7 DECOMMISSIONING OF REFERENCE SITES

Estimutes are made of time and manpower requirements, occupational radi-
ation doses, and total costs for cdecommissioning the three reference sites
listed in Section 2.4, For the site with a contaminated underground drain line
and hold-up tank and for the site with a contaminated ground surface, estimates
are made of the requirements and costs for removal of the radioactively con-
taminated material, For the site with a tailings pile containirg uranium and
thorium residues, estimates are made of requirement; and costs fer both the
site stabilization and the removal options. Decommissioning requirements and
costs for the three reference sites are summarized in Table 2.5.

Because concentrations of radioactivity are low and inhalation of resus-
pended particulates either is not a serious consideration or can be protected
against by the use cf respiratory equipment, ramoval of the waste and
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TABLE 2.5. Summary of Estimated Manpower Requirements, Costs, and
Radiation Doses for Decommissioning Three Reference Sites

Requirement or Cost

Time  Manpower Costs'®) Dccupet lonal Rad|ation
Site (deys) (mon-days) (3§ thousands) Dose (man=rem)
Underground Drain Line & 1" 72 69 0,04
Hold=up Tenk
Contaminated Ground 42 203 1,829 0,14
Surtace
Tallings Pile
Stabliiization Option 32 174 334 0,08
L Term Care 10 ral 12 0,01
(Annually)
Remove! Option 159 1,657 31,249 1.0

(a) Costs are in January 1988 dollars »nd Include a 25§ contingency,

contaminated soil is accomplished with standard earthmoving equipment., Radio-
active material is packaged in plastic-lined piywood boxes for shipment to a
shallow-land disposal site.

For the site with a contaminated tailings pile, site stabilization is
assumed to include the following procedures. The pile is covered with a 50-mm-
thick layer of asphalt. This asphalt layer is then covered with 1 m of soil.
The soil is mounded slightly at the center of the pile to allow water to drain
from the soil cover and to prevent the accumulation of runoff from rainfall or
snow melt., After compaction and contouring of the soil cover, the area is
seeded with grass.

Decommissioning activities include a radiological survey to assess the
condition of the site before site stabilization or removal operations begin and
restoration of the site by backfilling and planting vegetation after waste
removal 1s completed, A final radiation survey to verify that the radioactiv-
ity remaining on the site is less than release limits is performed prior to
release of a site for unrestricted use. Decommissioning is assumed to be per-
formed by a coniractor hired by the owner or operator of the site.

Decommissioning costs include the costs of staff labor, equipment, sup-
plies, soil sample analyses, waste management, and a contractor's fee. Total
costs shown in Table 2.5 are the sum of planning and preparation, actual decom-
missioning, and termination survey costs., A1l costs are expressed in early
1988 dollars and include a 25% contingency. Approximately 90% of the cost of
decommissioning a site with contaminated ground surface, and approximately 96%
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of the cost of the removal option for decommissioning a tailings pile is
related to waste management (i.e, the packaging, transportation, and disposal
of sofl and waste exhumed for the site).

Occupational radiation doses are estimated on the basis of an assumed
average dose rate of 0.1 mrem/hr to decommissioning workers. This exposure
level was estimated on the basis of experience at tailings sites and low-level
waste burial grounds and chosen conservatively,

2.8 STUDY CONCLUSIONS

The major f?nc1usions of this study have not changed since publication of
NUREG/CR-I?SA.( However, a couple of new conclusions can be added to the
conclusions of that document, These are:

® Decommissioning costs have increased considerably since publication
of NUREG/CR-1754 due primarily to rapidly escalating costs for dis-
posal of radioactive waste generated during decommissioning opera-
tions at the available shallow-land burial sites.

® New, commercially available radioactive waste volume-reduction tech-
nology can significantly reduce the costs of waste disposal and,
hence, the costs from decommissioning operations.

2.9 REFERENCES

1. E. S. Murphy, 1981. Technolo Safety, and Costs of Decommissioning
Reference Non-Fuel-Cycle Nuclear Facilities, NUREG/CR-1754, U.S. Nuclear
Regulatory Commission Report by Pacific Northwest Laboratory, Richland,
Washington,

2.10



3.0 REVIEW OF DECOMMISSIONING EXPERIENCE

Since publication of NUREG/CR-1754.(1) several fgmg’rcial and Nepartment
of Energy (DOE) facilities have been decommissioned,'“" A few of these
facilities of particular relevance to this study are discussed in this chapter,

3.1 DECOMMISSIONING EXPERIENCE AT INTERNATIONAL NuTRONICS(?)

The International Nutronics cobalt-60 irradiation facility located at
Dover, New Jersey, was commissioned as a commercial irradiation facility in
1970 after obtaining a license from the Atomic Energy Commission (AEC). Inter-
national Nutronics acquired the facility from Radiation Service Associates in
1981 and ceased operations in 1983, at which time a decommissioning program for
the facility was initiated. During operations, the facility provided gamma
irradiation services for sterilization, physical and chemical effects pro-
cessing, and radiation effects testing.

The operations facility building, which housed both the irradiation cells
and operational offices, was a 15 x 24 x 5 meter cinder block structure with
concrete floors. The irradiation cells were made of concrete blocks in which
was positioned a cylindrical source array comprising more than fifty cobalt-60-
encapsulated sources to perform in-air irradiations. When not performing
irradiations, the sources were stored in a carbon steel storage tank containing
S-meter-deep water., While the maximum cobalt-60 source strength utilized at
the facility was 400,000 curies, only 59,777 curies existed when decommission-
ing operations were initiated.

The decommissioning program comprised four steps:

e removal of the cobalt-60 sources

® dismantlement of the irradiation cell

® 1emoval of the source storage tank

e Jecontamination of the facility building and environment,
The entire effort was directed toward reducing residual contamination levels
below those specified in NRC gui?gsines for decontamination of facilities prior
to release for unrestricted use.

The removal of the cobalt-60 sources involved an elaborate program to
package the sources and then place them in an approved Type B shipping cask
with an internal liner. Since the shipping cask was approved for only 13,000
curies per shipment, four shipments were required, The sources were shipped to
a facility with hot cell and encapsulation facilities where, after they were

inspected and their integrity verified, they were again utilized for irradi-
ation studies.

3.1



The source storage tank was decoataminated as much as possible before it
was sectioned and packaged for disposal., However, since the contact dose rate
stil]l exceeded 1.5 rem per hour, the process of sectioning the tank was fairly
complex. An electric hacksaw was used in the sectioning operation,

Dismantlement of the concrete irradiation cell involved removing the con-
crete blocks and packaging them in either metal or wooden containers. All
equipment and materials resulting from this operation were packaged and dis-
goscd of as radioactive waste unless surveys revealed their contamination

evels were below the values necessary for unrestricted release.

Decontamination of the facility building and environment entailed both
removal of building components and soil, and surface cleaning and removal,
Decontamination of floor and wall surfaces was performed by either total
removal or selective removal by scabbling, using jackhammers and scabblers,
respectively, Soil was removed as determined necessary,

The entire decontamination operation was completed in 1986 and approved by
the NRC for unrestricted radiological release.

3.2 DECOMMiSSIONING EXPERIENCE AT UKAEA-HARWELL (3

The Unitea Kingdom Atomic Energy Agency (UKAEA) Hermes isotope separation
facility located at Harwell, United Kingdom, was first used in experiments ‘o
separate heavy metal isotopes in the 1950s. A decommissioning program for the
facility was initiated in 1983,

The primary source of contamination in the laboratory was from alpha
particles. For this reason, the individuals performing the decontamination
operations had to wear full pressurized air suits to prevent inhalation of the
alpha particles. The primary steps to decontaminating the laboratory were:

® remove equipment
® remove glass and steel wall partitions
® decontaminate the laboratory.

Equipment removal involved segmenting the electromagnetic device used to
separate the heavy metal isotopes by gas gouging and cutting, removing the con-
crete plinth supporting the electromagnetic device using concrete breakers, and
chopping up an overhead runway beam using electric cutting equipment,

Paint stripping was used to decontaminate the laboratory walls while scab-
bling was used to decontaminate the concrete floor. The glass and steel wal)
panels were removed c¢nd packaged for disposal.

The entire decontamination operation was completed in 1987 with the facil-
ity being returned to laboratory use and declared a nonrestricted area.
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3.3 DECOMMISSIONING EXPERIENCE AT AEROJET ORDINANCE TENNESSEE(4+5)

Aerojet Ordinance Tennessee has decommissioned two of its facilities over
the last few years:

® a depleted uranium manufacturing facility located at Compton,
California, that produced GAU-8 armor penetrators from depleted
uranium

® an inactive evaporation pond located at Jonesboro, Tennessee, that
had been used to process liquid wastes containing depleted uranium
and thorium,

The depleted uranium manufacturing facility was located in a 5800-u|2
masonry commercial structure with 2.4-m-high ceilings and a concrete floor.
Decontamination operations primarily involved removal of equipment and
contaminated piping. Standard methods such as scrubbing, strippable coatings,
vacuuming, wiping, and scabbling were used to clean the ceiling, walls, and
floor. The entire decommissioning operation was started and completed in 1987
and the facility was released for uncontrolled use.

Decommissioning of the inactive evaporation pond utilized on-site disposal
of the contaminated soil and proceeded in two stages:

® construction of a rockfilled berm around a portion of the pond

e excavation of contaminated soil and entombment of the soil in a clay
cell,

Construction of the rockfilled berm consisted of standard methods for clearing,
stripping, excavation, and rock placement. Closure of the pond involved exca-
vation of contaminated soil from the bottom of the pond, preparation of the
ground for use as a disposal site, placement of the contaminated soil on the
prepared ground, and sealing the disposal site by covering the contaminated
soil with layers of clay and topsoil followed by the planting of grass.
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4,0 REVIEW OF ADVANCED VOLUME-REDUCTION TECHNOLOGIES

A considerable quantity of low-level radioactive waste (LLW) can be genere
ated during decommistioning of non-fuel-cycle nuclear facilities. The rapid
escalation in the costs of disposing of LLW at the existing shallow-land burial
grounds over the last several years has correspondingly led to a pronounced
escalation in the costs of decommissioning non-fuel-cycle nuclear facilities,
The disposal costs can, however, be significantly reduced by taking steps to
red:cc the volume of the waste to be shipped to the disposal site. These steps
include:

e siznificant preplanning and preparation to maintain waste volume
generation as low as reasonably achievable

e establishment of procedures to segregate radioactive waste from non-
radioactive waste

e applying volume-reduction techniques to the radioactive waste before
shipment to the disposal site.

The first two steps are management and planning procedures to maintain the
quantity of radioactive waste generated to begin with as low as possible. The
latter step involves mechanically reducing the volume of the generated radio-
active waste that must go to the LLW disposal site.

The purpose of this chapter is to investigate new volume-reduction tech-
nologies applicable to the decommissioning of non-fuel-cycle nuclear facili-
ties. Because these facilities are generally laboratories that require only a
small-scale decommissioning effort (usually of less than one-half year dura-
tion), only new volume-reduction technologies that require a minimum expendi-
ture are reviewed, (lder, well-developed volume-reduction technologies, such
as waste compactors and metal and pipe sectioning equipment, are not dis-
cussed. Supercompactors and incinerators appear to be the two technologies
available presently that could significantly reduce the volume of generated
dry-active waste (DAW).

4.1 SUPERCOMPACTORS

Supercompactors operate on the same principle as regular compactors. How-
ever, whereas regular compactors generally apply a press force of a few hundred
pounds per square inch, the press force of supercompactors reaches up to 10,000
pounds per square inch and higher. Consequently, significant volume-reduction
factors are achievable and are dependent on the type of waste stream being
compacted, For this study, supercompactor volume-reduction factors are defined
as the ratio of the original waste container voiume (including the container)
to the final waste container volume (again including the container). According
to this definition, therefore, two 208-% drums compacted into one 208-L drum
has a volume-reduction factor (VRF) of 2.
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The waste streams of interest from decommissioning operations include
trash, filters, and sectioned metal waste. 208-% drums containing uncompacted
trash and filters can generally be supercompacted to a VRF of 4 or 5, However,
208-& drums containing precompacted trash and filters can only be supercom-
pacted to a VRF of 2 or 3, Even a VRF of 2 may be unachievadble if significant
quantities of plastics are present in the trash, This study assumes a VRF of 2
for precompacted waste,

Sectioned metal waste may be packaged in drums or boxes, The VRF achiev=
able with metal waste varies significantly with how densely it is packed in the
container, A VRF of 2,5 for metal waste is assumed for this study,

In general, the supercompactor takes the incoming waste, including the
containers, and compresses everything into 208-¢ (55-gal) drums. This technol-
?anls currently available to radioactive waste generators in three forms

® permanent on-site installation (purchase)
® temporary on-site installation of a mobile facility (lease)
® regional facilities (pay-as-you-go).

Given the small-scale decommissioning operations that are the subject of this
report, sending the waste to a regional supercompaction facility was considere-
the most cost-effective alternative,

4.2 INCINERATORS

Incineration technology has existed for many years. Only in the last
several years, however, have attempts been made to apply this technology to
incineration of LLw. As with supercompaction, incineration can yield
significant volume-reduction factors that depend on the type of waste stream
being incinerated. Incinerator volume-reduction factors only include the waste
itself and not any containers. The volume-reduction factors achievable with
incineration range from 80-100 for uncompacted trash and filters to 10-20 for
precompacted trash and filters, A VRF of 10 is assumed for this study. Metal
waste cannot be incinerated,

The extremely high volume-reduction factors possible with incineration,
combined with the rapidly escalating costs of radioactive waste disposal, have
provided an incentive to pursue this technology despite its inherently high
costs. However, this techno'ogy has not gained widespread use due to regula-
tory and socio-politicar nurdles,
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Incineration is fsrsegsly offered or availabie to radioactive waste gener-
ators in three forms ‘“*¥*¥/;

® permanent on-site installation (purchase)
® temporary on-site installation of a mobile facility (lease)
® regional facilities (pay-as-you-go).

Given the small-scale decommissioning operations that are the subject of this
report, sending the waste to a regional incineration facility was considered
the most cost-effective alternative. However, because no such facilities cur-
rently exist (and probably will not for awhile), and because mobile incinera-
tors have been built and operated, a mobile incinerator was judged to be the
next most preferable alternative.
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5.0 DECOMMISSIONING OF FACILITY COMPONENTS

Several facility components are common to the reference nuclear matriicl
processing and use laboratories described in Section 7 of NUREG/CR-1754,

These components include fume hoods, glove boxes, laboratory workbenches, hot
cells, sinks and drains, ductwork, filters, and building surfaces suchaas
floors, walls and ceilings. Some of these components experience significant
radioactive contamination during the operational phase of a lsboratory,

Release of a laboratery for unrestricted use and termination of the radioactive
material license requires that contaminated components either be 1)
decontaminated to unrestricted release levels or 2) packaged and shipped to an
authorized disposal site. The requirements and costs for decommissioning
facility components by these DECON options are summarized in this chapter.

Removal of contamination thaet has penetrated to the interior of structural
walls or beneath the primary surfacing on floors is not included in these
generic analyses because the effort and cost of removal in these instances is
very situation-specific.

Facility components common to the reference processing and use labora-
tories and the radioisotopes postulated to contaminate those components are
shown in Table 5.1. Information in ?9? table is based on the facility descrip-
tions in Section 7 of NUREG/CR-1754, DECON options for the different
facility components are shown in Table 5.2. Analyses of these options are made
to determine:

e decontamination procedures

e disassembly and disposal procedures
® manpower requirements

e packaging and shipping requirements
e decommissioning costs

e occupational radiation exposures.

The technical approach used to estimate requirements, costs, and occupa-
tional safety for decommissioning facility components is described in Sec-
tion 5.1. Decommissioning analyses for individual components are presented in
Section 5.2.

Cost and safety information for decommissioning the reference processing
and use laboratories is presented in Chapter 6, based on the cost and occupa-
tional radiation dose estimates for decommissioning individual facility compo-
nents developed in this chapter, This unit-component approach to the analysis
of decommissioning is designed to provide data and examples to assist users of

this study to estimate the requirements, costs, and safety of decommissioning
other non-fuel-cycle nuclear facilities.
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TABLE 6,1, Contaminated Facility Components Common to the
Reference Processing and Use Laboratories

Type of Contamination

Facility Component .Eﬂ“_ 14 =T§?i 13765 ‘?‘ikm
Fume Hood x(a) X X X X
Glove Box X X X X
Small Hot Cell X
Laboratory Workbench X X X X X
Sinks and Drains X X X
Ventilation Ductwork X X X X X
Building Surfaces X X X X X

(a) An “x" indicates that the facility component is contaminated
with the indicated isotope.

TABLE 5,2, DECON Options for Faciiity Components
UECON Option

ean to Uismantle

Unrestricted and Package

Facility Component Release Levels tor Disposal
Fume Hood x(2) X
Glove Box x X
Small Hot Cell X X
Laboratory Workbench X X
Sinks and Drains X X
X

Ventilation Ductu?gs
Building Surfaces

>x

(a) An “x" indicates that the facility component can be
decomnissioned by the indicated option,

(b) Some contaminated material such as floor tiles or
concrete chipped from walls might be packaged and
shipped for dispesal.,

5.1 TECHNICAL APPROACH

The technical approach and some key bases used to define requirements and
estimate costs and safety of decommissioning facility components are discussed
in this section,




This study analyzes four alternative decommissioning scenarios:
® decontamination to unrestricted release levels

e disassembly and disposal of contaminated facility components without
volume reduction

® disassembly and disposal of contaminated facility components using
sectioning, compaction, and supercompacticn

® disassembly and disposal of contaminated facility components using
sectioning, compaction, and incineration,

The base-case scenario for determining the requirements and costs of dis-
assembiy and disposal for contaminated facility components assumes that com-
ponents are packaged and shipped intect with a minimum of sectioning (1.e.,
cutting) and compaction. This approach reduces the time and costs of packag-
ing, but maximizes disposal site costs that are determined on a per-unit-volume
basis. To provide a basis for cost comparisons, estimates are made in Sec-
tion 5.2 of the additional expense of waste segregation and volume-reduction
procedures and of cost savings resulting from a reduction in the volume of
waste shipped to the disposal site. This latter approach will require that
bulky items such as fume hoods, glove boxes, and ductwork be cut up and super-
compacted and that combustible wastes be segregated, compacted, and supercom-
pacted or incinerated prior to being packaged for shipment to the disposal site.

The authorized disposal site is assumed to be a shallow-lend burial ground
located 800 km from the laboratory being decomnissioned and from the centrally
located supercompactor facility, The supercompactor facility is assumed to be
located 350 ki from the laboratory beinyg decommissioned. Transportation of
radioactive waste to the supercompactor facility and disposal site is assumed
to be by exclusive-use truck, Transport of the waste is made in accordance
with applicable federal, state, and local regulations.

5.1.1 Cost Estimates

Estimates of costs for both the decontamination option and the disassembly
and disposal option are made for each facility component listed in Table 5.1.
Costs include manpower, equipment and supplies, and waste management costs.
Some key bases and assumptions for estimating costs are given in Appendix A.
Unit costs are listed in Appendix D. All costs are expressed in January 1988
dollars and include a 25% contingency.

Decontamination of facility components is assumed to be performed by
employees of the owner/operator of the facility, Manpower costs are determined
by multiplying the man-days required to decommission a component by the costs
per man-day shown in Appendix D, To determine the total time required to
decommission a component, an estimate is made of the time required for effi-
cient performance of the work by a postulated work crew, This time estimate 1§
then increased by 50% to provide for preparation and set-up time, rest periods,
etc, (ancillary time),
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The time required to complete a particular decommissioning task is usually
estimated on the basis of a work crew consisting of a foreman and two techni-
cians. The technicians are assumed to have had sorme experience working with
radiocchemicals, to be trained in radiological safety procedures, and to be
capable of operating radiation survey equipment as well as the tools and equip-
ment used to decontaminate the facility., Craftsmen such as electricians, pipe-
fitters, sheet metal workers, etc., are assumed to be added to a work crew as
the situation requires.

Several small equipment items such as wet-dry vacuums, power scrubbers,
and steam cleaning equipment are used for decontaminating facility compo-
nents. Bocause an equipment item is only used for a few days, it is not con-
sidered reasonable to _harge its entire cost to the decommissioning of one
component., However, some fraction of the cost of the equipment must be charged
to each operation, To estimate equipment costs, a l-year equipment lifetime is
assumed and a charge of x/250 of the cost of the item is made, where x is the
number of days required to decontaminate the component. Radiation survey
equipment and equipment for the analysis of wipe samples are assumed to be
readily available and not chargeable to decommissioning because such equipment
is also used during the operation of the facility.

waste management costs include supercompaction or incineration costs, con-
tainer costs, transportation costs, and waste disposal charges. Transportation
charges are based on the fraction of a truckload required to transport the
decomiissioning wastes from an individual facility component. 1t is assumed
that one truckload consists of one hundred-&wenty 20R-t steel drums or efghty
208-% drums of supercompacted waste or 30 m¥ of plywood boxes. Because
supercompaction, incineration, transportation, and waste disposal operations
are contracted activities, manpower costs for these operations are included in
the total costs of these items,

5.1.2 Occupational Radiation Dose Estimates

Estimates of occupational radiation doses for the decontamination option,
the disassembly and disposal option without volume reduction, and the disas-
sembly and disposal options with volume reduction are mede for each facility
component listed “n Table 5.1, The estimated worker dose rates that form the
?;;:s(f?r oc.upational dose calculations are given in Section 8 of NUREG/CR-

5.2 DECOMMISSIONING ANALYSES

Results of analyses of time and manpower requirements, total costs, and
occupational radiation doses for decommissioning facility components are pre-
sented in this section., ihe analyses are performed for the various facility
components and for the DECON options shown in Table 5.2. Total costs include
the costs of manpower, equipment and supplies, and waste management (e.g., the
packaging, transportation, and disposal of radioactive waste).
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Details of time and manpower requirements and of estimated total costs for
decommissioning facility components are presented in Appendix A, Appendix A
also summarizes the key bases and assumptiors used in estimating the require-
ments and costs of decommissioning, Unit costs of manpower, equipment, and
supplies, and waste management activities are given in Appendix D,

Requirements and costs for the decontamination option are based on the
cleaning of laboratory components to reduce residual surface contamination to
unrestricted release levels, These contamination levels, as reported in
NUREG/CR-1754, have not changed for this analysis,

Finally, many of the decontamination solutions that might be used during
decontamination operations contain hazardous organic solvents. When used for
decontamination, these solvents will also become radioactive., The resultant
mixed waste product will therefore be subject to both the Resource Conservation
and Recovery Act (RCRA) regulations and NRC regulations on final disposal.
Since no existing disposal sites have as yet been approved for disposal of
mixed waste, other, possibly more costly, decontamination methods may need to
be used. However, for this analysis, a mixed waste disposal site is assumed to
be available for the same cost as 2 low-level waste disposal site,

5.2.1 Fume Hoods

Estimated time and manpower requirements, total costs, and occupational
radiation doses for decommissioning a fume hood by the DECON options of
1) decontamination to unrestricted release levels or 2) packaging and disposal
of the contaminated hood at an authorized shallow-land burial site are shown in
Table 5.3, summarized from Section A.1 of Appendix A, The reference fume hood
decommissioned in this study had exterior dimensions of 1.5 m wide by 0.9 m
deep by 2.1 m high,

A work crew that includes a foreman and two technicians is assumed to per-
form the work., Postulated procedures U?Y? to decontaninate the fume hoods are
listed in Section E.1 of NUREG/CR-1754,

The estimated total costs of decontamination of fume hoods range from
about $5,900 to $7,700, Manpower costs represent between 30 and 45% of the
total costs of decontamination. About on:-third of the manpower costs are for
the radiation surveys needed to establish residual contamination levels prior
to starting decontamination operations and to verify compliance with unre-
stricted release guidelines when decontamination is completed. An increase (or
decrease) of 1 day in the total time required to decontaminate a fume hood to
unrestricted release levels would increase (or decrease) the total cost of
decontamination by about $700.

Requirements and costs for the packaging and disposal option are shown
(Table 5.3) for three cases: a case in which the hood is packaged without
sectioning, a case in which the hood is sectioned and supercompacted and other
wastes are compacted and supercompacted, and a case in which the hood is
sectioned and other wastes are compacted and incinerated to reduce the volume
of radioactive material shipped to a shallow-land burial ground., Total costs
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TABLE 5.3, Summary of Estimated Manpower Requirements, Total Costs, and
Occupational Radiation Doses for DECON of a Fume Hood(d)

Contaminant
DECON Option 3 l4c 125 137cg 281y,

Decontamination
Time (days)
Manpower (man-days)
Costs (% thousands)(b)
Occupational Dose
(man-rem)

10'5 10‘1

Packaging and Disposal
w/0 Volume Reductiun
Time (days)

Manpower (man-days)

Costs ($ thousands)(b)

Occupational Dose
(man-rem)

107}

Packaging and Disposal
w/Supercompaction
Time (days)
Manpower (man-days) 1
Costs ($ thousands)(b)
Occupational Dose
(man-rem)

102 104

Packaging and Disposal
w/Incineration
Time (days) 4
Manpower (man-days) 14
Costs ($ thousands)(b) 7
Occupational Dose L
(man-rem)

(a) Summarized from Section A,l,
(b) Costs are in January 1988 dollars.

for the three cases are significantly different, The added costs of sectioning
and volume reduction are more than offset by waste management cost savings.
High disposal costs makz volume reduction a viable alternative to merely pack-
aging the hood as a unit, since sectioning tne hood would result in more effi-
cient use of the shallow-~land burial ground. Supercompaction appears to be
preferable to incineration for volume reduction since both the hood and com-
pactible waste can be supercompacted while only compactible waste can be
incinerated and because incineration is considerably more expensive than
supercompaction,
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It is assumed that noods contaminated with 241pm can be disposed of by
shallow-land burial, This may not be the case if the residual contamination
level is greater than 100 nCi/gram of waste, equivalent to an average ,urface
contaminatjon on the interior surfaces of a steel hood of about 4 x 10
d/m/100 cm®, If the average surface contamination exceeds this value, it may
be necescary to partially decontaminate the hood or to provide for interim
storage of the contaminated hood, since facilities for the permanent disposal
of transuranic wastes are not yet available.

Occupational radiation doses are estimated by multiplying the appropriate
dose rates (from Section 8 of NUREG/CR-1754) by the man-days required to decom-
mission the fume hood. To estimate occupational doses for decontamination,
because the exposure rate will decrease as the component is cleaned, the aver-
age dose rates are assumed to be one-half the values used for the packaging and
disposal options. Occupational radiation doses for both the decontamination
option and the packaging and disposal option are all estimated to be less than
005 m‘n-r‘em.

5.2.2 Glove Boxes

Estimated time and manpower requirements, total costs, and occupational
radiation doses for decoomissioning a glove box by the DECON options of
1) decontamination to unrestricted release levels or 2) packaging and disposal
of the contaminated glove box at an authorized shallow-land burial site are
shown in Table 5.4, summarized from Section A.2 of Appendix A. The reference
glove box decommissioned in this study had exterior dimensions of 0.9 m wide by
0.6 m deep by 0.6 m high,

A work crew consisting of a foreman and one technician is assumed to per-
form the work., Postulated procedures ”ff? to decontaminate the glove boxes are
listed in Section E.2 of NUREG/CR-1754,

The estimated total costs of decontam.nation of glove boxes range from
about $4,100 to $5,700. Manpower costs represent about 30 to 40% of the total
cost of decontamination, An increase (or decrease) of 1 day in the total time
required to decontaminate a glove box to unrestricted release levels would
increase (or decrease) the total cost of decontamination by about $500.

Requirements and costs for the packaging and disposal option are shown
(Table 5.4) for the case in which the glove box is packaged without sectioning,
for the case in which the glove box is sectioned and supercompacted and other
wastes are compacted and supercompacted, and for the case in which the glove
box is sectioned and other wastes are compacted and incinerated to reduce the
volume of radioactive material shipped to a shallow-land burial ground. Total
costs for the four cases are approximately the same. The added costs of sec-
tioning and volume reduction are almost entirely offset by waste management
cost savings. This is due to the relatively small volume of waste generated
and, therefore, small potential savings from volume reduction,

The costs of packaging and disposal of a glove box contaminated with 241Am
are estimated to be slightly higher than the costs of packaging and disposal of
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TABLE 5.4, Summary of Estimated Manpower Requirements, Total Cos and
Occupational Radiation Doses for DECON of ; Glove Boxtx’

Contaminant
DECON_Option 3y 14, 125, 137cs 2415y

Decontamination
Time (days)

2.6 ..(b)
Manpower (man-days;(c) 2.3
2 x

5.2

- 10.5

Costs ($ thousands 5,7

Occupational Dose 4 x
(man-rem)

0% .

Al R
.-

> = 0O

—_H;mmn
-

x N

10-3 10°7 199

Packaging and Disposal
w/0 Volume Reduction
Time (days) 1 aal®)
Manpower (man-days) 5
Costs ($ thousands)(¢) 4,
Occupational Dose 3
(man-rem)
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x> OMN W

»x OO
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'

NSO e
-

10-3 10-6 1% . 109

Packaging and Disposal
w/Supercompaction
Time (days
Manpower (man-days)
Costs ($ thousands)'C)
Occupational Dose
(man-rem)

N W NN
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x o
W NN
. -
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]
i
—

10-3 10-6 )

Packaging and Disposal
w/Incineration
Time (days) 2
Manpower (man-days) 7
Costs ($ thousands)(¢) 4
Occupational Dose 5
(man-rem)

5
o5
0
X

x OO
]
.
—

N &S~
W I ~Nro

10-3 10-6 10°%  we 100

(a) Surmarized from Section A.2. 137
(b) There are no glove boxes in the reference Cs laboratory facility.
(c) Costs are in January 1988 dollars.

glove boxes contaminated with other radioisotopes. This is due primarily to
the need to remove some contaminatior from inside surfaces prior to packaging
to ensure that the 100 nCi/gram of transuranic waste limitation currently in
effect at shallow-land burial grounds is not exceeded.

Occupational radiation doses are estimated by multiplying the appropriate

dose rates (from Section 8 of NUREG/CR-1754) by the man-days required to decom-
mission the glove box. To estimate occupational doses for decontamination,
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because the exposure rate will decrease as the component is cleaned, the aver-
age dose rates are assumed to be one-half the values used in &Pe packaging and
disposal options. Except for glove boxes contaminated with ? Am, occupational
radiation doses for both the decontamination option and the packaging and dis-
posal option are all estimated to be less than 0,03 man-rem, The estimated
stupationai radiation dose for decommissioning a glove box contaminated with

Am is in the range of 1 to 10 man-rem. This estimated worker dose is due
primarily to inhalatfon and would be reduced by one or two orders of majnitude
through the use of protective respiration equipment.

5.,2,3 Small Hot Cell

The only referencels’boratory that contains a hot cell is the laboratory
for the manufafiyre of Cs sealed sources described in Section 7.1.4 of
NUREG/CR-1754,

Estimated manpower requirements, costs, and occupational radiation doses
for decommissioning the reference hot cell by the DECON options of 1) decon-
tamination to unrestricted release levels or 2) packaging and disposal of cell
components at an authorized disposal site are presented in Table 5.5, summa-
rized from Section A.3 of Appendix A. The reference hot cell decommissioned in
this study was a 1.2-m cube (inside dimensions) with a 0.1-m wall thickness.

The total cost of the decontamination option is estimated to be about
$8,600 and the total occupational radiation dose is estimated to be about
3 man-rem., For this option, it is assumed that the cell liner has been effec-
tive in preventing the contamination of all but a few of the lead bricks., If
most of the bricks are contaminated, 2 or 3 additional days may be required to
inspect and decontaminate the bricks at an additional cost of about $1,600.

Costs and occupational radfation doses for the packaging and disposal
option are shown for the case in which there is no lead salvage all of t?g
bricks are packaged and shipped to an approved mixec-waste burial ground ) and
for the cases in which the bricks are monitored and decontaminated with 65% of
the bricks reciaimed and sold for salvage. Credit for lead salvage is based on
a value of $1.25 per kilogram of lead. It is evident that the value of the
lead bricks makes their reclamation an important consideration in the decommis-
sioning operation.

As with glove boxes, there appears to be very little incentive for volume
reduction of the wastes generated in the decommissioning of a small hot cell.,

(a) Lead is classified as a hazardous waste product falling under the RCRA
regulations, Lead generated from decommissiening operations is considered
a mixed chemical-radioactive waste falling under both RCRA and NRC regula-
tions. No existing disposal sites have as yet been approved for disposal
of mixed waste, posing a special problem when disposing of radioactively
contaminated lead. The cost of disposal at a mixed waste disposal ground
was assumed to be the same as at a low-level waste disposal site.
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TABLE 5.5.

Summary of Estimated Manpower Requirements, T?t’l Costs, and Occupational
Radiation Doses for DECON of a2 Small Hot Celll?

DECON Option

Packaging and Disposal without
Disposal without Volume-Reduction

Disposal with
Supercompact ion

Disposal with
incineration

Parameter Decontamination Lead SolvaL with Laad Salm with Lead Sﬂvg_ with Lead S.lv!
Time (days) %3 3.4 1.9 8.6 8.6
Manpower (man-days) 15.8 12,4 25.1 28,1 28,1
Costs ($ thousands)'®’ 8.6 10.1 12,0 1.9 12,3
Occupationa! Dose 3 x *0° ¢z 10° 8 x 10° 9 x 10° 9 x 10°
{man-rem)
Credit for Lead (§ thousands) - -- 9.3 9.3 9.3

(a) Summarized from Saction A3,
{b) Costs are in Januvary 1988 dollars,



Most of the decommiss1on1n¥ cost 1s for labor while only about 20% of the cost
is for waste management., The small quantity of waste generated does not leave
much room for savings from volume reduction,

5.2.4 Laboratory Workbenches

Estimated time and manpower requirements, total costs, and occupational
radiation doses for decommissioning a laboratory workbench by the DECON options
of 1) decontamination to unrestricted release levels or 2) packaging and dis-
posal of the contaminated workbench at an authorized shallow-land burial site
are shown in Table 5.6, summarized from Section A.4 of Appendix A, The refer-
ence laboratory workbench decommissioned in this study was 0.9 m high by 0,75 m
wide by 4.6 m long.

Decontamination is performed by a work crew consisting of a foreman and
one technician, The total cost for the decontamination option is estimated to
TABLE 5,6, Summary of Estimated Requirements, Total Costs, and Oscupational
Radiation Doses for DECON of a Laboratory Workbench '@

Contaminant
DECON Option 3y 14¢ 125, 137¢¢ 8l pn

Decontamination
Time (days) |
Manpower (man-days) 2.3
Costs (§ thousands)(b) 2.0
Occupational Dose 4 x
(man-rem)

N NN -
Mo ) e

10~/ 107 10~6 10%5 10-3

Packaging and Disposal
w/0 Volume Reduction
Time (days)

Manpower (man-days) "

Costs ($ thousands)(P)

Occupational Dose
(man-rem)

»x O
- -
x O

107 10-% 1075 10°3

Packaging and Disposal
w/Supercompaction
Time (days)
Manpower (man-days)
Costs (§ thousands)(b)
Occupational Dose
(man-rem)

LSl e N S
-

x Nes~N
oo
. .
x NN

10-6

(a) Summarized from Section A.4.
(b) Costs are in January 1988 dollars.



be about $2,100, end occupational radiation coses are estimated to range from
less than 1 x 107° man-rem to 2 x 107 man-rem, depending on the type of con-
tamination, During decontamination of the workbench, most of the radiation
dose to workers is from radioactive contamination on the floor and walls of the
room in which the workbench is located.

For the packa?1ng and disposal without volume-reduction option, an elec-
trician and a pipefitter are temporarily added to the work crew to disconnect
services, A second technician is added to the crew to assist in packaging the
workbench, The bench is cut into twc sections, each 2.3 m long, for ease of
packaging, The total cost of the option is estimated to be about 59.080. and
occupat1on§l radiation doses are estimated to range from about 1 x 107° mar-rem
to 3 x 107° man-rem,

By utilizing volume reduction, the cost for the packaging and disposal
option can be reduced significantly. This cost, which assumes volume reduction
by sectioning and supercompaction, is about $4,700., The incineration option is
not possible since no combustible waste is generated.

5.2.5 Sinks and Drains

Estimated time and manpower requirements, total costs, and occupational
radiation doses for decommissioning sinks and drains by the DECON options of
1) decontamination to unrestricted release levels or 2) packaging and disposal
of the contaminated sinks and associated piping at an authorized shallow-land
burial site are shown in Table 5.7, summarized from Section A,5 of Appendix A,
The refarence sink and drain decommissioned in this study had a drain line with
a diameter of 0.12 m and length of 10 m,

14 S\n&ésare located in the reference laboratories for the preparation ?57

C- or I-1abeled compounds and the laboratory for the manufacture of Cs
sealed sources. The sinks are used for personal cleanliness and for washing or
rinsing non-contaminated glassware or glassware previously decontaminated.
Contaminated 1iquids are not purposely discharged to the sanitary sewer via
these sinks, Hence, the sinks are anticipated to have low levels of radio-
active contamination,

A work crew that includes a foreman and one technician is assumed to per-
form the work, The total cost of the decontamination option is estimated to be
about S).300. and occupatiogal radiation doses are estimated to range from
4 x 107" man-rem to 4 x 107” man-rem,

For the packaging and disposal without volume reduction option, a contami-
nated sink, a trap, and 10 m of 0,12-m-diameter steel pipe are packaged and
shipped to the shallow-land burial ground. A pipefitter is temporarily added
to the work crew to disconnect the sink and cut the pipe. A second technician
is added to the work crew to assist in packaging the components, The total
cost of this packaging and disposal option is estimated to be ab9ut $2,300, and
occupotgonal radiation doses are estimated to range from 6 x 10™" man-rem to
6 x 10 man-rem,



TABLE 5.7. Summary of Estimated Manpower Requirements, Total Costs, 1?2
Occupational Radiation D2ses for DECON of Sinks and Drains )

Contaminant
_DECCN Option 3y 140 1251 137Cs 241 pm
Decontamination
Time (days) wi®) g8 1.2 1.2 -.(b)
Manpower (man-days) - 2.3 2.3 2.3 -
Costs (% thousands)(C) - 1.3 1.3 1.3 -
Occupational Dose o ax 107 6x10° 4x10° -
(man-rem)
Packaging and Disposal
w/0 Volume Reduction
Time (days) .-(b) 1.3 1.3 1.3 -.(b)
Manpower (man-days) - 3.8 3.8 3.8 .-
Costs ($ thousands)'S) .. 2.3 2.3 2.3 e
Occupational Dose - 6 x 1077 9 x10°% 6 x 10°° --
(man=-rem)
Packaging and Disposal
w/Supercompaction
Time (deys) L R 1.7 1.7 --(b)
Manpower (mari-days) - 4.9 4.9 4.9 .-
Costs ($ thousands)(c) - 1.9 1.9 1.9 --
Occupational Dose .- 7x10® 1x10% 8x10% --
(man-rem)

(a) Surmmarized from Section A.5.

(b) There are no sinks or drains in the reference 3y or e8lpp laboratory
facilities.

(¢) Costs are in January 1988 dollars.

If sectioning and supercompaction were used to reduce the volume of waste
to be disposed, then the cost for the packaging and disposal option could be
reduced to about $1,900. This reduction is at the expense of a slight increase
in occupational radiation doses, however,

5.2.6 Ventilation Ductwork

Dirt and grime that accumulate on inside surfaces of ventilation ductwork
make decontamination very difficult. Therefore, the usual practice when decom-
missioning a laboratory where radioactive materials have been processed is to
package the ductwork for disposal at a2 shallow-land burial ground, Estimated
time and manpower requirements, total costs, and occupational radiation doses
for this DECON option are shown in Table 5.8, summarized from Section A.6 of
Appendix A, The estimates are based on the packaging and disposal of 20 m of
0.20-m-diameter sheet metal ductwork plus 20 m of 0.25-m by 0.60-m rectangular
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TABLE 5.8. Summary of Estimatod Manpower Requirements, Total Costs, and
Occupatitg,l Radiation Doses for DECON of Ventilation
Ductwork

Contaminant

DECON Option 34 14, 125, 137§$ 241 pm

Packaging and Disposal
w/0 Volume Reduction
Time (days) 3.8
Manpower (man-davs) 9.8

1.8
2 x

Costs ($ thousands)(b) 1.
Occupational Dose
(man-rem)

10-6 103 2 x 10°2

Packaging and Disposal
w/Supercompaction
Time (days 5.2
Manpower (man-days; 14,2 1
Costs ($ thousands (b)
Occupational Dose 3 x 1076
(man-rem)

10-3 102

Packaging and Disposal
w/Incineration
Time (days) 5.
Manpower (man-days; 14,
Costs ($ thousands (b) g,
Occupational Dose 3
(man-rem)

>x OMNN
—

10°3 102

(a) Summarized from Section A.6.
(b) Costs are in January 1988 dollars.

sheet metal ductwork. Both the case in which the ductwork is packaged without
compaction and the cases in which the ductwork is compacted before being pack-
aged for shipment are evaluated.

The total costs of packaging and disposal are estimated to be $11,800
without compaction of the ductwork, $6,100 with compaction and supercompaction
of the ductwork, and $6,900 with compaction of the ductwork and incineration of
ngbustible wastes. Costs for the packaging of ductwork contaminated with

Am are estimated to be higher becausc of added precautions that increase the
time needed to section and compact ductwork contaminated with this isotope.
For the volume-reduction options, the additional costs of sectioning, super-
compaction, and incineration are more than offset by the savings in waste
management costs.
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Occupational radiation doses are estimated to be less than 0.} Tan-rom.
The highest worker exposures are associated with the packaging of 4 Am-
contaminated ductwork, These radiation exposures can be reduced one or two
orders of magnitude if workers use protective respiratory equipment.

5.2.7 Building Surfaces

Building surfaces include walls and floors. Decontamination to unre-
stricted release levels is the DECON option evaluated for these surfaces.
Contaminated material such as floor tiles or concrete chipped from walls is
packaged and shipped to a shallow-land burial ground.

The reference laboratory rooms for these evaluations are assumed to
measure 6 m bv 10 m with walls 3 m high,

5.2.7.1 Malls

Estimated time and manpower requirements, total costs, and occupational
radiation doses for decontamination of the walls of the reference laboratories
to unrestricted release levels are shoun in Table 5.9, summarized from Section
k.7.1 of Appendix A,

A work crew that includes a forsman ang two technicians is assumed to
perform the work., The walls in the “H and 4C laboratories are steam-cleaned,
while the walls in the other laboratories are scrubbed with a decontaminating
solutfon, Steam cleaning of the walls is es&igated tgafequire less time than
decontamination by scrubbing. Walls in the ‘“°1 and Am laboratories are
sealed with epoxy paint and acrylic paint, respectively. These walls are
easier to decontaminate and require less recleaning of hot spots than the walls
in the other laboratories that are covered with latex enamel paint,

The total costs of decontamination are estimated to range from about
$19,500 to $21,900, depending on the type of contamination and the type of wall

TABLE 5.9, Summary of Estimated Manpower Requirements, Tot?l Costs, and
Occupational Radiation Doses for DECON of Walls'@)

Contaminant
DECON Option 3y 140 125, 137¢4 281 pp
Decontamination
Time (days) 9.8 9.8 10.5 11.2 10.5
Manpower (man-days) 29.2 29,2 31.5 33.8 31.5
Costs ($ thousands)(P) 19.5 19,5 21,4 . 219 214
Occupational Dose 5 x 10°5 2x10°% 5x10% 8x10°% 1 x10°

(man-rem)

(a) Summarized from Section A.7.1.
(b) Costs are in January 1988 dollars.,
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covering., Manpower costs represent about one-third of those total costs.
Decommissioning waste (cleaning supplies and solidified decontamination
liquids) 1s packaged for disposal in twenty-four 208-% drums,

Occup!tional radfation doses are estimated to range from 2 x 105 man-rem
Eg 1 x 10°* man-rem. The occupational dose from cleaning the walls for the
Lam laboratory can be reduced one or two orders of magnitude 1f workers use
protective respiratory equipment,

5.2.7.2 Floors

Estimated time and manpower requirements, total costs, and occupational
radiation doses for decontamination of the floors of the reference laboratories
to unrestricted release levels are shown in Table 5,10, summarized from Section
A.7.2 of Appendix A.

A work crew that inciudes a foreman and two technicians is assumed to per-
form the work241A11 of the floors are covered with asphalt tile except the
floor in the Am laboratory, which is covered with linoleum with heat-treated
seams. Because the linoleum is fre.. from cracks, it is easier to decontaminate
and requires less recleaning than do the asphalt tile floors.

The total costs of decontamination are estimated to be $8,800 for the
asphalt tile floors and $8,500 for the linuleum floor. Manpower costs repre-
sent about one-quarter of these total costs. Wastes from decontamination
operations include four 208-% drums of cleaning supplies and eight 208-% drums
of solidified 1iquids.

Occupgtional radiation doses are estimated to range from 2 x 106 man-rem
5817 x 10°¢ man-rem, The occupational dose from cleaning the floor of the
Am laboratory can be reduced by worker use of protective respiratory
equipment,

TABLE 5.,10. Summary of Estimated Manpower Requirements, Tofal ?osts. and
Occupational Radiation Doses for DECON of Floors'?

Contaminant
DECON Option 3y 140 125 137¢¢ 281 am
Decontamination
Time (days) 3.4 3.4 3.4 3.4 3.0
Manpower (man-days) b) 10.1 10.1 10.1 10.1 9.0
Costs ($ thousands)! 8.8 8.8 8.8 YR Y e
Occupational Dose 2x10% 8x10® 8x10° 3x10% 7x10

(man-rem)

() Summarized from Section A.7.2.
(b) Costs are in January 1988 dollars.
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6,0 OECOMMISSIONING OF REFERENCE FACILITIES

Estimated time and manpower requirements, occupational! radiation doses,
and total costs for decommissioning exampie laboratories that process or use
radioisotopes are sumarized in this chapter, The analysis uses cost and
cafety data for deconmissioning laboratory components summarizea in Chap~
ter ?1 The reference laboratories are described in Section 7 of NURFG/CR-
1754'1) and tnclude:

® a laboratory for the manufacture of 34-1abeled compounds
® 2 laboratory for the manufacture of 14C-labelod compounds
® a laboratory for the manufacture of 1251 1 abeled compounds
® a laboratory for the manufacture of l37Cs sealed sources
¢ a laboratory for the manufacture of 281pn sealed sources
® a laboratory for preparing labeled compounds and radioactive sources
and using these materials in experiments with small animals (the ref-
erence institutional user laboratory).
The technical approach used for this anaiysis is described in Section 6.1,
The results of decommissioning analyses for the six reference laboratories are
presented in Section 6.2, Details of manpower and of waste management reluire-

ments and costs for decommissioning the six reference laboratories are given in
Appendix 8.,

6.1 TECHNICAL APPROACH

The technical approach and some key bases used to define requirements and
to estimate costs and safety of deconmissioning the six example radioactive
materials laboratories are discussed in this section,

6.1.1 Costs

Costs for decommissioning the reference laboratories include the costs of
staff labor, equipment, supplies, and waste management (the packaging, trans-
portation, and disposal of radicactive waste). Estimates of costs for decom-
missioning the reference laboratories are based on estimates of costs for
decommissioning laboratory components summarized in Chapter 5 from Appendix A,
Some key bases and assumptions for estimating decommissioning costs are given
in Appendix A, Cost estimating bases are 1isted in Appendix D. All costs are
expressed in January 1988 dollars and include a 25% contingency.
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Decommissioning of the reference laboratories fs assumed to be performed
by employees of the owners or operators of these laboratories. The basic
decommissioning work crew 18 assumed to inciude a foreman and three techni-
clans, assisted by a health physicist, Craftsmen (electricians, pipefitters,
etc,) are added to this crew on a part-time basis to perform specific tasks,
Manpower costs are postulated to include the salary of a supervisor on a half-
time basis,

Staff labor costs are determined by multiplying the man-days required to
decommission the laboratory by the cost per man-day shown in Appendix D, To
determine the total time requirement for decommissioning, an estimate is made
of the time regquired for efficient performance of the work by the postulated
work crew, This time estimate is then increased by 50% to provide for prepa-
ration and set-up time, rest periods, etc., (ancillary time),

In estimating the requirements and costs of decommissioning the reference
laboratories, two options are analyzed, The first option assumes that compo-
nents intended for shallow-land burial (fume hoods, - ove boxes, ventilation
ductwork, etc,) are packaged with a minimum of sectioning (1,e,, cutting) and
no compaction, (Fume hoods and glove boxes are packaged without sectioning,
while other components such as drain lines and ventilation ductwork are sec-
tioned for ease of handling and packaging in boxes that are approximately 1 m
Tong.,) This minimizes the time and manpower costs of packaging operations, but
maximizes the volume of radicactive waste shipped to the shallow-land burial
ground, It, therefore, maximizes transpurtation and waste disposal charges
that are determined on a volume basis,

The second option assumes that components intended for ihallow-land burcial
are sectioned and supercompacted at a centrally located supercompaction facil-
ity. Other compactible wastes in this option are assumed to be compacted on
site and then sent to the supercompaction facility for supercompaction,

Some of the reference laboratories contain sinks into which low-level
radioactive 1iquids are discharged, These 1iquids normally go tu a hold-up
tank that might be buried on the site. When a laboratory with a contaminated
sink is decommissioned, it may also be necessary to remove the contaminated
drain 1ine and hold-up tank, The cost of removal of the drain Yin2 and hold-up
tank is not included in the cost analyses of decommissioning the reference
laboratories summarized in this section, However, the cost of decommissioning
a site on which these items are buried is estimated in Chapter 7 to be about
$69,200, This cost should be added to the cost of decommissioning the labora-
tory for those cases where removal of the drain line and hold-up tank is
required,

6.1.2 Occupational Radiation Dose Estimates

Estimates of occupational radiation dose are made for the decommissioning
of each reference laboratory, The estimated worker dose rates that form the
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basot([?r occupational dose calculations are shown in Section B,1 of NUREG/CR-

1754, These dose rates are in reasonable ayreement with experience at typi-
ca) redioactive materials laboratories,

6.2 DECOMMISSIOUNING ANALYSES

Results of analyses of time and manpower requirements, occupationa)l doses,
and total costs for decommissioning the six reference laboratories are pre-
sented in this section, Two options are analyzed: DOECON without volume reduce
tion of the low-level wastes and DECON with volume reduction that includes
sectioning and compaction on the laboratory site and supercompactiun at a cen-
trally located site, Requirements and costs for the planning and preparation
phase, for the actual decommissionirg phase, and for the final radiation survey
to demonstrate compliance with unrestricted release guidelines are presented,

Details of manpower and waste management requirements and costs a~e given
in Appendix B, Appendix B also contains descripticns of the DECON options pos-
tulated for decomnmissioning the various components and building surfaces of
each reference laboratory,

6.2.1 Laboratory for the Manufacture of 3N-cht\gd Compounds

The reference laboratory for the manufacture of 3?i‘abclcd compounds 1s
described in detail in Section 7.1,1 of NUREG/CR-1754, The floor area of
the laboratory is 10 m by 12 m,

Estimated time and manpower requirements, occupational radiation doses,
and costs for decommissioning the reference “H laboratory are shown in
Teble 6.1, sumarized from Section B.1 of Appendix B for both DECON options,

lanning and preparation is estimated to require about 6 weeks and 70 man-
days of effort prior to the start of decommissioning operations, Decommissions
ing operations for the no-volume-reduction option are estimated to rejuire
about 7 weeks and 186 man-days of effort and to result in a total occupational
radiation dose of about 0,1 man-rem, Including volume reduction increases the
time for decommissioning operations to about 8 weeks and 212 man-days of effort
with no significant increase in occupational radiation dose.

The total cost of decommissioning the reference laboratory is estimated
to be about $1439,000 for the no-volume-reduction option and $128,100 1f volume
reduction is included. Planning and preparation activities account for about
13% of the total cost for the no-volume-reduction option and 15% for the sec-
ond option, Approximately 44% and 56% of the total cost is for staff labor
(including planning and preparation activities) and approximately 47% and 32%
is for waste management for the first and second options, respectively,
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TABLE 6,1. Summary of Estimated Yaiues of Manpower Requirements, Occupationa)
Radiation Doses, and Costs for rocgmimonm the Reference
Laboratory for the Manufacture of “H-Labeled Compounds

Planning & Ro::::}on
Parameter Preparation lecommissioning Survey  Total
DECON w/0 Volume Reduction

Time (days) 30 36 5 71

Kanpower (man-days) 70 186 23 279

Occupational Dose - 0.1 . 0.l
(man-rem)

Cost ($ thousands)(?)
Staff Labor 14,19 35,33 4,11 53,63
Equipment . 3.74 . 3.74
Supplies 1,87 5.09 0,16 6.82
Waste Management .- __ 54,98 - 54,98
Subtotals 15.76 99,14 4,27 119,17
25% Contingency 3,94 24,79 1,07 29.79
Totals 19.7 123.9 5.3 149,0

DECON w/ Volume Reduction

Time (days) 30 41 5 76

Manpuwer (man-days) 70 212 23 305

Occupational Dose .- 0,1 .- 0.1
(man=-rein)

Costs ($ thousands)®)
Staff Labor 14,19 40,32 4,11 58,62
Equipment .- 4.0% .- 4,05
Supplies 1.57 5.54 0.16 7.27
Waste Management -~ 32,55 .- 32,55
Subtotals 15.76 82,46 4,27 102.49
25% Contingency 3,94 20,62 1,07 25,62
Totals 19.7 103.1 5.3 128.1

(a) Costs are in January 1988 dollars, Number of figures shown is for compu-
tational accuracy only and does not imply that level of precision,
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6.2.2 Laboratory for the Manufacture of 14C-Labeled Compounds

The reference laboratory for the manufacture of “i-labc\od compounds 1§
described in detail in Section 7.1.2 of NUREG/CR-1754,(1) The floor ares of
the laboratory 1s 10 m by 8 m,

Estimated time and manpower roquircnnnt!‘ occupational radiation doses,
and costs for decommissioning the reference *"C laboratory are shown in
Table 6.2, summarized from Section B,2 of Appendix B for both DECON options,

Planning and preparation is estimated to require about 6 weeks and 66 man-
days of effort prior to the start of decommissioning operations, ODecommission-
ing operations are estimated to require about 6 weeks and 146 man-days of
effort, and to result in a total occupational radiation dose of about
0,001 man-rem, Including volume reduction increases that time for decommis-
sioning operations to about 7 weeks and 162 man-days of effort and no signiti-
cant increase in occupational radiation exposure,

The total cost of decommissioning the reference laboratory is estimated to
be about $125,50) for the no-volume-reduction option and $110,100 if volume
reduction 1s included, Planning and preparation activities account for about
15% of the total cost for the no-volume-reduction option and 17% for the second
option. Approximately 44% and 54% of the total cost is for staff labor
(including planning and preparation activities) and approximately 44% and 32%
is for waste management for the first and second options, respectively,

6.2.3 Laboratory for the Manufacture of x251-La_gglod Compounds

The reference laboratory for the manufacture of 125;-labeled compounds 1§
described in detail in Section 7.1.3 of NUREG/CR-1754,(1) The floor area of
the laboratory is 6 m by 8 m,

Estimated time and manpower requirementr2 occupational radiation doses,
and costs for decommissioning the reference o laboratory are shown in
Table 6.3, summarized from Section B.3 of Appendix B for both DECON options.
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TABLE 6,2, Summary of Estimated Values of Manpower Requirements, Occupational
Radiation Doses, and Costs for Docglzissioning the Reference

Laboratory for the Manufacture of

Parameter

DECON w/0 Volume Reduction
Time (days)
Manpower (man-days)

Occupational Dose
(man-rem)

Cost ($ thousands)(?)
Staff Labor
Equipment
Supplies
Waste Management
Subtotals
25% Contingency
Totals

DECON w/ Volume Reduction

Time (days)

Manpower (man-days)

Occupational Do.e
(man-rem)

Costs ($ thousands)(?)
Staff Labor
Equipment
Supplies
Waste Management
Subtotals
25% Contingency
Totals

(a) Costs are in January 1988 dollars.

Planning &
Preparation Qecommissioning Survey = Tots)

28
66

13.%

1.87

14,94

3,74
18,7

28
66

13,37

1.57

14,94
3274
18,7

~Labeled Compounds

29
146

30,66
3.50
6,95

2,76

68,87

17,22

86,1

Final

Raagiation

5 62
23 23%
.o 0,001
4,11 45,06
.. 3.3
0.16 8.26
.- 43,74
4,27 100,38
1,07 25,10
5.3 126,56
5 6%
23 251
- 0,001
4,11 48.14
. 3,50
0.16 8.68
se 21,76
4,27 88,08
L0 22,02
5.3 1101

Number of figures shown is for com-

putational accuracy only and does not imply that level of precision,
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TABLE 6,3, Summary of Estimated Values of Manpower Requirements, Occupational
Rediation Doses and Costs for Doco”guwnno the Reference
Laboratory for the Manufacture of I-Labeled Compounds

Planning & RO::::}on
Parameter Preparation Decommissioning Survey  Total
DECON w/0 Volume Reduction

Time (days) 29 29 3 61

Manpower (man-days) 66 150 14 230

Occupationa)l Dose .o 0.1 . 0.1
(man=-rem)

Cost ($ thousands)'?)
Staff Ladbor 13,37 28,40 2,46 44,23
Equipment .- 2.82 .- 2.82
Supplies 1,87 5.90 0.16 7.63
Waste Management e 29,96 .. 29,96
Subtotals 14,94 67,08 2.62 84,64
26% Contingency 3,74 16,77 0,66 21,16
Totals 18,7 83.8% 3.3 105.8

DECON w/ Volume Reduction

Time (days) 29 32 3 64

Manpower (man-days) 66 178 14 257

Occupational Dose - 0.1 . 0.1
(man=-rem)

Costs ($ thousands)(?)
Staff Labor 13,37 31,83 2.46 47 .66
Equipment “- 3.00 .- 3,00
Supplies 1.7 6.35 0.16 8,08
Waste Management .- 20,87 .- 20,87
Subtotals 14,94 62,05 2.62 79.61
25% Contingency 3,74 15,51 0,66 19.90
Totals 18,7 17,6 3.3 99.5

(a) Costs are in January 1988 dollars., Number of figures shown is for
computational accuracy only and does not imply that level of precision,
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Planning and preparation 1s estimated to require about 6 weeks and 66 man-
days 0f effot prior to the start of decommissioning operations, Decommission-
ing operations are estimated to require about 6 weeks and 150 man-days of
effort, and to result in a total occupational radiation dose of about 0,1 man-
rem. Including volume reduction increases the time for decommissioning
ererations to about 7 weeks and 178 man-days of effort and results in no sig-
nificant increase in occupational radiation exposure,

The total cost of decommissioning the reference laboratory 1s estimated to
be about $105,800 for the no-volume-reduction option and $99,500 1f volume
reduction is included. Planning and preparation activities account for about
17% of the total cost for the no-volume-reduction option and 19% for the second
option, Approximately 51% and 59% of the total cost is for staff labor
(including planning and preparation activities) and approximately 36% and 27%
is for waste management for the first and second options, respectively,

6.2.4 Laboratory for the Manufacture of '¥'Cs Sealed Sources

The reference laboratory for the manufacture of 1379: sealed sources 1s
described in detail in Sect’un 7.1.4 of NUREG/CR-1754,'1) The floor area of
the laboratory is 6 m by 8 m,

Estimated time and manpower reQuiFOMOnt{’7OCCupationl\ radiation doses,
and costs for decommissioning the reference Cs laboratory are shown in
Table 6.4, summarized from Section B.4 of Appendix B for both DECUN options,

Planning and a preparation is estimated to require about 6 weeks and
62 man-days of effort prior to the start of decommissioning operations, Decom-
missioning operations are estimated to require about & weeks and 150 man-days
of effort and to result in a total occupational radiation dose of about
6.0 man-rem, Including volume reduction increases the time for decommissioning
operations to 158 man-days of effort and results in no significant increase in
occupational radiation exposure,

The total cost of decommissioning the reference laboratory is estimated to
be about $106,100 for the no-volume-reduction ontion and $99,700 if volume
reduction is included. Planning and a preparation activities account for about
17% of the total cust for the no-volume-reduction uption and 18% for the second
option, Approximately 51% and 56% of the total cost is for staff labor
(including planning and preparation activities) and approximately 32% and 25%
is for waste management for the fist and second options, respectively,

Costs for decommissioning the reference 1:‘”Cs 1eboratory are estimated on

the basis that the small hot cells are adismantled and the lead bricks are sur-
veyed for residual contamination and decontaminated when it is praciical to do
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TABLE 6,4, Summary of Estimated Values of Manpower Requirements, Occupational
Radiation Doses, and Costs for oocmﬁ ssioning the Reference
Laboratory for the Manufacture of Cs Sealed Sources

Fi
Planning & Iui:::ou
e harameter Preparation Decommissioning Survey  Total
OECON w/0 Volume Reduction
Time (days) 28 29 3 60
Manpower (man-days) 62 150 14 226
Occupational Dose . 6 .- 6
(man«-rem)
Cost ($ thousands)(?)
Staff Labor 12,82 28,40 ¢ 46 43,68
Equ pment .. 7.02 .- 1.02
Supplies 1.57 5,81 0.16 7.54
Waste Management e 26,61 .- 26,61
Subtotals 14,39 67,84 2.62 b4,8%
25% Contingency 3,60 16,96 0,60 21,21
Totals 18,0 84,8 3.3 106.1
Credit for Lead Salvage . . . 18.7
($ thousands)
DECON w/ Volume Reduction
Time (days) 28 30 3 6l
Manpower (man-days) 62 158 14 234
Occupationa)l Dose .- 6 .- 6
(man-rem)
Costs ($ thousands)(®)
Staff Labor 12.82 29.94 2,46 45,22
Equipment - 7.11 .- 7.11
Supplies 1.57 5.81 0.16 7.54
Waste Management .. 19.89 . 19,89
Subtotals 14,39 62.7% 2.62 719.76
26% Contingency 3.80 15,69 0.66 19,94
Totals 18,0 /8.4 3.3 99.7
Credit for Lead Salvage . .- - 18,7

($ thousands)

—— - —————

(a) Costs are in January 1988 dollars, Number of figures shown is for com-
putational accuracy only and does not imply that level of precision,
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s0.(8) A credit of $18,700 1s shown in Table 6.4 for the salvage of 65% of the
lead bricks from the two hot cells, This 1s based on an estimated value of
$1.25 per kilogram of lead, It is evident that salvage of the lead bricks can
result in a fairly significant reduction in the ret cost of decommissioning
this laboratory.

6.2.5 Laboratory for the Manufacture of 241, Sealed Sources

The reference laboratory for the manufacture of 2‘%,m sealed sources is
described in detail in Section 7,1,5 of NUREG/CR-1754.( The floor area of
the laboratory 18 7 m by 9 m,

Estimated time and manpower roqu1rement,lloccupltional radiation doses,
and costs for decommissioning the reference Am laboratory are shown in
Table 6,5, summarized from Section B.5 of Appendix B for both DECON options,

Planning and preparation 1s estimated to require about & weeks and 68 man-
days of effort prior to the start of decommissioning operations, Decommis-
sioning operations are estimated to require about 10 weeks and 245 man-days of
effort, and to result in a tota)l occupational radiation dose of about 40 man-
rem, Including volume reduction increases the time for decommissioning
operations to 268 man-days of effort and results in an increase in total occu-
pational radiation dose to about 50 man-rem,

The total cost of decommissioning the reference laburatory is estimated to
be about $150,400 for the no-volume-reduction option and $138,900 1f volume-
reduction is included, Planning and preparation activities account for about
13% of the total cost for the no-volume-reduction option and 14% for the second
option, Approximately 53% and 61% of the total cost is for staff labor
(including planning and preparation activities) and approximately 35% and 26%
is for waste management for the first and second options, respectively,

6.2,6 Institutional User Laboratery

The reference institutio?" user laboratory {s described ‘n detail in
Section 7.2 of NUREG/CR-1754, The floor area of the laboratory is 11 m by
16 m,

Estimated time and manpower requirements, occupational radiation doses,
and costs for decommissioning the reference institutional user laboratory are
shown in Table 6,6, summarized from Section B,6 of Appendix B for both DECON
options,

-

(a) Lead is classified as a hazardous waste product falling under the Resource
Conservation and Recovery Act (RCRA) regulations. Lead generated from
decommissioning operations 1s considered a mixed chemical radioactive
waste falling under both RCRA and NRC regulations, No existing disposal
sites have as yet been approved for disposal of mixed waste, posing a
special problem when disposing of radioactively contaminated lead,
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TABLE 6,5, Summary of Estimated Values of Manpower Requirements Occupational
Radiation Doses, and Costs for Docg,,isstoninq the l;foronco
Laboratory for the Manufacture of Am Sealed Sources

Planning & Ros:::}on
Parameter Preparation Decommissioning Survey — Totyl
DECON w/0 Volume Reduction

Time (days) 30 46 5 81

Manpower (man-days) 68 245 23 336

Occupationa) Dosn(') .- 40 .- 40
(man-rem)

Cost (§ thousands)(®)
Staff Labor 13,91 46,70 4,11 64,72
Equipment - 3.7% .- 3.7%
Supplies 1.57 8,56 0,16 10,29
Woste Management .. 41,57 .- 41,57
Suntotals 15,48 100,58 4,27 120,33
25% Contingency _3.87 25,15 _1.07 30,08
Totais 19.4 12,7 5.3 150,4

DECON w/ Volume Reduction

Time (days) 30 51 5 86

Manpower (man-days) 64 268 23 359

Occupational Dose(‘) .- 50 .- 50
(man-rem)

Costs ($ thousands)(®)
Staff Labor 13,91 50,78 4,11 68,80
Equipment .- 3.94 - 3.94
Supplies 1.57 8.56 0.16 10,29
Waste Management . 28,10 .- 28,10
Subtotals 15,48 91,38 4,27 111,13
25% Contingency _3.87 22,85 1,07 27,18
Totals 19.4 114,2 5.3 138,9

(a) Cstimated on the assumption that workers do not use protective respira-
tory equipment., Doses could be reduced by i or 2 orders of magnitude
through the use of this equipment,

Costs are in January 1988 dollars, Number of figures shown is for com-

(b)
putational accuracy only and does not imply that level of precision,



TABLE 6.6, Summary of Estimated Values of Manpower Requirements, Occupationa)
Radiation Doses, and Costs for Decommissioning the Reference
Institutiona) User Laboratory

Planning & Ra::::}on
Parameter Preparation Decommissioning Survey Total
DECON w/0 Volume Reduction

Time (days) 30 k¥4 8 70

Manpower (man-days) 70 164 36 270

Occupational Dose . 0.1 .- 0.1
(man-rem)

Cost (§ thousands)'?)
Staff Labor 14,19 . 6.58 51,94
Equipment .. 3,50 . 3.50
Supplies 1,87 5.72 0.16 7,45
Waste Management .- 43,28 .- 43.28
Subtotals 15.76 83,67 6,74 106,17
25% Contingency 3,94 20,92 1,69 26,54
Totals 19,7 104,6 8.4 132,7

DECON w/ Volume Reduction

Time (days) 30 3% 8 73

Manpower (man-days) 70 177 36 283

Occupational Dose .- 0.1 .- 0.1
(man-rem)

Costs ($ thousands)(?)
Staff Labor 14,19 33,67 6,58 54,44
Equipment .- 3,68 .- 3.68
Supplies 1,57 5.72 0.16 7,45
Waste Management . 26,63 .- 26,63
Sudbtotals 15.76 69.70 6,74 92,20
25% Contingency 3.9 17,43 1,69 23.0%
Totals 19,7 87.1 8.4 1156,3

(a) Costs are in January 1988 dollars, Number of figures shown is for com-
putational accuracy only and does not imply that leve! of precision,
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Planning and preparation is estimated to require about 6 weeks and 70 man-
days of effort prior to the start of decommissioning operations, Decommis-
sfoning operations are estimated to require about 7 weeks and 164 man-days of
effort, and to result in a total occupational radiation dose of about 0.1 man-
rem, Including volume reduction increases the time for decommissioning oper-
ations to 177 man-days of effort and results in no significant increase in
occupational radiation dose,

The total cost of decommissioning the reference laboratory is estimated to
be about $132,700 for the no-volume-reduction option and $115,300 1f volume
reduction 15 included, Planning and preparation activities account for about
15% of the total cost for the no-volume-reduction option and 17% for the second
option, Approximately 48% and 58% of the total cost is for staff labor
(including planning and preparation activities) and approximately 41% and 29%
is for waste management for the first and second options, respectively,
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7.0 DECOMMISSIONING OF REFERENCE SITES

Information on the technology, costs, and occupational radiation doses for
decommissioning several example sites is presented in this chapter, The refer-
ence sites chosen for analysis are 1) a site with a contaminated underground
drain line and hold-up tank, 2) a site with a contaminated ground surface, and
3) a tailings pile/evaporation pond containing uranium and iyoriun residues,
These sites are described 1n Section 7,3 of MUREG/CR-1764,

The technical approach used to estimate requirements, costs, and safety is
described in Section 7,1, The resulcs of decommissioning analyses for individe
ual sites are presented in Section 7,2, Details of decommissioning the refer-
ence sites are presented in Appendix C,

7.1 TECHNICAL APPROACH

The technical approach and most key bases used to define requirements and
estimate costs and safety of docoun!ss1on1?9 the reference sites have not
changed since publication of NUREG/CR-1754 ) and can be found in Section 10,1
of that document, New or revised bases are discussed below,

7.1.1 Cost Estimates

Cost estimates are made in this study for the decommissioning of three
example sites, namely: 1) a site with a contaminated drain line and hold-up
tank, 2) a site with a contaminated ground surface, and 3) a tailings pile con-
taining urantum and thorium residues., For the first two sites, it 1s assumed
that unrestricted release of the sites is desirable, Therefore, costs are
estimated for exhumation of the contaminated waste and soil and disposal of the
material at a shallow-land burial ground, For the tailings pile/evaporation
pond, costs are estimated for both the site stabilization and the removal
options, Costs are expressed in January 1988 acllars and include a 25% contin-
gency. Some key bases and assumptions for estimating costs are given in Appen-
dix C, Cost estimating bases are given in Appendix D,

Total costs include the costs of manpower, eguipment, materials, and waste
management (the puckaging, transportation, and disposal of radioactive material
removed from the site), Because transportation to and 41snosal at a shallow-
land burial ground are contracted activities, manpower costs for transportation
and disposal are included in the total costs of these items,

Manpower costs are determined by multiplying the man-days required to
decomnission a site by the cost per man-day shown in Table D,1 of Appendix D,
For ease in evaluating time and manpower requirements, site decommissioning is
divided into a sequence of tasks or steps, For the site stabilization option,
these steps are:
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® planning and preparation (including initial site survey)

e mobilization/demobilization
e site stabilization
e revegetation
For the removal option, these steps are:
® planning and preparation (including initial site survey)
e mobilization/demobilfzation
® remove overburden
® exhume and package contaminated material

e transport and dispose of contaminated material at a shallow-land
burial ground

® backfill and restore site
e final site survey.

To determine the total time required to decommission a site, an estimate
is made of the time required for efficient performance of the work by the
postulated work crew. This time estimate is then increased by 50% to provide
for preparation and set-up time, rest periods, etc, (ancillary time),

The owner/operator of a site is assumed to perform his own site survey.
(Sei) samples are analyzed by a commercial laboratory.,) Site stabilization or
waste and sof) removal activities are assumed to be performed by a contractur
hired by the owner/operator of the site, The impact on decommissioning f?sts
of utilizing a contractor is discussed in Section D.1 of NUREG/CR-1754.( The
contractor is anticipated to receive payment consistiny of reimbursement for
expenses (1.e., manpower, equipment, and material costs), plus a fee to provide
2 reasonable profit for this efforts, For this study, the contractor's fee is
calculated on the basis of 8% of the sum of his manpower, equipment, materials,
and package costs. This rate is judged to be reasonable for the size and com-
plexity of the decommissfoning projects. Transportation and disposal tasks are
performed by separate contractors hired by the site owner/operator,

Overhead rates applied to staff labor are expected to be significantly
higher for the decommissioning contractor than they are for the site owner/
operator. These higher overhead rates apply because of the larger ratio of
supervisory and support personnel to direct labor that usually exists in con-
tractor organizations and because of travel and living expenses associated with
having personnel in the field rather than in an office. In Table D.1, an
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overhead rate of 110% is applied to direct staff labor for all contractor per-
sonnel, The work crew for site decomeissfoning operations consists of a super-
visor (assigned to the project on a half-time basis), a foreman, equipment
operators, truck drivers, and technicians who are part of the contractor's
staff; and a health physicist from the owner/operator's staff,

Monthly charges for equipment owned by the decommissioning contractor are
calculated on the basis of 6% of the capital cost of the equipment and include
allowances for equipment depreciation, maintenance and operat1n$ expenses
(evg., fuel, lubrication, etc.), the cost of decontamination following use, and
return or investment, The equipment costs do not include the operator's
wage, MWeekly charges aie estimated to be approximately one-third of the
monthly charges.

Mobilization and demobilization costs are determined by estimating the
times required for these activities. Costs of manpower and equipment are
adjusted to include these time periods as well as the actua)l time spent decom-
missioning the site,

7.2 DECOMMISSIONING ANALYSES

Results of analyses of time and manpower requirements, total costs, and
occupational radiation doses for decommissioning three reference sites are
presented in this section, The sites and the decommissioni g options evaluated
are shown in Table 7,1, Total costs of decommissioning in:lude the costs of
manpower, equipment, materfals, waste management (¢.q9., the packaging, trans-
portation, and disposal of radiocactive waste), and contractor's fees, where
applicable.

Details of time and manpower requirements and of total costs for cvecommise
sioning the reference sites are presented in Appendix C.

TABLE 7.1. Decommissioning Opticns for Sites

Decommissioning Option
Site

Site Stabilization Removal
Underground Drain Line and x(2)
Hold-up Tank
Contaminated Ground Surface X
Tailings Pile/Evaporation Pond X X

(a) An "x" indicates that the site is decomissioned
by the indicated option,
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7.2.1 Contaminated Underground Drain Line

The reference contaminated underground drain line consists of 20 m of
O.l-?-d1CMCt0r cast-iron pipe and a 1.5-m-diameter by 2-m<high cylindrical
steel tank,

Estimated time and manpower requirements, total costs, and occupational
radiation doses for removal of a contaminated drain line, hold-up tank, and
sofl are presented in Table 7.2, summarized from Section C.,1 of Appendix C. Of
the total of 17 work days required for this waste removal operation, § work
days are required for planning and preparation activities (including the
initial radiation survey) that precede the actual decommissioning operations,
The total cost of decommissioning is estimated to be about $69,300. Occupa-
tional radiation doses are estimated to total about 0,04 man-rem, based on an
average worker dose rate of 0.1 mrem/hr,

TABLE 7,2, Summary of Estimated Manpower Requirements, Costs, and
Occupational Radiation Doses for the Removal of a
Contaminated Drain Line and Hold-Up Tank

Final
Planning & Radiation
Parameter Preparation Decommissioning _Survey Totals
Time (days) 5 10 2 17
Manpower (man-days) 14 51 7 12
Occupational Nose .- 0.04 .- 0.04
(man-rem)
Costs ($ thousands)(?)
Staff Labor 3.51 13.36 1.44 18.31
Equipment 4,15 11,55 0.80 16,50
Materials 0.28 2.40 0.14 2.82
Soil Analyses 4,80 .- 1.60 6.40
Contractor's Fee - 3.07 .- 3.07
Waste Management 8.34 s 8,34
Subtotals 2 12,7 38,7 4.0 55.4
25% Contingency 3.2 .7 1.0 13,9
Totals 15.9 4.4 5.0 69,3

(a) Costs are in January 1988 dollars, MNumber of figures shown is for
computational accuracy only and does not imply that Tevel of
precision,
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? ails of waste removal operations are given in Section G.2 of NUREG/CR-
1754, The drain 1ine is cut into 2-m sections for ease of pockazing. The
hold-up tank is packaged as a unit without cu§t1n9. After removal from the
ground, the drain line, hold-up tank, and 2 m” of contaminated soil are pack-
sged in plastic-1ined plywood boxes and shipped by truck to a shallow-land
burial ground for disposal,

Cost details are presented in Table C.2 of Appendix C. Manpower costs
represent about one-third of the total decommissioning cost., Costs of the
initial and final site surveys (including manpower, equipment, and soil analy-
sis costs) arc about 28% of the total cost,

7.2.2 Contaminated Ground Surface

The refcronc’ site containing contaminated grougd surface occupies an area
of about 40,000 m“ and contains approximately 1000 m” of contaminated ground
surface.

Estimated time and manpower requirements, total costs, and occupational
radiation doses for the renmoval of contaminated soil from the surface of a
reference site are presented in Table 7.3, summarized from Section C.2 of
Appendix C, Of the total of 42 work days required for this waste removal
operation, 20 work days are required for planning and preparation activities
(including the initial site survey) that precede the actual decommissioning
operations. The total cost of radiological surveys, removal of the contami-
nated soil, and restoration of the site is estimated to be about $1,829,000.
Occupational radiation doses are estimated to total ebout 0.14 man-rem, based
on an average worker dose rate of 0.1 mrem/hr,

Details of site Surve¥ ’nd waste removal operations are giveg 19 Sec-
tion 6,3 of NUREG/CR-1764, 1) The reference site occupies 4 x 10® m* (approxi-
mately 10 acres). It is assumed to be contaminated with radioactive residue
from uranium processing operations, with the residue originally trucked to the
site from another location for use as fill material., Following a radiglogica1
survey to locate concentrations of fill materfal, approximately 1000 m” of con-
taminated soil is removed from the site. This soil is packaged in plastic-
lined plywood boxes and shipped to a shallow-land burial ground. The site is
then backfilled and graded and a final radiological survey is performed to
verify the suitability of the site for unrestricted release. The operations
for decommissioning this reference site are believed to be typical of require-
ments for the decommissioning of sites where operations included onsite burial
of radioactive waste, The costs for onsite disposal could, however, be cone
siderably less than costs for disposal at a shallow-land burial ground.

Cost details are presented in Table C.4 of Appendix C. Manpower costs
represent only about 3% of the total decommissioning cost, with waste manage-
ment costs (costs of packaging, transportation, and disposal of the exhumed
soil) accounting for about 89% of the total decommissioning cost. Costs of the
initial and fina) site surveys (including manpower, equipment, and soil analy-
sis costs) are about 7% of the total cost.
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TABLE 7,3, Summary of Estimated Manpower Requirements, Costs, and
Occupationa® Radiation Doses for the Remova! of
Contaminated Soi) from a Reference Site

Final
Planning & Radiation
Parameter Preperation Decomnissioning Survey  Totals
Time (days) 20 17 5 42
Manpower (man-days) 70 110 23 203
Occupational Dose - 0.14 - 0.14
(man-rem)
Costs ($ thousande)(?)
Staff Labor 16.36 29,64 4,44 50.44
Equipment 8.30 29,30 0.80 38.40
Materials 1.64 17,15 0.41 16,20
Soil Analyses 72,00 . 4.80 76.80
Contractor's Fee - 16,17 .- 16,17
Waste Management .- 1262,57 .- 1262,57
Subtotals 98,3 1354,8 10,5 1463,6
25% Contingency 24,6 338,7 2.6 365.9
Totals 122.9 1693.5 13.1 1829

(a) Costs are in January 1988 dollars, Number of figures shown is fer
computational accuracy only and does not imply that level of
precision,

7.2.3 Taflings Pile/Eveporation Pond

The reference tailings pile/evaporation pond is located on a 20,000 ol
site and has dimensions of 100 m long by 50 m deep, with a 2.5 to 1 slope on
each side,

Estimited time and manpower requirements, total costs, and occupational
radiation doses for decommissioning a tailings pile/evaporation pond by the
option of stabilization are presented in Table 7.4, summarized from Section C.3
of Appendix C, The annual requirements and costs of long-term care following
stabilization are also shown in Table 7.4, The cost of stabilization is esti-
mated to te about $334,000, and the occupational radistion dose for this option
is estimated to be 0,08 man-rem, The annual Cost of long-term care is esti-
mated to be about $12,000, and the annua’l occupational radiation dose is esti-
mated to be about 0,01 man-rem,
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TABLE 7,4, Summary of Estimated Manpower Requiremets, Costs, and
Occupational Radiation Doses for Stabilization of a
Reference Tailings Pile/Cvaporation Pond

ii;g Stabilization Long-Term
anning Care

Parameter Preparition Decommissioning Totals (Annual Values)
Time (days) 20 12 32 10
Manpower (man-daye, 70 104 174 27
Occupational Dose .- 0.08 0.08 0.01
(man-rem)
Costs ($ thousands)(?)
Staff Labor 15.71 27.18 42.89 5.19
Equipment 4,15 32.50 36,65 1.60
Materials 1.60 158.78 160,38 0.80
Soil Analyses 7.90 - 7.90 1.60
Contractor's Fee .- 19.20 19,20 -
Waste Management e = - LI
Subtotals 29.4 237.7 267.0 9.2
25% Contingency Ja4 _59.4 _66.8 2.3
Totals 36.8 297.1 334 It

(a) Costs are in January 1988 dollars, Number of figures shown is for
computational accuracy only and does not imply that level of
precision,

Requirements and costs for removal of the pile/pond are shown in
Table 7.5, The cost of removal of the pile/pord and its disposal at a shallow-
land burial ground is estimated to be about $31 million, and the occupational
radiation dose for this option is estimated to be 1.0 man-rer.

The taﬁ11??’ pile/evaporation pond is described in Section 7.3 of
NUREG/CR-1754, The pile contains the residue from ore refinery operations
in which tin slag is processed for the recovery of niobium and tantalum, The
tin slag is estimated to contain 0,2 wt% Us0g and 0.5 wtk ThOp. The sludge
from processing operations, which contains essentially all of the thorium and
yranium, is pumped to a settling pond, where the water is allowed to evaporate,
converting the sludge to a glassy solid. Additional information about the
reference tailings pile (or pond) and its contents is shown in Table 7.6,

Decommissioning begins with planning and preparation activities that
include a radiological survey to determine the radiological condition of the
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TABLE 7,5, Summary of Estimated Munpower Requirements, Costs, and
Occupational Radiation Doses for Removal of a Reference
Tetlings Pile/Evaporation Pond

Planning & uo:::::on
Parameter Preparation Decommissioning Survey Totals
Time (days) e0 114 5 139
Manpower (man-days) 70 1,569 18 1,687
Occupational Dose . 1.0 . 1.0
(man-rem)
Costs ($ thousands)(®)
Staff Lakor 15,71 418,98 .79 438,48
Equipment 4,15 157,80 1.60 163,55
Materials 1,60 124,58 0,80 126,98
Soil Analyses 7.90 - 3.1% 11,08
Contractor's Fee .- 200,52 .- 201,54
wWaste Management - VA 24,088,70 s 24,058,770
Subtotals 29.4 24,960,6 9.3 25,000,3
25% Contingency .4 _6,240,2 2.3 6,250,1
Totals 36.8 31,200,8 11.6 31,250

(a) Costs are in January 1988 dollars, Number of figures shown is for
computational accuracy only and does not imply that level of
precision,

TABLE 7,6. Some Characteristics of the Reference Tatlings
Pile/Evaporation Pond

Parameter L Yalue
Volume of Pond 16,400 m
Weight of Residue 4,1 «x 10 kg
U304 Concentration 0.2 wtk
Contained Uj0y 8.2 x 10 Ky
ThO, Concentration 0.5 wti
Contained Tho, 2,0 x 10° kg
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pile/pond and the site where the pile/pond s located, The site survey
includes measurements of gamma radiation 1ovols{ measurements of the rate of
y

radon emanation from the pile/pond, and the analysis of soil samples,

For the site stabilization option, the following procedures are assumed,
The pile/pond 1s covered with a 50-mmethick laye~ of asphalt, This asphalt
Yayer is then covered with 1 m of s211, The sofl 1s mounded s1ightly at the
center to @)low water to drain from the soi)l cover and to prevent the accumu-
lation of runoff from rainfall or snow melt, After compaction and contouring
of the soi) cover, the aresa is seeded with gQrass,

About one-half of the total cost of the site stabilization option 1s for
the asphalt and the soil used to establish the cover over the pile/pond., Mane
power costs represent about 16% of the total cost of this option,

Long-term care activities include administrative control, site mainte-
nance, environmental surveillance, and vegetation management, Manpower costs
represent almost 60% of the estimated annual cost of long-term care.

For the removal option, conventiona) carshmov1ng equipment is usgd to
exhume the pile/pond., Approximately 16,400 m” of residue and 3,000 m” of
potentially contaminated sol) are packaged in 1,2+m by 1,2«m by 2,4=m (3,4em
plastic-1ined plywood boxes and shipped to a shallow-land burial ground for
disposal, After the pile/pond is removed, the site is backfilled and graded
and grass is planted. The site is then surveyed to verify its suitability for
unrestricted release,

3

Approximately 81% of the tota) cost of the disposal option is for disposal
of the exhumed material, Waste management costs could be reduced by about
$1.6 million if the contaminated maser1a1 was transported to the shallow-land
burial ground in plastic-lined 10-m”-capacity dump trucks instead of being
packaged in plywood boxes.

7.3 REFERENCES
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8.0 DISCUSSION OF RESULTS

The results of f?‘l study have not changed any of the conclusfons arrived
at in NUREG/CR-1754, The decommissioning tochno\ory assumed in that report
fs sti1) applicable to the decommissioning of non-fuel-cycle nuclear facili-
ties, However, a couple of new conclusions have developed since NUREG/CR-1754
was published in 1981, These conclusions are:

1, Decommissioning costs have increased consideratly since publication
of NUREG/CR«1754, aue primarily to rapidly esca'uting costs for dise
posal of radioactive wastes yenerated during decommissioning oper-
ations at the available shallow-land burial sites,

2, MNew, commercially available radioactive waste volume-reduction tech-
nology can significantly reduce the costs of waste disposal and,
hence, the costs of decommissioning operations,

Each of these conclusions 1s discussed below.

8.1 DECOMISSIONING COSTS

Costs are estimated for the decommissioning of '.C1‘18‘ components (hoods,
?\ovo boxes, ductwork, building surfaces, etc,) by the DECON options of
) decontamination to unrestricted release levels and 2) disposal at an authore
1zed buria) site., Cost estimates for individual components are then used as
bases for estimating the costs of decommissioning several reference labora-
tories (discribed in Section 7 of Reference 1),

The costs of decormissioning facility components are generally estimated
to be in the range of $1,000 to $12,000, depending on the type of component,
type and amount of radioactive contamination, the DECON option chosen, and the
quantity of radiocactive waste generated from decommissioning operations, Esti-
mated costs for decommissioning the reference laboratories range from about
$100,000 to about $150,000, Costs of decommissioning laboratory facilities
depend on several factors, including:

® the size of the laboratory

® laboratory design and construction

® the type and amount of radioactive contamination
® the DECON option used

® operating practices during the lifetime of the facility
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® the quantity of radioactive waste generated from decommissioning
operations

® the extent to which radigactive waste volume reduction is used,

On the basis of estimated decommissioning costs for facility components, decom-
missioning a small room containing one or two moderately contaminated fume
hoods 1s estimated to cost avout 220.000. The cost of decemmissioning an
entire industrial plant containing several laboratories used to prepare radio-
chemicals and radioactive sources could well exceed $1 million,

Costs estimates are made for decommissioning three reference sites, Costs
are estimated to range from about $69,000 for the removal of a contaminated
drain line to more than $31 million for the removal of a tailings pile/evapor-
ation pond, Costs for the latter site depend to a significant extent on the
quantity of contaminated soil that needs to be removed for disposal at an
authorized disposal site,

8,2 VOLUME-REDUCTION TECHNOLOGY

Utilizing volume-reduction technology during decommissioning operations to
reduce the quantity of radioactive waste that needs to be disposed of can sig-
nificantly reduce disposal costs, The use of sectioning, compaction, and
supercompaction during decommissioning of the reference laboratories yielded
savings of between $10,000 and $30,000 over decommissioning operations util-
12ing no volume reduction, No savings from volume reduction were possible
during decommissioning of the reference sites because very little, if any, of
the radioactive waste was volume-reducible,

wWhile incineration of ~adioactive wastes can significantly reduce the vol-
ame of waste *hat needs to be disposed of, it 1s also very expensive, In fact,
it may cost more to incinerate the waste than to just dispose of it, However,
incineration costs are strongly related to economies-of-scale, which is one
reason why regiona\ radioactive waste incineration facilities have been planned
by several different companies, None of these companies have been successful
:s ?{‘yot. however, in overcoming the numerous hurdies to starting-up such a
acility,

One additional point of interest is that while both supercompaction and
incineration can significantly reduce waste volumes, both are applicable only
to dry-active waste (DAW)., A significant cost from decommissioning uperations
is from disposal of solidified 1igquid wastes, for the reference laboratories,
and contaminated soil, for the reference sites, Making an additional effort in
planning decommissioning operations and selecting decommissioning technology
that minimizes this non-volume-reducible waste could result in significant
savings in disposal costs,
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APPENDIX A

TA OF DE SIONING OF FACILITY COMPONENTS

This appendix provides manpower and cost details for the DECON of facility
components by the options of 1) decontamination of the component to unre-
stricted release levels or 2) disassembly and packaging of the component and
disposal at a shallow-land burial ground, Descriptions of facilities and some
facility components (e.g., fume hoods ?1ove boxes, and a small hot cell) are
given in Appendix A of NUREG/CR-1764. ')

The facility components for which decommissioning details are given, and
the DECON options evaluated for each component, are shown in Table A.l.

The following key bases and assumptions are used for estimating manpower
requirements and costs:

1. To determine the total time required to decommission a facility come
ponent, an estimate is made of the time required for efficient per-
formance of the work by a postulated work crew. This is then
increased by 50% to provide for preparation and set-up time, rest
periods, etc., (ancillary time),

2. One important factor that affects time and manpower estimates for
decontanination of a component is the amount of residual contaminae
tion that must be removed from the surface., Residual surface contame
ination levels on facility components are tt&?" from the facility
descriptions of Section 7 of NUREG/CR-1754, Allowable contami-
nation levels for unrestricted release are based on the NRC guide-
lines for the decontamination Qg facilities and equipment prior to
release for unrestricted use.(

3. An ind‘vidual decontamination step, such as steam-cleaning, spraying
and rinsing, mopping, scrubbing, etc., 1s assumed to reduce the level
of surface contamination on a component by one or two orders cf
magnitude, This is an average value based on experience and is used
2s a guide for estimating the time required to decontaminate a com-
ponent to release levels.

4. Several small equipment items, such as wet-dry vacuum cleaners, power
scrubbers, and steam generators, are used for decontaminating facile
fty components, Because an equipment item fis only used for a few
days, it 1s not reasonable to chirge its entire cost to the decommise
sioning of one component, To estimate equipment costs, a l-year
equipment lifetime is assumed and a charge of x/250 of the cost of
the item is made, where x is the number of days required to decon-
taminate the component,
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5., Radiation survey equipment and equipment for the analysis of wipe
samples are assumed to be readily svailable and not charpeable to
decommissioning because such equipment 1s in routine use during the
operation of a facility,

6., A1l radioactive wastes from the decoomissioning of facility compo-
nents are shipped by truck a distance of BOO km to a shallow-land
burial ground. A truck distance of 350 km is assumed fo- shipments
of waste to the centrally located supercompaction facility, Solidi-
fied 1iquid wastes are assumed to go straight to the disposal site
while dry solid waste and sectioned metal waste are assumed to ?o
first to the supercompactor facility and then to the disposal site,
Radioactive wastes from the decontamination option include solidified
decontamination ligquids, protective clothing, and cleaning supplies
from decontamination operations., Radioactive wastes from the packag-
ing and disposal option include the facility component, Transporta-
tion charges are based on the fraction of a truckload required to
transport the wastes, It is assumed that ons truckload consists of
one hundred-twenty 208-t steel drums or 30 m” of plywood boxes con-
taining compacted or incinerated waste. Only 80 drums of supercom-
pacted waste are assumed to be transported per trucklonad, due to
weight limitations,

7. Because supercompaction, incineration, transportation, and waste
disposal operations are contracted activities, manpower costs for
each of these operations are included in the total costs for each,

8. The base-case scenario for determining the requirements and costs of
packaging and disposal of contaminated facility components assumes
that large components such as fume hoods and glove boxes are shipped
intact with a minimum of sectioning., Volume-reduction procedures
such as compaction and incineration are not used. To provide a basis
for cost comparisons, a second scenarfo is evaluated that assumes
sectioning of the component, compaction, and supercompaction of
appropriate wastes, A third scenario is evaluated that assumes sec-
tioning of the component, compaction, and incineration of appropriate
sastes, Sectioning and compaction are estimated to reduce the waste
volume by a factor of 5. Supercompaction is assumed to reduce the
post-compacted waste volume by a factor of 2 and post-sectioned metal
waste by a factor of 2.5, Incineration is assumed to reduce the
post-compacted waste by a factor of 10,

9, A1l costs are in January 1988 dollars,

10, Cost estimates are based on unit costs for manpower, equipment, sup-
plies, and waste management that are given in Appendix D.

For ease in evaluating time and manpower requirements of the decontami-

nation option and the packaging and disposal option, each option is divided
into a series of tasks or steps. The steps in the decontamination option are:

A2



remove equipment and material and perform initial radiation survey

decontaminate component

monitor for compliance with release limits

reclean hot spots and monitor
® dispose of radioactive wastes,
The steps in the packaging and disposal option are:
® remove equipment and material and perform initial radiation survey
® remove loose contamination and fix residual contamination

® disconnect service lines and ductwork and prepare component for
packaging

® package component

® ship packaged component to shallow-land burial ground.

Al FUME HOODS

Estimated costs for decommissioning a radiochemical fume hood by the DECON
options of 1) decontamination to unrestricted releasc levels or 2) packaging
and disposal of the contaminated hood at an authorized disposal site are shown
in Table A,2, Total costs include manpower, equipment and supplies, and waste
management costs., Costs for the packaging and disposal options are shown for
the case in which the hood is packaged without sectioning and for the cases in
which the hood is sectioned, compactible waste is compacted, followed by super-
compaction or incineration of appropriate wastes to reduce the volume of radio-
active material shipped (o a shallow-land burial ground.

Time and manpower requirements for the DECON of a fume hood are shown in
Table A,3, Tables A.2 and A.,3 are based on a fume hood with exterior dimen-
sions os 1.5 m wide by 0,9 m deep by 2.1 m high, for a total volume of
2.835 m”.

For the decontamination option, time and manpower requirements are based
on reducing the levels of contamination in the fume hoods from residual levels
to unrestricted release levels, These contamination levels and the decontami-
ration procedures postulated to reduce the con‘gwination to these levels have
not changed since publication of NUREG/CR-1754 and can be found in Sec-
tion €£.1 of that document, A decontamination step that reduces the surface
contamination by a factor of about 130 is t35umed to require 3 hours for com-
Q}gtion {3; hoods contaminated with “H or . For hoods contaminated with

I or (s, a single decontamination step is assumed to red,is surface
contamination by a factor of 50, For hoods contaminated with Am, a single
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decontamination step is assumed to reduce surface contamination by a factor of
50 and to require 6 hours for completion. A work crew consistino of a foreman
and two technicians is postulated to perform the work,

ror the packaging and disposal option, the manpower requirements shown in
Table A.3 include only those needed to prepare and package the hood for ship-
ment to the shillow-land burial ground, Craftsmen (an electrician and a pipe-
fitter) are added to the work crew on a temporary besis to disconnect services
and prepare the hood for packaging.

Material costs for the decontamination option are assumed to include the
costs of repl:zement filters. Waste management costs for this option include
the costs of packaging, transportation, and disposal of the decontamination
1iquids and cleaning supplies used to clean the hoods to unrestricted release
levels., Decontamination wastes are packaged in 208-¢ steel drums and are
postulated to include three drums of solid waste (including filters) and two
drums of solidified 1iquid waste.

Waste management costs for the packaging and disposal option include the
costs of disposal of the hood and of the roughing and HEPA filters and 1 m of
contaminated ventilation ductwork attached to the hoocd. The hood and associ-
ated items are wrapped in plastic and packaged for shipment in a plastic-lined
plywood box. Decontamination wastes for this option include one 208-2 drum of
solid waste and one drum of solidified liquid waste.

Unit cost factors for a fume hood are provided in Table A.43 The cost
factors for manpower and equipment and supplies are given in $/m” of the com-
ponent being decommissioned, while volume seduction. packaging, transportation,
and disposal cost factors are given in $/m° of or§g1na1 waste volyme. The
original waste volume unit factors are given in m” of waste per m” of the com-
ponent being decommissioned.
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TABLE A.1. DECON Options for Facility Components

DECON Option
TTean to'Unrestr!cgea Dismantle and Package

Facility Component Release Levels for Disposal
Fume Hood x(2) X
Glove Box X X
Small Hot Cell X X
Laboratory Workbench X X
Sinks and Drains X X
Ventilation Ductwork X

Building Surfaces(b) X

(a) An "x" indicates that the facility component can be decommise-
sioned by the indicated option,

(b) Some contaminated material, such as floor tiles or concrete
chipped fror walls, might be packaged and shippea for disposal.
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TABLE A.2. Estimated Costs for DECON of a Fume Hood(d)
Cost ($ thousands) for DECON of a Compono?g
Contaminated by the Indicated Radioisotope )
Cost Item N Mg By Wey W
Decontamination
Manpower 1.67 1.44 1.67 1.67 2.88
Equipment & Supplies 1.82 1.82 1.82 1.82 1.82
Waste Management
Packaging 0.18 0.27 0.27 0.27 0.27
Transportation 0.06 0.06 0,06 0.06 0.06
Disposal 1,10 1,10 1,10 1.10 1,10
Subtotals 4.81 4.69 4,92 4,92 6.13
25% Contingency 1,20 1,17 1.23 1,22 1,83
Totals 6.0 S 6.2 2 1.7
Packaging & Disposal
w/0 Volume Reduction
Manpower 1.60 1.60 1,60 1.60 2.17
Equipment & Supplies 1.30 1.30 1,30 1.30 1,30
Waste Management
Packaging C.41 0.41 0.41 0.41 0.41
Transportation 0.18 0.18 0.18 0.18 0.18
Disposel 4,09 4,09 4,09 4,09 4,09
Subtotals 7.58 7.58 7.58 7.58 8.15
25% Contingency 1,90 1.90 1,90 1.90 2,04
Totals 9.5 9.5 9.5 9.5 10,2
(contd
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Cost Item

TABLE A,2. (contd)

Cost ($ thousands) for DECN of a Compone

Contaminated by the Indicated Radioisotope

241

E

t)

Packaging & Disposal
w/Compaction and
Supercompaction

Manpower
Equipment & Supplies

Waste Management
Supercompaction
Packaging
Transportation
Disposal

Subtotals

25% Contingency
Totals
Packaging & Disposal

w/Compaction and
Incineration

Manpower
Equinment & supplies

Waste Management
Incineration
Packaging
Transportation
Disposal

Subtotals

25% Contingency
Totals

2.70 2,70
1,45 1.45
0.23 0.23
0.17 0.17
0,06 0.06
0,5% 0,55
5.16 5.16
1,29 1.29
6.5 6.5

2.70 2,70
1.45 1,45
0,34 0,34
0.14 0,14
0.04 0.04
0.95 0,95
5.62 5.62
1,41 1.41
7.0 7.0

(a) Costs are in January 1988 dollars.

(b) Number of figures shown is for computational accuracy only.
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TABLE A.3. Details of Estimated Time and Manpower Requirements for DECON of a Fume Hood

Requirements for DECON of a Component %-lm by the Indicated Radioisotope

b Vap ) STcs L™
TTme Wan- TTme Wan- " Time  Wan- TTme Wan- Time Van-
DECON Option (days) days (days) days (days) days (days) days (days) days
Dacontamination
Ramove Equipment 2 0.25 0.75 0.25 0.75 0.25 0.75 2.25 0.75 0.25 0.75
Survey Component
Dacontaminate 1.00 3.00 0.75 2.25 1.00 3.00 1,00 3.00 2,00 6,00
Monitor 0.25 0.75 0.25 0,75 0,25 0.75 0.25 0.75 0.25 0.75
Reclean Hot Spots & 0.50 1.50 0.50 1.50 0,50 1.50 0.50 1.50 0,75 2,25
Monitor
Subtotals 2,00 6,00 1.75 5.25 2.00 6,00 2.00 6,00 3.25 3.7%
508 Ancitlary Time 1.00 3.00 0.88 2.64 1.00 3,00 1,00 3.00 1.63 4,89
Totals 3.0 s8.0 2.6 7.9 3.0 9.0 3.0 9.0 4.5 14,6
Packaging & Disposal
w/o VYolume Reduction
Ramove fquipment & 0.25 0.75 2.25 0.75 0.25 0,75 0.25% 0.7 0.25 0.75
Survey Component
Fix Contanination 0,50 1.50 0.50 1.50 0.50 1.50 0.50 1.50 1.00 3.00
Disconnect Services & 0.38 1,90 0.38 1.90 0.38 1.90 0,38 1.90 0.50 2.50
Prepare for Packaging
Package Component 0.50 1,50 0.50 1,50 0,50 1.50 0.50 * o 50 0,50 1.50
Subtotals 1,63 5.65 1.63 5.65 1.63 5.65 1.6* 5.65 2.25 7.75
S0% Anciliary Time 0,82 2.83 0.82 2.83 0,83 2.82 0,82 Z.83% 1.12 3.87
Totals 2.5 8.5 2= 8.5 2.5 8.5 2.9 3.5 3.4 1.6
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TABLE A.3. (contd)

Requirements for DECON of a Component Contaminated by the indicated Radioisotope

" b i o k™
Time “Wan- Time Wan- Time Wan- TTme Wan- TTme Wan-
DECON Option (days) days (days) days (days) days (days) days {days) days
Packaging & Disposal
w/Compaction and
Supercompaction
Ramove Equipment & 0.25 0.75 0.25 0.75 0.25 0.75 0.25 0.75 0.25 0,75
Survey Component
Fix Contamination 0,50 1.50 0,50 1.50 0.50 1.50 0,50 1.50 1.00 3.00
Discoanect Services 0.38 1.90 0,38 1.90 0.38 1.90 0,38 1,90 0.50 2,50
Section Component 1.00 4,00 1,00 4,00 1,00 4,00 1,00 4,00 1,00 4,00
Packaqing 0,50 1.50 0,50 1.50 0,50 1,50 0,50 1.50 0.50 1.50
Subtotals 2.63 9.65 2.63 9.65 2.63 9,65 2,63 9.65 3.25 1,75
5“ Aﬂc‘.'a"y Y'” ‘.32 ‘.83 '.32 ‘.33 '.’2 ‘.83 '.32‘ ‘.” '.“ s.“
Totals 4.0 12,5 4.0 14,5 4.0 14,5 &,0 14.5 4.9 17.6
Packaging & Dispesal
w/Compaction and
incineration
Remove Equipment 3 0.25 0.75 0.25 0,75 0.25 0.75 0.25 0,75 0,25 0. 75
Survey Component
Fix Contamination 0,50 1.50 0,50 1,50 0,50 1.50 0,50 1,50 1,00 3.00
Disconnect Services 0,38 1.90 0,38 1.90 0.38 1.90 0.38 1.90 0.50 2,50
Saction Component 1.00 4,00 1.00 4,00 1,00 4,00 1,00 4,00 1.00 4,00
Packaqlhg 0.50 '.” 9.” '.” o.” 'o” o.” '0” oo” '.”
Subtotals 2.63 9.67 2.63 9.565 2.6 9.65 2.63 9.6% 3.25 11,75
” Mcl”orv Time ‘o” ‘o’} '.32 ‘003 ‘.32 ‘o” '.32 ‘o” 'o“ ’O“

Totals 4.0 14,5 4.0 14.5 4.0 14,5 4.0 14,5 4.9 17.6



TABLE A.4. Estimated Unit Factors for DECON of a Fume Hood(2)

Unit Factors for DECON
of a Component Contaminated by the
Inuicated Radioiso

Cost Item 3y M 125 137c,  28lp,

Decontamination
Manpower (SK/m3 component) 0.59 0,50 0.59 0.59 1.02
Equipment & Sup lies (Ském component ) 0.64 0.64 0.64 0.64 0.64
Waste Volume (m waste/m” component) 0.37 0.37 0.37 0.37 0.37
Packaging ($K/m? wasSe 0.18 0.26 0.26 0.26 0.26
Transportation ($K/m° waste) 0.05 0.05 0,05 0.0% 0.0%
Disposal ($k/m3 waste) 1,05 1.06 1,05 1,05 1,08

Packaging & Dispgsa\ w/0 Volume Reduction
Manpower ($K/m conponent) 0.57 0,57 0,57 0.7 0.76
Equipment & Sup lies ($K$m component ) 0.46 0.46 0.46 0.46 0.46
Waste Volume (n waste/m” component) 1.3 1,38 1.38 1,38 1.38
Packaging ($K/m° wasge 0.10 0.10 0.10 0.10 0.10
Transportation ($K/m” waste) 0,05 0.05 0,05 0.05 0.05%
Disposal ($K/m® waste) 1,05 1.06 1,05 1,05 1,05

Packaging & Disposal w/Compaction

& Supercompaction
Manpower (SK/m3 component ) 0.95 0.95 0.95 0.95 1.14
Equipment & Supp!fes ($K£m3 component ) 0.51 0.51 0.51 0.51 0,51
Waste Volume (m wastg/m component) 1.38 1,38 1,38 1,38 1.38
Supercompaction ($K/m” waste) 0,06 0,06 0,06 0.06 0.06
Packaging (SK/m wasge 0.04 0,04 0.08 0,04 0.04
Transportation ($K/m” waste) 0.02 0.02 0.02 0.02 0.02
Disposal ($k/m® waste) 0.14 0.14 0,14 0.14 0.14

Packaging & Disposal w/Compaction

& Incineration
Manpower ($K/m3 component ) 0.95 0.95 0.95 0.95 1.14
Equipment & Supplies ($K§m3 component ) 0,51 0.51 0,51 0.51 0,51
Waste Volume (m° waste/m” component) 1.38 1.38 1.38 1.38 1.38
Incineration I$K/m3 waste) 0,09 0,09 0,09 0.09 0.09
Packaging ($k/m? was%e) 0.04 0.04 0,04 0.08 0.04
Transportation ($K/m” waste) 0,01 ¢,01 0.01 0.01 0.01
Disposal ($K/m3 waste) 0.2 0,24 0,24 0.24 0,24

(a) Costs are in January 1988 dollars.




A.2 GLOVE BOXES

Estimated costs for decommissioning a glove box by the DECON options of
1) decontamination to unrestricted release levels or 2) packaging and disposal
of the contaminated hood at an authorized disposal site are shown in Table A.5,
Total costs include manpower, equipment and supplies, and waste management
costs, Costs for the packaging and disposal options are shown for the case in
which the glove box 1s packaged without sectioning and for the cases in which
the glove box is sectioned, compactible waste is compacted, followed by super-
compaction or incineration to reduce the volume of radioactive material shipped
to a shallow-land burial ground,

Time and manpower requirements for the DECON of a glove box are shown in
Table A,6, Tables A.5 and A.6 are based on a glove box with exterior dimen~-
sions og 0.9 m wide by 0.6 m deep by 0.6 m high, for a total volume of
0.324 m¥,

For the decontamination option, time and manpower requirements are based
on reducing the levels of contamination in the glove boxes from residual levels
to unrestricted release levels. These contamination levels and the decontami-
nation procedures postulated to reduce the coniiTinat1on to these levels have
not changed since publication of NUREG/CR-1754 and can be found in Sec-
tion £,2 of that document, A decontamination step that reduces the surface
contamination by a factor of about 100 i¢ 3ssumef‘to require 2 hours for com-
pletion forlg ove boxes contaminated with “H or *"C, For glove boxes contami-
nated with I, a single decontamination stop is assumed to reduce éuiface
contamination by a factor of 50, For glove boxes contaminated with Am, a
single decontamination step is assumed to reduce surface contamination by about
a factor of 50 and to require 4 hours for completion, Recleaning of hot spots
éilassumed to require twice as much time for a glove box contaminated with

Am as is required for other glove boxes. A work crew consisting of a fore-
man and one technician is assumed to perform the work., A pair of replacement
gloves for the glove box is estimated to cost $90,

For the packaging and disposal option, the manpower requirements shown in
Table A.6 are those needed to prepare and package the glove box for shipment,
An electrician and a pipefitter are added to the work crew on a temporary basis
to disconnect services and assist in preparing the glove box,

Material costs for the decontamination option are assumed to include the
costs of replacement filters and glove box gloves, Waste management costs for
this option include the costs of packaging, transportation, and disposal of the
decontamination 1iquids and cleaning supplies used to clean the glove boxes to
unrestricted release levels, Decontamination wastes include three 208-% drums
of solid waste (including contaminated filters and glove box gloves) and one
drum of solidified liquid waste,

Waste management costs for the packaging and disposal options include the

costs of disposal of the glove box and of the roughing and HEPA filters and 1 m
of contaminated ventilation ductwork attached to the box., The glove box and
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asso.iated items are wrapped in plastic and packaged for shipment in a plastice
1ined plywood box, Decontamination wastes for this option include one 208-¢
drum of solid waste and one drum of solidified liquid waste.

Unit cost factors for a glove box are provided in Table A.73 The cost
factors for manpower and equipment and supplies are given in $/m” of the com-
poneit being decommissioned, while volume §eduction, packaging, transportation,
and disposal cost factors are given in $/m” of or§91na\ waste volyme. The
original waste volume unit factors are given in m” of waste per m° of the com-
ponent being derommissioned.
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TABLE A.5. Estimated Costs for DECON of a Glove Box(')
Cost ($ thousands) for DECON of a Componcntb)

ontaminated by the Indicated Radioisot
Cost Item H 14, 125, 13706 28] 50

Decontamination

Manpower 1,00  0.73 1.00 -.(¢) 2,00

Equipment & Supplies 1.45 1.45 1.45 .- 1.45

Waste Management
Packaging 0.14 0.18 0.18 - 0,18
Transportation 0.0% 0.0% 0.0% - 0.05
Disposal 0,88 0,88 0.88 Vb 0.88
Subtotals 3.52 3.29 3.56 - 4.56
25% Contingency 0.88 0,82 0.89 = 1,14

TOtG\S ‘oa aol 4.5 b 5.7

Packaging & Disposal
w/o Volume Reduction

Manpower 1.01 1.0 1.01 --(¢) 1,40
Equipment & Supplies 1.02 1.02 1.02 - 1.02
Waste Management
Packaging 0.19 0.19 0.19 - 0.19
Transportation 0.0% 0.0% n.0% “e 0.0%
Disposal 0,96 0,96 0,96 == 0.96
Subtotals 3.23 3.23 3.23 .- 3.62
25% Contingency 0,81 0,81 0,81 == 0.91
TOta]S 4.0 400 400 -e 4.5
(contd)



TABLE A.5. (contd)
Cost ($ thousands) for DECON of a Compono?k)

ntamin he Indi Radioi
Cost Item 34 l4c 1251 137cs 28150
Packaging & Disposal
w/Compaction and
Supercompaction
Manpower 1,40 1,40 1.40 --(¢) 2.01
Equipment & supplies 1.17 1.17 1.17 - 1.17
Waste Management
Supercompaction 0.04 0.04 0.04 -~ 0.04
Packaging 0.12 0.12 0.12 - 0.12
Tr‘ﬂspor:at‘on 0002 0002 0.02 e had 0.02
Disposal 0.28 0.28 0.28 2= 0,28
SUbtot‘]s 3.03 3003 3003 e 3.5‘
25% Contingency 0,76 0.76 0.76 2= 0.91
Totals 3.8 3.8 3.8 .- 4.6
Packaging & Disposal
w/Compaction and
Incineration
Manpower 1.40  1.40 1.40 -.(¢) 2.01
Equipment & Supplies 1.17 1.17 1.17 .- 1.17
Waste Management
Incineration 0.17 0.17 0.17 - 0.17
Disposal 0,32 0,32 0,32 - 0,32
Subtotals 3.18 3.18 3.18 - 3.79
25% Contingency 0,80 0.80 0.80 - 0,95
TOtB]S aoo ‘00 400 Lol 4.7

(a) Costs are in January 1988 dollars.
(b) Number of figures shown is for computationf&7accuracy only.
(¢c) There are no glove boxes in the reference Cs laboratory facility.
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TABLE A.6. Details of Estimated Time and Manpower Requirements for DECON of a Glove Box

mu~nmma-wwwnmannmm:w

S ﬂc 125, 3Tce -
Time  Wan- TToe “Wan- Time  Wan-  Time Wan— TTe= Wan -
DECON Option (days) days (days) days (days) days (days) days (days) days
Decontamination
Remove Equipment 3 0.25 2.50 0.25 0.50 0.2% 0% o _(= 0.25  0.50
Survey Component

Decontzminate 1,90 2.00 0.50 1.00 1.00 2,00 - -— 2.50 5.00

Mon i Tor 0,2% 0.50 0.2% 0.50 0.25% 0.50 - — 0.2% 0.50

Reclean Hot Spots 8 0.25 0.50 0.25 0.50 0.2% 0,50 -- - 0,50 1,00
*onltor o Iy T

Subtotals .75 3.50 1.25 2,50 1.75 3.50 -— -— 5.50 7.00

S0f Anciilary Time 0.88 1.75 0.62 1.25 0,88 1.75 e s 1.75 3.50

Totais 2.6 5.2 1.9 3.8 2.6 S.2 -- -- 5.2 10.5

Packaging & Disposal
w/o Volume Reduction

Remove Equipment 8 0.25 0.50 0.25 0.50 0.25 .5 ‘9 _ft= 0.25 0.50
Survey Component

Fix Contamination 0.25 0.50 0.25 0.50 0,25 0.50 - - 0.50 1.00

Disconnact Services 3 0.25 1.00 0.25 1.00 0.25 1.00 -— -— 0.50 2.00
Prepare for Packaging

Package Component 0.5¢ 1,50 050 1.5 050 1,50 - - 0.5 1.5

Subtorals 1.25 3.50 1.25 3.50 1.25 3.50 - — 1.75 5.00

SO% Anciilary Time 0.63 1.7% 0.63 1.75 0,63 1,75 -- - o.88 2.5

Totals 1.9 5.2 1.9 %2 1.9 5.2 -_ -— 2.6 7.5

(contd)
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TABLE A.6. (contd)

Requirements for DSCON of a Component Contaminated by the indicated Radioisotope
5 xS 175, 37 28T

Time  Wan- Time Wan- Tlee  Wan- Time  Wan-  Time  Wan-

DECON Cption (days) days (days) days (days) days (days) days (days) days

Packaging & Disposal
w/Compaction and

Supercompaction

Remove Equipment 3 0.2 050 025 0,50 025 0% - (@ 0.25  0.50
Survey Component

Fix Contamination 0.25 0.50 0.25 0.50¢ 0.25 0.50 -— -— 0.50 1,00

Disconnect Services 0.2% 1.00 0.25 1.cc 0.25 100 - - 0,50 2.00

Section Component 0.50 1.50 0,50 1.50 0.50 1.0 - - 0.75 2.2%

Packaging 0.50 1.5 0.5 1.5 0.5 1,5 -— - 0.50 150

Subtotals 1.75 5.00 1.75 5.00 1.75 5.00 - - 2.50 7.25

508 Ancitlary Time 0,88 2.590 0,88 2.50 0.88 2,50 -- - 1.25 3.62

Totals 2.6 7.5 2.6 7.5 2.6 1.5 -— -— 3.8 10.9

Packaging & Disposal

w/Compaction and

Incineration

Remove Equipment & 0.2 0,50 0.25 050 025 o050 -2 1 g2 0.5
Survey Component

Fix Contamination 0.25 .50 9.25 0.5 0.25 0.5¢ -_ -— 0.50 1,00

Pisconnect Services 0.25 1.00 0.25 1.00 0.25 1.00 - - 0.50 2,00

Saction Component 0.50 1.50 .50 1.50 0.50 1.50 - -_ 0,75 2.25

Packaging 0.50 1,50 0,50 1,50 0,50 1,50 - - 0.50 '_._’2

Subtotals 1.75 5.00 1.75 5.00 1.75 5.00 — - 2,50 7.2%

508 Ancitlary Time 0.88 2.50 0,88 .50 0.88 2,% — = 1.5  3.62

Totals 2.6 1.5 2.6 7.5 2.5 1.5 - -- 3.8 10.9

(a) There are no glove boxes in the Reference 37cs 1aboratory tacitity.



TABLE A.7. Estimated Unit Factors for DECON of a Glove Box'?)

Unit Factors for DECON
of a Component Contaminated by the

indicated Radioisotope

Decontamination
Manpower ($K/m3 component) 3,08 2.26 3,08 --(b) ¢,17
Equipment & Sup lies (SKém component ) 4,48 4,48 4,48 -- 4,48
Waste Volume (m waste/m” component) 2:57 2.87 2,87 .- 2.57
Packaging ($Kk/m? wasse 0.17 0,22 0.,22 -- 0.22
Transportation ($K/m” waste) 0,06 0.06 0.06 == 0.06
Disposal ($K/m® waste) 1408 1,05 1,08 o 1,06

Packaging & oispgsal w/0 Volume-Reduction
Manpower ($K/n> conponent), R e 0% Rl e 1, el 3 R

Equipment & Supplies ($K§m component ) 315 318 3415 .. 3.15
Waste Volume (m waste/m” component) 2.83 2.83 2.83 - 2.83
Packaging (SK/m wasge 0.21 0,21 0.21 ~- 0.21
Transportation ($K/m” waste) 0.05 0.05 0.05 =- 0.05
Nisposal (SK/n waste) 1.00 1,06 1,056 == 1.0%

Packaging & Disposal w/Compaction

& Supercompaction
Manpower ($K/m® component) 4.33 4,33 4,33 --(b) 5,20
Equipment & Supplies ($Kém3 component) 3,61 3.1 3.61 oo 3.61
Waste Volume (m wastg/ component ) 2.83 2.83 2,83 - 2.83
Supercompaction ($K/m® waste) 0,05 0,05 0,05 == 0.05
Packaging ($K/m> waste) 0,13 0,13 0.13 e 0,13
Transportation ($K/m° waste) 0.02 0.02 0.02 == 0,02
Disposal ($K/m° waste) 0,31 0,31 ©0.31 o« 0.31

Packaging & Disposal w/Compaction

& Incineration
Hanpower (SK/m3 component ) 4,33 4,33 4,33 --(b) 6,20
Equipment & Supg\1es ($Kém3 component) 3.61 3.61 3.61 -- 3.61
Waste Volume (m” waste/m” component) 2.83 2.83 2.83 - 2.83
Incineration (SK/n3 waste) 0.18 0,18 0.18 -- 0.18
Packaging ($K/m3 wasge 0.11 0.11 0.11 == 0.11
Transportation ($K/m” waste) 0.02 0.02 0,02 =-- 0.02
Disposal ($K/m3 waste) 0,35 0,35 0.35 == 0.35

(a) Costs are in January 1988 dollars. 137
(b) There are no glove boxes in the reference fs laboratory facility.



A.3 SMALL HOT CELL

Estimated costs for decommissioning a small hot cell by the DECON options
of 1) decontamination to unrestricted release levels or 2) packaging and dis-
posal of the contaminated cell at an authorized dispesal site are shown z?
Table A.8. The hot cell is described in Section A.5.3 of NUREG/CR-1754, )
Total costs of decommissioning include manpower, equipment and supplies, and
waste management costs. Costs for the packaging and disposal option are shown
for the case in which there is no lead salvage and for the cases in which 65%
of the lead bricks are reclaimed and sold for salvage. Credit for lead salvage
is based on a value of $1.25 per kilogram of lead.

The only referencelg’boratory that contains a hot cell is the laboratory
for the manufafigre of Cs sealed sources described in Section 7.1.4 of
NUREG/CR-1754, Cesium.*a7 contfgination on jnside surfaces of the cell is
estimated to range from 10*Y to 10*¢ d/m/100 cm®. The allowable contamination
level for unrestricted release, based on the NRC guidelines for the deconEQTi-
na&ion of fac1}1t1es and equipment prior to release for unrestristed use, is
10¥ d/m/100 cm®,

Time and manpower requirements for the decontamination of the hot cell to
unrestricted release levels or for packaging and disposal of the contaminated
cell are shown in Table A.9. Tables A.8 and A.9 are based on a hot cell that
is a 1,2-m cure (1ns1de dimensions) with a 0.1-m wall thickness, for a total
volume of 2.744 m~,

For the decontamination option, a work crew consisting of a foreman and
two technicians is assumed to perform the work. Postulated decontamination
procedures include the following:

® dry vacuum

® sweep

® wet wipe

® spray

® wash

® scrub hot spots.

Decontamination is performed remotely, using master-slave manipulators,
until residual contamination levels are sufficiently lowered to permit contact
procedures. For this option, it is assumed that the cell liner has been effec-
tive in preventing the contamination of all but a2 few of the lead bricks. If
most of the bricks are contaminated, 2 or 3 additional days may be required to
inspect and decontaminate the bricks, resulting in an additional manpower cost
of about $1,600. Contaminated bricks are cleaned by scrubbing, using a commer-
cial decontaminate, or by soaking in hydrochloric acid solution, followed by a
vater rinse,



For the packaging and disposal option, the manpower requirements shown in
Table A.9 are those needed to disassemble and package the hot cell components
for shipment to a shallow-land burial ground. An electrician and a pipefitter
are added to the basic crew to disconnect services. A lift-truck operator is
added to the crew to assist in moving plywood boxes filled with lead bricks.
Three days (9 man-days)' are required to inspect and decontaminate the brick for
the case where the bricks are to be salvaged.

Waste management costs for the decontamination option include the costs of
packaging and disposal of the decontamination liquids and cleaning supplies
used to clean the small hot cell to unrestricted release levels. This decon-
tamination waste is packaged in five 208-% steel drums,

Unit cost factors for a hot cell are provided in Table A.10. The cost
factorg for manpower, equipment and supplies, and lead salvage credit are given
in $/m” of the component being decommissioned, while volume redgction, packag-
ing, transportation, and disposal cost factors are given in $/m” of grigina\
waste_volume, The original waste volume unit factors are given in m” of waste
per m” of the component being decommissioned.

A.19



TABLE A.8. Estimated Costs for DECON of a Small Hot Celil

$ thousands

Disposal w0 Disposal w/o Disrosal w/ Disposal w/
Volume Reduc- Volume Reduc- Compaction and Compaction and
tion w/o Lead tion w/Lead Supercompact ion incineration w/

|
|
Cost Item Dacontamination Salvage Salvage w/Lead Salvage Lead Salvage |
Manpower 2,95 2.35 4,70 5,21 5.21 ‘
Equipment & Supplies 2,52 2.1 2.27 2.8 2.41 |
> wWaste Management l
. Supercompact ion - - -- 0,04 - |
= Incineration - - -- - 0.34
Packaging 0,27 0.98 0.58 0.49 0,47
Trunsportation 2,06 0.1 0,09 0,07 0,06
Disposal 1.10 2.51 1.92 1.33 1.32
Subtotatls 6,90 8,06 9.56 9.55 9.81
25¢ Contingency .73 2,02 2.39 2.%9 2,5
Totals 8.6 10.1 12,0 11,9 12.3
Credit for Lead Salvage 9.3 9.3 9.3

(a) Costs are in January 1988 dollars,




TABLE A,9. Details of Estimated Time and Manpower Requirements for
DECON of a Small Hot Cell

DECON Option Time (days)  Man-days
NDecontamination Option
Remove Equipment & Survey Component 0.50 1.50
Decontaminate 2,00 6.00
Monitor 0.50 1.50
Reclean Hot Spots & Monitor 0.50 1.50
Subtotals 3.50 10,50
50% Ancillary Time 1.78 5,25
Totals 5.3 15.8

Packaging & Disposal Option
w/0 Volume Reduction
w/o Lead Salvage

Remove Equipment & Survey Component 0.50 1,50

Fix Contamination 0.50 1.50

Disconnect Services & Prepare for 0.2% 1.2%
Packaging

Package Component 1.00 4,00
Subtotals 2.25 8.25

50% Ancillary Time 1.13 .13
Totals 3.4 12.4

Packaging & Disposal Option
w/0 Volume Reduction
w/Lead Salvage

Remove Equipment & Survey Component 0.50 1.50

Decontaminate and/or Fix Contamination 1.00 3.00

Disconnect Services & Prepare for 0.25 1.25
Packaging

Survey & Decontaminate Lead Bricks 3.00 9,00

Package Contaminated Material 0.50 _2.00
Subtotals 5.25 16,75

50% Ancillary Time 2.62 8,38
Totals 7.9 25,1

(contd)
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TABLE A.9. (contd)

DECON Option Time (days) Man-days

Packaging & Disposal Option
w/Compaction and Super-
compaction w/Lead Salvage

Remove Equipment & Survey Component 0.50 1.50
Decontaminate and/or Fix Contamination 1.00 3.00
Disconnect Services 0.25 1.25
Section Component 0.50 2.00
Survey & Decontaminate Lead Bricks 3.00 9.00
Package Contaminated Material 0.50 _2.00
Subtotals 5.75 18.75
50% Ancillary Time 2.87 .37
Totals 8.6 28.1

Packaging & Disposal Optien
w/Compaction and Incineration
w/Lead Salvage

Remove Equipment & Survey Component 0.50 1.50
Decontaminate and/or Fix Contamination 1.00 3.00
Disconnect Services 0.2% 1.25
Section Component 0.50 2.00
Survey & Decontaminate Lead Bricks 3.00 9.00
Package Contaminated Material 0,50 _2.00
Subtotals 5.75 18,75
50% Ancillary Time 2.87 9.37
Totals 8.6 28.1
A.22
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TABLE A.10. Estimated Unit Factors for DECON of a Small Hot cell(2)

Packaging 8 Packaging & Packaging & Packaging &
Disposatl w/o Disposal w/o Disposal w/ Disposal w/
Volume Raduc- Volume Reduc- Compaction and Compaction and
tlon w/o Lead tion w/lead Supercompaction Inclineration w/
Cost Item Decontamination Setvage Saivage w/lead Salvage  Lead Seivage
Manpower (S!(/m3 component ) 1.07 0.85 1.n 1.90 1.90
Equlp.s? 8 Supplies 0.92 0.77 0.83 0.88 0.88
($K/m~ component)
Wwaste Volume (m> waste/m 0.38 0.38 0.38 0.38 0.38
component )
Supercompact ion (Sl(/n3 waste) -— - - 0.02 -
Incineration (SKIQS waste) - - - - 0.18
Packaging (3K/m> waste) 0.26 0.41 0.32 0,27 0.25
Transportation ($K/m> waste) 0.05 0.05 0.05 0.08 0.03
Disposal (SK/m" weste) 1.0% 1.0% 1.05 0.72 0.72
3.41 3.41 3.4

Credit Sw Lead Saivage
($K /=" component)

(a) A!l costs are In January 1988 do!llars,



A.4 LABORATORY WORKBENCHES

Estimated costs for decomnmissioning a laboratory workbench by the DECON
options of 1) decontamination to unrestricted release levels or 2 packaging
and disposal of the contaminated workbench are shown in Table A.11. Total
costs include manpower, equipment and supplies, and waste management costs.
The workbench is assumed to be 0.9 m high, 0,75 m wide, and 4.6 m long.,

Time and manpower requirements for the DECON of a workbench are shown in
Table A.12. Tables A.11 and A,12 are based on a laboratory workbench that is
0.9 m high, 0.7% m wide, and 4,6 m long.

For the decontamination option, time and manpower requirements are based
on reducing the levels of contamination on the bench top and other surfaces
from residual levels to unrestricted release levels. These contamination
levels and the decontamination procedures postulated to reduce the contamir
nation to these levels have not changed since publication of NUREG/CR-1754 1)
and can be found is Section E.4 of that document. Decontamination is performed
by a work crew consisting of one foreman and one technician,

Cleaning supplies and contaminated 1iquids from the decontamination option
are packaged for disposal in two 208-¢ steel drums (one for cleaning supplies
and one for solidified liquids).

For the packaging and disposal options, the manpower needed to prepare and
package the bench for shipment to a shallow-land burial ground is shown in
Table A.12. An electrician and a pipefitter are temporarily added to the work
crew to disconnect services. A second technician is added to the work crew to
assist in packaging the bench., The bench is cut into two sections, each 2.3 m
long, for ease of packaging. It is then packaged in two large plywood boxes.

Unit cost factors for a laboratory bench are provided in Table A.13. The
cost factors for labor and equipment and supplies are given in $/m (linear
length) of the component being decommissioned, while volume redgct1on. packaqg-
ing, transportation, and disposal cost factors are given in $/m” of griginal
waste volume. The original waste volume unit factors are given in m” of waste
per linear length (m) of the component being decommissioned.,

A.24



TABLE A.11. Estimated Costs for DECON of a Laboratory Workbench(®)

Cost ($ thousands) for DECON of a Compone?g)

he Indicat

Radioiso

Contaminat L
§H 14¢ §251 %5765 gg1Am

Cost ltem
Decontamination
Manpower 0.42 0.02 0.42 0.42 0.42
Equipment & Supplies 0.6% 0.65 0.65 0.65 0.65
Waste Management
Packaging 0.08 0.12 0.12 0.12 0.12
Transportation 0.02 0.02 0.02 0.02 0.02
Disposal 0,44 0,44 0,44 0.44 0,44
Subtotals 1.61 1.65 1.65 1.65 1.65
25% Contingency 0,40 0,41 0,41 0,41 0,41
Totals 2.0 2.1 2.1 2.1 2.1
Packaging & Disposal
w/0 Volume Reduction
Manpower 0.78 0.78 0.78 0.78 0.78
Equipment & Supplies 0.5% 0.59 0.59 0.59 0.59
Waste Management
Packaging 0.41 0.41 0.41 0.41 0.41
Transportation 0.23 0.23 0.23 0.23 0.23
Disposal 5,22 5,22 5,22 5.22 5,22
Subtotals 7.23 7:23 7.23 7.23 7.23
25% Contingency 1.81 1,81 1,81 1.81 1.81
Totals 9.0 9.0 9,0 9.0 9.0
(contd)
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TABLE A.11. (contd)

Cost ($ thousands) for DECON of a omponerg)

Contaminated by the Indicated Rai101 otope
Cost Item 3y 4 128 137¢¢ 241 pp

Packaging & Disposal
w/Compaction &

Supercompaction

Manpower 1.17 1.17 1.17 1.17 1.17

Equipment & Supplies 0.60 0.60 0.60 0.60 0.60

Waste Management
Supercompaction 0.30 0.30 0.30 0.30 0.30
Packaging 0.13 0.13 0.13 0.13 0.13
Transportation 0.06 0.06 0.06 0.06 0.06
Disposal 1.48 1.48 1,48 1,48 1.48
Subtotals 3.74 3.74 3.74 3.74 3.74
25% Contingency 0,94 0.94 0.94 0.94 0.94
Totals 4.7 4,7 4.7 4,7 4.7

(a) Costs are in January 1988 dollars,
(b) Number of figures shown is for computational accuracy only.
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TARLE A.12. Details of Estimated Time and Manpower Requirements for DECON of a Laboratory Workbench

Requirements for DECON of a Component 0:-15?.!“ by the Indicated Radioisotops

¥ - i Sioe A
Tine Wan- TTme Wan- TTme Wan- TTme Uar- TTme L~
DECON Option (days) days (dsys) days (days) days (days) days (days) days
Decortaminatlion

Remove tquipment & 0,13 0.25 0.13 0.25 0.13 0.2% 0.13 0,25 0.13 0.25
Survey Component

Cecontaminate 0,25 0.50 0.25 0.56 0.25 0.50 0,25 0,50 0.2% 0.50

Mon | tor 0.13 0.25 0.13 0.25 0.13 C.25 0.13 0.25 0.13 0.2%

Reclean Hot Spots 3 0.2% 0,50 0,25 0,50 0,25 0,50 0,2% 0.50 0,25 0,50

Monitor

Subtotals 0.75 1.50 0.75 1.50 0.75 1.50 0.75 1.50 0.75 1.50

508 Anciilary Time 0.38 0.75 0,38 0.75 0,38 0.75 0,38 0.75 0,38 6,75

Totals 1.1 2.3 1.1 25 | % 2.3 1.1 2:3 1.1 2.3

Packaging & Disposat
w/o Volume Reduction

Remove Efquipment A .13 0,25 0.13 0.25 0.13 0.25 0.13 0.25 0.13 0.25
Survey Component
Fix Contamination 0.25 .50 0.25 0.50 0.25% 0.50 0.25 09,50 0.25 0.50

Disconnect Se-vices & 0.13 0.59 0,13 0.50 0.13 0.50 0.13 0.50 0,13 0.50
Prapare for Packaging

Package Component 0,50 1.50 0.50 1.50 0,50 1,50 0,50 1,50 0,50 1.50
Subtotals 1.00 2,75 1.00 2.75 1,00 2,75 1.00 2.75 1.00 2.75
S0% Anciliary Time 0.50 1.38 0,50 1,38 0.50 1,38 0.59 1.38 0.50 1,38
Totals 1.5 4,1 1.5 LS 1.5 4.1 1.5 et 1.5 e

(conid)
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TABLE A.12. (contd)

Requirements for DECON of a Component Contaminated by the Indicated Radioisotope

35 T TZS' 37, ﬁh‘h
Time Wan- TTme Wan- Time  Wan- Time ¥an- TTme Wan-
DECON Option (days) days (days) days  {days) days (days) days {days) days
Packaging & Disposal
w/Compaction and
Supercompaction
Remove Equipment 0.13 0.25 0,13 0.25 0.13 0.25 0,13 2.2% 0.13 0.25
Survey Component
Fix Contamination 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0,50 0.25 0.50
Disconnect Services 0,13 0.50 0.13 0.50 0,13 0.50 0.13 0,50 0.13 0.50
Section Component 0.50 1.50 0.50 1.50 0.50 1.50 0.590 1.50 0,50 1.50
Package Component 0,50 1.50 0.50 1,50 0,50 1,50 0.50 1,50 0,50 1,50
Subtotals 1.50 4,25 1.50 4,25 1.50 4,25 1,50 4,25 1.99 4.25
50% Ancitlary Time 0.75 2,12 0.75 2,12 0,75 2,12 0,75 2,12 0.75 2,12

Totals - 6.4 o 6.4 2.2 6.4 2.2 6.4 2.2 6.4



TABLE A,13. Estimated Unit Factors for DECON of a Horkbench(')

Unit Factors for DECON
of a Component Contaminated by the

Indicated Radioisotope

Cost Iltem 3H l‘c lzsl 137Q§ z‘lm
Decontamination
Manpower ($K/m component) 0.09 0.09 0.09 0.09 0.09
Equipment & Supglies ($K/m component) 0.4 0,14 0,14 0.14 0.14
Waste Volume (m waste/m component) 0.09 0.09 0.09 0.09 0.09
Packaging (SK/m wasse 0.18 0.29 0.29 0.29 0.29
Transportation ($K/m” waste) 0.06 0.06 0.06 0.06 0.06
Disposal ($K/m® waste) 1.06 1.05 1.05 1.05 1,05
Packaging & Disposal w/o Volume Recuction
Manpower ($K/m component) 0.18 0.18 0.18 0.18 0.18
Equipment & Supg11es ($K/m component) 0.13 0,13 0.13 0.13 0.13
Waste Volume (m” waste/m component) 1.09 1,09 1.09 1.09 1.09
Packaging ($K/m3 waste) 0.08 0.08 0.08 0.08 0,08
Transportation (SK/m3 waste) 0.05 0.05 0.05 0.05 0.05
Disposal ($K/m> waste) 1.05 1.05 1.05 1,05 1,06
Packaging & Disposal w/Compaction
& Supercompaction
Manpower ($K/m component) 0.26 0.26 0.26 0,26 0.26
Equipment & Supplies ($Kém component ) 0.13 0,13 0,13 0.13 0.13
Waste Volume (m” waste/m® component) 1.09 1,09 1.09 1.09 1.09
Supercompaction (SK/m3 waste) 0,06 0,06 0.06 0,06 0.06
Packaging ($K/m3 waste) 0,03 0.03 0.03 0.03 0.03
Transportation ($K/m> waste) 0,01 0,01 0,01 0.01 0,01
Disposal ($K/m° waste) 0.30 0.30 0.30 0.30 0,30

(a)

Costs are in January 1988 dollars.
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A.5 SINKS AND DRAINS

Estimated costs for decommissioning sinks and drains by the DECON options
of 1) decontamination to unrestricted release levels or 2) packaging and dis-
posal of the contaminated sinks and associated piping at an authorized disposa)
site are shown 1 Table A.14, Total costs include manpower, equipment and
supplies, and waste management costs.

Sin‘; are located in the reference laboratories for the preparation of
14¢_ or Sl-labeled compounds and in the laboratory for the manufacture of

Cs sealed sources. The sinks are used for personal cleanliness and tor
washing or rinsing noncontaminated glassware or glassware that has previously
been decontaminated. Contaminated liquids are not purposeiy discharged to the
sanitary sewer via these sinks. Hence, they are anticipated to have low levels
of radioactive contamination.

Time and manpower requirements for the DECON of a sink and the associated
piping are shown in Table A.15. Tables A.14 and A.15 are based on a sink, a
trap, and a 0.12-m diameter, 10-m-long steel drain pipe.

For the decontamination option, time and manpower requirements are based
on reducing the levels of contamination from residual levels to unrestricted
release levels. These contamination levels and the decontamination procedures
postulated to reduce the con{fTination to these 'evels have not changes since
publication of NUREG/CR-1754 and can be found in Section E.5 of that docu-
ment. A work crew consisting of a foreman and one techrician is posiulated to
perform the work,

For the packaging and disposal option, the manpower needed to disconnect
and package the sink and associated piping is shown in Table A.15. A pipefit-
ter is tempcrarily added to the work crew to disconnect the sink and cut
pipe. A second technician is added to the work crew to assist in packaging the
contaminated components.,

For the decontamination option, a single 208-¢ drum of waste from cleaning
operations is shipped to the shallow-land burial ground. For the packaging and
disposal option, the contaminated waste that is packaged and shipped to the
disposal site includes the sink, the trap, and the stee! drain pipe.

Unit cost factors for a sink and drain line are provided in Table A.16.
The cost factors for labor and equipment and supplies are given in $/m (1linear
length) of the drain line being decommissioned, while volume reguction, packag-
ing, transportation, and disposal cost factors are given in $/m° of griginal
waste volume. The original waste volume unit factors are given in m” of waste
per linear length (m) of the component being decommissioned.
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TABLE A.14. Estimated Costs for DECON of a Sink and Drain(?)
Cost ($ thousands) for DECON of a Componevg
ontamin by the Indicated Radioisc )
Cost Item .. . £ ¥es am
Decontamination
Manpower --(b) 0,46 0.46 0.46 -.(¢)
Equipment & Supplies -- 0.34 0.34 0.34 n-
Waste Management
Packaging - 0.03 0.03 0.03 -
Transportation -- 0.01 0.01 0,01 .-
Disposal - 0,22 0,22 0,22 .-
SUbt°t°1-s he 1.06 1.06 1006 f"e
25% Contingency .- 0.27 0.27 0,27 -
Tota]s bdd 1.3 103 1.3 Lot
Packaging & Disposal
w/0 Volume~Reduction
Manpower wslfl Dt 0.71 0.71 --(¢)
Equipment & Supplies .- 0.51 0.51 0.51 -
Waste Management
Packaging .- 0.08 0.08 0.08 -
Transportation - 0.02 0.02 0.02 .-
Disposal .- 0,52 0.52 0,52 -
Subtotals .- 1.84 1.84 1.84 -
25% Contingency -- 0.46 0,46 0,46 -
TOtG]S .- 203 2.3 203 *e
(contd)
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TABLE A,14. (contd)
Cost ($ thousands) for DECON of o Componon)

ntamin i Raoiof
§" Hc - 5 U i 5 "'1'5'&'"

—— W .

Packaging & Disposal
w/Compaction &
Supercompaction

Manpower
Fouipment & Supplies

Yaste Managemert
Supercompaction
Pacraging
Transgortation
Dispusal

Subtotels

25% Contingency
Totals

~-

-

-

0.92 0.92 0.92 i€
0.52 0.52 0.52 ..
0.03 0,03 0,03 .
0,01 0.01 0.01 .e
0,01 0.01 0,01 ..
0,00 0,04 004 -
1053 1053 1053 "o
238 Q% Q8 -
109 l.’ 109 "e

(a) Costs are in January 1988 dollars.
(b) Number of figures shown is for compu§0t1onl}‘fccuracy only.
H

(¢) There are no sinks in the reference

facilities,

and Am laboratory
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TABLE A.15. Details of Estimated Time and Manpower Reguirements for DECON of Sinks and Drains

___Requirsments for DECON of a Component Contaminated by ™he !indiceted

N TS 75, e,
TTee . Wan- Time Wan- Tiee  Wen-  TTee  Wan-  Tiee W
DECON Option (days) Adays (days) days (days) days (days) dmye {days) days
Dacontamination
Remove Couipment = =) — - k. ye - o = o
Survey Component
Dacontaminats - - 2.50 1.00 0.50 1.0 0,50 1.00 -_— -
Monitor - -_ 0.13% 0.% 0,13 0.% 2.3 .26 - -_
Reciean Hot Spots & -— -_ 0.13 0.26 0,13 3,26 0,13 0,26 -— —_
Mon i tor
Subtotais - - 0.7% 1.52 6.7 L9, - 0.7 1.52 -— -
S0 Ancillary Time - - 0.3 0.7 0,3 0.7 .58 Q.76 - -—
Totals - - 1.2 2.3 1.2 2.3 1.2 Ze3 - -
Packaging & Disposal
w/o Voluma Reduction
Remove Equirment & = =) LE LR aial 8 T == (a) )
Survey Component
Fix Contamination -_— -— 0,13 0.2% g.13% 2.2% 2.1% 0.25 - -
Disconnect Services & - - 09.50 1.5 64,50 1.% 0.3 1.9%¢ -— --
Prepare ftor Packaging
Package Componant -— - 0,25 0,75 0,25 0,75 0.2% 0,75 -— -
Subtotals - -— 0.88 2. 0.88 2.9 0,88 2.50 -— -—
S0% Ancillary Time - -- 0,44 1,25 0,84 125 e 1 1.2% - -
Totals -— - 1.3 3.8 .3 3.8 .3 3.8 - -

{oon®g :
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TABLE A.15. ({contd)

Requirements for DECON of » Component Contsminated bw the indicated wadioisotope
" AL 173, ST, 7T,

e
Tima  Wan- R Tan- o= Fan- Time Wan- Time  Wan-
DECON Option (days) days (days) days  (dews) days (days) deys (days) days
Packaging & Disposai
w/Compaction &
Suparcompaction
Gumpve Soalpmes?® & __(=) __ta) — - L b L = __ta _ta
Survey Component
Fix Contamination - - 0.13 0.25% 0.13 0.7% 6.13% 0.25% -— -_
Disconnect Services -— - 0.%0 1.50 0.5 1.50 0.5 1,50 - -—
Section Component - - 0.25 0.75 6.25 0.75 e.2% 2.75 -— -
Package Component - - 0,25 0,75 0,25 0,75 2.25 0.75 — -
Subtotals - - 1.13 3.2% 1.13 3.25 113 3.2% -_ -
SOf Ancillary Time - - 0,% 1,62 8.%% 1,62 5.5% 1,62 - -
Totals -_ -— 1.7 4.9 1.7 a9 1.7 .9 -— -—

{(a) There are no sinks or drains in the reference 3w or 24|~ iaboratory facliities,



?QIL[ A.16. Estimated Unit Factors for DECON of a Sink and Drain L1nc(‘)

Cost_Item

Unit Factors for DECON

of & Component Contaminated by the

Decontamination
Manpower ($K/m component)
Equipment & Supplies ($K/m component)
Waste Volume (m waste/m component )
Packaging (SK/m wasSt
Transportation ($K/m” waste)
Disposal ($K/m” waste)

Packaging & Disposal w/o Volume-Reduction
Manpower ($K/m component)
Equipment & Supg‘ies ($K/m component )
Waste Volume (n
Packaging ($K/m3 wasge
Transportation ($¥/m® waste)
Disposal ($K/m® waste)

Packaging & Disposal w/Compaction

4 Supercompaction
Manpower ($K/m component)
Equipment & Supplies ($K/m component)
Waste Volume (m uastslm component )
Superconpaction ($K/m
Packaging ($k/m? wnsse
Trangporiation ($K/m” waste)
Disrosal ($k/m> waste)

(a) Costs are in January 1980 dollars,
(b) There are no sinks in the reference
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.. (b) 0,06 0,06 --(b)
- 0003 0003 *®
o 0.02 0,02 .-
*e 0015 0.15 *e
. 0.0 0,05 .-
*e ‘005 1.05 *e

..(b) 0,07  0.07 «.(®)
.o 0,06 0,08 ..
waste/m component) .- 0,06 0,05 .-
.- 0.1 0,15 -
.- 0.05 0,05 -
- 1005 l.CS -e

.. (b) 0,09 0,09 --(b)
26 0.06 0,05 .-
b 0005 0005 o
waste) .. 0,06 0,06 .-
e 0003 0003 *e
b 0.01 0.0 .-
*e 0009 0009 *®

and 2% Am Taboratory facilities,



A.6 VENTILATION DUCTWORK

Dirt and ?rimo that accumulates on inside surfaces of ventilation ductwork
makes decontamination very difficult, Therefore, the usual practice when
decommissioning & laboratory where radioactive materials have been processed is
to package the ductwork for dispose! at a shallow-land burial ground, Esti-
mated costs for this DECON option are shown in Table A,17, The estimates are
based on the packaging and disposal of 20 m of 0,20-mediameter sheet meta)
ductwork, Cost estimates are made for the case in which the ductwork is packe
aged without compaction and for the cases in which the ductwork is compacted
before being packaged for shipment,

Time and menpuwer requirements for the disassembly and packaging of the
ductwork are shown in Table A,18, Tables A,17 and A,18 are based on a 0,20-me
diameter, 20-m-1cng sheet meta) ductwork and a 20-melong, 0,25+m by 0,50m
rectangular sheet metal ductwork, for a total ductwork length of 40 m. Levels
for radioactive contemination f? inside surfaces of the ductwork are given in
Section £.6 of NUREG/CR-1754, (

A work crew that includes a foreman, « technician, and a sheet meta)
worker are postulated to section the ductwork and wrap each section in plase
tic, For the packaging step, a foreman and two technicians are recuired., Tor
packaging without compaction, the ductwork is cut inte 2-melorg sections,
Smaller seccions, each 1 m in length, are requirec if the ductwork is to be
compacted prior to packaging., To estimate the time requirements for cutting
the ductwork, it 1s postulated that wach cut requires approximately 20 minutes,

Unit cost factors for ductwork are provided in Table A,19. The cost
factors for labor and equipment and supplies are given in $/m (1inear length)
of the ductwork being decommissioned, while volume reguction. packaging, transe
portation, and disposal cost factors are given in $/m” of orig&nal waste

of waste per

volume, The ori?inc\ waste volume unit factors are given in i
of the component being decommissi.ned,

linear length (m



JABLE A,)7, Estimated Custs for DECON of Ventilation Ductwork (*)
Cost ($ thousands) for DECON of a Conponot;)

i he Indi
_Cost_Iten R AR Lo &s D
Packaging & Disposa)
w/0 Volume Reduction
Manpower 1.86 1.86 1.86 1.86 2,27
Equipment & Supplies 1.14 1.14 1.14 1.14 1.14
Waste Management
Packaging 0.54 0.54 0,54 0.54 0.54
Transportation 0,2% 0,25 0.25 0.2% 0.25
Disposal 5.66 566 5,66 5,66 5,66
Subtotals 9.45 9.45 9.45 0,45 9.86
25% Contingency 236 2,36 2.36 236 L2871
Totals 11.8 11.8 11.8 11.8 12.3
Puckaging & Nisposal
w/Compaction &
Supercompaction
Manrower 2.53 2,53 2,53 2.53 3.32
Equipment & Supplies 1.33 1,33 1,33 1,33 1,33
Waste Management
Supercompaction 0.33 0.33 0.33 0.33 0,33
Packaging 0.16 0.16 0.16 0.16 0.16
Transportation 0,07 0.07 0.07 0,07 0.07
Disposal 0,48 0,48 0,48 .48 0.48
Subtotals 4.90 4,90 4,90 4.90 5.69
25% Contingency 1,23 1,23 1.23 l1.23 1.42
Totals 6.1 6.1 6.1 6.l 7.1
(contd)
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TABLE A,17.,
Costs ($ thousands) for DECON of a Compono?x)

ggn&gmin!;gﬁ by the Indicated g* <A ;g;gg*
34 | ¢ 1251 | £s M

(contd)

Packaging & Disposa)
w/Compaction &
Incineration

Manpower

Equipment & Supplies

Waste Management
Incineration
Packaging
Transportation
Disposal
Subtotals
25% Contingency
Totals

2,53
1.33

0.44
0.10
0.0%
100
5.49
L3
6.9

(4«) Costs are in January 1988 dollars.
(b) Number of figures shown is for computational accuracy only.

A.38

2.53
1.33

0,44
0,10
0.08
1.04
5,49
137
6.9

2.53 2.53 3.32
1,33 1.33 1,33
0.44 0.44 0,44
0.10 0.10 0.10
0.05 0.0% 0.0
Lo Lo L0
5.49 5.49 6.28

d.31 1.3 187
6.9 6.9
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TABLF A.18., Details cf Estimated Time and Maipower Requirements for DECON of Ventilation

Ductwork
M;LMMM%.WWW”M':’W“%
“TTme  Wan-  Time Wan- Tiee  Wan-  Time  Wan-  Ties  Wan-
DECON Option (days) days f(days) days (deys) days (days) days f(days) days
g~ A
Survey Ductwork 0.50 1.00 0.50 1,00 0.50 1.00 0.50 1.00 0.5¢ 1.00
Fix Contamination .50 1.00 0.50 1.90 0.50 1.00 0.50 1,00 .50 i.00
Section Ductwork 1.C0 3.00 1.00 5.00 1.00 3.00 1.00 3.00 1.%0 4.5
Package Ductwork 0.5%0 1,50 0. 1.9 0.% 1.  8.% 1.%  0.% 1,50
Subtotals 2.50 65,50 2.50 6.50 2,50 6.50 2.50 5.50 3.00 8,00
S0%f Anciltlary Time 1,25 3.2% 1,25 3,25 1,725 3.25 1,25 3.25 1,50 4,00
Totals 3.8 9.8 3.8 9.2 3.8 9.8 3.8 9.8 5 12.0
Packaging & Disposal

w/ Compaction 8
Supercompaction
Survey Ductwork 0.50 1,00 0.50 1,00 0.50 1,00 0.50 1.00 0.50 1,00
Fix Contamination 0.50 1,00 9.50 1.00 0.50 1.00 0.50 1.00 0.50 1,00
Section Ductwork 1,50 4,50 1.50 4,50 1,50 4,50 1.50 4.50 z.00 6.00
Compaction 0.50 1.50 0.50 1.%0 0.50 1.50 0.50 1.%0 0.75 2.25
Package Ductwork 0.50 1,50 0,50 1,50 0,50 1,50 0,50 1,50 2,50 1,50
Subtotals 3.50 9.50 3.50 9.50 3.50 2,50 3.52 9.50 @25 1.5
S08 Ancillary Time 1,75 4,75 1,75 e,7% 1,75 4,75 1,75 4,75 2.13 5.88
Tetatls 5.2 14.2 5.2 14,2 5.2 4.2 5.2 14,2 5.e 176
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TABLE A.18. (contd)
for DECON o Contami the Indicated
Raquirements X a Componant e nated by Rad i ol sotope

“u c 1 Cs -
TTme Har— TTme Wan- TTme Wan- TTme Wan ™ TToe Wan-
DECON Option (days) days (davs) days (days) days {days) days (d2v3) days
mmmwv
w/ ion &
Incineration
Survey Ductwork 0,50 1,00 ©,.50 1.00 0.50 1,00 e.50 .00 0.50 1.00
Fix Contaminarion 0.50 1,00 0.56 1,00 0.50 1.0 0.5 1.00 G.% 1,00
Section Ductwork 1.56 4,50 1,50 4,50 1.50 4,50 1.50 4,50 2.90 6,00
Compaction 0.50 1.50 0.5%0 1.50 0,50 1.50 0.50 1.% 0.75 2.25
Fackage Ductwork 0,50 1,50 0,50 1.50 0.50 1.50 9,50 1,50 9,50 1.50
Subtotals 3.52 9.50 .50 9.50 3.50 2.50 3.50 9.50 .25 "7
S0% Ancitlary Time 1,75 4,75 .75 a5 .75 & 9 1.7% e.75 2,13 5.88

Totals 5.2 14,2 5.2 14,2 5.2 18,2 5.2 4.2 6.4 178



ng;g A19. Estimated Unit Factors for DECON of a Ventilation Ductuork("

Cost Iten

Unit Factors for DECON
of a Component Contaminated by the

[ngigg;g% R|g1gt§§;ggs
H ¢ ve WA | A

Packeging & Disposal w/o Volume Reduction
Manpower ($K/m component )
Equipment & Supg\‘os ($K/m component)
Waste Volume (m” waste/m componeit)
Packaging ($¥/m3 unsge)
Transportation ($K/m” waste)
Disposal ($K/m3 waste)

Packaging & Disposal w/Compaction

A Supercompaction
Hanpower ($K/m component)
"quipment & Supg\fes ($K/m component )
Waste Volume (ri wasts/m component )
Supercompaction ($K/m” wa:te)
Packaging ($K/m* waste)
Transportation ($K/m” waste)
Disposal ($K/m” waste)

Packaging & Disposal w/Compaction

& Incineration
Manpower ($K/m component)
fquipment & Supg\1es ($k/m component )
waste Volume (m° waste/m component)
Incineration ($K/m’ waste)
Packaging ($x/m? wnsge)
Transportation (8x/m” waste)
Disposal ($k/m® waste)

(a) Costs are in January 1988 dollars,

A.4)

5 0,06 0,00 0,08
0,03 0,03 0,03 0,03
Usdd  0.,:4 0,14 0,14 0.i4
0,10 0,0 0,10 0,10
0,056 0,05 0.05 0,08
1,05 1,056 1,05 1,08

0,06 0.06 0,06 0.06 0,08
0,03 0,03 0,03 0,03 0,03
0.14 0,14 0.14 0,14 0,14
0,06 0,06 0,06 0,06 0.06
0.03 0,03 0,03 0,03 0.03
0,00 0,001 0,001 0,01 0.01
0,09 0.09 0,09 0,09 0,09
0,06 0.06 0,06 0,06 0.08
0.03 0,03 0,03 0,03 0.03
0.14 0.14 0,14 0,14 0.14
0.08 0,08 0,08 0,08 0,08
0,02 0,02 0,02 0,02 0.02
0.00 0,001 0,01 0,01 0,01
0.19 0,19 0,19 0.19 0.19



A7 BUILDING SURFACES

ln1ld!n' surfaces include walls and floors, Decontamination to unrestrice
ted release levels 1s the DECON option evaluated for these surfaces. Some cone
taminated material, such as floor tiles or concrete chipped from walls, might
be packaged and shipped to a shallow-land burial ground.

The reference laboratories assumed for these decommissioning cost evalu-
atfons measure 6“’ by 10 m, with walls 3 m high, _This translates into a tota)
wall area of 96 m° and a tota)l floor area of 60 n, Building materials used in
individual laboratories ar? ,pocifiod in the Yaboratory descriptions of Sece
tion 7.1 of NUREG/CR-1764,!)

A.7.1 Malls

Estimated costs for decontamination of the walls of the reference labora-
tories to unrestricted release levels are shown in Table A,20. Total costs
include manpower, equipment and supplies, and waste management costs,

Time and manpower requirements for wall decontamination are shown in
Tuble A,21. These requirements are based on reducing the levels of contami.
nation from residual levels to unrestricted release levels, These tontamina-
tion levels and the decontamination procedures postulated to reduce the cone
temination to } ese levels have not changed since publication of
NUREG/CR-!?SQ( and can be found in Section E.7.1 of that document,

The decontamination work crew includes a foreman and two technicians,
Decontamination of walls by steam cleaning is estimated to require less time
than decontamination b uasn1n? end scrubbing, Surfaces covered with epoxy or
acrylic paint require less recleaning of hot spots than do surfaces covered
with latex enamel paint,

Wastes generated during decontamination operations include eight drums of
solid waste ?:a s, brushes, contaminated clothing, etc.,) and 16 drums of
solidified 1iquid waste. Liquid wastes from steam cleaning operations are
solidified with cement and packaged in 208-t drums. Therefore, waste packaging
costs for operations that utilize organic decontaminates are greater than those
for operations that utilize steam cleaning,

Liquid wastes from cleaning operations that use organic decontamination
solutions are adsorbed on diatomaceous earth or some other adsorbent contained
in 113« drums, The 113-8 drums are then overpacked in 208-% drums., There-
fore, waste packaging costs for operations that utilize organic decontaminates
are greater than those for operations that use steam cleaning.

Unit cost factors for walls are provided in Tab\s A.22. The cost factors
for labor and equipment and supplies are given in $/m (area) of the walls

A.d?



being decontaminated, while packaging, trensportation, and disposal cost fac-
tors are given in $/m” of os1g1n01 waste volume, The priginal waste volume

unit factors are given in m” of waste per unit area (m“) of the walls being

decontaminated,

A7.2 F\ggr;

Fstimated costs for decontamination of the floors of the reference labora-
‘ories to unrestricted release levels are shown in Table A,23, Total costs
include manpower, equipment and supplies, and waste management costs,

Time and manpower requirements for floor decontamination are shown in
Table A.24, These requirements are based on reducing the levels of contamina-
tion from residual levels to unrestricted release levels. These contamination
levels and the decontamination procedures postulated to reduce the contouiz
nation to these levels have not changed since publication of NUREG/CR-1754 1)
and can be found in Section E,7.2 of that document,

Th. decontamination work crew 1nc1!gfs a foreman and two technicians,
With the exception of the floor in the Am }tYoratory. all of the floors are
covered with asphalt tiie. The flour in the Am laboratory is covered with
iinoleum with heat-.reated seams. Decause the linoleum is free from cracks, it
is ea::er +0 decontaminate and requires less recleaning than do the asphalt
tile floors,

Waste cerarated during decontamination operations include four drums of
s011d waste and eight drums of sclidified 1iquids,

Unit cost factors for fioors are provided in Table A.25. The cost factors
for laoor and equipment and supplies are given in $/m® (area) of the floor
being decontaminated, while packaging, transportation, and disposal cost fac-
tors are given in $/m” of oslginaI waste volume, The 9r191na1 waste volume
unit factors are given in m” of waste per unit area (m¢) of the floor being
decontaminated,

A3
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JABLE A.20. Estimoted Costs for DECON of Walls(?)

Cost ($ thousands) for DECON of a Componen

Contaminated by the Indicated R!digitg&gg%tb)
Cost Iten 3y 14 125 137¢s Am

Decontamination
Manpower 5.44 5.44 5.83 6.22 5.83
Equipment & Supplies 3.65 3.65 4,11 4.11 4.11 |
Waste Management
Packaging 0.96 0.96 1.65 1.65 1.65
Transportation 0.27 0.27 0.27 0.27 0.27
Disposal L2 520 821 S S22
Subtotals 15.59 15.59 17.13 17.52 17.13
25% Contingency 3.9 3,90 4,28 4,38 Aa28
Totals 19,5 19,5 21.4 21.9 21.4

fa} Costs are in January (988 dollars,
(b) Number of figures shown is fo~ computational accuracy only,

A.44
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TABLE A.21.

Details ¢ Estimated Time and Manpower Regquirements

for DECON of Walis

wlmwam%td & Cocponent Contaminated by the indicated Radioisotope

™ - 25, e, p .
TTme Wan- TTme War-  Mee War— e Wan- Tie= War—
DECON Option (days) days  (deys) d.943 {dcys) days (days) days (days) days
Dacontamination
Initial Survey 0,50 1.50 0,50 1.50 2,%3 1.59 0.50 1.50 0.50 .50
Decontaminate 3.00 9.00 3.00 °.00 4,00 12.00 4,00 12,00 4,00 12,00
Mon | tor '.” 4,50 ‘o” ‘o” '.” 4,50 'o” ‘.” 'o” .o”
Reclaan Hot Spots 1.5 4,50 e 4,5 1.0* 3,00 1,50 4,50 1,00 3,00
4 Monitor

Subtotals 5,50 19,50 6.5C 12,.5¢C 7.0 21,00 7.50 22,50 7.00 21,00
m Anclt) .m Y‘“ 3.2’ '.75 ,.2’ _’.n !.” w.” "” 1 '.” ’.’ '..”

Totals 9.8 9.2 9.8 .2 0.5 31.5 1.2 33.8 10.5 31.5
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TABLE A.22, Estimated Unit Factors for DECON of Walls(?)

Unit Factors for DECON
of a Component Contaminated by the

nd1 Radioisot
Cost Item 34 140 125y 137¢g 241,
Decontamination
Manpower ($K/m® component) 0,06 0.06 0,06 0.06 0,06
Equipnent & Supgfes ($k/m3 component) 0,04 0,08 0,08 0,08 0.04
Transportation ($K/m” waste) 0,06 0,05 0,05 0,08 0,09
Disposal ($K/m® waste) 1,05 1,06 1,056 1,05 1.08

(a) Costs are January 1988 dollars,

A.46



TABLE A.23. Ei‘imated Costs for DECON of Floors(®)
Cost ($ thousands) for DECON of a Componentb)

ggnt0n1nct§g by the Indicated !gﬂgigoggg
Cost ltem H ac 125, ey 41 pm

Decontamination

Nanpower 1.88 1.88 1.88 1.88 1.67

Equipment & Supplies 1.54 1.54 1.54 1.54 1.54

Waste Management
Packaging 0.82 0.82 0.82 0.82 0.82
Transportation 0,14 0.14 0,14 0.14 0.14
Disposal 263 2,63 2,63  2.63 2.6
Subtotals 7.01 7.01 7.01 7.01 6.80
25% Contingency 1.75 1,75 175 1.75 1.70
Totals 8.8 8.8 8.8 8.8 8.5

(a) Costs are in Janu2ry 1988 dollars,
(o) Nuinber of figures shown is for computational accuracy only.

= A.47
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TABLE A.24. Details of Estimated Time and Mannower Requirements for DECON of Floors
Requ!-ements ior DECON ¢ a Component Contaminated by *tha indicatad Radioisotope
= e 7S, AR L 7T
“TTee - TMiee Wan- Time  Wan- Time  Wan-  Time  Wan-
DECON Option (days) days (days) Gave (days) days (days) 93ys (days) days
Decontamination
Remove fquipment & 0.25 0,75 3,25 0.75 0.2% 0.7% .25 0.75 0.25 0.7%
Survey Comgonent
Decontaminate 1.00 3.00 i.09 3.90 1.00 3.00 1.00 3.00 1,00 3.00
Mon i tor 0.50 1,50 G V.50 0.5¢ 1.50 0.5C 1.50 0.50 1.50
Reclaan Hot Spots 0,50 1,50 0,50 ‘o 50 0,50 1,50 0,50 1,50 0.25 9.7%
L Monitor : TR
Sub*otais 2,25 6.75 .75 6,75 2.25 6.75 2.25 6.75 2,90 6.00
SOf Ancitiary Time 1.13 3.3 1.13 .38 1.3 3.38 1,13 3.38 1,00 3.00
Totais 3.4 Wi 5.4 10,4 3.4 10,1 5.4 10,1 3.0 9.00




TABLE A.25. Estimated Unit Factors for DECON of Floors(®)

Unit Factors for DECON
of a Component Contaminated by the

[ngiggggg Rggigig;gggg
Cost Item T v ! (s 1Am

Decontamination
Manpower ($K/m3 conponent) 0,03 0,03 0.03 0.03 0,02
Equipment & Sup fes (ngm component ) 0.03 0,03 0,03 0.03 0.03
Waste Volume (m waste/m” component) 0.0 0,04 0,08 0,04 0.04
Packaging ($K/m ua:ge 0.33 0.33 0,33 0,33 0.33
Transportation ($K/m” waste) 6,06 0,06 0,06 0.06 0.06
Disposal (3K/m> waste) 1.06 1,06 1,056 1,05 1,05

(a) Costs are in January 1988 dollars,
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APPENDIX B

DETAILS OF DECOMMiSSIONING OF REFERENCE FACILITIES

This appendix provides manpower, waste mana nt, and costs detatls for
the decommissioning of materials licensee laboratory facilities by the DECON
alternative, The six reference \cbo'atoii’s for which data are given are
described in Section 7 of NUREG/CR-1754, Estimates of decommissioning
requirements and costs for these example facilities are based on manpower and
cost data for facility congonents presented in Appendix A,

Appendix A 11ists some key bases and assumptions used for estimating the
requirements and costs of decommissioning facility components, These same
bases and assumptions are used in ostimutin? the requirements and costs of
decommissioning the example laboratory facilities,

Estimates of manpower requirements and costs for both the planning and
preparation phase and the actual asecommissioning phase of facility decommis-
sioning are given in this appendix, Plannt?g and preparation activities are
described in Section D,2 of NUREG/CR-1754, These activities inciude the
preparation of documentation for regulatory agencies, an initial radiation
survey of the facility, and the development of detailed work plans,

D!COMN1SS*0"1ﬂ? of the referanca lahoratories is assumed t> be performed
by 3 work crew consisting of a foreman «.d three technicians, ascisted by a
nealth prysicist, Craftsmen (electriz.ans, pioefitier, etc,) a:+ added to this
crew on a part«tirms basis to perform specific tasks, The menburs cf the work
crew are recruited from the staff of the facility owner, Monpouer cusis are
postuiaten to irclude the salary of a supervisor on a half-time Lasis,

Remosal 0f contaninaticr that hss penetrated to the ialerior of siructura!
wi'ls or bensath the srimary s.rfac - ng on flagrs 15 not inzl . ded in these
gereric analyses because the effori and cost of renoval in Lhese instances s
very situetice-specific, However, a number of methods rgy removal of such
materials 2re described in Appendix 8 of MUREG/CR-17%4,

The fina) decommissioning activity is a comprehensive radiological survey
to document levels of radioactivity remaining in the facility after DECON pro-
cedures are completed and to verify that these levels are less than those
specified for unrestricted release., The procedures and instrumentation for
performing thitlsodiological survey are described in Section C.2 of
NUREG/CR-1754,

Two scenarios are presented for each type of laboratory decommissioned:
1) a scenario assuming minimal use of volume reduction of the low-level waste
before shipment to the disposal site, and 2) a scenario assuming that the
hardware is sectioned and that the trash is compacted before being shipped to a
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centrally located supercompactor facility, After supercompaction, the waste is
sent on to the disposal site. Solidified Yiquids are not assumed to be volume
reduced.

8.1 TAILS OF DECOMMISSIONING THE REFERENCE LABORATORY FOR THE MANUFACTURE OF
H-LABELED COMPOUNDS

The reference laboratory for the “‘"“"iiy" of 3N-labclcd compounds 1s
described in Section 7,1,1 of NUREG/CR-1754, The DECON options postulates
for the components and building surfaces of this laboratory are shown in
Table 8,1 along with a brief description of each component, These DECON
options provide a basis for estimating the manpower and waste management
requirements and costs of decommissioning the laboratory.

Three of the fume hoods are postulated to be decontaminated to unre-
stricted release levels, The two remaining hoods are postulated to have high
levels of difficult-to-remove residual contamination and are cleaned to remove
'oose or lightly held contamination and then packaged for disposal at a shal-
vow-land burial ground, Three of the glove boxes are cleaned to unrestricted
release levels and the three remaining glove boxes are packaged for disposal,
Laboratory benches and other components such as the refrigerators, the freezer,
and the storage cabinets are cleaned to unrestricted release levels, Venti-
latien ductwork 1s sectioned and packaged for disposal, A1l of the HEPA and
roughing filters and the fiberboard cei'ing panels are packaged for disposal,
1te walls and the floor are decontaminated to unrestricted release levels,
(Fluor tiles that cannot be east'y decontaminated are removed and replaced withn
new tiles,) Since the contamination is from tritium, steam <inaning techniques
@ used to Jdecontamirute faciisiy compenents and buiiding sorfaces,

Dctaiss of estimatev manpcwer reguirements and cos*s for DECOA of the
reference 4 lahsratory are shown in Table B.2 for the twn alterns*ive
scenarios, Manpower cosis for plar. ng and prepaiation are 2stinsted to
account for about &4 tu 263 f the tolal decommissioning manpower costs, 'ane

ower costs for the final ridfatfon survey are estimated .o cccount for about
to 8% of the total manposer costs,

Details o; estiratec waste management requirements and costs for DECON of
the reference "M laboratory are shown in Table 8,3 for the two a\tornativ!
scenarios, In the nu-volume-reduction scenario, a total volume of 44,2 m” of
contaminated components, equipment, and cleaning supplies is postulated to be
packaged in 16 plywood boxes and in one hundred thirty-two 208-t steel drums
and to be shipped to a shailow-land burial site for disposal, lhe total waste
management cost, including containers, transportation, and disposal, is esti-
mated to be about $68,700, In estimating the requirements and cos's of waste
management, 1t 1s assumed that components intended for shallow-land burial are
packaged with a minimum of sectioning (1.e., cutting) or compaction, This
approach minimizes the time and cost of packaging operations, but maximizes the
volume of radioactive waste shipped to the shallow-land burial ground,
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The use of vo;um reduction reduces the total volume of waste to be dis-
posed of to 19,9 m”, packeged in ninety-five 208-t drums, The total waste
menagement cost 1s estimated to be about $40,700.
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JABLE B.1. DECON Options for Facility Compom!tt in the Reference

Laboratory for the Manufacture of “H-Labeled Compounds'?®)

ion
ean to Unrestric smantle and Package
~focility Component Release Levels for Disposal

Fume Nooos(') X X

Glove Boxes(€) X X

Laboratory Benches!d) X

Other Components

Freezer (1) X
Refrigerators (2) X
Storage Cabinets (2) X

Filters X

Ventilation Ductwork(€) X

601\109(') X

walls (132 nf) X

Floor (120 m?) X

(a) An “x" indizotes that the facility component is decommissioned
by the indicated option.

(b) Three hoods are cleaned Lo unrettricted rele: » lavels, The
other twy heods are pachlaged for :HspoulQ Lach howd 15
assu 2d 5 be a reference hoot % 2,835 m”,

{c) Thrae ('oe» hoves are leened to unrestrictud relaate levele,
The &thwor tlee: glove Dozes are parieged for digposa’. Lach
dox f¢ 2ssumad te be @ reference “.ox of 0,324 n°,

(d; 20 livear meters of labore cty woribenches are assumed,

(¢) 60 "inear meters uf vent® lation ductwork e assume”,

(f) Fiberboard ceiling panels are puchaged * . disposal,
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TABLE B.2. Details of fsti-sled fa‘»ower Ppquirements Costs for DECON of the
Reference Labora ury for “he Nanufacture of abeled Compounds

Timgy, — o - Total  Wenpower Cosfy,
Operation (days) Supw isor Foremes “-3ttsmen Teachnician Technician Secretary Wen-Days (3 *howsands)
DECON w/o Volume Reduction
Planning & Preparation
Prepare Documentation " 7.9 s - - - 7.5 30 6,38
Pertorm Radiological
Sur vey S - b - LLc] -_ - 15 2.73
Develop Work Plen 0 T e 3 - SR 3.8
Subtotals 30 12.5 56 - )] 12,5 70 AL
Dacommissioning
Fume Hoods B e.5 5 Z 5 27 -— a7 8,92
Glove Bowes 8 4 L 2 - 24 —_ L ¥4 7.97
Laboratory Benches ' 2.5 1 -_ 0.5 5 -— 5 0.%%
Ductwork 2 ! 2 é 1 6 - 12 2,26
Other Components 1 e, 1 - 0.5 3 -— S 0.9%
Ceiling 1 0.3 1 -~ 0.5 3 -— S 2.9%
Walls 10 5 10 - S 30 -— 50 9.52
o 2 i = = = A 2 — 2 e
Subtotals 3% R 36 L) 18 08 -— 186 55.33
Finai “wslological
Survey b 2.5 5 - 10 -_ S 22,5 e
et oo o U — — = - = — — — S0
Totals n 3 7 % &3 108 L] s 67,0

{contd)



9°8

TARLT 8.2. (conmtd)

e = M e R S
Operation (days) Supervisor Foreme~ Oratecamn Technician Techeician Secretsry Man-Omys (3 thowsands)
DECON w/ Volume Reduction
Planning & Preparation
Prepare Documentation 15 Tos 5 - - - 7.5 30 6,38
Perform Radiologica!

Sur vay S -_ - - 10 - - 15 2.73
Dwvotp Mork Plen 1 S A = 3 = * Hiiggy .08
Subrotals 30 14.5 30 - 15 -— 12.5 70 ia, 13

Dacommissioning

Fume Hoods n 3.5 " Z 5.5 33 — 57 10,83
Glove Boxes 9.5 b 9.5 2z 5 28,5 - S0 9.51
Laboratory Bedhes 1 0.5 1 - 0.5 3 - S 0.95
Ductwork 5.5 2 5.% s 2 10.5 - 20 3.80
Other Components 1 0.5 1 _ 0.5 3 -— 5 0.95
Ceiling 1 0.5 % - 0.5 3 - 5 0.95
walls 0 5 0 - 5 30 - 50 .52
Floor 4 - Al =l 12 et - 2.
Subtotals 4 o a4 L) 21 12.3 - 212 40,32
Final Rajiological

Survev S .5 P ~- 10 —_ b 22.5 en
258 Contingency - et - - — - — o280
Totals 7% 3% » L L] 123 8 305 75.3

(2) 508 ancillary time is included in estimates of decommissioning times.
(b)) Costs are in January 1988 doliars. ‘*umber of cost figures shown is for computationa! accuracy only.
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TABLE 8.3.

C owp s § Equipme

VYentilation Ductwort

HEPR & Roughing Filters

Solidified Decontamine-
tion Liquids

Trash

Cost Sebtotals
75% Contingency

Totals

DECOR w/Volume Reduction

Camponents § Equipment

Yentilation Ductwork

HEPA & Boughisg Filters

Solidified Decontamina-
tion Liguids

Trash

Supercompacted $aste

Co. i Subtotals
25% Contingency

Totals

{a) Cos*s are ‘n Janwery 1988 dollars. Number of sipnificamt

Details ¥ dasie Azaage=ment Requi
Laboratory for tne Manufacture of

21 ywond Box
P1ywond Sox

Stee! Drum
1

T N

08-¢

Shmbe
of
- Wastefoteqory __ Type  Coutainers
DECON w/o Volume Reduction

11
s

-
&

Stee! Drem 52

8-

Pl wond Sox
P1ywond Rox

Steel Drgm
208-¢

Stee! Drym 7a(®)

Stee! Drem

Steel Drum

(n) A1) dryms contain sgueocus waste.

..

1

7 Soxes
9 Drums

il

Shipping

el

11.%
5.0
.42

Lo & <4

s

2.5

.8

s and Costs for DECON of the Reference
~Labeled Compounds

Disposadie % s
gyt Contl®] | Comtl®] | Sesersmection
Cos2'"’ (5) & 5] 8 Cost'®’ (%)
i a3 52t P
- L3 ] b ] -
-- 4 2 -
- 3,432 L e
- 1,664 597 -
5,53 2,29 S
- 208 &2 -
- & »n -
- 2 i b
e e ”» -
P - - 1,800
3.9% 671 180 1,900
17 Drums

figires shows '3 Tor computational accuracy omly.

oorLO e gl

u‘ "

13 e8¢
5.963
52

13,867

Se 97

e 3




B.2 DETAILS OF DECOMMISSIONING TME REFERENCE LABORATORY FOR THE MANUFACTURE OF
e, LABELED COMPOUNDS

The reference laboratory for the manufaft’ro of I‘C-\abelcd compounds s
described in Sectfon 7,1.2 of NUREG/CR-1754,'*’ The DECON options postulated
for the contaminated components and building surfaces of this laboratory are
shown in Table B.4 along with a brief description of each component, These
DECON options provide a basis for estimating the manpower and waste management
requirements and costs of decommissioning the laberatory.

Three of the fume hoous are postulated to be decontaminated to unre-
stricted release levels, The remaining hood 1s cleaned to remove loose or
Tightly held contamination and then packaged for disposal at a shallow-land
burial ground. Three of the glove boxes are cleaned to unrestricted release
levels and the remaining glove box i1s packaged for disposal. Laboratory
benches and other components such as the refrigerators, the freezer, and the
storage cabinets are cleaned to unrestricted release levels, The sink is
cleaned to an unrestricted release level, but the contaminated drain line is
sectioned and packaged for disposal, All of the HEPA and roughing filters and
the fiberboard ceiling panels are packaged for disposal, The walls and floor
are decontaminated to unrestricted release levels, (Floor tiles that cannot be
easily decentaminated are removed and replaced with new tiles,) The walls of
the laboratory are steuim cleaned, The laboratory floor and the surfaces of
contaminated conperents are scrubbeu with a decontamninating solution,

Detatlg of estiu ted manpower requirements anv costs for DECON of the
reference “C laboratory are shown in Teble B,5 for the two alternative sce-
nerigs, Manpower costs for planning end preparalion are estimated to account
fo- acout 28 to 30% of the total decommissiorning ranpuwer costs, Manpower
costs for the riral radiation survey are estimated to account for about 9% of
tne total manoower costs,

Details o{ estimated wuste management requirements and costs for DECON of
the reference ‘“C laboratory ar2 shown in Tauis 3.6 for the two a\:crn|t1§c
scenarios, In the no-volume-reduction scenario, a total volume of 33,9 m” of
contaminated components, equipment, and cleaning supplies is postulated to be
packaged in 10 plywood boxes and in one hundred-fourteen 208-% stecel drums and
to be shipped to a shallow-land burial site for disposal, The drummed waste
includes 29 drums containing organic 1iquids adsorbed on diatomaceous earth and
packaged in 113-2 drums before being overpacked in 208-& drums, (See Sec-
tion D,3 of Appendix D of NUREG/CR-1754 for a description of the method of
treating and packaging 1i1quid wastes.) The total waste management cost,
;ncluding containers, transportation, and disposal, 1s estimated to be about

54,700,

The use of volums reduction reduces the total volume of waste to be
disposed of to 16,2 n”, packaged in seventy-eighty 208 ' drums, The total
waste management cost is estimated to be about $34,700,
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TABLE B.4. DECON Options fer Facility Componeq‘s in the Reference
~C

Laboratory for the Manufacture of -Labeled Compounds(‘)

DECON Option
TTean to Unrestricted Dismantie and Package

Facility Component Release Levels for Disposal
Fume Hoods(b) X X
Glove Boxes(¢) X
Laboratory Benches(d) X
Other Components

Freezer (1) X

Refrigerators (2) X

Storage Cabinets (2)
Sink and Drain(€)

>

x>
Filters X
Ventilation Ductwork(f) X
Ceiling(9) X
Walls (108 m?) X
Floor (80 m?) x

(1)

(b)

(¢)

An "x" indicates that the facility component is decommissioned
by the indicated option.

Three hoods are cleaned to unrestricted release levels. The
other hood is packaged for g1sposal. Each hood is assumed to be
a reference hood of 2,835 m”,

Three glove boxes are cleaned to unrestricted release levels.
The other glove box is packaged for d1spgsal. Each box is
assumed to be a reference box of 0.324 m”,

15 linear meters of laboratory workbenches are assumed.

The sink is cleaned to unrestricted release levels. The drain
line is dismantled and packaged for disposal. The drain line is
10 m long.

40 linear meters of ventilation ductwork are assumed.

Fiberboard ceiling panels are packaged for disposal.

B.9
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TABLE B.5. Details of Estimated M:apower Requirem (s
Reference Laboratory for the Manufacture of

Costs for DECON of the

-Labeled Compounds

Worker Man-Day;
Time, . — Total Menpower Costg,
Operation (days) Supervisor Foremen Craftcs - Technicisn Technician Secretary Man-Deys (3 thousands)
DECON w’o Volume Raduction
Planning § Preparation
Prapare Documentation 15 7.5 15 - - - 7.5 i) 6,38
Perform Radliological
Survey 3.5 - 3.5 - 7 - - 10,5 1.9
Develop Work Pian CBEERSS St S ST ps teaer URRE Tl 5.08
Subtotals 28.5 12,5 28,5 - 12 - 12,5 65,5 15,37
Deccmmissioning
Fume Hoods 7 3.5 7 1 3.5 23 - 36 6.84
Glove Boxes 5 2.9 5 0.5 2.5 i5 - 25.9 4,50
Laboratory Benches 1 0.5 1 - 6.5 3 -— 5 0.95
Sink and Drain Line 0.5 2.25 G.5 0.5 0.25 1.5 -_ 3 0.57
Ductwork 2 1 2 2 1 6 -_ 12 2.26
Other Components 1 0.5 1 - 0.5 3 -— S 0.95
Calting 1 0.5 1 - 0.5 3 - 5 0.95
wallis 8 4 8 -_— K 24 — 40 7.61
F loor = = 1.5 3 - 1.5 A= - 15 _2.85
Subtotals 28,5 14,25 28,5 4 14,25 85.5 -— 146,.5 27,58
Final Radiological
Survey 5 2.5 5 - 10 - > 22.5 a1
O St m— = = = - — — = A
Totals 62 29 62 4 36 86 18 235 56.3

(contd)



Q0!

TABLE B.5. (contd)

Worker Man-Days
Time, . - P Total Manpower Costs,
Operati_- (days) Supervisor Foreman Craftsmen Technician Teconician secretary Men-Days (3 thousands)

DECON w/ Yolume Reduction

Planning & Preparation

Prepare Documantation 15 7.5 15 - - - 7.5 30 6,38
Perform Radiologica!

Survey 3.5 -— 3.5 —_ 7 -— -— 10.5 1.9
Develop Work Plan o = 15 .. i 2 —— i > 2. %
Subtotals 28,5 12.5 28.5 — 12 - 12,5 65.5 13.37

Decommissioning

Fume Hoods 8 B 8 1 4 24 - 41 7.79
Gtova Boxes 5.5 3 5.5 0.5 3 16,5 -— 28,5 S.19
Laboratory Benchas 1 0.5 1 - 0.5 3 - 5 0.95
Sink and Drain Line 0.5 0.25 0.5 0.5 0.25 1.5 - 3 0.57
Ductwork 3.5 2 3.5 2 2 10,5 -— 20 3.80
Other Components 1 0.5 1 - 0.5 5 - S 0,95
Celiting 1 0.5 1 - 0.5 3 - 5 0.9%
Walls 8 4 8 -— 4 24 - 20 7.61
Floor e 1.5 2 o 1.5 = AT - 15 2.85
Subtotals 31.5 16,25 31.5 a 16.25 94.5 -— 16,5 30.56
Final Radiologlical

Survey b 2.5 5 -- 10 - b 22.5 an
25% Cost Contingency - o e el el = ——y " 12,04
Totals 65 3 65 4 38 95 18 61 60.2

(a) S0 snciliary time is included in estimates of decommissioning Times,
{b) Costs are in January 1988 dol!lars, MNumber of cost figures shown is for computational accuracy omly.



TABLE B.6. Details of Waste Management Requi s and Costs for DECON of the Reference
Laboratory for the Manufacture of -Labeled Compounds

tumner Shippt .‘m. 3 T ton mcm' T for.  Buri Haste
pping '”'ﬁ
Container of m:. Comppet fom cmm Cost'2 Sepercomection  Cost o phaast unn’ mn
Seste Cobegery —Tme _ Comtainers (w) Cost’®7(3) 3 () __Cost'® (3) (8) (5] 18} ost'® (§)
DECON w/c Volume Reduction
Components § Fquipment Plywooe Box 6 6.0 - [ 74 basi - -- - 6,210 7,0%
Ventilation Ductwork Plywood Sox * 0 -- 328 182 -- -- - £, 180 1,690
HEPA & Roughing Filters S!g Drum 1 0.21 - 32 n - - - ne 262
-1
Solidified Decontamina- Stee! Drum 67‘” 12,07 - 4,195 763 - - -- 18,00 19,661
tion Liguids 208-1¢
Trash Stg-ﬁ'- e 9.¢5 - 1,472 52¢ ot - - 10,095 12,09
t =i
Cost Subtotals -- 6,519 1,753 - -- - 35 057 113,739
252 Cont ingency L 10,935
Totals 10 Soxes n.. 54,700
116 Drums
=
. DECON w/Yolume Reduction
—
~N Components 8 Fquipment Plywood Box 3 1.5 -- 123 [} -- - - -- 164
Ventilation Ductwork Plywood Box 2 1.0 -- 82 ” -- -- - -~ 110
HEPA 8§ Roughing Filters Stee! Drum 1 8.21 -- 2 ? -- - -- - »
208-¢
Solidified Decontamina-  Stee! Drum §7(%) 12.97 - - - - 2,195 %1 18,702 19 561
tion Liquids 208-¢
Trash Steel Drygm 10 2.08 3,02¢ 320 A3 -- -- -- - 3.3
208-2
Supercompacted Waste Stee! Drum - - - -- - 1,437 52 182 2.m _.me
208-¢
Cost Subtotals 3,02¢ 557 145 1,437 4 587 %1 17,0% 27,758
252 Contingency . s e 5,830
Totals 5 Soxes 18.7 38,700
78 Drums 11 Drums

{2) Costs are in January 1988 dollars. Nember of stgnificant figures shown fs for computatiomal sccwracy emly.
(%) 38 drums of agueous waste plus 29 drums of organic waste.




8.3 DETAILS OF DECOMMISSIONING THE REFERENCE LABORATORY FOR THE MANUFACTURE
OF 1251 | ABELED COMPOUNDS

The reference laboratory for the manufaii’re of lZsl-ubeled compounds 1§
described in Section 7,1.3 of NUREG/CR-1754, The DECON options postulated
for the contaminated components and building surfaces of this laboratory are
shown in Table B,7 along with a brief description of each component, These
DECON options provide a basis for estimating the manpower and waste management
requirements and costs of decommissioning the laboratory.

The four glove boxes located inside fume hoods in the reference laboratory
are packaged and shipped to a shallow-land burial ground for disposal, The
fume hoods are then decontamiruted to unrestricted release levels. Laboratory
benches and other components such as the refrigerator, the storage cabinet, and
the shelves are cleaned to unrestricted release levels., The sink is cleaned to
an unrestricted release level, and the contaminated drain line is sectioned and
packaged for disposal. Ventilation ductwork is sectioned and packaged for dis-
posal, Filters are packayed for disposal., The ceiling, walls, and floor are
decontaminated to unrestricted release levels, (Floor tiles that cannot be
easily decontaminated are removed and replaced with new tiles,)

Def,éls of estimated manpower requirements and costs for DECON of the ref-
erence | laboratory are shown in Table B.8 for the two alternative sce-
narios., Manpower costs for planning and preparation are estimated to account
for about 28 to 30% of the total decommissioning manpower costs. Manpower
costs for the final radiation survey are estimated to account for about 5 to 6%
of the total manpower costs,

Details o{zgstimated waste management requirements and costs for DECON of
the reference | laboratory are shown in Table B.9 for the two alternative
scenarios, In the no-volume-reduction scenario, a total volume of 22.4 m” of
contaminated components, equipment, and cleaning supplies is postulated to be
packaged in nine plywood boxes and in seventy-eight 208-¢ steel drums and to be
shipped to a shallow-land burial site for disposal. The glove boxes are
assumed to be packaged without being sectioned. All of the decontamination
1iquids are organic liquids that are adsorbed on diatomaceous earth, packaged
in 113-% drums and overpacked in 208-¢ drums, The total waste management cost,
including containers, transportation, and disposal, is estimated to be about
$37,400,

The use of vo&ume reduction reduces the total volume of waste to be dis-

posed of to 10,8 m”, packaged in fifty-two 208-¢ drums, The total waste
management cost is estimated to be about $26,100,
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TABLE B,7, DECON Options for Facility Componefig in the Reference

Laboratory for the Manufacture of I-Labeled Compounds(‘)

DECON Option
CTeéan to Unrestricted Dismantle and Package
Facility Component Release Levels for Disposal

Fume Hoods(b) X

Glove Soxes(c) X

Laboratory Benches(d) X

Other Components

Refrigerators (1) X
Storage Cabinets (1) X
Shelves (1) X

Sink and Drain(€) X X

Filters X

Ventilation Ductwork(f) X

Ceiling X

Walls (84 m?) X

Floor (48 m®) X

(a) An "x" indicates that the “acility component is decommissioned
by the indicated option. 3

(b) There are four hoods at 2.835 m” each,

(c) There are four specially designed glove boxes, each being 1.2 m
wide, bg 0.6 m deep, by 0.6 m high, for a total volume of
0.432 m®,

(d) There are 8 linear meters of laboratory workbenches,

The sink is cleaned to unrestricted release leve's, The drain
1ine is dismantled and packaged for disposal. The drain line
is 10 m long.

There are 40 linear meters of ventilation ductwork,

B.14
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TABLE B.8. Details of Estimated Manpower Requirements ‘195C°Sts for DECON of the
Reference Laboratory for the Manufacture of 1-Labeled Compounds

Worker Man s

""'(a) - Total Manpower )
Operation (days) Supervisor Foremen Craftsman Technician Technician Secretary Men-Days ($ thousands)
DECON w/o Volume Reduction
Planning & Preparation
Prepare Documentation 15 723 15 - _ - 7.5 30 6.38
Perform Radiologlcal 3.5 - 3.5 - 7 - - 10,5 1.91
Survey
Develop Work Plan 0 5 10 om e 4 - 5 25 5.08
Subtotals 28,5 12.5 28.5 - 12 - 12.5 65,5 13,37
Decommissioning
Fume Hoods 8 K 8 -_ B 24 - 40 7.61
Glove Boxes 5 2.5 5 2 2.5 15 - 27 S.12
Labe-atory Benches 0.5 0.25 0.5 - 0.25 1.9 - 2.5 0.47
Sink and Drain Line 0.5 0.25 0.5 2.5 0.25 1.5 - 3 0.57
Ductwor k 2 ! 2 2z 1 6 - 12 2.26
Other Components 1 0.5 1 -— 0.5 3 -— 5 0.95
Celling 3 1.5 3 -- 1.5 9 - 15 2.85
Wails 7 SeS 7 - 3.5 21 -~ 35 6.66
Floor . < = = 9 - T 6 - 10 1,91
Subtotals 29 4,5 29 4.5 14,5 87 - 149.5 28,40
Fina! Radiological 3 1.5 3 - 6 - 3 13,5 2,45
Survey
e = — = = — = — SN0
Totals 61 28 61 5 33 £7 16 230 55.3

(contd)
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TABLE B.8. (contd)
Worker Man-Days
“"“’ . Total Manpower )
Operation {days) Supervisor Fforemin Craftsman Technician Technician Secretary Man-Days ($ thousands)
DECON w/ Volume Reduction
Planning & Preparation
Prapare Documentation 15 7.5 15 -- - - 1.5 30 6.38
Perform Radiologicat 55 - 3.5 - 7 - - 10.5 1.91
Survey
Develop Work Plan o v L. _— 5 e 5 23 5.08
Subtotals 28,5 12.5 28,5 - 12 -— 12.5 65,5 13,37
Decommissioning
Fume Hoods 8 B 8 - “ 24 -— 40 7.61
Glove Boxes 7 3.5 7 2 3.5 21 - 37 7.01
Laboratory Banches 0,5 0,25 0.5 -— 0.25 1.5 - 2.5 0.47
Sink and Drain Line 0.5 0.25 0.5 0.5 0.25 1.5 - 3 0.57
Ductwork s A 2 3.5 2 2 10.5 -— 20 3.80
Other Components 1 0.5 1 - 0.5 3 - 5 0.95
Ceiling 3 1.5 3 - 1.5 9 -— 15 2,85
wWalls 7 3.5 7 - 3.5 21 - 35 6,66
Floor 1 e = __2_ - _l_ _6__ ot 10 1.91
Subtotals 32.5 16.5 32.5 4.5 16.5 97.5 - 167.5 31,53
Fina! Radiological > 1.5 3 - 6 - 3 13,2 2.46
Survey
TN owe Dy = = = = = = = — 3
Totatls 65 30 65 S 35 98 16 247 59.6

tay S0f ancillary time is included in estimates of decommissioning times,

(b) Costs are in January 1988 doltars,

Number of cost fligures shown is for computstiona! accuracy only,
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TABLE B.9. Details of Waste Management Requi s and Costs for DECON of the Reference
Laboratory for the Manufacture of I-Labeled Compounds
tumber Shippt :'anui -3 k¢ ion ”
ng
Contatner of Volume Car.",iou Cost'? '”mttﬁ W ”m -..rb W’.
Waste Category Type Containers (m)  Cost'® (%) ) (s) Cost'?’ (5) (il fﬂ Cost'®’ i8)
DECON w/o ¥Yolume Reductiom
Components § Equipment Plywood Box & 3.0 -- 2¢% 137 - - - 3,18 3,518
Ventilation Ductwork Plywood S8ox 13 3.0 - 285 137 - - - 3,18 1,518
HEPA § Roughing Filters Stg Drum 3 0.53 -- 9% k) - - -— 658 38
-t
Solidifisd Decontamina- Steel Drum  22(B) 9.2¢ - 3,828 501 - -- - 9,65 13,985
tion Liquids 208-¢
Trash S'g Orem 31 6.51 - 992 353 - - - _6.803 810
-t
Cost Subtotals -- 5,608 1,162 - -- -- 23,387 29,957
= Contingency 2= :
Totais 9 Bexes 2.4 37 4000
78 Drums
DECON w/¥olume Reduction
Components § Equipment Plywood Box ? 1.e -- 4 28 -- -- -— - 11¢
Yentilation Ductwork Plywood Sex 2 .0 -~ 82 23 -- .- -~ - 119
HEPA § Roughing Filters Steel Drm 1 6.21 -- ® 7 - - - - »
208
Saligified Decontamina- Stee! Drum  a2(®) 9.2¢ = = - - 3,828 so1 2,65 13,985
tion Liguids 208-¢
Trash Steel Drum 7 1.45 3,120 22¢ 48 - -~ - - 3,392
Supercompacted Waste Stezg- Orem - - L e 1,100 256 137 1,73 3,232
i -
Cost Sebtotals 3,120 @0 m 1,100 4,084 Lx ] 11,398 868
25% Contingency S22
Totzls £ Boxes 12,9
52 Orums 8 Drums 25,100

(a) Costs are in Janwary 1988 dollars.
{n) A7 drums conte'r orgawic waste.

Numper of significant figures shown is for computatiomal accuracy omly.




B.4 DETAILS OF DECOMMISSIONING THE REFERENCE LABORATORY FOR THE MANUFACTURE OF
13765 SEALED SOURCES

The reference laboratory for the manufci§3re of 137¢s sealed sources is
described in Section 7,1.4 of NUREG/CR-1754, The DECON options postulated
for the contaminated components and building surfaces of this laboratory are
shown in Table B,10 along with a brief description of each component, These
DECON options provide a basis for estimating the manpower and waste management
requirements and costs of decommissioning the laboratory.

The fume hoods are postulated to be decontaminated to unrestricted release
levels, The hot cells are disassembled and the lead-glass windows and contam-
inated cell liners are packaged for disposal by shallow-land burial, The lead
bricks are monitored and A5% of the bricks are decontaminated and sold for sal-
vage. The remaining oricks are packaged for disposal., Laboratory benches are
cleaned to unrestricted release levels, The sink is cleaned to an unrestricted
release level, and the contaminated drain line is sectioned and packaged for
divposal. Ventilation ductwork is sectioned and packaged for disposal. HEPA
and roughing filters are packaged for disposal. The ceiling, walls, and floor
are decontaminated to unrestricted release levels. (Floor tiles that cannot be
easily decontaminated are removed and replaced with new tiles,)

Deig;ls of estimated manpower requirements and costs for DECON of the ref-
erence Cs laboratory are shown in Table B.11 for the two alternative sce-
narios. Manpower costs for planning and preparation are estimated to account
for about 28 to 29% of the total decommissioning manpower costs. Manpower
costs for the final radiation survey are estimated to account for about 5 to 6%
of the total manpower costs.

Details 0{3,stimated waste management requirements and costs for DECON of
the reference Cs laboratory are shown in Table B.i2 for the two alterngtive
scenarios., In the no-volume-reduction scenario, a total volume of 19.8 m° of
contaminated components, equipment, and cleaning supplies is postulated to be
packaged in 26 plywood boxes and in sixty-one 208-% steel drums and to be
shipped to a shallow-land burial site for disposal. All of the decontamination
liquids are organic liquids that are adsorbed on diatomaceous earth and pack-
aged in 113-2 drums before being overpacked in 208-2 drums., The total waste
management cost, including containers, transportation, and disposai, is esti-
mated to be about $14,600,

The use of vglume reduction reduces the total volume of waste to be dis-

posed of to 8.7 m”, packaged in forty-two 208-2 drums, The total waste manage-
ment cost is estimated to be about $6,200,

B.18



TABLE 8,10, DECON Options for Facility Componepty in the Reference
Laboratory for the Manufacture of Cs Sealed Sources(°)

DECON Option
CVean to Unrestricted Dismantle and Package
Facility Component ___Release Levels for Disposal

Fume Hoods(b) X
Hot Cells(c) X
Laboratory Benches(d) X
Sink and Drain(®)

Filters

Ventilation Ductwork(f)

Ceiling

Walls (84 m?)

Floor (48 m?)

An “x" indicates that the facility component is decommissiovned
by the iadicated option, 3

There *wo fume hoods at 2.835 Q each.

There 40 hot cells at 1,728 m” each. 65% of the lead

br: reclaimed and sold for salvage. The remaining

br 2 packaged for disposal. The manipulator and the cell
1 ‘e packaged for disposal.

T ¢ 4 1inear meters of workbenches.

The s1un 15 cleaned to unrestricted release levels., The drain

line is dismantled and packaged for disposal. The drain line
is 10 m long.

There are 40 linear meters of ventilati.n ductwork.
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TABLE B.i1l. Detail of Estimated Manpower Requirements anqsyosts for DECON of the
Reference Laboratory for the Manufacture of Cs Sealed Sources
Worker
Tin(a) . Total Vg ower )
Operation (days) Supervisor Foremen Craftsmen Teckniclan Technician Secretary Men-Days (3 “housands)

DECON w/o Volume Reduction

Planning & Preparation

Prepare Documentation

Pertform Radiological
Survey

Develop Work Fian

Subtotals

Decommissioning

Fume Hoods

Hot Cells
Laboratory Benches
Sink and Drain Line
Ductwork

Celting

Walis

Floor

Subtotals

Final Radiological
Survey

25¢ Cost Contingency

Totals

15

2.5
10
27.5

0.5

0.5

SIN o - ~N

g |

7.5

15

2.5
10
27.5

(contd)

7.5

12,5

16

13,5

6,38

1.36
5.08
12,82

3.81
8,92
0.47
0.57
2.26
2.85
7.61

1,91

2.46
10,92
54,6
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TABLE B.11.

(contd)

wWorker Man-Days

Time, .~ L. o Total Menpowar O:nn,
Operation (days) Supervisor Foreman Craftsman Technician Technician Secretary Man-Days (3 thousands)
DECON w/ Volume Reduction
Planning & Preparation
Prepare Documentation 15 7.5 15 - -_— - 7.5 30 o.38
Perform Radiological
Survey 2.5 — 2.9 - 5 -- - 7.5 1.36
Develop Mork Pian el PRgaels Slalss e SR 2 5.08
Subtotals 2.5 12,5 27.5 - 10 - 12.5 62.5 12.82
Decommissioning
Fume Hoods Kl 2 4 - 2 12 - 20 3.81
Hot Cetlls 9 4,5 9 2 4.5 27 - ¢7 8.92
Laboratory Benches 0.5 0.25 0.5 —— 0.25 1.5 - 2.5 0.%7
Sink and Drain Line 0.5 0.25 0.5 0.5 0.25 1.5 — 3 0.57
Ductwork 3.5 2 3.5 2 2 10,5 - 20 3.80
Celling 3 1.5 3 -— 1.5 9 -— 15 2,85
wWalls 8 2 8 - 2 24 -— 40 7.61
Ftoor SO g R e G T R 19 BE1N
Sub*otals 30.5 15.5 30,5 4.5 15.5 91,5 -— 157,.5 29.94
Final Radiological
Survey 3 1.5 3 - 6 - 3 13,9 2,46
238 Cost Contingency = = = e = — — — B
Totals 6! 23 61 5 3 92 16 234 56.5

(a) 50f anclilary time is Inciuded !n estimates of decommissioning times,

{b) Costs are in January 1988 doltiors,

Number of cost flgurys shown Is for computaticnal sccuracy only.
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TABLE B.12. Details of Waste Management Reqoirfgsnts and Costs for DECON of the Reference
E T s

Laboratory for the Manufacture of Sealed Sources
w Shipping ’c:ua't > Y 1 g T Burt weste
oo on '-—W'-
Comtainer m,. c-ﬁm Cost 8} cm” Sspercompect ton cutl" Cost!® c-uﬂ' Ranagepent
___352422!9___.__JE__.EEEEEI i8) __(8) (3) Losti® (3 __(85) (3) i8] Cosz™® ()
JECON w/o Volume tion
Components § Equipment Plywood Sox 72 3.0 - s32(d) 137 = = o~ 3,138 3,90¢
Yentilation Ductwork Plywood Box 8 e - 128 182 - = = €130 & 590
“EPA 8 Roughing Filters suzg Srem 2 0.42 - < 7 - - - s 52
~t

Selidifind Decontamina- Steel Drm  26(®) .58 = 3,132 a0 = - - 7,900 11,042
tion Liquids 208-¢

Trash Steel Orum 23 .83 - 73% 262 - = - S.007 5,085
208-¢

Cost Subtotals - €892 1,008 - - - 20,0 2,607

252 Contingency e = 5,652

Totals 26 Boxes 13.8 33,300

51 Drums
Credit for Lead Salvage!®) 18,700
DE_ N w/Voluze Reduction

Components & Eauipment Plywood Box 21 2.5 - o 1e s 505! 9 2.0% 2,788

Ventilation Ductwork Plywood B8ox 2 1.0 -- 82 28 -- - - - 110

HEPR 3 Roughing Filters Stee! Drum ! 0.21 -- » 7 - - - - *
208-¢

Solidifiad Decontamina- Stee! Orum  361C) 7.56 = = -~ = 3,132 ae 7,900 11,882
tion Liquids 208-¢

Trash Stee! Drem 5 1.08 2,929 160 £ =5 o = =5 3,123
208-¢

Supercompacted Waste Stee! Dru= - - - - - B2t 192 62 1,308 2,
208-¢

Cost Subtotals 2,929 ns 83 aze 3,87¢ 553 11,29¢ 19,288

253 Comtingency _s.977

Totals 23 Boxes 12.2 24, 860

22 Drums 6 Drums
Uredit for Lead Salvageld) 12,7008

{a) Costs are in Jamsary 1988 dollars. Wember of np"km figures shown is for computatiomal accuracy only.
(b) Twenty comtainers with 3 total voelume of 2 @ are smal) boxes specially made to contain lead bricks and sue! plate. These boxes are assumed to cost $27.50 each.

{c] A1l drums contain organic waste.
)cz A total of 11,500 kg of lead per hot cell, 65% of which has a salvage value of $1.25 per kg credit for lead salvage.



8.5 DETAILS OF DECOMMISSIONING THE REFERENCE LABORATORY FOR THE MANUFACTURE OF
281am SEALED SOURCES

The reference laboratory for the manqufsvre of 281 pp sealed sources is
described in Section 7,1.,5 of NUREG/CR-1754, The DECON options postulated
for the contaminated components and building surfaces of this laboratory are
shown in Table B,.13 along with a brief description of each component. These
DECON options provide a basis for estimating the manpower and waste management
requirements and costs of decommissioning the laboratory.

The locations of fume hoods and glove boxes in the referen?f 241 am Vabora-
tory are shown schematically in Section 7.1.5 of NUREG/CR-1754, ) The fume
hoods and the glove box in the low-level alpha lab are postulated to be decon-
taminated to unrestricted release levels, The glove boxes and transfer tunnels
in the high-level alpha lab are decontaminated to remove loose or lightly held
contamination and to reduce total transuranic contamination to acceptable
levels for shallow-land burial of these components, These glove boxes and
transfer tunnels are then packaged and shipped to a shallow-land burial site
for dizposal. Laboratory benches are decontaminated to unrestricted release
levels. Ventilation ductwork is sectioned and packaged for disposal., HEPA and
roughing filters are packaged for disposal. The ceiling, walls, and floor of
the laboratory are decontaminated to unrestricted release levels.

De&zlls of estimated manpower requirements and cost for DECON of the ref-
erence Am laboratory are shown in Table B.14 for the two alternative sce-
narios. Manpower costs for planning and preparation are estimated to account
for about 20 to 22% of the total decommissioning manpower costs. Manpower
costs for the final radiation survey are estimated to account for about 6% of
the total manpower costs,

Details o{afstimated waste management requirenents and costs for DECON of
the reference An laboratory are shown in Table B.15 for the two a\terngtive
scenarios. In the no-volume-reduction scenario, a total volume of 31.2 m” of
contaminated components, equipment, and cleaning supplies is postulated to be
packaged in 15 plywood boxes and in one hundred-one 208-¢ steel drums and to be
shipped to a shallow-land burial site for disposal. All of the decontamination
1iquids are organic liquids that are adsorbed on diatomaceous earth and pack-
aged in 113-2 drums before being overpacked in 208-% drums, The total waste
management cost, including containers, transportation, and disposal, is esti-
mated to be about $52,000,

The use of volume reduction reduces the total volume of waste to ve dis~

posed of to 14,4 m”, packaged in sixty-nine 208-% drums. The total waste
management cost is estimated to be about $35,100,

R 023



TABLE B,13, DECON Options for Facility Componegaf in the Reference

Laboratory for the Manufacture of ' Am Sealed Sources'?)

DECON Option
CTean to Unrestricted Uismantle and Package

Facility Component Release Levels for Disposal
Fume Hoods(b) X
Glove Boxes(¢) X X
Laboratory Benches(d) X
Other Components

Transfer Tunnels(®) X
Filters X
Ventilation Ductwork(f) X
Ceiling X
Walls (96 nz) X
Floor (63 mz) X
(a) An "x" indicates that the facility component is decommissioned

(b)
(¢)

(e

(f)

by the indicated option, 3
There are two hoods at 2.835 m” each.

One glove box is cleaned to unrestricted release levels, The
remaining six glove boxes are decontaminated to acceptance
levels for shallow-land burial and are then packaged for
disposal. Each glove ng is 1.2 m wide, by 0.6 m high, for a
total volume of 0,432 m”,

There are 2 linear meters of laboratory workbenches,

Transfer tunnels are decontaminated to acceptance levels for
shallow-land burial and are then packaged for disposal,

There are 40 linear meters of ventilation ductwork,

B.24
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TABLE B.14.

Details of Estimated Manpower Requirements
Reference Laboratory for the Manufacture of

¥

Costs for DECON of the
Am Sealed Sources

| orker Man-Days
Time, ., 1 Total Manpower Qun,
Operation (days) Supervisor Foreman Craftsman Technician Technician Secretary Man-Uays (3 thousands)
DECON w/o Volume Reduction
Planning & Preparation
Prepare Documentation 15 1.5 15 -_— - -— 7.5 30 6.38
Preform Radiological
Survey 4.5 - 4.5 - 9 - - 13.5 2.45
Develop Work Plan 10 5 10 = _5_ o 5 oS _ﬁ
Subtotals 29.5 12,5 29,% -_ 14 -_ 12.5 65.5 13.91
Decommissioning
Fuma Hoods 7 3.5 7 - 3.5 21 - 35 6,66
Glove Boxes 15 7.5 15 10 7.5 a5 i 85 16,36
Lsboratory Benches 0.5 0.25 0.5 - 0.25 1.5 o 2.9 0.47
Ductwork 2 i 2 2 1 6 - 12 2.26
Cther Components 2 1 2 -_ 1 6 - 10 1.9
Celling - 3 4 -— 3 18 - 30 571
walls 12 6 12 - 6 36 a—— 60 11,42
Floor _2___ 1 2 — 1 L] e 10 1,91
Subtotals 46,5 23,25 46,5 12 23.25 139.5 — 234.5 45,70
Final Radiological
Survey 5 2.5 5 -— 1c -— 5 22.5 an
DT .. . e = = = = ==~ = .20
Totals 81 38 81 12 47 140 18 336 86.9

{contd)



TABLE B.14. (contd)

Worker Man-Days

Time Total

Operation tdays)‘®’  Supervisor Foremsn Crattsmen Technician Technician Secretary Men-Deys (3 thousands) ®
DECON w/ Volume-Reduction
Planning & Preparation
Prepare Documentation 15 1.5 15 ~— -— - 7.5 30 6,38
Perform Radiological
Survey a5 - 4.5 - 9 - - 13,5 2.45
Develor Work Pilan 10 5 _10_ = _5_ et R __5__ 25 5.08
Subtotals 29.5 12.5 29,5 - 14 -_ 12,5 68,5 3.9
Decommissioning
Fume Hoods 7 3.5 7 - S 21 - 35 5.66
Glove Soxes 18 3 18 10 9 54 -— 100 18,90
’ Laboratory Benches 0.5 0.25 0.5 - 0.25 1.5 - 2.5 0.47
Ductwork 3.9 2 3.5 2 2 10,5 - 20 3.80
Other Components 2 1 > _ 1 6 _ 10 1.91
Celling 6 3 5 - 3 18 - 30 5.71
Walils 12 6 12 -— 6 36 -— 60 11,42
Floor i i __2_ — 1 6 s 10 1,91
Subtotals 51 25.75 51 12 25,75 153 -_ 267.5 50,78
Final Radiological
Survey S 2,5 5 - 10 -— 5 22,5 an
258 Cost Contingency - - - - - e - - 17,20
Totals 86 a1 86 i2 50 153 18 359 86,0

(a) 50% ancillary time Is included in estimates of decommissioning times,
(b) Costs are in Janusry 1988 doliars. Number of onst figures shown is for computational accuracy only,
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TABLE B.15. Details of Waste “ar ~ement Requirm:‘t.s and Costs of DECON of the Reference

Laboratory for the Manufacture of Sealed Sources
Number Sadppt .'c-u - T fon "u-u = 1 fon
ripping
Contatner of hls c.r:‘hn cmm r&;;“‘ fom cmm' '.mn' Mf'ua" W
Waste Category Type Contatners _ (=)  Cost'® (3) (s) (s) Cost'®) (3) (s (s} {8) Cost'® (3)
DECON w/o Yolume Reduction
Components 8§ Equipment Plywood Sox 10 5.0 - €10 226 -— -- - 5,225 5,863
Ventilation Ductwork P1ywood Box S 5.0 -- L0 28 - -- -- 5,225 s.083
HEPA § Roughing Filters Stee! Drum 3 0.63 P e 3 - - - 652 =8
208-¢
Soltdified Decontamina-  Steel Drum  60() 12.50 - 5,220 53t -- - - 13,167 19,071
tion Ligquids 208-2
Trash Stes e 38 7.98 - 1,216 &3 - - - 239 e
€
Cost Subtotals - 1,352 1,607 - -- - 2,510 0,573
252 Contingency 10,393
Totals 15 Boxes n.2 52,000
101 Drums
DETON w/Volume Reduction
Components § Equipment Plywood Box 2 1.0 -- 82 2 - -— -- - 110
Ventilation Ductwerk Plywood Bex 2 1.0 - 82 2 - - -- -- 110
HEPR § Roughing Filters Steel Orum 1 2.21 - 32 7 - - -— - »
208-2
Solidifted Decontamina-  Stes! Drue 60() 12.60 = 25 - B 5,220 sse 13,167 19,071
tion Liquids 208-¢
Trash Steel Drum 8 1.56 2,896 256 £ - - = - 5,207
208-¢
Supercompacted Waste Steel Drum - - - == - 1,162 283 1se _1,956 3,560
208-¢
Cost Subtotals -- -- -- 4,89 a2 118 1,162 5,508 Lx ) 15,123 29,097
25% Contingency 7,024
Totals 1 Boxes 16.5 5.1%
69 Drums

fa) Costs are in January 1988 dollars. Wumber of significant figures shown is for computatiomal accuracy enly.
{5} A1 drues contain organic waste.



B.6 DETAILS OF LSCOMMISSIONING THE REFERENCE INSTITUTIONAL USER LABORATORY

The "f°'ffie institutional user laboratory ‘s described in Section 7.2 of
NUREG/CR-1754, The DECON options postulated for the contaminated components
and building surfaces of this iaboratory are shown in Table B,16 along with a
brief descript'on of each component. These DECON options provide a basis for
estimating th: manpower and waste management requirements and costs of decom-
missioning the reference institutional user laboratory.

Four of the fume hoods are postulated to be decontaminated to unrestricted
release levels. The remaining hood is cleaned to remove loose or lightly held
contamination and then packaged for disposal at a shallow-land burial ground.
The giove box is decontaminated to an unrestricted release level. Laboratory
benches and other components such as the refrigerator and the lead storage
vault are decontaminated to unrestricted release levels, The animal cage fis
packaged for disposal at a shallow-land burial ground. Sinks are cleaned to
unrestricted release levels; drain lines are packaged for disposal. Filters
énd ventilation ductwork are packaged for disposal. Fiberboard ceiling panels
are packaged for disposal. The walls and floor are decontaminated to unre-
stricted release levels. The walls of the laboratory are steam cleaned. The
laboratory floor and the surfaces of contaminated components are scrubbed with
a decontaminating solution. (Floor tiles that cannot be easily decontaminated
are removed and replaced with new tiles.)

Details of estimated manpower requirements and costs for DECON of the
reference institutional user laboratory are shown in Table B.17 for the two
alternative scenarios. Manpower costs for planning and preparation are esti-
mated to account for about 26 to 27% of the total decommissioning manpower
costs. The final radiation survey includes a survey of the equipment room,
rest room, office, counting room, and building corridors, as well as of those
areas with known contamination that have been previously decontaminated. Man-
power costs for this final survey are estimated to account for about 12 to 13%
of the total manpower costs.

Details of estimated waste management requirements and costs for DECON of
the reference institutional user laboratory are shown in Table B.18 for the two
a\terngt1ve scenarios. In the no-volume-reduction scenario, a total volume of
34,2 m” of contaminated components, equipment, and cleaning supplies i1s postu-
lated to be packaged in 13 plywood boxes and in one hundred-eight 208-L steel
drums and to be shipped to a shallow-land burial site for disposal. The total
waste management cost, including containers, transportation, and disposal, is
estimated to be about $54,100.

The use of volume reduction reduces the total volume cf waste to be dis-

posed of to 15.6 m”, packaged in seventy-five 208«4 drums. The total waste
management cost 1s estimated to be about $33,300.
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TASLE B,16. DECON Options for Facility Components |? She
Reference Institutional User Laboratory'®

DECON Option
CTean to Unrestricted Dismantle and Package

L Jacility Component Release Levels foir Disposal
Fume Hoods(b) X X
Glove Boxes(¢) X
Laboratory Bcnches(d) X
Other Components

Refrigerator (1) X

Lead Vault (1) X

Animal Cage (1) X
Sink and Drain(e) X X
Filters X
Ventilation Ductwork(f) X
Ceiling!9) X
Walls (360 mz) X
Floor (176 mz) X
(a) An "x" indicates that the facility component is decommissioned

by the inv'cated option,
(b) Four hoods are cleaned to unrestricted release levels, Ong
hood is packaged for disposal, Egch hood occupies 2.835 m~,

(¢c) There is one glove box at 0,324 m",
(d) There are 3J linear meters of laboratory workbenches.

(e)

(f)
(9)

Sinks are cleaned to unrestricted release levels. Orain lines
are dismantled and packaged for disposal. There are five
sinks, each with a 10-m-long drain line.

There are 40 linear meters of ventilation ductwork.

Fiberboard ceiling panels are packaged for disposal.

B.29
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TABLE B.17. Details of Estimated Manpower Requirements and Costs for DECON of the
Reference Institutional llser Laboratory

worker Man-Days
""'(a) ", . Total Marpower Costy,
Operation (days) Supervisor Fforeman Craftsman Tachnician Technician Secretary Man-Days (3 *housands)

DECON w/0 Volume Redyction

Planning & Preparation

Prepare Documantation 15 A 15 - - - 7.5 h o 6,38
Pearform Radliological

Survey 5 - S - 10 - - 15 2.73
Develop Work Pan 11 SRR s 3 g R 3.09
Subtotals 30 12,5 30 - 15 - 12.5 70 14,19

Dacommissioning

Fume Hoods "0 5 10 1 5 30 — 51 .69
Glove Soxes 2 i 2 - M 6 -— 10 1,91
Laboratory Benches 1 0.5 1 - 0.5 3 - S 0,95
Sink and Drain Line 1 0.5 1 1 0.5 3 - 5 1.13
Ductwork 2 1 2 2 1 6 - 12 2.26
Other Components 2 1 2 - 1 6 - 10 1.9
Celling 1 0.5 1 - 0.5 3 - S 0,95
Walls 10 5 19 -- y 30 - S0 9.52
Floor 3 2" SHBGE Nl 15 L 2 S 2.85
Subtotals 32 16 32 4 16 2 -— 164 31.17
Final Radiological

Survey 8 4 Bl - 15 - L] 36 6,58
25% Cost Contingency  — — = = 3 o — e 8 12,9
Totats 70 32 70 B a7 96 21 270 64,9

{contd)



TABLE B.17. (contd)

Worker Man-Days
Time e Ve Tota! Manpower )
Operation {days) Supervisor Foreman Craftsman Technician Technician Secretary Men-Days (3 thousands)
DECON w/ Yolume Reduction
Planning & Preparation
Prepare Documentation 15 7.5 15 -— — -— 7.5 30 6.358
Perform Radiologlical
Sur vey 5 o 5 -— 10 -— _ 15 2.73
o e R e » P SRS = .- N S = ol
Subtotals 30 12.5 30 - 15 - 12.5 10 14,19
Decommissioning
Fume Hoods 1" %95 n 1 b S, 33 -— 56 10,65
Glove Boxes 2 1 2 -— 1 6 _ 10 1.9
Laboratory Banches 1 0.5 1 - 0.5 3 - 5 0,95
Sink and Drain Line 1 0.5 1 1 2.5 3 - 6 1,13
Ductwork 3.5 2 3.5 2 2 10,5 - 20 3.80
Other Components 2 1 2 -_ 1 6 -— 10 1.9
Ceiling 1 0.5 1 - 2.5 3 -_— 5 0.95
Wails 10 5 10 - 5 30 - 50 9.52
Floor . O RS 3 e 15 2.85
Subtotals 34,5 17.5 34,5 L} 17.5 103.5 - 177 33.67
Final Radiological
Survey 8 4 8 - 16 -— 8 36 6.58
et o I —A = = = - — — e
Totals 73 34 73 2 49 104 21 283 68,1

(a) 50% ancillary time is included in estimates of decommissioning times,
(b) Costs are in January 1988 dollars, Number o° cost figures shown is for computationa! accuracy only,
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TABLE B.18. Detaiis of Waste Management Requirements and Costs for DECON of the Reference
Institutional User Laboratory

Disposadle Disposable
Number Shipping C-tﬂﬂ frnrtnvu t-utT t-qtf’- w Waste
Contai of 1 Cost'® a jon  Cost'® Cost(® ¢
wse ey e cmtaees Vi Gy W W RGN R W R =h
DECUN w/r Volume Recuction

Components § Eouipment P1ywood Box L] 6.5 - £33 296 -- -- -- L, ] 182

Ventilation Ductwork Plywood Sex S 5.0 - 210 28 -~ - - 5,225 S 883

HEPA & Roughing Filters St;' Drue 3 0.2 -- 2 n - -- -— 2w %6
-t

Sclidified Decontamina-  Steel Orum  650%) 11,86 - 1,720 740 - - - 16,128 18,588
tion Liguics 208-¢

Trash Sl b & 8.2 - 1,2¢¢ a78 - - - 8,09 1095
-t

Cost Subtotals -— 6,0 1,753 - -- -- 35,097 LN

253 Contingency o821

Totals 13 Boxes 322 54,100

108 Drums
DECON w/Volume Reduction

Components 8 Equipment Plywood 8c: 3 1.5 -- 123 11 - -- - - i5e

Ventil.tion Ductwork P ymnod 2 1.0 - a2 28 - - - .- 110

MEPR § Roughing Filters Steel! Drum 1 0. .- 2 7 - -— - -— »
208-¢

Solidified Decontamina- Steel Orum  65(%) 12 % 3 & - - 3,720 re0 16,128 1 588
tion Liguids 208-¢

Trash Stee! Orem 9 1.9 . n2 288 93 - -- -- -- 3,693
208-¢

Supercompacted Waste Steel Orum - -- = ~ - 1,378 320 m 2,17¢ .,
208-¢

Cost Sudbtotals 3,312 525 1698 3% 4,040 s 15,302 2% 613

253 Contingency 5,558

Totals 5 Soxes L 33,300

TS Drums

(a) Costs are in Janwary 1988 dollars. Number of significant figures shown is for computatiomal accuracy omly.
(b} 48 drums of agueous waste plus 20 drums of organic waste.
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APPENDIX C

DETAILS OF DECOMMISSIONING OF REFERENCE SITES

This appendix provides details to support the description of the decomiis=
sioning of sites presented in Chapter 7. The reference sites include 1) a site
with a contaminated underground waste line and hold-up tank, 2) a site with a
contaminated ground surface, and 3) a tailings pile/evaporation pond containing
uranium and thor1?T residues. The reference sites are described in Section 7.3
of NUREG/CR-1754,%)

The decommissioning alternatives for contaminated sites are 1) site stabi-
lization followed by long-term care and 2) removal of the contaminated material
to an approved shallow-land burial ground. Details of the technology and costs
of these two alternatives are given in another report on the techno1o?¥
safety, and costs of decommissioning a low-level waste burial ground. ) For
convenience of reference, brief descriptions of se(fsal site stabilization
options are given in Section G.1 of NUREG/CR-1754,

The following key bases and assumptions are used for estimating manpower
requirements and costs:

1. The decommissioning of a site is performed by a contractor hired by
the owner/operator of the site. Separate contractors might be hired
for the site survey and for the actual decommissioning operations.
(In some instances, the owner/operator would perform his own site
survey.) The impact on decommissioning costs of u 13111ng contrac-
tors is discussed in Section D,1 of NUREG/CR-1754.

2. To determine the total time required to decommission a radioactively
contaminated site, an estimate is made of the time required for effi-
cient performance of the work by a postulated work crew, This time
estimate is then increased by 50% to provide for preparation and set-
up time, rest periods, etc. (ancillary time),

3., A1l radioactive wastes from the decoomissioning of contaminated sites
are shipped by truck a distance of 800 km to a shallow-land burial
ground.

4, Transportation and waste disposal operations are subcontracted
activities. The manpower costs for the transportation and disposal
of radioactive material 2re included in the total costs of these

items,

5. Decommissioning includes the backfilling of a site from which wastes
have been exhumed and the restoration of the decommissioned site by

Cel



grading the site and/or planting grass or other appropriate vege-
tative cover, Costs of backfilling and site restoration are included
in the costs of decommissioning,

6, If a site is to be released for unrestricted public use, the final
decommissioning activity is a site survey to verify that residual
levels of radioactivity are below unrestricted release 1imits. Costs
of this final radiation survey are included in the estimated costs of
decommissioning,

7. A1l costs are in January 1988 dollars.
tor ease in evaluating time and manpower requirements for the decommis-

sioning of sites, each Aecommissioning alternative is divided into a sequence

of tasks or steps. For the site stabilization alternative, the steps are:
® planning and preparation (including initial site survey)
® mobilization/demobilization
® site stabilization
® revegetation,
For the removal alternative, the steps are:
® planning and preparation (including initial site survey)
® mobilization/demobilization
® remove overburden
® exhume and package contaminated material

® transport and dispose of contaminated material at a shallow-land
burial ground

® backfill and restore site

® termination site survey.

C.1 DOETAILS OF DECOMMISSIONING A CONTAMINATED UNDERGROUND DRAIN LINE

Time and manpower requirements and total costs for the exhumation and
disposal of a contaminated drain 1ine, hold-up tank, and soil are pre-
sented in this sefiaon. The reference site is described in Section 7,3.1
of NUREG/CR-1754, Procedures for decommissioning a drain line and
hold-up tank are given in Section G.2.1 of that same document,

C.2



Detatls of estimated time and manpower reouirements for removing 2
contaminated drain 1ine and hold-up tank are presented in Toble C.1, The
radiological survey that precedes site Oocomm1tsion1n? fs performed by a
work crew consisting of a foreman and two health physics technicians from
the site owner's orgsnization, A foreman and an equipment operator are
required during excavation of the trench, Exhumation and pack.ging of a
20-m-1ong, 0,1-u-diameter drain line, a 1,5-m-diameter, 2-m-high cylin-
drical hold-up tank, and contaminated soi) are performed by & crew that
includes a foreman, an equipment operator, a pipefitter, and two tech-
nicians, » health physics technician 1s present during excavation and
exhumation operations to make radiological measurements., An equipment
operator and a technician backfill and grade the site after exhumation
operations are completed, The final site survey is performed by a foreman
and two health physics technicians,

Costs details for removing a contaminated drain 1ine and hold-up tank
are presented in Table C.2, Toe total cost of decommissioning the site is
estimeted to be about $69,200, A contractor's fee is 1ni1’dod in the
tota) cost as described in Section 0,1 of NUREG/CR-1754, It 1s assumed
that soi) samples are sent to a commercial loboratosy for analysis, Waste
mansyement costs are based on a requirement for 7 m” of plastic-1ined
plywood boxes *o contain the exhumed msterial and contaminated sofl,

Only about 13% of the total decommissioning costs are due to disposal
charges, with most of this due to disposal of the hold-up tank, Volume
reduction of the hold-up tank via sectioning and supercompaction was not
analyzed because of the lack of any significant savings potential,

Unit cost factors for the removal of a contaminated drain line and
hold-up tank are given in Table C,3, The cost factors fur manpower,
equipment, »nd materials are given in $/m? (rectangular volume occupied by
Loth the tsik and drain line combined), These unit cost factors are also
a function of the depth at which the drain line is buried, hence the
H term, The soil analysis cost factor is given in $/m (1inear length) of
the drain line while the_package, transportation, and disposal cost
factors are g&ven in $/m® of waste volume. The waste volume unit factor
is given in m” of waste volume generated per rectangular volume of the
tank and drain line combined,

C.3
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JABLE C.1. Details of Estimated Time and Man;ower
Removal of a Contaminated Drain Line and Hold-Up Tank

'b(’ ey Equi pment
—Operster  ays)'™ swpervisor™’ foremen Operator Craftsmen

Planning and
Preparat’ »n

Mobil izationy
Demobil ization

Remove Overburden

Exhume and Package
Brain Line

Exhume and Package
Hold-Up Tank

Backfil! and
Restore Site

Final Site Survey

Totals

5

1.5

2.5

__Vorker %an-Days

5

0.75
1.5

1.5

0.5

“

(a) SOX ancillary time is included in cstimate.
(b) Charged »='¢-time to project.

(c) Costs ar> '~ Jamsary 1988 dollars. WNuber of cost figures shown is for computationsl

(d) 25% comtingency mot included.

2 -
1.5 -

3 3
2.5 2.5
1

w o oss

_Jechnician  Technician Wan-days
“ - "%
-- 2 7
1.5 -- 5.2
3 - ”.s
2.5 5 %.25
- 1 2.5
- == 7
s " s

accurscy only.

Requirements for the

n..-&
s
2.4

e
s.o

&%



TABLE C,2., Cost Decails for the Removal of a Contaminatea
Orain Line and Hold-up Tank

_.____Cost Item Cost (§ thousands)(®)
Manpower 18,31
Equipment 16,50
Materials 2.82
Soil Analyses 6.40
Contractor's Feelb) 3,07
Waste Marsgement
Packaging 0.70
Transportation 0,32
Disposal .32
Subtotal 55,44
25% Contingency 13,86
Total 69.3

(a) Costs are in January 1988 dollars, Number
of figures shown is for computational
accuracy only,

(b) Based on 8% of the sum of contractor's
charges for manpower, equipment, mate-
rials, and packaging.
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TABLE C.3. Estimated Unit Factors for va) of a Contaminaved
Drain Line and Hold-Up Tcnk?t?(

Cost Item

unit Factor (¢

Manpower ($K/m° of tank and pipe)
Equipment (3k/m® of tank and pipe)
Materials (tlll’ of tank and pipe)

Soil Analysis (3K/m of pipe length)

Waste Volume (a’ uasto/a’ of tank and pipe)
Pach . iing ($K/m® waste)

Transportation ($K/m® waste)

Disposal (SKln3 waste)

{a) Costs are in January 1988 dollars,

3,23 + 0,294
2.90 « O,26M
0.50 + ,,05K
0.32
1.40
0.1
0,v
1.8

(b) H is the depth at which the drain line is buried,
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NING A CONTAMINATED GROUND SURFA

Time and manpower requirements and total costs for the removal of contami-
nated soi)l from a reference site are evaluated in t"tf section., The reference
site 15 described in Sectfon 7.3.2 of NUREG/CR=1764,1) 1t s assumed to be
contaminated with radioactive residue from uranium processing operations that
was trucked to the site from another location, dumped on the site, and used as
111 material, Procedures for '°me’"9 contaminated ground surface are given
in Section G.3.1 of NUREG/CR-1754,

Details of estimated time and manpower requirements for removing a cone
taminated ground surface are presented in Table C,4, Radiological surveys are
performed by a work crew consisting of a foreman and three health physics tech-
nicians from the site owner's osgonizat1on. The contractor's work crew for
removal of approximately 1000 m” of contaminated soil includes a foreman, two
equipment operators, and two laborers, This crew is assisted by a health
physics technician, Backfilling and grading of the site (after soil removal
operations are completed) is accomplished by a work crew that includes a fore-
man, two equipment operators, and a laborer,

Cost details for removing a contaminated ground surface are presented in
Table C.5., The total cost of decommissioning tie site is estimated to be about
$1,826,000,

Approximatcly 7% of the tota) decommissioning cost is related to the
inftial and final site surveys, More than 70% of the cost of site surveys is
associated with the analysis of soil samples, I1f adequate records exist, or if
visual inspection of the site permits an area of co taminated soil to be
located with reasonable accuracy, it may be possible to reduce the number of
soil samples collected for analysis, For example, if samples are collected
from the centers of 20em by 20em survey blocks instead of from the 10-m by 10-m
blocks used as a basis for the cost estimates of Table C.4, the number of sofl
samples and the cost of sample analyses would decrease by a factor of 4,

Most of the cost of soil removal (approximately 89% of total) is related
to the packogin?. transportation, and disposal of the exhumed material, Packe
aging costs could be substantially reduced if the soil were transported to the
shallow-1and burial ground in plasticelined dump trucks instead of being packe
aged in plywood boxes. Transportation charges are not significantly affected
by the type of vehicle used to transport the soil, but are affected by the
distance from the contaminated site to the burial ground., Disposal costs are
not significantly affected by alternative modes of packaging or transport since
these costs are directly proportional to the volume of sofl requiring removal,

Disposal costs account for about 73% of the total decommissioning cost,
No savings through volume reduction is possible since soil in not compactible
or combustible,



Unit cost factours for the removal of contaminated ground surface are given
in Table C.6. The cost factors for manpower, equipment, materials, and soil
anziysis are given in $/m“ (area) of the site. The packaging, transportation,
and disposal cost ucton,an given in $/m” of waste volume, Tn’ waste volume
unit factor 1s given in m” of waste volume generated per area (m®) of the site,

C‘8



6°J

TABLE C.4. Details of Estimated Time and Manpower Requirements for the

Remcval of a Contaminated Ground Surface

Worker MenDays
fouipment Health Physics Truck

".(o) (b)

__Opesator (Days) = Supervisor ~ Fforemsn QOperator _JTechnician Oriver Lsborer Hen-days

Plamning and 20 20 29 - » -- -- 70
Preparation

Mobi lization/ 2 1 2 L - -- - "
Demobilization

Exhume and Package 12 L 12 2% 12 - 2% 73
Contaminated Soil

Backfill and 3 1.5 3 6 s 3 3 2.5
Restore Site

Final Site Survey 3 2.5 3 = 5 = o 2.5
Totals &2 n &2 b 57 L] 31 203

(e8) S0X anciilary time is included in estimates.

(b) Charge!' half-iime te project.

(c) Costs are in Jaruary 1988 dollars. WNumber of cost figures shown is for computational accuracy only.
(d) 25X contingency not included.

“%ﬂ
16.36

n

20.67

50.44



TA!L{ C.5. Cost Details for the Removal of Contaminated
Ground Surface

Cost Iten Cost (§ thousands)(®)
Manpower 50,44
Equipment 38,40
Materials 19,20
Soil Analyses 76.80
Contractor's FeelP) 16,17
Waste Maiagement

Packaging 94,14

Transportation 102,53

Disposal 1065,90
Subtotal 1463,58
25% Contingency 365,90
Tota! 1829.5

(a)

(b)

Costs are in January 1988 dollars. Number
of figures shown is for computational
accuracy only,

Based on 8% of the sum of contractor's
charges for manpower, equipment, mate-
rials, and packaging.



TABLE C,6. Estimated Unit F’ctors for Removal of Contaminated
Ground Surface!

Cost_Item Unit Fector
Manpower ($K/nf of site) 0,00%
Equipment (3K/m? of site) 0,004
Materials ($K/ut of site) 0.002
Soi1 Analysis ($k/mé of site) 0,008
Waste Volume (n’ nc;tcluz site) 0,100
Packaging (Wu3 waste) 0,094
Transportation ($K/m3 waste) 0,103
Disposal ($K/m® waste) 1,066

(a) Costs are in January 1988 dollars,



€3 DETAILS OF DECOMNISSIONING A TALLINGS PLLE/EVAPORATION POND

Time and manpower requirements and total costs for decommissioning & taile
ings pile/evaporation pond by the alternatives of 1) stabilization or
2) removal are evaluated in this section, Annual requirements and costs of
long-term core following stabilization are also evaluated,

The ““‘Y!’ pile/evaporation pond is described in Section 7,3.3 of
NUREG/CR-1754, It 1s actually a settling pond that contains the residue
from ore refinery operations in which tin slag is processed for the recovery of
niobium and tantalum, The residue from these operations contains 0,2 wtt U 0g
and 0.5 wt% ThO,, The pond measures 100 m long by 50 m wide Ly 5 m deep wieh o
2.5 to 1,slope on each side. It contatns 16,400 m® of glassy residue weighing
4,1 x 10 k’o

Procedures for decormissioning the ?i;e/pond by the two alternatives are
given in Section G.4,] of NUREG/CR-1764,

Details of estimated time and manpower requirements for decommissioning
;he]pi\o/pond are presented in Table C.7, Cost details are presented in
able C.8,

C.3,1 St ilization Alternati

The asphalt for the hard cover over the tailings pile/evaporation pond is
delivered to the site in tanker trucks, It is then transferred tc a self-
propelled soil stabilizer for application to thg surface of the pile/pond. The
asphalt is applied at an assumed rate of 50 &/m®, Two days are required to
complete this operation, which is performed by a work crew consisting of a
foreman, two equipment operators, and two laborers,

The soil used as backfill over the hgrd cover is hauled to the site in
10-m> dump trucks, Approximately 5,600 m” of soi) is required, After the soi)
is in place, it is graded to the specified contours and compacted with a
roller, Six days are required to complete this operation, which is performed
by a work crew that includes a foreman, two equipment operators, eight truck
drivers, and two laborers,

After the sof! cover over the pile/pond is compacted and contours are
established, the area is planted with grass. Two equipment operators and two
lahorers perform this operation,

The tota) cost of site stabilization 1s estimated to be about $334,000,
About half of this cos: is for the asphalt and the soil used to establish the
cover over the tailings pile,

The total annual cost of long-term care is estimated to be about $11,000.
Manpower costs represent almost 60% of this cost.,




Unit cost factors for the site stabilization and annual long-term care of
a tatlings pile are given in Table C.9, All of the cost ’cctoro (manpower,
equipment, materials, and soll analysis) are given in $/m® (area) occupied by
the tatlings pile,

C.3.2 Remova! Alternative

Two work crews, working at opposite ends of the pile/pond, are employed to
remove and package the residue from the pile/pond, Each crew includes three
equipment operators and three laborers, A foreman supervises the work, and a
health physics technician assists the crews, Bulldozers and front-end loaders
are us!d to break up the residue and load it into 1,2-m by 1,2-m by 2,4-m
(3.4-m") plastic-1ined plywood boxes for shipment to the shul\owilond burial
ground, Approximately 5,700 boxes are required for the 19,000 m” of tailings
residue and contaminated soil removed from the site, The boxes are shipped by
truck to the burial ground, Shioments are weight-limited, and are restricted
to four boxes per flat-bed trailer, Therefore, 1442 shipments must be made to
decommission the site,

After the contaminated material is removed, soil is brought from off-site
in 20«m”-capacity scraper-haulers to fill the hole, The site is then graded
and seeded with grass,

Approximately 114 work days (23 weeks) are required to remove the contami-
nated material and restore the site,

The tota! cost of the removal option is estimated to be about $31 mil-
1ion, Most of this cost (approximately 81%) 1s associated with the disposal of
the exhumed matorial, The waste management cost could be reduced by about
$1.6 million if the contaminated maser1cl was transported to the shallow-land
burial ground in plasticelined 10-m”-capacity dump trucks instead of being
packaged 1n plywood boxes, No savings through volume reduction 1s possible
since soil {n not compactible or combustible,

Unit cost factors for the removal of a tailings pile are given in
Table C,10, The cost factors for manpower, equipmer', materials, and soi)
analysis are given in $/m” (volume) of the tailings pile, 3The packaging,
transportation, and disposal cost factors gre given in $/m” of waste volume3
The waste volume unit factor 1s given in m” of waste volume generated per m of
tailings pile.

C.13
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JABLE C.7. Details of Estimated Time and Manpower Requirements for Decommissioning
a Tailings Pile/Evaporation Pond

Time & Equipment Truck Heaith Physics Total Rerpouer Costs
- DOperation __ (Psys) = Swervisor = Fforemsn Operstor Oriver _ Techmicisn  Lsborer Secretery Sen-deys (S thousends)
Site Stabilization Option
Plaming and Preparation 20 20 20 - - " -- 20 bl "7
Mobilize/Demobi Lize 2 1 2 & -- -- 4 -- " 3.1
Placemsnt of Asphalt 2 1 2 “ - 2 “ -- 13 L Y
Layer
Placement of Soil Cover " 3 “ 1?2 &0 2 2 -- s 9.2
Reveget ation - . s - ats = — = . 143
Totals 32 2% 30 2 40 % 2 20 7% Q.
Long Term Care (Rrnuei
values)
Administration 2 2 -- -- -- -- -- b “ 0.8
Site Maintenance 3 3 3 - - 3 -- ° 1.8
Ervirormental Surveil- ] - - 2 - - 2 2.3
lance
Vegetation Mamagement ) s o — =3 =22, - = il - 4
Totals 10 7 3 -- 2 " 2 27 5.9
Removal Option
“lanning and Preparation 20 20 20 -- -- 10 - 2 b "N
Mobi|ize/Demobi | i ze 4 2 “ b -- -- b -- 14 %%
Exhume and Package <0 &5 %0 =60 -- on <40 -- 1,308 %91
Tsilings
n-c:ﬂu v Bestore 20 " 20 0 100 -- ] -- el 54 0%
Site
Final Site Survey a .- " = s » = 22 = -, J
Totals 139 an 3% 504 100 e Y 2 1,857 32 60

(a) SO ancillary time is included in estimmtes.

(b) Charged half-time to project.

{c) Costs are in Jammry 1983 doilars. WMumber of cost figures shown is for computations! accuracy only.
(d) 25X contingency not inclutded.



TABLE C,8, Cost Details for Decommissioning a Tailings Pile/Eviporation Pond

e Cost (E !hg¥§!ngs)(‘)
ong-lerm Care Pive

Lost Item S;mnigmm (Annual Costs)  Removal
Manpower 42.9 5.2 438.%
Equipment 36,7 1.6 163.6
Materials 160.4 0.8 127.,0
Soil Analyses 7.9 1.6 11.1
Contractor's Feel®) 19.2 .. 201,%
Waste Management

Packaging .- .- 1,790,¢

Transportation .o .- 1,998.6

Disposal s e 20.26!,9
Subtotal 267.1 9.1 25,000.4
25% Contingency 66,8 2,3 6,250,1
Total 334 11 31,250

(a) Costs are in January 1988 dollars, Number of figures <..wn s
for computational accuracy only,

(b) Based on 8% of the sum of contractor's charges for manpower,
equipment, materials, and packaging.

TABLE C,9. Estimated Unit Factors for Site Stabilization and
' Long-Term Care of a Tailings Pile/Evaporation pona (@)

Long-Term Care

Cost Item Site Stabilication (Annual Costs)
Manpower (lenz of pond) 0.0086 0,0010
Equipment ($K/m of pond) 0,0073 0.,0003
Materials ($Kk/m¢ of pond) 0,0321 0,0002
Soil Analysis ($k/mé of pond) 0.0016 0,0003

(a) Costs are in January 1988 dollars.
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TABLE C..0, Estimated Unit Factor
DL L Pile/Evaporation Pond

Cost Item

Manpower ($k/m® of pile)
Equipment ($K/m® of pile)
Materials ($K/m® of pile)

Soil Analysis (iK/m3 of pile)
waste Volume (m3 waste/m3 of pile)
Packaging (SK/n3 of waste)
Transportation ($K/m3 of waste)
Disposal (&K/m3 of waste)

(a)

Costs are in January 1988 dellars,

t‘sor Removal of a Tailings

Unit Factor

0.0267
0.0100
0.0077
0,0007
1.158%
0.0942
0,1062
1.,0668
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APPENDIX D

COST ESTIMATING BASES

The cost information presented in this study is based on unit cost data
given in this appendix., Categories for which cost data are given include:
manpower, waste management (1.e., shipping container, transportation, and waste
disposal costs), and special equipment and supplies, The data are all given in
Januvary 1988 prices.

D.1 MANPOWCR COSTS

Salary data for the various decommissioning staff members are listed in
Table D.1., The 1978 data base is adjusted by a factor of 1,59 for all cate-
gories of labor based ?T the Handy-Whitman Index, to account for escalation
between 1978 and 1988,'%)

Decommissioning of laboratories 1s assumed to be performed by employees of
the owner/operator of the facility, Decommissioning of sites is assumed to be
performed by a contractor hired by the site owner. Overhead rates applied to
staff labor are expected to be significantly higher for the decommissioning
contractor than they are for the site owner/operator., These higher overhead
rates for a contractor apply because of the larger ratio of supervisory and
support personnel to direct labor that usually exists in contractor organiza-
tions and because of travel and living expenses associated with having person-
nel in the field rather than in an office. In Table D.1, an overhead rate of
50% is applied to direct staff labor for owner/operator personnel and an over-
head rate of 110% is applied to direct staff labor for contractor personnel,

The salary data in Table D.1 are given on an annual basis. To obtain a
daily rate, the annual salary is divided by 250.
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TABLE D.1. Decommissioning Staff Salary Data(®)

Ovnor/gon'or't Statt Contractor's Statt
Bas lc RETTRRY " WARUET™

Annue!  Overhesd  Charge-Oyt  Overhead Charge-Out
Salery Kete te Rete Rate
Pos |t ion ($) ($) ($) (5 () Reterence

Supervisor 42 300 m 71 900 1o 88 900 2
Foreman 3% 900 50 55 900 110 75 400 4
Lquipment Operstor 3% 900 50 53 900 110 7% 400 (b)
Craftaman 29 500 50 a4 300 1o 62 000 “
Techniclen 26 400 S0 42 600 110 59 600 3
Hea!th Physics Yechniclan 27 600 50 4) 300 10 57 900
Truck Driver 28 400 S0 42 600 10 59 600 (v
Laborer 28 400 50 42 600 "o 59 600 5
Secretery 22 100 50 33 200 110 46 500 (b)
(a) Adjusted to January 1988,

(v

Study estimate,
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D,2 MASTE MANAGEMENT COSTS

The radioactive wastes from decommissioning the two types of materials
facilities considered in this study are as follows:

e from laboratories: contaminated equipment (hoods, glove boxes,
exhaust filters and ducting, etc.), contaminated structural materials
(fioor coverings, chipped concrete, etc,), contaminated decommise
sfoning materials (rags, mops, sweeping compound, non-reuseable anti-
contamination clothing, etc.), contaminated decontamination
solutions, and contaminated soils

e from sites: contaminated equipment (drain lines, hold-up tanks,
etc.), conteminated tailings, and contaminated soils,

kWaste management includes the packaging of contaminated materials, transe
portation of the packeged waste to an approved disposal site, and disposal of
the waste, The costs of waste management are discussed in the following
subsections,

D.2,1 Shipping Container Costs

Shipping container requirements for decommissioning f!’t" from materials
facilities are discussed in Section D,3 of NUREG/CR-1764, Unit costs of
shipping containers and packing materials are given Table D,2.

D.2.2 Transportation Costs

Transport of radioactive waste materials from a non-fuel-cycle nuclear
facility to an approved disposal site or a centrally located superconpactor
facility is assumed to be accomplished by truck, The distance from the
facility to the disposal site or from the supercompactor facility to the
dispusal site is assumed to be 800 km, The distance from the facility to the
supercompactor facility is assumed to be 350 km, A rate schedule for truck
shipments of legal size and weight is shown in Tabie D.3. This table, which
forms the basis for transportation costs in this study, is reproduced froT yhe
published rates of a carrier licensed to transport radioactive materials, 6

The gross venicle weight (GVW) for normal shipments by truck (i.e., the
17gal weight) s assumed to be less than 21,77 Mg, The maximum allowed com-
mod ity weight without special equipment and special permission, for m?es
states, 15 about 33.11 Mg. Overweight charges by states vary widely, For
this study, the maximum allowed GVW and the overweight charges for the state of
Washington are assumed to apply. These overweight charges are shown in
Tanle D,4, An additional surcharge of $0.13 per km is imposed by the carrier
for shipments with commodity weights greater than 21.77 Mg. Shipments with
semmodity weights in excess of 33,11 Mg require special equipment and special
peraission, Carrier charges for these shipments would have to be determined on
a case-by-case basis,
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The GVW of an unloaded exclusive-use van or tractor-trailer is assumed to
be 14,52 Mg, Therefore the payload per shipment in an exclusive-use van 1s
21.77 My legal weiyht, Any vehicle exceeding 36,29 Mg GVW 1s considered to be
overweight,

The base transportation costs assumed in this study for truck shipments
are summarized in Table D.5,

To assure rapid turnaround on waste shipments requiring use of a Type B
overpack, a second driver is assumed to be required, at an additional cost of
$0.093 per kilometer,

D.2.3 Maste Disposal Costs

A basic assumption of this study is that all radioactive wastes from the
decommissioning of non-fuel-cycle nuclear facilities are disposed of by burial
at a shallow=1and burial ground. The burial costs are based on a January 1988
price 11st from U,S, £cology, Inc., which operates burial sites at Richland,
Washington, and Beatty, Nevada, and from Chem-Nuclets aystems. Inc., which
operates a burial site at Barnwell, South Carolina,'’* Disposal charges as a
function of dose rate at the container surface, container weight, and curie
content arc shown in Tables 0.6 and D.7.

A basic cost of SlOtS/m3 is assumed for shallow-land burifal at the
Richland site,
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« Unit Costs of Shipping Containers and
Packaging Materials

Estimated
Lten unit Cost ($)

208+t stee)! drum 23 each
113« stee! drum 2¢ each
Reinforced plywood box 82/’
Polyethylene Viner for steel drum 9 each
Cement (42,6-kg bag) 6/bag
Diatomaceous earth (45,4-kg bag) 12/bag
Cask rental for high activity 1 500/day

beta-gamma waste (Type B cask)
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TABLE D,3. Transportation Rates for Legal-Size and -Weight Shipments
(effective January 19, 1988)

I TEMT 4007 A Ieh Revined Page 47

g

TRI-STATE MOTOR TRANSIT CO
ITEM NO 5000 SECTION 11 - MILEAGE COMMODITY RATES (Cony)

MILEAGE COMMODITY RATES
COMMODITY Radioretive Waste (low level) 6ng empty conpinen therelon moving 10 or rom ponts of |
Wwating uniosding o Morage  (For raies on non radionctive helardous weste. see T |

Swie Moior Yreran Co Ten# 1ICC TEMY 4033 |

BETWEEN All pomts in the Uaited Swtes. except Alaske and Mewai a8 publisied in Scope of
Operating Righis published herein

GRATES IN CE' 'S PER MILE

Une Wey Misage Conme Commn Coume One War Mk age 1 Cowme | Calumn Commn |

iNot Ovan \ i 3 (Nt Oven ‘ \ : ]
100 Y 828 388 780 ' 183 208 Y
128 459 a8 us2 800 18 218 181
180 430 a4 208 050 174 214 161
178 a8 @12 64 00 173 Fir T
200 282 364 260 980 168 209 1851
226 34 349 247 1000 168 208 1
260 201 354 230 1100 168 204 8
27 28 EPH e 1200 166 20! 181
400 278 308 208 1300 168 1e9 181
a2 267 202 194 1400 166 196 1861
380 269 208 168 1600 188 197 181
as 249 204 18 1 600 168 198 181
400 237 273 1% 1700 0% 194 181
a8 230 287 172 1800 166 193 161
450 219 287 167 1900 168 192 181
475 e %51 164 2000 186 " 151
$00 200 2448 161 2100 166 190 1851
650 201 239 168 2200 166 168 151
600 196 208 161 2300 168 187 181
650 190 228 161 2400 188 186 161
200 187 204 15 2500 & Beyond| 168 184 181

NOTES

(1) Rates spply on lege! size and weight shupraerts per vahicle useo only  Overweight shipments ol exceeding »
prost venicie weight of B5.000 pounds shall be sublect 10 an aoditional charge of $0.21 per miie for each mile
aveled in 8 S1A1E . S1NS rOQUINNG OVerweph! Dermits. in addition 10 #ll other applicable charges. For rates on
shipments exceeding 85000 pounds gross venicle weight see Section (. ltem 2000 spplication

2)  Column | rates spplicatie 10 one -way thipments having & destination East of the Mississipo: River

(31 Column 2 reves applicabie 10 one - way ShipMments having & destination West of the M ssissipp: River
(CONTINUED)

The provisions publisned hereir il not it eNective. have an eMect on the quality of the human snvironment

For explanation of relerence marks and sbbreviations. see ltem 110
ISSUED: July 31, 1987 EFFECTIVE August 13 1887
lssued by: George Cain. Vice Presioent Tratic P © Box 113, Jophin, MO 64802
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TABLE U3, (contd)

ITEM NO. 3000 (Cont | SECTION i1 - MILEAGE COMMODITY RATES (Cont)

NOTES (Conunved
16)  Subiect 10 resinction, Column 3 ries appIy DALY 16 CONTINUOUS XU ION MOVES Ih whith & SUbRRQUENT ShipMment i

MeOe Svailabie 10 Carrer within 24 hours $"ver amval 81 peint of loading or uniosding  Only ene $10p 0 trensit
sliowed unper Column 3 retes. RESTRICTION: Cotumn 3 ratet will Aot Apply (h cONNECHON With Ehipments maving

wnaer tem B20 deachest of specinl eauipment spplication

(51 Minimum ghatge per 14p 10 be compuiles on besis of 100 onewey miles

4]
(6] When 1empnrature coNtroling van (raien of Shaideo van rellers are reauired. the reie shall be Besed on the round

11D Mmiles from POINt of GHGIN 10 SERUNELION ANG rEIUrn 1O pOIn of Brgin Cotumn 3 rates shall apply uniess traier o

NOL MISEsR0 10 ST within 24 hours st arrivel 8t point of unioading i which gase the inbound loaded
ovement and subs 1 empty move shall be subieet to the spplicabie Column 1 or Column 2 etes. When

COMPErRLUTE CONRLIO! (MG 8 PIOVIOE. & SECOND Srver & ASRIPNET and the charges in tem 30 will spply

THIS SPACE INTENTIONALLY LEFT BLANK

The provisions publisned herein will not it eMective. have an effect on ('@ Quality of the human environment

For explanstion of reterence marks and sbbrevistions. see ltam 110
1SSVED: July 9, 1888 EFFECTIVE August 16 1085

Isstod by: C M Mayer Vice Presgent P O Box '3 Jophn Mo 64802 Wi

AL L
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s Additional Charges when the Commodity Uoi:ht

Exceeds 21.77(
of Washington

Weight (Mg)

21.77 to
25.86 to
28,58 to
31,30 to
34,02 to
36.74 to
39.46 to
42.19 to

25,85
28,57
31,29
34,01(¢)
36,73(¢)
39,45(¢)
42,18(¢)
44,90(¢)

Greater than AQ.OO(C)

an)nosoo on Rates for the
’

h
0.062
0.124
0.186
0.280
0,466
0.621
0,932
1.087
1,243

km

(a) A flat charge of $25.00 is levied

in addition to the charges shown

in the table,
(b) From Reference 6,
(¢) Normally require special

equipment/permission,
TABLE D,5.
Status Poyload (Mg)
Legal(®) 21.17
Legal (P) 21,77
Overweight () 24,04
Overwe1ght(°) 24,04

(a)

(b)

GVW_(Mg)

36.29
36,29
38,55
38,55

Transportation Costs for Truck Shipments

Cost (3)

1213
759
1367
826

A one-way, 800-km shipment {destination west of
the Mississippi River) with a single driver is

assumed,

A ore-way, 350-km shipment (destination west of
the Mississippi River) with a single driver is

assumed,

D.8
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TABLE 0.6, Schedule of Disposal Charges. for Shallow-Land Burial at the
Richland, Washington, S!tzrt
| Dispossl Charges for Solid Low-Level Radioactive Waste in Packages
0.34 m” each or less
R/hr at
Container Surface Charge ‘§£m3)
0,00 - 0,20 1 045
0,201 - 1,00 1 098
1.00 - 2,00 1139
2,01 - 5,00 1183
5,01 - 10,00 1 298
20,01 - 40,00 1 589
Over 40.00 By Request
11 - Disposal Charges for Solid Low-Level Rad‘oactive Waste Disposable Liners
Removed from Shield (greater than 0,34 m’ each)
R/hr at Surcharge D1sposul
Container Surface Per Liner ‘!l Charge g!( )
0,00 - 0,20 No Charge 1 045
0,201 - 1,00 193.50 1 045
2,01 - 5,00 747,00 1 045
5,01 - 10,00 1 197 80 1 045
10,01 - 20,00 1 566,00 1 045
20,01 - 40,00 1 791,00 1 045
Over 40.00 By Request By Request

111 « Surcharge for Curies (per Load)

for Solid Low-Level Radioactive Waste

31/Load Surcharge
Less than 100 No Charge
101 - 300 $1 569.00 + $0.21/cH
Greater than 300 By Request

1V « Disposal Charges for Other Low-

Level Radioactive Wastes

Waste Stream Charge ‘![m3z
Aqueous Liquids in Vials, Less than 50 ml Each 1 290
Acueous Liquids, Absorbed 1 045
Biological Waste, Animal Carcasses 1111

V - Cask ilandling Fee: $550 each

From Reference 7.

(a)
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JABLE D,7. Schedule of Disposal Charges for Shallow-Land Burial at the
Barnwell, South Carclina, $1to?‘)

1 - Base Disposal Charges for Low-lLevel Radioactive Waste

Disposal

W tre Charge ($/m3)
Standard Waste 1 247
Biological Waste 1 308

I1 - Weight Surcharges for Low-Level Radioactive Waste

Surcharge/
Weight of Container (k Container ‘!)
0 - 453.¢ No Charge
453,7 - 2 268,0 40%
2 268,1 - 4 536,0 710
4 536,1 - 9 072.0 1 010
9 072.1 - 13 608,0 1 310
13 608,1 - 18 144.,0 1 91§
18 144,1 - 22 680.0 2 520
Greater than 22 680.0 By Request

111 « Curie Surcharues for Shielded Shipments of Low-Level Radioactive Waste

Ci/shipment surcharge/Shipment
0 - 5 2 500
> - 15 2 820
>15 - 25 3 750
>25 - 50 5 650
>50 - 75 6 900
>75 « 100 9 350
>100 « 150 11 200
>150 « 250 15 000
>250 - 500 18 800
>500 - 1 000 22 00
>1 000 - § 00C 30 000
>5 000 By Request
IV « Curie Surcharges for Non-Shielded Shipments Containing Tritium and
Carbon-14
Ci/Shipment Surcharges/Shipment ($)
0 - 100 No Charge
Greater than 100 By Request
V - Cask Handling Fee: $1000 each

Miscellaneous Surcharges: 2.4% of tota)l cost

(a) From Reference 8,
D.10



D.3 COSTS OF SPECIAL EQUIPMENT AND SUPPLIES

The equipment and supply needs for the decommissioning of laboratories and
sites are sufficiently different as to require separate treatment,

The costs of special equipment and supplies for decommissioning a labora-
tory are presented in Table D,8, Only those ftems that are postulated for use
in decommissioning and that represent a significant or special expense are
listed, Radiation survey equipment and equipment for the analysis of wipe
samples 1s not listed in the table., This equipment is assumed to be readily
available and not chargeable to decommissfoning because of its use during the
operational phase of the laboratory.

Decommissioning of sites is assumed to be performed by a contractor hired
by the site owner, Unit charges for equipment owned by the decommissioning
contractor are shown in Table D,9. The monthly charges shown in the table are
calculated on the basis of 6% of the capital cost of equipment and include
allowances for equipment deprecifation, maintenance and operating expenses
(e.9., fuel, lubrication, etc,), decontamination following use, and return on
investment, They do not include the operator's wage. Weekly charges are esti-
mated to be approximately one-third of the monthly charges.

Unit costs for suppiies and materials and for soils analyses associated
with decommissioning a rare-metals refinery tailings pile are listed in
Table D.10, The 1978 data base for Tables D.8 and 0,9 is adjusted by factors
determined frowgshe Producer Price Indexes to account for escalation between
1978 and 1988, The data for the Table D,10 is generated from the Pya‘ding
Construction Cost Data for 1988 and phone conversations with venaors,




T

« Unit Costs of Special Equipment and Supplies for Decommissioning
2 Nuclear Materials Processing and Use Laboratory
Estimatod(ggit
ltem Cost ($)
Equipnent
Steam Cleaner 1 900
Wet/Dry Vacuum 2 900
Powered Floor Scrubber 500
Oxyacetylene Torch 2 100
Nibbler 1 600
Ratcheting Pipe Cutter 80
Reciproceting Saw 300
Waste Compactor 24 000
Centrally Located Super Compactor (per n3) 300
Mobile Incinerator (per m3) 4 200
Paint Sprayer 800
Supplies
Anti-Contamination Clothing (per person per week) 90
Decontamination Solution (per 208-¢ drum) 650
HEPA Filter (24 x 24 x 11-1/2in) 250
Roughing Filter (24 x 24 x 11-1/2in) 125
Paint (per liter) 4.5
EDTA (per kilogram) 3.1
Oxalic Acid (per kilogram) 1.6
Citric Acid (per kilogram) 1.6
Polyethylene Sheet (per m) 1.75

(a) Adjusted to January 1988 prices,
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TABLE D,9. Charges f?: E?ntractor Fquipment for Decommissioning
’

of Sites
Estimated Estimated
Weekly Charge Monthly Charge
tem ($) ($)

Tractor, fam type 700 2 100
Grader, self-propelled 950 2 850
Roller, sheepsfoot, self-propelled 1 800 5 400
Front loader (2-m°-capacity) 1 400 4 200
Backhve (2-m3-capacity) 3 750 11 250
Bulldozer 1 650 4 950
Soi1 stabilizer, self-propelled 6 450 19 350
Scraper-hauler (20-m -capacity) 2 600 7 800
Dump truck (10-m3-capacity) 1 250 3 750
Lift truck (1C-Mg-capacity) 700 2 100
Crane, boom-type (10-Mg-capacity) 1 600 4 800
Light-duty drilling rig 4 150 12 450
Disc-harrow, tractor-drawn 250 750
Seeder, tractor-drawn 300 900

(a) Includes equipment depreciation, operating expenses (fuel,
lubrication, etc.), decontamination following use, and
return on investment. Does rot include operator's wage.

(b) Adjusted to January 1988 prices.



TABLE D,10. Unit Losts of Supplies, Materials, and 3011 Analyses for
Decommissioning a Rare-Metals Refinery iailings Pile

Estimated
Unit Cost (@)
Item Unit (%)
Backfi'1 (topsoil) n’ 13(b)
Backfil1 {common borrow) n’ 4,0(b)
Gravel (graded) m a,5(b)
Asphalt emulsion L 0.3
Seed kg 4.1
Fertilizer kg 0.3
Straw bale 2.1
Anti-contamination clothing per person per week 90
PVC pipe (0.15-m-diameter) m 20
Chain-1ink fencing (1.8-m-wide) m 30
Soil analysis each 160
Cutie Pie detector each 1000
G-M probe each 200
Gamma Scintillation probe each 1400
(3" x 3" crystal)
Ratemeter (log-lin,) each 1200
Phoswhich detector (5" diameter) each 9000

(a) Adjusted to January 1988 prices.
(b) Cost shown does not include delivery to

D.14
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APPENDIX E

I"'|

PROCEDURE FOR DEVELOPING A COST ESTIMATE

This a?pendix provides a procedure and the necessary data for quickly and
easily developing cost estimates for decommissioning individual laboratory com-
ponents and entire laboratories. While unique unit cost factors have not been
calculated for dealing with large industrial equipment that might be present in
some facilities, the factors provided herein are believed to be adequate for
use in developing first-order cost estimates for the decommissioning of such
large items as well as for the specific laboratory components considered in
this report., The purpose of this procedure is to provide a means for NRC staff
to generate their own cost estimate for a given facility, to compare against a
licensee's s bmittal,

E.1 INDIVIDUAL FACILITY COMPONENTS

The procedure for generating a cost estimate to decommission individual
laboratory components is given in Table E.1. The only parameter that needs to
be provided by the analyst using the procedure is DIM_PAR, mentioned in the
first steg of the procedure. The value of this parameter is either the tota)
volume (m”) of the component (fume hoo1 glove box, and hot cell), or the total
linear length (m) of the Eomponent (workbench, drain line, and ductwork), or
the total surface area (m®) of the component (walls and floors)., All of the
unit factor data needed in steps 2-8 are provided in Tables E.2 through E.9,
summarized from Appendix A, for the different facility components.

Table E.10 demonstrates use of the prosedure by estimating the cost to
decommission a fume hood contaminated with “H via the decontaminatiog option,
The total volume (DIM_PAR) of the fume hood is assumed to be 2.835 m”, the same
as the reference fume hood utilized in this study.

E.2 ENTIRE FACILITIES

The procedure for generating a cost estimate to decommission an entire
laboratory is given in Table E.11. The basic methodology of this procedure is
to utilize the procedure given in Table E.1 to calculate the cost to decommis~
sion each of the major individual components present in the laboratory. Each
of the individual costs (i.e,, manpower, equipment and supplies, etc.) are then
summed together to generate subtotals for each. The subtotal for equipment and
supplies is revised to account for the improved utilization possibie from
decommissioning several components as opposed to just one component, The
subtotal for manpower costs is revised to account for the planning and prep-
aration that occurs before decommissioning operations begin and to account for
the final radiation survey that is performed after decommissioning operations
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end, Finally, all of the subtotals costs are summed together and then
increased to reflect a contingency factor.

Table E,12 demonstrates use of the procedure by estimatigg the cost to
decommission the reference laboratory for the manufacture of “H-labeled
compounds.

£.3 ENTIRE SITES

The procedure for generating a cost estimate to decommission an element of
an industrial field site is given in Table E.13. This procedure allows for
exhuming of a tank and associated piping, removal of contaminated ground sur-
face, and either the site stabilization and long-term care of a tailings pile
or complete removal of the pile. Table E.14 summarizes the unit cost data from
Appendix C that is needed in this procedure. An example of the use of this
procedure to estimate the cost to remove a tailings pile from an industrial
field site is given in Table E.15, This tailings pile is the same as the ref-
erence tailings pile assumed in this study.

In addition, an industrial field site may have more than one element
requiring decommissioning, If this is the case, all that needs to be done is
to apply the procedure for each element and add the final costs tcgether to
generate a cost estimate to decommission the entire site.

Finally, in addition to the industrial field sites assumed in this study,
there exists many other different types of industrial facilities that use or
generate radioactive materials for one reason or another. Examples of these
types of facilities include those applying nuclear medicine, radiation sterili-
zation, activation analysis, food irradiation, manufacture of smoke detectors,
and so on. However, it was not within the scope ,f this addendum to generate
decommissioning costs for facilities other than those already present in
NUREG/CR-1754, For this reason, no procedure is provided to specifically allow
estimating the decommissioning of these types of facilities, although the
procedure for laboratories and laboratory components could, in most cases, be
used,

E.2
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TABLE E.1. Procedure for Developing a Cost Estimate for Decommissioning Individual Components

Step
Number Description Equation Units

1. Determine the dimensional parameter The NIM PAR parameter will have differ-
(DIM PAR) for the components to he ent units depending on the component
decommissioned as follows: heing decommissioned. The unit factors

in the equations below will correspond-
a. fume hood - velume (n3) of the ingly have different units., The units

hood of the unit factors are given in
h. qlove box - volume (m3' of the Tables F.2 - F.9 for each of the differ-
hox ent components,
c. hot cell - volume (m3) of the
cell
d. workbench - length (m) of
bench
e, sink and drain - length (m) of
drain line
f. ductwork - length (m) of
ductwork

g. walls - area (MZ) of walls
h. floors - area (m“) of floor

2.  Calculate the manpower cost to Cup = (UNIT Cyp) x (DIM_PAR) ($K/component )
decommission the component,

3 Calculate the cost of equipment and
supplies needed to decommission the
component ,

= (UNIT_Cpq) x (DIM_PAR) ($x/component )

i
m
w

|

4,  Calculate the quantity of waste V = (UNIT_V) x (DIM PAR) (m*/component )
generated, before volume reduction,
from decommissioning of the
component,

{contd)
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TABLE E.i1. (contd)

Step
Number Description Equation Units

5.  Calculate the volume reduction cost, Cyp = (UNIT Cyp) x (V) ($K/component )
if applicable, for supercompaction
or incineration,

6. Calculate the cost to package the Cp = (UNIT_Cp) x (V) ($¥/component )
waste,

r P Calculate the cost to tramsport the Cy = (UNIT Cy) x (V) { $K /component )
waste to the disposal site (and
regional volume reduction center,
if applicable).

8. Calculate the cost to dispose of the Cp = (UNIT_Cp) x (V) ($¥ /component )
waste,

%% Add up all of the calculated costs. SUB_TOT = Cup * Cpgg *+ Cyp *+ Cp ¢+ C; + Ch (3K /component )

10, Calculate the total estimated cost COST_TOT = (SUB_TOT) x (1.25) {$X/component )
ircluding a 25% contingency.

11. For hot cells only: Calculate the CR ¢ = (UNIT_CR;g) x (DIM_PAR) ($K/component )

salvage value of the lead present
in the hot cell.



TABLE E.2., Unit Factors for DECON of a Fume Nood(‘)

Unit Factors for DECON
f a Component Contaminated by the
Indicated Radioisotope

Unit Factor {Units) 3y 14 125 137cg 28l
Decontamination
UNIT Cywp (SK/m component ) 0.6 0,50 0,59 0,59 1,02
UNIT Cgg $K/m component) 0,64 0,66 0,64 0.64 0.64
UNIT_V (m waste/u component ) 8.3 0% N bW 0.37
UNIT_Cp (SKIm was'e) 0,18 0.26 0.,26 0,26 0.26
UNIT Ly (SK/m waste) 0,05 0,05 0,05 0,05 0.0%
UNIT Cp (SK/m waste) 1,06 1,05 1,05 1,08 1.0

Packaging & Disposal
w/0 Volume Reduction

UNIT_Cpp (SK/m component ) 0.57 0.57 0,57 0,87 0.76
UNIT_Cgs (SK/m componewt) 0.46 0,46 0,46 0.46  0.46
UNIT_V (m waste/m component ) 1.3 1,38 1,38 1,38 1,38
UNIT_Cp ($K/m® wacte) 0,10 0,10 0,10 0,10 0.10
UNIT_Cy ($K/m® waste) 0.05 0.05 0.05 0,056 0,08
UNIT_C, ($K/m’ waste) 1,06 1.05 1,06 1.056 1.08

Packaging & Disposal
w/Compaction & Supercompaction

UNIT Cup (SK/m component ) 0.95 0,95 0,95 0,95 1.14
UNIT Cgg ($K/m? component) 0.1 0,51 0.51 0,51 0.51
UNIT_V (m3 waste/m component ) 1.8 1,36 1,38 1,38 1.38
UNIT_Cyn (SK/m waste) 0.06 0,06 0,06 0.06 0.06
UNIT_Cp (SK/m waste) 0,04 0,04 0,04 0,04 0.04
UNIT Cy ($K/m3 waste) 0.02 0.02 0,0z 0.02 0.02
UNIT_Cy ($K/m® waste) 0.14 0,14 0,14 0.14 0,14
(contd)
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TABLE E.2, (contd)

Unit Facters for DECUN
of a Component Contaminated by the
Indicated Radioisotope

Unit_Factor (Units) <§;. llc‘ 125[ ‘572s 28l

Packaging & Disposal
w/Compaction & Incineration

UNIT_Cyp ($k/m® component) 0,95 0,95 0,95 0,95 1,14
UNIT Cgg ($K/m® component ) 0.51 0,51 0.51 0,51 0,51
UNIT_V (m" waste/m® component) 1,38 1,38 1,38 1,38 1,38
UNIT Cyp (SK/m® waste) 0.09 0,09 0.09 0.09 0,09
UNIT Cp ($K/m*® waste) 0.04 0,08 0,04 0,04 9,04
UNIT_Cp ($K/m® waste) 0.01 0,00 0.1 0,61 0,01
UNIT_C, ($t/m® waste) 0.24 0.24 0,24 0,24 0,24

(a) Costs are in January 1988 dollars,

£E.6



TABLE E.3, Unit Factors for DECON of & Glove Box(‘)

-

Unit Factors for DECON

of a Component Contaminated by the

Indicated Radioisotope

E.7

Unit Factor (Units) 3 . l4c 125 137¢¢ 24y,
Decontamination
UNIT_Cpp (sx/m component ) 3,08 2.26 3,08 --(®) 6,17
UNIT Lgs (SK/m component) 4,48 4,48 1,48 .- 4.48
UNIT_V (m wostc/m component ) 28 BT B e 2.57
UNIT_Cp (SK/m waste) 0,17 0.2 0,22 -- 0.22
UNIT Cy (SK/m waste) 0,06 0.06 0,06 =~ 0.06
UNIT_Cp (SK/m waste) 1,06 1,06 1,06 - 1,05
Packagin? & Disposal
w/0 Volume Reduction
UNIT_Cyp (sx/m component ) 3al 3,11 a1 .0 4.3
UNIT Cgs ($K/m component) 3.15 3,15 3,15 .- 3,i%
UNIT_V (m waste/m component ) 2,83 2.83 2,83 - 2,83
UNIT_Cp (SK/m waste) 0:81 0.8 DBl = 0.21
UNIT_Cy (Sn/m3 waste) 0.05 0,05 0,056 -- 0.05
UNIT_Cy ($K/m? waste) 1.06 1,06 1,06 -- 1,05
Packaging & Disposal
w/Compaction & Supercompact)on
UNIT_Cyp (SK/m component ) 433 4.33 4,33 --(®) 6,20
UNIT Ceg (SK/m component) 3,61 3,61 3,61 - 3,61
UNIT Vv (m3 waste/m component ) 2.83 2.83 2,83 -- 2.83
UNIT_§VR (SK/m waste) 0,056 0,05 0,05 =~ 0,05
UNIT Cp (SK/m® waste) 0.13 0,13 0,13 -- 0.13
UNIT_Cp ($K/m® waste) 0.02 0,02 0,02 - 0.02
UNIT Cp ($K/m* waste) 0.31 0.31 0.31 -- 0,31
(contd)



TABLE E.3. (cont.)

Unit Factors for DE ON
of a Component Contamina: ¢ by the
Indicated Radioiso (pe

Unit Factor (Units) L 3 14c 126) 137 28lpy

o —

Packaging & Disposal
w/Compaction & Incineration

UNIT_Cyp ($K/m® component ) 433 433 433 --(®) .20
UNIT Ceg ($K/m® component) 3.61  3.61 3.60 .- 3.61
UNIT V (m® waste/m® component) 2,83 2,83 2.83 -- 2,83
UNIT_Cyp ($K/m? waste) 0,18 0.18 0,18 == 0.18
UNIT_Cp ($K/m® waste) 0,11 0.1 011 == 0.11
UNIT_Cp ($K/m® waste) 0.02 0,02 0,02 -- 0.02
UNIT_Cp ($K/m® waste) 0,35 0,35 0.3 -- 0,35
(a) Costs are in January 1988 dollars,

(b)

There are no glove boxes in the reference 137Cs laboratory facility.

£.8
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TABLE F.4 Unmit Factors for DECON of a Hot Cel1(2)

Packaging Packaging  Packaging & Packaging §

% Disposal & Disposal Disposal w/ Disposal w/

w/o Volume w/o Volume Compaction Compaction

Reduction Reduction and Super- and incen-

w/n Lead w/Lead compactinn w/ eration w/

Unit Factor (Units) Decontamination _Salvage Salvage  Lead Salvage Lead Salvage

UVNIT Cyn ($K/m> component ) 1.07 0.85 1.71 1.90 1.90
UNIT Cgq (SK/n3 component ) 0.92 0,77 .83 0.88 0.88
UNIT_¥ (m3 waste/m3 component ) 0.38 0.38 0.38 0.38 0.38
UNIT £yp ($K/m® waste) -- - -- 0.02 0.18
UNIT Cp ($K/m> waste) 0.26 0.41 0.52 0.27 0.25
UNIT C; ($K/m> waste) 0.05 0.05 0.05 0.08 0.03
UNIT_Cp ($K/m> waste) 1.05 1.05 1.05 0.72 0.72
UNIT_CR, ¢ ($K/m> component) - - 3.81 3.4 1.81

(a) Costs are in January 1988 dollars.



TABLE E.5. Urit Factors = DECON of a Workbench(2)

Unit Factors for DECON

of a Component Contaminated by the

Indicated Radioisotope

Unit Factor (Units) .ihi_
Decontamination

UNIT Cyp ($K/m component) 0,09
UNIT Cpg ($K/m component) 0.14
UNIT_V (m® waste/m component ) 0.09
UNIT_Cp ($K/m® waste) 0.18
UNIT_Cy ($k/m® waste) 0,06
UNIT_C; ($K/m® waste) 1,05

Packaging & Disposa)
w/0 Volume Reduction

UNIT Cyqp ($K/m component) 0.18
UNIT Cgg ($K/m component) 0.13
UNIT_V (m3 waste/m component) 1,09
UNIT_Cp ($K/m® waste) 0.08
UNIT_Cy ($K/m® waste) 0.05
UNIT_C, ($K/m® waste) 1,08

Packaging & Disposal
w/Compaction & Supercompaction

UNIT_;MP ($K/m component) 0.26
UNIT Cgg ($K/m component) 0.13
UNIT_V (m® waste/m component, ) 1,09
UNIT Cyp (SK/m® waste) 0,06
UNIT Cp ($k/m? waste) 0,03
UNIT_Cy ($K/m® waste) 0.01
UNIT_Cp ($K/m? waste) 0.30

(a)

Costs are in January 1988 dollars.

14, 125, 137 Al
0.09 0,09 0,09 0,09
0.14 0.14 0,14 0,14
0.09 0,09 0,09 0,09
0.29 0.29 0.29 0.29
0.06 0,06 0,06 0,06
1.06 1,06 1,05 1.0%
0,18 0,18 0,18 0.18
0.13 0.13 0.13 0.13
1.09 1.09 1,09 1.09
0.08 0,08 0,08 0.08
0.05 0,05 0.05 0,08
1.0 1,05 1,05 1.0%
0.26 0.26 0,26 0.26
0.13 0,13 0.13 0.13
1.09 1,09 1,09 1.09
0.06 0,06 0,06 0.06
0.03 0.03 0,03 0.03
0.01 0,01 0.01 0.01
0.30 0,30 0,30 0.30



TABLE E.6. Unit Factors for DECON of a Sink and Drain Line(d)
Unit Factors for DECON

of a Component Contaminated by the
Indicated Radioisotope

Unit Factor (Units) W Mg 125, 137¢, 2y,
Decontamination

UNIT_Cyp ($K/m component ) --(®) 0,05 0,056 0,05 --(b)
UNIT Cgg ($K/m component) .- 0.03 0,03 0,03 .-
UNIT_V (m® waste/m componert) .o 0.02 0,02 0,02 .-
UNIT_Cp ($K/m® waste) - 0,15 0,15 0,16  --
UNIT_Cy ($K/m® waste) -- 0,05 0.056 0,05 -
UNIT_C, ($K/m® waste) - 1.08 1,06 1,08 -

Packaging & Disposal
w/0 Volume Reduction

UNIT Cyp ($K/m component) --®) 0,07 0.07 0.7 --(b)
UNIT_pES ($K/m component) “- 0,05 0,05 0,05 -
UNIT_V (m3 waste/m component) - 0.05 0.05 0,05 -
UNIT_Cp ($K/m® waste) .- 0.15 0.15 0.5  --
UNIT_Cy ($K/m® waste) -- 0.056 0,05 0.05  --
UNIT_Cp ($K/m® waste) - 1.05 1.05 1.06  --

Packaging & Disposal
w/Compaction & Supercompaction

UNIT_Cyp ($K/m component) () 0,00 0.09 0.09 --(b)
UNIT Cs ($K/m component) - 0,05 0,05 0,0% --
UNIT_V(m3 waste/m component) - 0,05 0,05 0,05 --
UNIT_Cyp (SK/m® waste) -- 0.06 0.06 0,06 -
UNIT_Cp ($K/m® waste) .- 0.03 0.03 0,03 --
UNIT_Cy ($K/m® waste) -- 0.0i 0,01 0,01 --
UNIT_Cp ($K/m? waste) .- 0.09 0.09 0.09 --

- ——

(a) Costs are in January 1988 dollars, 3 241
(b) There are no sinks in the reference “H and Am laboratory

facilities.

E.11



TABLE E.7. Unit Factors for DECON of Ventilation Ductwork'®’

Unit Factors for DECON
of a Component Contaminated by the
Indicated Radioisotope

Unit Factor (Units) 3H 1“C 1251 1§7bs 4 Am

Packaging & Disposal
w/0 Volume Reduction

UNIT_Cyp ($X/m component) 0,05 0.06 0,05 0,05 0,06
UNIT Ceg ($K/m component) 0.03 0.03 0.03 0,03 0,03
UNITV (m® waste/m component)  0.14 0,14 0.14 0,14 0,14
UNIT_Cp ($K/m® waste) 0,10 0,10 0.10 0,10 0,10
UNIT Cp ($K/m® waste) 0.06 0,05 0,06 0,05 0,08
UNIT_Cpy ($K/m® waste) 1.06 1,06 1,05 1,05 1,0

Packaging & Disposal
w/Compaction & Supercompaction

UNIT Cyp ($K/m component) 0.06 0.06 0,06 0,06 0,08
UNIT_Cgg ($K/ir component) 0.03 0,03 0,03 0.03 0,03
UNITV (n® waste/m component)  0.14 0.4 0,14 0,14 0,14
UNIT Cyp ($K/m® waste) 0.06 0.06 0.06 0,06 0,06
UNIT_Cp (8K '~ waste) 0.03 0,03 0,03 0.03 0,03
UNIT_Cy ($K,i ' waste) 0.01 0,01 0,01 0,01 0,01
UNIT_Cp ($K/m® waste) 0.09 0.09 0,09 0.09 0,09

Packaging & Disposal
w/Compaction & Incineration

UNIT_Cyp ($K/m component ) 0.06 0.06 0.06 0,06 0,08
UNIT Cgg ($K/m component) 0.03 0,03 0.03 0,03 0,03
UNIT_V (m® waste/m component) 0,14 0,14 0,14 0,14 0,14
UNIT_Cyp (8K/m? waste) 0,08 0,08 0.08 0.08 0.08
UNIT_Cp ($K/m® waste) 0.02 0,02 0.02 0,02 0,02
UNIT_Cp ($K/m® waste) 0.01 0,00 0,01 0,01 0,01
UNIT_Cp ($K/m® waste) 0.19 0,19 0.9 0,19 0,19

(a) Costs are in January 1988 dollars.



TABLE €.8. Unit Factors for DECON of wal1s(a)

Unit Factors for DECON

of a Component Contaminated by the

Indicated Radioisotope

unit_Factor (Units) W% dey Wi, Wiy
Decantamination
UNIT_Cyp ($K/m® component ) 0.06 0,06 0,06 0,06 0,06
UNIT_Cgg ($K/m? component) 0.04 0,04 0,04 0,08  0.04
UNIT_V (m® waste/m? component) 0.05 0,05 0,05 0,05 0,0%
UNIT_Cp ($K/m® waste) 0.19 0.19 0.33 0.3 0.3
UNIT_Cy ($K/m’ waste) 0.05 0,05 0,05 0.056 0,06
UNIT_Cy ($K/n® waste) 1,05 1,06 1,05 1,08 1.05

(a)

Costs are in January 1988 dollars.
TABLE E.9. Unit Factors for

of a

DECON of Floors'd)

Unit Factors for DECON

Component Contaminated by the

Indicated Radioisotope

Unit Factor (Units) 3y ! 1“C 1251 137Cs 241Am
Decontamination
UNIT Cyp ($K/m? component ) 0.03 0,03 0.03 0,03 0,03
UNIT_Ceg ($K/m® component) 0.03 0.03 0.03 0.03 0,03
UNIT_V (m3 waste/m2 component ) 0,04 0,04 0,08 0,04 0.04
UNIT_Cp (8$K/m® waste) 0.33 0.33 0.33 0.33 0,33
UNIT_Cy ($K/m® waste) 0.06 0.06 0,06 0.06 0,06
UNIT_Cy ($K/m® waste) 1,05 1.05 1.05 1.06 1.0

(a)

Costs are in January 1988 dollars.
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TABLE E.10. Example: Generat’-gg a Cost Estimate to Decontaminate a Fume Hood
H

Contaminated with

Step Number Numerical Value of Parameter Cost Calculation
1 DIM PAR = 2,835 NA
2 UNIT Cpp = 0.57 Cup = (0.59) x (2.835) = $1.67K
3 UNIT Cgg = 0.64 Ces = (0.64) x {2.835) = $i.81K
a UNIT V = 0.37 V = (0.37) x (2.835) = 1.05 m°
5 UNIT Cyp = NA NA
6 UNIT Cp = 0.18 Cp = (0.18) x (1.05) = $0.19%
7 UNIT Cy = 0,05 Cy = (0,05) x (1.05) =
8 UNIT_Cp = 1.05 Cp = (1.05) x (1.05) = $1.10K
9 NA SUB_TOT = 1.67 + 1.81 + 0.19 + 0.05 + 1.10 = $4.8%
10 NA COST_TOT = (4.82) x (1.25) = $6.03K
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e e N

TABLE F.11. Procedure for Developing a Cost Estimate for Decommissioning Entire Laboratories

Step
Number Description Equation

1. Determine the number and types of the major individual
components present within the laboratory.

s Calculate the costs to decommission each of the different
types of components by performing steps 1-8 in the
procedure given in Table E.l.

3. Sum up similar costs for all components (NC = Number of NC
Components ). COST TTpp = 5 Cypli)
i=]
NC
COST T0Tgg = s Cggli)
i=1
NC
COST TOTyp = s Cygli)
i=]
NC
COST_TOTp = s Cpli)
i=]
NC

COST_TOTy = s Cyli)
i=1

NC
£OST_TOT, = L Cpfi)

{contd)



91" 7

TABLE E.11. <{contd)

Step
Number Description Fquation

4, Revise the equipment and supplies total cost to reflect COST_TO0Tgg = COST_TOYES x 173
improved utilization,

5. Revise all costs to reflect the additional costs to COST_TOTyp = COST TOTpp x 1.20
decommission miscellaneous components (i.e., refriger- COSY_T07¢ = COST T0Tgg x 1.20
ators, freezers, cabinets, ceilings, etc.) COST T0Typ = COST T0Typ x 1.20

cosT 1ofp = cosTTOTE % 1.20
CHS‘I:TOTD = COST_-_TOTD x 1.20

6. Revise the manpower total cost to reflect the planning COST_TOT"P = COST_TOT” x 1.5
and preparation that occurs before decormmissioning
operations begin and to reflect the cost of the final
radiation survey.

9 For transurunic laboratories only: Revise the manpower COST _TOTyp = COST TOTpp x 1.25
and equipment and supplies cost to reflect the added COST:TOTES = COSC'I‘OTES x 1.2%
hazards of decontaminating a lahoratory contaminated with
transuranic elements,

], For cases involving both the decontamination and volume COST_TOTyp = COST_TOT,p/(0.8)
reduction options: Revise the volume reduction, packag-
ing, transportation, and disposal costs to reflect the COST_TO0T, = (COST mt,) x {(0.8)
additional volume reduction of waste generated from COST 0T, = (COST_T0T,) x (0.R)
decontamination operations (waste generated from the COST_TOT, = (COST_T0Ty) x (0.8)
packaging and disposal option have already heen accounted
for).

9 Add up all of the calculated costs. SUR_TOT = COST_TOT,p + COST

{contd)

TOTES + T 10T +
COST_TOT, + 'Cbsr_'}m, -
COST_YO0T,
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TABLE E.11. (contd)

Step
Number Description Equation
10.  Calculate the tota! estimated cost including a 25% COST_TOT = (SUB_TOT) x (1.25)
contingency.
& 1 For hot cells only: Calculate the salvage vaiue of the NC
lead present in the hot cells by performing step 11 in SV = I CRg(i)
the procadure given in Table E.1. Sum over all hot i=1

cells.
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TABLE E,12, Example: Generating a Cost Estinatt ‘o Decontaminate a Laboratory for the
Manufacture of “H-Labeled Compounds'?®

Step
Number Cost Calculation
1. e 5 fume hoods with a volume of 2,835 - each; 3 are decontzminated, 2 are packaged for
disposa! with no volume reduction
e 6 glove boxes with a volume of 0,324 w3 each; 3 are decontaminated, 3 are packaged for
disposal with no volume reduction
e 20 linear meters of workbenches
e 40 linear meters of ventilation ductwork
e 132 m? of wall space
e 120 mz of floor space.
2. fume hoods: Cyp = 8.25 glove boxes: Cyp = 6,02
Cgs = 8.05 Ces = 7.42
p - 1035 P = l.m
CT = 0.55 CT = 0.29
= e s
Cp = 11,52 Ch 5.51
workbenches: Cyp = 1.80 ductwork: Cyp = 2.00
C s = 2.80 r"§ = 1,20
p = 0.32 P = 0.56
Cy = 0.11 Cy = 0.28
CD = 1.89 CD = 5.88
walls: Cyp = 7.92 floors: Cyp = 3.60
C S - 5.28 C S = 3.60
P = 1.25 p = 1058
CT = 0,33 CT = 0,29
Cp = 6,93 Cp = 5.04
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Step
Numbher

3.

TABLF £,12. (contd)

Cost Calculation

COST_TOTyp = 8.25 + 6,02 + 1.80 + 2.00 + 7,92 + 3,60 = 29.59
COST T0Tgg = 8.05 + 7.42 + 2,80 + 1.20 + 5.28 + 3.60 = 28.35
COST-TOTVR = NA

COST YOTp = 1.35 + 1.00 + 0,32 + 0.56 + 1.25 + 1,58 = 6.06
COST 70Ty = 0.55 + 0.29 + 0.11 + 0,28 + 0,33 + 0,29 = 1.85
COSf___TOTO = 11,52 + 5,51 + 1,89 + 5,8 + 6,93 + 5.04 = 36,77

COST_TOTgg = (28.35) x (1/3) = 9.45
COST TOTyp = (29.59) x 1.20 = 35.51
COST T0Tgs = (9.45) x 1.20 = 11.34

COST YOTp = (6.06) x 1.20 = 7.27

COST 10Ty = (1.85) x 1.20 = 2.22

COSTYOTy = (36.77) x 1.20 = 84,12

COST TOTyp = (35.51) x (1.5) = 53.26

SUB_TOT = 53.26 + 11,34 + 7.27 + 2,22 + 44,12 = 118.21

COST_TOT = (118.21) x (1,25) = 147,76

{a) Costs are in thousands of Janua~y 1988 dollars,



TABLE E.13. Procedure for Developing a Cost Estimate for Decommissioning
Industrial Field Sites

Step
Number Description Equation Units

1 Determine the dimensional param- The DIM_PAR parameter will have different units
eters (DIM PAR) for each element depending on the characteristics of the site
of the site that requires decom- element being decommissioned., The unit factors
missioning as follows: in the equations below will corresponingly have
different units., The units of the unit factors
a. Exhumation of tank and drain are given in Table £.14 for each of the different
pipe - depth that the pipe is possible site elements.
buried (m), the rectangular
volume occupied by the_tank
and drain pipe (H in m3), and
the linear length of the
drain pipe (L in m)
b. Removal of contaminated
ground - total area of the
site to decommis-
sioned (m®)
c. Site stabilization of a taii-
ings pile/evaporation pond -
total aEea occupied by the
pile (m©)
d. Removal of 2 tailings pile/
evaporation pond - toSal
volume of the pile (m”)

02°3

2. Calculate the manpower costs to Cup = (Uﬂlt_pnp) X (Dlﬂ_?AR) ($x)
decommission the site element.

3. Calculate the equipment costs to Cg = {UNIT_Cg) x (DIM_PAR) (sx)
decommission the site 2lement,

4, Calculate the cost of the mate- Cy = (UNIT_Cy) x (DIM_PAR) ($x)
rials needed to decommission the
site element.

(contd)
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Step
Numher

TABLE E.13. (contd)

Descripticn

Equation

Units

5.

10,

11,

12.

Calculate the cost for soil

analyses necessary during decom-

missioning of the site element,

a. For contaminated group and
tailings piles

b. For tank and drain line

Calculate the volume of low-level
waste generated from decommis-
sioning of the site element,

Calculate the cost to package
the waste,

Calculate the cost to transport
the waste to the low-level waste
disposal site,

Calculate the cost to dispose of
the waste at a low-level waste
disposal site,

Calculate the fee for the con-
tractor performing the decommis-
sicning work.

Add up all of the calculated
costs,

Calculate the total estimated
cost, including a 25%
contingency.

(U“IT_CSA) X (Dlﬂ_PAR)

g

CSA = (U'"T_CSA) x (L)
V = (UNIT_V) x (DIM-PAR)

(%)
w
"

(UNIT Cp) x (DIM-PAR)

()
-
"

(UNIT Cy) x (DIM_PAR)

[
2
"

(UNIT_Cp) x (DIM_PAR)

Cc = (Cup + Cp + Cy + Cp) x (0.08)

SUB_TOT = Cyp + Cg + Gy + Cs * Cp * Cp * Cp * Cg

COST_TOT = (SUB_TOT) x (1.25)

(3x)
(3x)

(m

($x)

(3K}

(3x)

(3x)

(3x)

($K)



TABLE E.14. Unit Factors for DECON of an Industrial Field Site(?)

Unit Factor (Units) Y Value of Unit Fector

Tank and Drain Pipe:

URIT Cpp ($K/m3 of tank and drain pipe) 3.23 + 0,29 H(b)

UNIT_Ce ($K/m® of tank and drain pipe) £.90 + 0,26 H(P)

UNIT Cy (SK/m3 of tank and drain pipe) 0.50 + 0,05 HiP)

UNIT Cgp ($K/m of pipe) 0.32

UNIT_V (n3 waste/m3 of tank and drain pipe) 1,40

UNIT P ($K/m® waste) 0.10

UNIT_T ($K/m® waste) 0.0%

UNIT D ($K/m® waste) 1,05
Contaminated Ground:

UNIT Cyo ($K/mé of site) 0,008

UNIT_C¢ (($K/n? of site) 0.004

UNIT_Cy ($K/m of site) 0.002

UNIT Cga (8K/n? of site) 0.008

UNIT_V (m? waste/m? of site) 0.100

UNIT P ($K/m® waste) 0.094

UNIT_T ($K/un° waste) 0.103

UNIT D ($K/m® waste) 1.066

Tailings Pile/Evaporation Pond:
Site Stabilization

UNIT Cyp ($K/m? of site) 0.0086

UNIT Cg ($K/mé of site) 0.0073

UNIT_Cy ($K/n® of site) 0.0321

UNIT Cgp ($K/mé of site) 0.0016
(contd)

£.22



TABLE E.14. (contd)

Unit Factor (Units) Value of Unit Factor

Annual Long-Term Care

UNIT Cyp ($K/m? of site) 0.0010
UNIT_C¢ ($K/n? of site) 0.0003
UNIT_Cy ($K/m? of site) 0.0002
UNIT_Cgp (SK/n? of site) 0.0003
Remoyal

UNIT Cyp (8K/m3 of pile) 0.0267
UNIT_Cg ($K/m® of pile) 0.0100
UNIT_Cy ($K/m3 of pile) 0.0077
UNIT Cgp ($K/m® of pile) 0.0007
UNIT_V (m® waste/m® of pond) 1,1585
UNIT_P ($K/m® of pile) 0.0942
UNIT_T ($k/m3 of pile) 0.1062
UNIT D ($K/m® of pile) 1.0668

(a) Costs are in January 1988 dollars,
(b) H is the depth at which the drain line 1s buried.

£E.23
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TABLE E.15. Example: Generating a Cost Estimate to Decontaminate
an Industrial Field Site by Removing a Tailings Pile

N?n:;gr Numerical Value of Parameter Cost Calculation

1. DIM PAR = 16,400 m>

2, UNIT Cyp = 0.0267 Cup = (0.0267) x (16,800) = $437.88K

a UNIT_C¢ = 0.0°00 Ce = (0.0100) x (16,400) = $164,00K

4, UNIT Ty = 0.0077 Cy = (0.0077) x (16,400) = $126.28K

5s UNIT Cgp = 0.0007 Cgp = (0.0007) x (16,400) = $11.48K

6. UNIT V = 1,1585 v = (1.1585) x (16,400) = 18,999.4 m°

T UNIT_P = 0.0942 Cp = (0.0942)(18,399.4) = $1789,74K

8. UNIT_T = 0.1052 Cr = (0.1052)(18,999.4) = $1998.74K

9. UNIT_D = 1.0668 Cp = (1.0668)(18,999.4) = $20,268.56K

10. NA Cc = (437.88 + 164,00 + 126,28 + 1789.74) x (0.08) = $201.43K
11. NA SUB_TOT = 437.88 + 164.00 + 126,28 + 11.48 + 1789.74 +

1998.74 + 20,268.56 = $24,998«
12. NA TOT_COST = (24,998)(1.25) = $31,248«
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