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Cost information is dcveloped for the conf'cptual dccommxsswmng of non-fuel-cycle nuclear facilities that representa
significant decommissioning task in terms of decontamination and disposal activities. This study is a re-evaluation of the .
original study (NUREG/CR-1754 and NUREG/CR-1754, Addendum 1). The rcfercnce facmtxes examined in this study are .
the same as in the original study and include: : . ‘

* alaboratory for the manufacture of ’H-labcled compounds " -

* alaboratory for the manufaclurc of ¥C-labeled compounds .

* a laboratory for the inanufaclurc of W].]abeled compounds | .
+ alaboratory for. the manufacture of *'Cs sealed sources

+ a laboratory for the manufacture of *'Am sealed sources

« aninstitutional user laboratory.

In addition to the laboratories, three reference sites that require some dccomm:ss:omng cffort were alsoexamined. These
sites are:

* a site with a contaminated drain line and hold-up tank
* asite with a contaminated ground surface
* atailings pile containing uranium and thorium residues.

Decommissioning of these reference facilities and sites can be accomplished using techniques and equipment that are in
common industrial use. Essentially the same technology assumed in the original study is used in this study.

For the reference laboratory-type facilities, the study approach is to first evaluate the decommissioning of individual compo-
nents (¢.g., fume hoods, glove boxes, and building surfaces) that are common to many laboratory facilities. The information
obtained from analyzing the individual components of each facility are then used to determine the cost, manpower require-
ments and dose information for the decommissioning of the entire facility. DECON, the objective of the 1988 Rulemaking
for materials facilities, is the decommissioning alternative evaluated for the reference laboratories because it results in the
release of the facility for restricted or unrestricted use as soon as possible. For a facility, DECON requires that contaminated
components either be: 1) decontaminated to restricted or unrestricted release levels or 2) packaged and shipped to an
authorized disposal site. This study considers unrestricted release only. The new decommissioning criteria of July 1997 are
too recent for this study to include a cost analysis of the restricted release option, which is now allowed under these new
criteria.

The costs of decommissioning facility components are generally estimated to be in the range of $140 t0 $27,000, depending
on the type of component, the type and amount of radioactive contamination, the remediation options chesen, and the
quantity of radioactive waste generated from decommissioning operations. Estimated costs for decommissioning the
example laboratories range from $130,000 to $205,000, assuming aggressive low-level waste (LLW) volume reduction. If
only minimal LLW volurme reduction is employed, decommissioning costs range from $150,000 to $270,000 for these
laboratories. Onthe basis of estimated decommissioning costs for facility components, the costs of decommissioning typical
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non-fuel-cycle Iaboratory facilities are estimated to range from about $25,000 for the decommissioning of 2 small room
containing one or two 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 alternatives 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 decommis-
sioning three reference sites range from about $130,000 for the removal of a contaminated drain line and hold-up tank to
more than $23 million for the removal of a tailings pile that contains radioactive residue from ore-processing operations in
whxch tin slag is processed for the recovery of rare metals. -

Total occupational mdiation doscs gcncmlly range from 0.00007 person-rem to 13 persan-rem for decommissioning the
laboratory facilities of this study.

The results of this study are: (1) decommissioning costs have continued to increase since publication of the original study,
due primarily to rapidly escalating costs for disposal of radioactive wastes at the available LLW burial sites; (2) these swiftly
increasing LLW disposal costs provide a significant incentive for NRC licensees to effectively manage LLW generation,
treatment, and disposal from decommissioning activities; and (3) decommissioning costs have increased on the order of 34%
to 66 since the Final Decommissioning Rule was issued in 1988, due in large part to the 3.5-fold increase in burial costs.
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1 Introduction -

* This report contains the results of a study sponsored by .
the Nuclear Regulatory Commission (NRC) to concep-
tually decommission non-fuel-cycle nuclear facilities.

. The information provided in this report is a re-analysis of
the decommissioning of the facilities and sites considered
in NUREG/CR-1754 and its Addendum.®® This infor-
mation will be used by the NRC to'develop financial
assurance rulemakings for by-product, source, and speciat
nuclear materials licensees. The material in this report
may also be useful to the licensees in planning for the
decommissioning of their facilities. This report covers
two broad categories: facilities and sites. As used herein, -
afacility is a building whose internal contents (walls,
floors, ceilings, and equipment) are to be decommis-

‘sioned. Site, as defined in this repont, is an external area
or volume (not a building) which contains elements that
require decommissioning, such as a hold-up tank, a con-
taminated ground surface, or a tailings pile/evaporation
pond. Decommissioning a site means decommissioning
one or more of these site elements.

The example facilitics decommissioned in this study are
the same as those used in Reference 1 and are considered
* representative of actual facilities. The reference labora-
tory facilities include individual laboratories for (1) the
manufacture of radiochemicals and sealed sources and
(2) institutional Jaboratories where radioisotopes are used.
The'study approach used for these facilities is to describe
the decommissioning of components, such as fume hoods,
glove boxes, building surfaces, and exhaust system duct-
work, that are common to many facilities. Example -
laboratories are then analyzed using data for individual
components (the unit-component approach) to provide
" representative information about the costs of decom-
missioning entire facilities. This study analyzes the
decommissioning of example laboratories to unrestricted
release levels by the immediate removal of contaminated
components and material and disposal of waste at
authorized sites. Facilities may also be decontaminated to
restricted release levels; however, the new radiological
criteria permitting this®™ are so recent that it was not
possible to incorporate cost estimates for the restricted
release case into this study.

1.1

The reference sites are actually site elements for which
some effort would be required to remove the radioactive
contamination. The site elements analyzed includea
contaminated underground drain line and hold-up tank, a
contaminated ground surface, and a tailings pile/
evaporauOn pond contammg the radioactive residue from
ore processing operations in which rare metals are recov-
ered from ores containing licensable quanuues of thonum
and uranjum. Analysis of the dccommxssxomng require-
ments for these site elements is intended to provide - .
examples to assist in estimating the requirements and
costs of decommissioning sites with similar radioactive
contamination. The decommissioning alternatives
analyzed for these sites are (1) site stabilization followed
by long-term care and (2) remaval of the waste or con-
taminated soil to an authorized disposal site.

Estimates are made of manpower requirements, work
schedules, material and equipment needs, waste man-
agement requirements, and occupational radiation doses
for decommissioning facility components, example
laboratory facilities, and site elements by the decom-
missioning alternatives described previously. Decommis-
sioning techniques are chosen that represent current, well-
established technology and that conform to the principle
of keeping public and occupational radiation doses as low
as reasonably achievable (AL.ARA). Since the publi-
cation of the base study,'? promising new technologies
are beginning to be applied (Chapter4) to the decommis-
sioning of nuclear facilities. However, because these
technologies are not yet widely availsble, and because
data concerning their cost and effectiveness are sparse,
nane of these new technologies is used in decommis-
sioning facilities in this study.

Following this introductory chapter, a summary of the
important information and results of this study are
presented in Chapter 2. Chapter 3 contains a review of

.decommissioning experience at three non-fuel-cycle
‘nuclear facilities. Advanced technologics are coveredin .

Chapter 4. Chapters 5, 6, and 7 present the results of the
analyses for decommissioning facility components,
reference faoilities, and reference sites, respectively. The
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study results are discussed in Chapter 8. Cost estimating
bases and algorithms are presented in Appendices A and
B. Appendices C through E provide the details of the
decommussioning analyses set forth in the main report.
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The objccu\'c of tlus study is to provide relevant mforma
tion on the technology and casts for decommissioning N
non-fuel-cycle nuclear facilities. The information inthis
report updates the information already provided inthe
original document and its addendum on the same sub-
ject'®. This study provides information for use by NRC
staff in the development of financial assurance rule- -
makings for by-product materials, source materials, and
special nuclear materials licensees. This chapter provides
a brief discussion of the results of the study. Amore
detailed presentation of results follows in later chaplcrs

2.1 Decommissioning Alternatives

DECON is the decommissioning alternative analyzed in
this study, DECON requires that, shortly after a facility
ceases operation, all of its contaminated components
either be (1) decontaminated to restricted or unrestricted
release levels or (2) packaged and shipped to an aitthor-
ized disposal site. Although facilities may be decontami-
nated to restricted release levels, the new radiological
criteria permitting this® were promulgatcd so recently it
" was not possible to incorporate cost estimates for
restricted release into this study. The approach used to
analyze laboratory decommissioning s to first describe
the decommissioning of representative components (e.g.,
fume hoods, glove boxes, building surfaces, exhaust
system ductwork) that are common to many Jaboratories.
Example laboralones are then analyzed using data for |
individual components '(the unit-component approach) to
provide information about thc costs of dccommxssxonmg
entire facxhncs : : -

For the reference sites of this study, the basic decommis-
sioning alternatives are (1) site stabilization followed by
long-term care and (2) removal of the waste orcon- = .’
taminated soil to an authorized disposal site (DECON). .

For a site that contains a tailings pile/evaporation pond, a
combination of these alternatives is also possible in which -
the tailings pllelcvaporauOn pond is stabilized and uscd as .

a temporary wa.stc storage site.- .
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2.2 Review of Decomm1551omng
Experience

‘A number of non-fuel-cycle facilities have been decom-
missioned over the last several years. Three of these

- facilities of particular relevance to this study are dis-

cussed in Chapter 3: a facility for conducting U.S.
Government nuclear materials research, a facility for the
manufacture of radiopharmaceuticals, and a radiological
laundry facility used to decontaminate clothing and other
articles that have been radiologically contaminated at -
nuclear facilities. These facilities were selected for inclu-
sion in this study because they represent the broad range
of types of facilities classified as non-fuel-cycle facilities
and the resulting broad range in dccommxss:onmg
requirements.

The intent of Chapter 3 is to provide informnation on the
types of non-fuel-cycle facilities that have been decom-
missioned over the Jast several years and to provide some
perspective of the complexity and level-of-effort requxred
to decommission different typcs of facﬂltlcs. S :

2.3 Review of Emerging Technolbgies

The rapidly escalatmg cost for dlsposmg of radxoacnve o

waste at the available shallow-land disposal siteshas -,
-provided the impetus to dcvclop technologies that reduce "

the volume of waste that must be shipped for disposal.

= Three such technologies, including two surface decon- . .

"I, tamination methods and a molten metal process, are .

.~ discussedin Chapter4. Althouigh they are not used i inthe
. . development of the cost methodology discussed inthis ~ ~

study, these technologies are evaluated at some length
. because of the potential impact they may have onthe

* overall cost of decommissioning in the future.
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2.4 Characterization of Reference
Facilities and Sites

" The reference facilities and sites analyzed in this study
are the same as those in NUREG/CR-1754." The
reference laboratories include:

+ alaboratory for the manufacture of *H-labeled
compounds

*  alaboratory for the manufacture of “C.labeled
. compounds

+ alaboratory for the manufacture of ]-labeled
compounds

+ alaboratory for the manufactum of ¥’Cs sealed
sources

« alaboratory for the manufacture of **'Am sealed
sources

» areference institutional user laboratory.

These facilities are described in detail in Section 7 of
NUREG/CR-1754. Several facility components are
common to the reference laboratones. These components
include fume hoods, glove boxes, hot cells, laboratory
workbenches, storage cabinets, filters, small appliances,
sinks, drains, ventilation ductwork, filters, and building
surfaces (floors, walls, and ceilings). Some of these
components become significantly contaminated during the
operational phase of the laboratory. Releaseofa . -
laboratory for unrestricted use and termination of the
radioactive material license require that (1) a contami-
nated component be decontaminated to unrestricted
release levels, with wastes packaged and shippedtoa
waste disposal site or (2) the entire component be pack-
aged and shipped to an authorized disposal site.

The reference sites include:

+ asite with a contaminated drain line and hold-up tank
* asite with a contaminated ground surface

* atailings pile containing uranium and thorium
residues.

NUREG/CR-6477
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As with reference facilities, unrestricted release of
reference sites would require that the contamination be
removed and disposed of at an authonzed disposal facility
before the license could be terminated. Some situations
may exist, such as at the site of a talings pile, where the
cost of remediation necessary to reduce contamination
levels to allow unrestricted release may be prohibitively
expensive. Decommissioning of suchsites could be
completed with restricted release of the site, provided
arrangements were established to assure that furtheruse
of the site would be limited to certan activities.
Surveillance of the remaining contamination may be
required of the original licensee or another qualified
alternate until residual radioactivity decays to Ievels
allowing unrc§uictcd release.

Two decommissioning options for the site with a
contaminated tailings pile are analyzed in this study:

.(1) removal of all contaminated matenal to allow

unrestricted release, and (2) site stabilization followed by
periodic surveillance to allow restncted release.,

2.5 Decommissioning of Facility
Components
Facility components may be decommissioned by decon-

tamination to restricted release levels, unrestricted release
levels, or by shipment to a low-level waste (LLW)

facility. Previous studiest® analyzed several options for

removable components: (1) decontamination to unre-
stricted release levels, (2) packaging and disposal thhout
volume reduction, (3) packaging and disposal with supcr-
compaction, and (4) packaging and dispesal with incin-
eration. The labor cost of decontaminating componcnts
to unrestricted levels is potentially very high, usually
higher than the salvage value of the decontaminated
component. Such intensive decontammation efforts also

generate significant amounts of secondary waste that must

be disposed of. For these reasons, option 1 was not -
considered in this study. Since disposal charges (S/m’)Aa_t
the LLW disposal sites have increased dramatically since
the original study, option 2 is no longer considered viable.
Based on these considerations, only opuons 3and4are
analyzed for the removable components in this study; -
building surfaces are decontaminated to unrestricted
release levels. A summary of estimated costs for decom-
missioning facility components is givenin Table 2.1. A

T -
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. Table2.] Summary of 5timated'q:psts ($ thousands) for decommissioning facility components

““Component .. °H . ¥ o wics MAmM User
- &option®™  laboratory  laboratory  laboratory laboratory laboratory laboratory

Fume hood

_Optionl = . 25 . 80 15 9.1 80 .. 16
. Option2 79 83 7 94 - 84 79
- Glove box : ' , ‘ e

Option 33 s 40 - 67 ‘35
Option2 35 3.6 T 40 - 7.0 37
Hotcell ‘ . - : )
Option 1 - . - L e - 265 -— -

: Option2 - - - 26.8 - -

Woﬂcbcnch“’ ‘ : . B )

Option 1 - 26 - 9.9 87 113 106 .. 93

Option 2 27 124 90 144 108 RIC Y
" Ductwork®? ' o E g e
_.Option 1 : 13.1 © 136 159 172 15.1 - 142

Option 2 135 140 163 17.6 155 14.6
Cabinet '
Option1 24 : 24 "23° - 24 -
Option 2 30 30 23 - 29 .-
Appliance™® . . o
Option 1 55 60 . .63 - - 39
Option2 62 63 61 _ . - - 6.2
Filter C V .
Option 1 0.1 02 - 02. - 02 02 0.2
Option2 02 02 . 03 03 02 02
Sink & drain ' . - Lo L
Option] . - 23 24 25 - 22
Option2 ) - 23 24 _ 25 - - - 2.2

Ceiling® R _ S "

Option 1 11.8 120 15.1 240 12.8 17.6
Option2 15.6 158 7.6 - 321 149 25

"Walls®. ; o o '

Option 1 100 106 148 - 153 . 115 156
Option 2 ne 125 - 166 171 130 e
Floor® T o

Option 1 _o1oa nmr . 125 136Y-0 0 134 115
Option2 10.1 114 o128 . 140 154 .. ne

(2) Option'1 is supercompaction. Option 2 is supercompaction with i mcmcrnuon. ‘

(b) Cost for a "typical” work bench, 4.6 mlong. T
(c) Cost for 40 m of ventilation ductwork. AT
(d) Appliance is a refrigerator or freezer, as described in AppendixD. -~ .+ . < @
{e) Cost for 60 m? of surface area .
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summary of estimated occupational radiation doses for
decommissioning facility componcnts is givenin
Table 2.2

Contamination levels on facility compounents before -
decontamination are given in NUREG/CR-1754.1?
Decontarmunation procedures are descnibed in Appendix B
of that document. Decontamination 1s assumed to reduce
removable surface decontamination to the unrestricted
release levels specified in the NRC guxdclmcs of
Reference 1.

Disposal is postulated to be by shallow-land disposal at a
site located 800 km from both the laboratory being
decommissioned and from the centrally located super-
compaction facility. The supercompaction and incinera-
tion facility is postulated to be located 350 km from the
laboratory. Wastes are packaged 1n 208-liter steel drums
and are shipped by truck either to the disposal site or to
the supercompaction and incineration facility. Both the
contaminated components and the decommissioning

wastes, with the exception of contaminated liquids, are
disposed of in this manner. Contamnated liquids are
solidified on-site and always shipped directly to thc
disposal site.

Decommissioning costs include the costs of staff Iabor,
equipment and supplies, and waste management (the
packaging, volume reduction, transportation, and disposal
of wastes). All costs are expressed in January 1998
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 determuned by multiplying
the crew-hours required to decommussion a component by
the costs per crew-hour. To determune the total time
required to decommission a component, an estimate is
made of the time required for efficient performance of the
work by a postulated work crew. This time estimate is
then increased by S0% to allow for preparation and set-up
time and rest periods.

Table 2.2 Summary of estimated occupational radiation doses (person-rem) for decommissioning facility

components
Component H 1e b ¥es WAmM User
& optlon® laboratory  laboratory  laboratory  laboratory _ laboratory laborator

Fume hood 8x10° 8x 10 3x10° 1x 10" 5x 10? 8x 10
Glove box 7x10* 2x107 4x10° - 2x 10° 7x10*
Hot cell - - - 2x10° - -
Workbench® 2x107 6x 107 1x10° 3x10? 4x 10° 6x 107
Ductwork™ 2x10°® 2x10°% 6x10% 3x10° 1x 10% 2x10¢
Cabinet 2x10° 7x 107 2x10°* - 3x 107 -
Appliance® 2x10* 1x 10° 2x10° -~ - 2x 10°
Filter 1x107 5x10% Ix10% 2x 10° 2x 10 1x107
Sink & drain - 9x10°* 1x10¢ 1x10°% -— 9x 10°*
Ceiling® 7 x 10 3x10° 9x10° 1x10* 2x 107 8x10°
Wa® 6x10° 3x10* 9x10* 1x10* 2x 10? 1x10%
Floor'® S 1x10¢ 4x 10° 5x10°% 2x 10% 4x 107 1x10°

(2) Dose from a "typical” workbench, 4.6 m long.

(b) Dose from 40 m of ventilation duct.

(c) Appliance is a refrigerator or freezer, as descnbed in Appendix D.

(d) Dose from 60 m? of surface area.

NUREG/CR-6477
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The base-case scenario for determining the requirements .
and costs of disposal of facxhty componcnts assumes that
" current decommissioning pracncc is followed and that
components are cut up into pieces that will efficiently fill _

a 208-liter drum. ‘The drums are then compacted on-site - -~

and sent to a facility for supcmompacnon. after which

they are sent to a shallow-land disposal sittasLLW. Te -
provxde a basis for cost comparisons, an alternative option

is analyzed which is identical to the base case except that
burnable waste is incinerated and the remainder is super- .
compacted. Costs of thcse two options are summanzcd in
Chapter 5.

An estimate of occupational dose is made for the decom-
missioning of each facility component. The occupational

dose is evaluated by multiplying the estimated worker

dose rate for a component by the person-hours required to .
decommission the component. The estimated worker -
dose rates that form the bases of occupational dose calcu- -
lation are given in Section 8.1 of NUREG/CR-1754"and .-
include contributions from both direct exposure and inha-
lation. The worker dose rates used in this study are in o
reasonable agreement with the experience at typical radio-
active materials Jaboratories.

2.6 Decommissioning of Reference
Facilities

Estimates are made of time and manpower requirements,
occupational radiation doses, and total costs for DECON
of the six reference laboratories listed in Section 2.4. The
decommissioning analyses for these laboratories use cost
data for the decommissioning of facility components sum-
marized in Section 2.5. Costs of planning and preparation
and of a final radiation survey of the decommissioned
facility are added to the basic dccontammaucn costs of
the mdmdual components. -

Previous studies™® assumed that ceilings, walls, and

floors of the facilities were to be decontaminatedto -
unrestricted release levels and that some of the facility -~
components were to be decontaminated to unrestriéted o
release Jevels, while others were to be sectionedand = " ¢
packaged for disposal. ‘The original study®" discussed thc -
relative merits of compacting components before o
disposal. But in the analyses of complete facilities,

novolume reduction of components was assumed. The

25
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. follow-on study™® considered optxons of compacnon and’

supcxcompacuon. The present study differs from the
previous two studies in that only surfaces (walls, ceilings,

. floors) are decontaminated to unrestricted release levels;
no facility components are decontamirated. Instead, all

components are to be supercompacted or incincrated

.- before they are disposed of. Dccommxssxonmg

requirements and costs for the six refcrcncc laboratories
are summarized in Tablc 2.3.

Dccomm:ssxonmg is preccded by a period of planmng and
preparation that includes activities to ensure that
decommissioning is performed in asafe and cost-
effective manner in accordance with all applicable
Federal, State, and local regulations. Planning and -

- preparation activities include the preparation of docu-
‘mentation for regulatory agencies, aninitial radiation -

survey to determine the radiological condition of the .
laboratory, and the dcve]opment of dctax!cd work plans

DECON options postu]atcd for the componcnts of the
reference laboratories represent reasonable approaches to
the decommissioning of particular components. All
components (fume hoods, glove boxes, filters, ducting,
workbenches, cabinets, refrigerators, sinks and drains, -

and other similar items) are sectioned to the extent possi-
ble, compacted, and then packaged for disposal. ‘Thc'only'
surface decontamination performed on these items is the
minimum amount needed lo prcvent the spread of con-
tamination during the sectioning and packaging opera-
tions. Building surfaces are generally assumed -to bc
decontaminated to unrestricted use levels.

- - The decommissioning activities evaluated in this report
. . donotinclude consideration of significantly off-normal . -
“conditions, such as spread of contamination withinthe
;1 structural walls or beneath the primary covering of the’
. floors of the facility. Because of the unique characteris-
" tics of such situations, they cannot beevaluated in the

same generic manner as is done for the normal conditions.

. If these types of conditions exxst in afaclhty, specific
..analyses by the owner will be necessary to estimate the-
" costs of these additional clcanup operatxons. which would .

then be added to the estimates developed usmg the .-

o - methodology and unit cost factors presented i in this rebon.
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Table 2.3 Summary of estimated requirements and costs for DECON of six reference Iaboratories that process or

use radioisotopes w -
Requirement or cost for reference laboratory
‘H “MC 131 I HAm User
Parameter ~laboratory _ laboratory laboratory _ lahoratory _ laboratery _ laboratory
Supercompaction option C ' o ‘
Time (days) 61 57 50 48 58 68
Manpower (person-days) 194 178 149 143 179 220
Dose (person-rem) 004  <0.001 0.02 4 13 0.04
Costs (S thousands) )
Staff labor 851 779 65.0 ’ 62.4 7380 96.5
Equpment & supplies 300 294 285 28.4 294 30.5
Waste management 590 586 354 648 394 _719
Totals 174.1 165.9 128.8 1554 1468 204.8
_Su?crcompacﬁbn with
incineration
Time (days) 61 57 50 48 58 68
Manpower (person-days) 194 178 149 143 179 220
Dose (person-rem) 00+ - <0.00! 0.02 4 13 004
Costs (S thousands)
Staff labor 8.1 - . 719 65.0 62.4 780 1965
Equipment & supplies 300 29.4 28.5 284 294 305
Waste management 773 80.9 433 _188 523 1095
Totals 192.3 188.1 136.7 1694 159.7 236.5
The final dc&;mnﬂssidning actiyit'y isa comph;hcnsive The basic decommissioning work crewincludes a
radiological survey to document levels of radioactivity foreman and three technicians, assisted by a health
remaining in the facility after DECON is completed and physicist. Craftsmen (electricians, pipefitters, etc.) are:
to certify that these levels are less than those specified for added to this crew on a part-time basis to perform specific

unrestricted release. tasks. Staff labor costs are postulated to include the
- salary of a supervisor on a half-time basis.

Decommissioning is assumed to be performed by \

employees of the awners or operators of the laboratories.
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-Costs for decommissioning the reference laboratories ,

“include the costs of staff labor, equipment and supplies,
and waste managcment Costs are estimated for planning
and preparation, for the actual decommxssxomng. and for
the termination survey. Total costs, histed in Table 2.3,
are the sum of all of these costs. All costs are expressed
inl anuary 1998 dollars and include a 25% conungcncy.

Estimates of occupational radxauon doseare made by .
multiplying worker dose rates given in Section 8.1 of
NUREG/CR-1754'"" by the estimated person-days
required to decommission a facility.

A note regax"dixig‘ﬁlc ¥ Am laboratory is in order. As
discussed in Appendix D, the walls and ceiling in this
facility are concrete and sealed with acrylic paint. Asa
result, the postulatcd cleanup of these surfaces involved
only wet-wiping and the application of strippable paint.
Thus, decontamination to release levels was easily
“achieved. However, had the surfaces not been sealed, the
decontamination to release levels of surfaces impregnated
by **'Am could have required extensive surface washing
and scabbling of concrele to depths of at least 0.6 cm.
Assuming, as a worst case, that all 60 m® of ceiling and .
floor area and all 168 m? of wall area required washing
and scabbling, using procedures like those discussed in
‘References 3 and 4, the cost of decommissioning this
facility would have increased about $67,000. This
amounts 1o 2 46% increase in decommissioning costs for

Summary

the supercompaction option and a 42% increase for thc :
: supcrcompacuon wnh mcmcrauon optnon. '

2.7 Decommnssnomng of Reference
Sites : :

~ Estimates are made of time and manpower requirements,
occupational radiation doses, and total costs for decom-
missioning the three reference sites listed in Section 2.4,

* For the site with a contaminated underground deainline -
and hold-up tank and for the site witha contaminated
ground surface, estimates are made of the requirements
and costs for rcmoving the radioactively contaminated
material. For the site with a tailings pile containing - '
uranium and thorium sesidues, estimates are made of
requirements and costs for both the site stabilization and
the removal options. Decommissioning requirements,’
occupational doses, and costs for the three reference sites’
are summarized in Table 2.4.

Because concentrations of radioactivity are assumed to be
low and inhalation of re-suspended particulates is not a
serious consideration, remaval of the waste and contami-
nated soil is accomplished with standard canhmovmg
equipment. Radioactive material is packaged in 208-luer
drums or B-25 metal containers forshxpmcnt toa
shallow-land dxsposal site.

Table 2.4 Summary of estimated labor requlremen!s costs, and radiation doses for decommissionmg three

nterencesltos
- Requlfement'orcost' i ' o
‘ . ) ® - Qccupational -
' Site 5‘5}’5 (perls‘(:::?c;ays) (0 t:x::su?ands) : dose';‘i‘;‘;:‘_.‘rém)
Underground drain line & hold-vptark ™~ 17. "~ 725 - 126 0.052
: Contaminated ground surface 4 209 1,396 0149
Tailings pile _' . L ,
Stabilization option . 3 174 237" 0139
Long-tcrmcare o N 10 27 T 0022 -
Removaloption ~. -~ .. . - - 139 1,657 279% - 13117

(2) Costsarein January 1998 dollars and include 3 25% emﬁnémq.
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For the site with a contaminated tailings pile, site stabih-
zation 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 accu-
mulation of runoff from rainfall or snow melt. After
compaction and contouring of the soil cover, the area is
seeded with grass.

Dccpmm:ssnomng 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 is
completed. A final radiation survey to verify that the
radioactivity remaining on the site is less than release
limits is performed before releasing the site for unre-
stricted use. Decommissioning is assumed to be per-
formed by a contractor hired by the owner or operator of
the site. .

Decommissioning costs include the costs of staff labor,
equipment, supplies, soil sample analyses, waste man-
agement, and a contractor’s fee. Total costs shown in
Table 2.4 are the sum of planning and preparation, actual
decommissioning, and termination survey costs. All costs
are expressed in early 1998 dollars and include 2 25%
contingency. Approximately 77% of the cost of decom-
missioning a site with contaminated ground surface, and
approximately 91% of the cost of the removal option for
decommissioning a tailings pile, is related to waste man-
agement (i.c., the packaging, transportation, and disposal
of soil 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 decom-
missioning workers. This exposure level was estimated
on the basis of experience at tailings sites and LLW
disposal sites and chosen conservatively.

2.8 Study Conclusions

The major conclusions of this study are:

*  Decommissioning of materials facilities can be
accomplished using techniques and equipment that
are in common industrial use.

NUREG/CR-6477
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» Decommissioning costs vary over a wide range, from
thousands to millions of dollars, depending on the
type and size of the facility, the nature and extent of
the radioactive contamination, and the operating
history of the facility.

«  Materials facilities can be decommissioned with a
minimum of radiation exposure to decommissioning
workers and with no significantimpact on the safety
of the general public.

*  Facility design and construction and operating prac-
tices can have a sigmificant effect on the time and
cost of decommissioning materials facilities.

s While new, commercially available radioactive waste
volume-reduction technology can significantly reduce
the costs of waste disposal, the rapidly escalating
disposal charges at the LLW sites, coupled with the
inevitable increases in labor and materials, have
resulted in an overall increase in decommissioning
costs. These cost increases are on the order of 34%

to 66%, since 1ssuance of the Final Decommissioning

Rule in 1988.

* The decommissioning cost methodology presented in
this report is in farrly good agreement with decom-

missioning cost estimates pro\ ided by licenseesto the

NRC.

2.9 References

1. E.S.Murphy. 1981. Technology, 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. S.M. Short. 1989. Technology, Safery and Costs of
Decommissioning Reference Non-Fuel-Cycle
Nuclear Facilities. NUREGI/CR-1754, Addendum 1.
U.S. Nuclear Regulatory Commssion Report by
Pacific Northwest Laboratory, Richland, Washington.

3. U.S. Nuclear Regulatory Commussion. Radiological

Criteria for License Termination: Final Rule.
Federal Register, Vol. 2, No. 139, pp. 39057-39092,
July 21, 1997.



3 Review of Decommissioning Experience

Since pubhmuon of the Addendum to NUREGI
CR-1754," several commercial and Department of

Energy (DOE) non-fuel-cycle facilities have been decom-

missioned. Three of these facilities relevant to this study
are discussed in this chapter, These examples were
chosen to illustrate the variety of facilities that have been
decommissioned in the past few years. The nature, size,
and complexity of these example facilities vary, but the
same basic decommissioning methods apply to each of
them. These methods were used in the analyses of the
reference laboratory facilities and reference sites in
Chapters 5,6,and 7. .

3.1 Battelle Memorial Institute
Building KA-3®

Historically, Building KA-3, referred to as the Materials
Building, was used for various types of nuclear materials
research programs for the U.S. Government, primarily
DOE and its predecessor agencies. Operations in
Building KA-3, which is located in Columbus, Ohio,
included a powder metallurgy facility, a melt/cast facility,
a radioactive metallurgy facility, a ceramics research
facility, and a ®uranium processing facility. While
characterization for D&D of this building began as early
as 1986, major D&D activities actually began in March
1989 and were completed in February 1995. The building
has been released for unrestricted use. The total cost of
D&D was approximately $25 million, not including costs
associated with Jow-level waste (LLW) disposal.

3.1.1 Description of Building KA-3

Building KA-3, which was built in 1946, is a two-story
(three floors), rectangular steel frame brick and block
structure with a poured concrete ground floor footing and
foundation. The ground floor consists of a reinforced
concrete slab floor below grade. The elevated floors
consist of reinforced concrete slab floors supported by the
structural framework and the foundation walls. The
building is divided into six segments by north/south and .
east/west hallways with stairwells on each floor. The
interior room partitions are mamly non'load bcarmg
concrete block walls,

Building KA-3 was completed in 1947, It was builtto
serve as a nuclear materials research laboratory forthe +
melting, proccssmg. and researchof enriched and

. -depleted vranium and thorium isotopes. The building X

consisted of 191 rooms, over 73 ,000 square feet, and
contained a wide range of equxpment. '

General Descnptxon of Second Floor R;ooms

“The second floor of Building KA-3 had approximately
- 20 offices; an eight- room, 2000-square-foot beryllium
Jaboratory; a hot isostatic press development laboratory;

an arc melt facility including powersupplies; and a

* plasma spray coating facility. Many of the rooms on the '

second floor had false ceilings and others had space
heaters located in the overhead. A five-ton monorail
crane traversed the length of the rooms in the middle of
the building from the overhead doorto the inside north .
wall. Although the crane and some services in the over-
head were contaminated, the area above 2 mon the .

" second floor was kc'nf:rally clean. A floor plan of the

second floor of Building KA-3 as it was at the begmmng ;

of rcmcdxatxon is presented in F‘gurc 31

GeneralDescnptiono!‘FnrstFloorRooms

" The ﬁrst floor of Buxldxng KA-3 had approxxmatcly

15 offices, a uranium fluoridation Jaboratory, chemical ~ *

-testing laboratories, and several Jarge areas dedicated to

the shipping, receiving, and storage of nuclear materjals.
There was also a hot metalography and polishing labora- "

~ - tory that established new cladding properties through the ~

melting and casting of radioactive materials. The traffic

. and storage areas on the first floor were widely contami-

nated within the structure of the building both above and
below 2 min height.. The first floorhad a 12 ft by 16 ft

- . roll-up garage door on the south side of the building that

led onto Fifth Avenue to receive and ship bulk radioactive :

. * material from the vault in Room 25, located near the mid-
- - dle of the building. An 8 ft by 8 ft garage door located on

the east side of the building lined up with an 8-ft corridor
into Building KA-2. This door was used for small equip- _

' ', -ment deliveries and offi ice supplies for Building KA-3.
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The 12 ft by 16 ft north side garage door was used by
Battelle personnel for internal shipments. A floor plan of
the first floor of Bmldmg KA-3 as it was constructed
prior to rcmedlauon is prcscnted inFigure 3.2

General Dscnptlon of Ground Floor Rooms
The ground floor of Building KA-3 consisted of

- approximately 10 offices, a ceramics laboratory for.
sintering uranium dxoxndcs. a powdcr metaliurgy

laboratory, several “*U processing areas, a process drain .

collection sump, a substation, and most of the sesvice
headers for the building. This area had a fairly large

amount of piping wrapped with asbestos insulation. The -

northwest side of the ground floor was devoted to wet
chemistry work in support of other laboratorics within
Building KA-3 and contained fume hoods and conven-
tional Jaboratory benches. On the north side of the
ground floor in what was room 3002, U processing
occurred, which necessitated the removal of the entire
concrete floor stab. Equipment included vacuum
furnaces, isostatic presses, glove boxes, and machining
equipment. Other areas of the ground floor became
satellite storage areas for processing.

From a services standpoint, the ground floor became the .
collection point for the radicactive drains, water, debris
and waste from the other processes. In the latter part of
the remediation process, Building KA-3 was found to
have a fairly shallow footer system with only a minimal
amount of reinforcement. This condition required
modifications to the building structure prior to the
remediation of the underground process drain system. A
floor plan of the ground floor of Building KA-3 as it was
constructed prior to remediation is presented in

Figure 3.3.

General Description of the 'Contam'lnzi'ted Rooms

The rooms determined to be contaminated consisted of
painted concrete block walls, cast concrete floors, and
painted concrete ceilings. The floors were sealed but
some of the sealant had worn away. Other areas were
tiled with asbestos-laden tile. There were drains in the
floors. Fixed equipment in the rooms included laboratory
benches, sinks, fumaccs. ovens, presses, lathes,and a
variety of other equipment.. Vcnulatmg air supply ducts
were present in each room. Room lighting consisted of
several fluorescent light fixtures suspended from the

Floor Dmlns
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" ‘ceiling. “Electrical conduit, which passed through the

rooms, was mounted on the walls and supplied power to
surfacc—mounted outléts and the suspended fluorescent -

“Tights. In addition, there were several surface-mounted

switch boxes which supplxed power o various eqmpment.

Sevcml 1- and 2-inch waler lines were suspcnded near the
" ceiling. The 2-inch lines passed through the rooms, and

the smaller lines extended into the rooms to supply the
laboratory sinks. Some of the 2-inch lines were wrapped

'with asbestos insulation. Doors, mostly wooden,

accompanied each of the 191 rooms.

. 312 Radiological History

_Dxrect -reading mdxologtml surveys of facility surfaces

were performed using radiation detection instruments.
Indirect radiological surveys (smear surveys) were also

.. performed in designated grids showing direct readings
. .above established decxslon level value (DLV).

!

A comprehcnsnvc survey was performed on the floor
drains in Building KA-3. As a resultof drain contamina- -
tion, the majority of the process drams were removed
during the remediation phase of the project. The .. .-
following is a summary of the contnmmanon detectcd in”
the Building KA-3 drains. = - A

Ground Floor (3000 Area). Twcnty-ﬁve dram samples '
were collected and found to be contaminated inthe” |
3000 North area. Alpha contamination levels ranged :
from 13 pCi/g in Room 3065 to 5,990 pCi/g in Drain #1,

‘Room 3002B. Beta contamination levels ranged from 18 P
pCi/g in Room 3065 to 4,710 pCi/g in Room 3002. 2
- Mercury was also detected in Drain#1, Room 3002B.

Atotal of 66 drain samples were collected and found to

be contaminated in the 3000 South area. Alpha con- ,
tamination levels ranged from 12 pCi/gin Room 3023 to
1,470 pCi/g in the south drain of Room 3054. No
samples were taken in the shower drains in Rooms 3083 .
and 3083B since these drains were not accessible, or in

the shower drain in Room 3075 sinceithad been

" semoved. Low levels of mercury were found in drain

samples from Room 3014.

.33 - : *. NUREG/CR-6477"



LL£9-9D/DTANN

. = y— ree—— ey — —
- i = | 2 el
= s ] gy ES 1 & =1
ur o~ G5 | KITH €] ] - '1 )
1 = frey .
’-r d e — L — "‘_’bé *m aw o e »y I PO o=« B 1 ."
Y & [E| ru - :;l Tooan s
. ma EL ]
[ - i _m;.,__[..l_u;.:: e : %1 " - .xc';x)
- e——— @ e @ -
= E smeg e % [ R —-— L A
L & - .-
r Mn ra-a @ A - E::;.J et
'..11._“ e ~ :.-H;;' ™ u , 4 l,,‘ 0 »oe 41 ™ )
L= h u gy T o-u (5 »n e | e T bl ) an > ‘[
3= RIN . o -
= - = = 0 ey
| & — ® ) & & Ty -
- m
12, 2L
I x .-J'L, - Ly — . L, . A
" FACILITY SPACE [(F] . " q
O___ OFFICES 0000
CORRIOORS 5864 9 " wos 0000 BCD QM L SCL
STARWAYS 103t 8 omeRs 0000 BUILDING 3, FIRST FLOOR BLDG: 3-1
RESTROOMS 503 0 COMMON USE 0000 0 8 16 30
tevatons L2 O___ LEASE D000, 4 10 20
T UPDATED: 11=6-92

Figure 3.2 Floor plan of the first floor of Building KA-3

- eauspadxg Sumosnomoasq Jo ma1Asy

“1uyt



'§'€

LLFS-HO/OTANN

; 1
I T =y Yooy TTS HW‘ T _::' @
@ G = 1 F]
=) (CD) =] l— :
- T O o N (e
- (03} 11 l = NREEN @
o . 2 I
\'mm"-‘ 15 | »oa e ey me = b Ly .rj
7 T T -
tani® @ [ Lo
-t pii} N 3 - + a— s v e -
—o) g . ) laed - . ™)
&l | 4 @ ) . = .- . . . . o T
0 - - m in [g-l rm @ . ,
- 5 [‘:ﬂ; el T} e % :
o) &= S 1 ‘ . =)
] priN - - an
=] . - * - " . -
0 i »r ey Ao ]
. [l- — . . _ d
b S . it ‘a-‘- =~ oo ) ﬁ w J .
S RSLS = |8 |Ee ]
- = @ | .@ o H = S ]
pilX aan, T a= ——
ooy ns a8 =)
[ m ) 1 o
Yo eyt ¢ — e
e 7 T — =
3
= tLow
racury seace  [F ) ‘BCD SML.SCL,
’ . .0__ OFfIcES Lo} . T 'BLDG: 3-0
CORRIDORS 4348 - 0 ums 0000 UILDING ROUND_FLOOR . "
STaRways 134 - 8 omesT T : . .
Restroons B2 0 ___ coumon use 0000 L/ 410 20
fievatons M2 D least Dego, N € UPDATED: 11-6-92

Figure 3.3 Floor plan of the groumi floor 6I"Bulldlng KA-3 S

A

32uauadx s SUTNoISTIIWOS( JO MUY



Review of Decommussioning Experience

First Floor (3100 Area), Twenty-five drain samples
were collected and found to be contaminated 1n the

3100 North area. Alpha contarnation levels ranged
from 21 pCyg in Dr2in #5, Room 3132, to 19,700 pCv/g
in Drain #1, Room 3161. Beta contamination levels
ranged from 7 pCi/g 1n the shower drain of Room 3161 to
3,250 pCi/g in Drain #1, Room 3161. Mercury was also
detected 1n the northeast drain of Room 3154.

Twenty-eight drain samples were collected and found to
be contaminated 1n the 3100 South area. Alpha contami-
nation levels ranged from 28 pCi/g in Room 3114 to
21,500 pCi/g in Room 3169B. Beta contamination levels
ranged from 24 pCi/g in Room 3114 to 21,300 pCi/g in
the center west drain of Room 3169. No nonradiological
hazardous contaminants were detected in drain samples
collected in this area.

Second Floor (3200 Area). Eight drain samples were
collected in the 3200 North area. Alpha contamination
levels ranged from 9 pCy/g in Room 3208A to

1,290 pCi/g in Room 3232, Beta contamination levels
ranged from 9 pCi/g in Room 3208A to 548 pCi/gin

Room 3232. No nonradiological hazardous contaminants

were detected in drain samples collected in this area.

Thirty drain samples were collected in the 3100 South
area. Alpha contamination levels ranged from 22 pCi/g in
Drain #4, Room 3216, t0 6,490 pC¥/g in the southeast end
of the Bay area. Beta contamination levels ranged from
19 pCi/g in Room 3266 to 15,600 pCi/g in the southeast
end of the Bay area. No nonradiological hazardous
contaminants were detected in drain samples collected in
this area.

Collection Pits

Surveys were performed of the collection pits in Building
KA-3. As aresult, the pits were cleaned and the 1denti-
fied sinks removed. The following is a summary of the
contamination found in the collection pits of

Building KA-3.

Sludge samples were collected from five well-type pits in
the 3000 North area and from the main sump for the
building. Allsix samples were found to be contaminated.
Net alpha contamination levels ranged from 154 pCi/g in
Room 3067A to 6.470 pCi/g in Room 3010. Netbeta

NUREG/CR-6477
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contamination levels mnged from 82 pCi/g in Room 3002
to 2,660 pC/g in the well in Room3010. No non-
radiological hazardous contaminants were detoctcd in
drain samples collected in this area,

Thurteen sludge samples were collected from twelve well-
type pits 1n the 3100 South area. Twelve of the thirteen
sludge samples were found to be contaminated. Net alpha
contamination levels ranged from 5 pCifg to 56,600 pCi/g
1n Rooms 3119 and 3114 North, respectively. Netbeta
contamination levels ranged from 1 to 112,000 pCi/g, in
Rooms 3119 and 3114 North, respectively. Mercury was
also found in the sink trap of a hood in Room 3119,

Hoods/Ductwork/Convectors/Attached Equipment

Ventlation hoods and air conditiomng/heating convector

units were surveyed as part of the characterization efforts.

Hoods and ventilation units that were radioactively con-
taminated were removed and disposed of as radioactive
waste, Hoods in Rooms 3065, 3158,3263B, 3263C,
3263E, and 3263F were not surveyed since they were
inaccessible. Thenterior of inactive ventilation hoods
and equipment ductwork was surveyed by direct and
indirect momitoring methods, most often at disconnected
hook-up junctions. Solid material samples were collected
from ductwork interiors, when possible.

Six single hoods, three double hoods and associated
ductwork, and ductwork on three equipment items in the
3200 North area were found to be contaminated. The
maximum net alpha direct reading was 7,370 dpnv/

100 cm? on top of the hood in Room3232. The maxi-
mum net beta direct reading was 69,800dpm/100 cm?
inside the hood in Room 3293, All heating/air condition--
ing convector units were contaminated with net beta
activity levels ranging from 1,370 dpm/100 cm? to
12,700 dpn/ 100 cm®. Several pieces of large equipment
such as dry boxes, hydraulic presses, metal cabinets, and
miscellaneous items were identified either by direct
measurements or by posted information as being
contaminated.

Five hoods and 31 ductwork sections in the 3200 South

area were detected to be contaminated. The maximum net .

alpha direct reading was 1,320 dpnv100 cm? in the
ductwork in Room 3218. The maximum net beta direct

LR 2 L8



reading was 49,500 dpnv100 cm? in the center vent of the
hood in Room 3054. Maxnmum removable contamination
levels wcrc 329 dpnV100 cm® net alpha and 235dp/
100 cm® net beta. These were detected in Rooms 3054
and 3112 North, respectively. Several pieces of large . -
equipment such as dry boxes, hydraulic presses, metal
cabinets, and miscellaneous items were identified either .
by direct mcasurcments or by posted information as bcmg
contammatcd '

Roo_f_ '

Roof-top gravcl samples were collected from 29 locauons .
on the north roof. Three samples located on the northeast -
and southwest corners of the north center roof exceeded

the background levels of 49 pCi/g alpha activityand |

50 pCi/g beta activity. The net alpha acuvities of these
samples were 47, 43, and 45 pCilg, respectively. During ..
remediation, all contarmnated surfaces were cleaned by
removing thé contaminated material. The ductwork

interior from four laborntory hoods was also determined -

to be contaminated.” These four ductwork Iocations were

on the roof over Room 3204, Room 3205, Room 3206, -

and Room 3293. Net alpha activity Jevels ranged from -
94 dpm/100 cm® (Room 3204) fo 756 dpv/100 crm?

(Room 3206). Net beta activity levcls ranged from 5
2,139 dprv100 e’ (Rooms 3204 and 3205)to .,
19,219 dpmllOO cm’ (Room 3206). :

Direct beta measurements were takcn inside and outside - - -
of seven risers, 60 hood/hood vents, and three chimneys
on the south roof. Of these 140 measurements, only three
exceeded the derived limit value (DLV). These three -
measurements were located inside the hood in Room -.
3010, inside the cap of the hood inRoom 3178,and . - -
inside the cap of the hood in Room3119. Netbeta .. ., :
+ surface contamination levels ranged from 1,510 dpm/

100 en?® 10 9,200 dpm/1 00 em?. No alpha activity ..
associated with these measurements was dctcctable abovc
background levels. Smearable contammahon associated ..
with these measurements ranged from minimum detect-, - -
able activity (MDA) to 9 dpnv/100 cm? for netalpha ... ;.
activity and from MDA to 17 dpm/lOO cm® fornetbeta <. . -
activity. _ L

Surfam

The contaminated surfaces of Building KA-3 were all
remediated in accordance with the release criteria

3.7
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 established for the building. In conjunction with the final*

survey of Building KA-3, the exterior surfaces of the -
building were also gridded and venf edto have ¢ con-

tamination levels below MDA

Ground Floor (3000 Area). By 5mbhshmg atotalof '
594 floor grids, characterization of the 3000 area (ground

* floor) floors of Building KA-3 determined that 54 rooms
-were contaminated. The hxghest direct survey rcadmgs

were 7,650 dpn/100 cm? net alpha activity and

- 166,000 dpm/100 em? net beta activity. Maximum

removable contamination levels were 654 dpm/ 100 cm
net alpha activity and 803 dpm/100 cn?® net beta actmty
A total of 594 m?® of floor area was dctcmuned to be
contaminated.

Charactcnzatxon of the Building KA-3 3000 area walls
below 2 m in height determined thatatotal of 75 wall,
grids in 28 rooms were contaminated. Highest direct
survey readings were 1,900 dpmv100 e’ net alpha
activity and 73,800 dprm/100 cm? net beta activity.
Maximum removab]c Jevels of contamination were _'" T
269 dpm/100 c® net alpha activityand 39 dpm/100 cm®
net beta activity. A total of 75 m?of wall surfacc area
was determined to be contaminated. :

Characterization of the horizontal surfaces above 2m |
determined that a total 6f 77 wall grids in 20 rooms wcm '
contaminated. Highest direct survey readings were ~ "
6,610 dpm/lOO cn?® net alpha activity and 19,200 dpml
100 cm?” net beta activity." Maximumremovable can- © h

. tamination levels were 139 dpm/loo cn? net alpha

activity and 232 dpm/100 cm® net beta activity. A tota] of
77 m?® of horizontal surface area above2 m was o
determined to be contaminated.

First Floor (3100 Area) Floors. Characterization of the

. -. 3100 area of Building KA-3 determined thata totalof * =~
"1 549 floor grids in 52 rooms were comammated Hnghcst
. - direct survey readings were 33,200 dpn/100 cm? net
. alpha activity and 191,000 dpm/100 cm? net beta activity.

Maximum removable contamination levéls were
1,300 dpnv100 cm? net alpha activity and 138 dpnv .
100 cn?® net beta activity. A total of 594 m® of floorarca .
was dctcmnncd to be contaminated,

" Characterization of the 3100 area walls bclow 2mof

Building KA-3 determined that a total of 161 wall grids in
28 rooms were contaminated. Highest direct survey

NUREG/CR-6477
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readings were 13.500 dpm/100 cm? net alpha activity and
32,200 dpnv100 cm? net beta activity. Maxlmum remov-
able contamynation levels were 763 dpml 100 cm? net
alpha activity and 534 dpnv/100 cm? net beta activity. A
total of 161 m? of wall surface area was determuned to be
contamunated. .

Characterization of the horizontal surfaces above 2 m
determuned that a total of 92 wall grids in 19 rooms were
contaminated. Highest direct survey readings were
46,500 dpmllOO cm? net alpha activity and 63,300 dpm/
100 cm® net beta activity, Maximum removable con-
tamination levels were 2,350 dpm/100 cm? nct alpha
activity and 277 dpm/100 cm? net beta activity. A total of
92 m? of horizontal surface area above 2 m was
determined to be contarmnated.

Second Floor (3200 Area) Floors.. Characterization of -
the 3200 area of Building KA-3 determined that a total of
421 floor grids in 49 rooms were contaminated. Highest
direct survey readings were 7,380 dpmv100 cm? net alpha
activity and 73,800 dpnmv100 cm? net beta activity, Maxi-
mum removablc contammalxon levels were 90 dpml ‘
100 cm? net alpha acuvxty and 58 dpnv/100 cm® netbeta .
activity. A total of 421 m? of floor area was determined
to be contaminated.

Characterization of the 3200 area walls below 2mof
Building KA-3 determined that a total of 57 wall grids in
18 rooms were contaminated, Highest direct survey -
readings were 18,600 dpm/100 cm? net alpha activity and
17,500 dpmv/100 cm? net beta activity. Maxxmum remov-
able contamination levels were 492 dpnv100 em? net
alpha activity and 78 dpm/100 em? net beta activity. A
total of 57 m? of wall surface area was determuned to be
contaminated.

Characterization of the horizontal surfaces above 2m
determined that a total of 39 wall grids in 20 rooms were
contaminated. nghest direct survey readings were |
1,840 dmelOO cm’® net alpha activity and 17,700 dpmv/ -
100 cm® net beta activity, Maximum remavable con-
tamination levels were 112 dpml 100 cm?® net alpha
activity and 15 dpm/100 cm? net beta activity. A total of
39 m?® of horizontal surface area above 2 m was
determined to be contarmnated.

NUREG/CR-6477
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Soil

Forty-six samples were collected from 10 locations
beneath the ground floor of Building KA-3. Holes were .
cut in the concrete floor of the ground floor level, and
holes of varying depths were cored n the soil beneath the ..
floor. Samples ranged in depth from the surface (directly -
under the floor) to 85 inches below the floor level. The
samples were analyzed for gross alpha and gross beta
activity. Two of the sample locations were approximately .
30 feet from the drain lines, and the radioanalytical results
were used to represent the soil background. Background
samples were calculated to be 23 pCi/g alpha and

22 pCu/g beta actmty

The results of the gamxm'specmoscopy show that net .
alpha aclxvny greater than background concentrations
occurred in 22 of 45 samples, and net beta activity greater

. than background concentrations occurred in 19 of 45.

samples. Uranium-235 concentrations ranged from MDA
to 5 pCifg. Activity levels in the vicity of the bell |
fittings connecting the drain sections were gcnerally
higher than those along the length of thé pipe. Gross .
alpha activities mngcd from 11 pCi/gto 184 pCi/g at the
bell connectors in the ground floor and Room 3002B
(north), respectively. Gross beta activities ranged from

15 pCifg to 83 pCi/g at the bell connectors in the ground -

floor and Room 3016, respectively. Analysxs of the data
indicated that radioactive contamination in the soil likely
resulted from the release of radioactive materials from the
drain lines, probably at the bell fittngs.

Since contamination was found inthe soil inside the
footprint of Building KA-3, representative soil samples
were taken on the exterior of the building. All results
from these samples were below MDA,

A sample of soil from Room 3016 was analyud for Toxic
Compound Lcachmg Process (TCLP) Extractable Metals.
and showed concentrations of Ba at0.32 mg/liter, Cd at
0.017 mg/liter, and Cr at 0.0 12 mg/liter; As, Pb, Hg, Se,
and Ag were not detected. When the soil and drains were
removed during the remediation process, however, nine of
the 309 cubic yards of soil were determined to be
contaminated with uranium and thonum. A considerable
quantity of Hg (mercury) was found outside the drain



-
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connections in the surrounding soil. The mercury was
remediated by aspu'atmn and removal m-sxtu 'l'he soxl
was vent‘ ed clcan .

3.1. 3 Release Critena o 'l

The radiological release criteria established for his .
building were approved by both the DOE and the NRC.
These criteria are based upon the acceptable residual
surface contamination levels for unrestricted release
defined in DOE Order 5400.5, “Radiation Protection of -

the Public and the Environment,” and NRC Regulatory
Guide 1.86, “Termination of Operatmg Licenses for -, -
Nuclear Reactors.” As discussed in Section 3.1.2, most

of the rooms in Bunldmg KA-3 had measured .
contammatmn levels above these guideline release limits;
therefore, 2 reasonable amount of decontamination effort ,
was required before releasmg the buxldmg for use thhout :
radxologlcal mmcﬂons :

3.14 Summary of Buxlding KA-3
Decontammatlon Actu ities

The overall decommissxomng actwmes for Building

KA-3 were guided by general requirements documented *

in a Quality Assurance (QA) Plan,a Decormmssnomng

Work Plan, and specific operating procedures. The con- &
tamination was not widespread and radiation levels were -
Tow. Thus, the chief concern was not the radiation level

but rather the control of the spread of the contamination

and the danger from inhalation of airborne particulates

dunng the decoma.mmanon effort '

The overall sequence of D&D activities was carried out R
as follows: :

(1) Engincering and Preparetion

(2) Removal of Laboratoxy Chemxcals, Semccs. and
Equipment.

(3) Decontamination of Surfaces. Semccs. and
Equipment.

(4) Final Radiation Surveys.

{5) Independent Verification Survey. -
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. (6) Restoration of the Facxhty.

(7) Radxoacnve Wastc Managemem_ L

Engmeermg and Preparatlon

The Engmeerxng and Preparauon effons for the D&D
activities were conducted as follows:

) 'I’rammg of D&D workcrs. ‘

) Installauon ofa stagmg area for hzmdlmg and mtenm
packaging of contaminated waste for transfer ta the
central staging area in Building KA-2. -

(3) Selection of D&D equipment. w

“) Installauon of contro] bamers .

Trainlng D&D Workers Tral nmg mcludcd targeted
training in the specific procedures tob¢ employedand '~
refresher training in radiological and occupational safety.
Each worker assigned to perform aspecific activity was -
fully trained and quale' ed to pcrfoxm lhc assxgned D&D
activity. SR

Installation of ﬁ;e Smgmg Area. The furictan of lhe '
from the D&D rooms, 10 provxde facilities for pcrsonnel
10 change clothes when entering and leaving the D&D"

area, and to provide areas for local waste packaging -
operations. In Building KA-3, there were several staging - -

Y-

areas within the building at any giventime so that -~ - '
multiple crews of workers could pexform work
simultaneously. . '

The staging area isolated the D&D area from the restof <
Building KA-3. Within the staging area, "clean” and
"contaminated” change areas were established for use as

. personnel entered and left the workareas undergoing

decontamination. Facilities were provided at this location’
for radiological surveys of personnel leaving the area. "~

.- The staging area also included an initial packaging area so

that waste could be properly packaged for transfer to lhe

. waste handling area in a separate building. The most

feasible location for the staging area was determined to be '

. :» inthe main corridors along the access barriers of the
: .- building and at the access areas between the floors.
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Selection of D&D Equipment. This activity identified -
the types of equipment that were specifically required for
use in the remediation process. The list of D&D
equipment used included vacuum blasters, scabblers,
containment enclosures, strippable paints and solvents,

* cherry pickers, manlifts, concrete cutters, core dnlls, rock
dnils, grout pumps, backhoes, on-site radiological -
support, cutting torches, and hand tools. Support -
equipment included air momitors, radiological survey
meters, waste containers, protective clothing, air purifying
respirators, bubble suits, rndxatxon scanners, and personal
dos:metcrs.

[nstallation of Control Barrier

Access control barriers were installed to isolate the D&D
areas. Physical barriers such as temporary walls,
plywood barriers, doors, focks, and alarms were used.
Prominent signs designated locations as a D&D operation
areas. After access control barriers were installed; the
contamination control barriers and staging areas were
established so that they fell wuhm the confines of the
access contml barriers. :

During msta]lauon of contanunation control bamcrs. air
in the D&D area was continuously monitored. The air
was not recirculated in order to eliminate the potential for
introducing arborne contamination from other pans of
the building into the clean areas. Instead, the 2ir was
exhausted on the first floor by two large HEPA units.
The contamination control barriers were either erected at
normal room openings or were erected at the main
corridors, dividing the floors into six sections.

Removal of Chemicals, Services, and Equipment

The sequence for removing laboratory chemicals,
services, and equipment for D&D activities was as
follows:

(1) removal of laboratory chemicals
(2) removal of services
(3) removal of equipment.

Removal of Laboratory Chemicals. The removal of
Iaboratory chemicals from the building first played a key
role in the overall D&D effort. Since the building had
many laboratories and the research was quite varied, there
were many different kinds of chemucals present. By
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utilizing the remaining operations and waste management

personnel trained 1n hazardous waste, the dedicated D&D
personnel did not have to be trained for or be exposed to
the large varicty of chenucals. Penodically, monitoring
for chemicals was conducted in the event that there could
be significant residual chemicals present. However,
problems did not anse 1n Building KA-3. The major_
chemicals encountcrcd in the D&D process were lead in
the paint at times and me:cury in the drain lines.

Removal ol'Services Dunng the D&D proccss. the .
removal of laboralory services such as water, gas, and air
was necessary in order to access the wall, ceiling, and

floor surfaces. Some services were macccsslblc wnhout

first removing equipment. Electrical powcr to each room

and area being dccon!ammated was left connected as long

as possible to facilitate the use of powered D&D equip-
ment. Likewise, the common services in the bmldmg
‘were left intact to accommodate heat, fire service, and
electrical distnbution systems. Asthe D&D activities
progressed and these services were affected, the services
for the rooms and areas were either disconnected or
rerouted to accommodate the D&D process.

Removal of Equipment. The process of removing -
equipment was slightly more involved than initially ..
anticipated. During the D&D process, the removal of
equipment was necessary in order to 2ccess the wall,
ceiling, and floor surfaces. However, during the removal,
determinations had to be made as to the equipment’s
disposition. If the unit was radioacuvely contaminated, 1t
was determined to be Low Specific Activity (LSA)
Waste, Mixed Waste, or TRU Waste, If the unit was not
radioactively contaminated, it was determined to be
reusable, sellable, hazardous waste, or trashed. Since
these determinations had a beanng on how the unit would
be removed, systematic planning for the D&D and
removal of equipment was made.

Decontaminaﬁoﬁ of Surfaces, Services, and
Equipment

The sequence for decontamination of surfaces, services,
and equipment was carried out as follows:

(1) survey of the exposed surfaces
(2) removal of the attached equipment and services
(3) decontamination of the stairways and common areas
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(4) decontamination of the floor drains
(&) dccontaxmnauon of the ﬂooxs. ccillngs. and walls

Survey of the Exposed Surfacos The first actmty
implemented in this sequence was surveying the exposed
surfaces so that the extent of decontamination efforts
could be assessed. In Building KA-3, it was determined
that the walls up to 2 height of 2 m needed to be decon-
taminated and that the ceiling was virtually clean. Minor .
- contamination was detected on the horizontal beams of
the ceiling and on services along the ceiling but these
surfaces were easily cleaned. There was, however, one
laboratory that had served as & beryllium research area
that had 10 be completely remediated. '

Rexnoval of the Attached Equipment and

Services. The removal of the attached equipment and
services was an important step since most of the ’
equipment was contarmnatcd and the walls and floors
behind the equipment were jnaccessible. The equipment,
which included hoods, sinks, benches, etc., was
monitored and removed to the Waste Management Area
for packaging. The major service concerns involved the
ductwork that ran between the floors of the bmldmg
through openings called penetrations. After surveying,
the contaminated ductwork was capped on the bottom
floor, removed through the penetration, and the penctra-
tion decontaminated. Although some of the building
ventilation was contaminated on the outside within the
floors of the building, the building ventilation system was
.not required 1o be removed. The common services in the
building were remained connected to accommodate heat,
fire service, and electrical distribution systems. . : .

Decontamination of the Stairways and Common .
Areas. The surfaces of stairways and common areas
were decontaminated by scrubbing, washing, and/or grit
blasting with a HEPA filtered vacuum. Afterall . ™
contamination was removed, barriers were installed to
limit access to the clean areas and provide contamination
control between the’ ﬂoors of the building. .

Decontamination of the Floor Dralns. Rcmovmg ﬂoor
drains was a slightly more involved process than initially

" anticipated. Mercury was discovered inmanyofthe  °°
drains: therefore, the drains had to be carefully
disassembled joint by joint and wrapped for processing.
They were then transported to a controlled area where
they were honed, packaged, and disposed of properiy.

3.1
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Furthermore, drain lines beneath the ground floor had

"leaked, causing radioactive and mercury contamination in

the soil. This soil was removed for disposal, which first

‘required removal of large sections of the basemnent floor.

Because the basement floor also served as foundation
support for the building, the foundation soil required
strengthening in order to support the building. This
strengthening was aclueved via in-situ grouting of the
soil. : . . .

Decontamination of the Floors, Cellmgs, and -
Walls. The results of characterization surveys showcd
that the concrete floors and lower walls were con-. .
taminated. A dry process mechanical grit blaster witha
HEPA vacuum was used to remove surface layers from
the concrete floors and walls up to 2mhigh. Several
passes were required in some areas afier which the .
intermediate radiation surveys showed that the residual
contamination had been removed and that the floors and
walls were ator bclow background levels.

In some instances, the contammanon had sceped dccply
into the concrete through cracks. Inthese cases, the .
contamination was removed by chipping out the ‘
contaminated concrete using a pneumatically opcratcd
chisel or maul pomt. Y

Final Radiation Surveys

The effectiveness of the decontamination operations was
determined by radiation surveys. “"Interim® surveys were
used during decontamination activates to determine .
whether further actions were required. The term
"interim” was used to distinguish them from the pre-D&D

": surveys (characterization) and fromthe post-D&D .
*_surveys (final status surveys) that provided the data that‘

indicated decontamination was complete. The final |

.. surveys were conducted in concurrence with plansand - .

procedures and were the final step taken to assurc a
satisfactory level of remediation was performed on
Building KA-3. The building was then sealedand
controlled pendmg the mdcpendcnt verification surv:y

o Independent Verif' callon Survcy

After all contaminated areas were clcancd and monitored,

the Independent Verification Contractor (IVC) conducted
a survey to verify the adequate removal of residual
contamination from Building KA-3. Results of this
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survey indicated that contamination levels on floors, .
walls, and ceilings were well below acceptable limts for
release of the building for use without radiological
restrictions.

Restoration of Building KA-3

Restoration was initiated after all contamination had been
removed and the independent verification survey found
no remaimng areas where additional decontamination
would be required based on the ALARA guidelines. This
restoration sequence is expected to be typical of the
refurbishment efforts of any older facility and no unique
sequencing problems were anticipated.

Radioactive Waste Management

Throughout the decontamination operation, beginning
with the removal of the laboratory chemicals and ending
with the removal of the last traces of contaminatton, low
level waste was generated. All contaminated materials
were bagged in plastic and placed in transfer containers.
The containers were transported to another building for
characterization and final packaging of the waste for
shipment to appropriate disposal sites.

These operations were performed in accordance with the
applicable waste management procedures, which fulfill
the requirements of the low-level waste centification plan
and the waste management QA plan.

Waste Management Guidelines. Most of the
radioactive waste generated during D&D of Building KA-
3 was sent to the Hanford site for disposal or storage.
Wastes were segregated by radioactive material content,
physical form and chemical content:

* Radioactive Material Content - Jow-level wastes

LLW). '

+  Physical Form - Wastes were further sepregated
by physical state as follows: (1) solid matenals,
(2) liquids, (3) absorbed liquids, (4) organic hquids,
(5) biological waste (6) gas (7) high-efficiency
particulate filters, (8) resins, (9) sludges, and
(10) lead waste from lead shielding, . -

e Chemical Content - Wastes were segregated by DOT
hazard class (e.g., oxidizer, flammable liquid,
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flammable solid, acid, caustic, poison) and tracked by
the following (1) U.S. Nuclear Regulatory
Commussion’s (NRC) shallow-land burial classes
(i.e.. A, B, C, and C#) and (2) specific waste
categories as they became defined.

These requirements were imposed on every activity in the ’
waste management program. Some metals and compact-
able wastes were shipped to Scientfic Ecology Group,
Inc. (SEG) for processing. If the metals qualified, SEG
melted them for overall size reduction, Likewise, the
compactable wastes were either incinerated or super-
compacted depending on waste cost factors. Bulk waste
and some mixed waste was disposed of at the Envirocare
disposal facility in Utah,

Waste Transfer and Interim Storage. The D&D Waork
Plan for Building KA-3 envisioned one central waste
staging area to handle all waste from Building KA-3. The
location was in a separate building where a suitable
enclosed shipping area already existed.

In terms of waste management, the ceatral staging area
was where all the required certification measurements for
transport were taken. It is also the place where waste
from Building KA-3 was stored in the interim until suffi-
cient waste had been accurnulated to make up a waste
shipment. Because of the segregation requirements’
imposed for waste acceptance at the disposal facility, any
sorting and repackaging was performed at this staging
area.

Waste Characterization. Upon arrival in the staging
area, the transfer containers were opened and the _
contained waste was monitored in detail.- The material
was inventoried and surface readings were recorded. This
became part of the shipping documentation characterizing
the package. Gamma-ray isotopic analysis of samples_
from the waste showed that the pnncipal isotopes were
50 and U with some thorium. From this data and the
total volume of waste, the total actinity of the packaged
waste from Building KA-3 was determined.

Waste Volumes and Volume Reduction. The waste
received from Building KA-3 was reduced in volume
mainly by decontamunating the drains and manually
crushing the waste, particularly the suspect plastics. Most
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of the waste could not be dcconuumnatcd and was pack-
aged as LLW. The other miscellaneous compactible .
wastes such as paper suits, gloves, and other items were
compactcd A total estimated waste volume from D&D
activities is not available because LLW generated was - -
included with LLW generated from the D&D of other ..
buildings on 1hc Battellc-owncd site. e

However, more than 8,000 ft* of contaminated sub-floor
soil was excavated to remove more than 3, 000 linear feet
of contzumnated drain lines. : :

Waste Package Certification. In order to meet the pack-
age requlremcnls for acceptance of the D&D waste at the
disposal site at Hanford, the D&D waste fromKA-3had .
tobe classnﬁed and the package certified for shipment.

The waste package data included the principal radioactive
elements in the package, listed by isotope; the activity -

level, in curies, of each isotope; the physical form of the
material; and the specific activity of the materials in the :
shipment in microcuries/gram for solids. The waste . -
package was certified acceptable to meet the requirements

of the disposal site in accordance with the proposed LLW
certification plan for safe interimstorage of the wasteat .
Hanford.

3.2 defméﬁii-lzi Roche; Inc.
Medi-physics Cyclotron Facility®?

This facility, Jocated in Nutley, New Jersey, containeda -
22-MeV cyclotron used in the manufacture of radiophar-
maceuticals fromabout 1968 through 1984. In 1984, the
cyclotron was shut down and decommissioned. Itwas . .
sold in 1985. A vendor was contracted to remove radio- .
active concrete from the inner surface of the concrete ;. -
vault used to house the cyclotron and provide a radxanon »
shield. The intent was to remove sufficient concrete to -
allow the remainder of the vaulttobedisposedofas ..
nonradioactive industrial waste. For a variety of reasons, -
final D&D of the facility was not initiated until March _, . .
1991; the radxoactxvc materials license was terminated i in
June 1991, 4

3.2.1 Descnptlon of the Facnhty

The cyc]otron vault was located wuhm a wan:housc
which, in tumn, was located within a building occupied by
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other companies. Attached to the exterior of the concrete
vault were six rooms made of concrete block walls. After
removal of the cyclotron, the vault was used as a store-
Toom that had an accumulation of old furniture, lumber,
production supplies, wood and metal cabinets and
shelves, small electrical parts, empty radioactive waste
containers, and concretc—lmed steeldums. . - .

A predccommi&ﬁonirig inspéétion of lhc warehbuse P
revealed a facility that apparently had been vacatedin. . -
haste. Discovered dunng this inspection werc'

" office fumnturc inan cxtremc stale of xl!—repzur and
disarray

« laboratories full of glassware, chemicals, electronic
cquxpment. refrigerators, and Jead s}ueldmg of
various sorts R

e acarinthe warehousc sectionwitha ﬂat txre. bmken
‘window, and thick coating of cmd ’

e awide variety of hazardous waste mcludmg pamally
used bottles of propanol, acetone (and other :
solvents), brake fluid, 0il, turpentine, acids, used .
crankcase oil, transmxssxon ﬂuxd etc.

« old unwanlcd penodxcals. Joumals.books and
stationery

« unsecured gas cylinders of various sizes and contents
(HCL, nonradioactive xenon, acetylene, nitrogen, -
etc.)

«  asbestos floor tiles and laboratory benches

* fluorescent light fixtures containing PCBs

s alarge steel safe used for storage of computcr
records . y ,

. wooa and m1 cabinets and shclm
* concrete-lined stcgl drqr_n_s

* telephones connected through a service board
somehow uad also to the facility next door

* many sxorage containers and waste cans bnghtly
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labeled with radioactive matcrial wamning labels.
3. 2 2 Radiologlcal Hnstory

A radiation survey was performed in the cyclotron vault
in October 1986. In addition, concrete core samples
taken in July 1985 were sectioned and scarined to obtain
the radioisotopic composition as a function of depth in
the concrete. The results of these analyses were as
follows:

e exposure levels in the vault mngcd from 130 to
425 uR/kr

» background levels outside the vault were about
10 uRMr

e the hottest areas in the vault were the floor and
ceiling near the center of the room

+ the radioisotopes measured in the concrete were “Co,
132y, '*Eu, ™Cs, and “K

e “Co and **Eu made up about 92% of the total
activity in the concrete

*  %Co activity was about 10% hxghcr than that of ’Eu
in the concrete

+  the combined activaty of “Co and **Eu decreased to
the background K activity in the concrete at a depth
of 13 inches

*  the background ““K activity was fairly constant at
12.4 pCug avcrage

* 90%ofthe xnduccd activity in the concrete was in the
first 12 inches

the specific activity in the rebar in the concrete was

about three to four umes that of the concrete in the
same area,

3.2.3 Summary of D&D Activities
The first step in decommissioning the cyclotron facility

was to remove all of the residual debris described
previously. All of the gas cylinders were retrieved by an
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industrial gas firm. A contractor was hired to classify,
segregate, package, and ship all hazardous material for
proper disposal. Clean laboratory glasswarc was pack—
aged and donated to a high school forreuse. Other debris
in the warehouse and vault were retrieved, surveyed for
radioactivity, and free-released for disposal. Identified
radioactive waste was packaged and disposed at the
Bamwell LLW disposal site.

Based on the radiological survey of the facility described
previously, the following D&D plan was developcd:

m Pcrform on-site baselme radiological surveys. '

(2) Remove about 12 mchcs of radxoacuvc concrete from
the wnner surface of the walls and floor, package the
rubble in steel boxes, and shlp to the Barnwell LLW
site.

(3) Radiologically survey the vaultata 1 mdistance and /

achieve a 56 uR/hr level; obtan regulatory approval
to free release the remainder of the vault.

(4) Demolish the remainder of the vault from the outsidc.

(5) Radiologically survey each batch of concrete as a QA
step before it is shipped to an industrial landﬁll.

(6) Perform final radiological surveys of the fac:hty after
the vault has been removed.

(7) Pour a new concrete floor in the hole created by
removing the vault floor.

(8) Terminate the radicactive material license.

The 12 inches of radioactively contaminated concrete
were removed from the floor and walls using a remote-
controlled hydraulic hammer. Rebarin the floor was cut
using torches. The vault was then painted into a grid
pattern with I m squarcs. and a complete radiation level
survey was completed using three hand-held instruments,
All three instruments were within 10% and reading an
average of 50 uR/hr. The concrete was subsequently
free-released.

Demolition of the concrete vault commenced following
free-release. Radiation measurements above the holein
the concrete floor indicated a level of about 20



uR/hr,which was about four tlimes above background.
However, the shielding effect of pouring an 8-inch-thick
_ concrete floor back into the hole reduced the radiation

level by a factor of eight, bnngmg the final radxanon level
below backgmund - , e
The last rad:ologlcal issue for this facxlny was thc radxo-
actively contaminated lead containers. Since these
containers were classified as a mixed waste, disposal was’
not an alternative for disposition; therefore, the containers
were transferred to a properly licensed facility for use as
radjation shielding. About 2,000 pounds of lead were
dnsposmoned in this manner, -

A thorough walk-over radiological survey with two hand-
held radiation detectors was performed after completion
of all D&D activities. The result was background
radiation levels of 5 uR/hr, with no location being more
than 1 y}Uhr above this level. The state regulatory agency -
subsequently terminated the license for this facility in .
June 1991. !

324 LLW Generation

Ten trailer truckloads containing 400,000 pounds
(approximately 3,400 £t%) of radiocactive concrete were

sent to the Bamwell LLW site for disposal. In addition,
15,000 £t of concrctc was shipped to an industrial landfill :
for disposal. This “‘clean” concrete was surveyed in 90 f¢*
batches as part of thc QA program. Only one batch was
rejected for repackaging. This batch contained a steel

plate used to hold the vault door rollers, which contained
%Co, and was shielded during the free release survey.

The 15,000 6 of concrete was calculated to containa
total radioactivity of 15 mCi. '

32.5 Cost of D&D | :

“The total effort to D&D the cyclotron facility and restore
it for reuse required approximately 5,100 person-hours
and $1.2 million. Of this total, approximately $390,000
was for transportation and disposal of radioactive waste.,
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3.3 Interstate Nuclear Services
" Laundry Facility'

. This facility, located in Charleston, South Carolina, is 2
- radiological laundry used to decontaminate clothing and

other articles that have been radiologically contaminated
at nuclear facilities. The facility wasshut down in 1993
and decontaminated and decommissioned during June to
September of that year, This facility was slated for
decommissioning because its primary client was ceasing
operations and because upgrading of the water processmg
system was deemed unwonomxcal

3.3.1 Descriptnon of the Facihty

. Alayout of this facxhly is provided in Figure 3. 4. Key

equipment in the facility includes large commercial
washers and dryers to clean the clothing. Associated with
these systems are a water treatment system, filtration
systems, settling tanks, pumps, screens, €1c., to ensure
that radioactivity removed from the clothmg is comamed
and not released to thc cnv:ronmem.

f

After cleaning, the clothmg and associated items are

monitored on automated special equipment with instru-

“mentation designed to alarm if the levels of acceptable

fixed contamination as established by the client are not
met. After confirmation that the residual radioactivity
criteria have been met, the clothing is sorted, folded,
packaged, and shipped back to the client according to

" their specifications. These activities are conducted in the

Production Room.
3.3.2 Summary of D&D Activities *

Because of the nature of acti vities performed in this
facility, low levels of radioactive contamination were
spread throughout the facility, including the machinery
and cquxpment. tanks, pits, filter housings, exterior o
washer parts, pipes, overhead ceilings, walls, and soon.

"3 etter from Michacl J. Bovino to Dennis R. Haffacr. November 10,
1994 Interstate Nuclear Services, Springfield, Massachusetts
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Figure 3.4 Layout of the radiological laundry facility

Dan

0 R, SO TSASde! S A WRGISE M ST
28 &
H 3
nJ =
pq . WaSh ¥ &
S “Room W
74 45
o sy
{8
N 2
900-b
Washer ;
y <]
[y
— &
— Extractor aa
Washer
Production Storage
e Room Area
TFiller_
-Dryers—
Pit
------ - oy = —1
Lav I
Lav.
Lounge I
) Office

|00, 0005 Jo o DDQEDaPDa'PUngog;

¥ Nemd ] P P
AR PECTINAY

NUREG/CR-6477

3.16

5Q96070116.1




While doses from this residual contamination were not
high, the entire facility and associated equipment required
monitoring during decommissioning. The following is a
summary of the basic events that transpired during the
-decommissioning process:

+  mobilization of technicians, equipnicnt. etc. atthe
facility beginning in early June 1993

«  performance of presurveys and preparation of set-up
areas, instrumentation, and work schedules

«  dismantlement of equipment, tearing down walls,
cutting lines, turning off gas, electricity, sewage, etc.

»  packaging radioactive materials and removing
ceilings, lights, fans, air conditioning, and duct work

¢ removing vinyl flooring, insulation, office fumniture.
and fixtures :

cleaning pits, flushing lines, and inspecting
surrounding sewage systems

= tracing old lines and removing as necessary

«  having regulatory inspectors perform their own
_ inspections and surveys for release of the facility.

A major activity during the decommissioning process was
~ to section the dryers and washers into pieces to be decon-

- taminated or disposed as radioactive waste. This section-
ing was performed using a plasma arc torch because of its
quick cutting rate that allowed handling of the sectioned
material essentially immediately after the cut had been
made. Smoke generated by the plasma arc torch was
treated using a high efficu:ncy particulate air (HEPA)
filter system.

A high-pressure washer was used to spray down the entire
area after the equipment had been removed. This washer
system delivered water at a pressure of about 2,000 psi
mixed with detergent mix. It consisted of a high-pressure
pumping systemmounted on wheels and a length of high-
pressure hose with an extended wand and adjustable tip
section.

When washing with the high-pressure water system was
‘complete and the areas dry, the floors, walls, etc. were
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monitored. If determined to be clean of smearable
contamination, they were then meonitored for fixed

" contamination. Areas determined tobe contaminated

with fixed contamination were scabbled. Four different
types of scabblers were used: a needle gun, a hand
scabbler, a large floor scabbler, and Jackhammers The
type of scabbler used for any particular situation
depended on the extent and difficulty of removing the

-fixed contamination. A HEPA filtration system was used

to remove airborne radioacti vity generated from these
operations and sometimes temporary tents were set up
around the area being scabbled to contain the
radioactivity.

333 Costof D&D

The total cost to D&D this facility was approximately
$220,000, with approximately $60,000 attributed to dis- -
posal of low-level radioactive waste. This cost does not
include such items as restoring the building for reuse,
compensation for terminating employees, taxes, lease, etc.
Since the facility was decommissionsd in-house, this cost
also does not include health physics or engineering sup-
port staff, nor does it include purchase of most of the
equipment used in the D&D process.
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.4 Review of Emerging Decontamination Technologies o

This chapter discusses three new processes: .a CO; pellet B

decontamination technology used for non-destructive

surface decontamination, a molten metal bath technology

for dissolving waste compounds into their constituent
elements, and a supersonic gas-liquid surface cleaning "

technology. Although none of these technologies contri-,

buted to the development of the cost methodologies usedi in
this study, a discussion of them is in order because they are’
representative of important new developments thatmay
soon join the collection of standard decommissioning
wchmquu that will lead to significant dccommnss:omng
cost savings in the future,

In general, the three technologies cited are relatively new
with limited commercial deployment. Their cost-effective
use depends heavily on the ultimate destiny of the '
contaminated components. If recycle of the components

rapxdly cxpandmg CO, gas ﬂashmg into the surface of the
material to be cleaned (which is porous at the microscopic
level) and flushing the foreign materials out. The micro-
scopxc particles of forexgn material are captured on high
efficiency particulate air (HEPA) filters. Larger-sized
fragments are lifted off the surface by the flashing CO, gas
and are removed using HEPA-filtered vacuum cleaners.
The only waste product from the NDC facility is the dry

. HEPA filters that arc easily dxsposed ofas dxy active waste.

(or the base material) is likely, the added cost of these new .

technologies may be justified when salvage value is
considered. If the component is unlikely to be reused,
decontamination efforts should be limited to that ncocssary
for dlsposal as LLW ‘

4.1 CO2 Pellet Decontammatlon
Technology

The carbon dxo:udc (CO,) pellct dccontarmnauon pmcess

CO, levels have been demonstrated to remain below OSHA
limits, and 2 CO, monitor verifies thelevels during opera- ~
tion. Examples of items succcssfuﬂy decontaminated ‘
include: ‘hand tools, power tools, pumps, tanks, glass,
pipes, computer components and circuitry, respirators,
manipulators, and lead shiclding

The NDC mobile CO, decontarmnabon unit is a stand-
alone, transportable, steel enclosure. The unit hasa single,
direct 480-volt power connection, Nospecial mountings '
are required, and the unit can be plaoed on any firm flat
surface, such as a paved lot or crushedstone. The unitis -

* designed for cleaning items ranging in size from small hand

tools to items up to 20 fccl long, ' wuh no wcnght hmxl.

" TheCO, dccomammauon unit is desxgncd with four

separate rooms:- a machinery and electrical room, a largc

. decontamination room, a decontamination cellroom,anda

is a unique dry process that uses dry ice as the exclusive -

decontamination medium, and does not use any hazardous
chemicals, water, solid grit or aggregate materials. This
process generales nO secondary wastes and is a non-

destructive surface Cleaner. A forerunner in the dcvelop- ‘

ment of this promising new decontamination process is

Non-Destructive Cleaning, Inc. (NDC) based in Wa]pole, -

Massachusctts

The NDC patented process/acilty uses siwall solid caxbon :

dioxide particles propelled by dry compressed air. The '

count room where cleaned items are surveyed after clean-
ing. All electrical interconnections arc managed bya
central power cable that is connected to 2 power control
and distribution panel Jocated within the mobile unit. The
unit has been dcsxgncd with a complete HVAC systcm, o
allowing operation in any environment.

The CO, decontamination room is complctcly lined wuh
stainless steel, and includes a large entry door and an

~ internal hoist that can handle up to twotons. The floor A
- -Joading capacity is unlimited. The decon room ventilation

system includes two pre-filters and 2 HEPA filter systcm.

" The decontamination room is pre-piped for the use of

CO, particles shatter upon impact with the surface of thc o

material to be cleaned and flash into dry CO, gas. This -
. flashing into a gas resultsina rapid volume expansion of -

N

4.1

supplied breathing air for worker safcty A special rolling
" “Tift table equipped with an air-drivenvise 10 hold items for

_~ _cleaning has also been dcsxgncd :for use in the unit. o
approxnmatcly ten to one. Clcamng is accomphshed by the‘ T

.-

NUREG/CR-6477



Review of Emerging Decontamination Technologies

4.2 Molten Metal Technology.

An attractive feature of the new molten metal technology
process, developed by Molten Metal Technology, Inc., is
the ability to process both hazardous and radioactive waste
materials (commonly referred to as mixed wastes) simul-
taneously. The new process 1s also referred as the
Quantum-CEP™ technology. -

Quantum-CEP™ is an adaptation of the CEP (Catalytic
Extraction Process) technology. Quantum-CEP allows
both destruction of hazardous components and controlled
partitioning of radionuclides. This leads to decontam-
ination and recycling of a large portion of the waste
components to commercial products as well as volume
reduction and concentration of radionuchdes for final
disposal. -

A Quantum-CEP demonstration system has recently begun

processing radioactively contamnated jon exchange resins,

depleted uranjum hexafluoride (UF,) from the U.S.

Enrichment Corporation (USEC), and mixed hazardous and

radioactive waste from the Department of Energy and
commercial customers,

The new technique uses a molten metal bath to dissolve
waste compounds into their constituent elements. More
precisely, the catalytic and solvent properties of molten
metal dissolve the wastes” molecular bonds, which allows
the company to separate reusable chemicals for recycling.

The process begins in a sealed tank that contains a molten
metal bath, usually compnised of iron that is heated to
around 1650°C. The composition of the bath may be
altered, however, depending on what metal products the
generator hopes to recover.

Once the bath is ready, wastes are injected into the tank by
way of special pipes. Bits of wastes—powders, for
example—are injected into the bottom of the tank though
small pipes called “tuyeres™; bigger chunks of solid waste
are deposited on top of the metal bath by way of larger
tubes called “lances.” :

Upon entering the bath, the molecular bonds of the
contaminants begin to break down as a result of specific
separation reagents added to the molten metal bath. The
waste then begins to separate into three distinct layers: gas,
which rises to the top of the tank; metals, which remain in
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the metal bath; and ceraruc, which forms on top of the
metal layer. Proponents of the technology say that melting
waste 1n solution is preferable to applying flame directly to
it as a means of recovering the elements, pamarily because
the chemical reaction is more controllable, '

The process also separates the radionuchdes from non-
radioactive elements, and the radioactive components of
the waste become trapped either in the ceramic or metal
layers. The process aflows for the recovery of the
non-radioactive elements for reuse or recycle.

Processing the waste using the technology ranges from
$150 per ton for hazardous waste to upwards of $2,000 per
tont for LLW or mixed waste.

4.3 Supersonic Gas-Liquid Cleaning
Technology
The supersonic gas-liquid cleaning technology is a

relatively new cleaning technology, developed by the U.S.
National Aeronautics and Space Admmistration (NASA)

" primarily as areplacement for solvent flush methods using

Freon 113 (CFC 113). Applications for radioactive decon-
tamnation have nat yet been developed but show promise
because of the sigmficantly reduced qud volumes used in
the cleaning operation. .

The system works by mixing air and water from separate
pressurized tanks and ejecting this mixture at supersonic
speeds from a series of nozzles at the end of a hand-held
wand. At these speeds, the water droplets have the kinetic
energy to forcibly remove the contaminant material.

The system consists of a supersonic converging-diverging
nozzle, a liquid orifice, a regulated high-pressure gas
source, a high-pressure liquid tank, and miscellaneous
hoses, fittings, valves, and gauges. Liquid is injected into
the gas flow stream just upstream of the converging-
diverging section of the nozzle. Theliquid-gas mixture
then enters the converging-diverging nozzle where it is
accelerated to supersonic speeds. The supersonic gas-
liquid stream exits the nozzle whereitis directed onto the
component 1o be decontaminated. The velocity imparted to
the liquid by the gas flow gives the hqud sufficient
momentum at impact to remove contamnants from the

surface while simultancously dissolving or emulsifying the



contaminants into the liquid. The flow parameters for the
gas-liquid nozzle can be set so that virtually any gas and
liquid may be used for the desired flow and mixing ratio.
In addition, the size and number of nozzles are adjustable,
making it possible to create vanous sizes of nozzles
configurations.

One of the many advantages of the supersonic gas-liquid
cleaning system over other pressurized cleaning methods is
that it does not abrade the surface of the hardware being
cleaned. Itrequires much Jower levels of pressure—

- 320 psig for water and 300 psig for gas (air or nitrogen). -
The relatively low volume of water required, approximately
30 milliliters per minute, means much less

Review of Emerging Decontamination Technologies

-secondary contaminated waste. These system design
parameters result in a cleaning rate of one square foot in

three minutes.

Separate patent license agreements have been developed
between NASA and two independent companies for
commercial applications. The companies are Precision
Fabricating and Cleaning Co. of Cocoa, Florida, and
Va-tran Systems, Inc., of Chula Vista, California. The
agreement is a means for NASA to effectively transfer
technology initially developed for the space program to
companies that may derive innovative commercial uses

" fromit.
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-5 Decommissioning of Facility Components -

Several facility components are common to the reference
nuclear material processing and use laboratories dcscn'bcd
in Section 7 of NUREG/CR-1754.8" These components”

include fume hoods, glove boxes, laboratory workbenches,

bot cells, sinks and drains, duct work, filters, and building
surfaces such'as ﬂoors, wall and ccllmgs. Some of these
components experience significant radioactive contamina-
tion during the operational phase of a laboratory. Release
of a laboratory for unrestrictéd use and termination of the
radioactive material license requires that contaminated
components cither be 1) decontaminated to unrestricted
release levels or 2) packaged and shipped to an authorized
disposal site. . Since the first alternative is considered to be

too costly and nmc-consummg. only the sccond alternative

is analyzed in this study

" Removal of contamination that has pcnetxatcd tothe
interior of structural walls or beneath the primary surfacmg

on floors is not included in these generic analyscs because o

the cffort and cost of removal in thcsc instances is vcry
sxtuanon-specxﬁc.

Facility components common to the reference processing
and use laboratoeries and radioisotopes postulated to
contaminate those components are shown in Table 5.1,
Information in the table is based on the facility descriptions
in Scctxon 7 of NUREG/CR 1754/ m

The tcchmcal approach used to estimate r:quxremcms
costs, and occupatxona] safety for decommissioning facility

' .. components is described in Section 5.1, Dccommxssmmng )

analyses for individual componcnts are prcscntcd in
Section 5.2. o

Cost and safety information for decommissioning the
reference processing and use Jaboratorics is presented i in
Chapter 6, based on the cost and occupational radiation .

- dose estimates for decommissioning individual facilxty

components developed in this chapter. This unit-
component approach to the analysis of dccommissioning is -
designed to provide data and examples to assist users of -
this study in estimating the rcquxrcm:nts costs, and safety
of decommissioning other non-fuel<ycle nuclear facilities.

. Tablg_s.l Contnrr_ﬁnated facllit)- cbmponents‘c'ommpn to the reference processing and use laboratories

Laboratory'

* " " Facility component 3 . MC B[ Wi MAm User
Fume hood X x x x x x
Glovebox - X X .X x x
‘Smallhotcell '

Laboratory workbench X X x x x
‘Ventilation ductwork - . .+ x . x x x x .
"Cabinet . X x x

Refrigerators/freezer X x X x
Filters t'.*:i.- Cx x x x x
Smksanddrams N x X X -
Buxldmgsurfa'-es : -‘x~ b 4 X .X x x

51

,('a) Anx” indicates tl\; (acxhty coW& is contaminatsd with the indieated isotope.
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5.1 Technical Approach_.

The technical approach and some key bases used to define
requirements and estimate cost and safety of decommis-
sioning facility components are discussed 1n this section.

This study analyzes two decommissioning options:

(1) Disassembly and disposal of contamunated facility
components usmg sectioning, compactmn, and
supcrcompacuon.

2) stasscmbly and dxsposal of contaminated facility
components using sectioning, compaction, and a
combrnation of compaction and incineration

Both options require that the components be cut up,
packaged in 208-hter drums and compacted on-site before
being sent to a facility for supercompaction andfor
incineration.

The authorized disposal site is assumed to be a shallow-
Jand burial ground located 800 km from the Iaboratory
being decommissioned and from the centrally located
supercompactor facility, The supercompactot/incinerator
facility is assumed to be located 350 km from the
laboratory being decommissioned. Transportation of
radioactive waste to the supercompactor facility and
disposal site is assumed to be by exclusive-use truck.
Waste is transported 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 nclude man-
power, cquipment and supplies, and waste management
costs. Some key bases and assumptions for eshmating
costs are given in Appendix A. All costs are expressed 1n
January 1998 dollars.

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
person-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
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estimate 1s made of the time required for efficient perform-
ance of the work by a postulated work crew. This time
estimate is then increased by 50% to provide for prepara-
tion and set-up time, rest periods, etc. (ancillary time).

The time required to complete a particular decomumission-
ing task 1s estimated on the basis of 2 work crew consisting
of a foreman and two technicians. Thetechnicians are
assumed to have had some experience working with
radiochemicals, to be trained in radiological safety proce-
dures, and to be capable of operating radiation survey |
equipment as well as the tools and equipment used to .
contamunate the facihty. Craftsmen such as electricians,
pipefitters, and sheet metal workers are assumed to be
added to a work crew as the situation requires. Radiation
survey equipment and equipment for the analysis of wipe
samples are assumed to be readily available and not
chargeable to decomnussioning because such equipment is
also used dunng the operation of the facility.

Waste management costs include supercompaction or
incineration costs, container costs, transportation costs, and
waste disposal charges. Transportation charges are based
on the fraction of a truckload required to transportthe
decommissioning wastes from an individual facility com-
ponent. It is assumed that one truckload consists of one
hundred-twenty 208-liter steel drums or eighty 208-liter
drums of supercompacted waste. Becauss supercompac-
tion, incineration, transportation, and waste disposal
operations are contracted activities, manpower costs for
these operations are included in the total costs of th:sc

tems.

5.1.2 Occupational Radiation Dese Estimates

Estimates of occupational radiation doses are made for
each facility componest listed in Table 5.1. The estimated
worker dose rates that form the bases for occupational dose
calculations are given in Section 8 of NUREG/CR-1754."

5.2 Decommissioning Analyses

Results of analyses of time, manpower requirements, total
costs, and occupational radjation doses for decommission-
wng facility’ compon:nts are present:d inthis section. The
analyses are performed for the various facility components
for the supercompaction and supercompaction/incineration
options, Total costs include the costs of manpower,

18 W



.

equipment and supplies, and waste management (e.g., the

packaging, tmnsportatxon. and msposal of radxoacnvc o

. wastc)

Dctzulcd‘ cost estimates for dccoinnﬁssion_ing faci]ity :
components are presented inAppcndix C. Maupower -
estimates for all i:omponcnts in all the reference labor-
atories are shown in Tables D.1.a through D.6bof 3
Appcndlx D. Appcndlx A ‘summarizes the key bases and

assumptions used in csumatmg lhc rcquxrcmcnts and costs .

of dccomrmssxonmg

Occupational radiation doses are estimated by mulnplymg
the dose rates appropriate fo cach contaminant (Refer- |
ence 1) by the person-days required to decommission the | -
component. It is assumed that components contaminated

with 2'Am can be disposed of by shallow-land burial. ‘This

may not be the case if the residual contamination lcvcl is
greater than 100 nCi/gram of waste, equxvalcnt toan

-average surface contamination on the i mtcnor surfaces of 2

component of about 4 x 10? /m’100 cm®, If the average
surface contamination exceeds this value, it may be |

necessary to partxally decontaminate the componentorto . -

provide for interim storage of the contaminated hood, smcc
facilities for the permanent dLSposal of transuranic wastcs
are not yet avaﬂablc :

The mﬂd surfacc dccootadﬁoaiio;x of tl‘lc"sxoall‘hot cells in : L

the *'Cs lab and the Iead vault in the user facility

Table 5.2 Summary of estimated manpower requirements, occupahonal radiation dose, -

Decommissioning of Facility Components

(Appcndxx D) will result in radioactive mixed waste. This
mixed waste product will therefore be subject to both the
Resource Conservation and Recovery Act (RCRA)

‘n:gulauons and NRC rcgulzmons on fina! disposal. Since o
no existing disposal sites have as yet been approved for

disposal of mixed waste, other, possiblymore costly,, "
decontamination methods may need to be used. ‘However,

. for this analysis, 2 mixed waste disposalsite is assumed to .

be available for thc same cost asa LLW dlsposal sxtc

LN

521 Fume Hoods

Estimated time and manpower rcqmrcmcnts total costs,

and occupational radiation dosés for decommissioning a
fume hood by the packaging and dlsposal option 1) with
supercompaction only and 2) with both. supcrcompacmn
and incineration are shown in Table 52. A typxcal fume

‘hood decommissioned in this study had exterior dimensions

of 1.5 m wide by 0.9 m decp by 2.1 mhigh. A work crew. -
consisting of a foreman and two technicians is assumed to
perform the work. Postulated procedures used to DECON
the fume hoods are discussed in Appendix D. The average
time to DECON a fume hood is 1.5 days. The average

. rmanpower requirement is 5.3 person-days. Costs average

.. $8,000 for supercompaction and $8300for

T supcrcompactxon wuh mcmcratnon

- Occupational radxauon doses rangc fmm 8 x 10 person- "

remto1x 107 pcrson-rcm. depcndmg onthe type of
contammatxon

and total costs for DECON ofa fume hood

- Laboratory -
3y I, G o #Am _ Userlab
Time (days) - .. 15 147 14 16 1.5 15
Manpower (pers-days) 53 5.3." P os2 S.o T 54 53
Radiation dose (person-rem) ~ 8x 107 8x lbf © o 3x%10%7 1x 100, 5x102  §x10°
Costs (§ 000)" 725 80 95 . e1 . 80 16
7.9 83 97 94 8.4 79

(3) First rowis cost for supercompaction option. Second row is cost for supercompaction with ncineration
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5.2.2 Glove Boxes

Estimated ime :md manpower rcqmrcmcnts, total costs,
and occupational radiation doses for decommissioning a
glove box by the two options are shown in Table 5.3. A
typical glove box decommissioned in this study had
exterior dimensions of 1.5 m wide by 0.9 mdeep by 2.1 m
}ugh. A work crew consisting of 2 forrman and two tech-
nicians is assumed to perform the work. Postulated
procedures used to DECON the glove boxes are discussed-
in Appendix D. The average time to DECON a glove box
is 0.6 days. The average manpower requirement is

2.2 pcrson-days Costs average 34,200 for super--
compachou and $4,400 for supercompaction with
mcmcrauon. Occupational radiation doses range from -

2 x 10" person-rem to 2 person-rem, depending on the type
of contamination.

5.2.3° Small Hot Cell

The only reference laboratory that contains hot cells is the
laboratory for the manufacture of "*'Cs sealed sources
described in Section 7.1.4 of NUREG/CR-1754." 1t is
estimated that 1.9 days and 7.7 person-days will be -
required to DECON one of these hot cells, The occupa-
tional radiation dose 1s estimated to be about 2 person-rem.
For the supercompaction option, the cost ts estimated to be

$26,500; for the supercompaction with incineration option
the cost is estimated at $26,800. A work crew consisting of
a foreman and two technicians is assumed to perform the
work. Postulated procedures uscd to DECON a hot cell are
discussed 1n Appcndxx D.

5.24 Laboratory Workbenches

Estimated time :md manpower requirements, total costs,
and occupational radiation doses for decommisstoning a
workbench by the two options are shown in Table 5.4.

Workbenches decommissioned in this study varied from

. facility to facility (Appendix C), buta "typical” bench

measured 0.9 mhigh by 0.75 m wideby 4.6 m long. A
work crew consisting of a foreman and two technicians is
assumed to perform the decommissioning work. Postulated

procedures used to DECON the workbenches are discussed .

in Appendix D. The avérage time to DECON a bench is
1.7 days. The average manpower rcquutmcnt is

6.1 person-days, Costs averaged 38,800 for super-
compaction and $10,200 for supercompaction with
incineration; Occupational radiation doses range from2 x
107 person-remto 4 x 10” person-rem, depending on the
type of contamunation. 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.

Table 53 Summary of estimated manpower requirements, occupational radiation dose,
and total costs for DECON of a glove box

Laboratory
H “c | 11Cs ¥Am  Userlab
Time (days) 0.4 04 04 -~ 13 0.5
" Manpower (pers-days) 1.7 L6 1.6 - 44 1.9
Radiation dose (person-rem)  7x 10 2x107 4x10° - 2x10° 7x10*
Costs ($ 000) 33 3.5 4.0 - 6.7 3.5
3.5 36 4.0 - 7.)0 3.7

(3) Firstrow is cost for supercompaction option  Second row 1s cost for supercommpaction with sncineration.
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Table 5.4 Summar) of estimated manpower requirements, occupational radiation dose,
. and total costs for DECON of 2 “orkbench :

i L DR Laboralory .
R SR ot b S "’Cs : "'Am . Userlab -
Time (days) 06. (18 20, 19 24 17
Magpower (pers-days) 22 61 67 - 67 81 60 "
‘ "'»‘Radxauondosc(pcrson-rcm) ﬁxld’ 6x10’ 4x10°% 3x10" “4xlb" 6x10"
E f(;os:s(soqor') o 26 T 997 87 118 106093

2.7 _ 124 9.0 144 108 - 119

(l) Fmt row ls cos: for supercompacuon option Sccond row i: cost for supercompaction with mcineration.

525 Ventilation Ductwork : : . Theaverage time to DECON ductwork is 3.6 days. The -
.- average manpower requirernent is 13 person-days. Costs

Estimated tunc and manpowcr xequxrcments gom costs  averaged $14,900 for supercormpaction and $15,300for :

- and occupanonal radiation doses for decommissioning . . - supercompaction with incincration. Occupational radiation
ductwork by the two options are shown in Table 5. S. The. doses ranged from 2 x 10¥ person-remto 1 x 102 person- -+
estimates are based on the packaging and disposal of20m . - rem,depending on the type of contamination. - The highest -
of 0.20 -m-diameter Shcct metal ductwork plus 20 mof - worker exposures arc associated with the packaging of = -
0.25-m by 0.60-m nctangular sheet metal ductwork. A - M Am.contaminated ductwork. These radiation exposures
work crew consisting of a foreman and two technicians is . - : can be reduced one or two orders of magmtudc xf workcrs -
assumed to perform the work. “Postulated procedures used - use protective respiratory cqulpm:nt.

to DECON the ductwork are discussed in AppendixD. -

~ .

Table 5.5 Summary of estimated manpower requirements, occupatwnal radlahon dose,
and total costs for DECON of ventilation ducts :

PRI .- - - -Laboratory
; . ag.c iMoo - - Bigs 2iAm Userlab
Time (days) L 35 - 33 - 36 - 33 36 38
Maopower (pers-days) 122 17 12.7 13.1 127 : 132
Radistiondose (person-rem) - 2x10°  2x10°  6x10°  3#10° 1x100  2x10°
Costs (3 000)" T 136 159 17.2 15.1 142

13.5 140 163 17.6 155 - 146

(2) Firstrowis cost for supercompaction option “Second row s cost for supemqrﬁbacnon with ncineration. -+ -
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5.2.6 Cabinets

Estimated time and manpower requirements, total costs,
and occupational radiation doses for decommissioning a
storage cabinet by the two options are shown in Table 5.6.
A work crew consisting of a foreman and two technicians
is assumed to perform the work Postulated procedures
used to DECON the cabinets are discussed i Appendix D.

“The average time to DECON a cabinet 1s 0.4 days. The
average manpower requirement is 1.6 person days. Costs
average 32,400 for supercompaction and $2,800 for
supercompaction with incineration Occupational radiation
doses ranged from 7 x 107 person-rem to 3 x 10 person-
rem, depending on the type of contanunation.

5.2.7 Freezers and Refrigerators

The freczers and refrigerators in the °H, '“C, and ']
laboratories are all assumed to be upright units with
dimensions of 0.6 mx 0.6 mx 1.5 m. The estimated time
and manpower requirements, total costs, and occupational
radiation doses for decommissioning a freczer or
refrigerator by the two options are shown in Table 5.7. A
work crew consisting of a foreman and two technicians is
assumed to perform the work. Postulated procedures used
to DECON these appliances are discussed in Appendix D.
The average time to DECON a freczer or refngerator 1s

0.6 days. The average manpower requirement is 2.1 person
days. Costs average $6,000 for supercompaction and
$6,400 for supercompaction with mcweration. Occupa-
tional radiatton doses range from 1x 10° person-remto 2 x
10 person-rem, depending on the typs of contamination.

5.2.8 Filters

All the reference laboratonies contain HEPA and roughing
filters on the ventilation exhaust systems connected to the
fume hoods and glove boxes. The "'Cs laboratory contains
one HEPA and roughing filter on cach of the air outlets
from s two hot cells. Each HEPA filteris 0.2 min
diameter and 0.2 m lgh; a roughing filter 1s 0.2 min
diameter x 0.1 mhigh”? Estimated time and manpower
requiremnents, total costs, and occupational radiation doses’
for decommissioning a HEP A, or roughing filter by the two
options are shown in Table 5.8. A work crew consisting of
a foreman and two technicians is assumed to performthe
work. Postulated procedures used to DECON the filters
are discussed 1 Appendix D. The average time to DECON
a filter 1s 0.03 days. The average manpower requirement is
0.1 person days. Costs average 3170 for supercompaction
and $210 for supercompaction with mcineration. Occu-
pational radiation doses ranged fromS$ x 10°* person-rem’

to 2 x 10 person-rem, depending onthe type of
contamination.

Table 5.6 Summary of estimated manpower requirements, occupational radiation dese,
and total costs for DECON of a storage cabinet

Laboratory
H "C b | 1Cs M*Am User lab
Time (days) 0.5 05 0.5 - 0.5 -
Manpower (pers-days) 17 14 18 - 1.6 -
Radiation dose (person-rem)  2x10¢  7x107  2x10° - 3x10° -
Costs (§ 000)® 24 24 23 - 24 -~
3.0 3.0 2.3 - 29 -

(a) Firstrow is cost for supercompaction option  Sccond row 1s cost for supercompaction with incineration.
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Table 5.7 Summary of estimated manpower requirements, occupational radiation dose,

. and total costs for DECON ofa freezer or rel‘rigerator :

© -~ - Laboratory

| . m v - wy - g MAm _ Userlab
Time (days) - 05 06 06 - - 0.6
Manpower (pers-days) 2.1 2.1 2.1 - - 2.1
Radiation dose (person-rem)  2x 10°¢ 1210 2x10° - - 2x 10¢.
Costs (5 000)® 59 60 63 - - 59
62 .63 67 - - 62

(3) First row Is cost for supercompaction option. Second row s cost for supercompaction with mcineration.

-Table 58 Summary of estimated manpower requirements, occupational radiation dose, o

and total costs for DECON of a HEPA or roughing filter

Laboratory .
CoL : ’H & | 1ICs MAm  Userlab
Time (days) - 003 003 003 - 003 003 003
Manpower (pers-days) 0.1 0.1 - 0.1 0.1 o1 o1
Radiation dose (person-rem)  1x107  5x10° 1x10°¢ 2x10® -2x10* 1x107°
‘Costs ($ 000)® ‘ 0.14 0.15 020 _ 021 0.18 0.15
: ) 0.17 0.18 0.25 0.26 0.22 ~ 0.18 .
(2) Firstrow is cost for supercompaction option. Second row is cost for supercompaction with incineration. o
5.2.9 S‘inl‘{sA and Drafns ) Estimated time and manpower rcquir:mc'nis', total costs, .
A : * and occupational radiation doses for decommissioninga
Sinks are located in the reference laboratories forthe” ~  ° sink and associated drain piping by the two options are

preparation of "C- or '*'J-1abeled compounds and in the °
laboratory for the manufacture of ¥'Cs sealed sources.
The sinks are used for personal cleanliness and for washmg
or rinsing non-contaminated glassware or glassware pre--

shown in Table 5.9. The reference sink and drain decom- |

"1 .. missioned in this study had a drain line with a diameter of
0.12mand Iengthof 10m. A workcrew consisting of a

- foreman and two technicians is assumcd to perfoxm the

viously decontaminated. Contaminated llqulds arenot -~ ° - work. A pipefitteris tcmpomnb' added to the work crew to_

purposely discharged to the sanitary sewer via these sinks, ' disconnect the sink and cut the pipe.’ Postulated procedures .
Hence, the sinks are anticipated to have low levelsof - used to DECON the cabinets are discussed in Appendix D.
radioactive contamination. - - ‘
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Tables.9 Summary of estimated manpower requirements, occupational radiation dose,
and total costs for DECON of a sink and drain

Laboratory
'H “c 131 $Cs MIAm__ Userlab
Tume (days) - . - 02 0.2 03 - 0.3
Manpower (pers-days) - 0.9 0.9 1.0 - 1.0
Radiation dose (person-rem) - 9x10° Ix10°® 1x10% - 9x10°
Costs ($ 000y - 23 24 25 - 2.2
- 23 C 24 2.5 - 2.2

(2) First row s cost for supercompaction option  Second row 1s cost for supercompaction with incineration

The average ime to DECON a sink and drain is 0.3 days.
The average manpower requirement 15 1 person days.
Since the sinks contain virtually nothing that can be
incinerated, the average costs were the same, $2,400, for
both opuons. Occupational radiation doses ranged from
9x 10 person-remto 1 x 10 person-rem, depending on
the type of contamination.

5.2.10 Building Surfaces

Building surfaces include ceilings, walls, and floors,
Concrete surfaces are decontaminated to unrestricted
release levels, Contaminated material such as fiberboard,
floor tiles or concrete chipped from walls is packaged,
supercompacted and/or incinerated, and then shipped toa
shallow-land burial ground. A work crew consisting of a
foreman and two technicians is assumed to perform the
work. Postulated procedures used to DECON bmldmg
surfaces are discussed in Appendix D.

Ceilings

The ceilings 1n the *H, "C znd user laboratories consist of
acoustically treated fiberboard. The ceilings 1n the remain-
ing laboratories are concrete, coated with epoxy paint

('*I Iaboratory), latex paint ("*’Cs laboratory), or acrylic
paint (*'Am laboratory), Estimated time and manpower
requirements, total costs, and occupational radiation doses
for decommissioning one square meter of ceiling surface to
unrestricted release levels for each reference laboratory are

NUREG/CR-6477 58

shown in Table 5.10. The average timeto DECON a
square meter of surface 1s 0.03 days Theaverage man-
power requirement is 0.13 person days, Costs average
$260 for supercompaction and $340 for supercompaction
with incineration. Occupational radiation doses range from
I x 10* person-rem to 3 x 10 person-rem, depending on
the type of contamination.

Walls

The walls in the *H, C, and user laboratories consist of
plasterboard painted with latex enamel The walls in the
remaining laboratories are concrete, coated with epoxy
paint (**’I laboratory), latex paint (*'Cs laboratory), or
acrylic paint (*Am laboratory). Estimated time and
manpower requirements, total costs, and occupational
radiation doses for decommissioning one square meter of
wall surface to unrestnicted release levels for each
reference laboratory are shown in Table 5.11. The average
time to DECON a square meter of suface is 0.03 days.
The average manpower requirementis0.13 person days, -
Costs average $220 for supercompaction and $250 for
supercompaction with incineration. Occupational radiation
doses range from 5 x 10°* person-remto 3 x 10 person-
rem, depending on the type of contamnation,

Floors

All of the floors are covered with asphalt tile except the
floor in the ' Am laboratory, which is covered with

IR WL
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Table5.10 Summary of eslimated manpower requirements, occupational radiahon dosc,
~ and total costs for DECON of one square meter of celllng area’

o _ Laboratory °
- - 3. - M - owspo- wigg - Mam Userlab
Time (days) 0.03 003 - 004 0.04° 0.04 0.03
Manpower (pers-days) .01 0.1 0.14 0.16 014 013
Radiation dose (person-rem) ~ 1x107.  6x10°  1x10°  2x10°  3x10' 1x107
Costs (§ 000)* 020 020 025 040 - 021 029
‘ 026 026 029 053 025 - 042

() _ First row is cost for supercompaction option. Second rowis cost for supmt;mpacﬁon with incineration.

Table 5,11 Summary of estimated manpower requircments, occupational radiation dose,
and total costs for DECON of one square meter of wall area D

Laboratory
. H e sy Weg "'Am " User Iab_
Time (days) 0.03 0.03 0.04 0.04 0.03 0.05
Manpower (pers-days) 0.10 0.10 0.14 0.14 013 - 0.8
Radiation dose (person-rem)  1x 107 Sx10° 1x10* 2x10°* 3x10* 1x107
Costs (§ 000)™ 0.17 0.18 0.25 025 0.19 0.26
0.20 0.21 0.28 0.28 0.22_ - 0.30
(2) Furstrow is cost for supercompaction option  Second row s cost for supercompaction with incineration
linoleum with heat-treated seams. Because the linoleum is average time to DECON a square meter of surface is
free from etacks, it is easier to decontaminate and requires 0.04 days. The average manpower requirement is
less recleaning than do the asphalt tile floors. | . 0.15 person days. Costs average $200 for supercompaction
. and $210 for supercompaction with incineration. Occu-
‘Estimated time and manpower requirements, total costs, pational radiation doses range from2x 10* person-rem to
and occupational radiation doses for decommissioning one 7 x 10 person-rem, depending on the type of’
square meter of wall surface to unrestricted release levels contamination.

for each reference laboratory are shown in Table 5.12. The
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-

Table 5.12 Summary of estimated manpower requirements, occupational radiation dose,

and total costs for DECON ol one square meter of floor area

Laboratory
H (e 1151 ¥ICs M¥'Am  UserLab
Time (days) 0.04 0.04 0.04 0.04 0.04 0.04
Manpower (pers-days) 0.15 0.15 0.15 0.16 0.15 0.16
Radiation dose (person-rem) 2 x 10 7x10° 8x 107 3x10® 7x10*  2x10*
Costs ($ 000y 017 0.19 0.21 0.23 0.22 0.19
017 0.19 0.21 0.23 0.26 0.20

(a) First row 1s cost for supercompaction option  Second row 1s cost for supercompaction with incineration.

5.3 References

1. E.S.Murphy. 1981. Tecknology, Safety, and Costs of
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Facilities. NUREG/CR-1754, U.S. Nuclear Regula-
tory Commission Report by Pacific Northwest Labora-
tory, Richland, Washington.
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Estimated time and manpower requirements, occupational .

radiation doses, and total costs for decommissioning
example laboratories that process or use radioisotopes are -

summarized in this chapter. The analysxs uses cost data for

decommissioning Jaboratory components summarized in
Chapter 5. The reference laboratories are described in,
Scctxon 7 of NUREGICR-1754"’ and include:

e a labomtory for'the manufacture of ’H-labe]cd
compounds

a laboratory for the manufacture of “C-labeled
compounds T . 1

' . P . PRI

a laboratory for the manufacture of *I-labeled
compounds

a laboratory for the manufacture of *'Cs séaled
’ sources L

sources

a laboratory for preparing labeled compounds and
radioactive sources and using these materialsin . -
experiments thh small animals (the reference .
msntuuonal user laboratory)

The technical approach used for this analysxs is descnbcd R

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 managcmcnt
requirements and costs for dccomrmssronmg the six
reference laboratories are given in Appendix D. )

v J

6.1 Technical Approach

The technical approach and some of thc key bases used to
define requirements and to estimate costs and safetyof
decommissioning the six reference labomtones are
dxscussed in this sectJon

- Lo
-

e PE—
.,

a laboratory for the manbfacture 6f *"Am sealed -

6 Decommissioning of Reference Facilities

6.1.1 Costs

Costs for dccomrmssxonmg thc refcrcncc laboratones :

-include the costs of staff labor, equipment, supplies, and -

waste management (the packaging, transportation, and
disposal of radioactive waste) Estimates of costs for
decommissioning the reference laboratories are basedon .
estimates of costs for dccommxssronmg laboratory com-
ponents summarized in Chapter 5 from Appendix C. .Cost
estimating bases are listed in Appendxx A, Algomhms for
estimating task completiontimes are given in Appcndxx 'B
All costs are expressed in January 1998 dollars '

Each rcfcrcrlcc lqbora!ory is asstimed to be decommis-
sioned by employees of the owners oroperators of the ~
laboratory, The basic decommissioning work crew is
assumed to consist of a foreman and two technicians,
assisted half-time by a health physicist- Craftsmen
(electricians and pipefitters) are added to this crewona -

* part-time basis to perform specific tasks. Manpower costs
- . are determined by multiplying work crew times by the -

hourly charge-out rate per crew. Manpower costs include
the salaryof a supcrvxsor on a half-time basxs Y

e

: To detérmine the time for dccomrmssmmng. an est1matc is
- made for 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’ pr:paratron and set-
. up time and rest pcnods (ancrllary txmc)

- As mentioned in Section 2. 6 prcvxous smdxcs""’ assumcd

that some of the facxmy components were to be decon- -+ .
taminated to unrestricted release levels while othcr com- - -

-ponents were to be sectioned and paclmgcd for dlsposa] In

" -the original study," no facility components were assumed

to be compacted. The follow-on study® considered

, .options of compaction and supercompaction.

. ",.Thc present study differs from the previous two studies in

6.1

“that only surfaces arc decontaminated to unrestricted levels;

1o facility components are decontaninated. Instead, all
__components are to be supercompacted or incinerated before
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they are buried. Forthe first option, all compactible waste
1s sent to acentral facility for supercompaction and subse-
quent burial at an LLW site. Uncompactible waste 1s sent
directly to the LLW site. For the second option, waste is
sent to a central facility where it is exther incinerated or
supercompacted, as appropriate. For both options, it is
assumed that the components are sectioned as efficiently as
practicable to fit into 208-liter drums and compactcd on-
site with a ponablc compactor.’ Both options tend to
increase the tme and manpower cosls of the packaging
operations, but minimize the volume of radioactive waste
shipped ta the shallow-land burial ground, and, conse-
quently, minimize transportation and waste disposal
charges that are determined on a volume basis.

Some of the reference laboratones contain sinks into which
low-level radioactive liquids are discharged. These hquids
normally go to a hold-up tank that might be buned on-site.
When a laboratory with a contaminated sink is decom-
missioned, it may also be necessary to remave the coatam-
inated drain line and hold-up tank. The cost of removal of
the drain line and hold-up tank is not included :n the cost
analyses of decommissioning the reference laboratones
summanzed in this section. However, the cost of decom-
missioning a site on which these items are buried is esti-
mated in Chapter 7 to be about $100,000. This cost should
be added to the cost of decommissioning the faboratory for
those cases where removal of the drain line and hold-up
tank is required.

6.1.2 Occupational Radiation Dose Estimates

Estimates of occupattonal radiation dose are made for the
decommissioning of each reference laboratory. The
estimated worker dose rates that form the bases for occu-
pational dose calculations are shown 1, Section 8.1 of
NUREG/CR-1754. M These dose rates are in reasonable
agreement with experience at typical matenals laboratories

6.2 Decommissioning Analyses

Results of analyses of time and manpower requirements,
occupational doses, and total costs for decommissioning
the six reference laboratories are presented in this section
for both options discussed 1n Section 6.1.1. Requirements
and costs for the planning and preparation phase, for the
actual decommissioning phase, and for the final radiation

NUREG/CR-6477

6.2

_ survey to demonstrate compliance with unrestricted release

guidelines are presented. Details of manpower and waste
management requirements and costs are gx\cn in
Appcndxx D.

6.2.1 Laboratory for the Manufacture of
’H-Labeled Compounds

The reference laboratory for the manufacture of 3H-labeled
compounds is described in detail tn Sectron 7.1.1 of
NUREG/CR-1754.1" The floor areaof the lnboratory is
10m by 12m.

Estimated ttime and manpower requirements, occupational
radiation doses, and costs for decommissioning the refer-
ence *H laboratory are shown in Table 6.1, summarized
from Tables D.1.a and D.1.b of Appendix D.

Planning and preparation 1s estimated to require about

6 weeks and 70 person-days of effort before the start of
decommissioning operations. Decommussioning operations
for both options are estimated to require about 5 weeks and
101 person-days of effort and to resultin a total occupa-
tional radiation dose of about 0.04 person-rem.

The total cost of decommissioning the reference laboratory
15 estimated to be about $174,000 for the supercompaction
option (Option 1) and $192,000 for the supercompaction/.
incineration option (Option 2). Planmng and preparation
activities account for about 17% of the total cost for
Option 1 and 15% for Option 2. Approximately 49% and
44% of the total cost s for staff labor (including planning
and preparation activities and final radiation survey) and

.approximately 34% and 40% is for waste management for

the first and second options, respectively.

6.2.2 Laboratory for the Manufacture of
HC-Labeled Compounds

The reference laboratory for the manufacture of 'C-labeled
compounds 1s descnbed 1n detail in Section 7.1.2 of
NUREG/CR-1754." The floor area of the laboratory is

10mby8m.

Estimated time and manpower requirements, occupational
radiation doses, and costs for decommissioning the refer-
ence "“C laboratory are shown in Table 6.2, summarized
from Tables D.2.a and D.2.b of Appendix D.
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Table 6.1 Summary of estimated values of manpower requirenients, occupational radiation doses,
" and costs for decommissioning the reference laboratory for the manufactum' of

’H-Iabeled compounds
‘ ] Planning and - < i’lnal radiation ‘
Parameter ~° preparation .  Decommissioning survey © 7 Total
Supercompaction V ‘ o ‘
Time (days) C 30 26 , 5 61
Manpower (pers-days) 70 ' 101 23 194
Occupational dose (pers-rem) <0.1 ‘ <01 - <0.1
Cost (5 000)
Staff labor . 235 _ 37.7 6.9 68.1
Eqmprmnt - 202 - . 202 -
Supplies - 3.7 - 37
Waste managcmcnt S 47.2 o~z - 472
Subtotals - . 235 '108.8 69 139.2
25% Contingency 59 27.2 1.7 ‘348
Totals 294 136.0 8.6 174.1
Supercompaction/w incineration -
Time (days) 30 26 5 61
Manpower (pers-days) - 70 101 23 194
Occupational dose (pers-rem) <0.1 <0.1 - - <0l
Cost (5 000) ' .
Staff labor 23.5 37.7 6.9 68.1
Equipment _ . - 202 - 202 .
Supplies - 33 - . 37
Waste management —— ~61.8 - - _61.8
Subtotals - , 235 1234 6.9 153.8
25% Contingency i S50 30.9 1.7 384
1543 8.6 1923

Totals - - . 294
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Table 6.2 Summary of estimated values of manpower requirements, Qccupalional radiation doses,
and costs for decommissioning the reference laboratory for the manufacturer of

C.labeled compounds ‘
_ Planning and g Final radiation
Parameter preparation -  Decommissioning survey Total

S.upcrcompacnon ‘
Time (days) 29 24 5 58
Manpower (pers-days) . 66 90 23 179
Occupational dose (pers-rem) <0.1 <01 . - <0.1
Cost (S 000)

Staff labor 21.9 33.5 6.9 62.3

Equipment - 20.2 - 20.2

Supplies - 32 - 3.2

Waste management —_ 469 — _469

Subtotals 219 103.8 .9 1326

25% Contingency : 55 260 17 33.2

Totals 274" 129.8 8.6 165.
Supercompaction/w incineration
Time (days) 29 24 5 58
Manpower (pers-days) 66 50 23 179
Occupational dose (pers-rem) <0.1 <0.1 ) - <0.1
Cost (3 000)

Staff labor 21.9 335 6.9 62.3

Equipment - 20.2 - 202

Supplies - 3.2 - 3.2

Waste management P 64.7 — 647

Subtotals 21.9 121.6 6.9 1504

25% Contingency 35 304 1.7 37.6

Totals 274 152.0 8.6 188.1
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Planning and preparation is estimated to require about ,
.. 6 weeks and 66 pcrson-days of effort before the start of

-for both options are estimated to require about 5 weeks and
90 person-days of effort and to result in a total occupa- "~ -
tional rndn:mon dose of less than 0.001 pcrson -rem.

The total cost of decommlssnomng the rcfercnce laboratory
is estimated to be about $166,000 for Option 1 and .
$188,000 for Option 2. Planning and preparation activities
account for about 17% of the total cost for Option 1 and
15% for Opnon 2. Approximately 47% and 41% of the
total cost is for staff labor (including planning and
preparation activities and final radiation survey) and '
approximately 35% and 43% is for waste management for
the first and sccond opnons. respectively, .

623 Laboratory l'or the Manufacture of
"-‘I-Labeled Compounds

The refcrcncc labora!ory for the manufacture of ""l-labcled
compounds is described in detail in Section 7.1.3of .
NUREG/CR-1754.% The floor area of the laboratory is6m
by 8 m.

Estimated time and manpower requirements, occupational
radiation doses, and costs for decommissioning the refer-
ence "] Jaboratory are shown in Table 6.3, summanzcd
from Tables D.3 -aand D.3.b of Appendix D.

Planning and prcparation is estimated to require about

6 weeks and 66 person-days of effort before the start of
decommissioning operations. Docommxssxomng operations
for both options are estimated to require about 4 weeks nnd
70 person-days of effort and to result in a total occupa- ..
tional radiation dosc of about 0.01 person-rem.

The total cost of decommissioning the reference 1aboratory ,i L

is estimated to be about $129,000 for Option 1 and
$137,000 for Option 2. Planning and preparation activities
account for about 21% of the total cost for Option 1 and
20% for Optmn 2. Approximately 50% and 48% of the
total cost is for staff 1abor (including planning and
‘preparation activities and final radiation survey) and
epproximately 27% and 32% is for waste management for
the first and second options, respectively.

. Decommissioning of Reference Facilities

6.2.4 Laboratory for the Manufacture of ¥Cs

. Sealed Sourcm N
. decommissioning operations. Decomm:ss:omng opcrauons .

. The reference laboratory for the manufacture of *¥'Cs

E sealed sources is described in detail in Section 7.1.4 of

NUREGICR-1754 m 'I'he ﬂoor area of the laboratory is 6 m

‘by&m.

Estimated time and manpower requirements, occupational
radiation doses, and costs for decommissioning the refer-

ence Cs laboratory are shown in Table 6.4, summarized
from Tables D.4.aand D.4.b of Appcndnx D '

Planning and preparation is estxmatcd lo require about .
6 weeks and 63 pcrson-days of effort before the startof

decommissioning operations. Docomnussxomng operations
for both options are estimated to require about 4 wceks and

_ 67 person-days of effort and to resultina total occupa- o

tional radiation dosc of about 4 person-rem.

The total cost of decommissioning the reference laboratory
is estimated to be about $155,000 for Option 1 and
$169,000 for Option 2. Planning and preparation activities

~ account for about 17% of the total cost for Option 1 and *~

15% for Opuon 2. Approximately 40% and 37% of the . -
total cost is for staff Jabor (including planning and prepara-
tion activities and final radiation survey) and approximately
42% and 47% is for waste managcmcnt for the first and
second options, respectively. “

6.2.5 Laboratory for the Manufacture of ‘
#1Am Sealed Sources PR

. Thereference Iaboratory for the manufacture of z“Am

65

scaled sources is described in detail in Section 7.1.5of -
NUREG/CR-1754.1" The floor area of the laboratory is 7 m
by om

- -

Estxmated time and manpower requirements, occupational
radiation doses, and costs for decommissioning the refer-
ence 2 Am laboratory are shown in Table 6.5, summarized
from Tables D.5.2 and D.5.b of Appendix D.

Planning and preparation is estimated to require about

6 weeks and 69 person-days of effort before the start of
decommissioning operations. Decommissioning operations
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Table 6.3 Summary of estimated values of manpawer requirements, occupational mdi_aﬁon dases,
g the reference laboratory for the manufacturer of

and costs for decommissionin

13L.1abeled compounds

Finﬁl radiation

Planning and - ,
Parameter preparation - Decommissioning survey Total
Supercompaction ‘
Time (days) 29 18 3 50
Manpower (pers-days) 66 70 14 150
Cccupational dose (pers-rem) <0.1 <0.1 - <0.1
Cost ($ 000)
Staff labor 219 259 4.2 520
-Equipment - 20.2 - 20.2
Supplies - 2.6 - 26
Waste Management — 233 =z 283
Subtotals 219 77.0 4.2 103.1
25% Contingency 5.3 123 L1 258
Totals 274 96.3 53 128.8
" Supercompaction/w Incineration
Time (days) 29 18 3 50
Manpower (pers-days) 66 70 14 150
Occupationat dose (pers-rem) <0.1 <0.1 - <0.1
Cost (3 000)
Staff labor 219 259 4.2 520
Equipment - 20.2 - 20.2
Supplies - 2.6 - 26
Waste management P 346 . 34.6
Subtotals 21.9 83.3 2 1094
25% Contingency ' 55 20.8 1.1 27.4
Totals 274 104.1 53 136.7
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" Table 6.4 Summary of estimated values of manpower requirements, occupational radiation doses,
_ and costs for decommissioning (he reference laboratory for the manufacturer of

13Cs sealed sources
: _ Planning and * - = Final radiation

" :Parameter preparation. - . Decommissioning - survey :+ .- .Total
Sﬁbé;campacﬁoh
Time (days) 28 18 3 - 48
Manpower (pers-days) 62 - B 14 143 -
Occupational dose (pers-rem) 04 3.8 - 42
Cost ($ 000) ‘ Lo
Staff Jabor . 20.8 249 4.2 499
Equxpment i - . 202 - 202
Supplies - 23 - 23 .
‘Waste management o -z 51.8 — " _S1.8
Subtotals . . 20.8 99.2 4.2 1242
25% Contingency . 52 o 24.8 1.1 31.1
Totals " - : 26.0 1240 53 1553 -
Supercompaction/w Incineration ! i
Time (days) 28 ) 18 3 48 -
Manpower (pers-days) 62 67 14 143
Occupational dose (pers-rem) 0.4 3.8 - ne 420
Cost ($ 000) » o
Staff labor - 20.8 249 42 49.9
Equxpmcnt - 202 - 202 -
Supplies - ) - 23 - 23 -
‘Waste management -z o 63.0 == 630
Subtotals : 20.8 1104 4.2 1354 - -
25% Contingency 52 21.6 11 . 339"
Totals . - 260 1380 - 53 169.4
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Table 6.5 Summary of estimated values of manpower requirements, occupational radiation doses,

and costs for decommissioning the reference laboratory for the manufacturer of

¥ Am sealed sources
Planning and Final radiation
Parameter preparation Decommissioning survey Total
Supercompaction
Time (days) 30 23 5 358
Manpower (pers-days) 68 83 23 179
_ Occupational dose (pers-rem) 1.8 11.7 - 135
Cost ($ 000)
Staff labor 229 326 6.9 624
Equipment - 20.2 - 20.2
Supplies - 32 - 32
Waste management . 315 —= 315
"Subtotals 229 87.5 6.9 1172.5
25% Contingency 57 219 12 29.3
Totals 28.6 109.4 8.6 146.8
Supercompaction/w Incineration
Time (days) 30 23 . 5 58
Manpower (pers-days) 68 88 23 179
Occupational dose (pers-rem) 1.8 1.7 - 135
Cost (3 000)
Staff labor 229 326 6.9 62.4
Equipment - 202 -~ 20.2
Supplies - 3.2 . - 3.2
Waste management — 41.8 e 41.8
Subtotals 229 97.8 6.9 127.6
25% Contingency Sz 4.5 . 1.7 319
Totals 28. 1223 - 8.6 159.7
NUREG/CR-6477 6.8

ISEL_



for both options are estimated to rcqum: about 5 weeks and -
88 person-days of effort and to result in a total occupa- | - - -
uonal radxauon dosc of about 12 person-rem.

The total cost of decommussx(:mng the reference laboratory
is estimated to be about $147,000 for Optionfand . ...
- $160,000 for Option 2. Planning and preparation activities
- account for about 19% of the total cost for Option 1 and
18% for Opfion 2. Approximately 53% and 49% of the

total cost is for staff labor (including planning and
"preparation activities and final radiation survey) and '
‘approximately 27% and 33% is for waste management for
the first and second options, respectively.

6.2.6 Insl;tutional User Laboratory

The reference institutional user laboratory is described in

* detail in Section 7.2 of NUREG/CR-1754.2" The floor area
of the laboratory is 11 mby 16 m. Estimated time and
Imanpower requirements, occizpational radiation doses, and
costs for dccomxmssxomug the reference institutional user
laboratory are shown in Table 6.6, summarized from
Tables D.6.a and D.6.b of Appendix D.

Planning and preparation is estimated to require about

6 weeks and 70 person-days of effort before the start of
decommissioning operations. Decommissioning operations
for both options are estimated to require about 6 weeks and
114 person-days of effort and to result in a total occupa-
tional radiation dosc of about 1.4 person-rem.

The total cost of ' decommissioning the reference laborntory
is estimated to be about $205,000 for Option 1 and
$237,000 for Option 2. Planning and preparation activities
account for about 14% of the total cost for Option 1 and
12% for Opudn 2. Approximately 47% and 41% of the.
total cost is far staff labor (including planningand '
preparation activities and final radiation survey) and
approximately 38% and 46% is for waste management for
the first and second options, respectively.

6.3 Analyses and Conclusions

How does the methodology used in this report compare
with real-world costs? In general, it is extremely difficult
to obtain detailed data on the actual costs of decommis-
sioning a facility since costs actually expended on
decommissioning are usually considered to be proprictary,

6.9
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;especially if a decommxssxomng operauons contractor was
. ".contracted (compeuuvcly) to do the worl

In Chapxcr 3, three fac:lmcs actually decomrmssmncd in

the last five years were discussed. (These three were }
representative of the range of types of facilities rcqumng
decormmissioning.) In each case, the fotal cost of
decommissioning the facilities was available, butno . °
breakdown of these costs into categories was obtainable.
However, from the data available ontwo of these facilities,
the Battelle Building KA-3 and INS laundry facility, a
rough independent estimate using the methodology in this
report was made. These results are presented in Table 6.7.
It must be noted, however, that numerous judgements about
the requirements for decommissioning each facility had to

"be made in order to generate an estimate. In the casc of the

Battelle fac:hty particularly, it is known that a number of
non-supporting walls were completely emoved rather than
be decontaminated, that extensive grouting of the soil .
beneath the building was required to provide sufficient |
foundation support to the building during
decommissioning, and that DOE Operational Safety and
Health requirements, in addition to NRC requxrements,
were followed during decomrmssmmng ‘ ,

Cost comparisons with facilities like the six reference
laboratories discussed in this chapterare possible. For =
example, a few licensees with decommissioning funding ~
plans available in the NRC dockets have sufficient infor-
mation from which independent decommissioning cost .-
estimated can be generated. While these independent
estimates cannot be compared to actuat costs incurred from -
decommissioning, they can at least be compared to the cost |
estimates actually provided by the licensees to the NRC for,
centification. Results of analyzing five such facxlmcs -

_ suggest the following:

"¢ Costs development by the méihodo.logy of this report

are generally in fairly good agreement with the
licensee-provided estimates (i.e., within a band of +50,
=70%). The estimates using the methodology pre-
sented in this report, are greaterin 2 out the 5 cases.

» Inthe three cases where the methodology estimate is
fower than the licensee estimate, the licensee estimate
for disposal cost is exceptionally high (from the avail-
able information, it is not clear why this would be the
case).
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Table 6.6 Summary of estimated values of manpower requirements, occupational radiation doses,
and costs for decommissioning the reference institutional user laboratory '

Planning and -Final radiation
Parameter preparation Decommissioning survey Total
Supercompaction
Time (days) 30 0 ' 8 68
Manpower (pers-days) 70 114 36 220
Occupational dose (pers-rem) <0.1 <0.1 - <0.1
Cost (8 000) . _
Staff labor 23.5 42.6 : 11.1 772
Equipment - 20.2 - 202
Supplies - 42 - 42
Waste management —a. . 623 - 623
Subtotals 235 129.3 1.1 163.9
25% Contingency 59 323 2.8 410
Totals 294 161.6 13.9 '204.8
Supercompaction/w Incineration
Time (days) , 30 ' 30 8 68
Manpower (pers-days) 70 114 " 36 220
Occupational dose (pers-rem) <01 <0.1 - <0.1
Cost (S 000) .
Staff labor 23.5 : 426 11.1 7.2
Equipment - 20.2 - 20.2
Supplies - 4.2 - 4.2
Waste management —ze 87.6 —a. 876
Subtotals 235 154.6 111 189.2
25% Contingency . S9 387 2.8 47.3
Totals 294 193.3 . 13.9 236.5
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Decommissioning of Reference Facilities

Table 6.7 Comparison of decommissioning costs for From these comparisons it can be concluded that the
Battelle and INS facilities : .~ decommissioning cost estimating methodology used in this

report is in fairly close agreement with licensee-estimated

decommissioning costs. Given the wide variation in the

- Cost ($) types and operational histories of facilities categorized as
Building Actual Estimated non-fuel-cycle facilities, the methodology used in this
report does provide estimates that are representative of
Battelle KA-3 $25M $8M real-world decommissioning costs.
INS facility $220K SI1I0K

6.4 Re
* f}‘“ many of the tases, it is clear that licensees consider R ferepces
OF foctitios 1o b f"mﬂ;;h‘;g’:‘:f’"gd‘;"‘?c‘“‘t‘ng‘” 1. E.S.Murphy. 1981. Technology, Safety, and Costs of
(since they alread ’ loy th Gy g;'.? dwill " Decommissioning Reference Non-Fuel-Cycle Nuclear
A Ack ittt duute Facilities. NUREG/CR-1754, US. Nuclear Regulatory

pay them whether it is for these D&D operations or - >
other on-going operations) and therefore donot gg;;::ﬁ'%g::;?:g’:o? Pacific Nothwest Laboratory,

provide estimates for the total cost of performing the
. decommissioning. By comparison, the methodology

used in the present study includes the costs for all

activities associated with decommissioning a facility.
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- 7 Decommissioning of Reference Sites

Information on the technology, costs, and occupalionzil
radiation doses for decommissioning several example sites

is presented in thxs Chaptcr. The reference sites chosen for

analysis are (1) a site with a contaminated undcrground
drain linc and hold-up tank, (2) a site with a contaminated
ground surface, and (3) a tailings pile/evaporation pond

containing uranium 1 and thorium residues. These sites are. .

dcscn'bcd in Sectlon 7.3 of NUREG/CR-1754 m

The techmcal approach used to estimate rcqunrcmcnts.
costs, and safety is described in ‘Section 7.1. The results of ..
dccommxssnonmg analyses for individual sites are presented "

in Section 7.2. Details of decommissioning the reference | .

sites are presented in Appendix E.

" 7.1 Téchnical Approsch

The technical approach and most key bases tised to define
requirements and estimate costs and safety of decommis-

sioning the reference sites have not changed since publi- . - .

cation of NUREG/CR-1754" and can be found in

Section 10.1 of that document. New or revised basesare’ ~

d:scussed bc]ow.

7.1.1 Cost Estimates

" Costs estimates are made in this study for the decom- . -
missioning of three example sites: (1) asite witha
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
thorium residues. For the first two sites, it is 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

N

burial ground. For the tailings pile/cvaporation pond, costs °

are estimated for both the site stabilization and the removal -

options. Costs are expressed in January 1998 dollars and
include 2 25% contingency. Some key bases and

dxsposal of radioactive material rcmowd from thc sltc)

.Becaus transportation to and disposal ata shallow-land

burial ground are contracted activities, labor costs for °

transportation and disposal arc mcludcd in thc total costs of

these i m:ms ’

Labor costs are determined by muluplymg thc pcrsou—days ‘
requxrcd to decommission a site by the cost per person-day
shown in Table A.1 in Appcndxx A. Forease in cvaluatmg ‘
time and labor requirements, site decommissioningis
divided into a sequence of tasks or stcps For the site stabl-
lization option, thcsc stcps are: :

. plannlng and preparation (lncl uding xm lj}il_ site survey) -
«  mobilization/dermobilization ' ‘
site stabilization

*  revegetation. o Tl

For the n':moval Sptipn, these steps are:

. PI_anniné and preparation (including initial sitc ﬁuriéy) .
. ;nobiliz;ﬁoxvqémobiliiat;qn | -

« remove overburden

‘e exhume and package contaminated matcrial

»  transport and dispose of contamxnatcd matcnal at 2.
shallow-land bunal ground :

backfll and rcstorc snc

o i nalsxtcsurvcy

.. To determiné the total time required to decomxmssmn a A
- site, an estimate is made of the time required for efficient
.. performance of the work by the postulated work crew. This

assumptions for estimating costs are given in Appendix A. :

Total costs include the costs of labor, equipment, materials,
and waste management (the packing, tranSponauon. and

7.1

ions S are g I " fime estimaie is then increased by 50% o provide for ..
Cost estimating bases are also givenin Appendix A, + -~ - -7

preparation and set-up time, rest periods, etc. (ancillary
time).
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The owner/operator of a site is assumed to perform his own
site survey. (Soil samples are analyzed by a commerctal «
laboratory.) Site stabilization or waste and soil removal
activities are assumed to be performed by a contractor hired
by the ovmcrlopcrator of the site. The impact on decom-
missioning costs of utilizing a contractor is discussed in .
Section D.1 of NUREG/CR-1754."" The contractor is
anticipated to receive payment consisting of reimbursement
for expenses (i.c., labor, equipment, and matenal costs),
plus a feeto provide a reasonable profit for his efforts. For
this study, the contractor’s fee is calculated on the basis of
8% of the sum of his labor, equipment, matenal, and pack-
aging costs. This rate is judged to be reasonable for the
size and complexlty of the decommissioning 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 super
visory and support personnel to direct labor that usually
exists in contractor organizations and because of travel and
living expenses associated with having personnel in the
field rather than in an office. In Table A.1 in Appendix A,
an overhead rate on direct staff labor of 110%, plus 15%
profit on labor and its overheads, is apphied for all con-
tractor personnel. The work crew for site dccommxssnomng
operations consists of a supervisor (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 used by the decommis-
sioning contractor are calculated on the basis of rental from
equipment dealers. Rental rates are based on the capital
cost of the equipment and include allowances for equipment
depreciation, maintenance and operating expenses (e.g.,
fuel, lubrication, etc.), the cost of decontamunation
following use, and return on investment. The equipment
costs do not include the operator’s wage. Weekly charges
are 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

NUREG/CR-6477

labor and equipment are adjusted tonclude these time
periods as well as the actual time spent decommissioning
the site.

7.2 Decommissioning Analyses

Results of analyses of time and labor requirements, total
costs, and occupational radiation deses for decommis-
sioning three reference sites are presented in this section.
The sites and the decommissioning options evaluated are
shown in Table 7.1. Total costs of decommissioning

include the costs of labor, equipment, materials, waste man- -

agement (e.g., the packaging, transportation, and disposal
of radioactive waste), and contractor’s fees where
applicable.

Details of time and labor requirements and of total costs for
decommissioning the reference sites are prcscntcd in
Appendix E.

. Table 7.1, Decommissioning options for
reference sites

Decommissioning option
Site
Site stabillzatlon Removal
Underground drain hine and hold- - x™
up tank
Contaminated ground surface X
Tailings pile/evaporation pond X X

(2) xindicates that the site 1s decomuussicaed by the indicated
option.

7.2.1 Contaminated Underground Drain Line

The rcfcrcncc contammatcd undcrgmund drain line consxsts
of 20 m of 0.1-m-diameter cast-iron pipe and a2
1.5-m-diameter by 2-m-high cylindncal steel tank,

Estimated time and labor requirements, total costs, and
occupational radiation doses for removal of a contaminated

188



drain line, hold-up tank, and soil are presented in Table 7.2,.

summarized from Section E.1 of Appendix E. Of the total
of 17 work days required for this waste removal operation,
5 work days are required for planning and preparation
activities (including the initial radiation survey) that pre-
cede the actual decommissioning operations. The total cost
of decommissioning is estimated to be about $126,000.

Occupational radxatxon doses are estimated to total about ©

0.1 person-rem, based on an average worker dose rate of
0.1 mremvhr. *

Details of waste removal operations are given in Section
G.2 of NUREG/CR-1754." The drain line is cut into 2-m
sections for ease of packaging. The hold-up tank is pack-
aged as a unit without cutting. After removal from the
ground, the drain line, hold-up tank, and 2 i’ of con-
taminated soil are packaged in 208-liter drums and shipped
by trucktoa dlsposal site.

Decommissioning of Reference Sites

Cost details are presented in Table E2 of Appendix E.

. . Labor costs represent about 42% of the total decommis-

sioning cost. Costs of the initial and final site surveys

_(including labor, equipment, soil analysns costs) are about

21% of the total cost.

7.22 Contaminated Ground Surface

The reference site containing contanundted ground surface
occupies an arca of about 40,000 m® and contains approxi-
mately 1000 m’® of contaminated soil.

Estimated time and labor requiremcnts. tatal costs, and
occupational radiation doses for the removal of contami-
nated soil from the surface of a reference sitc are presented
in Table 7.3, summarized from SectionE.2 of Appcndlx E.

Table 7.2 Summary of wﬁmated labor requirements, costs, and occupational radiation doses for the removal ofa

conmminated drain line and hold-up tank

-~

Final " .

Planning & radiation .
. Parameler preparation Decommissioning survey Totals
“Time (days) , ' 5 0 2 17
'.I.abor(pcrson-days) : 15 . 505 S B Y
Occupauonal dose (pcrson-rcm) . <0.1, <D.1 - : 0.1
Costs ($000)® ) -' Yo
Staff labor 56 27.4 26 356
Equipment 19 129 10 - 158
. Materials - .' 05 40 | .82 48
:Soilan:alyses o  e0- - o 20 - - 80
Contractor’sfee B 37 . - 31
Waste management’ L = 329 ' ) - 329
Subtotal' | U140 809 58 1007
. -2’5%Coptingcncy S 35 202, o o.lsS 12520 -
Tots ... .. 175 oL .13, - .1259

(3) ' Costsare in January 1998 dollars. Numbcr of figures shown Is for computational sccuracy ou!y and docs not imply that lcvcl of

precision.
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Table 7.3 Summary of estimated labor requirements, costs, and occupational radiation dosu for the removal of

contaminated soil from a reference site

Final !
Planning & . radiation

Parameter preparation Decommissioning survey Totals
Time (days) 20 17 5 42
Labor (person-days) 15 111.5 _ 22.5 209
Occupation dose (person-rem) <0.1 0.1 - 0.1
Costs ($000)™ ‘
Staff labor 274 564 8.2 920
Equipment 9.3 21.0 1.5 318
Materials 2.5 12.3 0.7 15.5
Soil analyses 90.0 - 6.0 96.0
Contractor’s fee - 26.1 - 26.1
Waste management - 855.6 — 8556
Su.btolal | 129.3 971.4 16.4 1,117.0
25% Contingency 323 242.8 4.1 —2793
Totals 161.6 1,214.2 20.5 1,396.3

(2) Costsarein January 1998 dollars Number of figures shown 15 for computationat accuracy oaly and does notimply that level of

precision.

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
contaminated soil, and restoration of the site 15 estimated
to be about $1,396,000. Occupational radiation doses are
estimated to total about 0.1 person-rem, based on an
average worker dose rate of 0.1 mremvhr.

Details of site survey and waste removal operations are
given n Section G.3 of NUREG/CR-1754" The refer-
ence site occupies 4 x 10¢ m? (approximately 10 acres). It
is assumed to be contaminated with radioactive residue
from uranium processing operations, with the residue

NUREG/CR-6477
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originally trucked to the site from another location for use
as fill material. Following a radiological survey to locate
concentrations of fill material, approximately 1000 m® of
contaminated soil is removed from the site. This soil is
packaged in B-25 metal boxes and shipped to a disposal
site. The site ts then backfilled and graded and a final
radiclogical survey is performed to verify the suitability of
the site for unrestricted release. Theoperations for
decommissioning this reference site are believed to be
typical of requirements for the decommissioning of sites
where operations included on-site bunal of radioactive
waste. The costs for on-site disposal could, however, be
considerably less than costs for disposal at a shallow-land
burial ground. . :



Cost details are presented in Tnblc E4 of Appcndlx E.
Labor costs represent only about 8% of ihe total decom-
missioning cost, with waste managemcnt costs (costof
'packaging, transportation, and disposal of the exhumed

soil) accounting for about 77% of the total decommis- - =~ -

- sioning cost. Costs of the initial and final site surveys ' )
(including labor, equipment, and soil analysis) are about
12% of the total cost. ‘

723 ‘Taiiihgé'i’ilelEvaporation Pond

The reference tailings pile/evaporation pond i is located on -
a 20,000-m site and has dimensions of 100 mlong by

50 mdeep, with a 2.5 to 1 slope on each side. The refer-
ence tailings pile/evaporation pond is described in
Section 7.3 of NUREG/CR-1754." The pile contains the
residue from ore refinery operation in which tin slag is
'processed for the recovery of niobium and tantalum. The
tin slag is estimated to contain 0.2 wi% U,0, and 0.5 wt%
ThO,. The sludge from processing opcranons. which
contains essentially all of the thorium and vranium, is
pumped to a sctt]ing pond, where the water is allowed to
evaporate, converting the sludge to a glassy solid. Addi-
tional information about the reference tailings pile/pond
and its contents is shown in Table 7.4.

Table 7.4 Some chamct»ens_tis of the reference
*tallings pile/evaporation pond

‘ Parameter ‘VYalue
" Volume of pond 16,000 m?
Weight of residue 41x10"kg
U,0; concentration 0.2 w1%
Contained U,0, 82x10'kg
ThO, concentration 0.5 wt%
Contained ThO, - 202x10°kg

Estimated time and labor requirements, total costs, and
occupational doses for decommissioning a tailings pile/
evaporation pond by the option of stabilization are pre-
sented in Table 7.5 summarized from Section E3 of
-Appendix E. The annual requirements and costs of long- -
term care following stabilization are also shown in

Table 7.5. The cost of stabilization is estimated to be
about $237,000, and the occupational radiation dose for

Decommissioning of Reference Sites

this option is estimated to be 0.1 person-rem. The annual

- . costof long-term care is estimated to be about $17,000,
-and the annual occupational radiation dose is estimated to

75

be about 0.02 2 person-rem.

. chuxrcmems and costs for removal of the pile/pond are
shown in Table 7.6. The cost of removal of the pnlelpond
‘and its disposal at a shallow-land burial ground is esti-
. ‘mated to be about $23 million, and the occupational

radiation dose for this option is estimated to be -

13 pcrson-rem. ' ‘ s
Decommxsslonmg begins with planning and preparatlon
activities that include a radiological survey to determine
the radiological condition of the pile/pond and the site
where the pile/pond is located. Thesite survey includes
measurements of gamma radiation levels, measurements
of the rate of radon emanation fromthe pxle/pond and
analysis of soil samples.

For the site stabilization option, the following procedures
are assumed. The pile/pond is covered with a 50-mm--
thick layer of asphalt. This asphaltlayer is then covered
with 1 mof soil. The soil is mounded slightly at the .

center to allow water to drain fromthe soil cover and to
prevent the accumulation of runoff from rainfall or snow
melt. After compaction and contounng of the soil cover,
the area is seeded with grass.

About 35% of the total cost of the site stabilization option
is for the asphalt and the soil usedtoestablish the cover

~ over the pile/pond. Labor costs r:pn:scnt about 39% of
* the total cost of this option.

Long-term care activities include administrative control,
site maintenance, environmental surveillance, and vege-
lation management. Labor costs represent almost 66% of
the estimated annual cost of long-term care.

For the remaval option, conventional earthmoving equip- .
ment is us:d to exhume the pile/pond. Approximately
16,400 m’ of residue and 3,000 nr’ of potentially contami-
nated soil are packaged in B-25 netal boxes and shipped
to adisposal site. After the pile/pond is removed, the site
is backfilled and graded.

The site is then surveyed to vénfyns suitability for unre-

stricted release. Finally, grass is seedcd to establisha
vegetative cover, :
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Table 7.5 Summary of estimated labor requirements, costs, and occupational radiation doses for the stabillzation
of a reference tailings pildevapomlion pond

Site stabilization
) Pl:xmiiﬁé & ' Long-term care
Parameter : preparation Decommissioning Totals annual values
Time (days) 20 2 32 10
Labor (person-days) 70 104 " 174 27
Occupational dose (person-rem) <0.1 0.1 0.1 0.02
Costs ($000)®
Staff labor : 220 514 73.4 8.7
Equipment 9.3 119 21.2 1.8
Materials .20 72.5 745 0.8
Soil analyses 100 - 10.0 2.0
Contractor’s fee - 10.9 10.9 -
Waste management . —_ = . = i
- Subtotal ’ 434 146.6 189.9 133
25% Contingency 108 367 415 33
Totals 54.2 183.3 2374 16.6

(a)" Costs are in January 1998 dollars Number of figures shown s for computational accuracy enly and does not imply that level of precision.
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" Table 7.6 Summary of estimated labor quuiremcnts, costs, and occupational radlation doses for removal of a
reference tailings pile/evaporation pond

’ » Final
. Planning & : , radiation
Parameter , preparation Decommissioning - survey Totals
Time (days) 20 A 114 5 - 139
Labor (person-days) 70 1569 17.5 - 1,6565
. Occupational dose (person-rerm) <0.1 - 13 - - 1.3
Caosts ($000)®
Staff 1abor 220 785.4 65 813.8
Equipment . : 93 881 1.5 98.9
Materials 20 176.6 0.6 179.2
Soil analyses 90.0 - 6.0 96.0
Contractor fee - 4520 - - 452.0
Waste management - 16,598.4 = 16.598.4
Subtotal 123.4 18,100.5 14.5 18,2383
25% contingency - _ 30.8 _4.525.1 36 _4,559.6
Totals : 154.2 22,625.6 18.1 . 22,791.9
(2) Costs arc in January 1998 dollars. Number of figures shown i is for computational accuracy only and does not
imply that Jevel of precision.
Approximately 91% of the total cost of the removal 7.3 References
option is waste management costs ($16.6 million). Waste .
management costs could be reduced by about $4.0 million 1. E S. Mu ,
. . . s . . Murphy. 1981. Technology, Safety, and Costs
'r;h ¢ cqnta;mn.a tu_j nmten:lewas tm.nsportcd fo the dispo- of Decommissioning Reference Non-Fuel-Cycle
pal sl It plastcined 10, capacily Cump tucks Nuclear Facilities. NUREG/CR-1754, U.S. Nuclear
instead of being pac aged in (2.72-nr) B-25 metal boxes. Regulatory Commission Report by Pacific Northwest

. Laboratory, Richland, Washington.
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'8 Discussion of R_eéulis

The conclusxons tcachcd in thxs report are:

0}) Decomnussxonmg costs havc continued to increase

since publication of References 1 and 2, due pnman']y
- to rapidly escalating costs for disposal of radioactive

wastes generated during decommissioning opcrauons
-at the available LLW disposal sites. .

(2) Rapidly escalating fees for disposal of LLW provide a
significant incentive for NRC licensees to effectively
‘manage LLW generation, treatment, and disposal from
D & D activities. .

3) Dccommlssxomng costs have increased on the order of

- 34% 10 66% since the | issuance of the Final Decommis- .

sxomngRulcin 1988, i

Eachof {hese conclu_s:ogs is discussed below.

8.1 Decommxssnomng Costs

Costs are estxmatod for the dccommxssxonmg of facility
components (hoods, glove boxes, workbenches, ductwork
building surfaces, etc.) by the DECON options of

(1) supercompaction and (2) supercompaction and i incinera-

tion. Cost estimates for individual components are then -
used as bases for estimating the costs of decommissioning
several reference laboratories (described i m Chaptcr 70of

Refcrcnce 2) . :

The costs of decommxssxomng facxhty componcnts are
generally cshmaled to be in the range of $140 10 $27,000, "
depending on the component, type and amount of radiodc-
tive contamination, the DECON option chosen, and the - -
quantity of radioactive waste generated from decommis-
sioning operations. Estimated costs for decommissioning
the reference laboratories range from about $129,000 to
$237,000. Costs of decommissioning laboratory facilities
depend on several factors. mcludmg

. lhesnzeofmclabomtory e e

* laboratory design and constmctxon RPER

the type and amount of radioactive bontaniinaﬁon

- _the DECON option used

operating pr;cﬁcc's duﬁng the lifclime"of the facility .

¢ the quantity of radnoactxve waste gencralcd from o
dtcommiss:onmg Opcmuons )

the extent to whlch radnoactxve wastc vo]umc rcducnon
isused. . ..

On the basis of estimated decommissioning costs for
facility components, decommissioning a small room
containing one or two moderately contaminated fume
hoods is estimated to cost about $25000. The costof
decommissioning an entire industrial plant or research
facility containing several l[aboratories used to prepare

-and/or use radiochemicals and radioactive sources could

cost scvexal million dollars (rcfcr to Scctxon 3. 1)

_ . Costs estimates are made for decommxssnonmg three =
- . reference sites. Costs are estirated torange fromabout
. $130,000 for the removal of a contaminated drain line to.

$23 million for the removal of a tailings pile/evaporation _' o
- pond. Costs for the latter site dependto a significant extent .
- on the quantity of contaminated soil that needs to be
.removed for disposal at an authorized disposal site.

| 82 Waste Generation; Treatment, and

Disposal Management -

Since 1988, LLW disposal costs have escalated by approxi-
mately a factor of 3.5 for the U.S. Ecology site in .
Washington and by a factor of 10 for the Chem-Nuclear
site in South Carolina. Thus, effective management of
LLW generation during D & D operations and its subse-
quent treatment and disposal can significantly reduce the
total cost of dccomrmsstonmg of nuclear facilities. The

greatest potcnual for minimizing LLW management costs

- is with minimizing its gencranon to bcgm with. New

.8.1

N
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technologies are actively under development to minimize, 1f
not eliminate altogether, the generation of secondary LLW
from decontamination operations. The CO, pellet
decontamination process and the supersonic gas-liquid
cleaning technologies discussed in Section 4 provide
examples of such technologes.

Using volume-reduction technology during decommus-
sioning operations to reduce the quantity of radioactive
waste that needs to be disposed of can significantly reduce
disposal costs. The average waste management cost
(without contingency) for the six facilities when super-
compaction is used is about $45,000; without super-
compaction this cost increases by 111% to $95,000. No
savings from volume reduction were possible dunng
decommissioning of the reference sites because very fitile,
1f any, of the radioactive waste was volume-reducible.

While incineration of radioactive waste can significantly
reduce the volume of waste that needs to be disposed of, it
is also very expensive. In fact, it may cost more to inciner-
ate the waste than to just dispose of it. However, incinera-
tion costs are strongly related to economies-of-scale, which
is one reason why radioactive waste incineration facilities
have only been designed and built to incinerate a select few
waste types (i.c., radioactively contamunated waste oil from
nuclear power plants).

While supercompaction and incineration can significantly
reduce waste volumes, both are applicable only to dry-
active waste. A significant cost from decommissioning
operations is from disposal of solidified liquid wastes, for

the reference facilities, and contamenated soil, for the
reference sites. Making an additional effort in planning
decommissioning operations and selecng decommis-
sioning technology that nunimizes this non-volume-
reducible waste could result in significant savings in
disposal costs. Also, 2 new LLLW/mixed waste disposal site
in Utah (operated by Envirocare of Utah, Inc.) offers
disposal services for very low-level radioactive and mixed
wastes at costs significantly below the current regional
commercial LLW disposal sites at Richland, Washington,
and Bamwell, South Carolina.

8.3 Escalation Since the Final
Decommissioning Rule

The present study indicates that decommussioning costs for
non-fuel-cycle nuclear facilities, such as those described in
Section 2.6, are in the range of $130,000 to $205,000,
assuming aggresstve LLW volume reduction, and $150,000
to $270,000, assuming minimal LLW volume reduction.
(See columns 4 and 5, respectively, in Table 8.1.) The
decommissioning fund certification amounts established in
the 1988 Final Decommissioning Rule were derived by
escalating the costs as estimated in the original study
(Reference 2) to 1986 dollars, which were in the range of
$100,000 to $140,000. (See columns 1 and 2 in Table 8.1.)

" These results suggest that decommissioning costs since the

1988 Decommissioning Rule have increased by 34%
(assuming aggressive volume reduction) to 66% (assuming

"~ mimmal volume reduction).

Table 8.1 Comparison of decommissloning costs

NUREG/CR-
NUREG/CR- 1754 Present report, Present report
Reference 1754 (1978 % (escalated to Section 2.6 - (w/o supercompaction,
laboratory 000) 1986 $ 000) {1998 $ 000) - 1998 $ 000)
‘B 67 T 140 174 228
e 59 119 166 219
| 53 101 129 150
1¥1Cs 53 99 155 170
MAm 74 141 147 172
User 63 126 205 269

(a) The*'Am lab cost iacreases are relatively low because of changes 1n assumptions 1n how the facility is decommissioned
NUREG/CR- 1754 assurned that the alpha-contaminated glove boxes were decontanupated for re-use (an expeasive proposition
because of worker protection requtrements), while the present report assumes that the glove boxes are merely packaped, compacted,

and disposed of as LLW.

NUREG/CR-6477
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Nuclear Regulatory Commission Report by Pacific

Northwest Laboratory, Richland, Washington.

83 NUREG/CR-6477



Appendix A

Cost Estimating Bases



L .Appeﬁ(;i)FA.

i Cost Estimating Bases

The cost gﬁmagc infomﬁtion\dby;lopcd in this‘rcevalua'tion;study is based on unit cost data i)resented in this appendix.
Categories for which basic unit cost estimating data are given include: salarics, waste packaging. transport, waste disposal,
special equipment and services, and supplies. The following major bases and assumptions apply to the decommissioning
cost estimates in this reevaluation of the reference non-fuel-cycle facilities and their components. )
«  The estimated cost data pféé;ntéd in this report are early-1998 costs, -

« A contingency of 25% is added to all estimated costs. - : - :

«  Decommissioning involves removal of facility components or decontamination of selected components of the facility
only to the extent that the NRC license may be terminated and the remaining facility and site may be released for
unrestricted use. This study, unlike the original study described in References 1 and 2, does not consider the option of
complete decontamination of the facility components before disposal. Extensive decontamination of the small number
of small components in facilities such as these is expensive, and does not warrant the extra clean-up of the components
needed for unrestricted se. Rather, minimal decontamination is carried out in this study, followed by cutting and~ -
packaging and volume reduction of the radioactively-contaminated material for disposal at a licensed LLW burial * —

ground. . :

» The émdy does not address the removal of bulk, packaged, inventory quantities of radionuclides from the facilities and
their ultimate disposition. Removal off-site of these quantities is assumed to have been completed before physical
decommissioning begins. - R i

« The cost estimates in this reevaluation study, just as in References 1 and 2, take into consideration only those decommis-
sioning costs that affect public health and safety (i.e., costs to reduce the residual radioactivity in a facility to a Jevel that
permits the facility to be released for unrestricted use and the NRC license to be terminated). Hence, the cost estimates
in this study do not include such items as the cost to remove clean materials and equipment nor to restore the land to 2
“green field,” which would require additional demolition and site restoration activities in some cases. Although the
additional costs for site restoration may be needed from the viewpoint of public relations or site resale value, they are not
related to health and safety, and therefore were considered to be outside of NRC's area of responsibility. * -

«  Analternate cost estimate is developed for the decommissioning of the tailing pile/evaporation pond site which assumes
the relatively low activity contaminated material can be stabilized on-site followed by annual surveillance and .
maintenance of the site. This would be considered a restricted land use situation without license termination, but would
assure minimal risk to public health and safety. . o . BRI

*  Todevelop the cost estimates for a facility, the “building block™ technique is used. First the cost of decommissioning
each component of the facility is estimated. These costs are then added together to determine the total cost for decom-
- missioning the entire facility. This approach allows for generation of simple algorithms for decommissioning other
facilities that are not the same as the reference facilities studiedhere. =~~~ 7 7 "7 77
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» The estimated costs for decommussioning the reference facilities in this study include the costs for staff labor,
equipment, supphes, and waste management (treatment or volume reduction, packaging, transportation, and disposal of
radijoactive wastc)

*  The study assumes that all the applicable radioactive waste materials that result from the decommissioning are treated by
volume reduction, if practical, (i.e., supercompaction or incineration by off-site contractors) before final packaging and
disposal. Reference 2 (1n 1988 dollars) showed a significant financial incentive for such action, as controlled by the
high costs of radioactive waste disposal. Since that time, low-level radioactive waste disposal costs have continued to
increase dramatically. Thus, decommissioning without volume reduction would only be done at asignificant cost
penalty and would not likely be done 1n the future. In this study, the remaval of soils or tailings characterized by low
concentrations of radioactive materal assumes no volume reduction.

*  Some facilities of the types covered in this report may have sinks into which low activity liquids are discharged to an
outside, buried holdup tank. The costs for decomnussioning the contaminated outside-bunied pipe and holdup tank are
not included in the estimated costs for each facility, but are estimated separately. Thus, if a specific facility has such
outside-contaminated features, the estimated costs for decommissioning these features must be added to the costs for
decommissioning the facility. Itis assumed 1n thxs study that an outside contractor 1s used for this part of the
decommissioning. .

»  Thecostestimate is not site-specific for the facilities. Generic, nattonwide values are used for umit costs for all
categories unless otherwise identified.

e Labor rates and overheads for owner/operator and contractor personnel are shown n Table A.1. Except where noted i;‘l
this table, labor rates and overhead costs are taken from Reference 3. Overhead rates applied to direct staff labor are
expected to be sigmificantly higher for subcontracting organizations than for the facility operator because of the larger

Table A.1 Labor costs for decommissioning

Annual Overhead Annual salary/ Hourly rate/
Position "~ salary (%) w overhead w overhead
Supervisor 61,110 ) 70.0 _ . 103,887 - 5646
Foreman 55,545 60.0 88,872 48.30
Craftsman 54,495 60.0 §7.192 4139
Technician ' 52,500 53.7 80,693 43.85
. H.P.Tech . 51,030 537 . 73433 42.63
Clerk ' © 12,860 61.2 | 20,730 11.27
| Equipment 53910 141.5 130,338 70.84
Operator™®
Laborer™® 41,580 14L.5 100,416 54.57
Truck Driver® 43470 141.5 104,980 5105
(1) Estimated.

(®) Subcontractor Workers.
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ratio of supervisory and support personnel to direct labor that usually exists in subcontracting orgamzahons. Having
personnel in the field rather than in the home office also increases the overhead costs, because of travel and living
expenses for some of the personne] In view of these factors, an overhead rate on direct staff labor of 110%, plus 15%
profit on labor and its ovcrhcads IS assumed tobe app]mblc to all subcontracxor workcrs in this mcvaluauon study

» Estimated time reqmrcmcnts to effi cxently carry out a decommissioning task fora work crew are increased by 50% to
allow for work inefficiencies, unforcsecn sxtuatxons preparation and set-up times, and rest periods.

»  All decommissioning activities within a facility, starting with the prcdccomnuss:qnmg work (e.g. planning, activity
specifications and procedures), and continuing through the final license termination, are assumed to be carried out by the
facility staff, except where otherwise identified (e.g., supercompacting, incineration, waste transportation, waste

- disposal). Decommissioning of outside facilities (e.g., sink drain line and buried holdup tank) and site Jand where
necessary, and waste volume reduction, are assumed to be performed by a contractor hxred by the facility opcrator.
+ Inmost cases, a single work crew is used, and one component at a nme is decommissioned. Fordecommissioning a

‘ given component, a work crew is assumed to work 8 hours/day and consists of a foreman and two technicians, assisted

by a half-time health physicist monitor. In some cases (identified where used), craftsmen (e.g., electricians, pipe fitters,

etc.) are added to perform specific tasks such as disconnecting services and preparing a companent for packaging. A

supervisor is assumed to be assigned to the decommissioning staff on a half-time basis for the total facility. He performs

overview functions, such as Q.A., documentation, and management of the decommissioning. A clerkis used for 15 to

20 person-days during the total decommissioning activities, including planning, and final license tcmﬁnation.

» Labor, materials, and equipment costs for conventional cleaning and construction ncuv:ucs were lakcn from
References3and4, = . Cos s 4 - o

»  All waste is assumed to be'placed in 208-liter drums or B-25 metal containers. No other contznncrs areused. After
compacting at the facility, void space is assumed to be 30%.” Supercompaction is assumed to reduce the post-compacted
waste by an additional factor of three. In this study, the cost for supercompaction is assumed to be $100 per 208-liter
drum.! Incineration is assumed to reduce the post-compacted incinerable waste volume by a factorof 10. The
incineration cost used in this study is $5,400/m”. This value, obtained from Reference 5, includes 2 13% cost rate
increase (Reference 6) to convcrt to 1998 do]lars and a 25% charge for packagmg. labclmg. and prcpamuon of shipping
docurments.

*  Aqueous liquid wastes, such as aqueous cleaning soluuans. are assumed to be solidified with Aquas.t'. or other
equivalent material, in 208-liter waste drums.

*  Miscellaneous material costs and task completion times assumed in this study are presented in Table A.2.

¢ Costs relevant to the site decommissioning analyscs (Chapter 7) are presented in Tab]cs A3 and A.4
&,
s Transportation cost estimates for radioactive wastes are taken from Reference 7 Txansportatxon of LLW is by single-
purpose tractor-truck that can hold one hundrtd-twcnty 208-liter drums, or 40 drums of supercompacted wastcs (based
on weight n'.stnctxons) Tmnsponauon costs of wastes from individual componcms are estimated by assummg the

4 .

'“Doc™ Denais, Allied Technology Group, Incorporated, Richland, Washington. February 1966 Personal Communication.
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Table A.2 Miscellaneous costg, weights, and rates

Equipment and material costs (3)
" 208-liter drum *
B-25 metal box
Commercial vacuum
Waste compactor

Weights ,
Empty 208-liter drum (kg)
Empty B-25 metal box (kg)

Surface rates (m¥/h)
Dry vacuum
Dry or wet wipin
Painting ’
Concrete scabbling rate
Asphalt tile removal
Suspended ceiling removal

50

645
2,900
16,400

21

270

60
30

10
11

.30~

14

60

Cutting rate (steel, plastic, or metal, nvhr)

Table A.3 Charges for contractor equipment for decommissioning of sites™?

Estimated rental fee
Equipment item " ($iweek) ($/month)
Tractor, farm type ‘ ' 1,110 3.325
Grader, self-propelled 1,600 4,800
Roller, sheepsfoot, self-propelled =~ - 1,920 5,750
Front loader (2-m*capacity) 1410 4,225
Backhoe (2-m®-capacity) 6,300 18.900
Bulldozer 1,810 5,425
Soil stabilizer, self-propelled 4,200 12,600
Scraper-hauler (20-m’-capacity) - 6,470 19,400
Dump truck (10-m’-capacity) 1,360 . 4,075
Lift truck (10-Mg-capacity) 770 2,300
Crane, boom-type (10-Mg-capacity) 1,725 5,175
Light-duty dnlling ng 6.535 19,600
Disc-harrow, tractor-drawn 400 1,200
Seeder, tractor-drawn 480 1,440

NUREG/CR-6477

@)  Rental charges includes equipment deprectation, operating expenses (fucl, lubrication, ete.),

decontamination following use, and retumn on 1avestment  Does not 1ac!

(b)  Adjusted to Jaouary 1998 dotlars

A4

lude operator's wages.,
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Table A4 Unit costs of supplies, materials, and soil analyses for decomrﬁissionlng of sites

‘ ;_: S . cor . :‘7 " Estimated
' Item . ~__Units ~____unitcost!™® (3)
. 'B:;ckﬁll (topsoil) . h . ..m 18™
» Backﬁll (commonborrow) o " ' mi 4.6
i . Gravel (gradcd) o 540
., Asphalt emulsion . m 70
. Seed - L T as
Fentilzer . - kg 034t
Straw . o . bale. . | 23
- :'A-ﬁ_ti-contanﬁnaﬁon clothing '. ‘per person 100
per week
_ PVCpipe (0.15-m-diameter) ..om T 20
Chain-link fencing (1.8-m-wide) m . 28
Soil analysis | each 200
Cutie pie detector each 1,200
G-M probe each 240
. GammScintilaonprobe . eich - . 1680 . _
(3" x 3" crystal) - : _
Ratemeter (log-lin.) : each 1,440
“""Phoswhxch detector (5" ’ @ch'. ' - . 10,800 ‘
_diameter)

(a) Adjusted to January 1998 dollars
(b) Cost shown does not Include delivery tosite. -

“wastes to occupy the respective fraction of a truckload of wastes from that component. The waste volume reduction’
facility (supercompaction or incineration) is assumed to be 350 km from the facility; the LLW disposal facility is L
assumed to be an additional 800 km from the waste volume reduction facility. Wastes that are not amenablc to volume
reduction are shipped directly to the LLW disposal facxlxty. assumed to be 800 km away. ‘

*  Allradioactive wastes resulting from dccommxssxomng. pnmanly Tow-level radioactive wastes or low-activity wastes,
are assumed to be shipped for disposal to a licensed disposal site. The two major sites are the U.S. Ecology Facility near
Richland, Washington, and the Chem-Nuclear Facility near Barnwell, South Carolina.” An additional disposal facility is
available for low-activity radioactive wastes (LARW), particularly radioactively contaminated soils, at the Envirocare

. Facility near Clive, Utah. Radioactive wastes from the reference contaminated ground surface site and the tailings
pile/evaporation pond site are assumed to be dxsposed of at the Envirocare Facility. This study uses the bunal rate
schedule provided by U.S. Ecology, Reference 8, for LLW, cxclusxvc of soils.
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Certain compenents in some of the non-fuel-cycle facility operations areas are not used for radioactive materials or for
uncontaminated sealed radioactive matenals. These components include cabinets, refrigerators, freezers, and washing
machmes. It is assumed in this study, that unless otherwise noted, these components are monitored ta ensure they are
uncontaminated, then removed and salvaged by the owner as non-radioactive materials.

The study does not address the removal or disposal of mixed or hazardous wastes from the facility. The costs forsuch
activities are assumed to be operational costs covered by and active Resource Conservation and Recovery (RCRA)
permit for the facxlny. However, the study does include consideration of the constraints that the presence of mixed
wastes on-site may impose on decommissioning alternatives and on schcdulcs.

For purposes of this study, the ultimate cost of disposal of nmuxed wastes (either liquid or solid) expected to be present on
the site of the reference facility at final shutdown are considered to be operational costs, since the majority of such
wastes are postulated to be generated during operation of the plant. It should be realized, however, that regardless of
when any solid mixed LLW was generated, commercial treatment, storage, and disposal services for the waste do not
currently exist for most of the waste. Based on the discussion above, 1t is assumed further that implementation of waste
minimization techniques used during the operating years of the facility will also be used during decommissioning,
Therefore, essentially no solid mixed LLW is assumed to be generated during decommissioning of the reference
facilities in this report.  ~

Salvage values of recovered, potentially reusable matenals are not considered.

Property taxes are not considered.
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P

Process Times Estimating Methodology -~
The dcéommissioning of IabAomtory cor'nponcnls involves several steps: partial surface decontami nation and/or ,fifdng of .
loose surface contaminants, component segmentation, packaging, and loadout. This appendix develops the algorithms used
to calculate the time required to perform each of these steps. The labor cost associated with each stepis then easily found by
multiplying the hourly labor cost of the crew doing the work by the time required to perform the step.

B.1 Surface Decontamination and Removal Times

As discusseci in Appendix D, most component surfaces are partially decontaminated and/or painted to reduce or fix surface
contamination before the components are cut up for disposal. The time required for performing a surface decontamination
procedure is found by dividing the total surface area by the rate (in ni/hr) appropriate for that procedure. Times required for

" removing layers of materials are calculated the same way. Surface rates for different procedures are given in Appendix A,

Table A.2.

Examples: Using values from Table A.2, it is found that 2 60 m’ wall requires 60/60 = 1 hour to dry vacuum and
60/30 = 2 hours to paint. ‘Removing asphalt tile from a 60-n? floor requires 60/11 = 5.5 hours.

B.2 Cutting Times

In this study it is assumed that components with large surface areas (e.g., glove boxes, fume hoods, cabinets, workbenches,
refrigerators, freezers) will be cut into flat, square pieces small enough (0.16 n?) to fit into 2 drum. To determine the
number of cuts required, suppose that a typical flat surface of area A measures L by W and that it is desired to cut this into -
small square pieces measuring b by b. Then there will be int(W/b) cuts of length L and int(E/b) cuts of length W, where
int(x) is the greatest integer in x. (For example, int(3.6) =3.) The total length of the cuts is then L x int(W/b) + W x
int(L/b). If W and L are relatively large, then int(W/b) and int(L/b) can be approximated by W/b and L/b, without
introducing too great an error. With this approximation, the total length of the cuts is LW/b + WL/b =2A/b. Dividing this
by the cutting rate, 1, gives the cutting time: t=2A/(rb). ’

Examples: A typical fume hood has a total surface area of about 13 i, If the hood is to be cut into squares of
about 0.16 m?, so that the pieces will stack neatly inside a drum, the total cutting length is 2 x 13/0.4, or about 65
meters. Dividing this by the assumed cutting rate of 60 m/hr (Appendix A) gives a cutting time of about one hour.
- For a refrigerator (assumed to be essentially hollow) with a total surface area for the six sides of about 4.5 n?, the
+ total cutting length is 2 x 4.5/0.4 = 22 meters. This gives a cutting time of 22/60 = 0.4 hour. .
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B.3 Packaging and Loadout Times

The time required to collect, bag, and fill a drum with waste 1s based on times estimated in Reference 1 for hazardous
material abatement. Reference ! estimates that 0 09 hours would be required to collect, bag, and contanenze one drum of
waste, assuming that three bags of compacted waste will fill adrum. Doubling this time to account for on-site compacting
gives the value of 0.18 hours/drum used in thts report. Liquid wastes are processed 1n the drum by the addition of a
solidifing agent (Aquaset® or 1ts equivalent) It1s assumed that the time required for the addition and mixing of this agent in
the drum is 0.25 hours. Once a drum is packaged 1t is moved (o the loadout area. A loadout time of 0083 hours/drum is
assumed for this study.

B.4 References

1. "Building Construction Cost Data 1996." Robert Snow Means Cbmpany. Inc., Kingston, Massachusetts.
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Details of Decommissioning Facility Components N

This appendix provides cost estimates for the DECON of typical facility components. DECON consists of disassembly,
packaging, and on-site compaction of the components, followed by further volume reduction, either 1) supercompaction ata
centralized facility or 2) supercompaction and incineration at a centralized facility. Following volume reduction, the ™ -
components are buried at a shallow-land burial ground. Descriptions of the facilitics and facility components are givenin
"Appendix A of Reference 1 and in Appendix D of this report. The key assumptions and bases used forestimating manpower
requirements and costs are given in Appendix A. The following steps are assumed in the DECON of facility components:

* remove equipment and material and perform initial radiation survey

+  remove loose contamination and fix n:siduai contaminatioﬁ.‘ ’

. disé@;hnc:;l service li;1cs as required |

* cutcomponent into pieces to efficiently fill the disposal containers (208-liter drums)

* package pieces in plastic and placein drums - : -

»  ship drums to central facxhty for waste reduction treatment; supercompaction (Option 1) or supercompaction and
_mcmemhon (Option 2) ° o

* ship treated waste to _low-lcvcl waste (LLW) burial grounds.

A work émw:consxsnn:g' of a foreman and two technicians is assumed to perform the DECON work. When disconnecting or -
removing components, this crew is assisted as necessary by an electrician or craftsman. Complete descriptions of the . :
DECON opcrauons performed on each facnhty component are contamcd in Appcndnx D.

S

C.1 Fume Hoods

Estimated costs for decommissioning a radiological fume hood at each facility are shown in Table C.1.2 for Option 1 and in
Table C.1.b for Option 2. Total costs include manpower, equipment and supplies, and waste management costs. Waste -
management costs include the cost of disposal of the hood only. Roughmg and HEPA filters are considered separate
components and are discussed in Section C.9.

Cl ' NUREG/CR-6477
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Table C.1.a Cost (3 thousands) for DECON of a fume hood at each of the indicated facilities—

supercompaction option
H uc bl | WICs UAm User
Cost item lab lab lab Iab lab lab
Manpower ' 3.13 326 3.37 3.73 334 3.17
Equipment & supplies 1.10 1.23 - 1.48 1.69 125 1.00
Waste management . "
Packaging : 013 0.13 008 0.13 - 013 0.13 .
" Processing (supercompaction) 0.27 028 0.17 0.28 028" _‘ 0.29
Processing (incineration) - - - - - -
Transportation 004 0.04 0.02 0.04 004 004
. Dusposal 136 L4l 087 140 139 144
Waste management subtotals 1.80 1.87 l..l4 1.85 184 1.90
Total 6.03 636 5.99 7.27 643 6.07
25% Contingency 151 159 1.50 1.82 161 152
Totals . 154 1.95 749 9.09 803 7.59

Table C.1.b Cost ($ thousands) for DECON of a fume hood at each of the indicated facilities—
supercompaction w/incineration

: H uc b { YICs HAm User
Cost item lab lab Iab lab Iab Iab
Manpower 3.13 3.26 3.37 3.73 3.34 3.17
Equipment & supplies 1.10 1.23 1.48 1.69 1.25 . Lo0
Waste management
Packaging 0.13 0.13 0.08 . 0.13 0.13 0.13
Processing (supercompaction) 0.22 - 023 0.15 023 0.23 0.24
Processing (incineration) 050 0.51 0.26 0.51 0.49 0.51
Transportation 0.03 004 0.02 0.04 004 004
Disposal 119 124 078 123 122 127
Waste management subtotals 2.07 215 1.28 2.13 211 2.18
Total 631 664 6.14 7.55 6.70 6.35
25% Contingency 1.58 166 1.53 189 167 159
Totals 7.88 8.30 7.6 9.44 8.37 7.94
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C.2 GloveBoxes' N - g Lo

Estimated costs for dccomrmssnomng aglove box at each facxhtyarc shown in Table C.2.a for Option1and in Table C2b
for Option 2. Total costs include manpower, cquipment and supplies, and waste management costs. Waste management
costs include the cost of disposal of lhe glovc box only Roughmg and HEPA filters are cons:dcred separate components and
are discussed in Section C.9. _ - . .

C.3 Small Hot Cell

Estimated costs for decommissioning a small hot cell are shown in Table C.3.a for Option 1 and in Table C.3.b for Option 2.
_ The only reference laboratory that contains a hot cell is the laboratory for the manufacture of >’Cs sealed sources described
in Section 7.1.4 of Reference 1. Total costs include manpower, equipment and supplies, and waste management costs. For .
both Options 1 and 2, hot cell waste (primarily lead bricks) is sent dxrectly toa mxxcd waste disposal facdxty- no compacuon
or xncxnmhon is postulated. ‘

i- . Table C2.a Cost ($ thousands) for DECON ol‘a g]ove box at each of the indicated l’acllitios—

, supercompncnon option
' . H Jvc asp e UpAm User
‘Cost Item . lab " 1ab lab lab b lab
Manpower o 097 _ - .102. . 104 - .27 L0
Equipment & supplies 034 0.38 046 - 1.02 035
Waste management . , : o : ‘ o
Packaging - 0.09 0.09 012 - o 010
' Processing (supercompaction) 030 . 020 025 - 024 021
MSing (incineration) L= T - - - e -
Transportation T 003 003 0.04 - 0.03 0.03
Disposal 1.02 103 128 = 122 . 104
‘Waste management subtotals 135 135 1.69 - 162 - 1137
Total 266 276 3.19 - 535 2.82
25% Contingency . 061 069 0.80 = 138 ..070°
Totals ' . 333 345 3.99 - © 669 352

-~ B B - -
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Table C.2.b Cost ($ thousands) for DECON of a glove box at each of the indicated facilities—
supercompaction w/incineration

o g 5Cs #Am User

\ Cost item lab lab - lab lab “lab lab

Manpower 0.97 1.02 1.04 - 271 110

Equipment & supplies 034 038 0.46 - 102 0.35
Waste management )

Packaging 009 . 0.09 0.12 - 0.11 - 010

. Processing {supercompaction) 018 0.18 0.25 - 0.20 0.18

Processing (incineration) 0.24 - 025 0.03 - 042 0.26

" Transportation 0.03 0.03 0.04 - 003 0.03

Dispasal 094 094 122 = 108 095

Waste management subtotals 148 1.49 1.71 - 1.85 1.51

Total 2.80 2.89 320 - 559 296

'25% Contingency 070 072 0.80 = 140 0.74

Totals 3.50 3.62 4.01 - - 6.98 3.70

Table C.3.a Cost ($ thousands) for DECON of a small hot cell at the P’Cs laborator_v,-
supercompaction option

‘H uc 157 wes HAm User
Cost item Iab lab lab lab - Iab lab
Manpower - - - 5.13 - -
Equipment & supplies - - - 233 - -
Waste management
Packaging - = - 0.43 - -
Processing (supercompaction) - - - 0.10 - -
Processing (incineration) - - - - - -
Transportation - - - 0.09 - -
Disposal = = = 13.07 = =
Waste management subtotals - - - 13.69 - -
Total - - - 21.16 - -
25% Contingency - - - 529 . = -
Totals ' -~ - - 2645 - -
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Table C3.b Cost ($ thousands) for DECON of a small hot cell at the lJ’Cs laboratory— '
supercompaction w/incineration

R 191Cs ipm User.
Cost item : -Jab lab . -lab lab Iab lab
Manpower - : B - 5.13 - C-
Equxpmcm& supphcs C- - - 233 - b
Waste managcmcnt ’ ' A
“Packaging . - - - 043 - ) -
Processing (supercompaction) - - - 0.06 - S
Processing (incineration) - - - 049 - -
Transportation - - - 0.08 - .
Disposal . = = = 12.90 = =
Waste management subtotals - - - 13.96 - =
Total _ ' - - - 21.43 - -
25% Contingency - = = = 25.36 = . =
Totnllwconﬁngcnéy - - - - 2678 - ) =

C.4 Laboratory Workbenches

Estimated costs for decommissioning a workbench at each facility are shown in Table C.4.a for Option 1 and in Table C.4.b
for Opnon 2. Total costs include manpower, equipment and supplles. and waste management costs. 'I'hc workbenches vary
in size and composmon. from facility to facility: ‘ : , S

’H lab: Sxx benches, mild steel construction with p]astxc Iaminated top, 20 meters total length
HC 1ab: Four benches, painted wood with plastic Jaminated tops, 15 meters total length

1297 1ab: ‘Two benches, mild painted steel with stainless stee] tops, 8 meters fotal length

191Cs Jab: One bench, painted wood with plastic laminated top, four meters long

21Am lab: One bench, painted mild steel with stainless steel top, 2 meters long

User lab: Two benches, wood with plastic laminated tops, 24 meters total length

In order to make meaningful comparisons, the costs shown in Tables C.4.a and C.4.b are normalized fora bench 4.9 meters
" (16 feet) Jong. (All benches are assumed to be 0.75 m wide.) As can be seen from these tables, there isno obvnous relation
between the composiuon ofa bcnch (wood or mclal) and its DECON cost,

cs NUREG/CR-6477
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Table C.4.a Cost ($ thousands) for DECON of a workbench at each qf the indicated facilities—

supercompaction option
*H () R | 3ICs ¥Am User
Cost item lab lab lab lab Iab lab -
" Manpower 1.28 3.81 4.37 4.51 538 3.57
Equipment & supples 045 143 1.91 2.05 202 113
Waste management
Packaging 0.03 0.19 0.05 0.20 008 0.19
Processing (supercompaction) 0.06 040 0.11 0.43 016 0.42
Processing (incineration) - - - - - -
Transportation 001 0.06 0.02 0.06 0.02 0.06
Disposal 028 202 0.53 2.15 082 2.10
Waste management subtotals 0.37 2.67 0.70 2.84 109 2.77
Total 211 791 6.99 9 40 849 746
25% Contingency 0.53 198 L35 _2.35 212 187
Totals 263 989 - 874 11.75 1061 9.33
Table C.4.b Cost ($ thousands) for DECON of a workbench at each of the indicated facilities—
supercompaction w/incineration
H uc o | BICs HAm User
Cost jtem lab lab Iab lab’ lab lab
Manpower 1.28 381 4.37 4.51 538 3.57
Equipment & supplies 045 143 191 2.05 202 L.13
Waste management
Packaging 0.03 0.19 0.05 0.20 008 '0.19
Processing (supercompaction) 0.05 0.05 007 0.05 014 0.05
Processing (incineration) 0.10 3.64 0.35 3.88 0.28 '3.78
Transportation 001 0.03 0.01 0.03 0.02 0.03
Disposal 025 0.77 041 0382 073 080
Waste management subtotals 0.43 4.67 0.90 498 1.24 4.85
Total 2.16 9.92 7.18 11.54 864 9.55
25% Contingency 0.54 248 1.80 288 216 _239
Totals 2,70 12.40 8.98 14.42 10.80 11.93
NUREG/CR-6477 C.6
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C.5 Ventilation Ductwork .

Estimated costs for dccommxssxonmg ductwork at each facxhty are shown in Table C.S.a for Option ] and in Table C.5.b for
Option 2. Total costs include manpower, equipment and supplies, and waste management costs. The costs in these tables are
based on a total ductwork length of 40 meters. About half the length consists of 0.1 m-diameter sheet metal; the rem:umng .
length consists of 0.25 by 0.60-m rectangular shcct metal. Thc exact ratio of cylindrical to rectangular ductwork varies from
facility to facility.

C.6 _Cabinets

Most of the reference facilities contain one or more wood or metal cabinets as indicated.

M Iab: . Two wood cabinets, 0.76 mx 046 mx 1.5 m.

HC 1ab: " Two wood cabinets; 0.76 mx 0.46 mx 1.5 m. :
135 jab: One steel cabmct 0.76mx0.61 mx1.5m wxlh a 1.5 mx 0.5 mx 2.0 m steel shelf unit.
13Cs 1ab: None. :

Hamlab: One wood cabinet, 0.76 mx 0.46 x 1.5 m. .

User lab: None.

Estimated costs for decommissioning one cabinet, either wood or metal, at each facility are shown inTable C.6.a for
Option 1 and in Table C.6.b for Optxon 2. Total costs include manpower. cquxpmcnt and supphes and waste managcmcnt
costs. ' .

Table C.5.a Cost ($ thousands) for DECON of 40 m  of ventilation ductwork at each
" .of the indicated facilihes-supercompachon option '

: B : SR S wes T WAm | User
Cost Item lab . lab lab lab Iab : lab
Manpower 216 - 725 828 883 - 787 190. ...
Equipment & supplies 251 272 3.62 4.00 294 249 .. .
Waste Management ' T
Packaging 0.06 0.06 0.06 0.06 0.09 ~_ 0.07
Processing (supercompaction) 013 014 0.12;'," 0.14 . 019 0I5
Processing (incineration) - - - - - ’ -
Transportation 0.02 0.02 0.02 002 . 003 002 .
Disposal 06t 06 p&2 06 096 0I5
Waste management subtotals 0.84 0.‘.5_1 082 091 127 099
Total , ' 1051"_" _'10.89- “1272 1375 1208 1138
25% Contingency 263 272 318 344 302 .28

Totals : K 13.04 " 13.61 15.90 17.18 15.10 1422
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Table C.5.b Cost (3 thousands) for DECON of 40 m of ventilation ductwork at each
of the indicated facilities-supercompaction w/incineration

H uc 1y - 1ICs “Am User
Cost item Iab lab Iab Iab Iab Iab
Manpower 7.16 125 8.28 8.83 7.87 7.90
Equipment & supplies 251 272 3.62 4.00 2.94 249
Waste management _
Packaging 0.06 0.06 0.06 0.06 0.09 0.07
Processing (supercompaction) 0.07 0.08 0.07 0.08 0.14 0.09
Processing (incineration) 0.55 057 0.54 0.63 0.58 0.61
Transportation 0.01 0.02 0.01 0.01 0.02 0.02
Disposal 045 0.50 043 0.47 o 054
Waste management subtotals 1.14 1.22 L11 1.26 159 1.32
Total . 10.81 11.20 13.02 14.10 12.40 13%)
25% Contingency ' 270 _2.80 325 . 352 310 293
Totals 1351 14.00 1627 17.62 15.50 14.64
Table C.6.a Cost ($ thousands) for DECON of a cabinet at each of the indicated [acilitfes—
supercompaction option
' H uc g | vICs ¥Am User
Cost [tem lab lab Iab lab Iab Iab
Manpower 097 0.97 1.16 - 097 -
Equipment & supplies 034 0.36 0.51 - 037 -
~ Waste management .
Packaging 0.04 0.04 0.01 - 0.04 -
Processing (supercompaction) 0.09 0.09 0.02 - 0.09 -
Processing (incineration) - - - - - -
Transportation 0.01 0.01 0.00 - 0.01 -
Disposal 046 046 010 = 044 =
Waste management subtotals 0.60 0.60 0.13 - 058 -
Total 1.92 1.94 1.80 - 192 -
25% Contingency 048 0.48 . 045 = 048 =
Totals 240 242 225 - 240 -
NUREG/CR-6477 C.8
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Tnble C.6.b Cost ($ thousands) for DECON o!‘a cabmet at each of the indncnted facili ties—
supercompaction w/incineration

T ‘H e ) v1Cs HAm User
Cost Item o Jab Tab Iab Iab “-lab - Jlab -
Manpower 097 0.97 1.16 - 097 -~
Equipment & supplies 034 036 051 - 037 -
Waste management o
Packaging o : 0.04 004" 001 - 0 e
Processing (supercompaction) 001 0.01 0.01 - 00 -
Fmocssing (incineration) 0.83 0.83 0.09 - 079 =
Transportation 0.1 001 0.00 - ST} AP
Disposal o 0.17 0.17 007 = 017 o=
Waste management subtotals 106 1.06 0.17 - 1015 -
Total _ - 238 239 185 - 235 -
25% Conlingency 059 0.60 0.46 - 059 -~ =
Totals : - 297 299 231 - 294 =l .

C.7 Sinks and Drains

One or more sinks and drains are present in each of the reference laboratories except the laboratory for the manufacture of *~ -~
“3H-labeled compounds and the laboratory for the manufacture of 3 Am sealed sources. The sinks are used for personal
cleanliness and for washing or rinsing noncontaminated glassware or glassware that has previously | beencontaminated. . .
Because contaminated liquids are not purposely discharged to the sanitary sewer via these sinks, they are postulated to h:m:l v
low levels of radioactive contamination. ' . y . .

F L PR

Estimated costs for decommissioning  typical sink and drain at each facility are shown in Table C.7.afor Option 1andin . .
‘Table C.7.b for Option 2. Total costs include manpower, equipment and supplies, and waste management costs.

N

C.8 Freezers and Refrigerators

Most facilities contain one or more of each of these appliances. It is assumed in this study that each refrigerator and freezer
measures 0.61 mx 0.61 mx 1.52 m and weighs 68 kg. ‘These units are assumed to be only mildly contaminated inside, but -
exterior contamination levels are assumed to be sufficiently high that it is impractical to attempt to decontaminate themto
Ievels required for unrestricted use. Thus, they are assumed to be disposed of as radioactive LL.W withonly minimal =~

decontamination.

Estimated costs for decommissioning a typical refrigerator or freezer at each facility are shown in Table C.8.a for Option 1
and in Table C.8.b for Option 2. Total costs include mnpowcr. cquxpmem and supphcs. and waste managemcm costs.

co - NUREG/CR-6477
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Table C.7.2 Cost ($ thousands) for DECON of a sink or draln at each of the indicated

facilitles-supercompaction option

H ic 151 ¥cs ¥Am User
Cost item lab lab Iab Iab lab lab
Manpower - 0.57 0.62 0.67 - 057
Equipment & supplies - 0.22 027 0.30 - 0.18
Waste management
Packaging - 0.07 0.07 0.07 - 0.07
Processing (supercompaction) - 0.15 0.15 0.15 - 0.15
Processing (incineration) - - - - - -
Transportation - 0.02 0.02 0.02 - 0.02
Disposal = 077 077 0.77 = 077
Waste management subtotals - 1.01 1.01 1.01 - 1.02
Total - 1.80 1.90 1.99 - 1.77
25% Contingency = 045 041 050 = 044
Totals - 225 2.37 2.49 - 221
Table C.7.b Cost ($ thousands) for DECON of a sink or drain at each of the
Indicated facilities—supercompaction w/incineration
. H - uc 131 WCs HAm User
Cost item Tab Iab Iab Inb Iab Iab
Manpower - 0.57 0.62 0.67 - 0.57
Equipment & supplies - 022 0.27 0.30 - 0.18
Waste Management .
Packaging - 0.07 0.07 0.07 - 0.07
Processing (supercompaction) - 0.15 0.15 0.15 - 0.15
Processing (incineration) - _ 0.02 0.02 0.02 - 0.02
Transportation - 0.02 0.02 0.02 - 0.02
Disposal = 0.76 0.76 0.76 = 036
Waste mﬁnagcmcnt subtotals - 1.02 1.02 1.02 - 1.03
Total - 1.81 191 2.00 - 178
25% Contingency = 045 0.48 050 = 044
Totals - 2.26 239 2.50 - 222
NUREG/CR-6477° C.10



Table C.8.2 Cost ($ thousands) for DECON of a freezer or refrigerator at each of the

indicated facilities~supercompaction option

Appendix C

B?Cs

g W Mg wp CWam T User
Costitem lab - -:lab . - lab lab lab Jab
Manpower 124 127 1.38 - - 125
Equipment & supplies 0.44 048 0.61 - - ‘0.35'\“ ,
Waste management ) - e
Packaging 02t 021 021 - - 021
Processing (supercompaction) . 046 . 046 0.46 - - 046
Proccssmg (:ncmcmnon) - - - - - -
'TransPortatwn 0.07 007-. 007 - - 1007
Disposal 230 0 230 231 = = 231 -
Waste h%an;gcmcdt subtotals 303 - 3.03, 3.0 - -~ "3.05
Total 470 478 © 503 - - 469
25% Contingency L18 -1.20 . 1.26 . - = 117
Totals 588° 598 629 - - 5.86
Tab]e C8.b Cost ($ thousands) for DECON of a freezer or refrigerator at each
of lbe indicated facilitlcs-supercompacﬁon w/incineration
. M uc 1 wICs MAm . User ...
Cost item lab lab 1ab lab lab Isb
Manpower 1.24 ' 127 . 138 - - 125
Equipment & supplies 044- 0.48 0.61 ~ - 039
Waste management : T
Packaging 021 021+ 021 - - 021
" Processing (supercompaction) 040 040 041" - - 041
Processing (incineration) 052 052 0.52 - - "052
Transportation 006 . 0.06 0.06 ° - - 606 )
Disposal 212 212 213 = = tanl
Waste management subtotals . 332 332 333 - - 333
Total 499 5.07 532 -~ - 498
25% Contingency 125 1.27 133 = = 124
. Touls 624 634 6.65 - - 622
C.11 NUREG/CR-6477
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C.9 Filters

« .

The ventilation exhaust systems at each facility include roughing and HEPA filter combinations that serve the glove boxes
and fume hoods. Estimated costs for decommissioning a typical filter combination at each facility are shown in Table C.9.a
for Option 1 and in Table C.9.b for Option 2. Total costs include manpower. equipment and supplies, and waste
mnnngcmcnt costs. .

C.10 Building Surfaces

Facility ceilings, walls, and floors are decontaminated to unrestricted rcléasc levels. Contaminated material, such as acoustic
ceiling panels, concrete chipped from walls or floors, or floor tifes are packaged and shipped to an LLW burial site.

The reference laboratories assumed for thcsc decommissioning cost evalu:mons measure 6 m by 10 m, with walls 3 m lu gh.
This translates into a total wall area of 96 m? and a ceiling and floor area of 60 m?. The surface materials used in each lab are
specified in Appendix D, Tables C.10.3, C.11.2, and C.12.a show the estimated costs for decommissioning 60 m?® of ceilings,
walls and floors at the varjous facilities using Option 1. Costs for Option 2 are shown in Tables C.10.b, C.11,b, and C.12.b.
To allow direct comparison with ceiling and wall costs, Tables C.11.a and C.11.b have been adjusted to show DECON costs
for 60 m’ of wall area, even though the total wall area for the reference laboratories is 96 m'z

Table C9.a Cost ($ thousands) for DECON of a HEPA or roughing filter at each
of the Indicated [acilitles-supercompaction option

_ ’H o 151 i o] HAm User
Costitem . . lab lab lab ~ Iab lab lab
Manpower 0.06 0.07 0.08 0.08 0.07 0.07
Equipment & supplies : 002 003 0.03 004 . 0.03 0.02
Waste management
Packaging <0.01 <0.01 <0.01 <0.01 <001 <0.01
Processing (supercompaction) 0.00 0.00 0.01 0.01 0.0t 0.00
Processing (incineration) - - - - - -
Transportation <001 <0.01 <0.01 <0.01 <001 <001 -
Disposal 0.02 002 0.04 004 003 002
Waste management subtotals 0.03 0.03 0.05 0.05 0.04 0.03
Total ol 0 0.16 0.17 0.14 012
25% Contingency 0.03 0.03 0.04 0.04 0.04 003

Totals 0.14 0.15 0.20 - 0.21 0.18 0.15
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Table C.9.b Cost ($ thousands) for DECON or roughing filter at each of the
indicated facilities-supercompaction w/incineration

Y " MC S | vICs BAm User

Costitem . Iab . Jab lab lab ab. ... lab -
© Manpower - 006 007 0.08 0.08 007 007
Equipment & supplies 002 003 003 - 0.04 003 002
Waste management i o _ ' .
Packaging } <0.01 <0.01 <0.01 <0.01 €01 - <001
Processing (supercompaction) - C - - - - -
Processing (incineration) 0.04 0.04 0.07 0.08 006 = 004
Transportation <001 <001 <0.01 <0.01 00l <001

Disposal ‘o pm po1 ool ool oo

. Waste managementsubtotals 005 0.05 0.09 0.10 007 005

Total . . - 0.14 0.14. 0.20 0.21 0.7 014"
25% Contingency 003 004 005 005 04 004
Totals . 047 * 018 . 025 026 022 _ 0.18

Table C.10.a Cost ($ thousands) for DECON of  ceiling (60 m?) at each of the
indicated facilities—supercompaction option '~

H . ¥ 1q ¥1Cs #Am . User

Cost item b Tab lab  Jab_ lab  ....lab -
Manpower = 7 o 400 . 408 5.49 6.57 5.09 4.68
Equipment & supplies 141 154 242 2.99 192" 7 14g
Waste mhagcmcnt , . o
Packaging | 0.28 028 025 0.64 020 055
Processing (supercompaction) 0.60 0.59 048 134 038 118
Processing (incinerz;_tion) - - - - S
Transportation 0.09 008. 007 020 0.06 0.17
Disposal 1. 29 33 141 263 598
Waste management subtotals . 399 394 . 414 959 326 788
Total . 040 . 957 1205 195 1027 14.04
25% Contingency | 235 239" 301 479 251 351
Totals , .. 1176 . 1196 T 1507 2394 1284 1755 -

c NUREG/CR-6477



Appendix C

Table C.10.b Cost ($ thousands) for DECON of a ceiling (60 m?) at each of the
indlcated facilities—supercompaction w/incineration

H o b | ad{ 8 ¥Am User
Cost item Jab Iab fab lab lab lab
Manpower 4.00 4.08 549 6.57 5.09 4.68
Equipment & supplics 141 1.54 242 2.99 192 148
Waste management
Packaging _ 0.28 0.28 0.25 0.64 0.20 0.55
Processing (supercompaction) 0.06 006 0.12 0.19 0.09 0.12
" Processing (incinération) 554 547 2 11.85 292 10.94
Transportation 0.04 0.04 0.05 0.11 0.04 0.09
Disposal L2 L1l 205 3.33 1.62 221
Waste management subtotals 704 6.95 6.19 16.12 4.87 13.90
Total 1245 12.58 14.10 25.67 11.88 20.06
25% Contingency 3. 3.14 353 642 297 _S5.01
Totals 1557 15.72 17.63 32.09 14.35 25.07
Table C.11.a Cost ($ thousands) for DECON of walls (60 m?) at each of the
indicated [acilities-supercompaction option :
H “c il | wics UAm User
Cost item lab lab lab lab Iab lab
Manpower 3.65 3.80 5.50 5.46 492 6.54
Equipment & supplies 1.29 1.4 242 249 1.85 207
Waste management
Packaging 0.19 0.19 0.23 022 0.15 0.23
Processing (supercompaction) 036 0.36 0.43 0.34 0.28 044
Processing (incineration) - - - - - -
Transportation 0.06 0.06 0.07 0.06 0.04 007
Disposal 246 263 3.18 3.63 193 312
Waste management subtotals 3.06 325 391 425 241 3.86
Total 799 8.48 11.83 12.21 9.18 1247
25% Contingency 2.00 212 _2.96 _3.05 2.29 3.12
Totals 9.99 10.60 14.79 15.26 11.47 15.59
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'I‘able C. ll.b Cost ($ thousands) forDECON of walls (60 m?) at each of the
" indicated facilnlles—-supercompactlon wlincineration

M. M -1 DCs *Am User .

Costitem Iab lab lab ab ‘Wb _lab .

Manpover S T 365 3.80 550 5.46 492 " 6.54
 Equipment & supplies . 1.29 144 242 249 185 207

Waste management ) s

Packiging ¢ 0.19 0.19 023 022 015 023

Processing (supercompaction) 0.09 009 0.17 0.09 - 007 011

* Processing (incineration) 2.76 280 2.64 2.65 217 338

Transponauon 0,03 0.04 0.05 - 0.04 003 - 004

Disposal 151 18l 2.28 222 119 196
Waste management subtotals 4.8 479 536 571, 360 - 572

Total ' . 9.51 1002 1329 13.66 . 1037 1433
25% Contingency 238 251 332 342 259 ° 358
Totals - 1189 , 1253 1661 17.08 1296 . . 1791

Table C.12.a Cost ($ thousands) for DECON of a floor (60 m?) at each of the
indicated facilities—supercompaction option

‘H u“c | 31Cs ¥Am . User
Cost item lab lab lab Jab - lab lab
Manpower . 525 5.51 5.97 6.53 5.41 5.87
Equipment & supplies 1.85 2.08 2.63 2.98 204 1.86
Waste management
Packaging 0.07 0.09 0.10 0.10 020 0.10 -
Processing (supercompaction) 0.15 0.20 021 021 0.38 023
Processing (incineration) - - - - - -
Transportation 0.02 003 . 0.03 0.03 0.06 0.03
Disposal 074 0% 105 105 263 114
Waste management subtotals -0.97 " 1.30 138 1.38 326 1.50
Total 8.08 . 8.89 0.98 10.88 10.71 T 923
25% Contingency 2.02 _g_zz . _2.50 272 268 ' _231
Totals , 1010 1.1 12.48 13.60 13.39 11.54
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Table C.12.b Cost ($ thousands) for DECON of a floor (60 m?) ateach of the
indicated facilities~supercompaction w/incineration

H ue oy BCs  Mpp User
Cost item lab lab lab lab Iab Iab
Manpower 5.25 5.51 ‘597 6.53 541 5.87
Equipment & supplies 1.85 2.08 2.63 2.93 204 1.86
Waste management '
Packaging 007 009 0.10 0.10 0.20 0.10
Processing (supercompaction) 0.15 0.16 0.16 0.16 009 0.19
Processing (incineration) - 0.37 0.53 0.53 292 0.37
- Transportation 0.02 0.03 0.03 0.03 0.04 0.03
Disposal 074 0386 0.86 0.86 162 19¢
Waste management subtotals 0.97 1.50 1.67 1.67 4.87 1.70
Total 8.08 9.09 10.28 11.17 12.32 9.43
25% Contingency 202 227 2.57 2.79 3.08 236
Totals 10.10 11.36 12.84 13.97 1540 1179
NUREG/CR-6477 C.l6



Appendix D

Details of Decommissioning Reference Facilities



Appendix\D

Details of Decommissioning Reference Facilities

This appcndlx provndcs detailed descriptions (sizes, areas, weights, and volumcs) of each potentially contaminated com-
ponent in the six reference facilities. The methods used to partially decontaminate and remove the components are also
“described. At the end of each major section, detailed cost and manpower breakdowns for the facility being analyzed are
given for the two decommissioning options: (1) DECON with supercompaction and (2) DECON with supercompaction and

. incineration.

D.1 Reference Laboratory for the Manﬁfacture of *H-Labeled Coinpounds

Detailed physical descriptions and decommxssxomng procedures for all the components and building surfaces of the

’H laboratory that are postulated to require removal and/or decontamination are given in Sections D. 1.1 through D.1.10.
Details of (1) planning and preparation, (2) estimated manpower requirements, (3) waste management, materials, and labor
costs, and (4) radiation dosages are presented in Table D.1a for the supercompaction option and in Table D.1b for the super-
compaction optxon with incinération. An overall description of this laboratory is contamcd in Section7.1.1 of Refercncc 1.

D11 Fume Hoods

The *H facility contains five fume hoods, each measuring 1.5 m wide x 2.0 m high x 0.945 m deep. Each hood is assumed to
be framed externally by mild stee] 0.003175 meters thick. Each hood is equipped with an acrylic window 0.00635 m thick.
The hood is assumed to rest on an enclosed stainless steel-based cabinet (Fig A.S-1, Reference 1). The support cabmet is
assumed to have the same foot print as the fume hood but is only 0.9 m high.

As with essentially all other materials from the various NFC facilities, the fume hoods and the lower cabinets upon which
they rest are assumed to be cut up, packaged, and placed in 208-liter drums for disposal as LL'W waste. The interiorand -
exterior of the fume hood surfaces are first vacuumed and wet-wiped, then dried and painted to fix contamination. The
hoods are then cut 1o sizes that allow the hood materials to be bagged and placed in 208-liter drums insuch a way that the

materials can be reasonably compacted on-site, then supercompacted off-site.
Amount of Stalnless Steel in the Upper Section |

Back: 1.5x20 =3.00 m

Two sides: 2x0.945 x 2.0 =378 m!
Floor and Top: 2x 1.5 x 0.945 =2.835m’
Total Area : =9.615m’
Total Volume: 0.003175 x 9.615 2 « . =003053 m
Total Volume for § Hoods . © =0.1526 m®

Total Weightfor5 Hoods =~ - - =121k

D.1 NUREG/CR-6477
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Téble D.1a *HLab summary-supercompaction option; Manpower requirements, radiation doses, and costs for &lecommissionlng the

*H laboratory-supcrcompaction option (o incineration)

- Time Person-days Total Casts
Operatioa or category {days) Supervisor  Foreman  Craftsman  HP.Tech Tech  Cleark person-days  Person-mrem ($000)
Planning & preparatioa
Prepare documentation - 150 75 15.0 - - - 75 300 - 9.9
Pecform radiological survey 5.0 - 5.0 - 100 - - 15.0 558 53
Develop work plan 10.0 5.0 100 - 5.0 L 50 250 - 83
Subtotals 30.0 125 30.0 - 150 - 12.5 700 5.58 235
Decomnussioning
Fume hoods 6.2 3.1 52 14 3.1 10.5 -~ 233 34.21 8.7
Glove boxes 2.2 Ll 20 0.6 L1 39 - 8.7 344 3.2
Workbeaches 23 L1 1.7 09 Ll 34 - g3 000 31
Veat ducts 29 15 22 L1 15 44 - 106 000 40
Cabinets 08 04 06 03 04 1.2 - 29 000 i1
Frcezer and sefrigerators 15 * 07 1.2 04 03 25 - 335 0.01 21
Filters 0.6 03 0.6 - 03 1.2 - .25 000 0.9
Cciling 2.8 14 28 0.8 14 5.6 - 119 ool 44
Walls 3.0 13 3.0 - 1.5 60 -~ 12.0 aol 44
Floors 39 20 39 - 20 7.8 - 1517 .000 58
Subtatals 26.1 13.1 232 54 1.1 465 - 1012 37.68 a
Equipment and matenals cost
Coauncreial - - - - - - - - - 3.0
vacuum cleaner
Compactor - - - - - - - - - 172
Small tools a0d materials - - - - - - - - - 1.1
Laundry - - - - - - - - - 26
Waste management costs
Packaging - - - - - - - - - 32
Supercompaction - - - - - - - - - 69
Incineration - - - - - - - - - -
Transportation - - - - - - - - - 1.0
Dusposal - - - - - - - - -
e S -
Final radiclogical survey 5.0 2s 5.0 - 10.0 v S0 228 - 6.9
Totals 61.1 281 582 54 8.1 465 175 193.7 43.26 1393
25% Cost contingency - - - - - - - - - 348
Total cost with contingescy - - - - oo - o - - 174.1
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Tab!e D.1b *H{ Lab summary-lncineratlon optlon‘ manpower rcqulrements, radiation doses, and costs for decomm!sslonlng the
‘ SH laboratory—supemmpacﬂon and incineration option

K Time . Person-days - Total Costs
. A(')pcrnﬂon or cafegory (days) Supervisor  Foreman Craftsman  ILP.Tech  Tech  Clerk  person-days  Person-mrem __ ($ 000)
. Planning & prepanation C °
- Prepare documentation - 150 75 150 - - - 75 300 - 99
- Perform radiological survey 50 S 50 - 100 - - 150 5.58 53
- <Develop work plan 100° 50 100 - 50 - 50 250 - 83
" Subtotals . 30.0 125 30.0 - 15.0 - 1285 70,0 5.8 235
_ Decommissioning . ’
© . Fume hoods 62° 31 52 14 31 105 - 233 3401 87
Glove boxes o220 L 20 06 L 39 - 87 344 32
Workbenches 23 8] 17 09 L1 34 - 83 000 3t
. Vent ducts 29 15 22 1.1 15 44 - 106 000 40
Cabinets 0.8 . 04 06 03 04 1.2 - 29 000 L1
. ‘Freezérandrefigentors . 15 07 12 04 07 25 - LY oo 21
-Filters™® . 06 03 06 - 03 1.2 - 25 000 09
© Celling 28 .14 28 08 14 $6, - 119 001 - 44
© . Walls °. 30 - K .30 - 1.5 60 - 120 001 T . 44
" Hoon ’ 9 20 39 . 20 78. - 157 000 58
. Subfotals . 261 RES 232 54 13.1 465 - 1012 37.68 317
-+ Equipment and materials cost - - ’
+ Commercial vacuum cleaner,” - - - - - - - - - 30
‘Compactor . - - - - - - - - . 172
Small tools and materials .- - - - - - - - - 1.1
_ Laondry e - - - - - - - - 26 -
", Subtotals - - - - - - - - - 240
. Waste management costs - . ‘
E Pacbgiug - - - - - - - - - 32
. ’Supmompact:on = .. - - - - - - - 43
" Incineration - - o - - - o - - 264
Transportation - - - - - - - - _ - 08
 Disposal - - - - - - - - - Ccoat0
- Subtotals . - - - - - - - - - . ° 618, °
. Flual rndlologlcal survey - 50. .25 .50 - 10.0 - 50 225 L e 69 -
-Totals’ 611 -281 582 54 381 465 ' 175 193.7 V4326 7 1538
2% Coslconuugency - - - - - - o - 185
) Totllcostvdth contlngcncy . oa’ . - - . - ee’ e c - 1923 '
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Appendix D

Amount of Stainless Steel in the Lower Cabinet

Back & Front: 2x1.5x090 - : =2,700 m*
Two Sides: 2x 0.945x 0.9 =1.701 m?
Bottom & Top: 2 x 1.5 x 0.945 T =2835m?
Total Area . ’ =7.236m*
Total Volume: 0.003175 x 7.236 =0.02297 m*
Total Volume for 5 Hoods =0.1149 m’
Total Weight for 5 Hoods =919kg

Amount of Mild Steel in the Exterior Frame

The frame is assun.)ed to be comprised of angle iron (0.0508 m by 0.04445 m by 0.0047625 m thick). The amount of mild
steel is 4 x 2.0 m for vertical members and 4 x 1.5 m for horizontal members, for a total length of 14 m. Total mild steel in
the fume hood frame is thus 14 m x (0.0508 + 0.04445) x 0.0047626 = 0.006351 m",

Total Volume for 5 Hoods =0.03176 m*
Total Weight for 5 Hoods =254kg

Amount of Acrylic Plastic in the Window
The plastic is assumed to be 2.0 m high x 1.5 m wide x 0.00635 m thick, for a total volur;\c of 0.01905 i,

Total Volume for 5 Hoods =0.09525 m®
Total Weight for 5 Hoods (specific gravity = 1.2) =114kg

Amount of Processing Equipment

Although diffjcult to estimate because of the wide variety of processing cquipxhent. an allowance is made for the bulk quan-
tity of materials and equipment in the fume hoods. The following general type of contaminated equipment is postulated to be
present in the fume hood The equipment is bagged and compacted on-site, supercompacted off-site, and then disposed of as
LLW,

2clectric heating units, each weighing about 7 kg. These are assumed to take up about 0.03 m?® of space. cach. For
S fume hoods, the total is 10 electric heating units, with a total weight of 70 kg and a total bulk volume of 0.3 m’.

« 6 significant items of processing glassware. each welghmg about 3 kg and taking up about 0.02 m’of space. For 5 fume
hoods, the total is 30 units of processing glassware, with a total weight of 90 kg, and a total bulk volume of 0.6 m’.

s 4items of various materials {metals, plastic, ceramic), each weighing about 2 kg These are assumed to take ijp about
0.014 m‘ of space, each. For 5 fume hoods the total is 20 items, with a total weight of 40 Kg, and atotal bulk volume of
0.284 m®,

D.1.2 Glove Boxes
The *H facxhty contains six glove boxes. Each measures 0.9 m wide x 0.6 m high x 0. 6m deep (Reference 1, p. A-33), rests
on a workbench (Reference 1, p. 7-8), and is assumed to be framed by mild steel externally, with 0.003175-m-thick stainless

steel walls, and 0.00635-m-thick acrylic windows. The glove box has a stainless steel panel across the lower 0.25 m of the
front, in which are located two 0.2-m-diameter circular openings for plastic working glaves, Above this panel, the front of
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Appendix D

the glovc box slopcs backward at an angle of about 40 dcgrecs, prov:dmg an apening for the acrylic plastic viewing window.
The viewing window is mounted in a mild stee] metal frame which is gasketed to the slopmg front of the glove box. Atone
end of the glove box is a stainless steel airlock for the insertion of equipment and material into the box. Airlock dimensions
" are 0.3 mhigh x 0.2 m wide x 0.2 mdeep (Reference 1, p. A33). One acrylic air lock door is accessible from outside the
glove box, and one s accessible from inside the box through the use of glove ports. Standard electrical receptacles are .
. Jocated on the inside of the glove box. with power conu'ollcd by switches mounted outsxdc ona serv:ce p:mcl above the glove
box. s

Before the glove boxes are dismantled, the interior and exterior surfaces are vacuumed and wet-wiped, and then pamtcd to ,
fix contamination. The glove boxes aré then cut to sizes that allow the bagged glove box materials to go into 208-liter drums
in such a way that the materials can be reasonably compacted on-site, supercompacted off-site, and then disposed of as LLW.
The acrylic plastic, the steel materials, and the equipment msxde the glove box are scgrcgatcd into 208-Incr drums. each with
one of these categories of materials. A '

Amount of Stainless Steel in Glove Box and Access Alr Lock,

Glove Box Proper.

Back: 09x0.6 =054 m?
Bottom: 0.9x 0.6 =054 m?
Two sides: 2x0.6x0.6 : *=072mt
Top: 03x09 ) =027m?
Lower Front Panel: 0.25x0.9 =0225m’
Total Area . . =2295 m?
Total Volume: 0.003175 x 2.295 L . o =000729 7
Total Volume for 6 Boxes © =0.0437 0
Total Weight for 6 Boxes wo . =350kg
Air Lock.

. Back: 03x02 ‘ . o =0.06m?
Top, Side, Bottom: 3 x 0.2x0.2 . S . .=012m
Total Area , =018 m?
Total Volume: 0.003175 x0.18 . =0.0005715 m®
‘Total Volume for 6 Boxes =0.00343
Total Weight for 6 Boxes =27kg
Total Stainless Steel Volumefor 6Boxes . - ., = =00472m’
Total Slainlcss Steel Weight for 6 Boxes” . } ‘,- 377kg

AmountoerldStcellntheExtenorFrame _‘_ ‘ R I B

The frame is assumed to be compnscd of anglc iron (0 0508 mby 0. 04445 m by 0. 0047625 m thxck) “The amount of mxld
steel is 4 x 0.6 m for vertical members and 4 x 0.9 m for horizontal members, for a total lcngth of 69m.- Tutal rmld stcel in
the frame is thus 6.9 x (0.0508 + 0.04445) x 0.0047626 = 0.00313 m". .

Total Volume for 6 Boxes . o .. . =001878m -
Total Weightfor6 Boxes . =~ ... - . -=150kg -
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Amount of Acrylic Plastic in the Main Window and Air Lock
Main Window. The plastic is assumed to be 0.6 m high x 0.9 m wide x 0.00635 m thick, giving a volume of 0.003429 m’.

Total Volume for 6 Boxes - - . - =0.020574 m*
Total Weight for 6 Boxes (s.g. = 1.2) =247 kg

Airlock. ;Each of the two windows is assumed to measure 0.3 m x 0.2 m x 0.00635 m. This gives a total volume of
0.000762°. : '

~

Total Volume for 6 Boxes =0.004572 m*
Total Weight for 6 Boxes (s.g. = 1.2) =5.5kg

Total Volume of Acrylic for 6 Boxes =0.02515
Total Weight of Acrylic for 6 Boxes =30kg
Amount of Processing Equipment

The following general type of contaminated equipment is postulated to be present in the glove boxes. The equipmentis
bagged and compacted on-site, super-compacted off-site, and then disposed of as LLW:

2 electric heating units, each weighing about 7 kg. These are assumed to take up about 0.03 m?® of space, each. For the
6 glove boxes, the total is 12 electric heating units, with a total weight of 84 kg and a total bulk volume of 0.36 m*. ~

« 6 significant items of processing glassware, each weighing about 3 kg and taking up about 0.02 n? of space. For6 gfdvc
boxes, the total is 36 units of processing glassware, with a total weight of 108 kg, and a total bulk volume of 0.72m’.

» 4 items of various matcn'als.(mctals. plastic, ceramic), each weighing about 2 kg. These are assumed to take up about
0.014 m?® of space, each. For 6 glove boxes the total is 24 iterns, with a total weight of 48 kg, and a total bulk volume of
0.336 m’.

D.1.3 Workbenches

The six workbenches in the *H facility have a total combined fength of 20 m (Reference 1, pp 7-8 & 7-9 & p. 9-8). The

benches are assumed to be 8 m,4 m, 3m, 3m, 1 m, and 1 mlong. The workbenches are made of mild steel and have plastic- .

faminated tops and are assumed to have no drawers. The benches are 0.75 m wide, 0.9 mhigh, and are asgumcd to be open
(like tables) and stand on 0.0015875 m-thick mild steel legs that are spaced every 1.5 m. The legs are assumed to be 0.075-

m-square box-channels. The workbenches are postulated to have a square U-shaped channel all around the top, and every .,

0.5 m acruss the depth for structural support. These channels are postulated to be 0.05 mon each side and 0.0015875m | -
thick. The top steel surface is assumed to be 0.003175 meters thick. The plastic laminate top cover of the bench is assumed
to be 0.0015875-mr-thick polycarbonate.

To reduce loose contamination, the workbenches are first vacuumed and wet-wiped. They are then bagged and placed in

208-liter drums. The drums are compacted on-site, supercompacted off-site, and then sent to disposal as LLW. The dimen-

sions and the large number of legs on the benches makes the benches relatively easy to cut into sections for salvage of some
. of the bench sections, if desirable.

NUREG/CR-677 . .. D6



Amount of Mild Steelin the Workbench Tops and Relnforcing

Top: 20x075

=15m?

U-channclsUndchcnchTops 2x (8+075)+2x(4 +075)+4x(3 +0.75) +4x(1+0.75)

=49 meters (perimeter of all benchcs) .

Area: 49x3x0.05 :.--7.35m2
Reinforcing U Channels: = '
8-m-bench: 15x 0.75x 3 x 0.05 = 1.6875 rr?
4-m-bench: 7x0.75x3x0.05 . - =07875m7,
Two 3-mbenches: 2x 5x 0.75 x 3 x 0.05 =1125m’
Two 1-m-benches: 2x1x075x3x005 =0.225 m*
Total Area =3.825m’ ..
Total Volume: 15 x 0.003175 + (7.35+ 3 825) x 0.0015875 =0.0654 m*
Total Weight: 8000x 0.0654 , , . .=523kg
Amount of Mild Steel in the Workbench Legs .
Number of legs for 8-m-bench: 2 x Int[8/1.5) =12
Number of legs for 4-m-bench: 2 x Int[4/1.5] =6
Number of legs for both 3-m-benches: 4 x Int[3/1.5) =8
Number of lcgs for both 1-m-benches: =8
Total Legs - =34
‘Area: 34x09x4x0.075 . =918m!
Volume: 9.18 x 0.0015875 : '=0.01457m*

Weight: 8000 x 0.1457 . =1166 kg
Amount of Po]ycarbonate on the Surfacos of the Workbenches

Volume: 15x 0.0015875 ' © 200238
Weight: 1200x 0.0283 =28.6kg

Amount of Processing Equipment on Each Workbench ‘

Appendix D

This is difficult to estimate because of the wide variety of processing equipment. It is assumed that the workbenches were

used for radioactive counting equipment, which had to stay clean; for tools (again, assumed to be free of contamination) for . -
making small new parts for the hoods and glove boxes; for temporary storage of nonradioactive materials; for weighingand -
overpacking the products (again, expected 10 be a relatively clean operation); and other similar uses. Thefollowing general

type of contaminated equipment is postulated to be present on the workbenches.

«  various hand tools mcludmg 2 vise, primarily steel, weighing a total estimated 30 kg, with a total gmss volumc cstJmatcd

to be 0.02 m’,

e 6 sxgmﬁcanutems of processmg glassware, each weighing about 3 kg ‘and assumed to take up: about 0.02 m® of bulk
space cach. For the 6 glass items, the i 1tcxm would welgh 2 total of about 18 kg and reqmrc 0.12 m’ of total bulk space.

e 4 ntexm of various matenals (metals, plasuc. cemnuc) each wexghmg about 2 kg For thesc 4 ntems, the total welght is

estimated at 8 kg, withan estxmated total volume of 0. 008 m’ ¢

-
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D.1.4 Vent Ducts

The facility contains 20 m of cylindrical ductwork 0.2 min dlamelcr and 20 m of rcctangular ductwork 0.25 m x 0.6 min
cross-section (Reference 1, p. 9-8). The ductwork is assumed to be stainless steel sheet metal 0.0015875 m thick. The
ductwork is assumed to be radicactively contaminated intenally and extemally. The ductwork is vacuumed and wet-wiped
where possible to remave the readxly-rcmovab!c contamination, then painted to minimize contamination during subsequent
steps. The duct waste is cut into pieces that maximize the amount of material that can fit in 208-liter drums. The waste
pieces are placed in plastic bags before being placed in the drums. The waste-filled drums are then compacted on-site and
then shipped off-site for supercompaction before disposal as LLW.

Amount of Materlal in the Ductwork

Cylindrical Ductwork Volume =xx0.2x20x0.0015875=0.020 m’
Rectangular Ductwork Volume =2x(0.25+0.6) x 20 x 0. 0015875 0054 m*
Total Volume , =0.074 m

Total Weight =432kg

D.1.5 Cabinets

The *H facility contains two cabinets, each posAtulatcd to be constructed of 0.01905-m-thick latex-painted wood (Reference 1,

p. 9-8). Thedimensions of each cabinet are assumed to be 0.762 m wide x 0.4572 mdeep x 1.524 mhigh. Each cabinetis
assumed to have 2 locking doors, and 3 shelves plus the bottom inside shelf.

Both cabinets are given only mild decontamination by vacuuming and wet-wiping. The material is then painted and sec-
tioned. The sectioned waste is then bagged and placed in 208-liter drums for on-site compaction. The drums are then
shipped off-site for supercompaction. If the incineration option is used, the waste is sent off-site for incincration and
fixation of the ashes into a monolithic solid. The fixed solid is sent for disposal as LLW.

Amount of Material In Each Cablnet to be Disposed of as Waste

Front and Back: 2 x 0.762 x 1.524 x 0.01905 =0.0442m’
Two Sides: 2 x 0.4572 x 1.524 x 0.01905 =0.0265 m*
Top, Bottom, 3 Shelves: 5 x 0.762 x 0.4572 x 0.01905 =0.0332m’
Total Volume - =0,1039 m*
Total Volume for 2 Cabinets =0.2078 m’
Total Weight for 2 Cabinets (s.g. = 0.8) =166.24 kg

D.1.6 Freezer and Refrigerators

The *H facility contains one freezer and twa refrigerators, all postulated to be upright units, with the same dimensions of
0.6096 m x 0.6096 m x 1.524 m. The three units are assumed to be only mildly contaminated inside, But outside, the .
compressor, coils, fan, and other mechanisms are assumed to be sufficiently contaminated that it would not be reasonable to
try to decontaminate them to levels required for unrestricted use. Thus, they are assumed to be disposed of as radioactive
waste with only minima] decontamination. It is assumed that the freon (not contaminated) will be removed on-site by a
subcontractor. The units will then be vacuumed, wiped and painted, and then cut up and bagged into 208-liter drums for on-
site compacting. The units will then be shipped off-site for supercompacting before disposal as LLW. Sectioning will be
done to effectively use the space in the drums. -
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-Amount of Material In the Three Units

 This is based on the gross characteristics of conventional refrigerators and freezers. Each unit will contain the sefrigeration .
cooling system (copper, steel, other metals), some framework (mild steel), plastic inner and outer walls separated by fiber-
glass insulation, some plastic trays and glass and mild steel shelves inside. The sectioned and pre-compacted volume of the
three units is assumed to be the same as when whole, or 3 x 0.6096 x 0.6096 x 1.524 = 1.699 m. The overall weight of each
refrigerator or freezer unit is assumed 10 be 68 kg, for a total weight of 204 kg. . o R -
D.1.7- HEPA and Roughing Filters = . - . .- ' S
Each fume hood (5) and glove box (6) in the *H facility has a HEPA and roughing filter on its ventilation exhaust. The
facility uses the 11 HEPA and roughing filters during normal operation (Reference 1, p. 9-8). No other HEPA or roughing
filters are in the facility. It is postulated that the facility filters had been replaced at the ‘end of the operating period, and they
will Jast throughout the total decommissioning period. In addition, it is assumed that during the vacuuming activity of the ., -
components and the facility, a commercial vacuum unit is leased that uses a roughing filter and a HEPA filter identical to
those in the facility, and 2 sets of filters are used during vacuuming, bringing the total to 13 sets. The filter removal is one of
the Jast activities undertaken during decommissioning. Each filter is sealed in a plastic bag during its removal.- Each HEPA
filter is 0.2 min diameter and 0.2 m high (Reference 1, p. 9-8). ‘The roughing filters (Reference 1, p. 9-8) are 0.2 min.
diameter x 0.1 m high. It is assumed that the filters are comprised of sheet-metal casing with pleated paper as the filter .
medium. Tt is postulated that the filters are bagged, placed in 208-liter drums for on-site compaction, followed by shipment
off-site for supercompaction before being packaged for disposal as LLW. -

Amount of Material in the HEPA and Roughing Fl}téxﬁ - N R
The bulk (rectangular) volume of the 13 HEPA filters is 13 x 0.2x 02 x 02 = 0.104 r. The overall weight of each HEPA
filter is assumed to be 5 kg. Thus, the total weight of the 13 HEPA filters is 65 kg. .

The bulk (rectangular) volume of the 13 roughing filters is 13 x 0.2 x 0.2 x 0.1 =0.052 i, The overall weight of each

roughing filter is assumed to be 2.5 kg. Thus, the total weight of the 13 roughing filters is 32.5 kg.
- D.1.8 Facility Ceiling

The ’H fa&ility ceiling consists of 1202 of acousﬁcally;mtcd fiberboard (Reference 1, p. 9-8) that is suspended (above
which some piping and electrical wiring is mounted). The fibetboard is in panels that are typically 0.3 mx 0.3 m, or
03mx0.6m Each panel can be removed separately. '

The fiberboard, postulated to be 0.0127 m thick, has 2 rough surface and many pores, making it impractical to decontaminate.
The ceiling panels are first vacuumed and painted 1o fix the contamination, then are removed for disposal as radioactive
waste. The ceiling materials are broken up if necessary and bagged and inserted into 208-liter drums. The waste is then
compacted on-site before being transported off-site for supercompaction and disposal as LLW. If the incineration option is
used, the resultant ash is fixated into a monolithic solid. The specific gravity (s.g.) of the fiberboard is assumed to be 0.5.

Amount of Material in the Ceiling -

Total volume: 120 m? x 0.0127 m L o=1524m’ _
The estimated pre-compacted bulk volume is assumed to be twice the actual volume, or about 3.0 . The total weightis .
762 kg. IR C
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D.1.9 Facility Walls

The 132 m?of walls of the *H facxhty (Refcrcncc l P 9-8) are plaslerboard (postulated to be 0. 015875 m lhlck). pmntcd with -
latex enamel. Tt is assumed that the walls are decontaminated to unrestricted use levels to maintain the wall surfacesand to -
keep from contaminating the wall insulation and structural members behind the waIIs. The walls are first vacuumed, then
wiped with wet rags and brushes.  The decontaminating solution, a dilute aqueous detergent, is applied sparingly to minimize
dripping. After wet-wiping, the walls are wiped with dry rags and allowed to dry completely. For final decontamination, -
strippable paint is brushed or rolled on, allowed to dry, then stripped off with the contamination. Final hot spots are manu-
ally wet-wiped, or spot-painted again with stfippable paint. Only the materials used for decontamination are assumed to
become LLW, These are bagged and placed in 208-liter drums. ’

Amounts of Waste Materials Resulting from Decontaminating the Walls

The estimates dcvclopcd in Rcference 1, p. E-30, for the wash/wipe operations seem reasonable for the decontammauon
procedures used in that study, but in this study, farless of the liquid decontaminating'agent is assumed to be used, with part
of the decontamination being done with strippable paint. Thus, the amount of rags, brushes, and liquid wastes here are taken -
t0 be 173 of those in Reference 1, with adjustments for wall area. The estimates of waste materials from decontamination and
the subsequent waste treatment are given below. Disposition of the fi nal wastes is discussed in each of the three subsets of
waste categories below,

«  2.67 208-liter drums of wet rags, brushes and contaminated gloves and other clothing (Reference 1). These are assumed
to be eompacted on-site, sent off-site for supercompaction and LLW dlsposal. If the incineration option is used, the
waste is incinerated off-site, with the ashes fixed inta a monolithic solid, and dxspcsod of as LLW., Estimated weight of
these wastes before treatment is 50 kg.

+  0.67 208-liter drums of aqueous decontaminatioﬁ solntions (assumed to have small amounts of detergents) and rinse
solutions from washing/wiping decontamination, before solidification with an adsorbent material, Estimated weight of
the wastes before solidifi cation is 110 kg. The adsorbed wastes are sent directly for disposal as LLW.

»  2208-liter drums equivalent of removed strippable paint (assumed in this study) to be reduced to one drum after on-sm:
compaction. Estimated weight of the LLW is 50 kg. The waste is compacted on-site, then sent to supercompaction for
disposal as LLW,

D.1.10 Facility F loor

The floors of the *H facility (Reference 1, p. 7-7) consist of 120 m? of asphalt tile (postulated to be 0.0015875 m thick) over

plywood (postulated to be 0.01905 m thick): The specific gravity of the ulcs isassumed tobe 1.1,

The floor is postulated to be first vacuumcd and then painted to fix the rcmaxmng contamination. The tiles are removed

manually and packaged in bags and placed in 208-litcr drums as LLW. The remuining hot spots in the wood sub-flooring are

cleaned by a small amount of scmpmg or plamng. The wood scrapmgs are bagged and placed in 208-liter drums for on-site
compacting, followed by off-site incineration. The final ash content is assumed to be 5 wi%.

- Amount of Floor Tlle Waste
Total Volume of Floor Tiles: 120 x 0.0015875 ' =0.191 m’
Total Weight of Floor Tiles: 1100 x 0.191 =210kg

The floor tiles are compacted on-site, supercompacted off-site, and then sent for disposal as LLW.
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Amount of Wood Scraping Waste

Appendix D

" The amountof wood scrapmgs removed as radioactive waste is difficult to estimate. A number of the cracks between the
tiles will have contanunatcd wood that needs to be removed, probably to a depth of about 0.003 m. The total amount of
wood scrapings removed as radioactive waste is assumed to be 70 kg, with an assumed bulk specxf‘ c gnmty of 0.4, fora

gross volume before compaction of 0.175 .

D.2 Reference Laboratory for the Manufacture of l“C-Labe]ed Compounds

Detailed physxcal descriptions and decommxssmmng procedures forall the components and building surfaces of the

C Jaboratory that are postulated to require removal and/or decontamination are given in Sections D.2.1 through D.2.11.
Details of (1) planning and preparation, (2) estimated manpower requirements, (3) waste management. materials, and labor
costs, and (4) radiation dosages are presented in Table D.2a for the supercompaction option and in Table D.2b for the super-
compaction opuon with incineration. An overall description of this laboratory is contained in Section 7.1.2 of Referenee 1.

D.2.1 Fume Hoods

The MC facility contams four fume hoods, each measuring 1.5 mwide x 2.0 mhighx 0.945 m deep Each hood is assumed
to be framed extemally by mild steel 0.003175 m thick. Each hood is equipped with'an acrylic window 0.00635 m thick.
The hood is assumed to rest on an enclosed stainless steel-based cabinet (Fig A.S-1, Reference 1). Thc support cabmet is

assumed to have xhe same foot pnnt as the fume hood but is on]y 0 9 m high.

Before dismantling, the interior and exterior of the fume hood surfaces are first vacuumed and wet-wiped, then dned and
painted to fix contamination. The hoods are then cut to sizes that allow the hood materials to be bagged and placed in
208-liter drums in such a way that the materials can be reasonably compacted on-site, then supercompacted off-s:te

<}

Amount of Stalnlm Steel Upper Section

Back: 1.5x20

Two sides: 2x0.945 x 2.0
Floor and Top: 2x 1.5 x 0.945
Total Area

Total Volume: 0.003175 x 9.615
Total Volume for4 Hoods -
Total Weight for 4 Hoods

Amount of Stalnlgss Steel In the Lower Cablnet -

Back & Front: 2x 1.5 x 0.90
Two Sides: 2x0.945 x 0.9
Bottom & Top: 2x 1.5 x 0.945
Total Area

Total Volume: 0.003175 x7.236
Total Volume for 4 Hoods

Total Weight for4 Hoods

=3.00m?
=378 m?
=2.835m?
=9.615 m®
=0.03053 m°
=0.12212 m*
=977 kg

 =2700m?

=170l m?

.=2.835m?

'=7236m’

'=0.02297 -
.. =009188m
o ~=-184k,g:: B
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Table D.2a “C Lab summary-supercompaction option; manpower requlremen(s, radiation doscs, and costs for decommlssioning the
MC laboratory-supercompaction option (uo Incineration)

Tine Pm-dl’l Total Costs
Operstion or catepory (days) Sapervisor ¥oreman Craft UP. Tech Teh, Clak person-days Persoo-arem  {($000)
Planmung & preparaticn
Prepare documentation 150 75 150 - - - 75 300 - 9.9
Perform radiological survey s - 35 - 70 - - 105 001 37
Develop wark plan 100 50 100 - 5.0 - 50 250 - 83
Sabtolals 285 12.5 285 v 120 - 125 655 gt 19
Decommissioning .
Fume hoods 50 25 42 1.1 . 2.5 85 - 188 003 70
Glove baxes 15 08 13 © 04 08 27 - 59 ) 0.00 22
Workbenches 50 25 33 1.5 25 16 - 179 000 67
Vent ducts 22 11 16 08 11 32 - 78 0.01 29
Cabinets 08 04 06 02 04 T 12 - 28 0.00 10
Freczer and refngesators 15 Q7 12 04 07 25 - 53 000 21
Fulters 0s 0.2 0s - 02 1.0 - 20 000 07
Sink and drain 02 0.1 0.2 0.1 Q.1 04 - o8 000 03
Caling 1.8 09 1.8 035 09 37 - 7.9 000 29
Walls - 23 12 23 - 12 50 - 9.9 000 37
Floocs 27 13 27 - 13 - 53 - 106 0.0} 39
Subtotals 235 113 205 5.0 113 409 - T %00 0.06 s
Equipment and maicrials cost -
Commeraial vacuum cleaner - - - - - - - - - 30
Compactor - - - - - - - - - 17.2
Small tools & matcnals - - - - - - - - - 10
Laundry - - - - - - - - C - 22
Subtotals - - - - - - - - - 235
Wasie management costs :
Packaging - - - - - - - - - C32
Supcrcompaction - - - - - - - - - 68
Incineration - - - - - - - - - -
Transportation - - - - - - - - - 1.0
Disposal - - - - - - - - .- 359
Subtotals - - - - - - - - - 469
Floal radiological survey 5.0 s 50 - 10.0 - 590 s - [
Totals 571 268 54.0 5.0 338 409 17.5 178.0 0.07 1327
25% Cost conlingency - - - - -

L - - - - 332
Total cost with contingency - - - - - - - - - 165.9
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Table D. 2b "C Lab summary-incineration option; manpower requirements, radiation doss, and costs for decomml.slonlng the

Hc labora(ory—supcrcompacﬂon and Incineration optiou

. - Time Person-days : Total Costs
Operation or eategory . (days) Supervbor Foreman  Crafleman - H.P.Tech  Tech. Clerk  person-days  Person-mrem - . ($ 000)
Planning & prepanation : ' ' '

Prepare documentation 15.0 75 150 - - - 75 300 - . 99

Perform radiological survey 35 - kK] - 7.0 - - 105 aot ) 37

* Develop work plan 100 50 100 - 50 - 50 250 - 83

Subtotals | 2885 .. 125 285 - 12.0 - 125 655 0.01 219

Decommissioning " \ )

" Fume hoods 50 25 42 L1 25 85 - 188 003 70
Glove boxes 1.5 08 13 04 o8 27 - 59 000 22
Workbenches 50 25 38 15 25 76 - 179 000 61
Ventducts 22 1.1 16 03 1.1 32 - 78 oo 29
Cabinets : 08" 04 06 02 04 12 - 28 000 © 10
Freezer and refrigerators K 0.7 12 04 07 25 - 55 000 2.1
Filters 0s - 02 05 - 02 10 - 20 000 07

| Siokanddrain _02. 01 02 01 . 01 104 - 08 000~ 03

;. CeMing . < - .18 09 18 ‘05 09 31 - 79 000 .. 29

©Walls . 0 . 28 1.2 25 - 1.2 56 - 99 000 .37

" Floos . 277 13 27 - 13 53 - 106 oor 39

Subtotals 236 <118 205 59 . 118 409 - 90.0 0.06 . 138

Equipment and materials cost . ) ‘ ) -

- Commercial vicoum c!mer - - e - - - - - - 30

" Compactor - - - - - - - - - - 172
Small (ools and ma!eﬁ:!s - - - - - - - - - 10
" Laundry’ - - - - - - - - - 22

Subtotals - - - - - - - - - . 2358

Waste m:nagement costs

" Packaging - - - - - - - - - 32
Supcmmpa:tlon . - - - - - - - - - 39

nclaersion . - - - - - - - - - om
Disposal - - - - - - - - - ‘g’

Subtotals - - - - - - - - - PO

Final ndlolox!ca! survey 50 28 5.0 - 10.0 - 50 prX] - 69

Totals 511 %8 540 50 B 409 115 1780 001 . 1508

25% Cost conﬁngcncy - - - - - - e - - - 36

Total cost with contingency - - - - - - - - C . 188.1
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AppendixD

Amount of Mild Steel In the Exterior Frame N

The frame fs assumed to be made of angle fron (0.0508 m by 0.04445 m by 0.0047625 m thick). The amount of mild steel is
4 x 2.0 mfor vertical members and 4 x 1.5 m for horizontal members, for a total length of 14 m. Total mild steel in the fume
hood frame is thus 14 m x (0.0508 + 0.04445) x 0.0047626 = 0.006351 m’. '

Total Volume for 4 Hoods =0.0254 m*
Total Weight for 4 Hoods . =203kg

Amount of Acrylle Plastic in the Window

The plastic is assumed to be 2.0 m high x 1.5 m wide x 0.00635 m thick, for a total volume of 0.01905.

Total Volume for 4 Hoods =0.0762
Total Weight for 4 Hoods (s.g.= 1.2) =914kg
Amount of Processing Equlpment'

An allowance is made for the bulk quantity of materials and equipnknt in the fume hoods. The following general type of
contaminated equipment is postulated to be present in the fume hood. The equipment is bagged and compacted on-site,
super-compacted off-site, and then disposed of as LLW. .

» 2 clectric heating units, each weighing about 7 kg. These are assumed to take up about 0.03 m?® of space, each. For
4 fume hoods, the tatal is 8 electric heating units, with a total weight of 56 kg and a total bulk volume of 0.24.

« 6 significant items of processing glassware, each weighing about 3 kg and taking up about 0.02 n?*of space. For 4 fume
hoods, the total is 24 units of processing glassware, with a total weight of 72 kg and a total bulk volume of 0.48,

*  4items of various materials (metals, plastic, ceramic), cach weighing about 2 kg. These are assumed to take up about
0.014 m? of space, each. For 4 fume hoods the total is 16 items, with a total weight of 32 kg and atotal bulk volume of
0.224. .

D.2.2 Glove Boxes

Each of the four glove boxes (Reference 1, p. 7-12) in the “C facility is 0.9 m wide x 0.6 m high x 0.6 mdeep. Each glove
“box is assumed to be framed by mild steel externally, with 0.003175-m-thick stainless steel walls, and 0.00635-m-thick
acrylic windows. The glave boxes rest on wood workbenches (discussed in Item 3, below). Each glove box has a stainless
steel panel across the lower 0.25 m of the front, in which are located two 0.2-m-diameter circular openings for neoprene
working gloves. Above this panel, the front of the glove box slopes backward at an angle of about 40 degrees, providing an
opening for the acrylic plastic viewing window. The viewing window is mounted in a mild steel metal frame which is
- gasketed to the sloping front of the glove box. Atone end of two of the glove boxes is assumed to be astainless steel airlock
for the insertion of equipment and material into the box. Airlock dimensions are 0.3 m high x 0.2 m wide x 0.2 m deep
(Reference 1, p. A.33). One acrylic air lock door is accessible from outside the glove box, and one is accessible from the
inside of the box through the use of glovs ports. Standard electrical receptacles are located on the inside of the glove box,
. with power controlled by switches mounted outside on a service panel above the glove box. Two glove boxes are each
sitting on each of two workbenches, discussed in Section D.2.3, below.

Before the glove boxes are dismantled, the interior and exterior surfaces are vacuumed and wet-wiped, and then painted to
fix contamination. The glove boxes are then cut to sizes that allow the bagged glove box materials to go into 208-liter drums
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in such a way that the materials can be reasonably compactcd on-site, then supercompacted off-site. The acrylic plastic, the
steel materals, and the equipment inside the glove box are segrcga!ed into 208-liter drums each with one of these catcgon:s '

of materials.

Amount of Stainless Steel in Glove Box and Access Alr Lock

Glove Box Proper. A

Back: 0.9x 0.6 _ - =054 m? S

Bottom: 0.9x 0.6 ‘ =0.54 \
Two sides: 2x0.6x0.6 - =072m? o a
Top: 0.3x09 ' =027m?

Lower Front Panel: 025x09 ‘ : .. v=0225m?

Total Area T =2295m?

Total Volume: 0.003175 x 2. 295 ... =0.00729 m’

Total Volume for 4 Boxes : ~=0.02916 m* :
Total Weight for 4 Boxes =233 kg

Air Lock. , o -

Back: 0.3x0.2 ' ' =0.06 m’

Top, Side, Bottom: 3x02x02 . . =012m?

Total Area ' A =0.18m?

Total Volume: 0.003 175 x0. 18 =0.0005715 m?

Total Volume for 2 Air Locks .=0.0011430 n?’

Total Weight for 2 Air Locks =9kg

Total Stainless Steel Volume for 4 Boxes ‘ .=0.0303 m®

Total Stainless Steel Wéight for4 Boxes - .=342kg

Amount of Mxld Steel in the Exterior Frame _ _

The frame is assumed to be made of angle iron (0. 0508 mby 0 04445 m by ( 0 0047625 m thxck) 'I‘hc amount of nuld stccl is
4 x 0.6 m for vertical members and 4 x 0.9 m for horizontal members, for a total length of 6.9 m. Total mild steel inthe " -
framcxsthus69x(00508+004445)x00047626 000313 . : T S

Total Volume for 4 Boxes ) =0.01252 i
Total Weight for 4 Boxcs ....=100kg .

Amount ofAcrylic Plastic in the Main Window and Alr Lock L

Main Window. The plastic is assumed to be 0.6 m high x09m w1dc x 0.00635m th:ck gwmg a vo]ume of 0 003429

Total Volume for 4 Boxes =0.0137m’
Total Weight for 4 Boxes (s.g.= 1.2) =165kg

DIS - = NUREG/CR-6477
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Alrlock. Each of the two windows is assumed to measure 0.3 x 0.2 x 0.00635. This gives atotal volume of 0.000762.

Total Volume for 2 Boxes =0.001524 m’
Total Weight for 2 Boxes (s.g. = 1.2) . =18kg

Total Volume of Acrylic for 4 Boxes =0.01524
Total Weight of Acrylic for 4 Boxes =183kg

Amount of Processing Equipment

The following general type of contaminated equipment is postulated to be present in the glove boxes. The equipment is
bagged and compacted on-site, super-compacted off-site, and then disposed of as LLW. .

¢ 2celectric hcaling units, each weighing about 7 kg. These are assumcd to take up about 0.03 m® of space, each, Forthe
4 glove boxes, the total is 8 electric heating units, with a total weight of 56 kg and a total bulk volume of 0.24.

« 6 significantitems of processing plassware, cach weighing about 3 kg and taking up about 0.02 m® of space. For4 glove
boxes, the total is 24 units of processing glassware, with a total weight of 72 kg, and a total bulk volume of 0.48.

¢ 4 items of various materials (metals, plastic, ceramic), each weighing about 2 kg. These are assumed to take up about’
0.014 m® of space, each. For 4 glove boxes the total is 16 items, with a total weight of 32 kg. and a total bulk volume of
0.224.

D.2.3 Workbenches

The four workbenches in the "C facility have a total combined length of 15 m (Reference 1, pp 7-12). The four benches are
assumed to be 5.5 m, 5.5 m, 3 mand 1 mlong. Each bench is assumed to be 0.75 m deep (with a top work area of 11.25 m?)
and 0.9 m high. Each bench is constructed of latex-painted wood and has a plastic-laminated top, assumed to be
0.0015875-m-thick polycarbonate. One of the workbenches has a stainless stee] sink mounted in it; the two longer
workbenches each have two glove boxes setting on them, and the small bench has no permanent component mounted on it.
These workbenches are assumed to have one drawer 0.1525 m deep and below that, a shelf a few centimeters above the
floor, with two doors. To simplify calculations, it is assumed that each drawer and each sct of cabinct doors in the
15-m-length of workbenches is 1 meter wide, and a vertical plywood panel supports the benches every 1 meter (a total of

16 panels).

Because of the proximity of the workbenches to radioactivity-containing components, all of the workbench materials are
assumed to be radioactive. The surfaces are first vacuumed, wet-wiped, and then painted to fix surface contamination. The
benches are then cut into picces, bagged, and placed in 208-liter drums. The drums of are compacted on-site, and sent off-
site for supercompaction. If the incineration option is used, the waste is sent off-site for incineration, followed by fixation of
the resulting ashes into monolithic solids.

Amount of Wood in the Workbenches

Front and Back: 2x 0.9 x 15 x 0.01905 : =0.51435m’
Sides & Support Panels: 16 x 0.75 x 0.9 x 0.01905 =0.20574 m
Bottom & Top: 15x 3 x 0.75 x 0.01905 =0.64294 m’
Sides: 30 x 0.75x 0.1524 x 0.01905 =0.06532m’
Back: 153 x0.1524 x 1 x0.01905 - =0.04355 m’

Total Volume: =147190 m*
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Total Weight (5.. =0.8) ' =1178kg
Amount of Polycarbonate Plastic on the Surfaces of the Workbenches

Volume: 151075:&00015875 e , ‘=0-01.786‘m’
chght(sg—lz) S , ..o =214 kg

The plastic laminate is not removed from the workbenches. '
Amount ofi’roq:esslﬁg Equipment on the Workbenches

It is assumed that the workbenches were used for radioactive counting equipment, which had to stay reasonably clean; for

tools (again, assumed to be free of contamination) for making small new parts for the hoods and glove boxes; for temporary

storage of nonradioactive materials; for overpacking the products (again expected to be a relatively clean operation); and

other similar uses. The contaminatéd material below is to be bagged, loaded into 208-liter drums, compacted on-site, and

sent off-site for supercompaction before being sent for d:sposal as LLW. The following gcneral typc of cquxpmcnt is’
postulated to be present on the workbenches: ,

+  Various hand tools including a vise, primarily steel, wcxghmg atotal estimated 12 kg, with a tota] gmss bulk volume
estimated to be 0.008. _ . : o

o 2 significant items of processing glassware, each wexghmg about 3kg. Forthe 2 glass i uems, thc ncms would wexgh
about 6 kg and require an estimated 0.04 m® of total bulk space. e : o

e 2items of various materials (metals, plastic, ceramic), each weighing about 2kg. Forthe 2 i items, the total welght is
estimatéd at 4 kg. thh an estimated total bulk volume of 0. 004 m’ A

D.24 Vent Ducts

The C fac:lxty contains 16 m of cylmdncal ductwork 0.2 min dlametcr and 14 mof rcctangular ductwork 0 25 mx06min
cross-section (Reference 1, p. 9-9). The ductwork is assumed to bc stainless steel sheet metal 0. 0015875 m thxck.

The ductwork is assumed to be radioactively contaminated intcma!ly and externally. The ductwork is vacuumcd and wet-
wiped where possible ta remove the rcadxly-rcmovablc contamination, then painted to minimize contamination during :
subscqucm steps. The duct waste is cut into pieces that maximize the amount of material that can fitin 208-liter drums. The
waste pieces are placed jn plastic bags before being placed in the drums. The waste-filled drums are thcn compactcd on-sxtc
and then s}upped off-site for supercompaction before being dlsposcd of as LLW. . : .

Amount of Materlal in the Ductwork

Cylindrical Ductwork Volume ' " =2x02x 16 x 00015875 = 0.016 r®

Rectangular Ductwork Volume =2x(025+0.6)x 14 x 0. 0015875
=0.038 n’

Total Volume .. =0054m’ .

Total Weight * 7~ T T AR kg

ey
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D.2.5 Cabinets

The "C facility contains two cabinets, cach postulated to be constructed of 0.01905 m-thick latex-painted wood. The
dimensions of each cabinet are assumed to be 0.762 m wide x 0.4572 m deep x 1.524 mhigh. Each cabinet is assumed to
have two locking doors, and three shelves plus the bottom inside shelf.

Both cabinets are given only mild decontamination by vacuuming and wet-wiping. The material is then painted and
sectioned. The sectioned waste is then bagged and placed in 208-liter drums for on-site compaction. The drums are then
shipped off-site for supercompaction. If the incineration optxon is used, the waste is sent off-site for incineration and
solidification of the ashes.

Amount of Material in Each Cabinet to be Disposed of as Waste

Front and Back: 2 x0.762 x 1.524 x 0.01905 =0.0442
Two Sides: 2x 0.4572 x 1.524 x 0.01905 =0.0265 m’
Top, Bottom, 3 Shelves: 5x 0 762 x 0. 4572 x0 01905 =0.0332m’
Total Volume : =0,1039 m’
Total Volume for 2 Cabinets: =0.2078 m®
Total Weight for 2 Cabinets (s.g. = 0.8) =166.24 kg

D.2.6 Freezer and Refrigerators

The "C facility contains one freezer and two refrigerators, a1l postulated to be upright units, with the same dimensions of
0.6096 m x 0.6096 m x 1.524 m. The three units are assumed to be only mildly contaminated inside. But outside, the
compressor, coils, fan, and other mechanisms are assumed to sufficiently contaminated that it would not be reasonable to try
to decontaminate them to levels required for unrestricted use. Thus, they are assumed to be disposed of as radioactive waste
with only minimal decontamination. It is assumed that the freon (not contaminated) will be removed on-site by a subcon-
tractor. The onits will then be vacuumed, wiped and painted, and then cut up and bagged into 208-liter drums for on-site
compacting. The units will then be shipped off-site for supercompacting before disposal as LLW. Sectioning will be done to
effectively use thc space in the drums.

Amount of Malerial in the Three Units

This is based on the gross characteristics of conventional refrigerators and freezers. Each unit will contain the refrigeration .
cooling system (copper, steel, other metals), some framework (mild steel), plastic inner and outer walls separated by fiber-
glass insulation, some plastic trays and glass and mild steel shelves inside. The sectioned and pre-compacted volume of the .
three units is assumed to be the same as when whole, or 3 x 0.6096 x 0.6096 x 1.524 = 1.699 m?>. Theoverall weightof each
refrigerator or freczer unit is assumed lo be 68 kg, for a total weight of 204 kg.

D.2.7 HEPA and Roughing Filters

The C facility uses the eight HEPA and roughing filters during normal operation (Reference 1, p. 9-9), one each atthe . -,
exhaust of each fume hood and glove box. No other HEPA or roughing filters are in the facility. Itis postulated that the
facility filters had been replaced at the end of the operating period, and they will last throughout the total decommissioning
period. In addition, it is assumed that during the vacuuming activity of the components and the facility, a commercial
vacuum unit is leased that uses a roughing filter and a HEPA filter identical to those in the facility, and two sets of filters are
used during vacuusming, bringing the total to 10 sets. The filter removal is one of the last activities undertaken during
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decommissioning. Each filter is sealed ina plasuc bag dunng its removal. Each HEPA filter is 0.2 mindiameter and 0.2 m .
high (Reference 1, p. 9-9). The roughing filters are 0.2 m in diameter and 0.1 m high (Reference 1, p.99). Itis assumed ..
that the filters are comprised of sheet-metal casing with pleated paper as the filter medium. It is postulaled that the filters are
bagged, placed in 208-liter drums for on-site compaction, followed by shipment off-site for supercompactxon before bemg
packaged for dnsposal as LLW. . .

Amount of Matcrials in the Filters

The bulk (rectangular) volume of the 10 HEPA filters is 10 x 02 x 0.2 x 0.2 = 0.08 * The overall weight of each HEPA filter
is'assumed tobe 5 kg. Thus the total weight of lhe 10 HEPA filters is 50 kg. The bulk (rectangular) volume of the

10 roughing filters is 10 x 0.2 x 0.2 x 0.1 =0.04 m". The overall wcxght of each roughing filter is assumcd to be 2.5 kg

Thus the total weight of the 10 roughing filters is 25 kg

D.2.8 Sinks and Drains a

There is onc smg]c-bowl smk in the Hc facxhty Thc sinkis mounted inone of the workbenches The smk is assimedtobe
18-gage stainless steel (0. 001214 m thick) with inside dimensions of 0.635 m wide x 0.5588 m long x 03048 mdeep, with -
overall dimensions of 0.8382 m wide x 0.5588 m deep to allow for the flanges (Reference 2). - The sink is used forhand '
washing and for rinsing laboratory glassware. Low levels of radioactivity are discharged to the’ samtary sewer via the sink
{(Reference 1,p. 7-12). Contaminated hqulds are not purposcly discharged to the sanitary sewer via the sink. Thus, it should .
have low levels of radioactive contamination. The drain pipe is equivalent to 2 2-m length of 0.1-m-diameter pipe (Reference
1,p.9-9).

The sink and its associated water faucet and inside dram pxpc are wnpcd down only. lhcn rcmovcd and cut up in a way that
uses up space efficiently in the 208-liter drum. The material is then placed in plastic bags by a pipefitter, assxsted bya -
technician. The waste matenals are compacted on-site, and supercompactcd off-site dxsposal asLLW. -

Amoun_t of Su;lnlss Steel in the Sink )
The sinkis asshmcti to weigh about 12 kg and to require a bulk volume of an estimated 0.113 m?.

Amount of Brass in the Fixture and Connections
The wexght of the brass is esumated tobe 3 kg, assummg a specxf c gravxty for brass of 8 75. The brass will occupy about
0.0283 m® of bulk space. o

[ ] N

Amount of Galvanlzed Steel ln the Draln and P Trap L v .

This is equivalent to 2 meters of 0 1 m-diameter pipe (Rcfcrcnccl p 9-9), oran csnmatcd 16.05 kg/mx 2m= 32.1 kg The
bulk volume of the material is estimated to be 0.02m", -~ ‘

D.2.9 Facility Ceiling

The ¥C facility ccnhng consists of 80 m? of acoustically-treated fiberboard (Reference 1, p. 9-8) that is suspended (above
which some piping and electrical wiring is mounted). ’I‘he ﬁberboard is m p:mcls that are typxca]ly 0.3 mx 0.3 m,or03mx,
0.6 m. Each pancl can be removed scparately e

The f‘bcrboard postulatcd to bc 00127m thxck has a rough surfacc and many porcs. sois impractical to try to decontami-

nate. The ceiling panels are first vacuumed and p:unted to fix the contamination, then are removed for disposal as
radjoactive waste. The ceiling materials are broken up if necessary and bagged and inserted into 208-liter drums. The waste
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is then compacicd on- suc' before being transported off-site for supercompaction and disposal as LLW. If the incineration
option is used, the resultant ash is fixated into a monomhxc solid. The specific gravity of the fiberboand is assumed to be 0.5,

Amount of Material in the Ceiling
Total volume: 80 m*x 0.0127 m = 1.016 ¥’

The estimated pre-compactcd bulk volume is assumed to be twice the actual volume, or about 2.0 m’. The total weight is 508
kg.

D.2.10 Facility Walls

The 108 m? of walls of the "C facility (Reference 1, p. 9-8) are plasterboard (postulated to be 0.015875 m thick) painted with
latex enamel. Itis assumed that the walls are decontaminated to unrestricted use levels to maintain the wall surfaces and to
keep from contaminating the wall insulation and structural members behind the walls. The walls are first vacuumed, then
wiped with wet rags and brushes. The decontaminating solution, a dilute aqueous detergent, is applied spanngly to minimize
dripping. After wet-w:pmg. the walls are wiped with dry rags and allowed to dry completely. For final decontamination,
strippable paint is applied brushed or rolled on, allowed to dry, then stripped off with the contamination. Final hot spots are
manually wet-wiped, or spot-painted again with strippable paint. Only the materials used for dccontammauon are assumed to
become LLW. These are bagged and placed in 208-liter drums. :

Amounts of Wnste Materials Resulting from Decontaminating the Walls

The estimates developed in Reference 1, p. E-30, for the wash/wipe operations seem reasonable for the decontamination
procedures used in that study, but in this study, far less of the liquid decontaminating agent is assumed to be used, with part
of the decontamination being done with strippable paint. Thus, the amount of rags, brushes, and liquid wastes here are taken
to be 173 of those in Reference 1, with adjustments for wall area. The estimates of waste materials from decontamination and
the subsequent waste treatment are given below. Disposition of the final wastes is discussed in each of the three subsets of
waste categories below.

»  2208-liter drums of wet rags, brushes and contaminated gloves and other clothing (Reference 1) assumed to be sent off-
site for incineration, resulting in 10 wt% (about one drum) of ashes for fixation into 2 monolithic solid and disposal as
LLW. Estimated weight of these wastes before treatment is 40 kg, :

«  0.67 208-liter drums of aqueous decontamination solutions (assumed to have small amounts of detergents) and rinse
solutions from washing/wiping decontamination, before solidification with an adsorbent material. Estimated weight of
the wastes before solidification is 90 kg. The adsorbed wastes are sent directly for disposal as LLW.

e 2208-liter drums equivalent of removed stnppﬁxblc paint (assumed in this study) to be reduced ta one drum after on-site

compaction). Estimated weight of the LLW is 40 kg. The waste is compacted on-site, then sentto supercompacuon for
disposal as LLW.

D.2.11 Facility Floor

The floors of the "*C facility (Reference 1, p. 9-9) consist of 80 m? of asphalt tile (postulated to be 0.0015875 m thick) over
plywood (postulated to be 0.01905 mthick). The specific gravity of the tiles is assumed to be 1.1. The floor is postulated to
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be first vncuumed and then painted 1o fix the rcmammg contamination. The tiles are removed manually, packaged in bags,

and placed in 208-liter drums as LLW. The remaining hot'spots in the wood sub-flooring are cleaned bya small amount of

scrapmg or planing.” The wood scrapings are bagged and placcd in 208-liter drums for on-site compactmg. followcd by off-
. site supen:ompacuon or incineration. . ,

Amount of Floor Tile Waste
Total Volime of Floor Tiles: 80 0.0015875  * =0.127 iv*-
Total Weight of Floor Tiles: 1100 x 0.127 =140 kg

The floor tiles are compacted on-site, supercompacted off-site, and then sent for disposal as LLW.

Amount of Wood Scraping Waste '

The amount of wood scrapings removed as radioactive wastc is difficult to estimate. A numbcr of the cracks between the
tiles will have contaminated wood that needs to be removed, probably to a depth of about 0.003 m. The total amount of
wood scrapings removed as radioactive waste is assumcd to be 50 kg, with an assumed bulk specrr ic gravnty of 0.4, fora
gross volume before compaction of 0.125 m’,

D.3' Reference Laboratory for the Manufacture of 125I-.Labelecll Compounds

Detailed physical descriptions and decommissioning procedures for all the components and building surfaces of the

13 1aboratory that are postulated to require removal and/or decontamination are given in Sections D.3.1 through D.3.11.
Details of (1) planning and preparation, (2) estimated manpower requirements, (3) waste managcmcnt. materials, and labor
costs, and (4) radiation dosages are presented in Table D.3a for the supercompaction option and in Table D.3b for the super-
compacuon Optmn with i mcmcranon An overall description of thxs laboratory is contained in Section7. 1.3 of Reference 1.

D.3 1 Fume Hoods

The '”I facility contains four fume hoods, cach measuring 1.5 m wide x 2.0 m high x 0.945 m deep. Each fumc hood
contains one glove box. Each hood is assitmed to be framed externally by mild steel 0.003175 m thick. Each glovc box and
fume hood is equipped with an activated charcoal filter at its effluent exhaust. At the point where the ventilation air leaves
the facility, a roughing filter, a HEPA filter, and a charcoal filter are installed. Each hood is equipped with an acrylic
window 0.00635 thick. Inside each fume hood is a specially-designed glove box. Thus, each glove box must be removed
before the respective fume hood can be removed. The hood is assimed to rest on an enclosed stainless steel-based cabinet
(Fig A5-1, Reference 1). The support cabinet is assumed to have the same foot print as the fume hood but i is only 09m

high.
Before the fume hoods are dismantled, the interior énd. éitérrér;urfacés are first vacuumed and'wét-wxbcd. tl'mn ‘dried and

painted to fix contamination. The hoods are then cut to sizes that allow the hood materials to be bagged and placcd in
208-liter drums in such a way that the ma!cna!s can be reasonably compa*ted on-sxtc. then supemompactcd off-site.

Amount of Stainless Steel Upper Section =

Back: 1.5x20 o z300m
Twosides: 2x0945x20 ~ ; ~ . . . =378mt .
Floor and Top: 2x 1.5 x0945 o Y =2.835md

Total Area : A : .o - =9615m
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Table D3a ”"l Lab summary-supercompaction option; manpower requirements, radiation doscs, and costs for decommissionlng the

1357 laboratory~supercompaction option (no lndncmﬂon)

Time Person-days _ Total Casts
Operation or category (days)  Supervisor  Foreman Craftsman  H.P.Tech _Tech  Clerk  person-days Person-mrem ($ 000)
Planniog & preparatioa
Prepare documeatauoa 15.0 13 150 - - - 15 300 - 99
Pesform radiological susvey 3.3 - 35 - 10 - - 105 213 "3
Develop work plan 10.0 50 100 - 5.0 - 50 250 - 83
Subtotals 285 125 2858 - 120 - 125 655 213 21.9
Decommissioniag
Fume hoods 48 24 40 .1 24° 81 - "18.1 0.09 6.7
Glove boxes 14 0.7 13 04 0.7 25 - 56 13.75 2.1
Woikbenches 3.0 15 21 1.0 1.5 41 - 101 002 .38
Veotducis 14 0.7 1.0 05 07 2.1 - 50 002 19
Cabuets 09 04 0.7 0.2 04 13 - 31 0.03 12
Freezer and refrigerators 05 02 04 0.t 0.2 08 - 1.3 002 07
Filters 0.6 03 06 - 03 1.2 - 24 002 09
Siok and drain 02 0.1 02 0.1 01 04 - 08 000 03
Ceiling 15 0.7 L5 - 0.7 30 - 59 006 22
Walls 26 13 26 - 13 52 - 104 0.10 33
Floocs 1.6 08 16 - 08 32 - 64 003 24
Subtotals 184 92 159 34 9.2 319 - 69.6 14.15 259
Equipment and matcrials cost ’
Commercial vacuum cleaner - - - - - - - - - 30
Coampactor - - - - - - - - - 172
Small tools and materials - - - - - - - - - 08
Lauadry - - - - - - - - - 18
Subtotals - - - - - - - - - 228
Waste management costs
Packaging - - - - - - - - - 19
Supercompactioa - - - - - - - - - 39
Incineratioa - - - - - - - - - -
Traasportaioa - - - - - - - - . 06
Disposal - - - - - - - - - 219
Subtotals - - - - - - - - - 283
Final radiological survey 3.0 15 0 - 6.0 - 3.0 135 - 42
Totals 499 22 474 34 212 39 155 1436 16.28 103.0
25% Cost contingeacy - - - - - - - - - 25.8
Total cost with contingency - - - - - . - - ‘oo 124.8
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Table D.3b 1] Lab summnry—lnclnernﬂon optlon; manpower nqu]rements, radlatlon doses, and costs for decommlsslonlng the

b laboratory—mpermmpaeﬁon and incineration option

Cosu‘

T[me Pcmn-dzys Total
_ Operation or eategory (days)  Supervisor  Foreman Craftsmsn _ TLP.Tech  Tech  Clerk  person-dsys  Person-mrem _ ($000)
Planniog & prepanation . © ’ ‘
Prepare documentation 150 15 150 - - - 75 300- - 99
Perform radiologleat survey . 35 - 35 - 70 - - 108 213 37
Develop work plan 100 $0 100 - 50 - 50 250 - 83
Subtotals : 2858 125 _ 285 - 12.0 o 128 655 213 219
Decommissioning : '
Fume hoods .48 24 40 1.1 24 8.1 - 18.1 009 . 6.1
Glove boxes . ;0 14 07 13 04 0.7 25 - 56 1375 21 .
Workbenches 30 15 . 21 10 .15 4.1 - 101 002 38
Vent ducts 14 07 10 0s 07 2.1 - 50 002 19
Cabinets - . ;09 04 07 02 04 13 - 31 - 003 12 -
" Freezerand refr!gmton ‘08 02 04 0.1 02 08 - 1.8 .002 07
Filters S Je6 03 06 - 03 . 1.2 - 24 _-0.02 ~09 -
Sink and drain © 02 0.1 02 .. o1 01 04 - 08 . 000 - 03
Ceiliog ~ +° L 15 07 1.5 - 07 3o - .59 006 22"
wans . 26 13 26 - 13 52 - 104 oto 3g
Floors . 16 08 16 - 08 32 - 64 003 24
Subtotals 184 ’2 159 34 92 319 - 69.6 1415 259
-Equipment and materials cost ’
Commercial vacuum clesner - - - - - - - - - 10
Compactor - - - - - - - - - 172
Small tools and matcrials - - - - - - - - - 08
Laudry - - - - - - - - " T
Subtotals . - v - - - - . - - 228
Waste management costs ‘
Packaging - - - - - - - - - - 19
Supercompaction - - . - - - - - - 28
Iacincrstlon - - - - - - - - - ns -
Transportation . - - - ’ - - - - - - 0s
Disposal - , - - - - - - - - - 179
Subtofals ' - - - . - - - - - 346
Final radiologieal survey 3.0 15 . RX ] - 6.0 - 30 .. -13% - 42
Totals ) . 49.9: 232 474 J4 272 319 | 158 148.6 1628 1094 . -
25% Cost contingency - - e - - - e - e 273 . -
Total cost with contingency - - - > e - o - - " . 1387 -
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Total Volume: 0.003175 x 9.615 . =0.03053 m®
Total Volume for 4 Hoods : : =0.12212 m?
Total Weight for 4 Hoods =977kg

Amount of Stainless Steel In the Lower Cabinet _

Back & Front: 2x 1.5x 0.90 =2.700 m?

Two Sides: 2x0.945x 0.9 =170l m?
Bottom & Top: 2 x 1.5%0.945 =2.835 m’
Total Area =7.236 m?

. Total Volume: 0.003175 x 7.236 =0.02297 m*
Total Volume for 4 Hoods * =0,09188 m*
Total Weight for 4 Hoods . =184 kg

Amount of Mild Steel in the Exterior Frame

The frame is assumed to be made of angle iron (0.0508 m by 0.0444S m by 0.0047625 m thick). The amount of mild steel is
4 x 2.0 m for vertical members'and 4 x 1.5 m for horizontal members, for a total length of 14 m. Total muld steel in the fume
hood frame is thus 14 m x (0.0508 + 0.04445) x 0.0047626 = 0.006351 m®.  ~

Total Volume for 4 Hoods =0.0254 m’
Total Weight for 4 Hoods =203 kg

Amount of Acrylic Plastic in the Window
The plastic is assumed to be 2.0 m high x 1.5 m wide x 0.00635 m thick, for a total volume of 0.01905 m’.

Total Volume for 4 Hoods ’ =0.0762 m®
Total Weight for 4 Hoods (s.g. = 1.2) =914kg

Amount of Processing Equipment

There is very little space inside the fume hood for processing equipment because each fume hood contains a glovc box that
takes up most of the interior fume hood space. The following general type of contaminated equipment is postulated to be
present in the fume hood. The equipment is bagged and compacted on-site, super-compacted off-site, and then disposed of
asLLW

*  lelectric heating units, weighing about 7 kg. This is assumed to take up about 0.03 m® of space. For4 fume hoods, the
total is 4 electric heating units, with a total weight of 28 kg and a total bulk volume of 0.12 m®.

*  2significantitems of processing g!asswarc, each weighing about 3 kg and taking up about 0.02 m’ of space. For4 fume
hoods, the total is 8 units of processing glasswarc. with a total chght of 24 kg and a total bulk volume of 0.16 m

*  litemof various rmaterials (metals, plastic, ceramic), wcnghmg about 2 kg. Thisis assumed to take up about 0. 014 m® of
space. For 4 fume hoods the total is 4 items, with a total weight of 8 kg and a total bulk volume of 0.056 m,
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D.3.2 Glove Boxes

. Each glove box in the 2] facxhty is 1.2mwide x 0.6 m hxgh x06m deep (Reference 1, p 7-15). Each glovc boxis |
constructed entirely of acrylic plastic, which is assumed to be 0.00635 m thick. Each glove box vents toits respective fume .
hood through a charcoal filter. As with the glove boxes in the other facilities, in the glove box front are assumed to be two
‘0.2-m-dlamcter circular openings for neoprene plastic working gloves, in a vertical panel (acrylic plastic in this facility) that *
is 0.25 m high. Above this panel, the front of the glove box is assumed to slopc backward atan angleof about 40 degrees.

At one end of the glove box is assumed to be an acrylic plastic airlock for the insertion of equipment and material into the
glovc box. Airlock dimensions are 0.3 m high x 0.2 m wide x 0.2 m deep (Reference 1, p. A.33). One acrylic air lock door .
is accessible from outside the glove box, and one is accessible from the inside of the box through the use of glove ports.
Standard electrical receptacles are located on the inside of the glove box, with power controlled by swuchcs mounted outside -
on a service panel above the glove box. Each glove box is sitting in its respective fume hood whxch in tum is sxttmg on its
respective stainless steel cabinet, dcsmbed abovc initem1. : S

Before thc glovc boxes are dnsmantlcd the interjor and cxlcnor surfaccs are vacuumed and wash-wnped. then pamted to fix
contamination. The glove boxes are then cut to sizes that allow the bagged glove box materials to effectively fill a 208-liter
drum for compaction on-site. The drums are then sent off-site for supercompaction and subsequent disposal as LLW. The
acrylic plastic and the equipment inside the glove box are scgn:gatcd into drums, each with one of these categories of
materials.

Amount of Acrylic Plastic In the Glove Box and Access Afr Lock

Front & Back: 2x 1.2 x 0.6 x 0.00635 .. =0,00914 n?
2 Sides: 2x0.6x 0.6 x 0.00635 =0.00457 m*
Top: 0.9x03x0.00635 ' - .=0.00171 m?
Lower Front Panel: 0.25 x 0.9 x 0.00635 - =0.00143 o’
AirLock (2x03 x 0.2 +2x 0.2 x 0.2) x 0.00635 =0.00127 m*
Total Volume =001813 m’
Total Volume for 4 Glove Boxes =0.07252 o’
Total Weight for4 Glove Boxes (s.g.= 1.2): 4 =87kg

Amount of Processing Equipment in each Glove Box

The following general type of contaminated equipment is postulated to be prcscnt in the glovc box The matcnal is baggcd
compacted on-site, supercompacted off-site, and dxsposed of as LLW. L

o« 2 electric heanng umts. h wcxghxng about 7 kg Thcse are assumed to take up about 0.03 n7, For4 glovc boxes, the
- total is 8 electric hea’ting units, with a total weight of 56 kg and a total bulk volume of 0.024 m".

*  8significantitems of processing glassware, each wexghmg about 3 kg. These are assumed to take up about 0.02m* ~
each. For 4 glove boxes, the total is 32 items of processing glassware, with a total weight of 96 kg and a total bulk
volume of 0.64 m3,

v

s  6items of various matena!s (metals, plastic, ceramic), each wexghmg about 2 kg. Thcse are assumed to take upabout ,
0.014 m’, each. For4 glovc boxes, the total 1 is 24 items of vanous matcnals. with a total wexght ot‘ 48 kg and a total bulk
volume of 034m? . .
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D.3 3 Workbenches

The two workbcnchcs in the 'L facxhty havc a total combmed lcngth of 3m (Rcfcrcncc 1, pp- 7-14 and 7-15). Oneis

assumed to be 5 m long, the other, 3 mlong. The workbenches are assumed to be 0.75 m'deep and 0.9 mhigh. The benches

are constructed of painted mild steel and have a stainless steel top, assumed to be 0.003175 m thick. The longer bench has a
stainless steel sink mounted in it; the small bench has no permanent component mounted on it. ‘These benches are assumed
to have one drawer that is 0.1525 m decp and below that, a shelf a few centimeters above the floor, with 2doors. To
simplify calculations, it is assumed that each drawer and each set of cabinet doors in the 8-m-length of workbenches i is Im
wide, and a vertical steel panel supports the benches every 1 m (a total of 16 panels)

Because of the pmxmuty of the workbenches to radioactivity-containing components, all of the workbench .matcrials are
assumed to be radioactive, The surfaces are vacuumed and painted before being cut up into pieces sized to effectively fill
208-liter drums. These drums of bagged materials are compacted on-site, and then sent off-site for supercompaction and
burial as LLW,

Amount of Painted Mild Steel

Back & Front: 2x09x 8 =144 m?
Sides & Support: 9x0.75x0.9 . =6.075m?
Bottom, Shelf & Drawer Bottoms: 8 x 3 x 0.75 =18 m?
Drawer Sides: 8 x0.75 x 0.1524x 2 =1.8288 m?
Backs of 8 Drawers: 8 x 0 1524x 1 =1.2192 m?
Total Area =41.523 m?
Total Volume (Assuming 0.0015875 m thickness) =0.0659 m®
Total Weight = 527 kg

Amount of Stalnless Steel on the Surfaces of the Workbenches

Area=8x0.75=6 m?%. Assuming this material is 0.003175 m thick and has a specific gravity of 8.0, the volume of stainless
steel is 0.01905 m’. and the weight is 152 kg.

Amount of Processing Equipment on the Workbenches

Itis assumed that the workbenches were used for radioactive counting equipment, which had to stay clean; for tools (again,
assumed to be free of contamination) for making small new parts for the hoods and glove boxes; for temporary storage of
nonradioactive materials; for overpacking the products (agam. expected to be a relatively clean operation); and other similar
uses. The following general type of contaminated equipment is postulated to be present on the workbenches:

. Vanm:sl’ hand tools, primarily steel, weighing a total estimated 6 kg, with a total gross bulk volume estimated to be
0.004 :

*  2significantitems of pméessiné glassware, each weighing about 3 kg. For the 2 glass items, the jtems would weigh
about 6 kg and would require an estimated 0.0400 m’ of total bulk space.

*  2items of various materials (metals, plastic, ceramic), each weighing about 2 kg. For the 2 various jtems, the total
weight is estimated at 4 kg, with an estimated total bulk volume of 0.004 n?’.
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D.3.4 Vent Ducts

Appendix D

The I facility contains 8 m of cylindrical ductwork 0.2 meters in diameter and 10 m of rectangular ductwork 0 25mx

" 0.6 min cross-section (Refcr:nce 1, p. 9-9). The ductwork is assumed to be stainless steel sheet metal 0.0015875 m thlck

‘The ductwork is assumed to be radioactively contaminated mtcma"y and externally. The ductwork is vacuumcd and wet- -
wiped where possible to remove the readlly-removable contamination, then painted te minimize contamination during. .
subscqucnt steps. The duct waste is cut into pieces that maximize the amount of matenal that can | fit in 208-liter drums. “The .

.waste pieces are placed in plastic bags before being placed in the drums. The waste-filled drums are then compacted on-site -

and then shipped off-site for supercompaction before being sent to disposal as LLW. N

Amount of Material in the Ductwork

Cylmdncal Ductwork Volumc 2x02x 8 x 0. 0015875

 =0.00798 m

Rectangular Duclwork Vo]ume 2x(0.25+0.6)x 10 x 0.0015875 -

_Total Volume *
Total Weight

' D35 Cabinets and Shelf Unit

;..=0027m

=0.03498 m®
=280kg

The cabinet in the ' facility is stee! (assumed to be painted) with a glass panel (Reference 1, p. 9-11). The cabmet is

assumed to have two locking doors (each one assumed to have a glass panel) and three shelves plus the bottom inside shelf.:. .

The cabinet is assumed to be 0.762 m wide x 0.6096 m deep x 1.524 m high. The glass panel in each dooris assumedtobe -
0.254 m wide x 1.27 m high x 0.00635 m thick. ‘The steel shelves have a total surface area of 4.5 m® There are assumed to . -
be six shelves (including the top) in a book-case type of umt thatis 1.5 mwide x 0.5 m deep x 2 m high, with steel thatis. _

assumed to be 0.001588 m thick.

The cabinet and shelf unit are given only mild decontamination by vacuunung and wet-wiping. The units are then pamted
and sectioned. The sectioned waste is then bagged and placed in 208-liter drums for on-site compaction. Fo]lowmg
compaction, the drums are shipped off-site for supercompactlon before bcmg sentto dxsposa] as LLW :

Amount o!’ Palnt:d Mild Steel in the Cablnet

Front & Back: 2x 0.762 x 1.524 ,
Windows: 2x0254x 1270 . - -
Front & Back minus Windows

Top, Bottom, 3 Shclves 5x0762x0 6096
Total Area - ,

Total Volume: 4x 0 001588

Total Weight

Amount of Glass in Cabinet Doors
Area (from a, above)

Volume: 0.6452 % 0.00635
Weight (s.g. =2.2) '

--.=06452m?

:=16774m*
 =23226m’

- =4.0000 m®.
.. =0.00635
.. =508Kg. .

=0.6452 m?

=0.00410

=9kg
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Amount of Painted Mild Steel in the Shelf Unit
Sides: 2x05x 2 ' | =2m

Back: 1.5x2 =1im
- Shelves & Top: 6x1.5x0.5 =4.5mt
Total Area . ’ =295m?
- Total Volume: 9.5 x 0.001588 . =0.01509 m*
Total Weight =120.7 kg

D.3.6 Refrigerator

The '#1 facility contains one refrigerator, postulated to be an upright unit, measuring 0.6096 m x 0.6096 m x 1.524 m. The
refrigerator is assumed to be only mildly contaminated inside.- But outside, the compressor, coils, fan, and other mechanisms
are assumed to be sufficiently contaminated that it would not be reasonable to try to decontaminate themto levels required
for unrestricted use. Thus, they are assumed to be disposed of as radioactive waste with only minimal decontamination. It is
assumed that the freon (not contaminated) will be removed on-site by a subcontractor. The refrigerator will then be
vacuumed, wiped and painted, and then cut up and bagged into 208-liter drums for on-site compacting. The refrigerator will
then be shipped off-site for supercompacting before disposal as LLW. Sectioning will be done to effectively use the space in
the drums, '

Amount of Material

This is based on the gross characteristics of a conventional refrigerator. The refrigerator will contain the refrigeration cool-
ing system (copper, steel, other metals), some framework (mild steel), plastic inner and outer walls separated by fiberglass
insulation, some plastic trays and glass and mild steel shelves inside. The sectioned and pre-compacted volume of the unitis
assumed to be the same as when whole, or 0.6096 x 0.6096 x 1.524 = 0,566 m®. The weight of the refrigerator is 68 kg.

D37 Filters

The "I facility has four small, round roughing filters and four small, round HEPA filters at the exhaust of each fume hood
(4); one charcoal filter Jocated at the exhaust of each glove box (4) and each fume hood (4); and one larger HEPA, one larger
roughing filter, and one larger charcoal filter at the exhaust plenum of the facility. Each glove box vents into its respective
fume hood through an activated charcoal filter, and each fume hood vents to the facility exhaust ventilation system through
another activated charcoal filter as well as through a HEPA and roughing filter. A bank of a (larger) roughing filter, a.
(larger) HEPA filter, and another charcoal filter (assumed to also be larger) is located in the ventilation ductwork as it leaves
the facility (Reference 1, pp. 7-15, 9-11). The latter st of filters must have about 4 times the capacity of each of the other
filters and the smaller round activated charcoal filters, and there is one larger filter to achieve the needed capacity. In
addition, two sets of the smaller roughing-HEPA filters are assumed to be used in the vacuuming during the decommis- -
sioning of the ™I facility, bringing the number of small, round HEPA-roughing filter sets to 6. (A commercial vacuum unit
is leased that uses a roughing filter and a HEPA filter identical to those in the facility for the decommissioning vacuuming,)
Thus, the total number of filters from decommissioning this facility is 6 round roughing filters, 6 round HEPA filters,

8 round activated charcoal filters, and 1 larger HEPA, 1 larger roughing, and 1 larger activated charcoal filter. Itis
postulated that the facility filters had been replaced at the end of the operating period, and they will last throughout the total
decommissioning period, The filter remaval from the total ventilation system is one of the last activities undertaken during
decommissioning.

Each filter is bagged with a plastic bag and sealed during its removal, The dimensions of the round HEPA and charcoal

filters (Reference I, p. 9-11) are 0.2 min diameter x 0.2 m high. The larger, rectangular filters at the facility exhaust are 0.25
mx0.6mx03m. It is assumed that all the filters are comprised of sheet-metal casing, and the HEPA and roughing filters
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use plcalcd paper as the filter medium. It is assumed that the activated charcoal filters are compnscd of activated charcoal
granules within a stainless steel sheet-metal casing. It is postulated that the charcoal filters are bagged out and placcd in 208-
liter drums for comipacting on-site, followed by direct shipment as LLW.to a disposal facility, It is postulated that the HEPA
and roughing filters are bagged, placed in drums for on-site compacl:on, followed by shxpmcm of f-sm: for supercompacnon

' bcfore bcmg packaged for disposal as LLW. - o D

' AmountAor Materlals in the Small, Round HEPA Fﬂters

The overall weight of each HEPA filter is assumed to be S kg. The estimated weight of the 6 small, round HEPA filtersis
thus 30 kg. The bulk (rectangular) volume of the 6 small round ﬁltcrs is6x 0 2x02x0.2,0r 0.0. 048 m’

Amount of Materials in the Large, Rectangular HEPA Fllter

¢

The overall waght of the large HEPA filter is assumed tobe 12 kg The bulk volume of the large. rectangular ﬁlter is 0.25
x0.6x03,0r00450m’. - N ‘

Amount of Materials in the Small, Round Roughing Fnllers

The overall weight of each roughing filter is assumed to be 2.5 kg. The estimated weight of the 6 small round roughmg
filters is thus 15 kg The bulk (rectangular) volume of the 6 small, round filters is 6 x 0 2 x0.2x 0 l or0 024 m’ s

Amount of Materlals in the Large, Rectangular Roughing Filter

The overall weight of the large roughing ﬁltcrns assumed tobe 6 kg The bulk volumc of thc large, rec tangular f‘ llcr is
025x06x015.or00225m’ ‘ RS : ”

Amount of Materlals ln the Small Rouuﬂ ‘Charcual Filters . B

The volume of activated charcoal per filter is estimated at 2/4 x 02x02x02, or 0.00628 . Ata specific gravxty of
480 kg/n, the charcoal in one filter weighs 0.00628 x 480, or 3.0 kg. :The stainless steel housing, assumed to be
0.001588 mclcrs thick, has'a volume of x x 0.2 x 0.2 x 0. 001588, or 0.00020 r’, and weighs an estimated 1.6 kg ‘Thetotal =
wc:ght of a'small, round charcoal filter is then 3.0 + 1.6, or 4.6 kg. The total wexght of 8 small round acuvated charcoal B
filters is 37 kg. and the total (rectangular equxvalcnt) volumc is 0 064 m’ :

Amount of Materials in the Large, Rectangular Charcoal Filter

The volume of activated charcoal per filter is estimated at 0.25 x 0 6x03,0r 0. 045 m’ At a specxf' ic gxavny 480 kg/m’ the
charcoal in one large filter weighs 0.045 x 480 or 21.6 kg. The stainless steel housing, assumed to be 0.001588 meters -
thick, has an aréa of 4 x 0.6 x 0.3, or 0.72 m?, and a volume of 0.72 x 0.001588 or 0.00114 m’ and wexghs an estxmatcd

9.1 kg. The total weight of the largc. rcctangular charcoal ﬁltcr is then 21.6+0. 1 or30.7 kg

A . ~ .

D.3.8 Smk and Dram

. The "I facility has one sink and in-facility drain line. The sink is mounted in one of the workbenches, nearone end. The
sink is assumed to be 18-gage stainless steel (0.001214 m thick) with inside dimensions of 0.635 m wide x 0.5588 m high -
x 0.3048 m deep, ith overall dimensions of 0.8382 m wide x 0.5588 m decp to allow for the flanges (Reference 2). The
facility sink is used for personal cleanliness and for washing non-radicactive glassware. ‘Liquid effl uent is discharged toa
tank (assumed to be outside) where it is held for radioactive decay, monitored, and diluted as necessary before dxscharge to
the sanitary sewer (Reference 1, p. 7-15). Contaminated liquids are not purposely discharged to the sanitary sewer via the
sink. Operational agueous waste liquids are not discharged to the laboratory sink system, but are solidified with a setting
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matertal and shipped out as LLW during opemtiéh. Operational orgaxiic waste liquid§ are absorbed on an absorbent material
- that meets disposal facility requirements, and are shipped out as a solid LLW during operation (Reference 1, p. 7-26).

The sink, its associated water faubct. and the interior drain piping are wiped down, then removed, cut up to use up space in
the 208-liter drum, and bagged out by a pipefitter assisted by a technician. The waste materials are compacted on-site and
supercompacted off-site for disposal as LLW. '

Amount of Stainless Steel in the Sink .
The sink is assumed to wﬁigh about 12 kg and to require a bulk volume of an estimated 0.113 m’.
Amount of Brass In the Fixture and Connectlons

The weight of the brass is estimated to be 3 kg, assuming a specific gravity for brass of 8.75. The brass will occupy about
0.0283 m’ of bulk space, '

" Amountof Galvanized Steel in the Drain and P Trap

This is'cquivalcni to 5 mof 0.1-m-diameter pipe (Reference 1, p 2-9), or an estimated 16.05 kg/m x 5 m=80.3 kg. The bulk
volume of the material is estimated to be 0.05 m’.

D.3.9 Facility Ceiling

The '®1 facilitys 48 m? ceiling is concrete sealed with epoxy paint (Reference 1, p. 7-15). The ceiling is to be decontami-
nated to unrestricted levels, Because the facility ceiling is a rigid concrete structure, decontamination isdone in way to
minimize destruction of any significant part of the structure and its highly chemically-resistant ceiling covering of epoxy
paint.

The ceiling is first vacuumed, then wiped with wet rags and brushes. The decontaminating solution, a dilute aqueous - °
detergent, is applied sparingly to minimize dripping. - After wet-wiping, the ceiling is wiped with dry rags and allowed to dry
completely. Final decontamination is by use of a strippable paint that is applied with brushes or rollers, allowed to dry, then
stripped off with the contained contamination. Final hot spots are manually wet-wiped then dry-wiped. Only materials used

for decontamination are assumed to become LLW. Disposition of each type of waste is identified below. .
Amount of Waste Materials Resulting from Decontaminating the Ceiling .

The estimates developed in Reference 1. p. E-30 for the wash/wipe operations seem reasonable for the decontamination .
procedures used in that study, but in this study, much less liquid decontaminating agent is used, and part of the decontami- -
nation is done with strippable paint. Thus, the amount of rags and brushes, etc., and liquid wastes here is taken to be 1/3 of
that in Reference 1, with adjustments for surface area. The estimates of waste materials from decontamination and the |
subsequent waste treatment are given below. Disposition of the final wastes is discussed in each of the three subsets of
waste categories below, :

¢ 1.33 208-liter drums of wet rags, brushes and contaminated gloves and other clothing (Reference 1). These are assumed
to be compacted on-site, sent off-site for supercompaction and LLW disposal. If the incineration option s used, the =
waste is incinerated off-site, with the ashes fixed into a monolithic solid, and disposed of as LL.W. Estimated weight of
these wastes before treatment is 29 kg. )
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»  0.33208-liter drums of aqucod.é decontamination solution (assumed to have small amounts of detergents) and rinse
solutions from wetlwxpmg decontamination, before solidification with an adsorbent material. Estimated weight of the
waste before solidification is 45 kg. The adsorbed waste is sent directly for LLW dxsposal

* 1 208-iter drum equivalent of removed stnppablc pamt (assumed inthis study) to bc reduced to one-half drum afler on-

" site compactlon Estimated weight of the waste is 20 kg. The waste is sent off-site for supercompaction beforc bcmg
disposed as LLW, ) A )

D.3.10 Faclhty Walls =~ .

' The ™I facxlxty's walls (84 m’) are concrctc sealed with cpoxy pamt (Rcfcn:ncc 1,p. 9-11) The walls are to be decontamx

nated to unrestricted levels. Because the facility walls are rigid concrete structures, decontamination is done in ways to
mxmrmzc dcstrucuon of any significant part of the structures and their highly chemically-resistant epoxy paint covering.

The walls are first vacuumed, then wxpcd with wet rags and brushes. The decontaminating solution, adilute aqueous

-detergent, is applied sparingly to minimize dripping. After wet-wiping, the walls are wiped with dry rags and allowed to dry

completely. Final decontarmnanon is by use of a strippable paint that is applied with brushes or rollers, allowed to dry, then
stripped off with the contained contamination. Final hot spots are manually wct-wxpcd then dry-wiped. Only matcnals used

for dcconl:mnnauon are assumed 10 bccome LLW. Dnsposmon of each type of waste is identified below. .

Amount of Waste Materials leﬁng from Decontamlnatmg the Walls

The estimates dcvcloped in Reference 1, page E-30, for the washlwxpe opcrahons sccm rcasonable forthe dccomarmnauon
proccdun:s used in that study, but in this study, much less liquid decontaminating agent is used, and part of the decontami-
nation is done with strippable paint. Thus, the amount of rags and brushes, ec., and liquid wastes here is taken to be 1/3 of
that in Reference 1, with ad;ustmems for surface area. The estimates of waste materials from decontamination and the subse-
quent waste treatment are ngen below. Dispasition of the fi na] wastes is discussed in each of the three subsets of waste_
catcgones bclow - , .

. 233 208-l|ter drums of wet mgs.brushes and conlanunatcd glovcs and other clothmg (Reference 1. 'I‘hcse are assurmd
tobe compacted on-site, sent off-site for supercompaction and LLW disposal. If the incineration option is used, the
waste is incinerated off-site, with the ashes fixed into a monolithic solid, and disposed of as LLW. Esnmated wcxght of
these wastes is 50 kg, _ . : ‘ PR :

* 0. 67 208-Jiter drums of aqucous dccontannnauon soluuon (assumed to have small amounts of detcrgcnts) and rinse
solutions from wet/wiping decontamination, before solidification with an ‘adsorbent material. Estimated weight of the
waste before sohdxficauon is 90 kg. The adsorbed material is sent dircetly for disposal as LLW.

¢ 1.33 208-liter dmms removed strippable paint (assumed in this study) to be compacted on-site. Estimated weight of the
waste is 40 kg, which is assumed to be compacted on-site, supercompacted off-site, and sent for disposal as LLW.

D.3.11 Facility Floor

The floors of the "I facility contain 48 m* of asphalt tile (postulated to be 0.001588 m thick) over concrete (Reference 1,
p-9-11). The floor is postulated to be first vacuumed and then painted to fix the remaining contamination. All tiles are
postulated to be emoved manuallyand packagcd in plastic bags, then compacted on-site, supercompacted off-site, and
disposed of as LLW. The rcmammg hot spots in the concrete flooring are postulated to be cleaned by 2 small amount of
scabbling, followed by re-vacuuming the entire floor surfacc :
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Amount of Waste Materials Resulting from Removing Floor Tiles

The total volume of floor tiles =48 x 0.001588 = 0.0762 m". Assuming a specific gravity of 1.1, the asphalt tiles would
weigh an estimated 84 kg. The floor tiles are compacted on-site, supercompacted off-site, and then sent for disposal as ELW.

Amount of Concrete Flooring Removed

It is postulated that about 10% of the concrete area below the asphalt tiles will have become contaminated to a depth of
~0.0127 m. The total amount of concrete rubble and dust removed as radioactive waste is thus 48 x 0.1 x0.0127 = 0.061 .

Assuming the effective density of the dust is 60% of the theoretical specific gravity of concrete (2.5), the volume is

0.061/0.6 = 0.102 m’. The weight is estimated to be 2500 x 0.061 = 153 kg. The concrete rubble and dust are postulated to

be bagged and drummed for efficient use of the drum space, followed by on-site compaction before being sent for dispasal as

LLW.

D.4 Reference Labqrafory fox_; the Manufacture of ¥’Cs Sealed Sources

Detailed physical descriptions and decommissioning procedures for all the components and building surfaces of the BICs
laboratory that are postulated to require removal and/or decontamination are given in Sections D.4.1 through D.4.11, Details
of (1) planning and preparation, (2) estimated manpower requirements, (3) waste management, materials, and labor costs,
and (4) radiation dosages are presented in Table D.4a for the supercompaction option and in Table D.4b for the supercom-
paction option with incineration. An overall description of this laboratory is contained in Section 7.14 of Reference 1. .

Dd4.1 Fu;qe Hoods

The "¥'Cs facility contains two fume hoods, each 1.5 m wide x 2.0 m high x 0.945 m deep. Each hood is assumed to be.
framed externally by mild stee] 0.003175 mthick and is equipped with an acrylic window 0.00635 mthick. Each hood is
mmcdxatcly adjacent to a small hot cell, and one side of the hood has an opening to accommodate the sliding-door opening
in the hot cell to the hood. The hood is assumed to rest on an enclosed stainless steel-based cabinet (Rcfcn:ncc 1, p. A-30).
The support cabinet is assumed to have the same foot print as the fume hood but is only 0.9 m high.

Before the fume hoods are dismantled, the interior and exterior surfaces are vacuumed and wet-wiped, and then painted to

. fix contamination. The hoods are then cut to sizes that allow the hood materials to be bagged and go inta 208-liter drums in
such a way that the materials can be reasonably compacted on-site, then supercompacted off-site.
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Table D.4a Y'Cs Lab summnry-supercompnctlon option; manpower requlrements,
. ' ¥'C labaratory-supercompactiort option (no incineration)

radlation doses, and costs for decommissioning the’

- Time Person-days i Total . Costs
- Operation or category (days)  Supervicor Foreman Crafisman  IH.P.Tech Tech  Clerk ~ person-days  Person-mrem ($ 000)
Planning & preparation . . ) ) '
Prepare documentation 150 75 _ 150 - - - 75 300 - 99
" Perform radiolopical survey 25 - 25 o 50 - - 15 428,46 - 27
Develop work plan 100 50 100 - 50 - 50 250 - 33
Subiotats - 215 125 218 - 10.0 - 125 625 A2BA46 208
Decommissioning L ) :
. Fome hoods .. 28 14 2 08 14 42 . 100 19193 31
Hot cells 33 16 3.1 L1 16 63 - 13.8 2795.65 LA
Manipatators ' , 14 07 0.7 L1 07 13 - 45 828.90 T 17
Workbenches . 15 07 1.1 04 07 23 - 53 003 20
Vent ducts - > 19 09, 4 01 09 28 - 68 131 25
Filters . ... - - 03 02 03 - 02 06 - 12 002 0s
Siok and draln 02: 0.1 02, 01 0.1 04 - 09 . 001 03
“Cetling 18- 09 1.8 - 09 35 - 11 ol 26
Walls 26 | 13 26 - 13 51 - 103 o5 38
Floors 18" 09 1.8 - 09 35 - 70 ‘0.14 26
Subtotals 175 . 37 150 43 87 301 - 66.8 381824 249
Equipment and materials cost . ' : ’ .
Commercial vacuum clcancr - - - - - - - - - 30
Compactor - - - - - - - - - . 17.2
Small tools and materials - e - - - - - . - 07
Laundry - - - - - - - - -’ - 6
Sub!otals S - - e - - ve s - . — 2.7
Waste managemment costs '
Packaging " - - - .. - . - - .." 24
Supercompaction - - - - - - - - - 34 -
Inclnenation* - - - - - - - - - -
Transportation ' - - - - - e - - L L
_Dispoat . .. . . - SRR - - - - .- - s - 453
Subtatals - et Lt - S 518
Final radlologlealsurvey . ° 3.0 15 3077 - 6.0 - 3.0 135 - 42
Totals ... 480 27 .45 - 43 T uar 301 155 . 1428, .. 424670 143
25% Cost contingency R T - - - 3Ll
Total cost with contingency’ - - - - - - - - - 1554
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Table D.4b ¥'Cs Lﬁb summary-inclueration option; manpower requirements, radiation doses, and costs for decommissloning the

UIC laboratory-supercompaction and Incineration option

Costs

Time Person-days Tatal .
- Q)peration or calegory (days) Supervisor  Foreman Crafisman MH.P.Tech Tech Clerk - person-days Persou-mrem ($ 000)
Planping & preparatioa .
Propare documentation 150 15 15.0 - - - (X 300 - 99
Perform radiological survey 25 - 25 - 50 - - 15 42846 27
Develop work plan 100 5.0 100 - s0 - 50 250 - 83
Subtotals 278 125 278 - 10.0 - 125 © 625 42846 208
Decommissioning :
Fume hoods 28 14 21 08 14 42 - 100 191.93 37
Hotcells 33 1.6 3.1 11 1.6 63 - 13.8 279565 51
Manipulators - 14 07 07 11 07 13 - 45 828.90 1.7
Workbeoches 15 07 11 04 0.7 23 - 53 003 20
Vent ducts 1.9 09 14 0.7 09 28 - 6.8 131 25
Filters 03 0.2 03 - 02 0.6 - 1.2 002 05
Silk and drain 02 0.1 02 0.1 0.} 04 - 09 001 03
Ceiling 18 0.9 18 - 09 3s - 7.1 0ll 26
Walls 26 13 26 - 13 5.1 - 103 a.1s 38
Floors 1.8 09 1.8 - 0.9 kK - 70 - 04 26
Subtotals 175 8.7 15.0 43 8.7 30.1 - 668 381824 49
Equipmcnt and maicerials cost ! :
Commercial vacuum cleaner - - - - - - - - - 30
Compactor - - - - - - - - - - 172
Small wools & matenials - - - - - - - - - 07
uund;y - - .o . -~ - - - had 1.6
Subtotals - - - - - - - - - - 227
Waste management costs ) '
Packaging - -~ - - - - - - - 24
Supercompactioa - - - - - - - - - 14
Inciaeration -~ - Lad - - - -~ - - 204
Traasportation - - - - - - '
; - - - 05
Dispasal - - - - - - - - - 383
Subigtals - - - - - - - - - 63.0
Final radiological survey kX1 15 3.0 - 6.0 - 3.0 135 - 42
Totals 48.0 27 455 43 4.7 30.1 155 142.8 424670 1355
25% Cost contingency - - - - - - - - - 139
Total cost with contlngency - - - - - o - - o 1684
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Amount of Stainless Steel Uppoxj Section

Back: 1.5x2.0 . =3.00 m?

Two sides: 2 x 0.945x 2.0 .. =378m' .
Floor and Top: 2% 1.5x 0.945 - ‘ s =2835m?
Total Area - ' . =9615m?
Total Volume: 0. 003175 x9.615 . ‘ -=0.03053 m’
Total Volume for 2 Hoods - .. =006106 m*

Total Wc:ght for 2 Hoods . . =488kg

_ Amount of Stainles Steel in the Lower Cablnet .

Back & Front 2x1.5x090 =2.700 m?

Two Sides: 2x0.945x 0.9 : . _=1701m?

Bottom & Top: 2x 1.5 x 0.945 ' - =2835m?

Total Area : - .=7236m?

Total Volume: 0.003175x 7.236 =0.02297 m*
- Total Volume for 2 Hoods =0.04594 o’

Total Wcighl for2 Hoods =368 kg -

Amount of Mild Steel ln the Extenor Frame

. Thisis assumcd tobe compnscd of angle iron (0 0508 m by 004445 m by 0. 0047625 m thxck) “The amount of nuld steel is
4 x 2.0 m for vertical members and 4 x 1.5 m for horizontal members, for a total length of 14 m. Total mild steel in lhc fume
" hood frame is thus 14mx(00508+004445)x00047626 0.006351 m’. . .

Total Volume for2 Hoods . =001270m?
TotachxghtforZHoods L - .=102kg

Amount of Acry]ic Plasticin the ‘Wlndow ..

The plasnc is assumed to be 2.(_) mhighx 1.5 m wide x 0.00635 m thick, for a total volume of 0.01905 re.

Total Volume for 2 Hoods ' =0.0381 m®
Total Weight for 2 Hoods (s.g. = 1.2) . =46kg

Amount of Processing Equipmeni .

The following general type of contaminated equipnmént is posfixlatcd to Béprcscnt in the fume hoods. The equipment is
bagged and compacted on-site, super<ompacted off-site, and then disposed of as LLW.

«  2clectric heating units, each wexghmé about 7 kg. These are assumed to take up about 0.03 m? of space, each. For 2
fume hoods, the total is 4 electric heating units, with a total weight of 28 kg and a total bulk volume of 0 12m,

»  6significant items of processing glasswarc. each weighing about 3 kg and taking up about 0.02 m’ of space, For2 fumc
hoods, the total is 12 units of processing glassware, with a total weight of 36 kg and a total bulk volume of 0.24 nr’.

» 4items of various materials (metals, plastic, ceramic), each weighing about 2 kg. These are assumed to take up about

0.014 m® of space, each. For2 fume hoods. the total is 8 items, with a total weight of 16 kg and a total bulk volume of
0.112 i?’,

D35- NUREG/CR-6477



Appendix D

D.4.2 Hot Cells

The ¥Cs facility contains two small hot cells constructed of interlocking lead bricks as the walls and alayer of lead bricks
on each of the top and bottom of the hot cell (Reference 1, p. A-34-5). The inside dimensions of the hotcells are the same as
a 1.2-m cube, with a wall thickness of 0.1 m. The top and bottom shielding of the cells is assumed to also be 0.1 m of lead
bricks. The top shielding is supported by a steel plate (assumed to be equivalent to 0.025-m-thick). Twoholes in the top
steel plate and the bricks there are used to insert one each of the vertical arms of master-slave manipulators. The front of the
hot cell has a viewing window 0.6 m x 0.6 m x 0.141 m thick (thickness equivalent to the lead wall thickness in gamma
shielding effectiveness), The viewing window is made of lead glass that has the same gamma shielding power as steel.
(Thus, it is assumed that the shiclding window thickness is 1.41 times that of the lead brick, or 0.141 m) The working
surface floor inside the hot cell is lined with stainless steel (assumed to be 0.001588 m thick), which extends integrally up to
aheight of 0.1 m along each wall. The walls and ceiling of the hot cells are lined with plastic laminate (assumed to be
polycarbonate, 0.001588 m thick). Equipment and material are transferred between each hot cell and its adjacent fume hood
through a sliding door on one side that reveals an opening to the fume hood. The sliding door, a rectangular steel box filled
with Jead, is assumed to be 0.4 m x 0.5 m x 0.1 m thick. Each hot cell is supported by a concrete pedestal that is 0.76 m high
and 1.4 mon each side,

Decommissioning of each hot cell involves removal of the equipment inside. (If the equipment needs to be cut, it is done
before removing the master-slave manipulators and disassembling the hot cell.) The interior wall and floor and window and
door surfaces of the hot cell are vacuumed and wet-wiped with an aqueous solution that contains a small amount of deter-
gent. The master-slave manipulators are removed (see next section), then the hot cell is disassembled. The lead bricks are
disassembled from the hot cell, brick-by-brick, vacuumed, wet-wiped, and allowed to dry. The dried lead bricks and the
lead-filled door in the hot cell are bagged and placed in 208-liter drums that are sent directly to radioactive-hazardous mixed
waste for encapsulation, then to disposal. The lead-glass window is vacuumed, wet-wiped and dried, and removed and
bagged and placed in a 208-liter drum (the window may be placed with other, lighter materials from the facility), then sent
directly to LLW disposal. The door to the fume hood is removed and bagged and placed in a drum. (The door may be placed
with lead bricks from the hot cells.) The internal plastic laminate liner is removed, vacuumed, wet-wiped, painted and cut up
o fit efficiently in a drum after bagging, for on-site compaction and off-site supercompaction before sending to LLW dispo-
sal. The concrete pedestal for the hot cell is vacuumed, wet-wiped, and painted with strippable decontamination paint. Hot
spots are removed by additional spot decontamination with strippable paint. Wet-wiping is done using rags and brushes and
adilute aqueous solution with a small amount of detergent in a way that minimizes run-off or puddling.

Amount of Lead in the Hot Cell

This is equal to that in the 6 sides minus that for the shielding window and the 2 manipulator holes. The volume of lead in
the hot cell is 1.4 x 1.4 x 1.4 (outside cube) - 1.2 x 1.2 x 1.2 (inside cavity). From this, we subtract the lead from the
window space (0.1 x 0.6 x 0.6) and the 2 holes for the manipulators (assumed to be 0.3048 min diameter), or 2 x 0.1 x (/4)
x 0.3048 x 0.3048. The volumes become: T

2.744 m’® (outside cube)

minus 1.728  (inside cavity) ~
Sum=1.016 gross

minus 0.036 (window hole)

minus 0.0146 (manipulator holes),or,
Net 0.9654 m? of Iead in hot cell..

For2 hot cells, the total volume is 1.9308 m®, The net weight is 10,900 kg, assuming a specific gravityof 11.3. Thelead is

bagged and placed in 208-liter drums, then sent directly to radioactive-hazardous mixed waste for encapsulation, and then to
disposal. .
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T Amounlo[Lead and Stainless Steel in the Hot Cell Door

Volume: 04x0.5x01 - v.=0020m
Total Volume for 2 Doors -~ L S =0040m°
Total chght ) o ~ =452kg

The small amounts of feadi in thc steel-boxed lead are not differentiated here.
Amount ofStalnlss SteellstheHotCell .- ..
This is thc inner liner of the bottom, and the 4 sides up 0.1 m high.

Volume: 1.2x 1.2x0.001588 + 12x0.1 x4 x 0.001588  =0.00305 m®

‘Total Volume for 2 Hot Cells , . . =000610m’ .
Total Weight - ‘ L "=Z488kg
Amount of Plnstlc Laminate In the Hot Cell R
Volume: 4x 1.1 x 1.1 x 0001588 T 2000769 m?
Total Volume for 2 Hot Cells . =001537 n?

Total Weight. , T =23kg
Amount of Leaded Glass in the Hot Cell ‘
Volume: 0.141 x 0.6 x 0.6

,  =00508m*
Total Volume for 2 Hot Cells - =0.1016m
Total Weight - =Bl3kg

Amount of Mild Steel in the Hot Cell

This is assumed to come from the 0.025-m-thick plate cquwalcm that supports the bricks on the top of the hot cell

Volume: 14x14x00354 00498
Total Volume for 2 Hot Cells ' - =0.0996m
Total Weight . ' . S -797kg ,

Amount of Materlals fmm Cleaning the Pedstal for the Hot Cell ‘

This is based on the quantities identified in Reference 1, p. 7-15; these are used here, with ad_;ustment for the amount of L
surface area involved. The surface area of thc pedestal is 1.4 x 1.4 (top) + 4 x 1.4 x0.76 (4 sides) = 6.216 m®. . Ratioing ~ - }
twice this area (for 2 hot cells) to the 48 m? in the ceiling of the ’Cs facility results in the followmg amounts of wastes: . . - .

*  1208-liter drum of wet rags, brushes and contaminated gloves and other clothing (Reference 1, p. E-30). These are
assumed to be compacted on-site, sent off-site for supercompaction and LLW disposal. If the incineration option is
used, the waste is incinerated off-site, with the ashes fixed into a monolithic solid, and disposed of as LLW. Itis
assumed that other waste materials could be added to the drum wnh these materials. Estimated wcxght of these wastes . -
for 2 hot cells before treatment is 19 kg. - :

¥
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*  0.26 208-liter drums of aqueous decontamination solution (assumed to have small amounts of detergents) and rinse
solutions from washing/wiping decontamination, before solidification with an adsorbent material, Itis assumed that
other waste materials could be added to the drum with these materials. Estimated weight of the waste for 2 hot cells
before solidification is 41 kg. The adsorbed wastes are sent directly for disposal as LLW.

¢ 0.26 208-liter drum equivalent of removed strippable paint (assumed in this smdy) to be compacted on-site. Itis
assumed that other waste materials could be added to the drum with these materials and the: drum could be recompacted.
Estimated weight of the waste for 2 hot cells is 6.3 kg. The waste is compacted on-site, supercompacted off-site, and
then sent for disposal as LLW.

D.4.3 Master-Slave Manipulators

Two pair of master-slave manipulators are used in each of the two hot cells in the '¥'Cs facility, for atotal of four. Theslave
sections insert vertically through holes in the hot cell, with shielding assumed to be around or within the manipulator. The
master (operator) sections are also vertical, and the mechanisms between the master and the slave sections are in horizontal
tubes. It is assumed for that the master and slave sections are each about 2 m long, and the horizontal section is about I m
Iong. The average diameter of each section is assumed to bc about 0.127 m. .

The manipulators would be very difficult to dccontammale at best, even with careful operational procedurcs and booting of
the slave ends. Thus, it is assumed that the manipulators are removed, sectioned, bagged, and placed in 208-liter drums for
compacting on-site, and supercompacting off-site before disposal as LLW.

Amount of Material in Manipulators

Volume (n/4) x 0.127 x 0.127 x 5 =0.0633 m*
Total Volume for 4 Manipulators =0.2533
Total Weight for 4 Manipulators =160kg

D.4.4 Workbenches

The ""Cs facility's single workbench is assumed to be 0.75m déep, 0.9 m high, and 4 m lbng (Reference 1, p. 9-13). Itis
constructed of Jatex-enamel-painted wood (0.01905 m thick), and has a plastic-laminated top, assumed to be 0.001588-m
polycarbonate, The workbench has a stainless steel sink mounted in it at one end (Reference 1, p. 7-17), The workbench is

assumed to have one drawer 0.1524 m deep, and below that a shelf a few centimeters above the floor, with 2 doors forevery

meter of length. To simplify calculations, it is assumed that each drawer and each set of cabinet doors in the 4-m-length of
workbench is 1 m wide, and a vertical plywood panel supports the benches every 1 m (a total of five panels). ‘
Because of the pmxirmty of the workbenches to radioactivity-containing components, all of the workbench materialsare
assumed to be radioactive. The surfaces will be vacuumed and painted before cutting up into pieces sized to effcctxvcly fill
208-liter drums. These drums of materials will be sent off-site for supercompaction or incineration (if that option is used),
followed by fixation of the resulting ashes. -

Amount of Wood in the Wo:-kbench

Area: ' ‘

Front& Back: 2x0.9x4 . - =72m
Sides & Support Panels: 5x 0.75 x 0.9 =335 m?
Bottom & Top: 4x 3 x 0.75 =9m!

Sides & Back of 4 Drawers: 4x0.1524 x 1 + 8x0.1524 x0.75
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. . =1.524 m’
Total Area ' : =21.099 m*
Total Volume: 21.099 x 0.01905 | =0402 m,
Total wexghx (s g =038) . A - =322kg
Amount of Polycarbonate on Workbench Surl'acus ‘ v )
Volume: 4x0.75 % 001588 - o =0.0048 m*
Weight (sg. 1.5) T ' - =12kg

Amount ol‘ Promslng Equipmcnt onthe Workbench not used to Support the Hot Cells

Itis assumod that the workbenches were used for md:oacnvc counung equipment, which had to stay clean, for tools (agam,
assumed to be free of contamination) for making small new parts for the hot cells; for temporary storage of nonradioactive _:
materials; for overpacking the products (again expected | to be a relatively clean operation); and other similar uses.. The .
contaminated material below is to be bagged, loaded into 208-liter drums, compacted on-site, and sent off-site for supcrc

‘ompaction before being sent for disposal as LLW. ‘The following general type of equxpment is postulated to be present on

the workbench:

. vanouxs;!mnd tools. pnmanly steel, wenghmg a total estimated 3 kg, with a total gross bulk volume esumated tobe
0.002 4 G :

- 1 sxgmﬁcant item of processing glasswarc. wenghmg about 3 kg This item would weigh about 3 kg and would require -

an estimated 0.020 m’ of total bulk space.

¢ 1 item of various materials (metals, plastic, ceramic), wenghmg about 2 kg. Thc estimated weight for this 1tcm is 2.0 kg. '
wxuxancsumatedtoxalbulkvolumcofDOOZm’ , S

. o e
-

The "Cs facility contains 8 m of cylindrical ductwork 0.2 min diameter and 15 m of rectangular ductwork 0.25 mx 0.6 min
cross-section (Reference 1, p. 9-13). The ductwork is assumed to be stainless steel sheet metal 0.0015875 m thick. o

The ductwork is assumed to be radioactively contaminated internally and externally. The ductwork is vacuumed and wet- ..

. wiped where poss'blc to remove the rcadlly-remvablc contamination, then painted to minimize contamination dunng the

next step of cutting into pieces and bagging and packaging as LLW. The duct waste is cut into ‘pieces that maximize the
amount of material that can it in 208-liter drums. The waste pieces are placed in plastic bags before being placed inthe .
drums. The wastc-ﬁllcd drums are then compacted onosxte and then sh:pped off-site for supercompactnon before dxsposal as
LLW.

Amount of Materlal in the Ductwork

Cylxndncal Ductwork Volume =n x 0.2 x 8 X 0 0015875 -: 0.008 m*
Rectangular Ductwork Volumc =2 x (0.25 + 0 6) x15 x 0 0015875

=0.040m®
Total Volume : =0.048 m®
Total weight =384 kg
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D.4.6 Filters

In the '¥'Cs facility, each fume hood (2) and hot cell (2) has a small, round HEPA and roughing filter atits respective air
outlet, and there is one larger HEPA and roughing filter on the facility’s ventilation exhaust (Reference 1, pp. 7-19, 9-13)
where the exhaust enters the facility exhaust plenum. The round HEPA filters are 0.2 m diameter x 0.2m high; the round
roughing filters are 0.2 m diameter x 0.1 m high; the Jarge, rectangular HEPA filter is 0.25 mx 0.6 m x 0.3 m; and the large,
rectangular roughing filter is 0.25 m x 0.6 mx 0.15 m. It is postulated that the facility filters had been replaced at the end of
the operating period, and they will last through-out the total decommissioning period. Inaddition, itis assumed that during
the vacuuming activity of the components and the facility, a commercial vacuum unit is leased that uses a set of round
roughing and HEPA filters identical to those in the facility components, and 2 sets of filters are used during vacuuming,
making the total 6 sets. The filter removal is one of the last activities undertaken during decommissioning.

Each filteris wrappéd ina piastié bag and sealed during its removal. It is assumed that the ﬁiterg are made of sheet-metal
casing with pleated paper as the filter medium. Itis postulated that the HEPA filters are bagged, placed in 208-liter drums -
for on-site compaction, followed by shipment off-site for supercompaction before being packaged for disposal as LLW.

Amount of Materials in the HEPA Filters

The bulk (rectangular) volume of the 6 filters is 6 x 0.2 x 0.2 x 0.2= 0.048 m®. The rectangular volume of the large HEPA
filter is 0.25 x 0.6 x 0.3 = 0.045 m®. The total volume of all HEPA filters is thus 0.093 m’. The overall weight of each small
HEPA filter is assumed to be 5 kg; the large HEPA is assumed to weigh 12 kg. Thus the total weight of 2ll HEPA filters is
42 kg. :

Amount of Materials in the Roughing Filters

The bulk (rectangular) volume of the 6 filters is 6 x 0.2 x 0.2 x 0.1 =0.024 m®. The rectangular volume of the large roughing

filteris 0.25x 0.6 x 0.15 = 0.0225 m’. The total volume of all the roughing filters is thus 0.0465 m®. The overall weight of

cach small filter is assumed to be 2.5 kg; the large roughing filter is assumed to weigh 6 kg. Thus the total weight of all
_roughing filtersis 21 kg, .

D.4.7 Sink and Drain

There is one single-bow] sink in the 'Cs facility. The sink is mounted near one end of the workbench. The sink is assumed
to be 18-gage stainless stee] (0.001214 m thick) with inside dimensions of 0.635 m wide x 0.5588 m long x 0.3048 mdeep,
with overall dimensions of 0.8382 m wide x 0.5588 m deep to allow for the flanges (Reference 2). The facility sink is used
for personal cleanliness, Liquid éffluent is discharged to a tank (assumed to be outside) where it is held for monitoring -
before discharge to the sanitary sewer (Reference 1, p. 7-19). Contaminated liquids dre not purposely discharged to the
sanitary sewer via the sink. Operational aqueous waste liquids are not discharged to the laboratory sink system, but are
solidified with a setting material and shipped out as LLW during operation. Operational organic waste liquids are absorbed
on.an absorbent material that meets disposal facility requirements, and are shipped out as a solid LLW during operation
(Reference 1, p. 7-26). ‘The sink and its associated water faucet, and the drain piping to the facility wall arc wiped down,
remaved, cut up to efficiently use space in the 208-liter drum, and wrapped in plastic bags by a pipefitter, assisted by a
technician. The waste materials are compacted on-site, and supercompacted off-site before disposal as LLW.

Amount of Stalnless Steel in the Sink

The sink is assumed to weigh about 12 kg and to require a bulk volume of an estimated 0,113 m?’.
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Amount of Brass In the Fixture and Connections

The weight of the brass is csumated tobe 3 kg, assummg a spccxf' ic gravxty for bmss of 8.75. The bxass wxll occupy about
0.0283 n?* of bulk space.

e -

Amount ofGalvanIzed Steel in theDraIn and PTrap . ' IR J" >

This is l’f‘lm\ralc:m toSm of 0.1-m-diameter pxpc (Reference 1, p 2-9),oran esmmtcd 16 05 kg/m x 4 m=64 2 kg Thc bulk
volume of the matcnal is estimated to be 0.05 ', ’

D.4.8 Faclhty Ceiling

The Cs facility contains 48 m? of latex enamel pamtcd concrete ceiling (Rcfcrence 1, p. 7-19). Theceiling is decontami-
nated to unsestricted levels. Because the facility ceiling is a ngxd congcrete structure, dccontammatxon isdone in waysto
minimize destruction of any significant part of the structure and its enamel paint (although some of the ename! paint may be
removed by the decontamination). The ceiling is first vacuumed, then wiped with wet rags and brushes. The decontaminat-
ing solution, a dilute aqueous detergent, is applied sparingly to minimize dripping. After wct-wxpmg. the ceiling is wiped
. with dryrags and allowed to dry completely. Final decontamination is by use of a strippable paint thatis applied with
brushes or rollers, allowed to dry, then stripped off with the contamination. Final hot spots are manually wet-wiped, then
dry-wiped, or possibly spotted with additional strippable pamn Only matcnals uscd for dccontarmnanon are assumed to
becomc LLW _ _ (

.Amounts of W&s‘te Materials Rwulting from Decontamlnatlng the Ceiling

The estimates dcve10ped in Reference 1, p. E-30, for the wash/wipe operations seem reasonable for the decontamination
;proccdum used in that study, but in this study, much less liquid decontaminating agent is used, with part of the decontami-
nation being done with strippable paint. Thus, the amount of rags, brushes, and liquid wastes is takentobe 1/3 of thatin
Reference 1, with adJustmcnts for wall area. The estimates of waste materials from decontamination and the subsequent
waste treatment are given below. Disposition of the final wastes is dxscussed in cach of thc three subsets of waste calegoncs

below. o . .

e 1 208-lner drum of wet rags. brushcs and contaminated glovcs and other clothmg These are assumed to be compacted
on-site, sent off-site for supercompaction and LLW disposal. If the incineration option is used, the waste is incinerated
off-site, with the ashes fixed into a monolithic solid, and disposed of as LLW. Estimated weight of these wastes before
treatment is 18 kg. ) ‘

*  0.25208-liter drums of aqueaus decontamination solutions (assumed to contain small amounts of detergents) and rinse
solutions from wet/wiping decontamination activities, before solidification on-site with an', adsorbent material. Itis
assumed that the drum can be filled with similar solutions from decontamination of other componcnls to fully use the
drum space. The estimated weight of the wastcs bcforz solidificationis40kg. - :

. 0.73208liter drums equivalent of n:moved smppable paint (assumed in this study) to be reduced to a smaller volume
after on-site compaction). It is assumed that the drum can be filled with other strippable paint from decommissioning
other components of the facility to fully use the drum space. The waste is compacted on-site and sent off-snte for
supercompaction before bemg dnsposed of as LLW. Esumatcd wcxght of lhe LLW is18 kg

D.4.9 Facility Walls

The Cs facility contains 84 n of latex-cnamel-painted concrete walls (Reference 1, p. 7-19). ‘The walls are decontami-
nated to unrestricted levels. Because the facility walls are rigid concrete structures, decontamination is done in ways to
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minimize destruction of any stgmf'cant paxt of the structure and its enamel paint (although some of the enamel paint may be
removed by the decontamnauon)

The walls are first vacuumed, then wiped with wet rags and brushes. The decontaminating solution, a dilute aqueous deter-
gent, is applied sparingly to minimize dripping. After wet-wiping, the walls are wiped with dry rags and allowed to dry
completely. Final decontamination is by use of a strippable paint that is applied with brushes or rollers, allowed to dry, then
stripped off with the contamination. Final hot spots are manually wet-wiped, then dry-wiped, or spotted with another coat of
strippable paint. Only materials used for decontamination are assumed to become LLW. Disposition of the final wastes is
discussed in each of the three subsets of waste categories below.

Amount of Waste Materlals Resulting from Decontaminating the Walls

The estimates developed in Reference 1, p E-30, for the wash/wipe operations seem reasonable for the decontamination
procedures used in that study, but in this study, we are assuming much less usage of liquid decontaminating agcnt. with part
of the decontamination being done with strippable paint. Thus, the amount of rags, brushes, and liquid wastes is taken to be
173 of that in Reference 1, with adjustmcnts for surface area. The estimates of waste materials from decontamination and the
subsequent waste treatment are given below. Disposition of the final wastes is discussed in each of the three subsets of

* waste categories below, .

*  1.67 208-liter drums of wet rags, brushes and contaminated gloves and other clothing. These are assumed to be com-
pacted on-site, sent off-site for supercompaction and LLW disposal. If the incineration option is used, the waste is -
incinerated off-site, with the ashes fixed into a monolithic solid, and disposed of as LLW. The estimated weight of these
wastes before treatment is 32 kg.

e 1.27 208-liter drums of aqxi:ou; decontamination solutions (assumed to contain small amounts ofdctcrgents) and rinse
solutions from wet/wiping decontamination, before solidification with an adsorbent material. The estimated weight of
the wastes before solidification is 70 kg. The adsorbed wastes are sent directly for disposal as LLW.

*»  1.27208-liter drums equivalent of removed strippable paint (assumed in this study) to be combined with other strippable
paint waste from decommissioning of this facility to efficiently use drum space). The estimated weight of the LLW is 32
kg. The waste is compacted on-site, supercompacted off-site, and sent for disposal as LLW.

D.4.10 Facility Floor

The WCs facility floor contains 48 m?® of asphalt tile (postulated to be 0.0015875 m thxck) over concrete (Reference 1,

p. 7-19). The floor is postulated to be first vacuumed and then painted to fix the rcmmmng contamination. The tiles are
manually removed and packaged in plastic bags in 208-liter drums as LLW. The mmzumng hot spots in the concrete flooring
are cleaned by'a small amount of scabbling of the hot spots, followed by re-vacuuming the entire floor surface. The concrete
rubble and dust are then bagged and efficiently packed in drums. The drums are compacted on-site, then sealed and sent for
dxsposal asLLW.

Amount of Waste Materials Resulting from Removing Floor Tiles

The total volume of floor tiles = 48 x 0.0015875 = 0.0762 m’. Assuminga specific gravity of 1.1, the asphalt tiles would
weigh an estimated 85 kg, The floor tiles are compacted on-site, supercompacted off-site, and then sent for disposal as LLW.
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Amount of Concrete Flooring Remo'ved as Radioactive Waste

A numbcr of the cracks between the tiles (assumed hcrc to be 10% of the floor area) will have conlammaled concretc that
needs to be removed, assumed to a ‘depth of 0.0127 m. The total amount of concrete rubble and dust removed as radioactive
waste is 48 x 0.1 x 0.0127 = 0.061 m® of concrete as rubble and dust. Assuming the spccnf' c gravity is 60% of theoretical,
the volume is 0.102 m® before compaction. The weight is estimated at 153 kg, assuming a specific gravity of 2.5. The
concrete rubble and dust are postulated to be bagged and drummed, then compacted on-site before disposal as LLW.

D.5 Reference Laboratory for the Manufacture of >!Am Sealed Soﬁrces

Detailed physical descriptions and decommissioning procedures for all the components and building surfaces of the *Am
laboratory that are postulated to require removal and/or decontamination are given in Sections D.5.1 through D.5.11. Details
of (1) planning and preparation, (2) estimated manpower requirements, (3) waste management, materials, and labor costs,

and (4) radiation dosages are presented in Table D.5a for the supercompaction option and in Table D.5b for the supercom-
paction option with incineration. An overall description of this laboratory is contained in Section 7.1.5 of Reference 1.

D51 FumeHoods

Each of the 2'Am facility’s two fume hoods is 1.5 m wide x 2.0 m hngh x0.945m dccp Each fume hood is'assumed o be
framed externally by mild stee] 0.003175 m thick and to contain acrylic windows 0.00635 m thick. Eachhood is assumedto °
rest on an enclosed stainless steel-based cabinet (Fig A.5-1, p. A-30, Reference 1.) The support cabinet is assumed to have
the same foot prmt as the fume hood but is only 0.9 m hxgh .

Before the fumc hoods are dlsmantled the interior and exterior surfaces are vacuumed and wet-wiped, then dncd and painted
to fix contamination. The hoods are then cut to sizes that allow the hood materials to be bagged and placed into 208-liter
drums in such a way that the materials can be reasonably compacted on-site, then supercompacted off-site.

Amount of Stalnless Steel Upper Section

Back: 1.5x20 . ‘ =3.00m’
Two sides: 2x0.945x 2.0 ‘ =3.78 nt
Floor and Top: 2 x 1.5 x 0.945 ‘ =2.835m’
Total Area - =9.615 m’
" Total Volume: 0.003175 x 9.615 =0.03053 m®
. Total Volume for 2 Hoods - -=0.06106 m’
Total Weight for 2 Hoods =488 kg
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Table D.5a *'Am Lab summary-supercompaction option; manpower requirements, radiation doses, nnd costs for decommissioning the
M Am laboratory-supercompaction option (no lncineration)

q xipuaddy

rra

. Time Person-days Total " Costs
QOperation or category (days) Supervisor  Foreman Craftsman  H.P.Tech  Tech  Clerk person-days Person-mrem ($000) -
Planning & preparation
Prepare documentatioa 15.0 1.3 150 - - -~ 15 300 . - . 9.9
Perform radiological survey 45 - 435 - 9.0 - - 13.5 - 179823 4.8
Develop work plan 100 50 100 - 5.0 - 50 25.0 - 83
Subtotals 29.5 125 295 - 14.0 - 125 63.5 1798.23 229
Decomumissioning . .
Fume boods 25 1.2 2.1 06 1.2 42 - - 93 9161 - - 35
Glove boxes 135 3.7 53 2.1 3.7 113 - 266" 1147331 9.9
Wockbeaches 09 04 07 04 o4 14 - 33 1.60 .
Veat ducts 29 1.4 22 11 14 43 - 104 1009 39
Cabincts 04 0.2 03 0.1 0.2 06 - 14 2,61 0.5
Filters 06 03 06 . - 0.3 1.2 - 235 49 0.9
Caling 1.8 09 1.8 - 09 3.6 - 7.2 14.33 27
Walls 48 24 48 - 24 9.7 - 194 38.74 72
Floors 1.9 1.0 19 - 1.0 38 - 76 38.08 2.8
Subtotals 232 11.6 201 42 11.6 40.1 - 81.7 11675.38 326
Equipmeat and materials cost
Comnrcial vacuum cleaner - - - o - - - - - 30
Compactor - - - - - - - - - 17.2
Small tools & materials - - - - - - - - - 1.0
Lausdry. - - - - - - - - - 22
Sublotals - - - - - - - - - 235
Wasic management costs v
mhg}ﬂs - - - - - - - P — R 2.1
Supercompaction - - - - - - - - - 43
Transportation - - - - - - - - - 0.6
Dusposal - - - - - - - - - 245
Subtotals - - o - - - - - - LS
Final radiological survey 50 5 590 - 10,0 - 5.0 225 - 6y
Totals 517 26.6 54.6 42 35.6 401 175 178.7 13473.61 1175
25% Cost contingency . - - - - - - - - - 294
Total cost with continpgency - - - - - - - - - 1468
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Table D.5h *'Am Lab summnry-lncineratlon optlon- manpower requirements, radiation doss, and costs for decommissioning the
MAm laboratory—mpcmmpacﬁon and !nclneration opiion

Time . - Person-days Total Costs
Operation or category (days)  Supervisor  Foremsn _Craftsmen  H.P, Tech  Tech Clerk  person-days Person-mrem_ . ($ 000)
Planning & prepantion - ] .
- Prepare documentation 150 75 - 150 - - - 75 300 ] - 99
- Performradiological survey 45 - a5 - 9.0 - - 135 1798.23 48
", Develop work plan 100 50 " 100 - 50 - 50 250 - 83
Subtotals - 2958 ° 128 298 . . - 14.0 - 112.5 . 685 1798.23 229
Decommissioning : - , : ' .
" Fume hoods 25 12 2.1 06 12 42 - 93 ) 91 61 35
- Glove boxes . 75 37 . . 57 2.1 37 113 - 266 1147331 2.9
. Workbenches 09 04 07 04 04 14 - 33 160 12
" Vent dacts 29 14 22 1.1 14 43 - 104 . 1009 39
" Cabinets - 04 02 " 03 0.1 02 06 - .14 . 261 . 05’
" - Filters ) 06 03 . 06 - .o 03 1.2 - 25 . .. 499 ' 09
i Celling ' . 18 .09 18 - 09 36 - - - 12 . 1433 .0 T 27
o walls R § 24 T 48 - . 24 97 194 . 38m 72
" Floors- ‘ 19 10 19 - -+ 10 38 - . - 76 3808 28
"\ Subfotals . 232 116 ©201 ¢ 42 11.6 401 - . 87 1167538 - -326
Equipmenundm!cdalsmﬂ _— P ’ . T
Commercial vactum cleaner = - e - - - - - - 30
. Compactor S - - - - - - - - 17.2
. Small tools & materials e - - - - - -, - - - 10
- Lﬂ‘md!y . - - - - - - - - - 22
Subloh!s ’ -, - - - - - - - - ‘238
. Wutemmgemlcosu . : .
* " Packaging - - - -, - - - - - 21
Supercompaction - - - - - - - - - 25
* - Incineration - - - - - - - - - 187
Transportation - - - - - - - - - .05
Disposal " ) - - -, - - e, - B A - . 180
' Sublotals - - - - T s - - - T e 418
Flmlndlologlcalsurvey 50 28 50 e , 100 e 50 . | 225 ) w69
Totals . . - . 81T - 266 5160 42 356 - 4oy’ 118 17187 176 . 1218
ZS%Costcontingmcy . e - e “ L - - - O 1
Total cost with contingency  — - = - . - - - R | |

v
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Amount of Stainless Steel in the Lower Cabinet

Back & Front: 2 x 1.5 x0.90 . =2.700 m*
Two Sides: 2x 0.945x 0.9 ' = L701 m?
Bottom & Top: 2 x 1.5 x 0.945 : =2.835m?
Total Area =7.236 m
Total Volume: 0.003175 x 7.236 . =0.02297 m’
Total Volume for 2 Hoods =0,04594 m’
Total Weight for 2 Hoods - =368kg

Amount of Mild Steel in the Exterior Frame

This is assumed to be comprised of angle iron (0.0508 m'by 0.04445 m by 0.0047625 m thick). The amount of mild steel is
4 x 2.0 m for vertical members and 4 x 1.5 m for horizontal members, for a total Iength of 14 m. Total mild steel in the fume
hood frame is thus 14 m x (0.0508 + 0.04445) x 0.0047626 = 0.006351 m’.

Total Volume for 2 Hoods : : =0.0127m®
Total Weight for 2 Hoods =102kg :

Amount of Acrylic Plastic In the Window

The plastic is assumed to be 2.0 m high x 1.5 m wide x 0.00635 m thick, for a total volume of 0.01905 .

Total Volume for 2 Hoods =0.0381 m’
Total Weight for 2 Hoods (s.g. = 1.2) "=46kg
Amount of Processing Equipment

There is very little space inside the fume hood for processing equipment because each fume hood contains a glove box that
takes up most of the interior fume hood space. The following general type of contaminated equipment is postulated to be
present in the fume hood, The equipment is bagged and compacted on-site, super-compacted of f-site, and then disposed of
asLLW. : ‘

e 2 clectric heating units, each weighing about 7 kg. This is assumed to take up about 0.03 m? of space. For 2 fume
hoods, the total is 4 electric heating units, with a total weight of 28 kg and a total bulk volume of 0.12 s

« 6 significantitemns of processing glassware, each weighing about 3 kg and taking up about 0.02 m’ of space. For 2 fume
hoods, the total is 12 units of processing glassware, with a total weight of 36 kg and a total bulk volume of 0.24 m’.

« 4 items of various materials (metals, plastic, ceramic), each weighing about 2 kg. This is assumed to take up about 0.014
m?® of space. For 2 fume hoods the total is 8 items, with a total weight of 16 kg and a total bulk volume of 0.112 m’.

D.5.2 Glove Boxes

The 2Am facility contains seven glove boxes. Each glove box measures 1.2 m wide x 0.6 mhigh x 0.6 deep (Reference 1,
p. 7-22). Each glove box is assumed to be framed externally by mild steel 0.003175 m thick and to contain a

0.00635 m-athick acrylic window. Each box is postulated to rest on an enclosed stainless steel-based cabinet, similar to that
for the fume hood, 2bove, but with differing foot print dimensions: The cabinet is assumed to have the same foot print as the
glove box butisonly 0.9 mhigh. The glove box is assumed to have a stainless steel panel acrosss the lower 0.25 mof the
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front, in which are located two 0.2-m-diameter circular openings for neoprene workmg gloves. Above this pancl the front of
_ the glove box slopes backward at an angle of about 40 degrm providing an opening for the acrylic plastic viewing window '
{assumed to be 0.00635-m-thick). The acrylic plastic viewing window is mounted in a mild steel metal frame which is
gaskctcd to the sloping front of the glove box. Six of the 7 glove boxes are in a row and each is connected to the adjacent
one(s) through a stainless steel transfer tunnel. The transfer tunnel cross-section is 0.45 m x 0.45 1, and the stainless steel
there is assumed to be 0.003175 m thick. The total number of transfer tunnels is 5 and the total length of the tunnels is 4 m
(Reference 1, p. 9-15), with an acrylic plastic door assumed to be located at the entrance and exit from each of the in-line
glove boxes. The 7th glove box, located independently, is also assumed to rest on its own mild steel cabinet. Atoneend of -
" the independent glove box and each of the two end glove boxes that are in a row is a stainless steel airlock for the insertion
of equipment and materia) into the box. Dimensions of the three airlocks are 0.3 m high x 0.2 m wide x 0.2 mdeep
(Reference 1, p. A.33). One acrylic air lock door of each air lock is accessible from outside the glove box, and one is’
accessible from the inside of the box through the use of glove ports. An acrylic door is assumed to be located in the S
transfer tunnels on each of the 6 connected glove boxes. Construction materials of the transfer tunnels is stainless steel, -

with no framework. Standard electrical receptacles are Jocated on the inside of each glove box, with power conu-olled by
switches mounted outside on a service panel above lhc g1ovc box

Before dismantlement of the glove boxes, the interior and cxtcnor box surfaces (as well as thc air lock and transfer tunncl
surfaces) are vacutmed and wet-wiped, and then are painted to fix contamination. The glove boxes are then cut to sizes that
allow the bagged glove box materials to go into 208-liter drums in such a way that the materials can be reasonably compacted -
on-site, supercompacted off-site, and then disposed of as LLW. The acrylic plastic, the steel materials, and thc equxpment
msxde (hc glovc box are scgregatcd into drums, each with one of thcsc categories of materials. ~

Amount of Stainless Steel

Area: - . : S

Back: 12x0.6 =072m?
Bottorn: 1.2x0.6 - . =072m}
2sides: 2x0.6x0.6, =072m?

Top: 1.2x0.3, =036 m’
FrontPanel: 025x 1.2 ' =030m?

Total Area =2.82m?

Total Volume: 2.82 x 0.003175 - © .. =0.0089535m*
Total Volume for 7 Glove Boxes « =00626745 m*
Total Weight for 7 Glove Boxes =501 kg

Amount of Stainless Steel in the Air Locks

Area: .

Back: 03x 0.2 .. =006m’

Top, Side, Bottom: 3 x 02x 0.2 =0.12m’

Total Area , . .=018m?! :
Total Volume: 0.18 x 0.003175 =0.0005715 m?
Total Volume for 3 Air Locks »  =0.0017145m’

Total Weight : =137k
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Amount of Stainless Steel in the Transfer Tunnels

Volume: 4x4 x 0.45x0.003175 - =0.02286 m*
Total Volume for 5 Transfer tunnels =0.1143 m?
Total weight for 5 Transfer Tunnels - =914kg

Amount of Stainless Steel in the Lower Cablnet Section Below the Glove Box

Back and Front: 2x1.2x0.9 =216 m?
Two Sides: 2x0.6x0.6 =072 m?
Bottorn and Top: 2x 1.2x 0.6 =144 m
Total Arca : =432 m?
Total Volume: 4.32x0.003175 =0.0137 m’
Total Volume for 7 cabinets =0.0960 m?

Total Weight for 7 cabinets =768 kg

Amount of Mild Steel in the Exterior Frame of the Glove Box

Thisis postulatod to be from angle iron, 0.0508 m wide x 0.0047625 m thick. The amount of mild steel is 4 x 0.6 high (for
vertical members) + 5 x 1.2 m wide (for horizontal members), or 8.4 linear meters, total.

Volume: 8.4 x (0.0508 + 0.04445) x 0.0047625 =0.003810 m*
Volume for 7 Glove Boxes: 7 x 0.003810 =0.02667 m’
Weight for 7 Glove Boxes: 8000 x 0.02667 =305 kg.

Amount of Acrylie Plastic in the Maln Window of a Glove Box

Volume: 0.6 x 1.2 x 0.00635 =0.00457 m*
Volume for 7 Glove Boxes =0.032 Y
Weight for 7 Glave Boxes: 1200 x 0.032 =384 kg

Amount of Acrylic Plastic in Each Alrlock Window of a Glove Box

Volume: 0.3 x 0.2 x 0.00635 =0.000381 m®
Volume for 3 Glove Box Airlocks or Transfer Tunnels =0.0011 m*
Weight for 3 Glove Box Airlocks or Transfer Tunnels =137kg

Amount of Acrylic Plastic in each Transfer Tunnel Door of a Glove Box

Volume: 0.45 x 0.45 x 0.00635 - =0.0013 m’
Volume for 10 Transfer Tunnel Doors =0013m’
* Weight for 10 Transfer Tunnel Doors =15.6kg

Amount of Processing Equipment in Each Glove Box

The following general type of contaminated equipment, to be disposed of as LLW, is postulated to be present in the glove

boxes:
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» 2 electric heating units, each weighing about 7 kg. These are assumed to take up about 0.0283 m’ of space, each. For
~ 7glove box;s.'}hc total is 14 electric heating units, with a total weight of 98 kg and a total bulk volume of 0.1981 m.

-~ 6 significant jtems of procéssing glassware, each weighing about 3 kg. These are assumed 1o take up about 0.02 fi® of -
space, each. For 7 glove boxes, the total is 42 units of processing glassware, with a total weight of 126 kg and a total
bulk volume 0f 0.84 m, . T e L

« 4 items of various materials (metals, plastic, ceramic), @ach weighing about 2 kg. These are assumed to take up about
0.0ltl:]n’ of space, each. For 7 glove boxes, the total is 28 items, with a total weight of 56 kg and 2 total bulk volume of
0.39m’. I :

D.5.3 Workbench A T '

The single workbench in the 'Am facility has a total top surface area of 1.5 m* (Reference 1, p. 9-15). Assuming the
workbench has the same width as those for the other facilities in this study, or 0.75 m, then the length of the bench is 2 m.
The bench is assumed to be 0.9 m high. The workbench is made of painted mild steel (assumed to be 0.0015875 m thick) -
and has a top of stainless steel, assumed to be 0.003175 m thick. The workbench is assumed to have two side-by-side -
drawers (below the surface) that are 0.1524 m deep, and below that, a shelf 2 few centimeters above the floor, with 2 doors
for each meter of workbench length. To simplify calculations, it is assumed that each drawer and each set of cabinet doors in
the workbench is 1 m wide, and that a vertical steel pancl supports the bench every 1 m(a total of 1 panel plus the two ends).

Because of the proximity of the workbench to radioactivity-containing components, all of the workbench materials are )
assumed to be radioactive. For decommissioning, the surfaces are vacuumed, wet-wiped, and painted before the bench is cut
into pieces. The pieces are bagged and sized to effectively fill 208-liter drums. These drums of materials are compacted on-
site and sent off-site for supercompaction prior to being overpacked for shipment and disposal as LLW, - C

Amount of Painted Mild Steel in the Workbench

Areas: }

Front & Back: 2x09x2 =3.6m
Sides & Support Panels: 3x0.75x 09 =2025m?
Bottom, Shelf & Drawer Bottoms: 2 X2 X 0.75 =3.0m?
Drawer Sides: 2x2 x 0.75 x 0.1524 - =04572m’
Backs of 2 Drawers: 2 x 1x0.1524 '=03048 m’
Total Area =9387 m?
Total Volume: 0.0015875 x 9.387 =00149 m*

Total Weight: 8000 x 0.0149 : e , ST
‘ . =119kg” . . -

Amount of Stalnless Steel on thé Surfaces of the Workbench

Volume: 2 x 0.75 x 0.003175 - =000476m .
Weight: 8000 x 0.00476 - '=38ke

Amount of Processing Equipment on the Workbench i

It is assumed that the workbench was used for radioactive counting equipment that had to stay clean; for tools (again,
assumed to be free of contamination) for making small new parts for the hoods and glove boxes; for temporary storage of
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nonradioactive materials; for weighing and overpacking the products (again, expected to be a relatively ¢lean operation); and
other similar uses. The following general type of contammated  equipment xs to be disposed of as LLW (thh compacnng on--
site, and supercompacting off-sxtc) : .

»  Various hand tools, primarily steel, wcighing atotal estimated 8 kg, with a total gross volume estimated to be 0.005 m®

* 2 significant items of processing glassware, each welghing about 3 kg and each occupymg about 0.02m’ of space. For
the 2 glass items, the items would weigh a total of about 6 kg and require 0.040 m’® of total bulk space.

e 1 additional item that could be made of various materials (metals, plastic, ceramic), weighing about 2 kg and occupying a
volume of about 0.002 m’.

D.5.4 VentDucts

The ' Am facility contmns 38 lmcar meters of polyvmyl chloride pipe (Rcfcmnce 1, p 7-23,9-15). There are cxhaust ducts
from each of the two fume hoods and from each of the 7 glove boxes. The ductwork is composed of 18 m of 0.2-m-diameter
PVC pipe and 20 mof rcctangular pipe (O 251 mx 0 6 m). All pipe is assumed to be 0.003175 m thick.

The ductwork is assumed to be contammatcd mtcmally and externally. The ductwork is vacuumed and wet-wiped where

* possible to remove the readily-removable contamination, then painted to minimize contamination. The duct waste is cut into
pieces and put into plastic bags. The pieces are cut so as to maximize the amount of material that can fitin 208-liter waste
drums. The waste-filled drums are compacted on-site and then shipped off-site for supercompaction before being dxsposcd
of as LLW.

Amount of PVC Material in the Round Ductwork

Volume: 7x0.2x 18 x 0.003175 =0.0359 m’
Weight: 1400 x 0.0359 =50kg

Amount of PYC Material in the Rectangular Ductwork

Volume: 20x(2x 0.25 +2 x 0.6) x 0.003175 =0,108 m’
Weight: 1400x0.108 =151 kg

D.5.5 Cabinets and Shelf Unit

The *'Am facility has one cabinet (Reference 1, p- 7-22) for storing nonradioactivs supplies. The cabinet is postulated to be
constructed of painted wood 0.01905 m thick. The dimensions are assumed to be 0,762 m wide x 0.4572 mdeep x 1.524 m
high. The cabinet is postulated to have two locking doors and three shelves, plus the bottom inside shelf,

The cabinet is given only mild decontamination by vacuuming and wet-wiping. Itis then painted, sectioned, bagged, and
placed in 208-gallon drums which are compacted on-site. The sectioning is done in a way that efficiently uses the space in
the drums. The drums are then shipped off-site for supercompaction. If the incineration option is used, the waste is sent off-
site for incineration and fixation of the ashes into a monolithic solid. The fixed solid is sent for disposal as LLW.
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Amount of Materlal in the Cabinet

Area: . ) .

Front & Back: 2x 0.762x 1.524 =2.3226 m?

Two Sides: 2x 0.4572x1.524 - . S =13935m?
TOP.Bottom.sshelves 5x0762x04572 L =1742m

Total Area A v =54581n?

Volume: S4581x001905 - o - =0104 ‘
Weight: 800x0.104. U ) oo . =83kg . §
D.56 Fllters SR : ‘ " .

The exhaust ducts from each of the two fume hoods and from cach of the seven glove boxes in the 2“Am facxlxty includea
roughing filter and a HEPA filter, for a tota! of nine sets of roughing and HEPA filters at the exhaust from each component.
The HEPA filters are 0.2 m in diameter and 0.2 m high; the roughing filters are 0.2 min diameter and 0.1 mhigh’ ‘
(Reference 1,p. 9-15). The filters are assumed to have frames of stainless steel and use pleated paper as the filter medium. .
-Atthe pomt where the component exhaust air meets the facility exhaust plenum, another bank of largcr roughing/HEPA ‘
filters is used. These filters are largcrand rectangu]ar. with the HEPA filters measuring 0.25m x 0.6m x0.3 m, and the ~ |
roughing filters measuring 0.25 i x 0.6 m x 0.15 m. Tt is postulated that the facility filters had been replaced at the end of .
the operating penod. and that they will last throughout the total dccomrmssuomng period. Inaddition, itis assumed that . = |
during the vacuuming activity of the components and the facility, a commercial vacuum unit is Jeased that uses a round .
roughing filter and a round HEPA filter identical to those in the facility. Two sets of these filters are used during vacuummg.
bringing the total number of small, round HEPAIroughmg ﬁltcr scts to ll The ﬁltcr rcmoval is one of the last activities,
undertaken durmz decomxmssxomng . . .

Itis assumed that the filters are compnscd of sheet-metal casings thh pleated papcr as the filter medium. lt is postulated '
that the HEPA filters are bagged, placed in 208-liter drums for on-site compaction, followed by shxpmcnt off-site for super-
compactxon bcfore bcmg packaged for dxsposal asLLW. L . . N

Amount ofMaterials inthe Small, Round HEPA Filters B

The ovcra]l wcnght of each small, round HEPA filter is assumed to be 5 kg The estimated w:xght of the 1 small mund
HEPA filters is thus 55 kg. The bulk (rectangular) volume of the 11 filtersis 11 x 0.2 x 0.2 x 0.2 = 0.088 m™.

- Amount of Mateﬂals in the Large, Rectangular HEPA Flltels

The overall weight of each large, rectangular HEPA fi ltcns assumcd to be 12 kg The volumc of each large, rcctangular .
HEPA filteris025 x 0.6x03=0.0450m*. -

Amount of Materials in the Small, Round Roughing Filters

The overall weight of each roughing filter is assumed to be2.5 kg. The esumatcd wexghl of the 11 roughmg filters is thus '
27.5kg. The bulk (rcctangular) vo]umeofthe 11 filters xsll x02x02x0.1= 0044m. S L

AmountofMateﬂalslntheLarger,RectangularRougbIngFilter - S ) »

The overall weight of the rectangularmughmg ﬁlter is assumcd 1o bc 6 kg Thc bulk volume of thc rectangular roughmg
ﬁltcr15025x06x0 15= 00225m’ ) A
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D.5.7 Facility Celling

The **'Am facility contains 60 m? of concrete ceiling that is all painted and sealed with acrylic paint (Reference 1, p. 9-15).
The ceiling is decontaminated to unrestricted levels. Because the facility ceiling is a rigid concrete structure, decontami-
nation is done in ways to minimize destruction of any significant part of the structure and its paint (although some of the
paint may be removed by the decontamination). The ceiling is first vacuumed, then wiped with wet rags and brushes. The
decontaminating solution, a dilute aqueous detergent, is applied sparingly to minimize dripping. After wct—wiping. the
ceiling is wiped with dry rags and allowed to dry completely. Final decontamination is by use of a strippable paint thatis
applied with brushes or rollers, allowed to dry, then stripped off with the contamination. Final hot spets are manually wet-
wxpcd then dry-wiped, or spotted with strippable paint. Only materials used for decontamination are assumed to become
LLW

Amounts of Waste Materials R&ulﬂng from Decontam!naﬁng the Ceiling

The estimates developed in Reference 1 for the wash/wipe operations are reasonable for the dccontammauon procedures
used in the ongxnal study, but in this study, considerably less liquid decontaminating agent is used, and part of the decon-
tamination is done with strippable paint. Thus, the amount of rags and brushes, and liquid wastes here is taken to be 1/3 of -
that in Reference 1, with adjustmcnts for surface area. ‘The estimates of waste materials from decontamination and the sub-
sequent waste treatment are given below. Disposition of the final wastes is discussed in each of the three subsets of waste
categories below. .

*  1.33208-liter drums of wet rags, brushes, and contaminated gloves and other clothing (Reference 1, p. E-30). These are
assumed to be compactcd on-site, sent off-site for supercompaction and LLW disposal. If the incineration option is
used, the waste is incinerated off-site, with the ashes fixed into a monolithic solid, and disposed of as LLW. Est:mated
weight of these wastes bct'ore treatment is 24 kg. .

= 0.33 208-liter drums of aqueous decontamination solutions (assumed to contain small amounts of detergents) and rinse
solutions from wet/wiping decontamination, before solidification with an adsorbent material. Itis assumed that the drum
can be filled more fully with similar solutions from decontamination of other components to fully use the drum space.
Estimated weight of the wastes before solidification is 53 kg. The adsorbed wasles are sent directly for disposal as
LLW.

*  0.97 208-liter drums equivalent of removed strippable paint (assumed in this study) to be reduced to 2 smaller volume .
after on-site compaction). It is assumed that the drum can be filled with other strippable paint from decommissioning
other components of the facility to fully use the drum space, The removed strippable paint is compacted on-site, -
supercompacted off-site, and then sent for disposal as LLW. Estimated weight of the LLW is 24 kg.

D.5.8 Facility Walls

The *'Am facility contains 168 m? of concrete walls painted with acrylic paint (Rcfcrencs 1, p. 9-15). The walls are decon-

taminated to unrestricted levels. Because the facility walls are rigid concrete structures, decontamination is done in ways to -
minimize destruction of any significant part of the structure, and its acrylic paint (although some of the acrylic paint may be
removed by the decontamination). The walls are first vacuumed, then wiped with wet rags and brushes. The decontami-
nating solution, a dilute aqueous detergent, is applied sparingly to minimize dripping. After wet-wiping, the walls are wiped
with dry rags and allowed to dry completely. Final decontamination is by use of a strippable paint thatis applied with -~ -
brushes or rollers, allowed to dry, then stripped off with the contamination. Final hot spots are manually wet-wiped, then
dry-wiped, or spotted with another coat of strippable paint. Only materials used for decontamination are assumed to become
LLW.
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Amount of Waste Materials Resulting from Decontaminating the Walls

The estimates developed in Reference 1 for the wash/wipe operations seem reasonable for the decontamination procedures

_ used in the original study, but in this study, considerably less liquid decontaminating agent is used, and part of the decon-
tamination being done with strippable paint. Thus, the amount of rags and brushes, and Jiquid wastes here are taken to be 1/3
. of those in Reference 1, with adjustments for wall area. The estimates of waste materials from decontamination and the sub-
sequent waste treatment are given below. Disposition of the final wastes is discussed in each of the three subsets of waste
categories below. Coh - e

2.67 208-liter drums of wet rags, brushes and contaminated gloves and other clothing (Reference 1,p. E-30). These are
assumed to be compacted on-site, sent off-site for supercompaction and LLW disposal. If the incineration option is
used, the waste is incinerated off-site, with the ashes fixed into a monolithic solid, and disposed of as LLW. Estimated
weight of these wastes before treatment is 51 kg.

0.67208-liter drums of aqueous decontamination solutions (assumed to contain srxﬁll amounts of dcicrgcnts) and rinse
solutions from wet/wiping decontamination, before solidification with an adsorbent material. Estimated weightof the -
wastes before solidification is 112 kg. The adsorbed wastes are sent directly for disposal as LLW. ‘ ~

e 2.0208-liter drums eduivélcm of removed strippable paint (assumed in this stidy) to be cormbi ned with other strippable
_ paint'waste from decommissioning of this facility to efficiently use drum space). Estimated weightof the LLW is51 kg. ..
The removed strippable paint is compacted on-site, supercompacted off-site, and then sent for disposal as LLW.

D.5.9 Facility Floor

The facility contains 60 m? of concrete covered with linoleum postulated to be 0.0015875 m thick. All the linoleum joints
are heat-sealed. The linoleum is turned up at the walls to form 0.15-m cove comners with the walls (Reference 1 p.7-22). -
The floor is postulated to be decontaminated 1o unrestricted use levels. The floor is first vacuumed and then wet-wiped -- - **
down with rags and brushes that minimize use of liquid decontaminating agents and keep the decontaminating agents from -
puddling. The wash-wipe decontaminating agent is a dilute agueous detergent. After the wet-wipe, the floors are then dry-
wiped, and allowed to dry completely in the room air. Final decontamination is by use of a strippable paint that is applied -~ .
" with brushes or rollers, allowed to dry, then stripped off with the contamination. Final hot spots are manually wet-wiped,
then dry-wiped, ar spot decontamination with another coat of strippable paint. If this final decontamination of hot spots does - .
not remove the remaining floor contamination, the hot spots will be carved out of the linoleum. The removed linoleumis :
bagged and placed in'the LLW drums. Removal of concrete floor material is not considered 1o be necessary. The solid -
materials used for floor decontamination are assumed to be bagged int6 208-liter drums and set for disposal as LLW. .. =

Amounts of Waste Materials Resulting from Decon!a_mixiqting the Floor

The estimates developed in Reference 1 for the wash/wipe operations seem reasonable for the decontamination procedures
used in the original study, but in this study, considerably less liquid decontaminating agent is used, and part of the decon-
tamination is done with strippable paint. Thus, the amount of rags and brushes, and liquid wastes here are taken to be 1/3 of
those in Reference 1, with adjustments for wall area. The estimates of waste materials from decontamination and the
subsequent waste treatment are given below.  Disposition of the final wastes is discussed in each of the three subsets of
waste calegories below. .

o 1.33 208.liter drums of wet rags, brushes and contaminated gloves and other clothing (Reference 1, p. E-30). These are
assumed to be compacted on-site, sent off-site for supercompaction and LLW disposal. If the incineration option is
used, the waste is incinerated off-site, with the ashes fixed into a monolithic solid, and disposed of as LLW. Estimated
weight of these wastes before treatment is 24 kg. . ‘ :

Ds3 - NUREG/CR-6477



Appendix D

e 0.33 208-liter drums of aqueous decontamination solutions (assumed to contain small amounts of detergents) and rinse
solutions from wet/wiping decontamination, before solidification with an adsorbent material. Itis assumed that the
drum can be filled more fully with similar solutions from decontamination of other components to fully use the drum
space. Estimated weight of the wastes before solidification is 53 kg. The adsorbed wastes are sent directiy to disposal
asLLW, .

s 0.97 208-liter drums equivalent of removed strippable paint (assumed in this study) to be reduced to a smaller volume
after on-site compaction). Itis assumed that the drum can be filled with other strippable paint from decommissioning
other components of the facility to fully use the drum space. The waste is compacted on-site and sent for supercom-
paction off-site before being disposed of as LLW. Estimated weight of the LLW is 24 kg.

D.6 Reference Laboratory for the Reference Institutional User Facility

Detailed physical descriptions and decommxssnomng procedures for all the components and building surfaces of the user
facility that are postulated to require removal and/or decontamination are given in Sections D.6.1 through D.6.12. Details of
{1) planning and preparation, (2) estimated manpower requirements, (3) waste management, materials, and labor costs, and
(4) radiation dosages are presented in Table D.6a for the supercompaction option 2nd in Table D.6b for the supercompaction
option with incineration.

As shown in Reference 1, p. 7-27, the user facility occupies two rooms that comprise one-half of a wing in a building, where
the other half is separated by a hallway (i.e., two walls). The radioactive half of the facility is also divided into two rooms
with a connecting door; these rooms are the main laboratory facility and the animal laboratory facility (the latter is about one-
third of the radioactive half). Although some parts of the facility in the non-radioactive half of the building contain
radioactivity (e.g., counting areas, an equipment room where sealed radioactive waste containers are interim-stored, a freezer
for contaminated animal carcasscs). these areas are not considered to be part of the User facility for decommissioning

purposes.
D.6.1 Fume Hoods

The user facility contains three fume hoods in the mdxoxsotOpe roomand two in the ammal laboratory, for a total of five,
Each fume hood is 1.5 m wide x 2.0 m high x 0.945 m deep. Each hood is assumed to be framed by mild steel externally,
with 0.003175-m-thick floor and walls. The floor of the hood is stainless steel, and the walls are assumed ta be '
0.003175-m-thick steel with plastic laminate covering (assumed to be 0.0015875 m thick). Each hood is equipped with an
acrylic window 0.00635 m thick. Each hood is assumed to rest on an enclosed stainless steel-based cabinet (Reference 1,
Figure A.5-1, p. A30). The support cabinet is assumed to have the same foot print as the fume hood but is only 0.9 m high.

Before the fume hoods are dismantled, the interior and exterior surfaces are vacuumed and wci—wiped. and then dried and

painted to fix contamination. The hoods are then cut to sizes that allow the hood materials to be bagged and placed in
208-liter drums in such a way that the materials can be reasonably compacted on-site, then supercompacted off-site.
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Table D.6a User Inb summary-supercompaction option; manpower requirements, radiation doses, and costs for decommissioning the
institutional isotope user facllity-supercompaction option (no Incineration)

Time Person-days Total Costs
Operstion or category {d2y9) ___ Supervisor _ Foremsn _ Craftoman H.P, Tech Tech.  Clerk  persondays  Person-mrem {$ 000)
Planning & preparation . . BRI . :
Prepare documentation 150 15 150 - - - 15 300 T 2
- Petform radiological su 50 - 50 - 100 - - . : , ‘
Dcvelopworkpfm g 100 .50 100 - 50 - <50 - 250 - - 83
Subtotals 3o.0 125 30.0 - 15.0 - 125 70.0 4.88 235
Decommissioning ) . .
Fume hoods 62 kR 53 14 3.1 106 - 235 34.50 8.7
" Qlove boxes 04 02 04 o1 . 02 07 - 1.6 065 06
-Workbenches 78 39 59 2.1 39 118 - 215 000 103
- Ventducts . ‘26 13 1.9 09 13 39 - - 93 000 - -35 .
Refrigerator 05 0.2 04 01 02 08 - 18 . 000 07
- = Washington machine 03 02 - 0.3 0.t . 02 06 - 13 000 ‘05
- Filters 04 0.2 ‘04 - 02 08 - 16 000 0.6
Sinkand drain 06 03 0.5 02 03 1t - 25 000 - Q9
- Ceillag -+ : - 22 1.1 22 0s 1.1 44 .- 9.3 001 a4
. Walls - 44 22 44 T - 22 88 - 175 002 65
Floors- -~ . 29 15 29 - 15 58 - 116 Q00 . 43
- Atimal cages 0s .03 03 03 03 0.7 - 18 000 0.7
-tLeadvault- - . 12 06 1.2 - ~ 06 .25 - . 49 < 197 18
Subtotals : 30.1 15.0 262 58 ‘15.0 523 - 1143 3716 426
Bquipment and materials cost : ' : . e o
Commercial - - - - - - - - . " 30
. vacuum cleaner . . S L
~ Compactor - - - - - - - - - 17.2
Small tools and materials - - - - - - - - - 13
L!undty - - - - e - - - — 29
" Subtotals - - - - - - - - - 244
Waste management costs .
. Packaging - - - - - - - - - " 40
Supercompaction - - - - - - - - - 79
Incineration - - - - - - - - - o
Traasportation - - - - - - - - . "' 2
-Disposal ! - - - - - - - - - 493
Subtotale - - 3 - - - - o — - 62.3
?n:hﬁdh."’t'ﬂ' survey cﬁw 40 - g0 - 16.0 - 8.0 36.0 - 11.1
o ) ‘631 s 612 538 46.0 Y
25% Cost contingency - - - > o 513 208 2203 4204 108
Total cost with contingeney = - = - - - - - - 2048
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Table D.6b User lab summary-Incineration option; manpower requirements, radiation dosm, and costs for decommhsionlng the
fustitutional Isotope user facility-supercompaction and Inclueration option

q xipuaddy

Thme Person-davys Total Costs
‘e—Qperationorcategory  (dayy) - Supervisor Forgman Crafisman P Tech Toch, Clerk  pasondays  Personmrgm {$.000)
Planning & preparation .
Prepare documentation 150 15 15.0 - -~ - 73 300 - 9.9
Perform radiological survey - 5.0 - 50 - 100 - - 150 . 488 53
Develop work plan 10.0 350 100 - 50 - 50 250 - 83
Subtotals - 30.0 125 30.0 - 150 - 125 700 438 235
Decommissioning :
Fume hoods 62 31 53 14 il 10.6 - 235 34.50 87
Glove boxes 04 02 g4 0.1 a2 () - 16 065 06
Workbeaches 7.8 39. 59 2.1 39 13 - 213 000 : 103
Vent ducts 26 13 19 09 13 39 - 93 0.00 s
Refrigerator 05 0.2 04 01 0.2 0.8 - 1.8 0.00 07
Washiog machine 03 . 0.2 03 0.1 02 0.6 - 13 000 05
Filters. 04 02 04 - 02 0.8 - 16 0.00 0.6
Siok and drain 0.6 03 05 0.2 03 1Ll - 25 0.00 09
Ceiling |, : 22 "Ll 22 05 1.1 44 - 93 001 34
Walls ’ 44 22 44 - 22 88 - 175 0.02 65
Floors 29 [ &1 29 - 15 53 - 11.6 ' 000 43
Animnal cages 0.5 03 a3 03 03 0.7 - 1.8 000 0.7
Lead vault 1.2 06 12 - 06 - 25 - 49 197 1.8
Subtolals 301 150 262 38 15.0 523 - 1143 716 42.6°
Equipment and materials cost
Commescial - - - - - - - - - 30
vacuum cleaner .
Compactor - - - - - - - - - 172
Small tools and matenials - - - - - - - - - 1.3
Laundry - - - - - - - - - 29
Subtotals - - - - - - - - - 244
Waste managemeal costs . )
Packagiog - - - - - - - - - - 4.0
Supercompaction - - - - - - - - - 34
lacineration - . -— v - - - - - 461
Transportation - - - - - - - - - 08
Disposal - - - - - - - - - 334
Subtotals - - - - - - - - - - 87.6°
Final radlological survey 8.0 40 8.0 - 160 - 8.0 350 - 11.1
Totals 63.1 315 642 538 46.0 523 205 2203 42.04 1892
25% Cost coatingency - - - - - - -

- ) - 473
Total cost with contingency o~ - = - - - - - - 2368




Amount of Stainless Steel Upper Section

Back: 0

Two sides: 0

Floor and Top: 2 x 1.5 x 0.945
Total Area

Total Volume: 0.003175 x 2.835
Total Volume for S Hoods
Total Weight for 5 Hoods

Amouut of Stainless Steel in the Lower Cabmet_ o

Back & Front: 2x 1.5 x 0.90
Two Sides: 2x0.945x 09
Bottom & Top: 2x 1.5 x 0.945
Total Area

Total Volume: 0.003175 x7.236
Total Volume for S Hoods ™
Total Weight for 5§ Hoods

"~ Amount of Mild Steel in the Exterior Frame

. =0009m* - R
U =0.045m’ .
=360 kg

Appendix D

.; .'4‘—-.0.0 m?
=00 m

=2.835m? PRI =
=2.835m’

=2.700 i LT
= 1701 Lo T

" =2835m
Ce=7236m*,
. =0.02297 i

=0.1149 m*

=919kg

‘The exterior frame is assumed to be comprised of angle iron (0. 0508 m by 0.04445 m by 0. 0047625 m thxck) The amount Of
mild steel is 4 x 2.0 m for vertical members and 4 x 1.5 m for horizontal members, for a total lcngth of 14 m. Total xmld steel
inthe fumc hood frame is 1hus 14 mx (O 0508 +0. 04445) x 0.0047626 = 0.006351 m’

Total Vohxme for 5 Hoods
Total chght forS Hoods

Amount or Mild Steel inthe Walls

Back: 1.5 x2 :

Two Sides2x0.945x 2

Total Area

Total Volume: 6.78 x 0.003175- -
‘Total Volume for 5 Fume Boods

Total weight for 5 Fume Hoods

Amount of Plastic Laminate on Walls
Same area as ind.

Volume: 6.78 x 0.0015875

Volume for S Hoods

Weight: 1500 x0.0538

Amount of Acrylic Plastic in the Window

Y 003176 m
=254k

=378 m’
=678 m’

: ==002153m . .
- =0.1076 L .
=861 kg

=678m .
=0.01076 I -

- =0.0538m’

=8lkg .

The plastic is assumed o be 2.0 m high x 1.5 m wide x 0.00635 m thick, for a tota! volume of 0.01905 .

D.ST .
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Total Volume for 5 Hoods 2009525 m®
Total Weight for 5 Hoods (s.g. = 1.2) =114kg

Amount of Processing Equipment

The following general type of contaminated equipment is postulated to be prcscnt in the fume hood. The equxpment is
bagged and compacted on-site, super-compacted off-site, and then disposed of as LLW.

e . 2electric heating units, each weighing about 7 kg. These are assumed to take up about 0.03 m?® of space, each. For
- 5 fume hoods, the total is 10 electric heating units, with a total weight of 70 kg and a total bulk volume of 0.3 m’,

6 significant items of processing glassware, each weighing about 3 kg and taking up about 0.02 m® of space. For 5 fume
hoods, the total is 30 units of processing glassware, with a total weight of 90 kg and a total bulk volume of 0.6 m’.

* 4 items of various materials (metals, plastic, ceramic), each weighing about 2 kg, These are assumed to take up about
0.014 m® of space, each. For 5 fume hoods, the total is 20 items, with a tatal weight of 40 kg and a total bulk volume of
0.284m".

D.6.2 Glove Boxes

The user facility contains one glove box in the radioisotope room. The box is 0.9 m wide x 0.6 m high x 0.6 m deep
(Reference 1, p. A.33), rests on one of the workbenches and is assumed to be framed by mild steel extemally, with
0.003175-m-thick stainless steel walls, and 0.00635-m-thick acryhc windows.’ The glove box has a stainless steel panel
across the lower 0.25 m of the front, in which are located two 0.2-m-diameter circular openings for plastic workmg gloves.
Abave this panel, the front of the glove box slopes backward at an angle of about 40 degrees, providing an opening for the
acrylic plastic viewing window. The viewing window is mounted in a mild stee] metal frame which is gasketed to the
sloping front of the glove box. Atone end of the glove box is a stainless steel airlock for the insertion of equipment and
material into the box. Airlock dimensions are 0.3 m high x 0.2 m wide x 0.2 m deep (Reference 1, p. A.33). One acrylic air
lock door is accessible from outside the glove box, and one is accessible from the inside of the box through the use of glove
ports. Standard electrical receptacles are located on the inside of the glove box, with power controlled by switches mountcd
outside on a service panel above the glave box.

Before the glove box is dismantled, the interior and exterior surfaces are vacuumed and wet-wiped, and then painted to fix
contaminaticn. The glove box is then cut into pieces that allow the bagged glove box materials to go into 208-liter drums in
such a way that the materials can be reasonably compacted on-site, supercompacted off-site, and then disposed of as LLW.
The acrylic plastic, the steel materials, and the equipment inside the glove box are segregated into 208-liter drums, each with
one of these categories of materials,

Amount of Stainless Steel in Glove Box and Access Alr Lock

Glove Box Proper.

Back: 0.9x0.6 =0.54 m?
Bottom: 0.9 x 0.6 =0.54m?
Twao sides: 2x0.6 x 0.6 =072 m?
Top: 0.3x09 =027 m?
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Lower Front Panel: 0.25x 0.9 =0225m*

Total Area . =2.205m?

Total Volume: 0.003175 x 2.295 =0.00729 i’

Air Lock. _ _

Back: 03202 - . =006m

Top, Side, Bottom 3x0 2 x02 . . =012m

Total Area A S . =018m?

Total Volume: 0.003175 x 0.13 l _ ST E ?0.0005715 m

Total Stainless Steel Volume 2000786 ’

Total Stainless Steel Weight =63 kg
Amount ot MIId Steel in the Exterior Frame L ,

The cxtenorframc is assumed to be comprised of ang]e iron (0. 0508 mby0 04445 m by 0. 0047625 mthick). The amount of
mild steel is 4 x 0.6 m for vertical members and 4 x 0.9 m for horizontal members, for a total length of 6.9 m. 'I’otal mnld
steel in the frame is thus 6.9 x (0.0508 + 0.04445) x 0.0047626=0.00313 . :

Total Volume - =000313
Total Weight . =25kg

Amount of Acrylle Plastic in the Maln Window and Air Lock ,
. Main Window, The Pplastic is assumed to be 0.6 m high x 0.9 m wide x 0.00635 m thick, giving a vo!ume of 0 003429 m’
Alrlock. Each of the two windows is assumed to measure 0.3 b 0.2 x 0.00635. This ngcs a total vo]umc of O 000762 m’

* Total Volume of Acrylic: 0.003429 + 0.000762 " =0.004191 o
Total Weight of Acrylic: 1200 x 0.004191 =5kg

Amount of Processing Equipment

The following general type of contaminated equipment s postulated to be present in the glove boxes. The equipment is
bagged and compacted on-site, super-compactcd off-site, and thcn disposed of as LL‘W

s 2electric heating units, each wcxghmg about 7 kg. Thtse are assumcd to take up about 0. 03 m’ of space, cach For the
one glove bOX- lhe total is 2 electnc heating umts, witha total wcxght of 14 kg and a total bulk volumc of 0. 06 m’

e 6 Slgmﬁcant ltems of processmg g]assware, each welghmg about 3kgand takmg up about O 02 m’ of space. Forthe one
glove bOX. thc total is 6 umts of processing glassware, with a total wcxght of 18 kg and a total bulk volume of onzm. -

e 4 xtems of various materials (metals, plastic, ceramic), each weighing about 2 kg Thcsc are assumed to take up about

0.014 m’® of space, each. For the one glove box, the total is 4 itcms. with a total weight of 8 kg anda lotal bu]k volume _'
of 0.056 . 4
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D.6.3 Workbenches

The user facility has two separate workbenches. The first is a long one with three "L’s" from it to formtheletter "E". The
second is in the shape of an "L" (Reference §, p. 7-27, and 9-18). The workbenches are 0.9 m high and assumed to be

0.75 m wide. The total length of the two benches is 24 m. The workbenches are constructed of wood (assumed to be
0.01905 meters thick), and have a plastic-laminated top (assumed to be 0.0015875 m thick polycarbonate); the other wood
surfaces are painted with latex enamel. Three workbench locations contain a stainless steel sinks at a fourth location rests a
glove box. These workbenches are assumed to have one drawer that is 0.1524 m deep and below that, ashelf a few centime-
ters above the floor, with two doors, for every linear meter of workbench. To simplify calculations, itis assumed that each
drawer and each set of cabinet doors in the 24-m-length of workbcnchcs is 1 m wide, and a vertical plywood panel supports
the benches every 1 m (a total of 29 panels). .

Because of the proximity of the workbenches to radioactivity-containing components, all of the workbench materials are .
assumed to be radioactive. The surfaces are to be vacuumed, wet-wiped, and painted before cutting up into pieces sized to
effectively fill 208-liter drums. These drums of materials are compacted on-site, and sent off-site for supercompaction or
incineration (if that option is used), followed by fixation of the resulting ashes.

Amount of Wood In the Workhbenches

Back & Front: 2x0.9x 24 =432 m!
Sides & Support Panel: 29 x 0.75 x 0.9 =19.575 m?
Bottom & Top: 24x3x0.75x 1 =54 m?
Sides & Back of 24 Drawers 24 x 0.1524 x (0.75+0.75+1) =9.144 m’
Total Area =125919m?
Total Volume: 125.919 x 0.01905 =240m?
Total weight: 800 x 2.40 : v =1920kg

It is assumed that the incinerated wood yields an ash content of 5 wt% before incosporation into monolithic solids for -
disposal as LLW. :

Amount of Polycarbonate on the Surfaces of the Workbenches

Volume: 24 x 0.75 x 0.0015875 : =0.028575 m*
Weight: 1500%0.028575: + - =429kg

Amouut of Processing Equipment on the Workbenches Not Used to Support Glove Boxes

It is assumed that the workbcnches were used for radioactive counting equipment, which had to stay clcan. for tools (again,
assumed to be free of contamination) for making small new parts for the hoods and glove boxes; for temporary storage of
nonradioactive materials; for overpacking the products (again, expected to be a relatively clean operation); and other similar
uses. The contaminated equipment and material below are to be bagged, loaded into 208-liter drums, compacted on-site, and
supercompacted off-site before being disposed of as LLW.

¢ Various hand tools mc]udmg a vise, primarily stzcl weighing a total estimated 12 kg, with a total gross bulk volume
estimated to be 0.008 m®,

*  2significant items of processing glassware, each weighing about 3 kg. For the 2 glass items, the items would weigh
about 6 kg and would require an estimated 0.0400 m” of total bulk space.
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o« 2 items of various materials (metals, plastic, ceramic), cach weighing about 2 kg. For these 1tcms. the total weight is
estimated at 4 kg, with an estimated total bulk volume of 0004 m*'m. -

D.6.4 Vent Ducts A

The user facxhty contains 12 m of cylindrical ductwork 0. 2 min dxamctcr and 20 m of rectangular ductwork 0.25 mx 0.6 m
in cross-section (Reference 1, p. 9-18). The ductwork is assumed to be stainless steel sheet metal 0.0015875 m thick.

The ductwork is assumed to be radioactively contaminated mtcma]ly and externally. The ductwork is vacoumed and wet-
wiped where possible to remove the rcadxly-mmvable contamination, then pamtcd to minimize contamination dunng
subsequent steps. After pamung. the duct waste is cut into pieces that maximize the amount of material thatcan fitin.
208-liter drums. The waste pieces are placed in plastic bags before being placed in the drums. The waste-filled drums are
then compacted on-site and then shipped off-site for supercompaction before being sent to LLW disposal.

Amount of Material in the Ductwork

Cylindrical Ductwork Volume =xx02x12x0.0015875=0.012 m*
Rectangular Ductwork Volume =2x (0.25+0.6) x 20x 0.0015875
. =0.054 m®
Total Volume ’ o . '=0.066 m*
Total wexght ’ : - ' =528 kg
D.6.5 Smks and Drains - o

L]

The user facxhty contains three sinks..Two smks are in thc radloxsotope room, and ane is in the ammal laboratory.
Associated with the sinks are 15 linear m of 0.1-m-diameter drain pipe (Reference 1, p. 9-1 8). Each sink'is assumed to be -
18-gage stainless steel (0.001214 m thick) with inside dimensions of 0.635 m wide x 0.5588 m high x 03048 m deep,and -
with overall dimensions of 0.8382 m wide x 0.5588 m deep to allow for the flanges (Reference 2, p. 1049). One sink (on the
north wall of the radloxsotopc room) is reserved for washxng contaminated dishes and for discarding substances that have low .-
specific radioactivity. The other two sinks do not receive any radioactivity except through accidental contamination. Drains
for the sinks are carried above the floor Jine to simplify maintenance. The drains from the three sinks are connected in -
commeon at the northwest corner of the building. A common drain line penetrates the building floor at this point and goes .
underground to a 2,000-liter stainless steel holding tank buried outside the building. In the holding tank, the liquid effluent is
held for radioactive decay, monitored, and diluted as necessary before discharge to the sanitary sewer, Water from a spray .
fixture in the tank may be used to flush the wastes to the sewer. The decommissioning of the outside drain lmc and holding
tank are not included in thxs section, but is covered clscwhcm :
The sinks and inside: drams are all assumed tobe contarmnatcd The smks and thexr assocxated water faucets and the drain .
piping to the facnlxtyjunctnon point are wiped down only, removed, cut up in a way that uses space efficiently in the 208-11tcr
drum, and then put in plastic by a pipefitter and a technician. The waste matcnals arc compacted on- sxte. and
supercompacted off-site before transport to LLW disposal. :

Amount of Stalnless Steel in the Smk

~ Each sink is assumed to wei gh about 12 kg and to require a bulk volumc of an cstunatcd 0 113 m’.

Total Volume for 3 Sinks ' ' =0339
Total Weight for 3 Sinks . =36kg
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Amo.unt of Brass in the Fixture and Connections

The weight ot" the brass is estimated to be 3 kg, assuming a specific gravity for brass of 8.75. The brass will occupy about
0.0283 m® of bulk space,

Total Volume for 3 Sinks =0.849 m’
Total Weight for 3 Sinks =0kg

Amount of Galvanized Steel in the Drain and P Trap

This is equivalent to 5 mof O.I-m-diamct'ef pipe (Reference 1, p. 2-9), o;' an estimated 16.05 kg/m x § m=80.3 kg. Thebulk
volume of the material is estimated to be 0.05 m’. ' : '

Total Volume for 3 Sinks =0.15m
Total Weight for 3 Sinks =241kg

D.6.6 Lead Vault .

The lead vault, located in the radioisotope room within the user facility, is used for the storage of radioactive chemicals.

. These chemicals are usually contained in acid or saline solutions, and are packaged in glass vials and botiles (Reference 1, p.
7-31). The lead vault is assumed to be contaminated throughout, and is removed as mixed waste. The lead vault is
comprised of interlocking lead bricks (Reference 1, p. 9-18) and is assumed to be 1.0 m deep x 1.5 m wide x 1.0 m high,
outside dimensions, with a wall thickness assumed to be 0.1 m. This makes the inside dimensions 0.8 mdeep x 1.3 mwide x
0.8 m high. The lead vault is disassembled, brick-by-brick. As the vault is disassembled, each brick is wet-wiped and L
allowed to dry. The dried lead bricks are bagged and placed in 208-liter drums that are sent directly to radioactive hazardous
mixed waste for encapsulation and disposal. Wet-wiping is done using rags and brushes and a dilute aqueous solution with a
small amount of detergent. ' : ' ’ '

Amount of Lead in the Vault
Volume: 1x1.5x1-08x1.3x0.8 =0,668 m®
Weight: 0.668m"x 11,300 =7,548kg

D.6.7 Animal Cages

The user facility has one animal cage that is assumed to be comprised of multiple-animal cages for study of animals that have
been injected with radionuclides (Reference 1, p. 7-31): The overall cage dimensions are assumed to be ! m deep x 3 m wide
x 1 m high. The cage is assumed to be divided into 2 cages high, 2 cages deep, 6 cages wide (total of 24 separated
compartments), with tops that open above each upper-row cage. The cage is assumed to be made of galvanized steel wire
0.003175 min diameter on 0.0195-m centers (52 wires/m) in a square pattern. ‘

The cage is cut up into pieces, bagged, and placed efficiently into 208-gallon drums for compaction on-site, then supercom- '
paction off-site, followed by sending to a disposal facility as LLW,

Amount of Galvanized Steel in the Animal Cages
Front, Middle, Back Walls: 3x 1.0mx3.0m

Top, Middle, Bottom Walls: 3x1.0mx3.0m
Side Panels for all sub-cages: 71.0mx 1.0m

[ I ]
3.9.3,
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Total Mesh Area: ' =25 m?
There are 52 wires for each meter of length, thus:

Total Length of Wire: 2x25x 52 - : ==2600m L

Volume (n/4) x 0.003175 x 0.003175 x 2600 » =0.0206 m*
Weight: 8000 x 0.0206 . . =165 kg

D.6.8 Refrigerator

The single refrigerator in the user facxlxty is us-d for storagc of small quantmcs of labeled hydrocarbons to reduce chemical
deterioration of the compounds (Reference 1, p. 7-31). The refrigerator is postulated to be 0.6096 m wide x 0.6096 m daep
x 1.524 mhigh. ,

The unit s assumed tobe only mxldly contanunated msxdc But outsndc. lhc compressor, coxls, fan, and other mcchamsrm

are assumed to be contaminated to sucha "degree that it would not be reasonable to try to decontaminate itto levels required
for unrestricted use. Thus, the refrigerator is assumed to be disposed of as radioactive LLW with only minimal decontami-
nation. Itis assumed that a subcontractor will remove the freon on-site, after which the refrigerator will be vacuumed, wiped
and painted. It will then be cut up and bagged into 208-liter drums for on-site compacting, then shxpped off-site for super- . - '
eompacung bcfore dxsposal as LLW. Sectioning and baggmg Wlll be donc to cﬂ'ccuvely use thc space in thc drums ‘ '

Amount of Mnterisd in the Rerngerator ,

These calculations are based on gross characteristics of conventional refrigerators. The unit contains the refrigeration
cooling system (copper, steel, other metals), some framework (mild steel), plastic inner and outer walls separated by - -
ﬁberglass insulation, with some plastic trays, glass and mild steel shelves inside. The overall weight of the refrigerator umt
is assumed to be 68 kg. The sectioned and pre-compacted volumc of the unit is assumed to be the same as when wholc. or” ~
06096x06096xl.524 -0.5663 o', o '

D.6. 9 Fllters

In the user facility, one set of HEPA-plus-roughing filters is located at the exhaust of each of the five fume hoods and the

one glove box during normal operation, for a total of six sets. No other HEPA or roughing filters are used in the facility
(Reference 1, p. 7-29 and p. 9-18). It is postulated that the filters had been replaced atthe end of the operating penod and
that they will last throughout the total decommissioning period. In addition, it is assumed that during the vacuuming acuvxty
of the components and the facility, commercial vacuum unit is Jeased that uses a roughing filter and aHEPA filter identical -~
to those in the facxhty. and 2 sets of filters are used during vacuuming, bringing the total to 8 sets. The filter removal is one '
of the last activities undertaken durmg decommissioning.

Each filter is bagged witha p]asuc bag and sealed dunng its removal The dxmensxons of the I—IEPA f lters (Refercncc 1,
p- 9-18) are 0.2 m in ‘diameter x 0.2 m high; the roughing filters are 0.2 m in diameter x 0.1 m high. Itisassumed that the
filters are comprised of sheet-metal casing with pleated paper as the filter medium. It is postulated that the HEPA filters are -

- bagged, placed in 208-liter drums for on-site compaction, followed by shipment off-site for supercompaction, before being

packaged for disposal as LLW. p
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Amount of Materials in the HEPA Filters

The overall wei-ght of each of the small, round HEPA filters is assumed to be 5 kg. The estimated weight of the 8 HEPA
filters is thus 40 kg. The bulk (rectangular) volume of the 8 filters is 8 x 0.2 x 0.2 x 0.2 = 0.064 m’.

Amount of Materials in the Roughing Filters

The overall weight of each roughing filter is assumed to be 2.5 kg. The estimated weight of the 8 roughing filters is thus
20kg. Thebulk (rectangular) volume of the 8 roughing filters is 8 x 0 2x0.2x0.1=0032m>

D.6.10 Washing Machine

The user facility has one automatic washing machine in the animal laboratory. The machine is used for some washing of
laboratory clothing (Reference 1, p. 7-31). The washmg machine is postulated to be a conventional, home -use type, with
dimensions of 0.65 m dcep x 0 65mwidexIm hlgh

Itis assumed that the washmg machine is contam:na!cd (internally from contaminated clothmg. and extemally in the
mechanical parts from slightly contaminated dust and oil in the room) and is to be disposed of as radioactive waste. The
readily-accessible surfaces of the washmg maching are vacuumed and wet-wiped, and allowed to dry. The machine is cutup
and/or partially disassembled into pieces that fit efficiently into 208-liter drums. The waste is bagged before being placed in
drums. The drummed waste is compacted on-site, and then sent off-site for supercompaction before being shipped toa
disposal facility as LLW.

Amount of Matcrinl in the Washlng Machine

This is based on the g gross chamctcnsucs of conventional washing machines. The machme will be comprised of the outer
shell, the wash tub, the electric motor, a water pump and the rest of the mechanical system, solenoid valves, electronic’
controls, and electrical equipment and wiring. The overall weight of the machine is assumed to be 68 kg. The sectioned and
pm-comp";cted volume of the machine is assumed to be 2/3 of the original volume when whole, or 2/3 x (0.65 x 0.65 x 1.0)
=0.282 7,

D.6.11 Facility Ceiling

The ceiling in the user facility consists of 80 m? of suspended acoustically-treated fiberboard (Reference 1, p. 9-18), above
which some piping and electrical wiring are mounted. The fiberboard comes in panels that are typically03x 0.3 mor0.3m
x .6 m. Each panel can be remaved separately.

The fiberboard, postulated to be 0.0127 m thick, has a rough surface and many pores, which makes decontamination imprac- -
tical. The ceiling panels are first vacuumed and painted to fix the contamination, then are removed for disposal as radioac-.
tive waste. The ceiling materials are broken up if necessary and bagged and inserted into 208-liter drums. The waste is then
compacted on-site before being transported off-site for supercompaction and disposal as LLW. If the incineration option is .
used, the resultant ash is processed into a monolithic solid. The specific gravity of the fiberboard is assumed to be 0.5.

Amount of Material In the Ceiling

Volume: 80x0.0127 . =1.016
Precompacted Volume: 2 x Volume =20m’
Weight: 500 x Volume =508 kg ~
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D.6.12 Facility Walls ! | |
There are 150 m? of plastcrboa'rd (postulated to be 0.015875 m thick) in the user facility. The plasterboard is painted with . -
latex enamel. It is assumed that the walls are o be decontaminated to unrestricted lcvc!s to m:ummn the wall surfaces and to
keep from comammamxg the wall msulanon and structural mcmbcrs behmd the walls. .
. The walls are fust vacnumcd. then wxpcd with wet rags and brushes.- The decontaminating solution, adilute aqueoixs

- detergent, is applied sparingly to minimize dripping. After wet-wiping, the walls are wiped with dry rags and allowed to dry
completely. Finally, strippable paint is brushed or rolled on, allowed to dry in the room air, and then stripped off with the
entrained contamination. Final hot spots are wet-wiped, or possibly spot-painted with strippable paint. Only materials used
for decontamination are assumed to be bagged into 208-liter drums and disposed of as LLW.

Amount of Waste Materials Resulting from Decontaminating the Walls

The estimates dcvcloped in Reference 1, p. E-30, for the wasz:pe operations seem reasonable for the decontarmnauon ‘
procedures used in the ariginal study, but in this study, much less liquid decontaminating agent is used, and partofthe
decontamination is done with stnppablc paint. Thus, the amount of rags, brushes, and liquid wastes here is taken to be 13 of
that in the original study, with adJustm:ms for surface area. The estimates of waste materials from decontamination and the
subsequent waste treatment are given below. Disposition of the final wastes is discussed in each of the three subsets of
waste categories below.

* 3 drums of wet rags, brushes, contaminated gloves and other clothing. These are assumed to be compacted on-site, sent
off-site for supcrcompacnon and LLW disposal. If the incineration option is used, the waste is incinerated off-site, with
the ashes fixed into a monolithic solid and disposed of as LLW. Estimated weight of these wastesis 150 kg.

»  0.76 drums of aqueous decontamination solutions (assumed to contain small amounts of detergents) and rinse solutions
fromi wet-wiping, before solidification with an adsorbent material. Estimated weight of the waste before solidification is
125 kg. The adsorbed wastes are sent directly for disposal as LLW.

s 2 drums equivalent of removed strippable paint (assumed in this study). Estimated weight of the waste is 50 kg. The
wasle is compacted on-site, then sent to supercompacting off-site for disposal as LLW.

D.6.13 Facility Floors

The floors of the User facility consist of 80 n?* of asphatt tile (postulated to be 0.0015875 m thick) overconcrete
(Reference 1, p. 7-29, p. 9-18). The floor is postulated to be first vacuumed and then painted to {ix the emaining contami-
nation. All tiles are postulated to be removed manually and packaged in plastic bags in 208-liter drums compacted on-site,
supercompacted off-site, and then disposed of as LLW. The rcmaining hot spots in the concrete flooring are postulated to be
cleaned by a small amount of scabbling, followed by re-vacuuming the entire floor surface. The concrete ubble and dust are
postulated to be bagged and drummed for efficient use of the drum space. The concrete rubble waste is compacted on-site,
and the drums are sealed and disposed of as LLW,

Amount of Radloactive Waste Materials Rsulting from Rcmoving the Floor Tiles

Volume: 80x 0.0015875 4 =0.127 o,
Weight: 1100 x 0.127 ) =140kg
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Amount of Concrete Flooring Removed as Radloactive Waste '
It is assumed that some coht:im?nalidn véil!‘havr; benctrated through the cracks in the floor tile to the extent that 10% of the
underlying concrete will be contaminated to a depth of 0.0127 m, The total amount of concrete rubble and dust remaved as

radioactive waste is thus 80 x 0.1 x 0.0127 =0.102 m*. Assuming the specific gravity is 60% of theoretical, the effective
volume is 0.170 m’. Assuming a specific gravity of 2.5, the weight of concrete dust and rubble is estimated at 255 kg.
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Appendix E B

Details of Decommissioning Reference Sites

This appendxx provides details to support the description of the decommissioning of sites presented in Chapter 7. The
reference sites include: (1) a site with a contaminated underground waste line and hold-up tank, (2) asitawitha ,
contaminated ground surface, and (3) a tailings pile/evaporation pond containing uranium and thoriumresidues. The "
reference sites are described in Section 7.3 of NUREG/CR-1754.V

The decommissioning alternatives for contaminated sites are: (1) site stabilization 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 technology, safety, and costs of decommissioning a low-level waste
burial ground.® For convenience of reference, brief descriptions of several site stabilization optians are given in Section G.1
of NUREG/CR-1754.

The following key bases and assumptions are used for és;fiﬁia;ti’ng labor.réduircmcnts and costs:

(1) Thedecommissioning of a site is pcrformcd by a contractor hired by the owncr/opcrator of the sxtc. Scpamtc 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 utilizing contractors 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 efficient performance of the work by a postulated work crew. This time estimate is then 1ncrcased by 50% ..
to provzdc for prcparatnon nnd set-up time, rest pcnods. etc. (ancxllary ume) B o .

(3) Al mdxoacuvc wastes from the dccommssxomng of contaminated sites are shxppcd by truck a dxstancc of 800 km to a
shallow-land bunal ground : ) . A

G Transportatxon and waste dxsposal opcratlons are subcontractcd activities. The labor costs for the mmsportauon and
disposal of radioactive material are mcluded in thc total costs of lhcsc xtem )

) Deconumssmnlng includes the backﬁllmgof asite from whxch wastes have been exhumcd and the rcstorauon of thc
decommissioned site by grading the site and/or planting grass or olher appropnate vegetative cover. Costs of backﬁllmg .
and site restoration nre included in thc costs of decomrmssnomng , -

(6) Ifasiteisto bc released for unrestncted publxc use, the final decommxssronmg activity is a site survey to verify that
residual levels of radioactivity are below unrestncted n:lease lmuts Costs of this ﬁnal radxat:on survey are mc]uded in

the csnmated costs of docomnussxonmg
o)) Allcostsammlanuaryl998dollars. e e T

For ease in evaluating time and labor requirements for the decommissioning of sites, each decommissioning alternative is
divided into a sequence of tasks or steps. For the site stabilization alternative, the steps are:
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» planning and preparation (including initial site survey)

*  mobilization/demabilization

» site stabilization

¢ revegetation.

For the removal option, these steps are:

» planning and preparation (including initial site survey)

»  mobilization/demobilization

* remove overburden

. 'c.Xhumc and package contaminated materjal

» transport and dispose of contaminated material at a shallow-land burial ground
e  backfill and restore site |

» final site survey.

E.1 Details of Decommissioning a Contaminated Underground Drain Line -

Time and labor requirements and total costs for the exhumation and disposal of a contaminated drain line, hold-up tank, and
soil are presented in this section. The reference site is described in Section 7.3.1 of NUREG/CR-1754® Procedures for
dmomssxonlng adrain line and hold-up tank are given in Section G.2.1 of that same document.

Details of estimated time and labor requirements for removing a contaminated drain line and hold-up tank are presented in
Table E.1. The radiological survey that precedes site deeommxssxomng is performed by a work crew consisting of a foreman
and two health physics technicians from the sitc owner’s organization.. A foreman and an equipment operator are required
during excavation of the trench. Exhumation and packaging of a 20-m-long, 0.1-m-diameter drain line, a 1.5-m-diameter,
2-m-high cylindrical hold-up tank, and contaminated soil are performed by a crew that includes a foreman, an equipment
operator, a pipefitter, and two technicians. A health physics technician is 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.

Cost details for rcmOVmg a contarninated drain lmc and hold-up tank are prcscnlcd inTable E.2. The total costs of
decommissioning the site is estimated to be about $126,000. A contractor’s fee is included in the total costs as described in -
Section D.1 of NUREG/CR-1754.? Itis assumed that soil samples are sent to a commercial laboratory for analysis. Waste
management costs are based on a requirement for 7 m® of 203-liter drums to contain the exhumed material and contaminated
soil,

NUREG/CR-6477 E2
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“Table E.1 Detalls of estimated time and Iabor requirements for removal of a contaminated drain line and hold-up tank

- , Labor requirementt (person-day)

; : © Thme . . Equipment . Heakth physics Totsllabor  Labor costs
Operstion - (days)® _ Sopervisor™  Foremsn.  * operstor Craftsman _ Technklsn techniclan Clerk (person-days) ($ 000)"
Planning & preparation s s - s - - - 4 1 15 564
Perform rad survey
Develop work plan )
Decommissoaing 10 s 9 10 ss - 14 ? - s0s 27.38
Mobilize/demobilize 2 1 2 2 - 2 - - 7 404
Remove overburden ' 15 . 0,78 15 (K] - - .18 - 528 272
Exhume and paclage 55 218 53 . 55 35 11 53 - 3573 19.18
Backfll] and restore .. 1 . .08 - I © e 1 - - 25 1.44
ﬁﬁﬂﬁmﬂm. N R R = = = 4 = 2 25
e 17 6 w0 35 14 15 B 75 1561

(1) so%mnarymnhchded m estimate -
(b) Charged half-time to project.

(¢) Costs are In Janunry 1998 dollars. Nmberolcost n;um Is formpum!onl mncyonly.
(d) 25% contingency not lnclnded.

Nl
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Table E.2 Cost detalls for the removal of a contaminated drain line and hold-up tank

_ Cost item _ Cost ($ goo)™
Labor 35.61
Equipment . 15.75
Materials 4.1
Soil énalyscs 8.00
Contractor’s fec®™ 3.68
Waste management _ i

Packaging 1.72
Transportation 0.32
Disposal ' 30.90
Subtotal 100.74
25% Contingency 25.18
Total 125.92
(a) Costs arc in January 1998 dollars. Number ofﬁgurc's shown is for
computational accuracy oaly.
(b) Based on 8% of the sum of contractor's charges fot labor, equipment,
materials, and packaging.

Only about 31% of the total decommissioning costs are due to disposal charges, with most of this dueto 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. '

E.2 Details of Decommissioning a Contaminated Ground Surface

Time and labor requirements and total costs for the removal of contaminated soil from a reference site are evaluated in this
section. The reference site is described in Section 7.3.2 of NUREG/CR-1754. It is 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 fill material, Procedures for removing contaminated ground surface are given in Section G.3.1 of that same
‘document. '

Details of estimated time and labor requirements for removing a contaminated ground surface are presented in Table E3.
Radiological surveys are performed by a work crew consisting of a foreman and three health physics technicians fromthe
site owner’s organization, 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 2 work crew thatincludes a foreman, two
equipment operators, and a laborer.
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Cost details for removing a contaminated ground sarface are presented in Table E.4. The total costs of deccommissioning the
site is estimated to be about $1,396,000. A contractor’s fee is included i in the total costs as dcscnbcd in Sccnon D 1of
NUREG/CR 1754 ; T

Approximately 12% of the total decommissioning cost is related 1o the mma] and final site surveys. More than 74% of the

_ cost of site surveys is associated with the analysis of soil samples. 1f adequate | records exist, or if visual inspection of the site
permits an area of contaminated 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 20-m by 20-m survey blocks
instead of from the 10-m by 10-m blocks used as a basis for the cost estimates of Table E.3, the numbcr of soil samples and
the cost of sample analyses would decrease by a factor of 4. .

Most of the total decommissioning cost (approximately 77% of the total) is related to the packaging, transportation, and
disposal of the exhumed material. Packaging cost could be substantially reduced if the soil were transported to the shallow-
land burial ground (LARW Envirocare facility) in plastic-lined dump trucks instead of being packaged in B-25 metal
containers. 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 soil requmng
removal. ,

stposal costs account for about 47% of the total decommissioning cost. No savmgs through volume rcducuon is possxblc
since soil is not compactible or combustible.

[

E3 Detalls of Decommissioning a Tallmgs PlleIEvaporatxon Pond

Time and labor requirements and total costs for dccommxssxomng a tailings pxldcvaporauon pond by the altematwes of:
(1) stabilization or (2) removal are evaluated in this section. Annual requirements and costs of long-term care following
stabilization are also evaluated. ‘

The tailings pile/evaporation pond is described in Section 7.3.3 of NUREG/CR-1754." 1t is actually asettling 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 wt% U,0, and 0.5 wi% ThO,. The pond measures 100 mlong by 50 m wide
by 5 m deep with a 2.5 to 1 slope on each side. It contains 16,400 m® of glassy rcsxduc weighing 4.1x 10" kg. ‘

Procedures for decommissioning the pile/pond by the two alteratives are given in Scction G4.10f NUREG/CR-17S4 -

Details of estimated time and labor requirements for deconumssxomng the px]clpond are presented in Table E. 5 Cost dctzuls
are presented in Table E.6. . .

E3.1 Site Stabilization Alternative o _ R ’ .". C " o
The asphalt for the hard cover over the tailings pile/evaporation pond is delivered to the site in tanker trucks Ttis then
transferred to a self-propelled soil stabilizer for application to the surface of the pile/pond. The asphaltis applied at an

assume rate of 50 liters/m?. “Two days are required to complete this operation, which is performed by a work crew consisting
ofa forcman. two equipment operators, and two laborers.

_ES . : NUREG/CR-6477
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Table E3 Details of estimated time and labor requirements for removal of a contaminated ground surface

Labor nqulgl_z:mu {person-days)
Tlme Equipment  Health physics Truck Tolallabor Labor costs
Operatlon (days) Supervisor™ Foreman  operator techalcian deiver Laborer Clerk (persoo-days) {3 000} .
Plannipg & preparation 20 20 20 - 30 - - 5 7 2744
Prep documesntation :
TPeiform rad survey
Develop Work Flag
Decomausssoning 17 8.5 17 M . 12 9 i - 1115 - 5637
Mobluc/demobalize 2 1 2 4 - - 4 - 1 582 |
Exbume aad pickage 12 6 12 4 12 - A% - 7% - 3902
Backfill and restore 3 15 3 6 - 9 3 - 2s 118
Funal sue survey -3 23 -1 = A3 = = = 223 818
42 1 42 34 S1 9 a1 5 2 9199

Labortotals
(2) S0% ancallary tunc 18 included i estumate.

() Charged half-ume to project.

(¢) Costs are 1n January 1998 dollars. Numbes of cast figuses 1s for computatioaal accuracy oaly

() 25% conungency oot included
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Table E4 Cost détails for the removal of a contaminated ground surface S

Cost item L Cost($000)®

Labor Cois . 9199

Equipment 3 - 3L79

Materials ' - 15.51

Soil analyses o 9600

Contractor’s fee® 26.14
Waste management :‘ . R :.

- Packaging 4_A 237.13
_Transportation 8846
Disposal . - . m'

Subtotal ‘ 1,117.02
25% Contingency < 279.26 .
Total 1,396.28

(2) Costsare in January 1998 dollars  Number of figures shown is for
+ computational accuracy only.
{b) Basedon 8% ofmesumofcomr:ctor‘sdmgts for labor, equipment,

matenals, and packaging.

The soil used as backfill over the hard cover is hauled to the s:tc in 10-m® dump trucks. Approximately 5,600 m3 of soil is
required. After the soil is in place, it is graded to the spccxf' ied 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. exght truck
drivers, and two laborers.

‘

After the soil cover over the pile/pond is compacted and contours are establlshcd the area is plamed wuh grass. Two
eqiipment operators and two laborers perform this opcrauon

The total cost of site stabilization is estimated to be about 3237 000. About35% of this cost is for the asphalt and the soxl
used to establish cover over the tailings pile. S .

The total annual cost of long-term care is estimated to bei’about $17,000. Labor costs repreﬁént almost 66% of this cost.
E.3.2 Removal Alternative : _' i o T
Two work crews, working at opposite ends of the plldpond are employed fo remove and package the reslduc 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 used to break up the residue and load it into B-25
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Table E.5 Details of estimated time and labor requirements for decommissioning a tailings pile/evaporation pond

g xipuaddy

Labor requuements (persoa-days)

Tune Equipment Health physxs Track Totald labor Labor costs
Ogperabon (d2y)®  Superviso™ Foremss _ operator wchacian dnver Laborer Clerk (person-days) ($ 000)44
Site stabilization option .
Planaing & preparation 20 2 20 - lo - - 20 70 2198
Mobilize/demobilize 2 1 2 4 - - 4 - n 582
Place asphalt 2 1 2 4 2 - 4 - 13 650
Place soul cap 6 3 G 12 2 40 12 - 13 3640
Revegetis 2 A = 2 = = 2 = S 265
Labor totals 2 26 30 22 14 40 2 20 174 7338
§.00p-term ¢are (annual valucs)
Adminisirauon 2 2 - - - - - 2 4 108
Site maintcoaoce 3 - 3 3 - - 3 - 9 i
Eavuvameatal 1 - - - - - 2 068
Survedlance
Vegelaion management - A = = = 3 = A2 - A8
Labot wials 10 2 7 3 2 - 11 2 27 873
Remaval option
Placowng & preparaioa 20 20 20 - 10 - - 20 70 2198
Mobilize/denwbilize 4 2 4 24 - - P23 - 54 2169
Exhuroe and package %0 43 % 540 % - 540 - 1,308 63383
Backfill and restors 20 10 20 40 - 100 40 - 210 10385
Fanal site survey 3 23 3 = 1o - = = 175 647
_Labortgaly 139 795 139 P 110 100 ) 20 L6565 EEF]
(a) S0% ancallary time 13 Included 1a estimate.

(b) Chasged half-time 1o project.
(¢) Costs arc in January 1998 dollars. Numbexolcoﬂfgwuurowompummahocuncyonly.
(8) 25% cooungeacy ot ncluded.




AppendixE

Table E.6 Cost details for the decdmmissioning ofa iailiugs pilefevaporation pond

Cost ($ 000)
T S Long-term care -
Cost ftem Site stabilization____ (annual costs) __ Pile removal -

Labor 7335 873 8138 '
! Equipmest . 225 - 180 989
Materials ) 74.50 075 1792
Soil analyses 10.00 200 96.0
Contractor’ fee™ 10.86 - 452.0

‘Waste management .

‘Packaping o - - ' ;1.600.4
Transportation - . - 1,7160
Disposal - - 10282.0
Subtotal 189.95 13.28 18,2383
25% Contingency A 4749 ‘ 332 _4_,§M
__Total 237.44 16.60 227919

(s) Costs are in January 1998 dollars. Number of figures shown is for computational accuracy only.
() Based on 8% of the sum of contractory charges for labor, equipment, materials, and packaging.

metal boxes (2.72-m) for shipment to the shallow-land burial ground (LARW Envirocare facility). Approximately

7,100 boxes are required for the 19,400 m® of tailings residue and contaminated soil removed from the site. The boxes are
shipped by truck to the burial ground. Shipments are weight-limited, and are restricted to five boxes per flat-bed trailer.
Therefore, 1,426 shipments must be made to decommission the site.

After the contaminated material is removed, soil is brought from off-site in 20-m -anpacxtyscraper—haulcrs to fill the hole.
The sntc is then graded and seeded with grass.

>

A_pproxxmatcly 114 work days (23 weeks) are required to remove the contaminated material and restore the site.

The total cost of the removal option is estimated to be about $23 million. Most of this cost (approximately 91%) is
associated with the waste management costs for disposal of the exhumed material. The waste management cost could be
reduced by about $4.0 million §f the contaminated material was transported to the shallow-land burial ground in plastic-lined
10-m’-capacity dump trucks instead of being packaged in B-25 metal boxes. No savings through volume reduction is
possible since soil is not compactible or combustible.
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