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Abstract

Cost information is developed for the conceptual decommissioning of non-fuel-cycle nuclear facilities that represent a
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 reference facilities examined in this study are
the same as in the original study and include:

* alaboratory for the manufacture of *H-labeled compounds

* a laboratory for the manufacture of “C-labeled compounds '
* alaboratory for the ;nanufacture of ¥I-labeled compounds

* a laboratory for the manufacture of "*'Cs sealed sources

* alaboratory for the manufacture of ' Am sealed sources

* an institutional user laboratory.

In addition to the laboratories, three reference sites that require some decommissioning effort were also examined. These
sites are:

* asite 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 (e.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 to $27,000, depending
on the type of component, the type and amount of radioactive contamination, the remediation options chosen, 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 volume reduction is employed, decommissioning costs range from $150,000 to $270,000 for these
laboratories. On the basis of estimated decommissioning costs for facility components, the costs of decommissioning typical
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non-fuel-cycle laboratory facilities are estimated to range from about $25,000 for the decommissioning of a 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
which tin slag is processed for the recovery of rare metals.

Total occupational radiation doses generally range from 0.00007 person-rem to 13 person-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.

NUREG/CR-6477 iv



Contents

Page
L L iii
ACKNOWIEdEMENTS &ttt it et tatenernneeeeaneeeaneeanneeannennneeneeessoaannnes Xi
L 11110411 1.1
B 0 LT 1.2
21 N 2.1
2.1 Decommissioning AIErNALVES . ....vueeenurenreeeeseeeneareneneenenseneenenenenseeonennees 2.1
2.2 Review of Decommissioning EXPerience .. ....ucuenenuenutnnreneeneenneineeneenroernnseennns 2.1
2.3 Review of Emerging TeChnOlOZIES .. .cucvvuinunrneernenenieneenenreaeeeneenennieersennnees 2.1
2.4  Characterization of Reference Facilities and Sites. . .....ouveiuriiinniiiren e iiiieeiinnnnnn. 2.2
2.5 Decommissioning of Facility COMPONENTS .. ..vueereeeenretnernnennnernnrennnensnnesnsneesnnes 2.2
2.6 Decommissioning of Reference Facilities .. ....vveieeintnneneneninieiiiiieeeieneiaeinnnnnnns 2.5
2.7 Decommissioning of Reference SIes ... .. .euvuvuenereeeenueenreneenneeeereeenseessesecnnns 2.7
2.8 Study COnCIUSIONS & .vvvvtere s eeeeeneaseeneeeenneeseeesnnnensnnnnnneneeenenosnessesnneens 2.8
R (- (- ol 2.8
3 Review of DecoOmmissioning EXPEriEnCe . o v vt euutuietettinneeeeanennranennnssenneenncosesnnnanss 31
3.1 Battelle Memorial Institute Building KA-3 . ..iviniiiniiiin ittt iiiiiiiiieeeernaerennennns 3.1
3.1.1 Description of Building KA-3 ... itiiiiiiiii it iiiiitreenrereennasoesaisneannns 3.1
3.1.2 Radiological HIStOry «.viueetniiniitiineeenerenerenaneanseneeenennsoesiesannnnns 33
313 Release Criteria .. vuuveuieinttcnieneeetseeianeroneeenessnsseasennoneseorioenasnns 3.9
3.1.4 Summary of Building KA-3 Decontamination ACtIVIties .. ..ovvvierrenrrenncernrieennnann. 3.9
3.2 Hoffman-la Roche, Inc. Medi-physics Cyclotron Facility . . . covvevnenerneneneeenareniernneennns 3.13
3.2.1 Descriptionofthe Facility .........ooiiuiiniiiiiiiiiiiiiiiiiiiiiitieeaaiiienannnn., 3.13
3.22 Radiological HISIOrY «..vvvuenrsviueinesesnnuennesassnsenrensaasesaeennsosasaennnns 3.14
3.23 Summary of D&D ACHVItIES . .. v v v etttitte it tetaiiarieaneneesenaanmoreenaaanns 3.14
324 LLW GENEration ....euvenunsneesanseetaneoneaseusoeensasseesseneesnssorsosennnns 3.15
325 CostofD&D ..ttt ittt ittt ettt e e, 3.15
3.3 Interstate Nuclear Services Laundry Facility . ......cviiniitiiiii ittt ieeeeirieatinnnnens 3.15
3.3.1 Descriptionof the Facility ......c.viiriuiiieiiiiriiiirnenneenenerennnnsiecnneanns 3.15

v NUREG/CR-6477



Contents

5.1

Page

332 Summary of D&D ACtVItIES . .o ottt i i i i i i i e e 3.15

G S 1T 8 .2 1 P 3.17

I T 2 (<)ool 3.17
Review of Emerging Decontamination Technologies ........... ..ottt 4.1
4.1 Co, Pellet Decontamination Technology . ... ..coooiiiiii it ittt e it een e nas 4.1
4.2 Molten Metal Technology ... vvuinetene et inii ittt iiateieean s eaannrnanianannns 4.2
4.3 Supersonic Gas-Liquid Cleaning Technology ...........oiiiiiiiiiiiiiiiiiii e ittt 4.2
Decommissioning of Facility COmpOnents . ..o vvuiueieinee et iiiiiiiiineeieiaeraeenrneenesanans 5.1
Technical APProach ... ...ttt ittt it ie it tsisare e s atasieaaanaaas 5.2
5101 COStESHMAES + v vveeenineceeenneeeseenaseeaeeeanseeeasnnnnenencensenennaes 52
5.1.2  Occupational Radiation Dose EStimates .........oouuiniiiiiiiiiiniiaeenenieiennnnennas 52
5.2 Decommissioning ANAIYSES ... ouvvtiiintennieaeeoneinneeesaseeisneenesannsnonerassansons 5.2
521 FumeHOOds .....viniiiiiiiiiiiiiiiiiiiiiaeiitteeinateiannenssesneonesaraosanacns 53
522 GlOVE BOXES +ounureentinae ittt ittt i ai s 54
523 Small Hot Cell . ..viiiiiii it i ittt ittt ietia e e rnrnnnnenans 54
5.24 Laboratory Workbenches ......... ..ottt it e 5.4
5.2.5 Ventilation DUCIWOTK ..o vutiiiiniiiiin it iiiiiiairaiiaiie e e teninenranenaas 55
BT T 11117 5.6
5.2.7 Freezersand Refrigerators ... vv vttt ittt iaiiennenseetrecannseesasennaseesonsnnns 5.6
T S 311 = 3 5.6
529 Sinksand Drains .......cveeiiiitiiiiiiiii i i i it et 57
5.2.10 Building SUMaces ....c.uvieeiininniiiiinii ittt ittt 5.8

T 10 - 1 P 5.10
Decommissioning of Reference Facilities ....... .ottt it ettt iianeareanna. 6.1
6.1 Technical APpProach .. ov ittt iiiiii i i i ettt iiataiie st e caasarraanonann 6.1
L 20 O O 6.1
6.1.2 Occupational Radiation Dose Estimates ...........covriiiiiiiiinineenieiinninenn., 6.2
6.2 Decommissioning ANalySes .. ....oueunnnniniiieeioianiieaeiieisaneennaeossrocanesonann 6.2
6.2.1 Laboratory for the Manufacture of *H-Labeled Compounds ...........ccevuunuireneennnnes 6.2
6.2.2 Laboratory for the Manufacture of *C-labeled Compounds . .........c.coviiiiiiiinennnn. 6.2
6.2.3 Laboratory for the Manufacture of '*I-Labeled Compounds ...........c.ceeucuminernennnn. 6.5
6.2.4 Laboratory for the Manufacture of '*’Cs Sealed SOURCES .. ...uuvvneeenrennvnneeeiiennnnns 6.5

NUREG/CR-6477 vi



6.3
6.4

7 Decommissioning of Reference Sites

7.1 Technical Approach

7.2

7.3

8.1
8.2
83
84

Appendix A - Cost Estimating Bases
Appendix B - Process Times Estimating Methodology
Appendix C - Details of Decommissioning Facility Components

6.2.5 Laboratory for the Manufacture of **' Am Sealed Sources
6.2.6 Institutional User Laboratory

Analyses and Conclusions

References

7.1.1 Cost Estimates
Decommissioning Analysis
7.2.1 Contaminated Underground Drain Line

7.22 Contaminated Ground Surface
7.2.3 Tailings Pile/Evaporation Pond

References

Decommissioning Costs
Waste Generation, Treatment, and Disposal Management
Escalation Since the Final Decommissioning Rule

References

................................................................

............................................................................

............................................................

.....................................................................

...................................................................

---------------------------------------------------------------

...............................................

------------------------------------------------------

......................................................

----------------------------------------------------------------------------

------------------------------------------------------------------------

..................................................................

....................

............................................................................

................................................................

..................................................

Appendix D - Details of Decommissioning Reference Facilities

Appendix E - Details of Decommissioning Reference Sites ........cveeiierneenrnennnns el eiiieirean e,

vii

------------------------------------------

.................

Contents

NUREG/CR-6477



Contents

Figures
Page
3.1  Floor plan of the second floor of Building KA-3 . .......iiiiiiiiiiiii ittt et beeeee e 3.2
3.2 Floor plan of the first floor of Building KA-3 .. ....ciiiiiiiiiiiiii ittt iiie et tareeeinennn. 34
3.3 Floor plan of the ground floor of Building KA-3 ... ...t ittt e e ieeeaaiee e 35
3.4  Layout of the radiological laundry facility ...........eeinieiitii ittt et e, 3.16

NUREG/CR-6477 viii



Contents

Tables
Page

2.1  Summary of estimated costs for decommissioning facility COMPONENLS .« ....vuuernnesenerrennnnnnnn.. 2.3
2.2 Summary of estimated occupational radiation doses for decommissioning facility components ............ 24
2.3 Summary of estimated requirements and costs for DECON of six reference laboratones that process

OF USE TAAIOISOIOPES v e v v tttttt ettt ettt e ee et e et e e et eae et e e e aeeiarneeennn, 2.6
24  Summary of estimated labor requirements, costs, and radiation doses for decommissioning three

T eTENCE SIS ...ttt e e e e, 2.7
5.1 Contaminated facility components common to the reference processing and use laboratories .............. 5.1
5.2 Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON of a fume hood ... ..uinint ittt ettt et e e e et 53
5.3  Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON Of @ BlOVE DOX  + ..ttt e tteeeteeee e e et et ae e ee e e e e e eeaeaeeeeenns 54
5.4  Summary of estimated manpower requirements, occupational radlatlon dose, and total costs

for DECON 0f a WOTKDENCh . vv ettt ittt i ie e et s et e e e et eeeeeeneannans 5.5
5.5 Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON Of ventilation dUCES ..o veuesenneeeetaneaeenneerieeieeeenneenneeenannenaenenns, 55
5.6  Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON Of 2 StOrage Cabifel .. ...vuuvevuteetnnsenenennennenneuneesnnenennnnnsssoncncnenn,s 5.6
5.7  Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON of a freezer O Teffigerator ... ..u.euruneeneneuneunreneennereneeennnnenieneeneeennn 5.7
5.8  Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON of a HEPA or roughing filter ...........cceveeuieninennenneennnn. e taiererresaea, 57
5.9  Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON Of @ Sink and drail ... ...uuveneneenunnernenennenneentennreneenennnannraenenanss 5.8
5.10 Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON of one square meter of Ceilling area . . ...vvveeenunenennenrineriinneeaenenriernenennnn. 5.9
5.11 Summary of estimated manpower requirements, occupational radiation dose, and total costs

for DECON of one square meter of Wall 8162 . ...vvuueeneeennenerneenneeennesonnninnnnenenann. 59

ix NUREG/CR-6477



Contents

5.12

6.1

6.2

6.3

6.4

6.5

6.6

6.7

7.1

7.2

13

7.4

1.5

7.6

8.1

Page
Summary of estimated manpower requirements, occupational radiation dose, and total costs
for DECON of one square meter of flOOr aI€a .. ... evuneuein et et e eiineeneeennns 5.10
Summary of estimated values of manpower requirements, occupational radiation doses, and costs
for decommissioning the reference laboratory for the manufacture of *H-labeled compounds .............. 6.3
Summary of estimated values of manpower requirements, occupational radiation doses, and costs
for decommissioning the reference laboratory for the manufacture of “C-labeled compounds ............. 6.4
Summary of estimated values of manpower requirements, occupational radiation doses, and costs
for decommissioning the reference laboratory for the manufacture of '*I-labeled compounds .............. 6.6
Summary of estimated values of manpower requirements, occupational radiation doses, and costs
for decommissioning the reference laboratory for the manufacture of '’Cs sealed sources . ............... 6.7
Summary of estimated values of manpower requirements, occupational radiation doses, and costs
for decommissioning the reference laboratory for the manufacture of **' Am sealed sources . ............... 6.8
Summary of estimated values of manpower requirements, occupational radiation doses,
and costs for decommissioning the reference institutional user 12boratory .................cceiieren... 6.10
Comparison of decommissioning costs for Battelle and INS facilities - . . . ..o vueeene oo e o eeeeaeee e 6.11
Decommissioning options for reference SIes . . ...evuveuneerneeneeuniereenaenee e eaiiaeeenennns 72
Summary of estimated labor requirements, costs, and occupational radiation doses for the removal of a
contaminated drain line and hold-UP tank .. .. .....eveueit it e 73
Summary of estimated labor requirements, costs, and occupational radiation doses for the removal of
contaminated SOil from a reference SIHe .. ..« . vuuue et e eie ettt .. 14
Some characteristics of the reference tailings pile/evaporation pond . ..........ceeeeereneiieienannnn. 7.5
Summary of estimated labor requirements, costs, and occupational radiation doses for the stabilization
of a reference tailings pile/evaporation PONd . .. .....ceeeneerneeunerunaeeeenneeeneneeeeeieeeenns ... 16
Summary of estimated labor requirements, costs, and occupational radiation doses for removal of a
reference tailings pile/evaporation Pond .........ociiiinit it e e i e 7.7
Comparison Of decoOmMMISSIONINZ COSIS . .. v o eerreeeneneeeenenenntreneneneeeenenreceenennnas . 82

NUREG/CR-6477 X



Acknowledgments

The authors gratefully acknowledge the assistance provided by individuals at the Pacific Northwest National Laboratory’
during the course of this study and preparation of the report. Administrative assistance was provided by H. A. Nelson.
M. N. LaMarche and L. M. Schwegel were indispensable in processing large quantities of data on the Licensees. The
editorial review prior to publication was contributed by D. R. Payson.

'Pacific Northwest National Laboratory is operated for the U.S Department of Energy by Battelle Memonal Institute under
Contract DE-AC06-76RLO 1830.

xi NUREG/CR-6477



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 special
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,
a facility is a building whose internal contents (walls,
floors, ceilings, and equipment) are to be decommis-
sioned. Site, as defined in this report, 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 facilities 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 laboratories 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 include a
contaminated underground drain line and hold-up tank, a
contaminated ground surface, and atailings pile/
evaporation pond containing the radioactive residue from
ore processing operations in which rare metals are recov-
ered from ores containing licensable quantities of thorium
and uranium. Analysis of the decommissioning 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) removal 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 (ALARA). Since the publi-
cation of the base study,’? promising new technologies
are beginning to be applied (Chapter 4) to the decommis-
sioning of nuclear facilities. However, because these
technologies are not yet widely available, and because
data concerning their cost and effectiveness are sparse,
none 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 technologies are covered in
Chapter 4. Chapters 5, 6, and 7 present the results of the
analyses for decommissioning facility components,
reference facilities, and reference sites, respectively. The
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Introduction

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.

1.1 References

I. E.S.Murphy. 1981. Technology, Safety and Costs
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Pacific Northwest Laboratory, Richland, Washington.
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Criteria for License Termination: Final Rule.
Federal Register, Vol. 2, No. 139, pp. 39057-39092,
July 21, 1997.



2 Summary

The objective of this study is to provide relevant informa-
tion on the technology and costs for decommissioning
non-fuel-cycle nuclear facilities. The information in this
report updates the information already provided in the
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. A more
detailed presentation of results follows in later chapters.

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 author-
ized disposal site. Although facilities may be decontami-
nated to restricted release levels, the new radiological
criteria permitting this® were promulgated so recently it
was not possible to incorporate cost estimates for
restricted release into this study. The approach used to
analyze laboratory decommissioning is to first describe
the decommissioning of representative components (e.g.,
fume hoods, glove boxes, building surfaces, exhaust
system ductwork) that are common to many laboratories.
Example laboratories are then analyzed using data for
individual components (the unit-component approach) to
provide information about the costs of decommissioning
entire facilities.

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 or con-
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 pile/evaporation pond is stabilized and used as
a temporary waste storage site.

2.1

2.2 Review of Decommissioning
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 decommissioning
requirements.

The intent of Chapter 3 is to provide information on the
types of non-fuel-cycle facilities that have been decom-
missioned over the last several years and to provide some
perspective of the complexity and level-of-effort required
to decommission different types of facilities.

2.3 Review of Emerging Technologies

The rapidly escalating cost for disposing of radioactive
waste at the available shallow-land disposal sites has
provided the impetus to develop technologies that reduce
the volume of waste that must be shipped for disposal.
Three such technologies, including two surface decon-
tamination methods and a molten metal process, are
discussed in Chapter 4. Although they are not used in the
development of the cost methodology discussed in this
study, these technologies are evaluated at some length
because of the potential impact they may have on the
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 '**I-labeled
compounds

*  alaboratory for the manufacture 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 laboratories. 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. Release of a
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 shipped to a
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 tallings pile, where the
cost of remediation necessary to reduce contamination
levels to allow unrestricted release may be prohibitively
expensive. Decommissioning of such sites could be
completed with restricted release of the site, provided
arrangements were established to assure that further use
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 levels
allowing unrestricted 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 studies"® analyzed several options for
removable components: (1) decontamination to unre-
stricted release levels, (2) packaging and disposal without
volume reduction, (3) packaging and disposal with super-
compaction, and (4) packaging and disposal with incin-
eration. The labor cost of decontaminating components
to unrestricted levels is potentially very high, usually
higher than the salvage value of the decontaminated
component. Such intensive decontamation 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 ($/m’) at
the LLW disposal sites have increased dramatically since
the original study, option 2 is no longer considered viable.
Based on these considerations, only options 3 and 4 are
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



Table 2.1 Summary of estimated costs ($ thousands) for decommissioning facility components

Summary

Component *H uc b | YCs HAm User

& option® laboratory  laboratory  laboratory  laboratory laboratory laboratory
Fume hood ‘

Option 1 715 8.0 7.5 9.1 8.0 7.6

Option 2 7.9 8.3 7.7 9.4 8.4 7.9
Glove box

Option 1 33 35 4.0 - 6.7 3.5

Option 2 35 3.6 4.0 - 7.0 3.7
Hot cell

Option 1 - - - 25 - -

Option 2 - - - 26.8 - -
Workbench®

Option 1 2.6 - 99 8.7 11.8 10.6 9.3

Option 2 2.7 124 9.0 144 10.8 1.9
Ductwork®

Option 1 13.1 13.6 159 17.2 15.1 14.2

Option 2 13.5 14.0 16.3 17.6 15.5 14.6
Cabinet

Option 1 24 24 2.3 - 24 -

Option 2 3.0 30 23 - 29 -
Apphance®

Option 1 5.9 60 6.3 - - 3.9

Option 2 6.2 63 6.7 - - 6.2
Filter

Option 1 0.1 0.2 0.2 0.2 0.2 0.2

Option 2 02 0.2 0.3 03 0.2 0.2
Sink & drain .

Option 1 - 2.3 24 2.5 - 2.2

Option 2 - 23 2.4 2.5 -- 22
Ceiling®

Option 1 11.8 12.0 15.1 24.0 12.8 17.6

Option 2 15.6 15.8 ‘17.6 32.1 14.9 25.1
Walls®

Option 1 10.0 10.6 14.8 - 153 11.5 15.6

Option 2 119 12.5 16.6 17.1 13.0 17.9
Floor® ‘

Option 1 10.1 111 125° 13.6 134 115

Option 2 10.1 1.4 12.8 14.0 15.4 11.8
(a) Option 1 is supercompaction. Option 2 is supercompaction with incineration.
(b) Cost for a "typical” work bench, 4.6 m long.
(c) Cost for 40 m of ventilation ductwork.
(d) Appliance is a refrigerator or freezer, as described in Appendix D.
(e) Cost for 60 m? of surface area.
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summary of estimated occupational radiation doses for
decommissioning facility components is given 1n
Table 2.2.

Contamination levels on facility components before
decontamination are given in NUREG/CR-1754."
Decontamination procedures are described in Appendix B
of that document. Decontamination 1s assumed to reduce
removable surface decontamination to the unrestricted
release levels specified in the NRC guidelines 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. Contaminated liquids are
solidified on-site and always shipped directly to the
disposal site.

Decommissioning costs include the costs of staff labor,
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 determined by multiplying
the crew-hours required to decommussion a component by
the costs per crew-hour. To determine 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 50% 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 Hc i | BCs H#AmM User
& option® laboratory _ laboratory  laboratory  laboratory laboratory laborator

Fume hood 8x 103 8x10° 3x10° 1x 10" 5x 107 8x 103
Glove box 7x10* 2x 107 4x10? - 2x 10° 7x10*
Hot cell - - - 2x 10° - -
Workbench® 2x 107 6x 107 1x107% 3x10° 4x 103 6x 107
Ductwork® 2x10° 2x10° 6x10° 3x10° 1x 107 2x 10°
Cabinet 2x10° 7x 107 2x10° - 3x 10° --
Appliance® 2x10° 1x10° 2x10° - - 2x 10°¢
Filter 1x107 5x10°% 1x10® 2x10° 2x 10* 1x107
Sink & drain - 9x10° Ix10° 1x10° - 9x 10®
Ceiling® 7 x 10¢ 3x10° 9x 107 1x10* 2x 107 8x 10
Wall® 6x10° 3x10° 9x10° 1x10* 2x 107 1x10%
Floor® 1x10¢ 4x10° 5x10% 2x10* 4x 107 1x10¢

(a) 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 descnibed 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 facility components assumes that
current decommissioning practice 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 supercompaction, after which
they are sent to a shallow-land disposal site as LLW. To
provide 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 these two options are summarized 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
reasonable agreement with the experience at typical radio-
active materials laboratories.

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 decontamination costs of
the individual components. ’

Previous studies”® assumed that ceilings, walls, and
floors of the facilities were to be decontaminated to
unrestricted release levels and that some of the facility
components were to be decontaminated to unrestricted
release levels, while others were to be sectioned and
packaged for disposal. The original study® discussed the
relative merits of compacting components before
disposal. But in the analyses of complete facilities,
novolume reduction of components was assumed. The
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follow-on study® considered options of compaction and
supercompaction. 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 decontaminated. Instead, all
components are to be supercompacted or incinerated
before they are disposed of. Decommissioning
requirements and costs for the six reference laboratories
are summarized in Table 2.3.

Decommissioning is preceded by a period of planning and
preparation that includes activities to ensure that
decommissioning is performed in a safe 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, an initial radiation
survey to determine the radiological condition of the
laboratory, and the development of detailed work plans.

DECON options postulated for the components 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. The only
surface decontamination performed on these items is the
minimum amount needed to prevent the spread of con-
tamination during the sectioning and packaging opera-
tions. Building surfaces are generally assumed to be
decontaminated to unrestricted use levels.

The decommissioning activities evaluated in this report
do not include consideration of significantly off-normal
conditions, such as spread of contamination within the
structural walls or beneath the primary covering of the
floors of the facility. Because of the unique characteris-
tics of such situations, they cannot be evaluated in the
same generic manner as is done for the normal conditions.
If these types of conditions exist in a facility, specific
analyses by the owner will be necessary to estimate the
costs of these additional cleanup operations, which would
then be added to the estimates developed using the
methodology and unit cost factors presented in this report.
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Table 2.3 Summary of estimated requirements and costs for DECON of six reference laboratories that process or

use radioisotopes

Requirement or cost for reference laboratory

JH NC llSI 137Cs ulAm User
Parameter laboratory  laboratory __ laboratory laboratory _ laboratery laboratory
Supercompaction option
Time (days) 61 57 50 48 58 68
Manpower (person-days) 194 178 149 143 179 220
Dose (person-rem) 0.04 <0.001 0.02 4 13 0.04
Costs (3 thousands)
Staff labor 85.1 71.9 65.0 62.4 780 96.5
Equipment & supplies 30.0 29.4 28.5 284 294 30.5
Waste management _590 586 354 648 394 _779
Totals 174.1 165.9 128.8 155.4 1468 204.8
Supercompaction with
incineration
Time (days) 61 57 50 48 58 68
Manpower (person-days) 194 178 149 143 179 220
Dose (person-rem) 0.04 <0.001 0.02 4 13 004
Costs ($ thousands)
Staff labor 8s5.1 77.9 65.0 62.4 78.0 96.5
Equipment & supplies 30.0 294 28.5 28.4 294 305
Waste management _713 _80.9 _433 _78.8 _523 _109.5
Totals 192.3 188.1 136.7 169.4 159.7 236.5

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

Decommissioning is assumed to be performed by
employees of the owners or operators of the laboratories.

NUREG/CR-6477

The basic decommissioning work crew includes a
foreman and three technicians, assisted by a health
physicist. Craftsmen (electricians, pipefitters, etc.) are
added to this crew on a part-time basis to perform specific
tasks. Staff labor costs are postulated to include the
salary of a supervisor on a half-time basis.
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Costs for decommissioning the reference laboratories
include the costs of staff labor, equipment and supplies,
and waste management. Costs are estimated for planning
and preparation, for the actual decommissioning, and for
the termination survey. Total costs, histed in Table 2.3,
are the sum of all of these costs. All costs are expressed
in January 1998 dollars and include a 25% contingency.

Estimates of occupational radiation dose are 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 regarding the ' Am laboratory is in order. As
discussed in Appendix D, the walls and ceiling in this
facility are concrete and sealed with acrylic paint. As a
result, the postulated 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 concrete 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 to a 46% increase in decommissioning costs for

Summary

the supercompaction option and a 42% increase for the
supercompaction with incineration option.

2.7 Decommissioning 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 drain line
and hold-up tank and for the site with a contaminated
ground surface, estimates are made of the requirements
and costs for removing the radioactively contaminated
material. For the site with a tailings pile containing
uranium and thorium residues, 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, removal of the waste and contami-
nated soil is accomplished with standard earthmoving
equipment. Radioactive material is packaged in 208-liter
drums or B-25 metal containers for shipment to a
shallow-land disposal site.

Table 2.4 Summary of estimated labor requirements, costs, and radiation doses for decommissioning three

reference sites
Requirement or cost
" Site - Time Labor .. Costs®™ 0‘;‘:;‘;: :ii::al
(days) (person-days) ($ thousands) dose (person-rem)

Underground drain line & hold-up tank 17 725 126 0.052
Contaminated ground surface 42 209 1,396 0.149
Tailings pile

Stabilization option 32 174 237 0.139

Long-term care 10 27 17 - 0.022

Removal option 139 1,657 22,790 1311

() Costs are in January 1998 dollars and include a 25% contingency.
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For the site with a contaminated tailings pile, site stabili-
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.

Decommissioning activities include a radiological survey
to assess the condition of the site before site stabilization
or removal operations begin and restoration of the site by
backfilling and planting vegetation after waste removal 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 a 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.e., 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 2.8

* 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 significant effect on the time and
cost of decommissioning materials facilities.

*  While new, commercially available radioactive waste
volume-reduction technology can significantly reduce
the costs of waste disposal, the rapidly escalating
disposal charges at the LW 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 fairly good agreement with decom-
missioning cost estimates provided by licensees to the
NRC.
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3 Review of Decommissioning Experience

Since publication of the Addendum to NUREG/
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 §, 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 low-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 mainly non-load bearing
concrete block walls.

3.1

Building KA-3 was completed in 1947. It was built to
serve as a nuclear materials research laboratory for the
melting, processing, and research of enriched and
depleted uranium and thorium isotopes. The building
consisted of 191 rooms, over 73,000 square feet, and
contained a wide range of equipment.

General Descripﬁon of Second Floor Rooms

The second floor of Building KA-3 had approximately
20 offices; an eight- room, 2000-square-foot beryllium
laboratory; a hot isostatic press development laboratory;
an arc melt facility including power supplies; 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 door to the inside north
wall. Although the crane and some services in the over-
head were contaminated, the area above 2 m on the
second floor was generally clean. A floor plan of the
second floor of Building KA-3 as it was at the beginning
of remediation is presented in Figure 3.1.

General Description of First Floor Rooms

The first floor of Building K A-3 had approximately

15 offices, a uranium fluoridation laboratory, chemical
testing laboratories, and several large areas dedicated to
the shipping, receiving, and storage of nuclear materials.
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 floor had 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 office 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 Building KA-3 as it was constructed
prior to remediation is presented in Figure 3.2.

General Description of Ground Floor Rooms

The ground floor of Building KA-3 consisted of
approximately 10 offices, a ceramics laboratory for
sintering uranjum dioxides, a powder metallurgy
laboratory, several **U processing areas, a process drain
collection sump, a substation, and most of the service
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 laboratories within
Building KA-3 and contained fume hoods and conven- _
tional laboratory 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 slab. 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 radioactive 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 Contaminated 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, furnaces, ovens, presses, lathes, and a
variety of other equipment. Ventilating air supply ducts
were present in each room. Room lighting consisted of
several fluorescent light fixtures suspended from the
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ceiling. Electrical conduit, which passed through the
rooms, was mounted on the walls and supplied power to
surface-mounted outlets and the suspended fluorescent
lights. In addition, there were several surface-mounted
switch boxes which supplied power to various equipment.

Several 1- and 2-inch water lines were suspended 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.

3.1.2 Radiological History

Direct-reading radiological 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 decision level value (DLV).

Floor Drains

A comprehensive survey was performed on the floor
drains in Building KA-3. As a resultof drain contamina-
tion, the majority of the process drains were removed
during the remediation phase of the project. The
following is a summary of the contamination detected in
the Building KA-3 drains.

Ground Floor (3000 Area). Twenty-five drain samples
were collected and found to be contaminated in the

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
pCi/g in Room 3065 to 4,710 pCi/g in Room 3002.
Mercury was also detected in Drain #1, Room 3002B.

A total of 66 drain samples were collected and found to
be contaminated in the 3000 South area. Alpha con-
tamination levels ranged from 12 pCi/g in Room 3023 to
1,470 pCi/g in the south drain of Room3054. 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 since ithad been
removed. Low levels of mercury were found in drain
samples from Room 3014.

NUREG/CR-6477
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First Floor (3100 Area). Twenty-five drain samples
were collected and found to be contaminated 1n the

3100 North area. Alpha contamnation levels ranged
from 21 pCv/g in Drain #5, Room 3132, to 19,700 pCi/g
in Drain #1, Room 3161. Beta contamination levels
ranged from 7 pCi/g n 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 in 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 pCi/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/g in
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, to 6,490 pCi/g 1n 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 1n
the 3000 North area and from the main sump for the
building. All six 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. Net beta
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contamination levels ranged from 82 pCi/g in Room 3002
to 2,660 pCi/g in the well in Room3010. No non-
radiological hazardous contaminants were detected in
drain samples collected in this area.

Thirteen 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 pCi/g to 56,600 pCi/g
in Rooms 3119 and 3114 North, respectively. Net beta
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

Ventilation hoods and air conditioning/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. The interior of inactive ventilation hoods
and equipment ductwork was surveyed by direct and
indirect monitoring 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 dpm/

100 cm? on top of the hood in Room 3232. 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 dpnv100 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 dpn/100 cm? in the
ductwork in Room 3218. The maximum net beta direct



reading was 49,500 dpm/100 cm? in the center vent of the
hood in Room 3054. Maxumum removable contamination
levels were 329 dpnV/100 cm? net alpha and 235 dpm/

100 c® 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 measurements or by posted information as being
contaminated.

Roof

Roof-top gravel samples were collected from 29 locations
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 activity and

50 pCil/g beta activity. The net alpha activities of these
samples were 47, 43, and 45 pCi/g, respectively. During
remediation, all contaminated surfaces were cleaned by
removing the contaminated material. The ductwork
interior from four laboratory hoods was also determined
to be contaminated. These four ductwork locations were
on the roof over Room 3204, Room 3205, Room 3206,
and Room 3293 Net alpha activity levels ranged from
94 dpmv100 cm’ (Room 3204) to 756 dpm/100 cm®
(Room 3206). Net beta activity levels ranged from

2,139 dpm/100 cm? (Rooms 3204 and 3205) to

19,219 dpm/100 cm? (Room 3206).

Direct beta measurements were taken 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 in Room 3178, and
inside the cap of the hood in Room 3119. Net beta
surface contammauon levels ranged from 1,510 dpmv/

100 cm’ to 9,200 dpm/100 cm?. No alpha activity
associated with these measurements was detectable above
background levels. Smearable contamination associated
with these measurements ranged from minimum detect-,
able activity (MDA) to 9 dpnv100 cm? for net alpha
activity and from MDA to 17 dpm/lOO cm? for net beta
activity.

Surfaces

The contaminated surfaces of Building KA-3 were all
remediated in accordance with the release criteria
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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 verified to have con-
tamination levels below MDA..

Ground Floor (3000 Area). By establishing a total of
594 floor grids, characterization of the 3000 area (ground
floor) floors of Building KA-3 determined that 54 rooms
were contaminated. The highest direct survey readings
were 7,650 dpm/100 cm? net alpha activity and

166,000 dpm/100 cm’® net beta activity. Maximum
removable contamination levels were 654 dpm/100 cm?
net alpha activity and 803 dpm/100 cm?® net beta activity.
A total of 594 m’ of floor area was determined to be
contaminated.

Characterization of the Building KA-3 3000 area walls
below 2 m in height determined that a total of 75 wall
grids in 28 rooms were contaminated. Highest direct
survey readings were 1,900 dpmv/100 cm’ net alpha
activity and 73,800 dpm/100 cm? net beta activity.
Maximum removable levels of contamination were

269 dpnv100 cm’ net alpha activity and 39 dpm/100 cm?
net beta activity. A total of 75 m? of wall surface area
was determined to be contaminated.

Characterization of the horizontal surfaces above 2 m
determined that a total of 77 wall grids in 20 rooms were
contaminated. Highest direct survey readings were

6,610 dpm/100 cm? net alpha activity and 19,200 dpnmy/
100 cm? net beta activity. Maximum removable con-
tamination levels were 139 dpm/100 cm® net alpha
activity and 232 dpm/100 cm?® net beta activity. A total of
77 m? of horizontal surface area above 2 m was
determined to be contaminated.

First Floor (3100 Area) Floors. Characterization of the
3100 area of Building KA-3 determined that a total of
549 floor grids in 52 rooms were contaminated. Highest
direct survey readings were 33,200 dpn/100 cm? net
alpha activity and 191,000 dpm/100 cm?” net beta activity.
Maximum removable contamination levels were

1,300 dpm/100 cm’ net alpha activity and 138 dpmv/

100 cm? net beta activity. A total of 594 m? of floor area
was determined to be contaminated.

Characterization of the 3100 area walls below 2 m of

Building KA-3 determined that a total of 161 wall grids in
28 rooms were contaminated. Highest direct survey
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readings were 13, 500 dpm/100 cm? net alpha activity and
32,200 dpnv100 cm? net beta activity. Maximum remov-
able contamination levels were 763 dpm/ 100 cm? net
alpha activity and 534 dpm/100 cm? net beta activity. A
total of 161 m® of wall surface area was determined 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 dpm/ 100 cm? net alpha activity and 63,300 dpm/
100 cm? net beta activity, Maximum removable con-
tamination levels were 2,350 dpm/ 100 cm? net alpha
actmty and 277 dpm/100 cm? net beta activity. A total of
92 m? of horizontal surface area above 2 m was
determined to be contaminated.

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 dpnv100 cm? net alpha
activity and 73,800 dpnv/100 cm? net beta activity. Maxi-
mum removable contamination levels were 90 dpml

100 cm’ net alpha acuvlty and 58 dpnmv/100 cm’ net beta
activity. A total of 421 m? of floor area was determined
to be contaminated.

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

Characterization of the horizontal surfaces above 2 m
determined that a total of 39 wall grids in 20 rooms were
contaminated. nghest direct survey readings were
1,840 dpmllOO cm’ net alpha activity and 17,700 dpmy/
100 cm’ net beta activity. Maximum removable con-
tamination levels were 112 dpm/lOO cm’ net alpha
acuvny and 15 dpm/100 cm? net beta activity. A total of
39 m’ of horizontal surface area above 2 m was
determined to be contamunated.
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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 in 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 pCy/g beta activity.

The results of the gamma spectroscopy show that net
alpha activity 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 vicinity of the bell
fittings connecting the drain sections were generally
higher than those along the length of the pipe. Gross
alpha activities ranged 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 pCi/g to 83 pCi/g at the bell connectors in the ground
floor and Room 3016, respectively. Analysis 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 fitungs.

Since contamination was found in the 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 analyzed for Toxic
Compound Leaching Process (TCLP) Extractable Metals
and showed concentrations of Ba at 0.32 mg/liter, Cd at
0.017 mg/liter, and Cr at 0.012 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 thorum. A considerable
quantity of Hg (mercury) was found outside the drain



connections in the surrounding soil. The mercury was
remediated by aspiration and removal in-situ. The soil
was verified clean.

3.1.3 Release Criteria

The radiological release criteria established for this
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 Operating Licenses for -
Nuclear Reactors.” As discussed in Section 3.1.2, most
of the rooms in Building KA-3 had measured
contamination levels above these guideline release limits;
therefore, a reasonable amount of decontamination effort
was required before releasing the building for use without
radiological restrictions.

3.1.4 Summary of Building KA-3
Decontamination Activities

The overall decommissioning activities for Building
KA-3 were guided by general requirements documented
in a Quality Assurance (QA) Plan, a Decommissioning
Work Plan, and specific operating procedures. The con-
tamination was not widespread and radiation levels were
low. 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
during the decontamination effort.

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

(1) Engineering and Preparation.

(2) Removal of Laboratory Chemicals, Services, and
Equipment.

(3) Decontamination of Surfaces, Services, and
Equipment. ’

(4) Final Radiation Surveys.

(5) Independent Verification Survey.
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(6) Restoration of the Facility.
t7) Radioactive Waste Management.
Engineering and Preparation

The Engineering and Preparation efforts for the D&D
activities were conducted as follows:

(1) Training of D&D workers.

(2) Installation of a staging area for handling and interim
packaging of contaminated waste for transfer to the
central staging area in Building KA-2.

(3) Selection of D&D equipment.
(4) Installation of control barriers.

Training D&D Workers. Trainingincluded targeted
training in the specific procedures to be employed and
refresher training in radiological and occupational safety.
Each worker assigned to perform a specific activity was
fully trained and qualified to perform the assigned D&D
activity.

Installation of the Staging Area. The function of the
staging area was to control the spread of contamination
from the D&D rooms, to provide facilities for personnel
to 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
areas within the building at any given time so that
multiple crews of workers could perform work
simultaneously.

The staging area isolated the D&D area from the rest of
Building KA-3. Within the staging area, "clean” and
"contaminated” change areas were established for use as
personnel entered and left the work areas 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 the
waste handling area in a separate building. The most
feasible location for the staging area was determined to be
in the main corridors along the access barriers of the
building and at the access areas between the floors.

NUREG/CR-6477



Review of Decommissioning Experience

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 drills, rock
dnlls, grout pumps, backhoes, on-site radiological
support, cutting torches, and hand tools. Support
equipment included air monitors, radiological survey
meters, waste containers, protective clothing, air purifying
respirators, bubble suits, radiation scanners, and personal
dosimeters.

Installation of Control Barrier

Access control barriers were installed to isolate the D&D
areas. Physical barriers such as temporary walls,
plywood barriers, doors, locks, 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 within the confines of the
access control barriers.

During installation of contamnation control barriers, air
in the D&D area was continuously monitored. The air
was not recirculated in order to eliminate the potential for
introducing airborne contamination from other parts of
the building into the clean areas. Instead, the air 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
laboratory 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 variety of chemucals. Penodically, monitoring
for chemicals was conducted in the event that there could
be significant residual chemicals present. However,
problems did not arise in Building KA-3. The major
chemucals encountered in the D&D process were lead in
the paint at times and mercury in the drain lines.

Removal of Services During the D&D process, the
removal of laboratory services such as water, gas, and air
was necessary in order to access the wall, ceiling, and
floor surfaces. Some services were accessible without
first removing equipment. Electrical power to each room
and area being decontaminated was left connected as long
as possible to facilitate the use of powered D&D equip-
ment. Likewise, the common services in the building
were left intact to accommodate heat, fire service, and
electrical distribution systems. As the 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 access 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 radioactively 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 bearing on how the unit would
be removed, systematic planning for the D&D and
removal of equipment was made.

Decontamination 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



(4) decontamination of the floor drains
(5) decontamination of the floors, ceilings, and walls.

Survey of the Exposed Surfaces. The first activity
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 a 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 a beryllium research area
that had to be completely remediated.

Removal of the Attached Equipment and

Services. The removal of the attached equipment and
services was an important step since most of the
equipment was contaminated and the walls and floors
behind the equipment were inaccessible. 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 building
through openings called penetrations. After surveying,
the contaminated ductwork was capped on the bottom
floor, removed through the penetration, and the penetra-
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 to 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. After all e
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 Drains. Removing floor
drains was a slightly more involved process than initially
anticipated. Mercury was discovered in many of the
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 properly.
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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 basement 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 achieved via in-situ grouting of the
soil. :

Decontamination of the Floors, Ceilings, and

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

In some instances, the contamination had seeped deeply
into the concrete through cracks. Inthese cases, the
contamination was removed by chipping out the
contaminated concrete using a pneumatically operated
chisel or maul point.

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 from the post-D&D
surveys (final status surveys) that provided the data that
indicated decontamination was complete. The final
surveys were conducted in concurrence with plans and
procedures and were the final step taken to assure a
satisfactory level of remediation was performed on
Building KA-3. The building was then sealed and
controlled pending the independent verification survey.

Independent Verification Survey

After all contaminated areas were cleaned 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 limuts 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 remaining 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 contamination, 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 certification 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 - low-level wastes

(LLW).

*  Physical Form - Wastes were further segregated
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.

» Chemical Content - Wastes were segregated by DOT
hazard class (e.g., oxidizer, flammable liquid,

NUREG/CR-6477

flammable sohd, 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
wasle management program. Some metals and compact-
able wastes were shipped to Scientific 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 Work
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 central 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 accumulated 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 principal isotopes were
23U and ¥*U with some thorium. From this data and the
total volume of waste, the total acuvity 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



of the waste could not be decontaminated and was pack-
aged as LLW. The other miscellaneous compactible
wastes such as paper suits, gloves, and other items were
compacted. 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 the Battelle-owned site.

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

Waste Package Certification. In order to meet the pack-
age requirements for acceptance of the D&D waste at the
disposal site at Hanford, the D&D waste from KA-3 had
to be classified 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 interim storage of the waste at
Hanford.

3.2 Hoffmann-la Roche, Inc.
Medi-physics Cyclotron Facility®*

This facility, located in Nutley, New Jersey, contained a
22-MeV cyclotron used in the manufacture of radiophar-
maceuticals from about 1968 through 1984. In 1984, the
cyclotron was shut down and decommissioned. It was
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 radiation
shield. The intent was to remove sufficient concrete to
allow the remainder of the vault to be disposed of as
nonradioactive industrial waste. For a variety of reasons,
final D&D of the facility was not initiated until March
1991; the radioactive materials license was terminated in
June 1991.

3.2.1 Description of the Facility

The cyclotron vault was located within a warehouse
which, in turn, 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-
room that had an accumulation of old furniture, lumber,
production supplies, wood and metal cabinets and
shelves, small electrical parts, empty radioactive waste
containers, and concrete-lined steel drums.

A predecommissioning inspection of the warehouse
revealed a facility that apparently had been vacated in
haste. Discovered during this inspection were:

+ office furniture in an extreme state of ill-repair and
disarray

s laboratories full of glassware, chemicals, electronic
equipment, refrigerators, and lead shielding of
various sorts

e acarin the warehouse section with a flat tire, broken
window, and thick coating of crud

¢ awide variety of hazardous waste including partially
used bottles of propanol, acetone (and other
solvents), brake fluid, oil, turpentine, acids, used
crankcase oil, transmission fluid, etc.

+ old unwanted periodicals, 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

e alarge steel safe used for storage of computer
records

¢ wood and metal cabinets and shelves
« concrete-lined steel drums

» telephones connected through a service board
somehow tied also to the facility next door

e many storage containers and waste cans brightly
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labeled with radioactive material warning labels.
3.2.2 Radiological History

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

* exposure levels in the vault ranged from 130 to
425 uR/r

» background levels outside the vault were about
10 uR/hr

» 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,
152Eu, '**Eu, '™Cs, and “K

+  ®Co and '"Eu made up about 92% of the total
activity in the concrete

*  %Co activity was about 10% higher than that of '?Eu
in the concrete

+ the combined activity 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 pCi/g average

*  90% of the induced actvity in the concrete was in the
first 12 inches

*  the specific activity in the rebar in the concrete was

about three to four times 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 glassware was pack-
aged and donated to a high school for reuse. 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
Barnwell LLW disposal site.

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

(1) Perform on-site baseline radiological surveys.

(2) Remove about 12 inches of radioactive concrete from
the inner surface of the walls and floor, package the
rubble in steel boxes, and ship to the Barnwell LLW
site.

(3) Radiologically survey the vaultata 1 m distance and
achieve a 56 uR/hr level; obtain regulatory approval
to free release the remainder of the vault.

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

(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 facility after
the vault has been removed.

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

(8) Terminate the radioactive material license.

The 12 inches of radioactively contaminated concrete
were removed from the floor and walls using a remote-
controlled hydraulic hammer. Rebar in the floor was cut
using torches. The vault was then painted into a grid
pattern with 1 m squares, 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 hole in
the concrete floor indicated a level of about 20



uR/hr,which was about four times 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, bringing the final radiation level

below background.

The last radiological issue for this facility was the radio-
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
radiation shielding. About 2,000 pounds of lead were
dispositioned 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 u#R/hr above this level. The state regulatory agency
subsequently terminated the license for this facility in
June 1991.

3.2.4 LLW Generation

Ten trailer truckloads containing 400,000 pounds
(approximately 3,400 ft®) of radioactive concrete were
sent to the Barnwell LLW site for disposal. In addition,
15,000 ft* of concrete was shipped to an industrial landfill
for disposal. This “clean” concrete was surveyed in 90 ft’
batches as part of the 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 ft* of concrete was calculated to containa |
total radioactivity of 15 mCi. ’

3.2.5 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 a
radiological laundry used to decontaminate clothing and
other articles that have been radiologically contaminated
at nuclear facilities. The facility was shut 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 processing
system was deemed uneconomical.

3.3.1 Description of the Facility

A layout of this facility 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, etc., to ensure
that radioactivity removed from the clothing is contained
and not released to the environment.

After cleaning, the clothing 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 activities performed in this
facility, low levels of radioactive contamination were
spread throughout the facility, including the machinery
and equipment, tanks, pits, filter housings, exterior
washer parts, pipes, overhead ceilings, walls, and so on.

!Letter from Michael J. Bovino to Dennis R, Haffner. November 10,
1994 Interstate Nuclear Services, Springficld, Massachusetts
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Figure 3.4 Layout of the radiological laundry facility
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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, equipment, etc. at the
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 furniture,
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 efficiency 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 system mounted 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 monitored for fixed
contamination. Areas determined to be 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 radioactivity generated from these
operations and sometimes temporary tents were set up
around the area being scabbled to contain the
radioactivity.

3.3.3 Cost of 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 decommissioned 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

This chapter discusses three new processes: a CO, pellet
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 used in
this study, a discussion of them is in order because they are
representative of important new developments that may
soon join the collection of standard decommissioning
techniques that will lead to significant decommissioning
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
(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 necessary
for disposal as LLW.

4.1 CO, Pellet Decontamination
Technology

The carbon dioxide (CQ,) pellet decontamination process
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 generates no secondary wastes and is a non-
destructive surface cleaner. A forerunner in the develop-
ment of this promising new decontamination process is
Non-Destructive Cleaning, Inc. (NDC) based in Walpole,
Massachusetts.

The NDC patented process/facility uses small, solid carbon
dioxide particles propelied by dry compressed air. The
CO, particles shatter upon impact with the surface of the
material to be cleaned and flash into dry CO, gas. This
flashing into a gas results in a rapid volume expansion of
approximately ten to one. Cleaning is accomplished by the

4.1

rapidly expanding CO, gas flashing into the surface of the
material to be cleaned (which is porous at the microscopic
level) and flushing the foreign materials out. The micro-
scopic particles of foreign 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 HEP A-filtered vacuum cleaners.
The only waste product from the NDC facility is the dry
HEPA filters that are easily disposed of as dry active waste.
CO, levels have been demonstrated to remain below OSHA
limits, and a CO, monitor verifies the levels during opera-
tion. Examples of items successfully decontaminated
include: hand tools, power tools, pumps, tanks, glass,
pipes, computer components and circuitry, respirators,
manipulators, and lead shielding.

The NDC mobile CO, decontamination unit is a stand-
alone, transportable, steel enclosure. The unit has a single,
direct 480-volt power connection. No special mountings
are required, and the unit can be placed on any firm flat
surface, such as a paved lot or crushed stone. The unit is
designed for cleaning items ranging in size from small hand
tools to items up to 20 feet long, with no weight limit.

The CO, decontamination unit is designed with four
separate rooms: a machinery and electrical room, a large
decontamination room, a decontamination cell room, and a
count room where cleaned items are surveyed after clean-
ing. All electrical interconnections are managed by a
central power cable that is connected to a power control
and distribution panel located within the mobile unit. The
unit has been designed with a complete HVAC system,
allowing operation in any environment.

The CO, decontamination room is completely lined with
stainless steel, and includes a large entry door and an
internal hoist that can handle up to two tons. The floor
loading capacity is unlimited. The decon room ventilation
system includes two pre-filters and a HEPA filter system.
The decontamination room is pre-piped for the use of
supplied breathing air for worker safety. A special rolling
lift table equipped with an air-driven vise to hold items for
cleaning has also been designed for use in the unit.
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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 contamunated ion exchange resins,
depleted uranium 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 comprnised 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 ceramuc, 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, primarily 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 allows 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
ton 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 Admunistration (NASA)
primarily as a replacement for solvent flush methods using
Freon 113 (CFC 113). Applications for radioactive decon-
tamnation have not yet been developed but show promise
because of the sigmificantly reduced liquid 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. The liquid-gas mixture
then enters the converging-diverging nozzle where it is
accelerated to supersonic speeds. The supersonic gas-
liquid stream exits the nozzle where it is directed onto the
component to be decontaminated. The velocity imparted to
the liquid by the gas flow gives the hquid sufficient
momentum at impact to remove contamnants from the
surface while simultaneously 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 various 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 lower 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
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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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S Decommissioning of Facility Components

Several facility components are common to the reference
nuclear material processing and use laboratories described
in Section 7 of NUREG/CR-1754." These components
include fume hoods, glove boxes, laboratory workbenches,
hot cells, sinks and drains, duct work, filters, and building
surfaces such as floors, wall and ceilings. Some of these
components experience significant radioactive contamina-
tion during the operational phase of a laboratory. Release
of a laboratory for unrestricted use and termination of the
radioactive material license requires that contaminated
components either be 1) decontaminated to unrestricted
release levels or 2) packaged and shipped to an authorized
disposal site. Since the first alternative is considered to be
too costly and time-consuming, only the second alternative
is analyzed in this study.

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

Facility components common to the reference processing
and use laboratories and radioisotopes postulated to
contaminate those components are shown in Table 5.1.
Information in the table is based on the facility descriptions
in Section 7 of NUREG/CR-1754.1"

The technical approach used to estimate requirements,
costs, and occupational safety for decommissioning facility
components is described in Section 5.1. Decommissioning
analyses for individual components are presented in
Section 5.2. '

Cost and safety information for decommissioning the
reference processing and use laboratories is presented in
Chapter 6, based on the cost and occupational radiation
dose estimates for decommissioning individual facility
components developed in this chapter. This unit-
component approach to the analysis of decommissioning is
designed to provide data and examples to assist users of
this study in estimating the requirements, costs, and safety
of decommissioning other non-fuel-cycle nuclear facilities.

Table 5.1 Contaminated facility components common to the reference processing and use laboratories

Laboratory
' Facility component H MC ™1 "WiCs *Am  User

Fume hood x®@ x x x x x
Glove box X b X x X
Small hot cell X

Laboratory workbench X X X X X X
Ventilation ductwork - X b X X X X
Cabinet X X X X
Refrigerators/freezer X X X x
Filters X X X X b'e X
Sinks and drains X X X X
Building surfaces X X X . X X x

(a) An “x” indicates the facihty component is contaminated with the indrcated isotope.

5.1
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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 contaminated facility
components using sectioning, compaction, and
supercompaction,

(2) Disassembly and disposal of contaminated facility
components using sectioning, compaction, and a
combination of compaction and incineration

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

The authorized disposal site is assumed to be a shallow-
land burial ground located 800 km from the laboratory
being decommissioned and from the centrally located
supercompactor facility. The supercompactor/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 include man-
power, equipment and supplies, and waste management
costs. Some key bases and assumptions for estimating
costs are given in Appendix A. All costs are expressed m
January 1998 dollars.

Decontamination of facility components is assumed to be
performed by employees of the owner/operator of the
facility. Manpower costs are determmed by multiplying the
person-days required to decommission a component by the
costs per man-day shown i 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 tume, rest periods, etc. (ancillary time).

The time required to complete a particular decommission-
ing task 1s estimated on the basis of a work crew consisting
of a foreman and two technicians. The technicians 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 facility. 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 decommussioning because such equipment is
also used during 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 transport the
decommissioning wastes from an individual facility com-
ponent. Itis assumed that one truckload consists of one
hundred-twenty 208-liter steel drums or eighty 208-liter
drums of supercompacted waste. Because supercompac-
tion, incineration, transportation, and waste disposal
operations are contracted activities, manpower costs for
these operations are included in the total costs of these
1items.

5.1.2 Occupational Radiation Dose Estimates

Estimates of occupational radiation doses are made for
each facility component 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 radiation doses for decommission-
ing facility components are presented in this section. The
analyses are performed for the various facility components
for the supercompaction and supercompaction/incineration
options. Total costs include the costs of manpower,



equipment and supplies, and waste management (e.g., the
packaging, transportation, and disposal of radioactive
waste).

Detailed cost estimates for decommissioning facility
components are presented in Appendix C. Manpower
estimates for all components in all the reference labor-
atories are shown in Tables D.1.a through D.6.b of
Appendix D. Appendix A summarizes the key bases and
assumptions used in estimating the requirements and costs
of decommissioning.

Occupational radiation doses are estimated by multiplying
the dose rates appropriate to each contaminant (Refer-
ence 1) by the person-days required to decommission the
component. It is assumed that components contaminated
with **'Am can be disposed of by shallow-land burial. This
may not be the case if the residual contamination level is
greater than 100 nCi/gram of waste, equivalent to an
average surface contamination on the interior surfaces of a
component of about 4 x 10’ d/m/100 cm’. If the average
surface contamination exceeds this value, it may be
necessary to partially decontaminate the component or to
provide for interim storage of the contaminated hood, since
facilities for the permanent disposal of transuranic wastes
are not yet available.

The mild surface decontamination of the small hot cells in
the "*'Cs lab and the lead vault in the user facility
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(Appendix D) will result in radioactive mixed waste. This
mixed waste product will therefore be subject to both the
Resource Conservation and Recovery Act (RCRA)
regulations and NRC regulations on final disposal. Since
no existing disposal sites have as yet been approved for
disposal of mixed waste, other, possibly more costly,
decontamination methods may need to be used. However,
for this analysis, a mixed waste disposal site is assumed to
be available for the same cost as a LLW disposal site.

5.2.1 Fume Hoods

Estimated time and manpower requirements, total costs,
and occupational radiation doses for decommissioning a
fume hood by the packaging and disposal option 1) with
supercompaction only and 2) with both supercompaction
and incineration are shown in Table 5.2, A typical fume
hood decommissioned in this study had exterior dimensions
of 1.5 m wide by 0.9 m deep 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
manpower requirement is 5.3 person-days. Costs average
$8,000 for supercompaction and $8,300 for
supercompaction with incineration.

Occupational radiation doses range from 8 x 107 person-
remto 1 x 10 person-rem, depending on the type of
contamination.

Table 5.2 Summary of estimated manpower requirements, occupational radiation dose,
and total costs for DECON of a fume hood

Laboratory
*H 1“C 1251 B31Cs H1Am User lab
Time (days) 1.5 1.4 1.4 1.6 1.5 1.5
Manpower (pers-days) 53 53 5.2 5.6 5.4 5.3
Radiation dose (person-rem)  8x 10 8x 10° 3x10° 1x10? 5x 10? g§x 107
Costs ($ 000)" 75 8.0 7.5 91 8.0 7.6
7.9 8.3 7.7 94 8.4 7.9

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

Estimated time and manpower requirements, 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
high. A work crew consisting of a foreman 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 person-days. Costs average $4,200 for super-
compaction and $4,400 for supercompaction with
incineration. Occupational radiation doses range from

2 x 107 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-1754.99 Itis
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 1s 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 used to DECON a hot cell are
discussed 1n Appendix D.

5.2.4 Laboratory Workbenches

Estimated time and manpower requirements, total costs,
and occupational radiation doses for decommissioning a
workbench by the two options are shown in Table 5.4.
Workbenches decommissioned in ths study varied from
facility to facility (Appendix C), buta "typical” bench
measured 0.9 m high by 0.75 m wide by 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 average time to DECON a bench is
1.7 days. The average manpower requirement is

6.1 person-days. Costs averaged $8,800 for super-
compaction and $10,200 for supercompaction with
incineration. Occupational radiation doses range from 2 x
107 person-rem to 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 5.3 Summary of estimated manpower requirements, occupational radiation dose,
and total costs for DECON of a glove box

Laboratory
’H “c | P¥1Cs 24Am User lab
Time (days) 04 0.4 0.4 -- 1.3 0.5
Manpower (pers-days) 1.7 1.6 1.6 - 4.4 1.9
Radiation dose (person-rem) 7 x 10* 2x 107 4x10° - 2x10° 7x 104
Costs ($ 000)@ 33 35 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 supercompaction with incineration.
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Table 5.4 Summary of estimated manpower requirements, occupational radiation dose,

and total costs for DECON of a workbench

Laboratory
‘H - ¢ 1251 1Cs 1Am __ User lab
Time (days) 0.6 1.8 2.0 1.9 24 1.7
Manpower (pers-days) 2.2 6.1 6.7 6.7 8.7 6.0
Radiation dose (person-rem)  2x 107 6x 107 4x10° 3x10° 4x10° 6x 107
Costs ($ 000)@ 26 9.9 8.7 11.8 10.6 9.3
2.7 12.4 9.0 14.4 10.8 11.9
(a) Farst row is cost for supercompaction option  Second row is cost for supercompaction with cineration.
5.2.5 Ventilation Ductwork The average time to DECON ductwork is 3.6 days. The
average manpower requirement is 13 person-days. Costs
Estimated time and manpower requirements, total costs, averagcd S 14,900 for supcrcornpaction and $1 5,300 for
and occupational radiation doses for decommissioning supercompaction with incineration. Occupational radiation
ductwork by the two options are shown in Table 5.5. The doses ranged from 2 x 10 person-remto 1 x 1072 person-
estimates are based on the packaging and disposal of 20 m rem, depending on the type of contamination. The highest
of 0.20-m-diameter sheet metal ductwork plus 20 m of worker exposures are associated with the packaging of
0.25-m by 0.60-m rectangular sheet metal ductwork. A 24 Am-contaminated ductwork. These radiation exposures
work crew consisting of a foreman and two technicians is can be reduced one or two orders of magnitude if workers
assumed to perform the work. Postulated procedures used use protective respiratory equipment.

to DECON the ductwork are discussed in Appendix D.

Table 5.5 Summary of estimated manpower requirements, occupational radiation dose,

and total costs for DECON of ventilation ducts

- Laboratory

’H MC b | ¥Cs HiAm User lab
Time (days) 3.5 33 36 37 3.6 38
Manpower (pers-days) 12.2 ' 11.7 12.7 13.1 127 13.2
Radiation dose (person-rem) 2x10% )'2' x 10° 6x10° 3x10? 1x10? 2x10°
Costs ($ 000)® 13.1 13.6 159 17.2 15.1 142

13.5 14.0 16.3 17.6 15.5 14.6
(a) First row is cost for supercompaction optton  Second row is cost for supercompaction with incineration.
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5.2.6 Cabinets

Estimated time and manpower requirements, total costs,
and occupational radiation doses for decommissioning a
storage cabnet 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 cabmets are discussed mn Appendix D.
The average time to DECON a cabinet 1s 0.4 days. The
average manpower requirement is 1.6 person days. Costs
average $2,400 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 contamumnation.

5.2.7 Freezers and Refrigerators

The freezers and refrigerators in the °H, '*C, and '*I
laboratories are all assumed to be upright units with
dimensions of 0.6 m x 0.6 m x 1.5 m. The estimated time
and manpower requirements, total costs, and occupational
radiation doses for decommissioning a freezer 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 freezer or refrigerator 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 incineration. Occupa-
tional radiation doses range from 1 x 10 ° person-rem to 2 x
107 person-rem, depending on the type 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 Y'Cs laboratory contains
one HEPA and roughing filter on each of the air outlets
from 1ts two hot cells. Each HEPA filter is 0.2 m in
diameter and 0.2 m high; a roughing filter 1s 0.2 min
diameter x 0.1 m high.!? Estimated time and manpower
requirements, 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 perform the
work. Postulated procedures used to DECON the filters
are discussed 1n Appendix D. The average time to DECON
a filter 15 0.03 days. The average manpower requirement is
0.1 person days. Costs average $170 for supercompaction
and $210 for supercompaction with incineration. Occu-
pational radiation doses ranged from 5 x 10 person-rem

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

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

Laboratory
‘H “C 15 YICs MAm User lab
Time (days) 0.5 0.5 0.5 - 0.5 -
Manpower (pers-days) 1.7 14 1.8 - 1.6 --
Radiation dose (person-rem) 2 x10° 7x 107 2x10° - 3x10° -
Costs ($ 000)@ 24 24 23 -- 24 -
3.0 3.0 2.3 - 2.9 --

(@) Firstrow is cost for supercompaction option  Second row 15 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 of a freezer or refrigerator

"~ Laboratory
°H “c 1251 YCs HlAm User lab
Time (days) 0.6 0.6 0.6 - - 0.6
Manpower (pers-days) 2.1 2.1 2.1 - - 2.1
Radiation dose (person-rem) 2 x 10 1x10°* 2x10° - - 2x10°
Costs ($ 000)® 59 60 63 - - 5.9
6.2 6.3 6.7 - - 6.2

(3) First row is cost for supercompaction option. Second row is cost for supercompaction with incineration.

Table 5.8 Summary of estimated manpower requirements, occupational radiation dose,
and total costs for DECON of a HEPA or roughing filter

Laboratory
H “C 135 1Cs MAm User lab
Time (days) 0.03 0.03 0.03 0.03 0.03 0.03
Manpower (pers-days) 0.1 0.1 0.1 0.1 01 o1
Radiation dose (person-rem) 1x107 5x10% 1x10° 2x 10 2x10* 1x107
Costs ($ 000)@ 0.14 0.15 0.20 021 0.18 0.15
0.17 0.18 0.25 0.26 0.22 0.18

(a) Firstrow is cost for supercompaction option. Second row is cost for supercompaction with incineration.

5.2.9 Sinks and Drains ’ Estimated time and manpower requirements, total costs,
and occupational radiation doses for deccommissioning a
Sinks are located in the reference laboratories for the sink and associated drain piping by the two options are

shown in Table 5.9. The reference sink and drain decom-
missioned in this study had a drain line with a diameter of
The sinks are used for personal cleanliness and for washing 0.12 mand length of 10 m. A work crew consisting of a

or rinsing non-contaminated glassware or glassware pre- foreman and two technicians is assumed to perform the
viously decontaminated. Contaminated liquids are not work. A pipefitter is temporarily 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 levels of used to DECON the cabinets are discussed in Appendix D.

radioactive contamination.

preparation of “C- or '*’]-labeled compounds and in the
laboratory for the manufacture of *'Cs sealed sources.
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Table 5.9 Summary of estimated manpower requirements, occupational radiation dose,
and total costs for DECON of a sink and drain

Laboratory
‘H “C e | PCs #'Am User lab
Time (days) - 0.2 0.2 0.3 -- 0.3
Manpower (pers-days) - 0.9 0.9 1.0 -- 1.0
Radiation dose (person-rem) - 9x10* 1x10° 1x10° - 9x 10°
Costs ($ 000) - 23 2.4 25 - 2.2
-- 23 2.4 2.5 - 2.2

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

The average time to DECON a sink and drain is 0.3 days.
The average manpower requirement 1s 1 person days.
Since the sinks contain virtually nothing that can be
incinerated, the average costs were the same, $2,400, for
both options. Occupational radiation doses ranged from
9 x 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 to a
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 building
surfaces are discussed in Appendix D.

Ceilings

The ceilings n the >’H, *C and user laboratories consist of
acoustically treated fiberboard. The ceilings in the remain-
ing laboratories are concrete, coated with epoxy paint

("I laboratory), latex paint (**’Cs laboratory), or acrylic
paint (*'Am laboratory). Estimated time and manpower
Tequirements, total costs, and occupational radiation doses
for decommissioning one square meter of ceiling surface to
unrestricted release levels for each reference laboratory are
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shown in Table 5.10. The average time to DECON a
square meter of surface 1s 0.03 days The average man-
power requirement is 0.13 person days. Costs average
$260 for supercompaction and $340 for supercompaction
with incineration. Occupational radiation doses range from
1 x 10°® person-remto 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 unrestricted release levels for each
reference laboratory are shown in Table 5.11. The average
time to DECON a square meter of surface is 0.03 days.
The average manpower requirement is 0.13 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 contammation.

Floors

All of the floors are covered with asphalt tile except the
floor in the *' Am laboratory, which is covered with
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Table5.10 Summary of estimated manpower requirements, occupational radiation dose,
and total costs for DECON of one square meter of ceiling area

Laboratory
*H - MC e OO Cs 31Am User lab
Time (days) 0.03 0.03 0.04 0.04 0.04 0.03
Manpower (pers-days) 0.11 0.11 0.14 0.16 0.14 0.13
Radiation dose (person-rem)  1x 107 6x10°* 1x10° 2x10°¢ 3x10* 1x 107
Costs ($ 000)® 0.20 0.20 0.25 0.40 0.21 0.29
0.26 0.26 0.29 0.53 0.25 0.42

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

Table 5.11 Summary of estimated manpower requirements, occupational radiation dose,
and total costs for DECON of one square meter of wall area

Laboratory
*H “C 131 WICs MAm User lab
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 0.13 0.18
Radiation dose (person-rem)  1x 107 5x10°% 1x10% 2x10°¢ 3x10* 1x 107
Costs (§ 000)® 0.17 0.18 0.25 0.25 0.19 0.26
0.20 0.21 0.28 0.28 0.22 0.30

(a) Firstrow is cost for supercompaction option  Second row 1s 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 cracks, 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 from2 x 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 of one square meter of floor area

Laboratory
*H “C | BICs #1Am___ User Lab
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% 8 x 107 3x10° 7x10* 2x10*
Costs ($ 000)@ 0.17 0.19 0.21 0.23 0.22 0.19
017 0.19 0.21 0.23 0.26 0.20

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

5.3 References
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tory, Richland, Washington.

NUREG/CR-6477 5.10



6 Decommissioning of Reference Facilities

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 analysis uses cost data for
decommissioning laboratory components summarized in
Chapter 5. The reference laboratories are described in
Section 7 of NUREG/CR-1754" and include:

» alaboratory for the manufacture of *H-labeled
compounds

*  alaboratory for the manufacture of “C-labeled
compounds

*  alaboratory for the manufacture of '*I-labeled
compounds

* alaboratory for the manufacture of '*'Cs sealed
sources

*  alaboratory for the manufacture of 2! Am sealed
sources

* alaboratory for preparing labeled compounds and
radioactive sources and using these materials in
experiments with small animals (the reference
institutional user laboratory).

The technical approach used for this analysis is described
in Section 6.1. The results of decommissioning analyses
for the six reference laboratories are presented in Section
6.2. Details of manpower and of waste management
requirements and costs for decommissioning the six
reference laboratories are given in Appendix D.

6.1 Technical Approach

The technical approach and some of the key bases used to
define requirements and to estimate costs and safety of
decommissioning the six reference laboratories are
discussed in this section.

6.1

6.1.1 Costs

Costs for decommissioning the reference laboratories
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 based on
estimates of costs for decommissioning laboratory com-
ponents summarized in Chapter 5 from Appendix C. Cost
estimating bases are listed in Appendix A. Algorithms for
estimating task completion times are given in Appendix B.
All costs are expressed in January 1998 dollars.

Each reference laboratory is assumed to be decommis-
sioned by employees of the owners or operators 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 crew on a
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 salary of a supervisor on a half-time basis.

To determine the time for decommissioning, an estimate 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 preparation and set-
up time and rest periods (ancillary time).

As mentioned in Section 2.6, previous studies'? assumed
that some of the facility components were to be decon-
taminated to unrestricted release levels while other com-
ponents were to be sectioned and packaged for disposal. In
the original study," no facility components were assumed
to be compacted. The follow-on study® considered

options of compaction and supercompaction.

The present study differs from the previous two studies in
that only surfaces are decontaminated to unrestricted levels;
no facility components are decontaminated. Instead, all
components are to be supercompacted or incinerated before

NUREG/CR-6477



Decommissioning of Reference Facilities

they are buried. For the first option, all compactible waste
1s sent to a central facility for supercompaction and subse-
quent burial at an LLW site. Uncompactible waste s sent
directly to the LLW site. For the second option, waste is
sent to a central facility where it is either incinerated or
supercompacted, as appropriate. For both options, 1t is
assumed that the components are sectioned as efficiently as
practicable to fit into 208-liter drums and compacted on-
site with a portable compactor. Both options tend to
increase the time and manpower costs of the packaging
operations, but minimize the volume of radioactive waste
shipped to the shallow-land burial ground, and, conse-
quently, minimize transportation and waste disposal
charges that are determined on a volume bass.

Some of the reference laboratones contain sinks into which
low-level radioactive liquids are discharged. These hiquids
normally go to a hold-up tank that might be buried on-site.
When a laboratory with a contaminated sink 1s decom-
missioned, it may also be necessary to remove the contam-
inated drain line and hold-up tank. The cost of removal of
the drain line and hold-up tank is not included in the cost
analyses of decommissioning the reference laboratories
summarized 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 laboratory for
those cases where removal of the drain line and hold-up
tank is required.

6.1.2 Occupational Radiation Dose Estimates

Estimates of occupational radiation dose are made for the
decommissioning of each reference laboratory. The
estimated worker dose rates that form the bases for occu-
pational dose calculations are shown 1n Section 8.1 of
NUREG/CR-1754." 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
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survey to demonstrate compliance with unrestricted release
guidelines are presented. Details of manpower and waste
management requirements and costs are given in

Appendix 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 detatl in Section 7.1.1 of
NUREG/CR-1754." The floor area of the laboratory is

10 mby 12 m.

Estimated time 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 S weeks and
101 person-days of effort and to result in a total occupa-
tional radiation dose of about 0.04 person-rem.

The total cost of decommissioning the reference laboratory
1s estimated to be about $174,000 for the supercompaction
option (Option 1) and $192,000 for the supercompaction/
incineration option (Option 2). Planning 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 1s 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
'“C-Labeled Compounds

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

10 mby 8 m.

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 requirements, occupational radiation doses,
and costs for decommissioning the reference laboratory for the manufacturer of

H-labeled compounds
Planning and Final radiation
Parameter preparation Decommissioning survey Total
Supercompaction
Time (days) 30 26 5 61
Manpower (pers-days) 70 101 23 194
Occupational dose (pers-rem) <01 <0.1 - <0.1
Cost ($ 000)
Staff labor 23.5 37.7 6.9 68.1
Equipment - 20.2 - 20.2
Supplies - 3.7 - 37
Waste management - 47.2 == 472
Subtotals 23.5 108.8 6.9 139.2
25% Contingency 59 27.2 1.7 348
Totals 29. 136.0 8.6 174.1
Supercompaction/w incineration
Time (days) 30 26 S 61
Manpower (pers-days) 70 101 23 194
Occupational dose (pers-rem) <0.1 <0.1 - <0.1
Cost ($ 000)
Staff labor 23.5 37.7 6.9 68.1
Equipment - 20.2 - 20.2
Supplies - 3.7 - 3.3
Waste management == 61.8 R 61.8
Subtotals 235 1234 6.9 153.8
25% Contingency 59 30.9 1.7 384
Totals 294 154.3 8.6 1923
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Table 6.2 Summary of estimated values of manpower requirements, occupational radiation doses,
and costs for decommissioning the reference laboratory for the manufacturer of
1C-labeled compounds

Planning and Final radiation
Parameter preparation Decommissioning survey Total
Supercompaction
Time (days) 29 24 5 58
Manpower (pers-days) 66 90 23 179
Occupational dose (pers-rem) <0.1 <01 - <0.1
Cost ($ 000)
Staff labor 21.9 335 6.9 623
Equipment -- 20.2 - 20.2
Supplies - 32 -- 3.2
Waste management — 469 = 46.9
Subtotals 21.9 103.8 6.9 132.6
25% Contingency 5.5 260 1.7 33.2
Totals 274 129.8 .6 165.8
Supercompaction/w incineration
Time (days) 29 24 5 58
Manpower (pers-days) 66 90 23 179
Occupational dose (pers-rem) <0.1 <0.1 - < 0.1
Cost ($ 000)
Staff labor 219 335 6.9 62.3
Equipment - 20.2 - 20.2
Supplies -- 32 - 32
Waste management — 64.7 —_ 64.7
Subtotals 21.9 121.6 6.9 150.
25% Contingency 5.5 304 17 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 person-days of effort before the start of
decommissioning operations. Decommissioning operations
for both options are estimated to require about 5 weeks and
90 person-days of effort and to result in a total occupa-
tional radiation dose of less than 0.001 person-rem.

The total cost of decommissioning the reference 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 Option 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 second options, respectively.

6.2.3 Laboratory for the Manufacture of
13].Labeled Compounds

The reference laboratory for the manufacture of '*I-labeled
compounds is described in detail in Section 7.1.3 of
NUREG/CR-1754.?" The floor area of the laboratory is 6 m
by 8 m.

Estimated time and manpower requirements, occupational
radiation doses, and costs for decommissioning the refer-
ence 'Z’I laboratory are shown in Table 6.3, summarized
from Tables D.3.a and D.3.b of Appendix D.

Planning and preparation is estimated to require about

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

The total cost of decommissioning the reference laboratory
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 Option 2. Approximately 50% and 48% of the
total cost is for staff labor (including planning and
preparation activities and final radiation survey) and
approximately 27% and 32% is for waste management for
the first and second options, respectively.
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6.2.4 Laboratory for the Manufacture of "*’Cs
Sealed Sources

The reference laboratory for the manufacture of '¥Cs
sealed sources is described in detail in Section 7.1.4 of
NUREG/CR-1754.” The floor area of the laboratory is 6 m
by 8§ m.

Estimated time and manpower requirements, occupational
radiation doses, and costs for decommissioning the refer-
ence 'Y’Cs laboratory are shown in Table 6.4, summarized
from Tables D.4.a and D.4.b of Appendix D.

Planning and preparation is estimated to require about

6 weeks and 63 person-days of effort before the start of
decommissioning operations. Decommissioning operations
for both options are estimated to require about 4 weeks and
67 person-days of effort and to result in a total occupa-
tional radiation dose 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 Option 2. Approximately 40% and 37% of the
total cost is for staff labor (including planning and prepara-
tion activities and final radiation survey) and approximately
42% and 47% is for waste management for the first and
second options, respectively.

6.2.5 Laboratory for the Manufacture of
#1Am Sealed Sources

The reference laboratory for the manufacture of *'Am
sealed sources is described in detail in Section 7.1.5 of
NUREG/CR-1754."% The floor area of the laboratory is 7 m
by 9 m.

Estimated 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.a 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 manpower requirements, occupational radiation deses,
and costs for decommissioning the reference laboratory for the manufacturer of

1.labeled compounds

Planning and Final radiation
Parameter preparation Decommissioning survey Total
Supercompaction
Time (days) 29 18 3 50
Manpower (pers-days) 66 70 14 150
Occupational dose (pers-rem) <0.1 <0.1 - <0.1
Cost ($ 000)
Staff labor 219 259 4.2 52.0
Equipment - 20.2 - 20.2
Supplies - 2.6 - 2.6
Waste Management — 28.3 —= 283
Subtotals 21.9 77.0 4.2 103.1
25% Contingency 55 19.3 L1 25.8
Totals 217. 96.3 53 128.8
Supercompaction/w Incineration
Time (days) 29 18 3 50
Manpower (pers-days) 66 70 14 150
Occupational dose (pers-rem) <0.1 <0.1 - <0.1
Cost ($ 000)
Staff labor 219 25.9 4.2 52.0
Equipment - 20.2 - 20.2
Supplies -- 2.6 - 2.6
Waste management —— 346 — 34.6
Subtotals 219 83.3 4.2 109.4
25% Contingency 55 20.8 1.1 274
Totals 274 104.1 5.3 136.7
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Table 6.4 Summary of estimated values of manpower requirements, occupational radiation doses,
and costs for decommissioning the reference laboratory for the manufacturer of
13Cs sealed sources

Planning and : Final radiation
Parameter preparation Decommissioning survey Total
Supercompaction
Time (days) 28 18 3 48
Manpower (pers-days) 62 67 14 143
Occupational dose (pers-rem) 04 3.8 - 4.2
Cost ($ 000)
Staff labor 20.8 249 4.2 49.9
Equipment - o202 - 20.2
Supplies - 23 - 23
Waste management — 51.8 — S51.8
Subtotals 20.8 99.2 4.2 124.2
25% Contingency . 52 24.8 1.1 31.1
Totals 260 124.0 53 1553
Supercompaction/w Incineration
Time (days) 28 18 3 48
Manpower (pers-days) 62 67 14 143
Occupational dose (pers-rem) 0.4 3.8 - 4.2
Cost ($ 000)
Staff labor 20.8 24.9 4.2 49.9
Equipment - 20.2 - 20.2
Supplies - 23 - 23
Waste management = 63.0 —== 63.0
Subtotals 20.8 1104 4.2 1354
25% Contingency 52 27.6 11 339
Totals 26. 138.0 5.3 169.
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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
*1Am sealed sources

Planning and Final radiation
Parameter preparation Decommissioning survey Total
Supercompaction
Time (days) 30 23 5 58
Manpower (pers-days) 68 88 23 179
Occupational dose (pers-rem) 1.8 11.7 - 13.5
Cost ($ 000)
Staff labor 229 326 6.9 624
Equipment -- 20.2 - 20.2
Supplies - 3.2 - 3.2
Waste management = 315 — 31.5
Subtotals 229 87.5 6.9 117.5
25% Contingency 5.7 219 1.7 293
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 11.7 - 13.5
Cost ($ 000)
Staff labor 22.9 32.6 6.9 624
Equipment - 20.2 -- 202
Supplies - 3.2 - 3.2
Waste management — 41.8 P _418
Subtotals 229 97.8 6.9 127.6
25% Contingency 57 24.5 1.7 319
Totals 28.6 122.3 8.6 159.7
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for both options are estimated to require about 5 weeks and
88 person-days of effort and to result in a total occupa-
tional radiation dose of about 12 person-rem.

The total cost of decommissioning the reference laboratory
is estimated to be about $147,000 for Option I and
$160,000 for Option 2. Planning and preparation activities
account for about 19% of the total cost for Option I and
18% for Option 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 Institutional User Laboratory

The reference institutional user laboratory is described in
detail in Section 7.2 of NUREG/CR-1754."" The floor area
of the laboratory is 11 m by 16 m. Estimated time and
manpower requirements, occupational radiation doses, and
costs for decommissioning the reference institutional user
laboratory are shown in Table 6.6, summarized from
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 dose of about 1.4 person-rem.

The total cost of decommissioning the reference laboratory
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 Option 2. Approximately 47% and 41% of the
total cost is for staff labor (including planning and
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 proprietary,
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especially if a decommissioning operations contractor was
contracted (competitively) to do the work.

In Chapter 3, three facilities actually decommissioned in
the last five years were discussed. (These three were
representative of the range of types of facilities requiring
decommissioning.) In each case, the total cost of
decommissioning the facilities was available, but no
breakdown of these costs into categories was obtainable.
However, from the data available on two 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 case of the
Battelle facility particularly, it is known that a number of
non-supporting walls were completely removed 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 requirements,
were followed during decommissioning.

Cost comparisons with facilities like the six reference
laboratories discussed in this chapter are 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 actual costs incurred from
decommissioning, they can at least be compared to the cost
estimates actually provided by the licensees to the NRC for
certification. Results of analyzing five such facilities
suggest the following:

»  Costs development by the methodology of this report
are generally in fairly good agreement with the
licensee-provided estimates (i.c., within a band of +50,
~70%). The estimates using the methodology pre-
sented in this report, are greaterin 2 out the S cases.

* Inthe three cases where the methodology estimate is
lower 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 30 8 68
Manpower (pers-days) 70 114 36 220
Occupational dose (pers-rem) <0.1 <0.1 -- <0.1
Cost ($ 000)
Staff labor 235 42.6 11.1 77.2
Equipment -- 20.2 - 20.2
Supplies - 4.2 - 4.2
Waste management — 623 — 623
Subtotals 23.5 129.3 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) <0.1 <0.1 - <0.1
Cost ($ 000)
Staff labor 23.5 42.6 11.1 77.2
Equipment - 20.2 - 20.2
Supplies - 42 - 4.2
Waste management —— 87.6 - 87.6
Subtotals 23.5 154.6 11.1 189.2
25% Contingency 59 387 2.8 47.3
Totals 29.4 193.3 13.9 236.5
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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 $110K

6.4 References
* In many of the cases, it is clear that licensees consider
thec i i i
P 0s Es.assocmted with the ;{lanmng and actua} D&D 1. E.S.Murphy. 1981. Technology, Safety, and Costs of
of facilities to be a part of their everyday operations Pl
(since they alread lov th taff and will Decommissioning Reference Non-Fuel-Cycle Nuclear
Yy Yy employ the necessary staif and wi Facilities. NUREG/CR-1754, U.S. Nuclear Regulatory

pay them whether it is for these D&D operations or . :
: . Commission Report by Pacific Northwest Laboratory,
other on-going operations) and therefore do not Richland, Washington.

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 occupational
radiation doses for decommissioning several example sites
is presented in this chapter. The reference sites chosen for
analysis are (1) a site with a contaminated underground
drain line and hold-up tank, (2) a site with a contaminated
ground surface, and (3) a tailings pile/evaporation pond
containing uranium and thorium residues. These sites are
described in Section 7.3 of NUREG/CR-1754."

The technical approach used to estimate requirements,
costs, and safety is described in Section 7.1. The results of
decommissioning analyses for individual sites are presented
in Section 7.2. Details of decommissioning the reference
sites are presented in Appendix E.

7.1 Technical Approach

The technical approach and most key bases used 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 bases are
discussed below.

7.1.1 Cost Estimates

Costs estimates are made in this study for the decom-
missioning of three example sites: (1) a site with a
contaminated underground drain line and hold-up tank,

(2) a site with a contaminated ground surface, and (3) a
tailings pile/evaporation pond containing uranium and
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
burial ground. For the tailings pile/evaporation pond, costs
are estimated for both the site stabilization and the removal
options. Costs are expressed in January 1998 dollars and
include a 25% contingency. Some key bases and
assumptions for estimating costs are given in Appendix A.
Cost estimating bases are also given in Appendix A.

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

7.1

disposal of radioactive material removed from the site).
Because transportation to and disposal at a shallow-land
burial ground are contracted activities, labor costs for
transportation and disposal are included in the total costs of
these items.

Labor costs are determined by multiplying the person-days
required to decommission a site by the cost per person-day
shown in Table A.1 in Appendix A. For ease in evaluating
time and labor requirements, site decommissioning is
divided into a sequence of tasks or steps. For the site stabi-
lization option, these steps are:

* planning and preparation (including initial site survey)
¢ mobilization/demobilization

e site stabilization

s revegetation.

For the removal option, these steps are:

* planning and preparation (including initial site survey)
* mobilization/demobilization

¢ remove overburden

» exhume and package contaminated material

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

e backfill and restore site
¢ final site survey.

To determine the total time required to decommission a
site, an estimate is made of the time required for efficient
performance of the work by the postulated work crew. This
time estimate is then increased by 50% to provide for
preparation and set-up time, rest periods, etc. (ancillary
time).
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The owner/operator of a site is assumed to perform his own
site survey. (Soil samples are analyzed by a commercial .
laboratory.) Site stabilization or waste and soil removal
activities are assumed to be performed by a contractor hired
by the owner/operator 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.e., labor, equipment, and material costs),
plus a fee to 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, material, and pack-
aging costs. This rate is judged to be reasonable for the
size and complexity 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
hiving 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 applied for all con-
tractor personnel. The work crew for site decommissioning
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 decontamination
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
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labor and equipment are adjusted to include 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 doses for decommis-
sioning three reference sites are presented in this section.
The sites and the decommissioning options evaluated are
shown 1n 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 presented in
Appendix E.

Table 7.1 Decommissioning options for
reference sites

Decommissioning option
Site
Site stabilization Removal
Underground drain Iine and hold- x®
up tank
Contaminated ground surface X
Tailings pile/evaporation pond b X

(a) xindicates that the site 1s decommussioned by the indicated
option.

7.2.1 Contaminated Underground Drain Line

The reference contaminated underground drain line consists
of 20 m of 0.1-m-diameter cast-iron pipe and a
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



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 radiation doses are estimated to total about
0.1 person-rem, based on an average worker dose rate of
0.1 mrem/hr.

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 m’ of con-
taminated soil are packaged in 208-liter drums and shipped
by truck to a disposal site.

Decommissioning of Reference Sites

Cost details are presented in Table E.2 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 analysis costs) are about
21% of the total cost.

7.2.2 Contaminated Ground Surface

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

Estimated time and labor requirements, total costs, and
occupational radiation doses for the removal of contami-
nated soil from the surface of a reference site are presented
in Table 7.3, summarized from Section E.2 of Appendix E.

Table 7.2 Summary of estimated labor requirements, costs, and occupational radiation doses for the removal of a

contaminated drain line and hold-up tank

Final
Planning & radiation
Parameter preparation Decommissioning survey Totals
Time (days) 5 10 2 17
Labor (person-days) 15 50.5 7 72.5
Occupational dose (person-rem) <0.1 <0.1 - 0.1
Costs (5000)® ‘ "
Staff labor 5.6 274 2.6 35.6
Equipment 19 12.9 1.0 15.8
Materials 0.5 4.0 0.2 4.8
Soil analyses 6.0 - 20 8.0
Contractor’s fee - 37 - 3.9
Waste management’ — T 329 - 329
Subtotal 14.0 80.9 58 100.7
2/5% Contingency 35 202 15 _252
Totals 17.5 101.1 73 . 1259

(a) Costs are in January 1998 dollars. Number of figures shown is for computational accuracy only and does not imply that level of

precision.

7.3
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Table 7.3 Summary of estimated labor requirements, costs, and occupational radiation doses 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) 75 111.5 225 209
Occupation dose (person-rem) <0.1 0.1 - 0.1
Costs ($000)@
Staff labor 27.4 56.4 8.2 92.0
Equipment 9.3 21.0 1.5 31.8
Materials 2.5 123 0.7 15.5
Soil analyses 90.0 -- 6.0 96.0
Contractor’s fee -- 26.1 -- 26.1
Waste management - 855.6 o= _835.6
Subtotal 129.3 9714 16.4 1,117.0
25% Contingency 323 242.8 4.1 —2793
Totals 161.6 1,214.2 20.5 1,396.3

(@) Costsare in January 1998 dollars Number of figures shown 1s for computational accuracy only and does not imply 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 1s 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 mremv/hr.

Details of site survey and waste removal operations are
given 1n 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
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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 1s then backfilled and graded and a final
radiological survey is performed to verify the suitability of
the site for unrestricted release. The operations for
decommissioning this reference site are believed to be
typical of requirements for the decommissioning of sites
where operations included on-site bunial 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 Table E.4 of Appendix E.
Labor costs represent only about 8% of the total decom-
missioning cost, with waste management costs (cost of
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.

7.2.3 Tailings Pile/Evaporation Pond

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

50 m deep, 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 wt% U;0; and 0.5 wt%
ThO,. The sludge from processing operations, which
contains essentially all of the thorium and uranjum, is
pumped to a settling 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 characteristics of the reference
tailings pile/evaporation pond

Parameter Value
Volume of pond 16,000 m?
Weight of residue 4.1x 10 kg
U,0; concentration 0.2 wt%
Contained U,0, 82x 10'kg
ThO, concentration 0.5 wt%
Contained ThO, 2.02x 10°kg

Estimated time and Iabor 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 E.3 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
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this option is estimated to be 0.1 person-rem. The annual
cost of long-term care is estimated to be about $17,000,
and the annual occupational radiation dose is estimated to
be about 0.02 person-rem.

Requirements and costs for removal of the pile/pond are
shown in Table 7.6. The cost of removal of the pile/pond
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

1.3 person-rem.

Decommissioning begins with planning and preparation
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 from the pile/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 asphalt layer is then covered
with 1 m of soil. The soil is mounded slightly at the
center to allow water to drain from the 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 used to establish the cover
over the pile/pond. Labor costs represent about 39% of
the total cost of this option.

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

For the removal option, conventional earthmoving equip-
ment is used to exhume the pile/pond. Approximately
16,400 m® of residue and 3,000 m’ of potentially contami-
nated soil are packaged in B-25 metal boxes and shipped
to a disposal site. After the pile/pond is removed, the site
is backfilled and graded.

The site is then surveyed to verify its suitability for unre-

stricted release. Finally, grass is seeded to establish a
vegetative cover.
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Table 7.5 Summary of estimated labor requirements, costs, and occupational radiation doses for the stabilization
of a reference tailings pile/evaporation pond

Site stabilization
Planning & Long-term care
Parameter preparation Decommissioning Totals annual values
Time (days) 20 12 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 22.0 514 73.4 8.7
Equipment 9.3 11.9 21.2 1.8
Materials 2.0 72.5 74.5 0.8
Soil analyses 10.0 - 10.0 2.0
Contractor’s fee - 10.9 10.9 -
Waste management _ - = —-
Subtotal 434 146.6 189.9 13.3
25% Contingency 10.8 367 _47.5 33
Totals 54.2 183.3 2374 16.6

(a) Costs are in January 1998 dollars Numiber of figures shown 1s for computational accuracy only and does not imply that level of precision.
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Table 7.6 Summary of estimated labor requirements, costs, and occupational radiation doses for removal of a

reference tailings pile/evaporation pond

Final
Planning & radiation

Parameter preparation Decommissioning survey Totals
Time (days) 20 114 5 139
Labor (person-days) 70 1569 17.5 1,656.5
Occupational dose (person-rem) <0.1 13 - 13
Costs ($000)®
Staff labor 220 785.4 6.5 813.8
Equipment 9.3 88.1 1.5 98.9
Materials 2.0 176.6 0.6 179.2
Soil analyses 90.0 -- 6.0 96.0
Contractor’s fee - 452.0 - 452.0
Waste management - 16.598.4 = 16,5984
Subtotal 123.4 18,100.5 14.5 18,238.3
25% contingency _30.8 45251 3.6 4,559.6
Totals 154.2 22,625.6 18.1 22,7979

(2) Costs are in January 1998 dollars. Number of figures shown is for computational accuracy only and does not

imply that level of precision.

Approximately 91% of the total cost of the removal
option is waste management costs ($16.6 million). Waste
management costs could be reduced by about $4.0 million
if the contaminated material was transported to the dispo-
sal site in plastic-lined 10-m>-capacity dump trucks
instead of being packaged in (2.72-m’) B-25 metal boxes.

1.7
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- 8 Discussion of Results

The conclusions reached in this report are:

(1) Decommissioning costs have continued to increase
since publication of References 1 and 2, due primarily
to rapidly escalating costs for disposal of radioactive
wastes generated during decommissioning operations
at the available LLW disposal sites. T

(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) Decommissioning costs have increased on the order of
34% to 66% since the issuance of the Final Decommis-
sioning Rule in 1988.

Each of these conclusions is discussed below.

8.1 Decommissioning Costs

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

(1) supercompaction and (2) supercompaction and incinera-
tion. Cost estimates for individual components are then
used as bases for estimating the costs of decommissioning
several reference laboratories (described in Chapter 7 of
Reference 2).

The costs of decommissioning facility components are
generally estimated to be in the range of $140 to $27,000,
depending on the component, type and amount of radioac-
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, including:

» thesize of the lai)oratory

* laboratory design and construction

e the type and amount of radioactive contamination
e the DECON option used
«  operating practices during the lifetime of the facility

= the quantity of radioactive waste generated from
decommissioning operations

« the extent to which radioactive waste volume reduction
is used.

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 $25,000. The cost of
decommissioning an entire industrial plant or research
facility containing several laboratories used to prepare
and/or use radiochemicals and radioactive sources could
cost several million dollars (refer to Section 3.1).

Costs estimates are made for decommissioning three
reference sites. Costs are estimated to range from about
$130,000 for the removal of a contaminated drain line to
$23 million for the removal of a tailings pile/evaporation
pond. Costs for the latter site depend to a significant extent
on the quantity of contaminated soil that needs to be
removed for disposal at an authorized disposal site.

8.2 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 decommissioning of nuclear facilities. The
greatest potential for minimizing LLW management costs
is with minimizing its generation to begin with. New
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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 technologies.

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 during
decommissioning of the reference sites because very little,
if 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.e., radioactively contamnated 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 sohdified liquid wastes, for

the reference facihties, and contamnated so1l, for the
reference sites. Making an additional effort in planning
decommissioning operations and selecting decommis-
sioning technology that minimizes this non-volume-
reducible waste could result in significant savings in
disposal costs. Also, a new LLW/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 Barnwell, South Carolina.

8.3 Escalation Since the Final
Decommissioning Rule

The present study indicates that decommissioning 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 aggressive 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
mimimal volume reduction).

Table 8.1 Comparison of decommissioning 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)
*H 67 140 174 228
“c 59 119 166 219
5] 53 101 129 150
B¥1Cs 53 99 155 170
MAm 74 141 147® 172®
User 63 126 205 269

(a) The*'Am lab cost increases are relatively low because of changes in assumptions tn how the facility is decommissioned
NUREG/CR-1754 assumed that the alpha-contaminated glove boxes were decontarminated for re-use (an expensive proposition
because of worker protection requirements), while the present report assumes that the glove boxes are merely packaged, compacted,

and disposed of as LLW.
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Appendix A

Cost Estimating Bases

The cost estimate information developed in this reevaluation study is based on unit cost data presented in this appendix.
Categories for which basic unit cost estimating data are given include: salaries, 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 presented 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 use. 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 study 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. ) '

*  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 level 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 a
“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.

* 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 studied here. ’
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*  The estimated costs for decommussioning the reference facilities in this study include the costs for staff labor,
equipment, supplies, and waste management (treatment or volume reduction, packaging, transportation, and disposal of
radioactive waste).

*  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 a significant cost
penalty and would not likely be done 1n the future. In this study, the removal of soils or tailin gs characterized by low
concentrations of radioactive material assumes no volume reduction.

*  Some facilities of the types covered in this report may have sinks 1nto which low activity liquids are discharged to an
outside, buried holdup tank. The costs for decommussioning the contaminated outside-buried 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. It is assumed 1n this study that an outside contractor 1s used for this part of the
decommissioning.

*  The cost estimate is not site-specific for the facilities. Generic, nationwide values are used for unit costs for all
categories unless otherwise identified.

* Labor rates and overheads for owner/operator and contractor personnel are shown n Table A. 1. Except where noted in
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 56.46
Foreman 55,545 60.0 88,872 48.30
Craftsman 54,495 60.0 87,192 47.39
Technician 52,500 53.7 80,693 43.85
H.P. Tech 51,030 53.7 78,433 42.63
Clerk 12,860 61.2 20,730 11.27
Equipment 53,970 141.5 130,338 70.84
Operator®
Laborer® 41,580 141.5 100,416 54.57
Truck Driver® 43.470 141.5 104,980 5705
(a) Estimated.

(b) Subcontractor Workers.
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ratio of supervisory and support personnel to direct labor that usually exists in subcontracting organizations. 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 personnel. In view of these factors, an overhead rate on direct staff labor of 110%, plus 15%
profit on labor and its overheads, is assumed to be applicable to all subcontractor workers in this reevaluation study.

*  Estimated time requirements to efficiently carry out a decommissioning task for a work crew are increased by 50% to
allow for work inefficiencies, unforeseen situations, preparation and set-up times, and rest periods.

*  All decommissioning activities within a facility, starting with the predecommissioning 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 land where
necessary, and waste volume reduction, are assumed to be performed by a contractor hired by the facility operator.

*  Inmost cases, a single work crew is used, and one component at a time is decommissioned. For decommissioning 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 component 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 clerk is used for 15 to
20 person-days during the total decommissioning activities, including planning, and final license termination.

*  Labor, materials, and equipment costs for conventional cleaning and construction activities were taken from
References 3 and 4. . - .

*  All waste is assumed to be placed in 208-liter drums or B-25 metal containers. No other containers are used. 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 a 13% cost rate
increase (Reference 6) to convert to 1998 dollars and a 25% charge for packaging, labeling, and preparation of shipping
documents.

*  Aqueous liquid wastes, such as aqueous cleaning solutions, are assumed to be solidified with Aquaset®, 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 analyses (Chapter 7) are presented in Tables A.3 and A 4.
 Transportation cost estimates for rad