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NOTICE
l

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their j

employees, makes any warranty, expressed or implied, or assumes any legal liability of re- !
sponsibility for any third party's use, or the results of such use, of any information, apparatus, I

product or process disclosed in this report, or represents that its use by such third party would f
not infringe privately owned rights. 1

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal N RC memoranda; N RC Office of Inspection
and Enforcement bulletins, circulars, information notices, insprction and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
N RC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission 1;suances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.
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state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organiiation or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.
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ABSTRACT

The radioactive wastes expected to result from decommissioning of the'
reference pressurized water reactor power station are reviewed and classified
in accordance with 10 CFR 61.

The 17,885 cubic meters of waste from DECON are classified as follows:
Class A, 98.0%; Class B,1.2%; Class C, 0.1%. About 0.7% (133 cubic meters) of
the waste would be generally unacceptable for disposal using near-surface dis-
posal methods.
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FOREWORD

BY

NUCLEAR REGULATORY COMMISSION STAFF

The NRC staff is reappraising its gulatory position relative to the
decommissioning of nuclear facilities.(g, As a part of this activity, the NRC
has initiated two series of studies through technical assistance contracts.
These contracts are being undertaken to develop information to support the
preparation of new standards covering decommissioning.

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

The first report in this series covers agel reprocessing plant;(2) thesecond addresses a pressurized water reac ; and the third deals with a
small mixed oxide fuel fabrication pi The fourth report, an addendum to
the pressurized water reactor report,g.examines the relationship between
reactor size and decommissioning cost, the cost of entombment, and the sensi-
tivity of cost to radiation levels, contractual arrangements, and disposal site
charges The fifth report in this series deals with a low-level waste b al

thesixthcoversalargeboilingwaterreacgpowerstation;
ground; and
the seventh examines a uranium fuel fabrig ion plant. The eighth report
covers non-fuel-cycle nuclear facilities.\ The ninth report, an addendum to
the low-level waste burial ground report,(10) supplements the description of
environmental radiological surveillance programs used in the parent ment.
The tenth report deals with a uranium hexafluoride conversion plant. The
eleventh report address he decommissioning of nuclear reactors at multiple-

2reactor power ions. The twelfth report covers nuclear research and
test reactors. The thirteenth report examines the decommissioning of
refere light water reactors that have been involved in serious acci-
dents. The fourteenth and fifteenth reports are addendums to the pres-
surized water reactor report and the boiling water reactor report, respec-
tively, and examine the impacts on decommissioning of both of these plant types
of a temp (orary) inability to dispose of waste offsite at the time of decommis-sioning. 15,15 The sixteenth report, an addendum to the nuclear esearch and
test reactors report, addresses the sensitivity of decommissioning radiation
exposure an sts to selected parameters at nuclear research and test reactor
facilities. The seventeenth report d
pendent spent fuel storage installations.g with the decommissioning of inde-This addendum to the pressurized
water reactor report examines the radioactive wastes expected to result from
decommissioning the reference PWR and classifies those wastes in accordance
with 10 CFR 61.

vii



An additional decomissioning topic will be reported tentatively as

follows:

FY 1984 * Post-Accident Decomissioning at Fuel Cycle and Non-Fuel
Cycle Facilities

The second series of studies covers _ supporting information on the decom-
missioning of nuclear facilities. Four reports have been_ issued in the second
series. The first con is s of an annotated bibliograph. on the decomissioning
of nuclear facilities. 19 The second is a review and analysis of current
decomissioning regulations.(20) The thtrd
decommissioning of light water reactors.L21) covers the facilitation of theThe fourth report covers the
establishment of an information base concerning monitoring ~for compliance with
decommissioning survey criteria.(22) The fifth report addresses the technology
and cost of termination surveys associated with decomissioning of nuclear
facilities.(23)

The information provided in this report on decomissioning of a pres-
surized water reactor, including any comments, will be included in the record
for consideration by the Comission in establishing criteria and new standards
for decommissioning. Comments on this report should be mailed to

Chief
Chemical Engineering Branch
Division of Engineering Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
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1.0 INTRODUCTION

In the analysis of the decommissioning of the reference pressurized water
reactor power station (PWR) reported previously in NUREG/CR-0130,(1,2) it was
assumed that all of the low-level radioactive waste from decomissioning could
be disposed of by land disposal at licensed shallow-land burial grounds. The
purpose of this addendum is to examine this assumption of waste suitability for
shallow-land burial by classifying the decommissioning wastes.from the refer-
ence PWR study in terms of waste classes defined in Title 10, Part 61 of the
Code of Federal Regulations (10 CFR 61). This information is intended for use
by the Nuclear Regulatory Commission (NRC) as background data and bases in the
modification of existing regulations and the development of new regulations
pertaining to decommissioning activities. This report should also be helpful
to operators of. nuclear power plants in estimating decommissioning waste man-
agement costs and to burial ground operators in planning for the land burial of
decomissioning wastes.

By Federal Register notice dated December 27,1982,(3) the NRC promulgated
a new regulation (10 CFR 61) governing the land dispcsal of low-level radio-
active waste (LLW). This new regulation establishes three classes of LLW,
based on radiological hazard, and provides minimum waste form and stability
requirements and near-surface disposal requirements for the land burial of
these wastes. Wastes with radionuclide concentrations that do not meet the
classification criteria of 10 CFR 61 are generally unacceptable for routine
near-surf ace disposal. Licensees are required to safely store these wastes
until a specific determination can be made on their disposition.

The principal results of this analysis of classification of decommission-
ing wastes from the reference PWR are sumarized in Section 2. A sumary of
waste classification requirements from 10 CFR 61 is given in Section 3. . The
decomissioning alternatives evaluated in the reference PWR study are briefly
summarized in Section 4 Information on quantities and radionuclide contents
of the radioactive wastes from decommissioning the reference PWR is presented
in Section 5. The classification of these wastes in terms of the waste classes
defined in 10 CFR 61 is presented in Section 6. Conclusions and recommenda-
tions are given in Section 7.

L
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2.0 SUMMARY

In the analysis of the decommissioning of a reference pressurized water
reactor (PWR) reported previously in NUREG/CR-0130, it was assumed that the
low-level radioactive wastes from decommissioning could be disposed of by near-
surface burial at a licensed shallow-land burial ground. The purpose of this
addendum is to reevaluate this assumption in terms of the recently established
requirements for waste characterization published in Title 10, Part 61 of the
Code of Federal Regulations (10 CFR 61). To accomplish this reevaluation,
radioactive wastes from the conceptual decommissioning of the reference PWR are
classified in terms of the waste classes specified in Section 61.55 of 10 CFR.
Section 61.55 establishes three classes of low-level radioactive waste (LLW)
based on radiological hazard, and defines limiting concentrations of long-lived
and short-lived nuclides for each waste class. Minimum waste form and sta-
bility requirements are also defined for each waste ciass.

Class A waste has the lowest concentrations of radioactivity and must meet
minimum requirements for burial designed to facilitate handling at the disposal
site and provide protection of the health and safety of burial site personnel.
Class B waste has higher concentrations of radioactivity and must meet more
rigorous requirements on waste form to ensure stability after disposal. Class
C waste must not only meet more rigorous requirements on waste form to ensure
stability but also requires additional measures at the disposal facility to
protect against inadvertent intrusion. Wastes with radionuclide concentrations
that do not meet the classification criteria of 10 CFR 61 are generally unac-
ceptable for routine near-surface disposal and must be safely stored by the
licensee until a specific determination can be made on their disposition.

Radioactive materials that require disposal as a consequence of conceptual
decommissioning of the reference PWR include 1) neutron-activated materials,
2) contaminated materials, and 3) radioactive wastes. Neutron-activated mate-
rials include the reactor pressure vessel, vessel internal components and

structures, and the surrounding concrete biologNb are present in neutron-
ical shield. Significant

amounts of the radioisotopes 59gj, 63Ni, and 9i

activated decommissioning wastes. The presence of these isotopes can affect
the waste classification of neutron-activated material and could result in
these wastes being unsuitable for shallow-land disposal.

i

|
j Contaminated materials from PWR decommissioning include nearly all of the

piping and equipment in the reactor containment and in the fuel, auxiliary, and'

control buildings, as well as many of the concrete surfaces of these build-
i n gs . There are no significant quantities of limiting long-lived isotopes in
contaminated materials. The principal limiting short-lived isotopes in these
materials are 60Co and 137Cs. Average concentrations of limiting short-lived
radionuclides in contaminated materials are low enough that these materials

| constitute Class A waste.

2.1
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h " Radioactive wastes from reactor decomissioning operations include both
.

! ' wet: solid wastes and' dry solid wastes. Wet solid wastes are the solidified
wastes that result from the processing of_ chemical decontamination solutions

. and contaminated water volumes. . Dry solid ~ wastes include ~ discarded contami-
n - nated materials such ~as rags and wipes, plastic sheeting, contaminated tools,
,

and anti-contamination clothing. iThere are .no :significant quantities of ~ limit-'

. ing 'long-lived ' isotopes in either wet.' solid or ' dry solid radioactive wastes.
60Co and 137Cs . -The principal limiting short-lived isotopes in the waste are;

.

Most of. the radioactive waste from deconnissioning operations can be classified
; as Class A waste,.with only about 25% (by volume) being classified as' Class B.

| waste.

Tt.e alternative approaches to decommissioning a nuclear power station con-

' .
sidered in the reference PWR study are DECON-(immediate decontamination to

. unrestricted release), SAFSTOR (safe storage with deferred decontamination to ,

; unrestricted release), and ENTOMB (entombment of radioactive materials with
decay to unrestricted release). The'DECON alternative results in a greater

! quantity of radioactive waste being generated, and requires a greater commit- .

'

|- ment of disposal site space than either of the other two decomissioning alter-
! natives. The nuclear waste generated during SAFSTOR operations includes' radio-
! active waste from preparations for safe storage and waste generated duri,ng

f deferred decontamination. For safe storage. periods of 50 years or longer,
; because of radioactive decay, the-total waste from all SAFSTOR operations is
j significantly less than the waste volume generated during DECON. In the ENTOMB

I scenario analyzed in the reference PWR study, the long-lived reactor vessel
internals are removed and shipped to a licensed burial site prior to entomb-

f ment. The nuclear wastes resulting from ENT0MB operations include these long-
! lived reactor components, any contaminated material not accommodated'within the
! confines of the entombment structure, and radioactive' wastes resulting from
} ENT0MB activities. The total waste volume generated for offsite disposal in
! this alternative is substantially less than that generated for DECON.
I

! A summary of the classification requirements for the radioactive wastes
b from conceptual decomissioning of the reference PWR is given in Table 2.1.
i- Data used to define the burial volumes and radionuclide concentrations that
| form the bases for the waste classification results are from Reference 1..
! While the total nuclear waste volume varies by about a factor of 10, depending

|
on the decomissioning alternative, the volumes of Class C waste and of waste
that exceeds Class C limits are essentially independent of the decomissioningi

alternative.
!

Most of the radioactive waste from PWR decomissioning (86% to 98%, |;

| depending on the decomissioning alternative and the volume of waste generated
| for~ disposal) can be classified as Class A waste. To be acceptable for i

| shallow-land dis'posal, this waste must meet the minimum packaging and waste

[ form requirements given in 10 CFR 61.56(a). )
|

|
,

2.2
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' TABLE 2.1. Classification'of Radioactive Wastes from PWR Decommissioning

~ Waste Class' Assignment (b)

Exceeds Class C
Buria Class A C1sss B Class C Limits

Decommissioning Volume a) yoj ,, ynj ,, ynj ,, ynj ,,
3(m )' (m ) Percent '(m ) Percent (m ) Percent (m ) PercentAlternative

DECON 17 885 17 521 98.0 214 1.2 17 0.1 133 0.7
30-YR SAFSTORIC) 17 888 17 615' 98.5' 123 0.7 17 0.1 '133 0.7
50-YR SAFSTORIC) 1 830 1 565 85.5 115 6.3 17 0.9 133 7.3
100-YR sAFSTORICI 1 780 1 530 85.9 100 5.6 17 1.0 133 7.5

'

' ENTOMB' 3 060 26% 88.1 214 7.0 17 0.5 133 4.4.

(a) Data on burial volumes for decommissioning wastes are from Sections G.4, H.3, and H.S of
Reference 1, and Section 4.4 of Reference 2.

(b) Based on limiting concentrations of long- and short-lived radionuclides given in Table 1 and
Table 2 of 10 CFR 61.55.

(c) Includes radioactive wastes from both preparations for safe storage and deferred
decontamination.

: A relatively small amount of the nuclear waste from PWR decomilissioning is

.

lesssteelcomponentswithsignificantamountsofgmeneutron-activatedstain-
classified as Class B waste. This waste includes

Ni, spent resins and used.
'

particulate filters with hig'i specific activity, and a fraction of the dry

solid waste generated during decommissioning operations. Class B wastes must
meet the stability requirements of 10 CFR 61.56(b) that are intended to provide-

i protection against structural degradation following burial. Most of the
Class B waste from PWR decommissioning would meet these structural stability,

| requirements with little or no additional processing.

3Approximately 17 m of the radioactive waste from decommissioning the
reference PWR is estimated to be Class C waste. This waste consists of the
neutron-activated stainless steel upper core grid plate and the lower support

~

i cglumns from inside the reactor vessel, which contain high concentrations of
| 63 94Ni and Nb. Class C waste must meet the stability requirements of
i 10 CFR 61.56(b) and must also be disposed of by the burial site operator using
( methods that provide additional protection against inadvertent intrusion ,into

the burial ground for at least 500 years. Hence, the disposal costs for
Class C waste would probably be significantly higher than the disposal costs
for Class A or Class B wastes. In this addendum, no attempt is made to
estimate these additional costs.

The neutron acti.vated stainigs steg1 core shroud and the lower grid plate94Ni , O Ni, and Nb that they exceed the! have such high concentrations of
| Class C limits of 10 CFR 61. The radioactivity of the lower core barrel and
| the thermal shields also exceeds Class C limits by a small amount. Material
' that exceeds kClass C limits is generally unacceptable for routine near-surface

disposal. The licensee is required to safely store this waste until a specific
determination can be made on its disposition.;

2.3
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3.0 10 CFR 61 REQUIREMENTS

- By Federal Register Notice dated December 27,1982,(3) the NRC amended its
regulations to provide specific requirements for licensing the land disposal of
low-level radioactive wastes containing source, special nuclear, or byproduct
material. The majority of these requirements are contained in a new Part 61 to
Title 10 of the Code of Federal Regulations (10 CFR 61), " Licensing Require-
ments for Land Disposal of Radioactive Waste", which took effect on January 23,
1983. Some additional requirements directed primarily at waste generators and
handlers were concurrently published as a new Oction 20.311 of Part 20, "Stan-
dards for Protection Against Radiation." The effective date of 10 CFR 20.311
is December 27, 1983.

Although the new requirements apply primarily to disposal site operators,
- they also include provisions that pertain to persons who generate waste that

will be disposed of at land disposal facilities. Licensees generating waste
have a responsibility to determine the presence and concentrations of various
nuclides listed in Section 61.55, and thereby to classify the waste. Packaging
and waste stability requirements for waste destined for shallow-land burial
depend on the waste classification. Wastes that do not meet the classification

requirements of Section 61.55 require special provisions for their disposal and
would, in most instances, require interim storage pending identification of a
suitable disposal alternative.

Section 61.55 defines radioactive waste suitable for land disposal as
falling into one of three categories, i.e., Class A waste, Class B waste, and
: lass C waste. Wastes are determined to fall into one of these classes by
comparison to limiting concentrations of particular long-lived and short-lived
radionuclides. Class A waste contains the lowest radionuclide concentrations
and must meet only minimum waste form requirements. Class B and C wastes
contain higher radionuclide concentrations and must meet both the minimum waste
form and the stability requirements of Section 61.56. Class C waste must be
disposed of by use of methods that provide added protection against inadvertent
intrusion into the burial ground.

The basis for classification of LLW in terms of long-lived radionuclide
concentrations is shown in Table 3.1, reproduced from Table 1 of 10 CFR
61.55. The basis for classification of LLW in terms of short-lived radio-
nuclide concentrations is shown in Table 3.2, reproduced from Table 2 of
10 CFR 61.55.

3.1
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as Bases for Waste Classification in 10 CFR 61 }gs Used
Limiting Concentrations of Long-Lived RadionuclTABLE 3.1.

Concentration
3Radionuclide (curies /m )

14C 8
14C in activated metal 80
59Ni in activated metal 220
94Nb in activated metal 0.2
99 c - 3T
129 0.081

Alpha-emitting transuranic nuclides with
half-life greater than five years 100(b)

241 3 500(b)Pu
242 20 000(b)Cm

(a) Reproduced from Table 1 of 10 CFR 61.55
(b) Units are nanocuries per gram.

TABLE 3.2. Limiting Concentrations of Short-Lived Radionu 1 des Used
as Bases for Waste Classification in 10 CFR 61 a

3Concentration (curies /m )
Radionuclide Column 1 Column 2 Column 3

Total of all nuclides with half-
life less than five years 700 (b) (b)

3
H 40 (b) (b)

60Co 700 (b) (b)
63Ni 3.5 70 700
63Ni in activated metal 35 700 7 000 '

90Sr 0.04 150 7 000
137Cs 1 44 4 600

(a) Reproduced from Table 2 of 10 CFR 61.55
(b) There are no limits established for these radionuclides in

'Class B or C waste. Practical considerations such as the
effects of external radiation and internal heat generation on
transportation, handling, and disposal will limit the concen-
trations for these wastes. These wastes shall be Class B unless
the concentrations of other nuclides in Table 3.2 determine the |

waste to be Class C independent of these nuclides. |
|
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If the radioactive waste contains only radionuclides listed in Table 3.1
(long-lived radionuclides), classification is determined using the following
guidelines. If the concentration does not exceed 0.1 times the value in the
table, the waste is Class A. If the concentration exceeds 0.1 times the value
in Table 3.1 but does not exceed the value in the table, the waste is Class C.
If the concentration exceeds the value in Table 3.1, the waste is generally
unacceptable for near-surface disposal. For example, for Class A wastes the
limiting concentration of long-lived alpha-emitting transuranic nuclides is
10 nCi/ gram. For Class C wastes, the disposal limit for transuranic waste is
set at 100 nCi/ gram.

If the radioactive waste contains only radionuclides listed in Table 3.2
(short-lived radionuclides), classification is determined using the following
guidelines. If the concentration does not exceed the value in Column 1, the
waste is Class A. If the concentration exceeds the value in Column 1 but does
not exceed the value in Column 2, the waste is Class B. If the concentration
exceeds the value in Column 2 but does not exceed the value in Column 3, the
waste is Class C. If the concentration exceeds the value in Column 3, the
waste is generally acceptable for near-surface disposal.

If radioactive waste does not contain any of the radionuclides in either
Table 3.1 or Table 3.2, it is Class A.

If radioactive waste contains a mixture of both long-lived and short-lived
nuclides, some of which are listed in Table 3.1 and some in Table 3.2, the
waste classification is determined in the following manner. If the concentra-
tion of a nuclide listed in Table 3.1 does not exceed 0.1 times the value given
in Table 3.1, the class is determined by the concentration of nuclides listed
in Table 3.2. If the concentration of a nuclide listed in Table 3.1 exceeds
0.1 times the value listed in Table 3.1 but does not exceed the value in
Table 3.1, the waste is Class C, provided the concentration of nuclides listed
in Table 3.2 does not exceed the values shown in Column 3 of Table 3.2.

For determining the classification of waste that contains a mixture of
radionuclides, the sum-of-fractions rule described in 10 CFR 61.55(a)(7) is
used. To use the sum-of-fractions rule, it is necessary to divide each
nuclide's concentration by the appropriate limit and add the resulting
values. The appropriate limits must all be taken from the same column of the
same table. The sum of the fractions for the column must be less than 1.0 if
the waste class is to be determined by that column.

The NRC has prepared a technical positionI4) describing procedures
acceptable to the regulatory staff which may be used by licensees to determine
the presence and concentrations of radionuclides listed in Table 3.1 and
Table 3.2, thereby classifying wastes for near-surface disposal. The basic
methea for identifying radionuclide concentrations in nuclear waste include
the following:

3.3
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* materials accountability

e classification by source

gross radioactivity measurementse

e direct measurement of individual radionuclides.

Materials accountability refers to the process whereby a given quantity
(and resulting concentration) of radioactive material may be known to be con-
tained within a given waste, or may be inferred by determining the difference
between the quantities of radioactive material entering and exiting a particu-
lar process. Classification by source is similar to materials accountability
and involves determining the radionuclide content and classification of waste
through knowledge and control of its source. Gross radioactivity measurement
entails the establishment of a program to correlate specific radionuclide
concentrations in the waste with gross measurements of radioactivity levels.
Radionuclide concentrations may also be measured directly or may be inferred by
ratioing the concentrations of radioisotopes that can be readily measured.

The NRC technical position (4) also provides guidance on determining the
waste volumes to be used in calculating radionuclide concentrations. In many
cases the volume used for waste classification purposes may be taken to be the
volume of the waste container. This would be true of trash waste streams com-
pacted into shipping containers. If a particular waste is stabilized within a

was container using a solidification medium such as cement or bitumen, the
classification volume may be considered to be the volume of the solidified

- mass. The waste classification volume of large unpackaged components such as
contaminated pumps, heat exchangers, etc., may be taken to be the overall
volume of the component.

If the volume of the waste container is significantly larger (i.e., more
than 10% larger) than the volume of the contaminated waste, the volume used for
classification purposes should be that of the waste. For example, for wastes
such as ion exchange resins or filter media contained within a disposable
deminaralizer or liner, the volume used for waste classification should be the

volume of the contained waste rather than the gross volume of the container.
For neutron-activated materials such as the reactor pressure vessel or the
vessel internals that are cut into sections and packaged for disposal, the
volume for waste classification should be the full-density volume of the
material (i.e., the weight divided by the density) rather than the container
volume.

Section 10 CFR 61.55(a)(8) states that in determining radionuclide
concentrations in nuclear waste, the concentrations may be averaged over the
volume of die waste, or over the weight if the concentration units are

expressed in nanocuries per gram. In the averaging process, consideration
should be given to 1) whether the distribution of radionuclides within the
waste can be considered to be reasonably homogeneous, and 2) whether the volume

3.4
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of the waste container is significantly larger than the volume of the waste
itself and the differential volume consists largely of void space. Most waste
forms may be considered homogeneous for purposes of waste classification.
Examples of homogeiseous wastes include spent ion exchange resins, filter media,
solidified liquids, contaminated dirt, contaminated concrete, and contaminated
trash when compacted in waste containers.

2
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4.0 ALTERNATIVES FOR DECOMMISSIONING THE REFERENCE PWR
_ _,

_

The quantities and curie contents of the radioactive wastes from light-
water reactor decommissioning depend on several factors, including the reactor
operating history, decontamination activities performed during the operating '

life, and the alternative chosen for decommissioning of the reactor. Th ree
decommissioning alternatives, DECON, SAFSTOR, and ENTOMB, are analyzed in the --

reference study of PWR decommissioning. These alternatives are briefly
described in this section. The characteristics of the radioactive wastes that - .

result when each alternative is conceptually applied to the decommissioning of -2
the reference PWR are summarized in Section 5. _7_

-

4.1 IHE REFERENCE PWR

The reference PWR is an 1175-MWe (3500-MWt) reactor, specifically the =

Trojan Nuclear Plant at Rainier, Oregon, operated by the Portland General Elec-
tric Company. The nuclear steam supply system is a four-loop pressurized water '

reactor manufactured by the Westinghouse Electric Company, and is generally -

representative of the current generation of large PWRs. Descriptive informa- -

tion about the reference plant is presented in Chapter 7 and Appendix A of
Reference 1. 1

;

4.2 DECOMMISSIONING ALTERNATIVES

The alternative approaches to decommissioning a nuclear power station that -

are considered in the reference PWR study are DECON (innediate decontamination
__''to unrestricted release), SAFSTOR (safe storage with deferred decontamination

to unrestricted release), and ENT0MB (entombment of radioactive materials with "

decay to unrestricted release.(5,6) These alternatives can be defined as
-

e.follows.
e-

DECON is the prompt removal from the facility and site of all materials
with residual radioactivity levels greater tilan those permitted for unre-

,

stricted use of the property. DECON meets the requirements for termination of
--_

the facility license and, under present regulatory requirements, is the only
decommissioning alternative that renders the facility and site available for

__

unrestricted use within a short time period. DECON requires the removal of all ,

equipment, structures, and site materials that are radioactively activated or
contaminated to levels greater than acceptable residual contamination levels.
This alternative results in a greater quantity of radioactive waste being gen- ;?
erated for offsite disposal and requires a greater commitment of disposal site p-

space than either of the other two decommissioning alternatives.
1 _-

|
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SAFSTOR comprises those activities required to prepare cnd maintain the
facility in a condition that poses an acceptable risk to the public and safely
stores the property for a period to allow some decay of the onsite radioactiv-
ity, followed by decontamination of the facility to an unrestricted level. . .

SAFSTOR includes three phases of activity: 1) preparations for safe storage, 1

2) safe storage, and 3) deferred decontamination. Preparations for safe stor- -

age include comprehensive cleanup and decontamination activities sufficient to
allow shutdown of all plant systems and installation of security barriers and
remotely monitored surveillance devices. Preparations for safe storage are

.

;

followed by a period of continuing care (safe storage) to permit some decay of -

,

the residual radioactivity. Requirements during the continuing-care period -

include activities to maintain the structural integrity and prevent intrusion '

into the facility. Since materials having radioactivity levels above unre- I
stricted release levels are still onsite, an amended nuclear license remains in
force until the deferred decontamination is complete. At the conclusion of the
safe storage period, deferred decontamination is accomplished to remove from
the site any materials with residual radioactivity greater than that permitted
for release of the property for unrestricted use. In the reference study,
decommissioning requirements for continuing-care periods of 30, 50, and
100 years are analyzed. For continuing-care periods of 50 years or longer,
because of radioactive decay, the total for the volume of nuclear waste
generated during deferred decontamination plus the waste volume generated '

during preparations for safe storage is significantly less than the waste -

=

volume generated during DECON.

ENT0MB is the encasement and maintenance of nonreleasable radioactive
materials in a monolithic structure of concrete or other structural material -

-

with long-term surveillance until the radioactivity has decayed to levels
suitable for unrestricted use. The structure should be sufficiently strong and
long-lived to ensure retention of the radionuclides during the long-term

' surveillance period. In the reference PWR study, the entombment structure is
that portion of the reactor containment building located below the operating '. }floor level.(2) A concrete barrier is postulated to be poured at this level to "

seal the building below the operating floor.
|

Two approaches to ENT0MB at a PWR are possible: 1) the reactor vessel ;.
internals, which have extremely long-lived radioactivity, are removed and '

shipped to a nuclear waste repository, and 2) the reactor vessel internals are
left in place. In each case, as much of the contaminated equipment from out- i
side the entombment structure as can be stored in the entombment structure is
moved there. In the first case, because of the relatively short half-lives of
the Entombed radioactivity, it may be possible, without dismantling the struc-
ture, to terminate the amended nuclear license and release the structure for

-

1

4.2 1
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unrestricted use after a period of about 100 years. In the second case, exist-

ing regulations require the amended nuclear license to remain in force for an
indefinite period.

The entombment scenario analyzed in the reference PWR study is the first
approach, in which the long-lived reactor vessel internals are removed prior to
entombment. The nuclear wastes generated for disposal include these long-lived
reactor components, any contaminated material not accommodated within the con-
fines of the entombment structure, and radioactive wastes resulting from ENT0MB
activities. The total waste volume generated for offsite disposal in this
alternativa is substantially less than that generated for DECON.

4.3
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5.0 CHARACTERIZATION OF PWR DECOMMISSIONING WASTES
_

..

The radioactive materials that require disposal as a consequence of light-
water reactor decommissioning operations include 1) neutron-activated materi-

,

als, 2) contaminated materials, and 3) radioactive wastes. Information on
waste volumes, curie contents, and major radionuclides in the wastes trom
decommissioning the reference PWR is given in Reference 1. Waste characteriza- *

tion data from Peference 1 are summarized in this section to provide a basis '

for the waste classification discussion of Section 6.
7

_

5.1 NEUTRON-ACTIVATED MATERIALS

All of the neutron-activated materials from PWR decommissioning are con-
tained in the reactor pressure vessel, vessel internal components and struc-
tures, and in the surrounding concrete biological shield. Tables 5.1 through !
5.5 summarize data on volumes, radioactivity (curie) contents, and fractional
radioactivity of limiting long-lived and short-lived radionuclides for neutron-

_s
activated materials. Table 5.1 shows data on nettron-activated wastes from
DECON at the reference PWR. Tables 5.2 through 5.4 show data on neutron- -

activated wastes from deferred decontamination after shutdown periods of 30,
50, and 100 years. Table 5.5 shows data on neutron-activated wastes from
ENT0MB. Burial volumes and curie contents are taken from Table G.4-3 of Refer- %
ence 1. Full-density volumes are calculated by dividing the mass by the den- 5
sity where the mass is from Table G.4-3 of Reference 1. The radioactivities of 5
activated components from deferred decontamination are corrected fer decay on S
the basis of radionuclide inventory data presented in Tables 7.3-3, 7.3-4, and ]7.3-6 of Reference 1. These tables are also the source of the data on frac- =
tional radioacti ity of the limiting radionuclides. Limiting radionuclides are ijv -

those nuclides whose concentrations in the waste provide the bases for the =

classification of the radioactive waste for burial. (See Tables 3.1 and 3.2 of a
this addendum.) f

MEAn important characteristic of the neutron-activated material from PWR g
decommissioning is the presence of the radioisotopes 59Ni, 63Ni, and Nb. As94 "

4shown in Tables 3.1 and 3.2, these isotopes can affect the waste classification g
of the material. If significant amounts of these isotopes are present, the 3material may be Class B or Class C or may exceed the Class C limits.

5.2 CONTAMINATED MATERIALS Y
m

Contaminated materials from PWR decommissioning include nearly all of the _N_
piping and equipment in the reactor containment and the fuel, auxiliary, and "

-2
3
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TABLE 5.1. Neutron-Activated Materials from DECON of Reference PWR

Fractional Radioactivity fractional Raffor.tivity
of Limiting L g of Limiting -

Lived tec11&sm Lival ficlides
Ehrial Full-nnsity Less lhan

Radioactlytty W hre Voltre(b) 5-Year

(m)(a) (,3) gj,,5(c) 14C 5%g % 59fc %> 633 Ni lbif-LifeReactor Qrgunmt 14terial (Cl)l81

Presstre Vessel Cylindrical 211 Carton 2 eel 19 170 108 37.0 518 - 3.6x10-5 - - 8.5x10-2 4.3x10-3 9.1x10-I

4 4.3x10-3 9.1x10-IVessel Wai Cartxn Reel 10 57 12.1 0.8 - 3.6x10-6 - - 8.5x10

Vessel Ebtte Carton 2 eel 10 57 5.3 1.9 - 3.6x10-5 - - 8.5x10-2 4.3x10-3 9.1x10-I

tpper Core agort Assed>1y 2ainless Reel 10 11 1.5 6.7 - 2.fkl04 2.0x104 - 3.6x10-I 4.5x10-2 5.9x10-I
4 # I 5.9x10-Itbper Syport Q)1es Rainless Reel 100 11 1.4 72 - 2.8x10F 2.0x10 - 3.6x10-I 4.5xlT

P tbper Core Barrel Rainless Reel 1000 6 0.4 2 500 - 2.8x104 2.0x10-6 - 3.6x1TI 4.5x10-2 5.9x10-I

4 2.0x10-6 - 3.6x1TI 4.5x10-2 5.9x10'I2.fkl0t$per Core Grid Plate Stainless Reel 24 310 14 0.6 40 500 .-

Qjit Tees Rainless Reel 100 17 1.9 53 - 2.8x104 ?.0x10-6 - 3.ful0-1 4.5x10-2 5.9x10-I

taer Core BarTel Stainless R eel 651 0]O 91 5.4 1210(D 2.8x10-4 2.0mid - 3.6x10-I 4.5x10-2 5.9x10-I-

lherwel Shields Rainless Reel 146 100 17 1.3 112 000 - 2.8x104 2.0x1d 3.6x1TI 4.5x10-2 5.9x10-1-

4 2.0x10-6 - 3.6x10-I 4.5x10-2 5.9x10-IQ)re 9mmi Rainless Reel 3 431 000 11 1.6 2 145 000 - 2.8xlT

taer Grid Plate R ainless Reel 553 400 14 0.6 1 107 000 2.8x10-4 2.0x10 6 - 3.6x1TI 4.5x10-2 5.9x10-I-

4 2.0x10-6 - 3.6x10-I 4.5x10-2 5.9x10-Ilaer Support Q)1 tens Stainless R eel 10 000 3 0.4 25 010 - 2.8kFT

taer Qre Forging Rainless Steel 2 500 31 4.7 532 - 2.8x10-4 2.0x10-6 - 3.6x10-I 4.5x10-2 5.9x10-I

2 5.9x10-IMiscellaneous Internals Stainless Steel 2 000 23 4.6 45 - 2.8x10-4 2.0x10-6 - 3.6x10-I 4.5x17

Bio-Sleld Concnte Cancrete 2 000 707 707.0 3 - 3.4x10-5 - - 1.9x10-2 4.0x10-3 9.8x10-I

2 4.3x10-3 9.1x10-IReactor Cavity Liner Cartxn Steel 10 14 2.0 5 - 3.6x10-5 - - 8.5xlT

Totals 4 842 720 1 192 787.7

(a) Based on Table G.4-3 of Reference 1.
(b) thss 11vidst by &nsity Are sess is fra Table G.4-3 of Reference 1.
(c) Radioactivity (Cl) divided by fu114nsity vohre.
(d) Based on Tables 7.3-3, 7.3-4, and 7.M of hference 1.

I I I I I I I
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TABLE 5.2. Neutron-Activated Materials from 30-Year Deferred Decontamination at the Reference PWR'

Fractional Reiioactivity fractimal Rafimctivity 4
of limiting 1 of Lietting 9

ikrial Full-Dens ty
_

Limi teclides I Liwd teclkks *)-
less han

tyity Volts (te) Voltanq(D
5-YearRadi

tb 9hc g 63|
3 c 5% 94(,3)a (nr') Ct/m(c) 14 m gfgIbactor Orpment %terial (C1)a;

Pre"Jre Vessel Cyltrdrical %11 Carton Steel 105 108 37.0 2.9 - 6.6x10-3 - - 2.9x10-1 6.4x10 I 6.7x10-2

6.6x10-3 - 2.9x10-I 6.4x10-I 6.7x10-2a1 mai Carbon 2 eel 0.06 57 12.1 0.005 ---

Vessel Botton Carton Steel 0.06 57 5.3 0.01 - 6.6x10-3 - 2.9x10-1 6.4x10-1 5.7x10-2--

tpper Core Sgort Assetly Rairiess Reel 0.4 11 1.5 0.3 - 6.5x10-3 4.5x10-5 - 1.6x10-I 8.3x10-I --

15per Support Colums Stainless Steel 4.3 11 1.4 3.1 - 6.5x10-3 4.5x10-5 1.6x10-I 8.3x10-I ---

P (pper Core Barrel Stainless Reel 43 6 0.4 108 - 6.5x10-3 4.5x10-5 1.6x10-I 8.3x10-I- -

t&per ;bre Grid Plate Stainless Steel 1 045 14 0.6 1 740 - 6.5x10-3 4.5x10-5 1.6x10-I 8.3x10-1 ---

Gjide Ttt:es Stainless Reel 4.3 17 1.9 2.3 -- 6.5x10-3 4.5x10-5 - 1.6x10-I 8.3x10-1 --

Laer Qn Barrel Stainless St el 27 990 91 5.4 5 180 - 6.5x10-3 4.5x10-5 1.6x10-1 8.3x10-1 ---

Therval Sields Stainless 2 eel 6 280 17 1.3 41D0 - 6.5x10-3 4.5x10-5 - 1.6x10-I 8.3x10-1 -

Q)re Stud Stainless Steel 147 450 11 1.6 92 200 - 6.5x10-3 4.5x10-5 - 1.6x10-1 8.3x10-1 --

Love Grid Plate Stainless Reel E3 800 14 0.5 47 600 - 6.5x10-3 4.5x10-5 1.6x10-I 8.3x10-1 --

5 1.6x10-1 8.3x10-1 --tacr igort Coltrns Stainless Steel 430 3 0.4 1 075 - 6.5x10-3 4,5xg7 -

Lower Q)re Forging 5tainless Reel 110 31 4.7 23.4 -- 6.5x10-3 4.5x10-5 1.6x10-I 8.3x10-I --

Miscellaneais Internals Stainless Steel 86 23 4.6 18.7 - 6.5x10-3 4.5x1T5 - 1.6x10-I 8.3x1trl --
4 6.2x10-I 3.1x10*IBio-911 eld Concrete Concrete 11 707 707.0 0.02 -- 6.4x10-3 -- -- 7.0x10

Reactor Cavity Liner Cartxn Steel 0.06 14 2.0 0.03 - 6.6x10-3 - - 2.9x10-I 6.4x10-I 6.7xlir2

Totr1s 207 450 1 192 787.7

(a) Based on Table G,4-3 of Reference 1.
(b) %ss divided by density dere ress is fran Table G.4-3 of Reference 1.
(c) Radioac'tivity (Cil divided by full-density voltre.
(d) Pased on T&les 7.3-3, 7.3-4, and 7.3-6 of Reference 1.
(e) Corrected for radioactive decay on the bases of radioutilde inventories

in Tables 7.3-3, 7.3-4 and 7.3.6 of Ibference 1.
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TABLE 5.3. Neutron-Activated Materials from 50-Year Deferred Decontamination of Reference PWR
Fractional Radiectivity Fracticnal Rsdimctivityv

of Limiting of Limiting
LimireclHMy#)-

,

9 Liet farli+s d#)
{ Erial full-fbps ty Less lhan

W[r(e(,2)a) Wkrf)Ci/m(c) 14C 5% 9hb De "h 63
Radi lyity 5-Veer=

I %ctor Ctrpmmt %terial (C1)a, 3(nt' 9g gig 4,7,

Pressure Vessel Cylirdrical til Cartan Steel 62 108 37.0 1.7 - 1.1x104 -- - 3.Rx10-2 9.4x10-l 6.6x104

k Vessel w ai Carton Seel 0.03 57 12.1 0.003 - 1.ia104 -- - 3.3x10-2 9.4x10-I 6.6x104

I Vessel Ebtton Cartm Steel 0.03 57 5.3 0.01 - 1.1x104- - 3.8x10-2 9.4x10-I 6.6x10-4
ttper Core S@ port %sebly Rainless Reel 0.3 11 1.5 0.2 - 8.5x10-3 C.1x10-5 - 1.5x104 9.7x10-1 --=

; tbper Support Coltrns Rainless Steel 3.3 11 1.4 2.4 - 8.5x10-3 6.1x10-5 1.5x10-2 9.7x10-I ----,
- h 14Ter Core Bartel Rainless Reel 33 6 0.4 82 - 8.5x10-3 6.1x10-5 - 1.5x10-2 9.7x10-1 -
-

l5per Cbre Grid Plate Stainless Steel 802 14 0.6 1 330 - 8.5x10-3 6.1x10-5 1.5x104 9.7x10-1 ---

Qaide Itbes Rainless Reel 3.3 17 1.9 1.8 - 8.5x10-3 6.1x10-5 - 1.5x10-2 9,7,10-1 _.r

Laer Core BarTel Stainless Steel 21 480 91 5.4 3 980 - 8.5x10-3 6.1x10-5 -- 1.5x1g-2 9.7x10-I -
-- lhertal Sields Stainless Teel 4E 17 1.3 3 110 - 8.5x10-3 6.1x10-5 - 1.5x10-2 9.7 10-I --
'

Core 2rud Stainless Steel 113 220 11 1.6 70 8]0 - 8.5x10-3 6.1x10-5 - 1.5x104 9.7x10-I -
@ Laer Grid Plate Rainless Reel IS 260 14 0.5 36 500 - 8.5x10-3 6.1x10-5 - 1.5x10-2 9.7x10-1 -
i Laer Supprt Coltrns Stainless Steel 33) 3 0.4 825 - 8.5x10-3 6.1x10-5 - 1.5x10-2 9.7x10-1 --

k Laer Core Forging Rainless Reel 85 31 4.7 18.1 - 8.5x10-3 6.1x10-5 -- 1.5x104 9.7x10-I -

. Miscellaneois Intemals Stainless Steel 65 23 4.6 14.1 - 8.5x10-3 6.1x10-5 - 1.5x10-2 9.7x10-1 --

_
Bio-Shield Caicrete Omcrete 8 707 707.0 0.01 - 8.3x10-3 - - 6.5x10-3 6.9x10-I 2.9x10-I

[ & actor Cavity Liner Cartnn Steel 0.3 14 2.0 0.02 - 1.1x10-2 - - 3.Rx10-2 9.4x10-1 6.6x10-4

[ Totals 159 170 1 192 787.7

r

_ (a) Based on Table G.4-3 of %ference 1.
* (b) mss divided by &nsity Are ness is frun Table G.4-3 of %ference 1.
E
_

(c) Radioactivity (C1) divided by full-density voltre.
_

(d) Based on Tables 7.3-3, 7.3-4, ard 7.3-6 of %ferwice 1.L
" (e) Corrected for radioactive & cay rn the bases of radicruclide inventories
[ in Tables 7.3-3, 7.3-4 ard 7.3.6 of %rence 1.

t
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Neutron-Activated Materials from 100-Year Deferred Decontamination at the Reference PWRTABLE 5.4.
Fractirr.a1 Raiioactivity Fractional Radinactivity

of Limitirg 3 of Limiting -

''I''I Lived terlicbsLived ficlides
less Ihan

hrial Full ty
5-Year

(m)(a) volung) 01/m(C) I4C Sh 9% 99tc uh 63Radioactlyity voltre
3 Ni thlf-Life3 (m3

| lbactor Crrponent Nterial (C1)ta;

Pressure vessel Cylindrical Wil Carton Steel 40 108 37.0 1.1 - 1.7x10-2 - - 7.6x10-5 9,9xiv-1

VesselIbad Carbon Reel 0.02 57 12.1 0.002 - 1.7x10-2 - - 7.6x10-5 9.9x10-I --

Vessel Ibttam Cartxn Steel 0.02 57 5.3 0.004 - 1.7x10-2 - - 7.6x10-5 9.9x10-I
;

-

tbper Qxt SJpport Aserbly Rainless Reel 0.2 11 1.5 0.13 - 1.3x10-2 9.1x10-5 - 3.1xi d 9.8x10-I -

tpper S$ port Coltsms R ainless R eel 2.2 11 1.4 1.6 - 1.3x10-2 9.1u176 - 3.1x10-5 9.8x10-I --

tpper Core Barrel Rainless Reel 22 6 0.4 55 - 1.3x10-2 9.1x10-5 - 3.1xi d 9.8x10~I -

*

tpper Core Grid Plate R ainless Steel 5 35 14 0.6 892 - 1.3x10~2 9.1x10-5 3,gxty5 9,g,1g-1

(bide Tibes Rainless Reel 2.2 17 1.9 1.2 - 1.3x10-2 9.1x10-5 - 3.1x10-5 9.8x10'I -

tr>cr Core BarTe1 Stainless Stec1 14 330 91 5.4 2 650 - 1.3x104 9.1x10-5 - 3.1x10-5 9,'8x10-I -

Thernal mields Stainless 2 eel 3 220 17 1.3 2 480 - 1.3x10-2 9.1x10-5 - 3.1x10-6 9.8xl(FI --

Core mrod Stainless Steel 75 480 11 1.6 47 200 - 7,3x104 9.1x1d - 3.1xid 9.8xtrl -

4 9.1x10-5 -- 3.1x10-5 9.8x10~I --

Laer Grid Plate Rainless Reel 12 180 14 0.5 24 400 - 1.3x10
I

Lacr Sumort Coltzms Stainless Steel 220 3 0.4 550 - 1.3x10-2 9.1x10-5 3.1x10-5 9.8x10 --

Locr Core Forging Rainless Reel 55 31 4.7 11.7 - 1.3x10-2 9.1x10-5 - 3.1x10-5 9.8x10*I -

Miscellaneous Intemals Stainless Steel 45 ' 23 4.6 9.8 - 1.3x10-2 9.1x10-5 - 3.1x10-5 9,gxgy1 _

Bio-mield (bncrete (bncrete 6 707* 707.0 0.01 - 1.1x104 -- - 1.2x10-5 6.4=10-I 3.5x10*I

Reactor Cavity ',iner Carton Steel 0.02 14 2.0 0.01 - 1.7x10-2 - - 7.6x175 9,9x171

Totals 106 140 1 192 787.7

i

(a) Based on Table G.4-3 of Ibference 1.
(b) Wss divided by density hre ness is fran Table G.4-3 of Reference 1.
(c) Radioactivity (Cl) divided by full-density vnitzne.
(d) Based on Tables 7.3-3, 7.3-4, and 7.3-6 of Ibference 1.
(e) Corrected for radioactive decay on the bases of radic.vlide inventories

in Tables 7.3-3, 7.3-4 ard 7.3.6 of Reference 1.
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TABLE 5.5. Neutron-Activated Materials from ENT0MB at the Reference PWR
Fractional Radioactivity Fractional Radioactivity

of Limiting of Limiting Svyt-
Liwd Mclides I liwd McliktdJ

Btrial Full ty less lhan
3-YearRadi

i ity W{m(e) Volg(m) C1/m(C) I4 Sh 9%b 99(, ) a C fc g 633 Ni lhlf-Lifeh ctor Cogrn nt Nterial (C1)a

Prrsure Vessel Oylindrical til Cartxn 2 eel 19 170 108 37.0 518 - 3.6x10-5 - - 8.5x10-2 4.3x10-3 9.1x10-I

Vessel Head Carbon Reel 10 57 12.1 0.8 - 3.6x10-5 - - 8.5x10-2 4.3x10-3 9.1x10-I

Vessel Ebtton Cartan Seel 10 57 5.3 1.9 - 3.6x10 - - 8.5x10-2 4.3x10-3 9.1x10-I4
4 I

tpp (bre Sgort Asserbly Rainless Reel 10 11 1.5 6.7 - 2.8x10 2.0x176 - 3.6x10-I 4.5x10-2 5.9x1T

15per Srport Colums Rainless Reel 100 11 1.4 72 - 2.&17 2.0x10 - 3.6x10-I 4.5x10-2 5.9x1044 4

6 thper Core Barrel R ainless Reel 1 000 6 0.4 ' 2 500 - 2.8x10-4 2.0x10-6 - 3.6x10-I 4.5x10-2 5.9x10-I

2 5.9x10-Ittper Core Grid Plate Rainless R eel 24 310 14 0.6 40 500 - 2.Rx1 d 2.0x10-6 - 3.6x10-I 4.5x17

Gjide Tthes Rainless Reel 100 17 1.9 53 - 2.8x10 2.0x10-6 - 3.6x10-I 4.5x10-2 5.9x10-I4

laer Core Barrel Rainless Reel 651 000 91 5.4 121 000 - 2.&l0 2.0(10-6 - 3.6x10-I 4.5x10-2 5.9x10-I4

lhernal Siields Rainless Steel 146 100 17 1.3 112 000 - 2.8x10-4 2.0x10-6 - 3.6x10-I 4."10-2 5.9x10-I

Core Stroud Stainless Reel 3 431 000 11 1.6 2 145 000 - 2.8x10-4 2.0x10-6 - 3.6x10-I 4.5x10-2 5.9x10-I

laer Grid Plate Rainless Reel 553 400 14 0.5 1 10? 000 - 2.8x10-4 2.0x10-6 - 3.6x10-I 4.5x10-2 5.9x10-I

laer Support Colums Stainless Reel 10 000 3 0.4 25,000 - 2.8x10-4 2.0(10-6 - 3.6x10-I 4.5x10-2 5.9x10-1

Laer Core Forging Rainless Reel 2 500 31 4.7 532 - 2.8x10-4 2.0x1(r 3.6x10-I 4.5x10-2 5.9x10-I6 --

Miscellanecus Intemals 2 ainless Steel 2 000 23 4.6 435 - 2.8xi d 2.0x10-6 - 3.6x10-I 4.5x10-2 5.9x10 I

Totals 4 840 710 4 71 78.7

(a) Based cri Table G.4-3 of Ibference 1.
(b) mss divided by density diere ness is Tron Table G 4-3 of Reference 1.
(c) Radioactivity (C1) divided by full-density voltre.
(d) Ibsed on Tables 7.3-3, 7.3-4, and 7.3-6 of Reference 1.
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control buildings. In addition, many of the concrete surfaces of these build-
ings are assumed to be contaminated and to require surface removal to a depth
of about 50 millimeters.

Contaminated material burial volumes for each of the decommissioning
alternatives (DECON, SAFSTOR, and ENTOMB) are summarized in Table 5.6. The

total vogume of contaminated material from DECON is estimated to be about16,100 m at the disposal site. The radioactivity in this material is not
expected to be great, probably less than 1000 curies total . The average spe-
cifig activity of this material is therefore esgmated to be about 0.062
Ci/m The principal short-lived isotopes are Co (half-life = 5.27 years)
and gCs (half-life = 30.0 years).

TABLE 5.6. Contaminated Materials from PWR Decommissioning

Contaminated

Materiag AverageSpecifgcDecommissioning Alternative Volume (m ) Activity (Ci/m )

DECON(a) 16 078 0.062
SAFSTOR(a)

Preparations for Safe Storage -- --

Deferred Dismantlement After 30 Years 16 078 <0.06
Deferred Dismantlement After 50 Years 100 <0.03
Deferryd Dismantlement After 100 Years 100 <0.03

ENT0MB(b; 1 974 0.062

(a) Contaminated material volumes from DECON and SAFSTOR are from
Table H.5-1 of Reference 1.

(b) The contaminated material volume shipped offsite for burial trom the
ENTOMB alternative is estimated on the basis of information in Sec-
tion 4.4 of Reference 2. See text for details.

The contaminated material volumes shown in Table 5.6 for deferred dis-
mantlement are from Table H.5-1 of Reference 1. Since deferred dismantlement
takes pgce seveg years after reactor shutdown, which allows for some decay
of the Co and Cs radioactivity, the average specific activity of contami-
nate material from deferred dismantlement is postulated to be less than 0.060
Ci/m

The volume of contaminated material shipped offsite for burial in the
ENT0MB scenario is based on information in Section 4.4 of Reference 2. For the
ENTOMB alternative, all of the contaminated concrete is assumed to be
entombed. In addition, all of the contaminated equipment'and piping from the
reactor building (the steam generators, pressurizer, coolant pumps, reactor

,

5.7
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cavity liner, reactor coolant piping, etc.) and half of the contaminated equip-
ment and piping from the other buildings are entombed. The total volume of
centaminated material from outside the reactor building, other than concrete,
is estimated to be 3948 m . Thus, the volume of contaminated matgrial shipped
for burial in the ENT0MB scenario is estimated to be about 1974 m . The aver-
age specific activity of this material is assumed to b the same as that for
the contaminated material from DECON, about 0.062 Ci/m

5.3 RADI0 ACTIVE WASTES

Radioactive wastes from reactor decommissioning operations may be either
wet solid wastes or dry solid wastes. Wet solid wastes result from the pro-

..

,
cessing of chemical decontamination solutions and contaminated water volumes.
These wastes include used ion exchange resins, cartridge filters, and evapora- 1

tor bottom liquids. Wet solid wastes are mixed with or encapsulated in solid i

materials such as cement or urea formaldehyde to assure retention of radio-
active materials within the shipping containers after disposal. Dry solid
wastes include discarded contaminated materials such as rags and wipes, plastic
sheeting, contaminated tools, and disposable protective clothing. Table 5.7
gives a summary of data on waste volumes, curies, and fractional radioactivity
of limiting short-lived radionuclides for radioactive wastes from decommission-

ing at the reference PWR.
,

.

The operations of system decontamination, draining of contaminated water
systems, and handling of the resultant radioactive liquids are assumed to be
undertaken regardless of the alternative chosen for decommissioning of the ^

reference PWR. Consequently, the volume of wet solid wastes from decommis-
sioning operations is assumed to be the same for each alternative (DECON, ;
SAFSTOR, or ENT0MB). Waste volume and curie data for wet solid wastes are
taken from Section G.4.2.3 of Reference 1 Data on fractional radioactivity of
limiting short-lived nuclides for these wastes are taken from Table 7.3-7 of

~

Reference 1. The processing of contaminated water and chemical decontamination
solutions results in a total of 133 m3 of evaporator bottom liquids. These

..

liquids are solidified and packaged in 94 steel cask liners. Each liner has a
volume of 2.84 m , and the volume of concreted waste in each liner is assumed

3to be 2.30 m . Twenty-two containers have assumed surface radiation dose rates
of 50 R/hr (600 Ci/ container); 45 containers have assumed surface radiation
dose rates of 1 R/hr (12 Ci/ container); and 27 containers have assumed surface

radiation dose rates of 0.2 R/hr (2.4 Ci/ container).3 The volume of spent ion
exchange resins for disposal is estimated to be 30 m , containing 42,000 Ci of
radioactivity. The resins are assumed to be mixed with a solidifying agent and
packaged for disposal in twenty 2.84-m steel cgntainers. (The total volume of

3
solidified waste material is assumed to be 46 m .) Forty-two cartridgg filters
for fluid streams are assumed to be packaged in concrete-lined 0.21-m drums

5.8
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TABLE 5.7. Radioactive Wastes from Decommissioning at the Reference PWR

Fractional Radioactivity of

8 uria Limiting Short-Lived Nuclides

Radioactivity Volume a) Other
Wast. Type (Ci) (m ) C1/m3 60Co 63Ni 90$r 1373 Cs Short-Lived

Wet Solid Wastes
1.2x10-3 6.8x10-1Evaporator Bottoms 13 200 62 (51) 259 3.2x10-I -- -

Evaporator Bottoms 54 0 128 (104) 5.2 3.2x10-I -- -- 1.2x10-3 6.8x10-1
Evaporator Bottoms 65 76 (62) 1.0 3.2x10-1 -- -- 1.2x10-3 6.8x10-I
5 pent Resins 42 000 57 (46) 913 3.2x10-1 -- -- 1.2x10-3 6.8x10-1
Used Particulate Filters 5 040 9 (6.3) 800 3.2x10-1 -- -- 1.2x10-3 6.8x10-1

Dry Solid Wastes

DECON

Shielded Drums 525 88 6.0 7.5x10-2 -- 7.0x10-4 7.5x10-I 1.7x10-I
Unshielded Drums 232 195 1.2 7.5x10-2 -- 7.0x104 7.5x10-1 1.7x10-1

Preparations for Safe Storage
Shielded Drums 166 28 6.0 7.5x10-2 7.0x10 7.5x10-I 1.7x10-I |4

--

Unshielded Drums 33 28 1.2 7.5x10-2 -- 7.0x10-4 7.5x10-1 1.7 x10*I |
cn 30-Year Deferred Decontamination
6 Shielded Drums 138 23 6.0 4.0x10-3 7.9x10-4 9.9x10-I 1.3x10-3--

Unshielded Drums 72 207 0.35 4.0x10-3 -- 7.9x10-4 9.9x10-I 1.3x10-3
50-Year Deferred Decontamination

Shielded Drums 90 15 6.0 4.2x10-4 -- 8.4 x10-4 1.0x100 8.4 x10-4
Unshielded Drums 42 135 0.31 4.2x10-4 -- 8.4 x10-4 1.0x100 8.4 x10-4

100-Year Deferred Decontamination
Shielded Drums -- -- -- -- -- --

-- 0
--

Unshielded Drums 42 100 0.42 -- -- 1.3x10-3 1.0x10 __

ENTOMB

Shielded Drums 525 88 6.0 7.5 x 10-2 -- 7.0x10-4 7.5x10-I 1.7x10-I
Unshielded Drum, 232 195 1.2 7.5 x 10-2 -- 7.0x10-4 7.5x10-I 1.7x10-1

3(a) Values in parentheses for wet solid wastes are actual solidified waste volumes used to calculate C1/m ,
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for shipment to a burial site. Each filter is assumed to have a volume of

0.15 m3 and an average curie content of 120 Ci. Cobalt-60 (half-life = 5.27
years) is the principal short-lived radionuclide in wet solid wastes.

Dry solid wasges from PWR decommissioning are assumed to be compacted and
packaged in 0.21-m standard steel drums for shipment to a burial ground. Some
of the drums have surface dose rates that result in a requirement for shielding
of the drums during transport. Shielded drums are assumed to have maximum
surface dose rates of 1.0 R/hr (1.25 C1/ drum). Unshielded drums are assumed to
have maximum surface dose rates of 0.2 R/hr (0.25 Ci/ drum). Dry solid waste
volumes shown in Table 5.7 are from Section G.4.2 (DECON and ENT0MB), Sec-
tion H.3.2 (preparations for safe storage), and Section H.5.1 (deferred decon-

'

tamination) of Referege 1. Thg3pCs jhalf-life = 30.0 years).
rincipal short-lived nuclides in contaminated

dry solid wastes are Co and Because of the
13relatively large concentration of Cs in dry solid wastes, it is assumed in

this study that approximately 10% of the drums of dry waste from 30 and 50
,

years of deferred decontamination still require shielding for shipment to a
but ial ground. After 100 years, all of the dry solid wastes from deferred
decontamination can be shipped in unshielded drums.

.

a

5
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6.0 CLASSIFICATION OF PWR DECOMMISSIGNING WASTES

A summary of waste class assignments for the radioactive wastes from con-
ceptual decommissioning of the reference PWR is given in Table 6.1. Both the
actual volumes of waste and the percentages of total waste volume in each waste
class are shown in the table. Waste class assignments are based on waste char-
acterization data for the reference PWR summarized in Section 5 and on waste
category definitions given in 10 CFR 61 and summarized in Tables 3.1 and 3.2 of
this addendum.

Most of the radioactive waste from PWR decommissioning may be classified
as Class A waste. For the reference PWR, approximately 85% to 98% of the waste

from decommissioning (the actual waste volume depends on the decogissioning
alternative) is estimated to be Class A waste. Approximately 17 m of waste
(less than one percent of the total volume of waste from any decommgssioning
alternative) is estimated to be Class C waste. Approximately 133 m of waste
(from 0.7% tc 7.5% of the waste volume, depending on decommissioning alterna-
tive) is estimated to exceed the Class C limits of 10 CFR 61. The Class C and

"notclassifiable"wastesarengtrongctivatedgtainlesssteelcomponentsthat9contain high concentrations of Ni, Ni, and Nb.

Details of the waste class assignments for neutron-activated materials,
contaminated materials, and radioactive wastes from conceptual decommissioning
of the reference PWR are given in the following sections.

6.1 NEUTRON-ACTIVATED MATERIALS

Waste class assignments for the neutron-activated materials from concep-
tual decommissioning of the reference PWR are given in Tables 6.2 through
6.6. Table 6.2 shows waste classes for neutron-activated materials removed
from the reactor containment building during DECON. Tables 6.3 through 6.5
show waste classes for neutron-activated materials removed during deferred
decontamination after shutdown periods of 30, 50, and 100 years. Table 6.6
shows waste classes for neutron-activated materials removed during ENTOMB at
the reference PWR. Waste class assignments are determined by camparing the
estimated concentrations of limiting long-lived and short-lived radionuclides
in the waste with the concentrations used to define the different waste classes

.

shown in Tables 3.1 and 3.2 of Section 3. The estimated activity concentra-
tions of limiting radionuclides shown in Tgbles 6.2 through 6.6 are determined
by multiplying the specific activity (C1/m ) of each activated component by the
fractional radioactivity of the limiting radionuclides in the component. As
explained in Section 5.1, the specific activity of neutron-activated material
is based on the full-density volume rather than the burial volume of the

6.1
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TABLE 6.1. Classification of Radioactive Wastes from PWR Decommissioning

( Wste Class Asicpent
Exeeds Class C

thrial Class A Class B Class C Limits

Volym Volp)
Vohre

Volp)
Vohre

33(m Ibrtent (m) Ibrcent (m Ibrtent (m) Fbrcent%ste Category (m')

E G)N

Neutron-ktivated 1 192 9R2 82.4 60 5.0 17 1.4 133 11.2
Cmtaninatal 16078 16 078 100.0 - - - - - --

Rakste 615 461 75.0 154 25.0 - - - - <

Total Deumnissioning %ste 17 8BS 17 521 98.0 214 1.2 17 0.1 133 0.7

30-YR W5Tm
Rutron-Ativatal 1 192 1 036 86.9 6 0.5 17 1.4 133 11.2
Q)ntatinated 16 078 16 078 100.0 - -- - - - --

Raseste o,

Prtp, for Safe Storage 38B 294 75.8 94 24.2 - - - -
~

thferred Decontaidnation 230 207 90.0 23 10.0 - - - --

Total Decomissioning %ste 11 888 17 615 98.5 123 0.7 17 0.1 133 0.7

50-m SYSTm
Rutron-Ativated 1 192 1 036 86.9 6 0.5 17 1.4 133 11.2
Contatinated 100 100 100.0 - -- -- - - --

Rakste
FTtp. for Safe Storage 38B 2M 75.8 94 24.2 - - - -

Deferred Dxontanination 150 135 90.0 15 10.0 -- - - -

Total Decontssioning Este 1 830 1 565 85.5 115 6.3 17 0.9 133 1.3

100-YR SAFST(R

Rutron-ktivated 1 192 1 036 86.9 6 0.5 17 1.4 133 11.2
Contaminated 100 100 100.0 - - -- - -- --

Rakste *

Prep, for Safe Storage 3RR 294 75.8 94 24.2 - - - -

Deferred Decontatination 100 100 100.0 - - - - -- --

Total Deconissioning Este 1 780 1 53) 85.9 100 5.6 17 1.0 133 7.5

EN100

RutrtnJctivated 471 261 55.4 60 12.8 17 3.6 133 28.2
Cmtaminated 1 974 1 974 100.0 - - -- - - --

Rakste 615 461 75.0 154 25.0 - - - -

Total Decanissioning %ste 3 060 2 696 88.1 214 7.0 17 0.5 133 4.4

.
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TABl.E 6.2. Waste Classifications of Neutron-Activated Materials from DECON at the Reference PWR
3Specific ktivity (C1/m )

Full- Total Lidting long-tived Mclides Lirdting 9xst-ttwd Mc11&s
Less Than

Brial Density Specifig
Ativitga) 5-Year este

W1me Volme
3 3 3 I4C 5%g 94g 997c 6% 63Ni mlf-Life Class

Reactor Cmponent (m ) (m ) (C1/nr )
I 2

4.4x10 2.2x1[ 4.7x10 A
Presstre Vessel Cylindrical Wil 108 37.0 518 - 1.9x10-2 - -

Vessel Wad 57 12.1 0.8 - 2.9x10-5 6.fh10-2 3.4x10-3 7.3x10-1 A-- -

1.6x10-I 8.2x10-3 1.7x10 g0

Vessel Botton 57 5.3 1.9 - 6.8x10-5 - -

thper Core S1pport Aserbly 11 1.5 6.7 - 1.9x10-3 1.3x10-5 -- 2.4x1@ 3.0x10-I 4.0xi@ A

I 14 2.6x10 3.2x1E 4.2x10 A
tpper Support Colmns 11 1.4 72 - 2.0x10-2 1.4x10 -

32 2 1.5x10 8
(pper Core Barrel 6 0.4 2 500 - 7.0x10-I 5.0x10-3 9,0x10 1.1x10-

4 3 4I 8.1x10-2 1.5x10 1.8x10 2.4x10 C
tpper Core Q-id Plate 14 0.6 40 500 - 1.1x10 -

(bide Tttes 17 1.9 53 - 1.Ex10-2 1,gxto4 1,gxtol 2.4x1@ 3.1x101 A_

4 3 41 2.4x10-1 4.4x10 5.4x10 7.1x10 (bc)
Lover Core Barrel 91 5.4 121 000 - 3.4x10 -

44 5.0x1@ 6.6x10 (b,c)
1henval Siields 17 1.3 112 000 - 3.1x101 2.2x10-1 4.0x10-

54 1.3x10 (b)
Core 9rotti 11 1.6 2 145 000 - 6.0x102 4,3x1$ 7,7xto5 9.7x10_

Iner Grid Plate 14 0.5 1 107 000 - 3.1x102 2.2x1@ 4.0x105 5.0x10 6.5x105 (b)4
-

43 3 1.5x10 C
laer Sjpport Colens 3 0.4 25 000 - 7.0x1@ 5.0x10-2 9,0x10 1.1x10-

toer Ore Forging 31 4.7 532 - 1.5x10-1 1.1x10-3 - 1.9x10 2.4x101 3.1x102 B2

2 1 2

Miscellanems Internals 23 4.6 435 - 1.2x10-I 8.7x10-4 1.6x10 2.0x10 2.6x10 g
-

4 5.7x10-2 1.2 x 10-2 2.9x1$ A
Bio-Shield Concrete 707 707.0 3 - 1.0x10 - -

4 4.2x10-I 2.2x10-2 4.6x109 A
Abactor Cavity Liner 14 2.0 5 - 1.8x10 - -

(a) Fran Table 5.1. 59Ni,63Ni,and 942.(b) k ste exceeds Class C limits because of hi p a ncentrations of
(c) By placing this este in a container with other este of lov specific activity it

mi@t be possible to dispose o' the container tnder Class C restrictions.

1

- - . . . . .



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __.

TABLE 6.3. Waste Classifications of Neutron-Activated Materials from 30-Year
Deferred Decontamination at the Reference PWR

3Secific Activity (C1/m )
Full- Total Limiting long-Lid ficlides Linitiry Sort-lived Nxlides

Brial Density Speciff Less lhan

Ativitz)a)
5-Year esteWitre Voltre

(CiW g 59Ni 94th 99Tc 6% 63Ni mlf-Life ClassReactor Otmponent (m ) (,3)3

Presstre Vessel Cylindrical W11 108 37.0 2.9 - 1.9x10-2 - - 8.4x10-I 1.9x109 1.9x10-I A

Vessel Head 57 12.1 0.005 - 3.3x10-5 - - 1.5x10-3 3.2x10-3 3.4x10-4 A

Vessel Ibtton 57 5.3 0.01 - 6.6x10-5 - - 2.9x10-3 6.4x10-3 6.7x10-4 A

tpper Core Sppcrt Aserbly 11 1.5 0.3 - 2.0x10-3 1.4x10-5 - 4.8x10-2 2.5x10-I - A*
.

t&per Spport Coltsens 11 1.4 3.1 - 2.0x10-2 1.4x10-4 - 5.0x10-I 2.6x1@ - A

(Oper Core Barrel 6 0.4 108 - 7.0x1&I 4.9x10-3 - 1.7x10I 9,0x101 - B
!
'

tpper Core Grid Plate 14 0.6 1 740 - 1.1x101 7.8x10-2 2.8x102 1.4x1@ - C-

4Ojide Tthes 17 1.9 2.3 - 1.5x10-2 1.0x10 - 3.7x10-I 1.9x1E - A |

laer Core Barrel 91 5.4 5 180 - 3.4x10I 2.3x10-I - 8.3x102 4.3x1M - (b,c) |
I 2.2x10-I - 7.7x10 4.0x10 - (b,c)2 3

Thernel 911 elds 17 1.3 4 830 - 3.1x10
2 0 4 4

Core Shrud 11 1.6 92 200 - 6.Qx10 4.1x10 - 1.5x10 7.7x10 - (b)
2 2.1x1E - 7.6x10 4.0x10 - (b)

3 4
Laer Crid Plate 14 0.5 47 600 - 3.1x10

Lover S;pport Goltons 3 0.4 1 075 - 7.C.1@ 4.8x10-2 - 1.7x10 8.9x10 - C2 2

laer uxe Forging 31 4.7 23.4 - 1.5x10-I 1.1x10-3 - 3.7x1@ 1.9x10 - AI

Miscellaneass Internals 23 4.6 13.7 - 1.2x10-I 8.4x10-4 - 3.0x1@ 1.6x10 - AI

1.4x10-3 1.2x1C-2 6.2x10-3 gBio-911 eld Concrete 707 707.0 0.02 - 1.3x10-4 - -

Ibactor Cavity Liner 14 2.0 0.03 - 2.Qx10-4 - - 8.7x10-3 1.9x10-2 2.0x10-3 g

(a) Fran Table 5.2.
(b) mste exceeds Class C limits because of hi@ concentrations of %, 63Ni, ard %5 94

(c) By placing this wiste in a contairer w'th other weste of lor specific activity it
mi@t be possible to dispose of the exntainer trxler Class C restrictions.

,
.
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TABLE 6.4. Waste Classifications of Neutron-Activated Materials from 50-Year Deferred
Decontamination at the Reference PWR

3Six'cific Activity (Ci/m )
Full- Total Limiting long-Lived tirlides Lindting Sort-livM tirlies

Less ThanIbrial Density Speciff

Volp) Wlp) Activitg)a) $ 59
5-Year este

E 03
(m (m (Ci/m Ni tb fc b__ Ni mlf-Life ClassReactor Orponert

Pressure Vessel Cylindricol 211 108 37.0 1.7 - 1.9x10-2 - - 6.5x10-2 1.6x109 1.1x10-3 A

Vessel Wad 57 12.1 0.(D3 - 3.3x10-5 - - 1.1x10 2.8x10-3 2.0x10-6 A4

4 9.8x10-3 6.6x10-6 g
Vessel Botton 57 5.3 0.01 - 1.1x10-4 - - 3.8x10

3 1.9x10-I - A
1pper Core S;pport Assetly 11 1.5 0.2 - 1.7x10-3 1.2x10-5 -- 3.0x17

A
thper spport Colums 11 1.4 2.4 - 2.0x10-2 1.5x10-4 - 3.6x10-2 2.3x1$ -

e*

m #3 1

ttper Core Barrel 6 0.4 82 - 7.0x10-I 5.0x10 -- 1.2x1E 8.0x10 - B

thper Core Crid Plate 14 0.6 1 3i0 - 1.1x10I 8.2x10-2 - 2.0x101 1.3x103 - C

Q;ide Tses 17 1.9 1.8 - 1.5x10-2 1.1x10 - 2.7x10-2 1.7x1E - A4

1 3 (b,c)
loer Qxe Barrel 91 5.4 3 980 - 3.4x10I 2.4x10-I - 6.0x10 3.9x10 -

I I 3

Thermal Shields 17 1.3 3 710 - 3.2x10 2.3x10-I - 5.6x10 3.6x10 - (b,c)
3 4

6.0x102 4.3x1E 1.1x10 6.9x10 - (b)
Core Shroul 11 1.6 70 800 --

2 42 2.2x1E - 5.5x10 3.5x10 (b)Laer Q-id Plate 14 0.5 36 500 - 3.1x10 -

2 Claer Sipport Colums 3 0.4 825 - 7.0x1@ 5.0x10-2 - 1.2x10I 8.0x10 -

I
toer Core Forging 31 4.7 18.1 - 1.5x10-I 1.1x10-3 - 2.7x10-I 1.8x10 - A

I
Miscellanea;s Intemals 23 4.6 14.1 - 1.2x10-I 8.6x10-4 - 2.1x10-I 1.4x10 - A

Bio-Shield Concrete 707 707.0 0.01 - 8.3x10-5 - - 6.5x10-5 6.9x10-3 2.9x10-3 g

7.6x10 1.9x10-2 1.3x10-5 A4
Reactor Cavity Liner 14 2.0 0.02 - 2.2x10-4 - -

| (a) From Table 5.3.
94th.(b) Waste exceeds Class C limits because of hi@ concentrations of $1. 63Ni,and

1

| (c) By placing this este in a container with other este of lov specific activity it
ml@t be possible to dispose of the container mder Class C restrictions.
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TABLE 6.5. Waste Classifications of Neutron-Activated Materials from 100-Year Deferred
Deconttmination at the Reference PWR

3recific Ativity (Ci/m )e ,

Full- Total Limiting long-Liwd f4rli&s Limiting Sort-timi teclides
less ThanBrial Iknsity Speciff

Ativitz)a)
:

5-Year EsteVolme Volme
99Tc g 63Ni m1f-Life Class59Ni 99th(Ci/ar' 14CReactor Caponent (m ) (,3)3

8.4x10-5 1.1x1@ A
Presstre Vessel Cylirdrical til IW 37.0 1.1 - 1.9x10-2 - - -

Vessel Head 57 12.1 0.002 - 3.3x10-5 - - 1.5x10-7 2.0x10-3 - A

3.0x10-7 4.0x10-3 _ g
Vessel Ebtton 57 5.3 0.004 - 6.8x10-5 - -

4 1.3x10-I - A
thper Core Sgport Asseibly 11 1.5 0.13 - 1.7x10-3 1.2x10-5 4.0x10-

tbper Spprt Colmns 11 1.4 1.6 2.0x10-2 1.5x10 4 5.0x10-5 1.6xt@
- A,

-* -

m
tbper Qre Barrel 6 0.4 55 - 7.2x10-I 5.0x10-3 1.7x10-3 5.4x10I - B-

4 2 CI 8.1x10-2 2.8x10 8.7x10tbper Core Grid Plate 14 0.6 892 - 1.2x10 --

0;ide Ttbes 17 1.9 1.2 - 1.6x104 1.1x10 3.7x10-5 1.2x1E A4 ---

3 (b.c)taer Oxe Barrel 91 5.4 2 650 - 3.4x101 2.4x10-1 8.2x10-2 2.6x10 --

Thernel 911 elds 17 1.3 2 480 - 3.2x101 2.2x10-1 - 7.7x104 2.4x103 - (b,c)
4

Core 9rotd 11 1.6 47 200 - 6.0x102 4.3x100 1.5x1$ 4.6x10 - (b)-

42 2.2x1@ 7.6x10-I 2.4x10 - (b)Laer Grid Plate 14 0.5 24 4CD - 3.2x10 -

4 2 Claer Spport Colens 3 0.4 550 1.2x:@ 5.0x10-2 1.7x10 5.4x10 ---

laer Core Forging 31 4.7 11.7 - 1.5x10-1 1.1x10-3 3.6x10-4 1.1x101 - A-

Miscellaneous Internals 23 4.6 9.8 - 1.3x10-I 8.9x10-4 - 3.0x10-4 9.6x1$ A-

4 - 1.2x10-7 6.4x10-3 3.5x10-3 A
Bio-Shield Concrete 707 707.0 0.01 - 1.1x10 -

7.6x10-7 9.9x10-3 Abctor Cavity Liner 14 2.0 0.01 - 1.7x10-4 - - -

.

(a) Fron Table 5.4 9459 , 63Ni,and ?b.Ni(b) Wste exceeds Class C limits because of hicji concentrations of
(c) By placing this este in a container with other este of low specific activity it

might be possible to dispose of the container trider Class C restrictions.
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TABLE 6.6. Waste Classification of Neutron-Activated Materials from ENT0MB at the Reference PWR
3Secific Activity (Cf/m )

Full- Tctal Limiting long-4_ived itriides Limiting 9ert-lived terlides
Brial Density %ecifig Less inan

Activitp)a)Witze Voltre 5-Year %ste
3 I4C 59Ni 94fb 99Tc % 6 i mlf-Life ClassReactor Creponent (m) (,3)3 (C1/m

Presstre Vessel Cyltrufrical 411 108 37.0 518 - 1.9x10-2 - - 4.4x10I 2.2x109 4.7x10 A |2

4 3.4x10-3 7.3x10-I AVessel Heal 57 12.1 0.8 - 2.9x10-5 - - 6.8x10

Vessel Botton 57 5.3 1.9 - 6.8x10-5 - - 1.6x10-1 8.2x10-3 1.7x1$ A

ttger Oxe Sjpport Assed>1y 11 1.5 6.7 - 1.9x10-3 1.3x10-5 2.4x1S 3.0x10-I 4.0t1@ A-

tpper Sipport Coltans 11 1.4 72 - 2.0x10-2 1.4x10-4 - 2.6x10I 3.2x1E 4.2x10 AI

t)per Qxe Barrel 6 0.4 2 500 - 7.0x10-I 5.0x10'3 - 9.0x10 1.1x10 1.5x10 B
2 2 3*

I 8.1x10-2 - 1.5x10 1.8x10 2.4x10 C
4 3 4tier Ore Grid Plate 14 0.6 40 500 - 1.1x10

|
QJide Tthes 17 1.9 53 - 1.5x10 2 1.1x10-4 - 1.9x10I 2.4x1E 3.1x10 AI

I 2.4x10-1 4.4x10 5.4x10 7.1x10 (bc)4 3 4toer Core Barrel 91 5.4 121 000 - 3.4x10 -

I 2.2x10-1 4.Qx10 5.0x10 6.6x10 (b,c)4 3 41henal Sitelch 17 1.3 112000 - 3.1x10 -

2 4.3x109 - 7.7x105 4 6Core 9 rotri 11 1.6 2 145 000 6.0x10 9.7x10 1.3x10 (b)-

| toer Grid Plate 14 0.5 1 107 000 - 3.1x102 2.2x1@ - 4.0x10 5.0x10 6.5x1055 4
(b)

toer Sjpport Coltans 3 0.4 25 000 - 7.0x1E 5.0x10-2 - 9.0x10 1.1x10 1.5x10 C
3 3 4

toer Core Forg8ng 31 4.7 532 - 1.5x10-I 1.1x10-3 - 1.9x10 2.4x10 3.1x10 g2 I 2

Miscellaneais Internals 23 4.6 435 - 1.2x10-I 8.7x10-4 - 1.6x10 2.0x10 2.6x10 B
2 I 2

Bio-911 eld Concrete - - - - - -- - - - - -

Reactor Cavity Liner - -- - - - - - -- - - -

(a) Fron Tabie 5.5.
59Ni,6 1,and 94rb.(b) %ste exceeds Class C limits because of high aincentrations of

(c) By placing this este in a container with other wiste of Icw specific activity it
micfit be possible to dispne of the container trider Class C restrictions.

!
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material. Values for fractional radioactivity of limiting long-lived and f#!,

1[' $
short-lived radionuclides for the various neutron-activated components are
given in Tables 5.1 through 5.5 of Section 5.

.

As shown in Tables 6.2 through 6.6, the concentrations of limiting redio- fe
4

p
nuclides in much of the neutron-activated material from decommissioning of the p y .t.
reference PWR are low enough to permit the classification of this 3 9I j*d ./6either Class A or Class B waste. However, the concentrations of Ni and Nb

in the upper grid plate and the lower support colunns requirgg%at *# ~

gal be classified as Class C waste. The concentrations of Ni, 6 Ni, and D p;-QNb in the lower core barrel, thermal shield, lower grid plate, and core ',a'*shroud exceed the values for Class C waste. Because of the long half-lives of
'these nickel and niobium isotopes, the radioactivity of the neutron-activated N '-
material is not significantly reduced by deferring its removal for periods of C4

.FNup to 100 years.
g .y

The neutron-activated material from PWR decommissioning that is classified p
3as Class C waste is estimated to have a burial volume of 17 m , constituting E. e

f ."7.?
iabout 1.4% of the activated material from DECON and SAFSTOR and about 3.6% of

~ .

the activated material from ENT0MB. The neutron-activated material that
3exceeds Class C limits is estimated to have a burial volume of 133 m , con- *Y.

stituting about 11.2% of the activated material from DECON and SAFSTOR 6nd A'' "
about 28.2% of the activated material from ENT0MB. (For the ENTOMB alterna- 1:7
tive, some activated components with low specific activity such as the bio- G:;
shield concrete and the reactor cavity liner remain in the entombment g ..
enclosure.) 4. M ~ .

; v ., .

; Q.j ,.
6.2 CONTAMINATED MATERIALS A. I.f

.

J @/ HAs noted in Section 5.2, the estimated average radioactivity concentration .]
in contaminated materials from c nceptual decommissioning of the reference PWR -

3
. g Ci/m . The principal short-lived isotopes in thisisnotgreateg0 an

material are Co and C;. Comparison of the estimated average radioactivity
concentration in the contaminated materials with activity concentrations for
limiting short-lived nuclides given in Table 3.2 of Section 3 shows that this
material can be classified as Class A waste.

*

6.3 RADI0 ACTIVE WASTES

Waste class assignments for the radioactive wastes from conceptual decom-
missioning of the reference PWR are given in Table 6.7. Waste classes are
determined by comparing the estimated concentrations of limiting short-lived
radionuclides in the waste with the concentrations used to define the different
waste classes shown in Table 3.2 of Section 3. The estimated radioactivity
concentrations shown in Table 6.7 are obtained by multiplying the specific
activity of a given waste type by the fractional radioactivity of the short-
lived radionuclides in the waste as shown in Table 5.7 of Section 5.

6.8
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TABLE 6.7. Waste Classifications of Radioactive Wastes from

Decommissioning at the Reference PWR

Total Sgcific ktivity of

Bria Specific limitirg Short-lived fir 11 des (C1/m )
Volune a) Ativity Other %ste

3 3 I37Este Tyre (m) (C1/m) % $ 905r cs Surt-livnd Class

Wt Solid Estes

Evagxrator Bottos 62 (51) 299 8.3x10I - - 2.6x10-I 1.8x102 g

Evagrratcr Buttru 128 (104) 5.2 1.7x1@ - -- 5.2x10-3 3.5x1@ A

Evaporator Ebttt=6 76 (62) 1.0 3.2x1 -- -- 1.&10-3 6.8x10-I AI
2Spent Resins 57 (46) 913 2.8x1 - - 8.7x10-I 5.9x10 g
2

- - 8.0x10-I 5.4x10 gthed Particulate Filters 9(6.3) 8]O 2.6x1

Dry Solid Estes

. KGM
Shielded Drus 88 6.0 4.5x10-I - 4.2x10-3 4.5x18 1.0xlf B

a 'hshielded Dnss 195 1.2 9.0x10-2 - 8.4x10 9.Qx10-I 2.0x10-I A
4

Preparation for Safe Storage
Sleided Due 28 6.0 4.5x10-I - 4.2x10-3 4.5x1@ 1.0x1@ B

thshielded Dnss 28 1.2 9.0x10-2 - 8.4x10-4 9.0x10-I 2.0x10-I A
"

_

30-Year D=ferred Decontanination

4.7x10-3 6.0xlE 7.8x10-3 8m ielded Dnse 23 6.0 2.4x10-2 -

2.8x10-4 3.5x10-I 4.6x10-4 Athshielded Dnss 207 0.35 1.4x10-3 -

50-Year Deferred Qxmtaninatim
Shielded Dnss 15 6.0 2.5x10-3 -

2.6x10-4 3.1x10-I 2.6x10 A

5.0x10-3 6.0x10 5.0x10-3 B

thshielded Drum 135 0.31 1.3x10 - 44

10)-Year Difervid Deconta11natim
21elded Drus - - - -

5.5x10-4 4.2x10-I - A

- - - --

thshielded Dnss 100 0.42 - -

ENT06
_

Sielded Dus 88 6.0 4.5x10-I 4.2x10-3 4.5xi@ 1.0x1E B
thstleided Dus 195 1.2 9.0x10-2

-

8.4x10-4 9.0x10-I 2.0x10-I A-

;

3(a) values in parentieses for et solid estes are actual solidified este voltres used to calculate C1/m .

-

As discussed previously ir Section 5, the operations of system decontami-
_

nation and processing of radioactive liquids are assumed to be undertaken
regardless of the alternative chosen to decommission the facility. Conse-
quently, the t,urial volumes and specific activities of the wet solid wastes
from decommissioning operations are the same for each decommissioning alterna-e

tive (DECON, SAFSTOR, and ENT0MB). Approximately 80% (by volume) of the f
wet solid wastas from PWR decommissioning are estimated to be Class A wastes.
The remaining wet solid wastes (spent resins and used particulate filters) are
Class B wastes.

MostofthedrysolidwastesfromPWRdecommissioningoperatgscanbe
classified as Class A wastes. Because of high concentrations of Cs, approx-
imately 31% (by volume) of the dry solid waste from DECON and ENTOMB and 50% of
the dry solid waste from preparations for safe storage is estimated to be
Class B waste. Approxinia.ely 10% of the dry solid waste from 30-year and
50-year deferred decontamination is estimated to be Class B waste. Because of
radioactive decay, all of the dry solid waste from 100-year deferred decontami-
nation is assumed to be Class A waste.

6.9
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i: 7.0 CONCLUSIONS M '[
'

' . .: j . ):.

; - .y r ;
The nuclear wastes from conceptual decommissioning of a reference PWR are ~ n'

N .,- classified, in this uddendum, in terms of the waste classes specified in

F.(c'. 10 CFR 61. The results are tabulated in Table 6.1 of Section 6.
s J:u;, w
4 Most of the nuclear waste from PWR decommissioning (approximately 86% to ,Jl'.':98% of the total waste volume, depending on the decommissioning alternative) is

MW{
Jx*

G considered to have such low radionuclide concentrations that it can be classi-
/ fied as Class A waste. To be acceptable for shallow-land disposal, Class A 5.f:%

waste must meet the minimum packaging and waste form requirements given in '.f.W0

h~f(
" paragraph 61.56(a) of 10 CFR. The waste processing and packaging methods
( described in the referenca PWR study (Reference 1) provide sufficient protec- ;; -
.

tion to permit the handling and disposal of these wastes at a licensed shallow- y.3.1 g
land disposal site without further packaging requirements.

% A.: .. f
a .. p.,

b"N,kA small fraction of the nuclear waste from PWR decommissioning (approxi-
mately 0.7% to 7% of the total waste volume, depending on the decommissioning ~

r .

? alternative) is classified as Class B waste. For the reference PWR, the %[%
{ gass B waste includes some neutron-nctivated stainless steel components with F: ~.,

Ni concentrations that exceed Class A limits, spent resins and used particu- C;
4 late filters with high specific activity, and some dry solid waste with concen- %. >..'
~ trations of short-lived radionuclides that exceed Class A limits. Class B 2 ;.'

waste must meet the stability requirements of 10 CFR 61.56(b) that are intended G Z .s'

to provide protection against structural degradation following burial. Struc- 4, i %
. tural stability can be provided by the waste form itself, by processing the $Y.

J waste to a stable form, or by placing the waste in a disposable container that ;.R -

f provides stability after disposal. The processing and packaging methods 1( |'
: described in the reference study provide adequate stability for most of the N: s 7e
} Class B waste identified in the study. However, in processing Class B wet or 2E

.($ *b
'

liquid waste, care must be taken to ensure that the residual liquid does not "
..

exceed 1% of the volume of the waste when the waste is in a disposal container N K.
.5 designed to ensure stability, or 0.5% of the volume of the waste for waste WT

I.y |Oc| processed to a stable form.
: $:

Some of the neutron-activated stainless steel components removed from the -

8e.

", reactor pressure vgsel gring decpissioning are considered to have such high [g i

i concentrations of Ni, Ni, and Nb that they exceed the classification J.. ! ta
:1 criteria for Class A and Class B waste. For the reference PWR, the upper core > l ' .s

3

grig} plate (burial volume 14 m ) and the lower support columns (burial volume
$,,.%i

.5

3m are classified as Class C waste. The lowgr core barrel (burial volume DE. . . -,,

91 m ), the thermal shields (burial volume 17 m ), the core shroud (burial [% ,3 3j volume 11 m ), and the . lower grid plate (burial volume 14 m ) are all con- b
L sidered to be nonclassifiable in terms of the limiting concentrations of long- .9 '. .

.y lived radionuclides specified in 10 CFR 61. The radioactivity of the lower :;e;M
core barrel and the thermal shields exceeds Class C limits by a relatively -WJ<

Q:c b. (
q small amount. By adding low-activity waste such as contaminated concrete to
~" the containers in which sections of the core barrel and the thermal shields are
; placed for disposal, it might be possible to dispose of these waste packages as N

Class C wastes or as wastes of lower classification. Q',...,

.
.

: y. .g . ;
; 7.1
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Class C waste must meet the stability requirements of 10 CFR 61.56(b) and
must also be disposed of by a burial site operator using methods that provide -

-

additional protection against inadvertent intrusion into the burial ground.
__

Class C waste must be buried so that the top of the waste is a minimum of
5 meters below the top surface of the cover, or must be placed within intruder -

barriers that are designed to protect against an inadvertent intrusion for at
least 500 years. The disposal costs for Class C waste could be significantly
higher than the disposal costs for Class A and Class B wastes. An estimate of
these higher costs is beyond the scope of this addendum and is not given here.

Nuclear waste that exceeds Class C limits according to the provisions of
-

10 CFR 61 is not acceptable for routine near-surface disposal. The licensee is
required to safely store this waste until a specific determination can be made
on its disposition. Onsite storage of decommissioning waste would prevent
termination of the nuclear license and release of the site until the waste was
subsequently removed to an offsite disposal facility. The prospect of onsite >-

storage of nuclear waste for a protracted period could therefore affect the
choice of an alternative to decommission the reactor.

Two recent PNL experimental studies (7,8) that characterized the radio-
.

#--

activity concentrations in contaminated and activated materials from nuclear
'

power plants provide data for conparison with the waste classification results --

summarized above. 1

In one of the these studies,(7) onsite sampling and measurement programs = -

were conducted at 7 nuciear power plants (3 PWRs and 4 BWRs) to assess residual
..

=

radionuclide concentrations and inventories in contaminated piping, hardware,
equipment, concrete, and soils. The residual radionuclide concentrations
observed in these contaminated materials were compared with guidelines for ;

shallow-land burial of low-level radioactive waste contained in 10 CFR 61. The .-

study concluded that the entire components of a decommissioned nuclear power -

plant (exclusive of the reactor pressure vesse.1 and internals ) could be dis- --

posed of at a shallow-land burial site as Class A waste, either directly or by -

mixing the relatively small quantities of highly contaminated concrete with
.

lower-activity wastes. (The study did not address the question of wastes from '

the processing of contaminated water volumes or decontamination solutions, some
of which are considered in this addendum to be Class B wastes.)

In the second study,(8) a program was carried out to assess the problems
posed to reactor decommissioning by long-lived activation products in reactor .

construction materials. Reactor components investigated included the bio- -

shield, the pressure vessel, the vessel cladding, and the stainless steel 1
internals. The program included the following three steps:

1. Samples of stainless steel, vessel steel, concrete, and concrete
ingredients were analyzed to develop a data base of major, minor, and
trace elements capable of being activated. ----

2. Calculations were performed using average values of the measured
compositions of the appropriate materials to predict the levels of -

activation products expected in reactor internals, vessel walls, and -
-

bio-shield materials for both PWRs and BWRs.
_
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3. Selected samples of activated steel and concrete were subjected to
limited radiochemical analyses as a verification of the computer
model used for the calculations of Step 2.

A comparison was made between calculated activation levels and regulatory
guidelines for shallow-land disposal according to 10 CFR 61. It was concluded
that the PWR shroud does not appear to be suitable for disposal as low-level
waste and that the core barrel is questionable. From an activation standpoint,
the remaining components were determined to be either Class A or Class B waste,
with the bio-shield clearly Class A, even at its highest point of activation.

The results of these two studies are in substantial agreement with the
results reported in this addendum for the conceptual decommissioning of a ref-
erence PWR.

7.3
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