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FOREWORD
BY
NUCLEAR REGULATORY COMMISSION STAFF

The NRC staff is reappraising its rsgulatory position relative to the
decommissioning of nuclear faci]ities. 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 varijus facilities are completed.

The first report in this series covers a fgel reprocessing plant;(z) the
second addresses a pressurized water reac%og and the third deals with a
small mixed-oxide fuel fabrication plang The fourth report, an addendum to
the pressurized water reactor report,l 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
cnarges( The fifth report in this series deals with a low-level waste b?sa
ground; the sixth covers a large boiling water reac;gs power station; and
the seventh examines a uranium fuel-fabri asion 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 radiologica! surveillance programs used in the parent ??CSment.
The tenth report deals with a uranium hexafluoride conversion plant. The
eleventh report address?s the decommissioning of nuclear reactors at multiple-
reactor power i%gsions. The twelfth report covers nuclear research and
test reactors. The thirteenth report examines the decommissioning of
reference light water reactors that have been involved in serious acci-
dents. The fourteenth and fifteenth reports are addendums to the pressur-
ized water reactor report and the boiling water reactor report, respectively,
and examine the impacts on decommissioning of both of these plant types of a
temp?rar{ gnabi]ity to dispose of waste offsite at the time of decommission-
ing. The sixteenth report, an addendum to the nuclear research and test
reactors report, addresses the sensitivity of decommissioning radiation expo-
sure and co?%§ to selected parameters at nuclear research and test reactor
facilities. The seventeenth report deal§ with the decommissioning of inde-
pendent spent fuel storage installations. This addendum to the boiling
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water reactor report examines the radioactive wastes expected to result from
decommissioning the reference BWR and classifies those wastes in accordance
with 10 CFR 61.

An additional decommissioning topic will be reported tentatively as
follows:

FY 1984 » Post-Accident Decommissioning 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 consists of an annotated bibliography on the decommissioning
of nuclear facilities 118} i iew and analysis of t

- : o'’ Ias)second s a review and analysis of curren
decommissioning regulations. The thlr? covers the facilitation of the
decommissioning of light water reactors. 2l) The fourth report covers the
establishment of an information ?a;s concerning monitoring for compliance with
decommissioning survey criteria.'? The fifth report addresses the technology
and cost of tesmination surveys associated with decommissioning of nuclear
facilities. (43

The information provided in this regort on decommissioning of a boiling
water reactor, including any comments, will be included in the record for
consideration by the Commissiun 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

2

In the analysis of the decommissioning of the reference boilzn water
reactor power station (BWR) reported previously in NUREG/CR-0672, 1) it was
assumed that all of the low-level radioactive waste from decommissioning 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 BWR study in terms of waste classes defined in Title 10, Part 61 of the
Code of Federal Reguiations (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
decommissioning wastes.

By Federal Register notice dated December 27, 1982,(2) the NRC promulgated
a new regulation (10 CFR 61) governing the land disposil of low-level radioac-
tive waste (LLW)., This new regulation establishes three classes of LLW based
on radiological hazard, and provides minimum and stability waste form require-
ments and near-surface disposal requirements for the land burial of these
wastes, Wastes with radionuclide concentrations that do not meet the classifi-
cation criteria of 10 CFR 61 are generally unacceptable for routine near-
surface 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 BWR are summarized in Section 2. A summary of
waste classification requirements from 10 CFR 61 is given in Section 3. The
decommissioning alternatives evaluated in the reference BWR study are briefly
summarized in Section 4, Information on quantities and radionuclide contents
of the radioactive wastes fron deconmissioning the reference BWR 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.
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limiting long-lived isotopes in contaminated materiali3 The principal limiting
short-lived isotopes in these materials are U¢o and Cs. Average concentra-
tions of limiting short-lived radionuclides in contaminated materials are low
enough that, in general, contaminated materials constitute Class A waste.

Radioactive wastes from reactor decommissioning 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 contamina-
ted materials such as rags and wipes, plastic sheeting, contaminated tools, and
anti-contamination clothing. There are no significant quantities of limiting
long-lived isotopes in either wet solid or dry solid radioactive wastes. The
principal limiting short-lived isotopes in the waste are 60co and 137cs. Most
of the radioactive waste from decommissioning operations can be classified as
Class A waste, with less than 25% (by volume) being classified as Class B
waste,

The alternative approaches to decommissioning a nuclear power station con-
sidered in the reference BWR 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 decommissioning alter-
natives. The nuclear waste generated during SAFSTOR operations includes
radioactive waste from preparations for safe storage and waste generated during
deferred decontamination., For safe storage periods of 50 years or longer,
because of radioactive decay, the total waste from all SAFSTUR operations is
significantly less than the waste volume generated during DECON. In the ENTOMB
scenario analyzed in the reference BWR study, the long-lived reactor vessel
internals are removed and shipped to a licensed burial site prior to entomb-
ment. The nuclear wastes resulting from ENTOMB operations include these long-
lived reactor components, any contaminated material not accommodated within the
confines of the entombment structure, and radioactive wastes resulting from
ENTOMB activities. The total waste volume generated for offsite disposal in
this alternative is substantially less than that generated for DECON,

A summary of the classification requirements for the radioactive wastes
from conceptual decommissioning of the reference BWR is given in Table 2.1,
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 more than a factor of 10,
depending on the decommissioning alternative, the volumes of Class B and Class
C waste, and of waste that exceeds the Class C limits, are essentially indepen-
dent of the decommissioning alternative.
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Materials accountahility 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 con-
centrations in the waste with gross measurements of radioactivity levels,
Radionuclide concentrations may aiso be measured directly or may be inferred by
ratioing to concentrations of radioisotopes that can be readily measured.

The NRC technical position(3) 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 he the
volume of the waste container. This would be true of trash waste streams com-
pacted into shipping containers. [f a particular waste is stabilized within a
waste 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,

[f the volume of the waste container is significantly larger (1.e., more
than i0% larger) then 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
demineralizer 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 mate-
rial (i.e., the weight divided by the density) rather than the container
volume,

Section 10 CFR 61.55(a)(3) states that in determining radionuclide concen-
trations in nuclear waste, the concentrations may be averaged over the volume
of the 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 con-
sidered to be reasonably homogeneous, and 2) whether the volume 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 homo-
geneous wastes include spent ion exchange resins, filter media, solidified
liquids, contaminated dirt, contaminated concrete, and contaminated trash when
compacted in waste containers.

3.4
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SAFSTOR comprises those activities required to prepare and 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 radioacti-
vity, followed by decontamination of the facility to an unrestricted level.
SAFSTOR includes three phases of activity: 1) preparations for safe storage,
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-
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 dur-
ing deferred decontamination plus the waste volume ganerated during prepara-
tions for safe storage is significantly less than the waste volume generated
during DECON,

ENTOMB 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 suit-
able for unrestricted use, The structure should be sufficiently strong and
long-lived to ensure retention of the radionuclides during the long-term sur-
veillance period. In the reference BWR study, the entombment structure is the
steel primary containment vessel enclosed within the concrete biological
shield.

Two apprnaches to ENTOMB at a BWR are possible: 1) the reactor vessel
internals, which have extremely long-lived radioactivity, are removed and ship-
ped to a nuclear waste repository; and 2) tne reactor vessel internals are left
in place, In each case, as much of the contaminated equipment from outside 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 structure,
to terminate the amended nuclear license and release the structure for unre-
stricted use after a period of about 100 years, In the second case, existing
regulations require the amended nuclear license to remain in force for an
indefinite period,

4,2
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TARLE 5, 1. Neutron-Activated Materials from DECON at the Reference
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