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ABSTRACT

If a state or state compact does not have adequate disposal capacity for low-level radioactive waste
(LLRW) by 1986 as required by the Low-Level Waste Policy Act, then extended storage of certain LLRW may be
necessary. In this papgp-, tjje issue of extended storage of LLRW is addressed in order to determine for the
Nuclear Regulatory Commission the areas of concern and the actions recommended to resolve these concerns. The
focus is on the properties and behavior of the waste form and waste container. Storage alternatives are con-
sidered in order to characterize the likely storage environments for these wastes. The areas of concern about
extended storage of LLRW are grouped into two categories:

1. 8ehavior of the waste form and/or container during storage, e.g., radiolytic gas generation,
radiation-enhanced degradation of polymeric materials, and corrosion.

2. Effects of extended storage on the properties of the waste form and/or container that are important
after stcrage (e.g., radiation-induced oxidative embrittlement of high-density polyethylene and the
weakening of steel containers resulting from corrosion by the waste).

The additional information and actions required to address these concerns are discussed and, in particu-
lar, it is concluded that further information is needed on the rates of corrosion of container material by
Class A wastes and on the apparent dose-rate dependence of radiolytic processes in Class B and C waste pack-
ages. Modifications to the guidance for solidified wastes and high-integrity containers in NRC's Technical
Position on waste Form are recommended. 7~) A&JLPAO'/K.C'&£-*
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The U.S. Nuclear Reglatory Commission (NRC) has

INTRODUCTION

The Low-Level Waste Policy Act (PL 96-573,
December 22, 1980) established state responsibility
to provide disposal capacity for low-level radioactive
waste (LLRW), and it was envisioned that all states
would be self-sufficient in this respect by 1986. In
addition, the Act encourages the formation of inter-
state compacts which (subject to approval by Congress)
may refuse waste from outside their respective compact
areas after January 1, 1986. Should a state or state
compact not have adequate disposal capacity by 1986,
then extended storage of waste may be required until
disposal means are available. The waste may be stored
for a period of several months to several years at the
site of waste generation (e.g., on site at a nuclear
power plant), at the disposal facility, or at a state
or regional facility dedicated to such extended
storage.

LLRW storage needs that may result from the un-
availability of disposal capacity is a relatively new
radwaste management problem in the United States.
Most nuclear power plants were not designed with on- •
site LLRW storage capacity of extended duration since,
in accord with the customary procedure, it was assumed
that the LLRW would be shipped to a disposal site
whenever a truck!oad had accumulated. Similarly, most
non-fuel-cycle LLRW generators have operated under the
assumption that the waste would be shipped for dis-
posal rather than stored. Extended storage of LLRW
has not been necessary at the disposal sites since
disposal of the LLRW has usually occurred within a few
days after receipt.

*Work carried out under the auspices of the U.S.
Nuclear Regulatory Commission under contract
DE-AC02-76CH00016.

considered* two types of storage for LLRW at a
nuclear power plant:

(1) interim contingency storage, for up to five
years, and

(2) long-term storage, for over five years. "

Due to current uncertainties regarding the availabil-
ity of LLRW disposal capacity, the NRC is aware that
extended storage of LLRW may be pursued by nuclear
power plants and by other NRC licensees which generate
LLRW. (In this paper the term "extended storage" is
generally considered to be identical to "long-term
storage.") *

Extended storage of LLRW is a relatively new
undertaking in the U.S. In order to develop guidance
for the extended storage of LLRW by NRC licensees and
to help ensure the continued protection of public
health and safety, the NRC has contracted with
Brookhaven National Laboratory (BNL) to address the
issue of extended storage, focusing on th? waste form
and container, but also considering storage alterna-
tives in order to establish the likely range of stor-
age environments that the wastes would encounter. In
this paper, the major points of BNL's draft report^
are summarized. Additional work in this area is
anticipated.

Storage Environment Characteristics

The behavior of radioactive wastes, of the binder
materials in which they are immobilized, and of the
container materials will be affected by the environ-
ment within the storage facilities. The environmental
variables considered are length of storage time,
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INTRODUCTION

The Low-Level Waste Policy Act (PL 96-573,
December 22, 1980) established state responsibility
to provide disposal capacity for low-level radioactive
waste {LLRW}, and it was envisioned that all states
would be self-sufficient in this respect by 1986. In
addition, the Act encourages the formation of inter-
state compacts which (subject to approval by Congress)
may refuse waste from outside their respective compact
areas after January 1, 1966. Should a state or state
compact not have adequate disposal capacity by 1986,
then extended storage of waste may be required until
disposal means are available. The waste may be stored
for a period of several months to several years at the
site of waste generation (e.g., on site at a nuclear
power plant), at the disposal facility, or at a state
or regional facility dedicated to such extended
storage.

l.LRW storage needs that may result from the un-
availability of disposal capacity is a relatively new
radwasite management problem in the United States.
Most nuclear power plants were not designed with on- -
site LLRW storage capacity of extended duration since,
-in accord with the customary procedure, it was assumed
that the LLRW would be shipped to a disposal site
whenever a truckload had accumulated. Similarly, most
non-fuel-cycle LLRW generators have operated under the
assumption that the waste would be shipped for dis-
posal rather than stored. Extended storage of LLRW
has not been necessary at the disposal sites since
disposal of the- LLRW has usually occurred within a few
days after receipt.

Work carried out under the auspices of the U.S.
Nuclear Regulatory Commission under contract
DE-AC02-76CH00016.

The U.S. Nuclear Peglatory Commission (NRC) has
considered1 two types of storage for LLRW at a
nuclear power plant:

(1) interim contingency storage, for up to five
years, and

(2) long-term storage, for over five years. '

Due to current uncertainties regarding the availabil-
ity of LLRW disposal capacity, the NRC is aware that
extended storage of LLRW may be pursued by nuclear
power plants and by other NRC licensees which generate
LLRW. (In this paper the term "extended storage" is
generally considered to be identical to "long-term
storage.")

Extended storage of LLRW is a relatively new
undertaking in the U.S. In order to develop guidance
for the extended storage of LLRW by NRC licensees and
to help ensure the continued protection of public
health and safety, the NRC has contracted with
Brookhaven National Laboratory (BNL) to address the
Issue of extended storage, focusing on the waste form
and container, but also considering storage alterna-
tives in order to establish the likely range of stor-
age environments that the wastes would encounter. In
this paper, the major points of BNL's draft report2
are summarized. Additional work in this area is
anticipated.

Storage Environment Characteristics

The behavior of radioactive wastes, of the binder
materials in which they are immobilized, and of the
container materials will be affected by the environ-
ment within the storage facilities. The environmental
variables considered are length of storage time.
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temperature, humidity, potential for wetting of the
container, and radiation field. Unfortunately, ex-
plicit information about these variables is generally
not presented in descriptions of LLRtf storage facili-
ties. It should be noted that not all of the facili-
ties described are intended to be extended storage
facilities.

The potential storage time 1s a variable signifi-
cantly impacted by factors other than technical con-
siderations. The storage space available and the rate
of waste production are, of course, important, but
social, political, and economic factors that affect
the availability of disposal sites for LLRH are likely
to be the major considerations in determining the
length of time for which storage of LLRW nay be
needed. For the purposes of this paper, a 5- to
15-year storage .period is considered. .

The temperature of the storage environment will
vary only slightly in the large engineered structures
for containerized radwaste that include haating, ven-
tilation, and air conditioning (HVAC) systems in their-
design. A minimum temperature of 50cF (10°C) is ex-
pMcttly mentioned by one utility for Its LLRW storage
facility.3 An upper bound of 80°F (27°C) is conser-
vatively estimated — except during failure of the
HVAC system, it Is probably much lower — and sharp
variations, even within this temperature range, would
not be expected. Since there is concern about drum
corrosion due to humidity, the relative humidity is
assumed to be below the critical value at which atmos-
pheric corrosion becomes significant. For steel this
value ranges from about 50% to 70S.4 Temperature
ranges for the indoor storage of resin waste in spent
resin holding tanks at two other nuclear power plants
range from 40°F tc 90°F (4°C to 32°C) and 70°F to
1QO°F (Z1°C to 38°C).5 At the other extreme, the
wastes In a simple fenced-in concrete storage pad will
be exposed to the outdoor temperature and the outdoor
humidity, which over the course of a year in some
locations may range from below -40*F (-40T) to above
104°F (+40°C) and from OS to 1005, respectively.6

For a and s radiation it may be assumed that, to
a very good approximation, radiation emitted within
the waste package is absorbed within the package. The
T-radiafion field within a particular waste package
will depend on the radiation emitted within the pack-
age itself and also on the T radiation emitted by
nearby packages. The Y 'radiation emitted within a
particular package is generally not completely ab-
sorbed within the package itself. For example, at
points of contact between two polyethylene containers
loaded with i emitters, the dose to the container
material to a very good approximation will be the sum
of the doses to those points for each of the two con-
tainers in isolation, i.e., when considering the dose
to waste packages stored in proximity to one another,
the •y-radiation field intensities of the individual
packages should be superimposed. The dose to the con-
tents of a waste package from the adjacent waste pack-
ages in a closely packed stacked array of such pack-
ages may be conservatively estimated by replacing the
individual waste packages by an infinite medium. For
example, the y-ray dose to the contents of a stacked
55-gallon drum may be conservatively estimated by
tripling ihe y-ray dose to a 55-gallon drum in isola-
tion. (It is assumed in making thii estimate that all
the drums in the stacked array contain the same con-
centrations of T emitters.)2

The environmental variables discussed above are
summarized in Table I for four categories of storage
concepts. These four categories are Urge engineered
structures, storage modules, shielded casks, and un-
shielded facilities. From the table, it may be seen

that, based on the environmental variables, there art
really only two important categories: large eng1ne*red
structures and all other storage facilities. Some de-
gree of environmental control is generally provided in
the large engineered structures by means of « HVAC
system.
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For the other three categories of storage con-
cepts, there is generally no environmental control
other than that provided by the module or cask walls.
In the extreme case of some unshielded facil i t ies,
there may not be any protection for the containers
from rain or snow. Tlie temperature and humidity of
the storage environment will be that of the ambient
sir and will depend on local-climate and weather.

Waste and Haste Package Characteristics

The properties and behavior of low-level
radioactive waste streams, solidification -agents, and
container materials are reviewed, with the emphasis on
those characteristics important for addressing the
effects of extended storage on the waste and waste
package. Because of the varied nature of non-fuel-
cycle wastes, generic waste stream descriptions ara
not possible. Concerns such as radiolytic gas genera-
tion, production of corrosive liquids, and biodegrada-
tion will be relevant to particular non-fuel-cycle
wastes, but except in special cases no general
accounts of properties and behavior are available.
Despite this general lack of characterization, i f the
activity of a non-fuel-cycle waste is Class B or Class
C, then stabilization, either by Incorporation into a
binder material or by use of a high integrity con-
tainer (HIC) is required, and thus much of the discus-
sion below will be applicable. Therefore the charac-
terization of waste streams in this paper deals only
with fuel-cycle wastes. An overview of the properties
and behavior of the wastes, binders, and solidifica-
tion agents 1s presented below.

Waste Streams: Ion-Exchange Resins

• Radionuclide loadings on spent ion-exchange
resins vary, typical loadings at different
reactors ranging frcm 0.1 to 30 Ci/ft3 and
maximum loadings from 0.3 to 60 Ci / f t 3 . nose
rates to the resin for a loading of 10 Ci/ft3

are estimated to range from 102 to 103 nad/h.
Ba.'ed on the guidance given to LLRW generators
in the NRC Technical Position on Waste
Form,8 the accumulated dose to the resins
should not exceed 10s rad.



ft A variety of radiation effects have been iden-
tified which may be of significance for the
storage of spent ion-exchange resins, espe-
cially 1f the 108 rad accumulated dose limit
recommendad in the Technical Position is ex-
ceeded. It should be noted that these radia-
tion processes may be affected both quantita-
tively and qualitatively by the partial pres-
sure of oxygen and by the dose rate.9.10

- Irradiation of 1on-exchange resins may pro-
duce and releass chemically active sub-
stances that can adversely affect the
binder and container materials.

- Radiolytic generation of gases has been ob-
served. The predominant gas is hydrogen,
which may pose a flamiability or explosion
hazard under certain storage conditions.
In addition, the generation of other gases,
such as carbon dioxide, methane, and tri-
methylamine, as well as the uptake of oxy-
gen have been reported as resulting from
the irradiation of ion-exchange resins.

- Irradiation of ion-exchange resins prior to
their solidification in cement has been
reported tc improve the compressive
strength and immersion resistance of the
resulting waste forms.

• Agglomeration of and gas buildup in unsolidi-
fied ion-exchange resins during storage has
been attributed to biodegradation.S'7'11

Haste Streams: Other LHR

• The radiolytic generation of gases (predomi-
nantly hydrogen) and of corrosive substances
has been observed In cellulosic
materials.12-14

t Because much of this waste consists of organic
materials (e.g., cellulose) biodegradation is
likely 1f the wastes have not been self-
sterilized by radiation. However, specific
information on the nature of the biodegrada-
tive products {e.g., gases, corrosive mate-
rials) and their ei'feets, i f any, on binder
and container materials does not seem to be
available.

Binder Materials: Cement

• Radiolytic gas generation has been observed in
waste forms consisting of low-level waste
solidified in cement. This generation of gas
has been attributed to radiolysis of water in
the cement. Once again, the gas is predomi-
nantly hydrogen.*'

« Tha relative humidity of the atmosphere in
which the cement is stored may affect the com-
pressive strength and leaching characteristics
of the cement waste form since the cement may
st i l l be curing during at least the early part
of the extended storage period.16

« Freeze-thaw cycling can damage cements which
contain sufficient amounts of freezable
water, particularly i f mitigative measures
have not been taken (e.g., air entrapment or
the use of additives).1'

• Certain of the products of waste radiolysis,
such as low-molecular weight organic acids,
have been found to attack cement.1'

Binder Materials: Bitumens

• Radiolytic generation of gas has been observed
1n bitumens.18 Once agair., the major compo-
nent of the gas is hydrogen, which may pose a
flammability or explosion hazard under certain
storage conditions. The G-values for gas gen-
eration depend on dose rate and the presence
of oxygen.

• Biodegradatic.i of bitumens has been observed.
There is some evidence that corrosive sub-
stances may be produced as a result of biodeg-
radation of bitumens.19

Binder Materials: Thermosetting Organic Polymers

• Radiolytic gas generation has been observed
from at least one thermosetting organic
polymer, vinyl ester-styrene, but the details
are proprietary. Thera does not appear to be
any information on the radiolytic generation
of corrosives from this category of binder
materials.

• During short-term small-scale testing, a small
amount (<0.4 volume percent) of a free liquid
(pH=5) has been observed on the surface of
waste forms consisting of simulated LWR waste
streams solidified in vinyl ester-styrene.
Thermal cycling of these small-scale waste
forms increases the amount of this free liquid
(to 1.3 volume percent).20

Container Materials: Carbon Steel

• The following generic types of corrosion are
considered to be of concern in the degradation
of stael LLRW containers during storage: uni-
form attack, localized attack (pitting and
crevice corrosion), galvanic attack, dealioy-
ing attack, and cracking phenomena (stress
corrosion cracking).21

• Corrosion by the atmosphere, generally in the
form of uniform corrosion, results from the
interaction of carbon steel container material
with the atmosphere and depends on the tem-
perature and tha relative humidity. This is
the familiar, i f somewhat difficult-to-
quantify type of corrosion which is commonly
known as "rust". Rates of Q.I to 0.5 mils per
year (mpy) are reported for the atmosDheric
corrosion of steels in an industrial atmos-
phere; these values are ten-year averages with
about half of the corrosion occurring during
the first year.*

• Corrosion of carbon steel containers may occur
as a result of chemical reactions with aggres-
sive components of tha waste.

- Corrosion rates of 0.4 to 4 mpy have been
reported for mild steel immersed in various
simulated unsolidified LLRW.10.22 (This
is of relevance for carbon steel containers
with Class A waste, which does not have to
be solidified but only dewatered).

- Corrosion of carbon steel embedded in so-
lidified wastes has also been observed. I t
is minimal for steel embedded in ce-
ment." Corrosion of metals in bitumen
iias been attributed to biodegradation.19

A corrosion rate of about 0.01 m1l/d?y is
reported for mild steel embedded in waste



forms consisting of a chelating decontami-
nation reagent sol idi f ied in vinyl
ester-styrene.23

These corrosion rates can be used to estimate l i f e -
times for carbon steel drums containing these wastes
(Table I I ) .

TABLE I I

Estimated Corrosion Lifetimes far 18-Gj.uge 55-&«llon OruK*

Haste Type

Measured Corrosion
R«te for Carbon Steel

(ails ptr j t i r )

Estimated trim

(years)

BUR powdered resin «istec <1
SWR ctteaical regenerative w«stec <J
Boric add w«stec 3 to 4
H* fora ciCion resin

(•jnlrrtdiettd)*1 0.4

>50
>50

12 to 17

.120

aDrun rcaterfal ts assmed to be carbon steel,
b£stteiate 1S based on assumptions of uniforn corrosion, 50--ail kali
tnicxness, and corolete corrosion of wall.

cweasurea corrosion rate from Colombo and Neilson.2*
a"<9asures corrosion rate from S*yler, lodge and Dayal.lO

Container Materials: Polyethylene

• High density polyethylene is resistant to
attack by a large number of chemical reagents
(at least in the absence of a radiation
field).

« Irradiation of polyethylene under enoxic con-
ditions promotes cross-linking to a greater
extent than degradation. Irradiation in air
produces radiolytic oxidation at the surface.
This oxidized zone is believed to gradually
penetrate Into the bulk of the polyethylene
material as the irradiation proceeds, even-
tually resulting ih oxidative degradation of
the material. In addition to the total dose,
the dose rate is once again important it. this
radiolytic oxidative process,, the. rate of
radiolytic oxidation apparently varying
inversely with-the dose rate. Furthermore,
the rate-limiting step is thought to be an
activated process, so that the rate of
radiol. r.i^oxidation will be temperature
depen.,.«r.t.24t25

Potential Problem A~eas

Potential problem areas for the extended storage
of LLRW have been identified and are found to fall
into two categories as follows:

1. Potential problems in the behavior of the
«uste, binder, and/or container material
during storage:

a. Radiolytic gas generation from waste,
binder, or container material may result •

i. pressurization, caising damage to the
waste form and/or container, and/or

ii. a fl amiability or explosion hazard.

Internal corrosion of-shipping con-
tainers, whether of radiolytic or non-
radiolytic origin, nay result in the
failure of the container during storage:

ii.

wall. (This is an important consid-
eration for stetl containers, espe-
cially carbon steel drums.)

by any of several attack mechanisms,
resulting in loss of structural
strength and eventually to collapse
of stacked containers.

c. Atmospheric corrosion of shipping con-
tainers, in particular, carbon steel con-
tainers, nay result in failure of the
containers during storage.

d. Radiation-enhanced creep of polyethylene
may result in the collapse of stacked
containers during storage.

e. Bfodegradative production of "gas and cor-
rosives may result in pressurization and
container failure, respectively, during
storage.

2. Potential problems after storage because of
degradation of the waste, binder, and/or
container material during storage:

a. As a result of corrosion of the shipping
container during storage, the container
may not meet 00T requirements for
radwaste shipments and repackaging of the
wastes for shipment may be necessary.

b. Because of radiolytic cross-linking and
radiolytic oxiaative degradation of
polyethylene, waste containers of this
material may fail to meet the free drop
and lifting load requirements for high
integrity containers.

c. Agglomeration of spent ion-exchange
resins stored for extended periods in
resin holding tanks, whether
biodegradative or radiolytic in origin,
May interfere with subsequent transfer
and processing of the resins.

d. An extended storage period may affect the
leaching properties, mechanical strength,
and immersion resistance of waste forms,
especially those with cement binders.

e. Temperature fluctuations (freeze-thaw
cycling) may result in the loss of mono-
lithic physical integrity of cement waste
forms.

f. The radiolytic production of corrosives
from the wastes may result in the loss of
monolithic physical integrity of waste
forms, especially cement.

Conclusions: Additional Information Needs and Recom-
mendations for Further WoTk"

i. by localized pitting attack, result-
ing in penetration of the container

The general needs for additional Information may
be summarized in the following recommendations for
further work:

• The corrosion rates of carbon steel immersed
in a variety of dewatered low-level wastes
need to be determined in order to estimate the
storage lifetimes of containers of Class A
waste. These rates may be determined in the
absence of radiation since non-radiolytic cor-
rosion processes are thought to predominate in
Class A wastes.



• The corrosion rates of carbon steel embedded
in solidified low-level wastes need to be
further investigated in order to estimate the
storage lifetimes of steel containers with
solidified wastes, a) The effect of irradia-
tion on thsse ccrrosion rates should be deter-
mined. The radiation field should, to the
extent practicable, simulate the expected
radiation environment. The partial pressures
of hydrogen and oxygen expected inside con-
tainers should also be simulated as closely as
possible. Acceleration of testing by increas-
ing the dose rate should take into account the
effects of dose rate and radiation-enhanced
oxidation to the extent practicable, b) "Die
biodegradative contribution, 1f any, to corro-
sion of steel in solidified wastes should be
determined.

• Further work on the rates of radiolytic gas
generation in binder materials is needed in
order to assess the potential for flammabiHty
or explosion. Radiolytic gas generation is
not anticipated to be a problem in properly
designed cement binder applications. Data on
such gas generation, however, seem to be par-
ticularly scarce for the thermosetting organic
polymer binders. Acceleration of testing by
Increasing the dose rate should take into
account dose-rate effects (including
"apparent" dose-rate effects su^h as the time
needed for diffusion of the radiulytically
generated gas through the binder matrix) to
the extent practicable.

• The rates of biodegradative gas generation in
representative dewatered Class A wastes and of
radiolytic gas generation in representative
dewatered Class B and C wastes need to be
determined in order to assess the potential
for pressurization of or the release of flam-
mabls and explosive gases from the waste con-
tainers. Acceleration of testing by increas-
ing' the dose rate should take into account
dose-rate effects and radiation-enhanced oxi-
dation to the extent practicable.

t The rates of radiolytic degradation of poly-
ethylene high-integrity container materials
need to be determined. The effect of dose
rate and the partial pressure of oxygen on
radiolytic degradation of polyethylene should
be considered, especially if testing is accel-
erated by increasing the dose rate. Also,
since the rate-limiting step of the radiol-
ytically enhanced oxidation reaction is be-
lieved to be a thermally activated process,
the effect of temperature on the rate of thi s
reaction may need to be investigated.

• The resistance of polyethylene to ccrrosion by
representative Class B and C wastes in a radi-
ation field needs to be established, even if
such wastes are compatible with polyethylene
in the absence of a radiation field. The em-
phasis should be on any such wastes containing
oxidizing components. Acceleration of testing
by increasing the dose rate should take into
acccount dose-rate effects to the extent
practicable.

t The effects- of the temperature and the humid-
ity of the extended storage environment: on the
curing and thus on the mechanical strength,
immersion resistance, and leaching properties
of cement waste forms need further
Investigation.

The above considerations regarding corrosion
and oxidative degradation of carbon steel and
polyethylene will need to be extended to other
LLRH container materials as they come into
use. At present, high-integrity containers
fabricated from a duplex stainless steel
alloy, Ferralium 255, and from a fiberglass-
reinforced plastic are being considered by
vendors.2

In the Technical Position Paper (TP) on Waste
Fomi,8 the NRC has provided guidance to waste gen-
erators on test methods and results acceptable to the
NRC staff for implementing the 10 CFR Part 61 waste
form requirements. Because large scale extended stor-
age of LLRW would represent a relative); new radwaste
management activity in the United States, it is not
explicitly addressed in the TP. [The effects of a
storage period—but not explicitly an extended storage
period of greater than five years—are considered in a
few places in the TP. For example, it is specified
that the thermal loads from storage as well as from
processing, transportation, and disposal should be
considered in the design of high-integrity containers
(HICs). Also,storage is identified as one of several
factors to be considered in a quality assurance pro-
gram for HICs.] Modifications and additions to the TP
are considered appropriate In order to take account of
the potential problems which may need to be addressed
if extended storage of LLRW is pursued because of in-
adequate disposal capacity. For example, it is recom-
mended that the following concerns (which are somewhat
overlapping) be addressed in the TP:

• The effect of the storage environment on the
behavior of the waste, waste form, or con-
tainer material during and after storage.

• The effect of dose rate on the results of
radiation testing of wastes, waste forms and
container materials.

• The accumulation of combustible or otherwise
hazardous gases.

• The load on a waste container resulting from
the waste stacked above it.

NOTICE

This paper was prepared as an account of work
sponsored by an agency of the United States Govern-
ment. Neither the United States Government nor any
agency thereof, or any of their employees, makes any
warranty, expressed or implied, or assumes any legal
liability or responsibility for any third party's use,
or the results of such use, of any information, appa-
ratus, product or process disclosed in this paper, or
represents that Its use by such third party would not
infringe privately owned rights.

The views expressed in this paper are not neces-
sarily those of the U.S. Nuclear Regulatory
Commission.
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