
BNL-NUREG—37848

TI86 009436 ?—

EXTENDED STORAGE OF LOW-LEVEL RADIOACTIVE WASTE: AH UPDATE*

B. Siskind
Department of Nuclear Energy

Brookhaven National Laboratory
Upton, New York 11973

[V6l^A>fev!

2 2 1986
ABSTRACT

I f a s t a t e o r regional compact does not have adequate d isposa l capaci ty f o r l o w - l e v e l rad ioac t i ve waste
(LLRW), then extended storage of c e r t a i n LLRW may be necessary. The Nuclear Regulatory Commission (NRC) has
contracted w i t h Brookhaven National Laboratory t o address t h e techn ica l issues o f extended storage. The dual
ob ject ives of t h i s study are (1) t o p rov ide p rac t i ca l techn ica l assessments f o r NRC "to consider i n eva lua t i ng
spec i f i c proposals f o r extended storage and (2) t o help ensure adequate cons ide ra t ion by NRC, Agreement S t a t e s ,
and l icensees o f po ten t i a l problems t h a t may a r i se from e x i s t i n g o r proposed extended storage p rac t i ces . The
circumstances under which extended s torage o f LLRW would most l i k e l y r e s u l t i n problems dur ing o f a f t e r t he
extended storage per iod are considered and poss ib le m i t i g a t i v e measures t o minimize these problems are d i s -
cussed. These p o t e n t i a l problem areas i n c l u d e : (1) the d e g r a d a t i o n ^ carbon s t e e l ana polyethylene con ta ine rs
dur ing storage and the subsequent need f o r repackaging ( r e s u l t i n g i n increased occupat iona l exposure), (2) t h e
generation of hazardous gases dur ing s t o r a g e , and (3) b iodegradat ive processes i n LLRW.

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 i t was envisioned that a l l states
would be self-suff ic ient in this respect. In addi-
t ion, the Act encouraged the formation of interstate
compacts which (subject to approval by Congress) would
have been able to refuse LLRW from outside their re-
spective conpact areas after January 1, 1986. Con-
gress approved amendments to the Act shortly before
adjournment in December, 1985, and the avai labi l i ty of
disposal capacity for LLRW now seems assured for some
time. However, the amendments to the Act specify
timetables for unsited states to demonstrate good-
fai th efforts to provide disposal capacity for LLRW.
The amendments also allow the sited states to l imi t
the quantities of LLRW accepted for disposal and to
levy surcharges on the accepted LLRW. Therefore, even
though there is no longer an immediate general problem
with the avai labi l i ty of LLRW disposal capacity, a
state or state compact may find i t se l f without ade-
quate affordable disposal capacity, and extended stor-
age of waste may be required unt i l disposal means are
available. The waste may be stored for a period of
several months to several years at the s i te of waste
generation (e.g. , on-site at a nuclear power plant),
at the disposal f a c i l i t y , or at a state or regional
fac i l i t y dedicated to such extended storage.

There are several reasons for storing LLRW.
Until recently the usual reason has been to allow for
radioactive decay. Storage for decay is widely prac-
ticed by hospitals and universities. The possible un-
availabil ity of adequate disposal capacity for LLRW
provides a second reason for storage of these wastes.
An additional reason for extended storage is that
existing disposal may become temporarily unavailable
because of problems such as unavailabil ity of trans-
portation services. Storage is also practiced to con-
solidate waste for eff icient shipment. Extended

*Work performed for the U.S. Nuclear Regulatory
Commission, under the • direction of Mr. Stephen A.
Romano, Program Manager (FIN A-3171).

storage is defined here as the holding of LLRW for a
specified period of time at or away from the waste
generator's si te before burial at a licensed disposal
s i te . Some general aspects of these two types of
storage are discussed in these introductory comments.

On-site LLRW storage needs arising from the un-
avai labi l i ty of disposal capacity constitute a re la-
t ively new radwaste management problem in the United
States. Most nuclear power plants were not designed
with on-site LLRW storage capacity of extended dura-
tion since i t was assumed that the LLRW would be
shipped to a disposal s i te whenever a truckload had
accumulated. Similarly, most non-fuel-cycle LLRW gen-
erators have operated under the assunption that the
waste would be shipped for disposal rather than
stored. Extended storage of LLRW has not been neces-
sary at the disposal s i te since disposal of the LLRW
has usually occurred within a few days after receipt.

The U.S. Nuclear Regulatory Commission (NRC) has
provided guidance for LLRW storage practices at
nuclear reactor sites in Generic Letter 81-38.(1)
In this document the NRC has considered two phases or
time scales for extended storage of LLRW at nuclear
power plants:

1. interim contingency storage, for up to
5 years, and

2. long-term storage, for over 6 years.

Because of the uncertainties which s t i l l exist regard-
ing the avai labi l i ty of LLRW disposal capacity, the
NRC is aware that extended storage of LLRW nay be pur-
sued by nuclear power plant licensees and by other NRC
licensees who generate LLRW.

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 of LLRW,
focusing on the waste form and container but also con-
sidering storage alternatives in order to establish
the l ikely range of storage environments that the
wastes would encounter. The dual otngfifc'jas of t h i s
study are (1) to provide * l l l
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assessments for NRC to consider in evaluating specific
proposals for extended storage and (2) to help ensure
adequate consideration by NRC, Agreement States, and
licensees of potential problems that may arise from
existing or proposed extended storage practices.
BNL's preliminary findings were presented at this
forum last year.™) [n this paper, the major points
of BNL's f inal report to the NRC are summarized. I3)

Storage for Decay

The practicabil i ty of storage for decay requires
that there be defined concentrations or quantities of
radioactive isotopes below which the waste is consid-
ered to be suitable for disposal as nor>radioactive
waste. Such standards are available for l iquid and
gaseous effluents in 10 CFR Part 20. However, no such
standards have been set for solid wastes. A rule of
thunb has been that, after a decay time equivalent to
approximately 10 half- l ives, the i n i t i a l activit ies of
"normal" industrial and medical radiochemicals have
decayed suff iciently for environmental discharge
(liquids and gases) under the restr ict ions of 10 CFR
Part 20. This, plus the approximately one-year time
l imi t normally practicable for storage for decay,
l imits consideration to isotopes with half-lives less
than about 40 days as candidates for storage for
decay. Radionuclides with half- l ives between about 40
and 80 days are also potential candidates for storage
for decay i f additional precautions are considered,
e.g., administrative inventory, shielding, security,
f inal act iv i ty calculations, and f inal disposition.
Many of the isotopes used in industr ial , educational,
and medical applications have less than 40-day half-
l ives, and storage for decay has been a standard prac-
t ice. However, in the nuclear power industry, rad-
waste generally contains a mix of isotopes, some with
long hal f - l ives, and storage for decay has not been a
viable consideration. ('')

Extended Storage

Some of the probable consequences of extended
storage include higher costs for waste management,
increased occupational radiation exposure, and
incentive to volume reduction. The higher costs of
extended storage before final disposal could be
alleviated somewhat by enhanced volume reduction and
by storage for decay of some solid radwaste which
could then be released for environmental disposal
rather than to a radwaste fac i l i t y . Currently, a l l
solid radwaste must be disposed of in radwaste dis-
posal fac i l i t i es . Estimates of occupational exposure
from the operation of extended storage fac i l i t ies
indicate that such exposure constitutes only a small
portion of the total occupational exposure at nuclear
power plants. For example, estimates of the annual
radiation exposure during storage operations have
ranged from a high of 35.2 nan-rem in a generic evalu-
ation (for a 1000 MWe BUR) by the Atomic Industrial
For-um(5) to a low of 4.1 man-rera for a site-specific
evaluation (of two 1000 HWe BWR uni ts) . !6 ) These
figures should be compared to occupational doses
reported at U.S. commercial LWRs in 1981: 1400 and
2300 man-ran per 1000 HWe for BWRs and PWRs,
respectively.")

CLASSIFICATION OF STORAGE FACILITIES

The various types of LLRW storage fac i l i t i es ,
whether existing, under construction, or proposed,
have been categorized in a survey of u t i l i t y plans and
actions which was conducted by the Electric Power
Research Inst i tute (EPR1)V8) and also in a Hew York
State study of LLP.II management practices.(9) The
EPRI survey was published in July 1984 and contained

information valid as of 1983. The construction status
of on-site storage fac i l i t i es as given in that survey
is presented in Table I , from which i t may be noted
that the storage fac i l i t i es are classified into three
categories, v iz . , reinforced concrete structures,
pre-fab structures (concrete or metal panels) and
bunkers. In the New York State study, LLRW storage
fac i l i t i es are grouped into four categories, viz. ,
shielded buildings, shielded storage modules, shielded
casks, and unshielded fac i l i t i es . Informal comments
made by nuclear u t i l i t y staff at two meetings - - Waste
Management '85 in Tucson in March and the June '85 ANS
meeting in Boston - - indicate that many u t i l i t i e s are
building simple butler-building-type structures. Each
Storage fac i l i t y i s in some ways unique, and for the
purposes of the present study, a spectrum of storage
concepts based on both of the above-mentioned classi-
f ication schemes wi l l be considered.

TABLE I

Construction Status of On-Site Storage Faci l i t ies at
Reactor Si tesa

Not
Completed Completed

Reinforced Concrete
Pre-fab Structures

or metal panels)
Bunkers

Structures
(concrete

8
1

2

18
5

0

information from EPRI NP-3617, Reference 8.

The following spectrum of storage fac i l i t y con-
cepts ranges from shielded structures with temperature
and humidity control through those with less environ-
mental control to ones with minimal shielding, as well
as minimal environmental control:

• Large engineered structures. These are perma-
nent buildings designed specifically for the
extended storage of LLRW. They may be rein-
forced concrete structures or steel frame
buildings with uninsulated metal siding and
roofing. They are generally provided with
separate shielded areas for the storage of dry
active waste atnd sol idi f ied wastes. Typi-
cal ly, some control over the temperature and,
sometimes, the tumidity is provided, e .g. , a
heating system to prevent freezing during the
winter. Overhead bridge cranes are used for
remote handling of the waste packages.

• Shielded storage modules or bunkers. These
are permanent concrete structures with remova-
ble covers. Waste containers are emplaced or
retrieved from above with a crane.

• Shielded storage casks. These are all-weather
concrete containers, usually cyl indr ical , that
can be located outdoors and that are designed
to hold waste drums or l iners.

• Unshielded pre-fab structures. These are un-
shielded buildings which provide some degree
of weather protection but have no temperature
control system. Simple steel frame buildings
with uninsulated metal siding and perhaps an ,
overhead crane or hoist but no temperature
control would f a l l into this category. These
structures are generally intended for the



storage of low-specific-activity wastes. The
waste packages are handled by means of hand
dollies, fork- l i f t trucks, or cranes. These
faci l i t ies have generally been used for stor-
age for decay rather than extended storage.

• Mininal unshielded faci l i t ies. These are
simple fenced-in outdoor concrete pads or very
simple storage sheds. L i t t le or no environ-
mental protection is provided by these fac i l i -
t ies, which were generally intended as holding
areas for waste packages awaiting pick-up by a
waste broker and not as waste storage
fac i l i t ies.

STORAGE ENVIRONMENT CHARACTERISTICS

The behavior of radioact ive wastes, of the binder
materials i n which they are immobil ized, and of the
container mater ials w i l l be affected by the environ-
ment w i th in the storage f a c i l i t i e s . The environmental
variables considered are length of storage t ime , tem-
perature, hun id i t y , potent ia l f o r wet t ing of the con-
ta ine r , and rad ia t ion f i e l d . These var iables were d i s -
cussed i n the e a r l i e r paper presented a t WM '85(2)
and w i l l not be dealt wi th again here. The interested
reader i s re fer red to that paper and t o BNL's f ina l
report on t h i s task to the NRC.(31

I t should be noted, however, tha t i n cer ta in
respects, the storage environment can be more severe
than the disposal t>nvi ronmsnt. According to guidance
provided by the NRC to waste generators, under the
expected disposal condi t ions. Class B and C waste
forms should maintain gross physical propert ies and
iden t i t y over a 300-year period and high i n t e g r i t y
containers should be designed to maintain t h e i r struc-
tura l i n t e g r i t y over such a period. Yet, because of
the greater sever i ty of cer ta in storage environments,
waste packages which would be expected to meet the
300-year disposal l i f e t ime c r i t e r i a may suf fe r severe
performance degradation over a much shorter extended
storage per iod. Among the ways in which a storage
environment can be more severe than a disposal envi-
ronment are temperature f luc tuat ions ( i n unheated
f a c i l i t i e s i n areas with cold winters) and corrosive
atmospheres ( e . g . , indust r ia l and marine atmospheres,
as well as acid deposi t ion). Also, no subsequent
handling of the waste package a f te r disposal i s
ant ic ipated. Stored waste packages, on the other
hand, need to maintain su f f i c i en t i n t e g r i t y t o prevent
dispersal of the waste during storage, t ranspor t , and
handling up t o and including emplacement fo r d i s -
posal. Loss of waste package i n t e g r i t y p r i o r t o d i s -
posal w i l l require repackaging of the waste.

PERFORMANCE OF THE
LOW-LEVEL RADWASTE PACKAGE DURING STORAGE

In the presentation las t year, an overview was
given of the propert ies and behavior of LLRW streams,
s o l i d i f i c a t i o n agents, and container mater ia ls . The
emphasis was on those character is t ics of these mate-
r i a l s that may be important fo r pred ic t ing the behav-
i o r of the waste fores and containers during extended
storage and fo r assessing the e f fec t o f extended s tor -
age on waste form v i a b i l i t y and container i n teg r i t y
during t ransport and a f te r disposal. In addi t ion to
ordinary chemical processes which nay degrade the per-
formance of the binder or container mater ia ls (e .g . ,
atmospheric corrosion of carbon steel conta iners) , the
effects o f the rad ia t ion f i e l d on the propert ies and
behavior of the waste package mater ia ls were also
considered.

I t must be emphasized tha t non- rad io ly t ic e f f ec t s
are l i k e l y t o be the primary concern fo r the major i ty
of LLRU packages. Based on the concsntrations of
radionucl ides, most LLRW packages are found t o conta in
Class A waste. For example, according to a recent
study by New York State, (1 0J the LLRW volumes gen-
erated by the commercial sector ( i . e . , commercial
nuclear power p lants , academic and medical i n s t i t u -
t i o n s , and industr ies) may be categorized as fo l lows:
60% Class A, 30% Class B, and 10% Class C. Even
higher percentages of Class A waste have been e s t i -
mated as a resul t of a survey carr ied out by BNL f o r
the NRC.Ul) The 16 nuclear power plants responding
t o the survey a l l reported tha t over 80% of t h e i r LLRW
volume shipped o f f - s i t e i n 1984 was Class A. In t h i s
regard, i t should be emphasized tha t the in format ion
on waste and waste package character is t ics presented
here l as t year(2) and in the f i n a l report t o the
NRCw) i s based on the resu l t s of tes ts and e x p e r i -
ments tha t i n many cases, pa r t i cu la r l y f o r phenomena
invo lv ing rad ia t ion , were car r ied out under worst-case
(or even beyond r e a l i s t i c worst-case) condit ions i n
order t o accelerate t e s t i n g or fo r the sake of
conservatism.

Potent ia l Problem Areas

Potent ia l problem areas f o r the extended storage
of LLRW are considered i n t h i s sect ion. I t 1s assumed
i n the fo l lowing that the waste i s not to be repack-
aged f o r shipment, but i s t o be shipped from the ex-
tended storage f a c i l i t y and disposed of i n the same
containers used for storage. These two assumptions
are i n accord wi th the design guidance given by the
NRC f o r temporary on-s i te storage of LLRW.C12)
Under these circumstances, the waste container would
have t o meet the requirements fo r packaging and t r a n s -
portation of radioactive materials as set forth in 49
CFR Part 173 Subpart I and 10 CFR Part 71. In addi-
t ion, the waste and/or container would have to meet
the requirements for disposal set forth in 10 CFR Part
61, in particular. Sections 61.55 and 61.56. A
further corollary of these assumptions is that l iquid
waste wi l l not be stored for extended periods unless
i t can be processed in the storage container to a form
suitable for disposal without repackaging.

The areas of concern about extended storage of
LLRW may be grouped into two categories:

1) performance of the waste, waste form, and/or
container material during storage, and

2) effects of extended storage that are impor-
tant after the storage period.

Only a f rf of the data available are directly
relevant to the performance of low-level waste pack-
ages during storage and subsequent handling (e.g.,
radiolytic gas generation data from the Epicor-11 pre-
f i l t e r resins at TMI-H, atmospheric corrosion of steel
containers of transuranic wastes) and thus their per-
formance for the most part rust be inferred from data
on the characteristics of the storage environments and
the properties of the waste package components. From
the various data, the following problems, and the spe--
d f i c circumstances under which they may be expected
to arise, are Identified:

• external corrosion of steel containers stored
outdoors,

• internal corrosion of steel containers,

• radiation-induced etnbrittlement of stored
polyethylene containers, and



• radio lyt ic gas generation from stored
ion-exchange resins and bituminized wastes.

Since the storage of non-fuel-cycle wastes at nuclear
reactor LURW storage f a c i l i t i e s has been proposed, the
fol lowing concern about the storage of certain non-
fuel-cycle wastes is also i den t i f i ed :

• biodegradation of i ns t i t u t i ona l wastes.

In the following sections, those problems are
discussed, mit igative measures are considered, and
where applicable, NRC guidance in these matters i s
noted. For references, the reader i s referred to
BNL's f i na l report on th is task U NRC.(3

External Corrosion of Steel Containers Stored Outdoors

I f steel containers of radwaste, especially carbon
steel drums or l iners i.v,..-.nonly used for Class A and
stabi l ized wastes, are stored outdoors, then the ex-
posed surfaces of thes* containers w i l l be subject to
atmospheric corrosion. In p r i nc ipa l , f a c i l i t i e s such
as simple fenced-in concrete pads are to be used only
as holding area1; pr ior to shipment for disposal, but
in the event that disposal capacity should become tem-
porar i ly and unexpectedly unavailable, such f a c i l i t i e s
may become de facto storage areas. From actual f i e l d
data for the atmospheric corrosion of carbon steel
containers, i t has bsen concluded that uniform atmos-
pheric corrosion should not be a problem for the
structural in tegr i ty of carbon s-*el drums since the
estimated quantity of uniform corrosion over period of
one to two decades represents only a fract ion of the
nominal 50- to 60-mil wall thickness of a typical
55-gallon carbon steel drum. However, non-uniform
modes of corrosion, e .g . , p i t t i n g corrosion and en-
hanced corrosion at welds, seams, and areas of mois-
ture accumulation, nay resul t i n localized deter iora-
t ion of the container and release of the contents of
the drum or l iner . For example, at the Idaho National
Engineering Laboratory (INEL) and at Hanford, both
low-humidity s i tes , carbon steel drums corroded mainly
on the l ids and at points of contact with the ground.
Also, rusty 55-gallon drums received at the Richland
disposal s i te had generally been in storage for at
least s ix months. Such corroded containers may not
have suf f ic ient structural i n teg r i t y to withstand
handling after storage and may not meet the disposal
s i t e acceptance c r i t e r i a . Repackaging of tha wastes,
which w i l l l i ke l y result in additional occupational
exposure, may become necessary.

In Generic Letter 81-38,(1) Section I U ( b ) , the
NRC has provided guidance with regard to atmospheric
corrosion of radwaste containers during storage. The
effects of atmospheric corrosion upon steel containers
may be mitigated by the select ion of a more
corrosion-resistant alloy as the container material or
by use of protective coatings. For example, at Oak
Ridge, a humid s i te , mild steel drums were replaced by
stainless steel drums. I t i s further stated in
Generic Letter 81-33 [ i n par--;-aph I I I (d )4 ] that steps
should be taken to prevent corrosion of the containers
by the weather and by accumulation of water. An a i r
support weather shield was used effect ively at INEL, a
dry s i t e , to reduce corrosion of carbon steel drums.
At more humid s i tes , condensation of moisture under
such a simple structure may enhance corrosion and thus
a simple storage shed may be more effect ive in l i m i t -
ing external corrosion of the containers. A large
engineered storage f a c i l i t y with controlled tempera-
ture and t imid i ty conditions can provide a re lat ive ly
non-corrosive external environment f nr the waste con-
ta iners, but such a f a c i l i t y is expensive. The degree
of protection which a storage f a c i l i t y should provide

w i l l depend on the severity of the cl imate; while a
simple a i r support weather shield may provide adequate
protection against corrosion of carbon steel drums in
a mi ld, dry c l imate, more elaborate f a c i l i t i e s with
some degree of temperature and tumidity control may be
necessary in humid climates with extreme tenperatures
and corrosive atmospheres (e .g . , indust r ia l or coastal
areas). Monitoring of the stored containers i n any of
these f a c i l i t i e s may be accomplished by visual inspec-
t ion either d i rec t l y or remotely, with due regard for
minimization of occupational exposure. A program of
at least quarterly visual inspection i s specif ied in
Generic Letter 81-38.

Internal Corrosion of Steel Containers

Internal corrosion of the container material by
the contents of the container is another possible mode
of degradation of container performance during ex-
tended storage. There is re lat ively l i t t l e quanti ta-
t ive information on the corrosion of carbon steel in
contact with LLRW. Using available data and assuming
uniform corrosion, the time for complete corrosion of
an 18-gauge 55-gallon carbon steel drum was estimated
to be one or two decades for unsol id i f ied boric acid
wastes and for a decontamination agent so l i d i f i ed in
vinyl ester-styrene. P i t t ing corrosion may result in
even ear l ier penetration of the drum wa l l . However,
even i f the container wall i s not penetrated by
p i t t i ng a gradual loss of structural strength w i l l
occur before complete corrosion of the container
wal l . Localized corrosion of carbon steel at the
interface between the canent-sol idi f ied radwaste and
the a i r has also been observed. Containers which have
been corroded by interact ion with the i r radwaste con-
tents may not have suf f ic ient structural i n teg r i t y to
withstand handling af ter storage and may not meet the
disposal s i te acceptance c r i t e r i a . In addi t ion, there
i s the potential f o r release of the contents. Repack-
aging of the wastes w i l l l i ke ly result in additional
occupation exposure.

In Generic Letter 81-38, Section I I I ( b ) , the NRC
has provided guidance with regard to radwaste con-
tainer corrosion caused by incompatability between the
container materials and the wastes or waste forms. In
accord with th i s guidance, the effects of corrosion of
the steel container materials by the waste may be
mitigated by the selection of a more corrosion-
resistant a l ley . Special steel alloys have been pro-
posed as container materials for high i n teg r i t y con-
tainer designs recently submitted for approval.
Further, protective coatings may be used to mitigate
corrosion of the container by the waste ( in accord
with guidance given in Section V(d)2 of the Generic
Let ter ) .

Corrosion-resistant materials such as stainless
steels may be used to store most LLRW with a rela-
t i ve ly high degree of assurance against corrosion of
the waste container duriny storage. Selection of a
container material w i l l r.epend upon the corros iv i ty of
the contents and on the anticipated length of the
storage period. For example, carbon steel drums prob-
ably have su f f i c ien t resistance to corrosion by dry
contaminated material such as paper or trash so that
they may be used to '.;tore these materials fo r several
years, neglecting external corrosion, but may not have
adequate corrosion resistance for use i n extended
storage of dewate'ed (Class A) ion-exchange resin
wastes or some s o l i d i f i e d radwastes.

Monitoring of the stored containers fo r internal
corrosion is r.ore d i f f i c u l t than monitoring for ex-
ternal corrosion. Internal corrosion w i l l not be
detectable by visual inspection un t i l the container



has fai led, either by penetration or by loss of struc-
tural integri ty. Nondestructive examination tech-
niques (e.g., ultrasonic probes) are available for
doteCing corrosion on internal surfaces, but imple-
mentation of such techniques may result in an increase
in occupational exposure.

Radiation-Induced Embrittlement of Stored Polyethylene
Containers

High-integrity containers (HICs) fabricated from
high density polyethylene (HDPE) and containing high
activity wastes nay be subject to radiation-induced
changes in properties during extended storage. Dose
rate as well as the dose deliverad to the H1C material
can be important in determining the nature, magnitude,
and rate of occurrence of such changes. Radiation-
induced gas generation, oxidative degradation, and
cross-linking have been observed in polyethylene mate-
r ia ls ; embrittlement resulting from the radiation-
induced cross-linking is of concern for extended stor-
age. Unfortunately, estimates of the tine to reach
the duct i le- to-br i t t le transition at real ist ic dose
rates, expected to be between 250 to 1500 rad/h, were
obtained by extrapolation of data at higher dose
rates, prinari ly between 2 and 100 krad/h. It was
concluded that embrittlement of the HDPE material
could occur within a year. The container may then not
withstand handling afte*" storage and may no longer
meet the acceptance cr i ter ia for HICs at a disposal
site. Repackaging of the wastes may become necessary
and wi l l l ikely result in additional occupational
exposure.

Although no explicit guidance is given by NRC in
Generic Letter 81-38 with regard to changes in the
properties of polymeric materials, the effects of
radiation and aging should be considered in the design
of and selection of materials for HICs. Alterna-
t ively, the waste could be stored in an on-site
holding tank, i f practicable, and not transferred to a
HDPE HIC unti l immediately before shipment for burial.

Radiolytic Gas Generation From Stored Ion-Exchange
Resins and Bituminized Wastes

Radiolytic generation of gases from ion-exchange
resins has been observed both during irradiations in
the laboratory and from heavily loaded spent resins in
the f ie ld . On the basis of laboratory data, similar
gas generation may be expected from heavily loaded
bituminized wastes. Radiolytic hydrogen gas produc-
tion is expected from both bitumens and ion-exchange
resins. For example, a 55-gallon container of
bituminized waste could, in principle, generate more
than i ts oun volume of gas in f ive years and result in
pressurization of a gas-tight container. If the gen-
erated gas is released from the container into a con-
fined unventilated storage area-, the accumulated
hydrogen gas could eventually exceed i t s lower f l am-
mability l imi t in air (9.5 volume percent at 25°C and
1 atm.) Radiolytic gas generation in ion-exchange
resins may be accompanied by free l iquid production.
Breach of a container from pressurization or corrosive
free liquids could necessitate further processing and
repackaging of the wastes with the concomitant addi-
tional occupational exposure.

In Generic Letter 81-38, Section I I I (b ) , the NRC
has provided guidance with regard to radiolytic and
other kinds of gas generation from stored waste con-
tainers. In addition to this guidance, i .e . , special
vent designs to relieve container pressurization and
one-year maximum storage times, adequate ventilation
of the storage area may'be necessary to prevent flam-
mable or explosive gas accumulations. Significant gas

accumulations could, in principle, occur within one
year. I t is therefore recommended that i f only
limited disposal capacity is available, the highest
act ivi ty waste be shipped for disposal f i r s t . (The
NRC has recently included requirements regarding the
generation of combustible gas mixtures in NRC Cer t i f i -
cates of Compliance for transport packages. These
conditions typically l im i t hydrogen generation to 5%
by volume of the secondary container gas void during
twice the expected shipment time.U^j)

Biodegradation of Institut ional Wastes

Since storage of non-fuel-cycle wastes at nuclear
power reactor sites has been proposed, a few brief
comments on the biodegradation of institutional wastes
w i l l be given here. (The NRC has issued generic
Letter 85-14 on use of nuclear reactor sites for the
storage of wastes not generated by the u t i l i t y
licensee.) The inst i tut ional wastes subject to bio-
degradation during storage are biological wastes such
as animal carcasses, animal bedding and excreta, and
labeled culture media. Since such wastes may contain
pathogenic organisms, biodegradative generation of
gases and liquids can lead to pressurization and cor-
rosion of containers and to dispersal of pathogens.
The gases and liquids produced from biological rad-
wastes during storage as well as their rates and quan-
t i t i e s of generation w i l l depend on the microbes pres-
ent, the nature of biological wastes, and the environ-
mental conditions such as pH, temperature, moisture,
and partial pressure of oxygen, i .e . , aerobic vs
anaerobic conditions.

Because of the uncertainties regarding biodegra-
dation, attention should be given to packaging speci-
fications for storage of biological pathogenic or in-
fectious radwastes. Packaging for the disposal of
such wastes has been considered, e.g., the NRC re-
quires (in 10 CFR Section 61.56) that waste containing
hazardous, biological, pathogenic, or infectious mate-
r ia l must be treated to reduce to the maximum extent
practicable the potential hazard from the nonradio-
logical materials. Further, the site licensees for
the LLRW disposal f ac i l i t i es have packaging cr i te r ia
for the disposal of radioactive biological wastes. I f
practicable, such wastes should either be stored for
radioactive decay in refrigerated fac i l i t ies to retard
biodegradative processes or should be incinerated.

Another problem which may apply to some ins t i tu -
tional LLRW as well as to a small subset of fuel-cycle
wastes is more of a regulatory issue than a technical
issue. Some of these LLRW may be potentially hazard-
ous wastes which, in principle, could be subject to
regulation by the Environmental Protection Agency
(EPA) as well as by the NRC. Storage of hazardous
wastes is addressed in the EPA regulations in terms of
the accumulation time for such wastes at the s i te of
waste generation, e.g., in 40 CFR Section 262.34,
where l imits on the accumulation time are specified.
At the time of this wr i t ing, the regulation of such
mixed wastes remains an unresolved issue.

NOTICE

This paper was prepared as a:< 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
l i a b i l i t y or responsibility for any third party's use,
or the results ot such use, of any information, appa-
ratus, product or process disclosed in th is paper, or
represents that i t use by such third ;arty would not
infringe privately owned rights.
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The views expressed in th is paper are not
necessarily thoss of the U.S. Nuclear Regulatory
Commission.
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