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FOREIGN EXPERIENCE IN EXTENDED DRY STORAGE OF SPENT NUCLEAR FUEL

r

$. J. Mitchell
Paclfic Northwest Leboratory*
P.O. Box 999
Richland, Washington USA

ABSTRACT

Most countries with nuclear power are pienning for spent
nuclear fuel (or high-level waste from reprocessing of spent
fuel) to be disposed of in national deep geological reposi-
tories starting in the time period of about 2010 to 2050.
While spent fuel has been stored In water basins for the early
years after discharge from the reactors, interim dry storage
tor extended periods (l.e., several tens of years) is being
implemented or considered In an increasing number of coun-
tries. Dry storage technology Is generally considered to be
developed on a world-wiie basis, and Is being inltizied and/
or expanded in a humber of countries. This paper presents
a summary of status and experience In dry storage of spent
fuel In other countries, with emphasis on zirconium-clad
fuels. Past activities, current status, future plans, research
and development, and expserience in dry storage am sum-
marized for Argentina, Canada, France, foriner West
Germany, former East Germany, indle, Italy, Japan, South
Korea, Spalin, Switzerland, United Kingdom, and the former
Sovlet Union. Conclusions from thelr experience are pre-
sented. Thelr experlience to date supports the expectations
that proper dry storage should provide for safe extended dry
storage of spent tuel.

INTRODUCTION

Spent fuel from the worlds nuclear power rsactors and
high-level radioactive wastes (HLW) from reprocessing the
spent fuel are planned to be disposed of in national deep
geological reposttories in the respective countries of origin,
The plans for most countrias with nuclear power call for
spent fuel or HLW disposal to start between 2010 and 2050.
Although storage in water pools is the primary muthod for
managing spent nuclear fuels for the first few years after
dischargs from the reactors, dry storage has been imple-
mented in several countries and is belng considered by
others. Dry storage is generally planned for an interim
period (from 10 to 100 years) until the spent fuel Is dis-
posed of or a final decision is made on reprocessing. At
some nuclear power stations, dry stomge Is also being used
to supplement wat storage capacity.

This paper summarizes the status of dry spent fuel
storage In other countries and the expected long-term
integrity of the dry-stored spent fuel, based on experience.

% Pacific Northwest Laboratory Is operated for the U.S,
Department of Energy hy Battelie Memorial institute under
Contract DE-AC08-78RLO 1830.

This paper ls based on work carried out for the U.S. Depart-
ment of Energy (DOE), Office of Civillan Radioactive Waste
Management, by the Paclfic Northwest Laboratory,'

DRY STORAGE CONCEPTS

A number of concepts have been considered for dry
storage of spent nuclear fuel, and some concepts have been
implemented in selected countries. The U.S. DOES inkial
research and development needs report for a monitored re-
trievable storage (MRS) faclity identiied eight dry storage
concepts that could be placed in three general categories:
casks, vaults, or drywells.? These concepts are summarized
beiow.

e Cnsks {or shlslded canisters)
- Metal storage casks
- Concrete caeks (or slics)
- Concrete casks in a trench or berm

¢ Vaults
- Surface, open-cycle vaults
- Surface, closed-cycle vaults
- Subsurface, open-cycle vaults (or tunnel racks)

*  Drywells
- Surface field drywells
- Tunnel drvwells

in most dry storage concepts, the spent fuel assemblies
are oriered vortically, although some horizontal orientations
hava baen used. The diffsrences among the concepts within
any category generally have little effect on the long-tertn inte-
grity of the spent fuel that they contain, as long as the dry
storage containment remains intact. Spent fuel integrity Is
determines! by factors such as stocrage termperature and tims,
and storage gas composthion (i.e., inert gas such as He or
Ne or Ar or N, or axiclizing gases such as air or CO,). Be-
causge of the significant effect of dry storage temperature on
spent fusl integrity, haat transfer from the storage system is
important. Dry storage concepts can use mechanical draft
systemns for irnproved heat transfer. Hoveaver, existing instal-
lations typically use only natural, passive external air cooling,
which generally lirnlts the spent fusls that can be stored to
those that have cooled for saveral years since discharge
from the reactor2*

Industrial-scale storage has been implemented in several
types of metal casks, concrete casks (above-grade), and
open-cycle suriuce vatits. All of these concepts tiansfer the
decay heat whhin the spant fuel to air i passive, naturel
convection systems. Subsurface dry storage (i.e., concrete
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casks in a trench or berm; subsurface, open-cycle vaults;
and surface field drywells) have only been used for test pur-
poses or for small amounts of materials 587

MECHANISMS FOR DEGRADATION OF SPENT FUEL
CLADDING IN DRY STORAGE

The potential degradation mechanisms for spent fuel
cladding during dry storage are: stress or creep ruptuse if
internal gas pressure creates high hoop stresses In the clad-
ding wall; stress corroslon cracking due tn cladding inter-
actions with fission products such as lodine, ceslum, and
cadmium; axidation of the cladding material that could
weaken fts mechanical characteristics; fatigue of the cladding
from thermal cycling; and hydriding of the cladding material K
sufficiant to cause its embrhitiement. For storage in ai inert
gas, the most likely mechanism for cladding failure Is creep
rupture resulting from high temperature and Internal fuel rod
pressures. For storage In &lr, the most likely mechanisms for
fuel cladding failure are cladding axidation or splitting due to
axidation of the fuel materials exposec at cladding defects i
temperatures are sufficlently hlgh The other mechanisms
are less likely to cause fallures.

Potentlally deleterious effects of dry stomge on the integ-
rity of spent fuel are generallvy controlled by time-at-
temperature, Controlled tests under varlous condlitions have
established design limits for extended storage in inert gas.
For light water reactor (LWR) tuels clad in Zircaloy, the maxl-
mum storage temperature in an Inert gas Is accepted inter-
nationally to be in the range of 300 to 400°C. The accept-
able temperature limit with axldizing cover gases for Zircaloy-
clad LWR fuels is not yet well defined, but is pmobably in the
range of 135 to 16(°C.'° A simplified summary of the effects
of various factors on the integrity of dry-stored spent fuel is
given in Table 18

The temperature criterla in the U.S. for extended storage
without cladding failure due to creep rupture vary with tem-
peratures, which are a function of fuel burnup. These con-
trolling conditions are the Iinitial dry storage temperature, the
long-term dry storage temperatures, and the out-of-reactor
age of the fuel. The older the fuel when it is placed in dry
storage, the lower the maximum allowable temperature dur-
ing dry storage should be, to ensure constant stress with
time and to eliminate creep rupture within a given perlod of

time. For a dry storage Iife of 40 years for 5-year-old fuel in
inert gases, the allowabls Initlal dry storage temperature, as
determined by U.S. testing, Is about 380°C; tor 15-year-old
!uelome allowabie Inttial dry stomge ternperature Is about
350°C."

A study carried out by the Electric Power Research insti-
tute® assessed the probabillty of LWR tfuel-rod cladding fail-
ure by several mechanisms at various dry storage tempara-
tures. The study concludes that fallure of the cladding In
some small number of spent fuel rods (l.e., 1% in 100 years)
can be expected during dry storage under generally accepta-
bie conditions.® in another study, the probability for fallure
of Zircaloy cladding due to creep rupture at 380°C in inert
ges is estimated to be less !han 0.005 rod failures per rod
over a 40-year storage pertod Under generally acceptable
storage condhtions, the cladding defects that develop are
usually small (about 1 um) 12 and the amounts of radloactive
gases teleased to the storage chamber atmosphere are not
sufficient to interfere with fuel retrieval operations.

Dry storage of spent LWR fuel in air has not been
approved in the U.S. because the database on the effects of
alr on spent fuel integrity Is not yet adequate to establish
specific allowable tempemature limits. The tempenature limit
in the U.S. may eventually be supported in the range of
135 to 150°C (with the air dew point no higher than about
40°C) for 40-year storage, and somewhat lower for longer
storage periods. The concern with storage in alir is axidation
(and possibly hydration) of the UO, fuel through cladding
defects to a less dense axide (e.g., 1J,Op) that will increase
the local fuel volume, resulting in growth of the cladding
defect and potential release of fuel particles.’

DRY STORAGE EXPERIENCE IN SELECTED COUNTRIES

Dry storage of small quantities of spent fuel from nuclear
power stations has been carried out for testing since about
1950. Dry storage on an industrial basls has been used
since 1972. The first industrial use was at the Wytta nuclear
power station In the U.K. for storage of Magnax fuels (metal-
lic uranium rods clad In & magnesium-gluminum alioy), with a
carbon diaxide cover gas, in a vautt that was cooled pas-
sively by air. Two more vaults that use alr as a cover gas
have operated at Wyifa since 1979- 1980.°

Table 1. Overview of Effects of Condltions on Integrity of Spent Fuel In Dry Storage®

Factors Affecting

Spent Fuel During Dry Storage
Preo-astorage in a water pool

Condltion of fuel assembly

Effects Using Inert Gee
None Hf ‘emperatures
remain below design Hmit

_ Effects Using Oxidizing Ges
Same a9 with inert gas, but design
tempereturs limit is lower

- Fuel type None Norne
- Clad type: eo.g., Zr-2, None None
Zr-1Nb, Zr-4, 2r-2.8Nb
- Pressurization Minor effect Minor effect
- Operational defects None Guiding criterion
- Crud Only affects retrievability Only afiects retrievabiity

Dry storage conditions

- Tempersture/time Guiding criterion
- Atmospherio impurities Minor (i wator)

- Storage-induced defects Seldom

- Peckaging None

Retrisvabilty <10 yr to >40 yr

Eesily retrisvable

Limited by defect bohavior
Poseible synergistio effect with
water

Less limhing than opsrations,
defoots

None

Eesily ratrievable i w/o operational
Aetocts or if low UQ, oxidation



Qurrent Dry Storage Activities

The highlights of dry spent fuel storage activities in each
of the countries surveyod are summarized In Tables 2 and 3.
Data were reviewed from thirieen forelgn coumries that were
known to have some activities in dry storage of spent fuel.

Canada, Germarny, France, India, Itaty, Japan, Switzerand,
UK., and the tarmer USSR). However, only Canada and
U.K. (arx! the U.S.) have impiementsd dry storage on an
industrial scale. By the end of 1991, Canada had about
600 MTU of CANDU fuels stored In dry concrete casks at

Seven of the 13 countries that have had the more active pro-

grams are identifled In Table 2. Highlights from coumtries

with less active programs or whose activities are planned for

the future are given in Table 3.

Nine foreign countries have at least srmall amounts of

spent nuclear fuels In dry storage In vaults or In casks (l.e.,

sevaral stes. The Canadian fuel (Zircaloy-clad natural UO,)

s stored In alr at cladding temperatures below 150°C. The

U.K. has stored hundreds of MTU of spent fuel from its

Magnox reactors at a central vault storage facllity at one

nuclear power station. The U.K stores the Magnax fueis for
only a few years (In CO, for 150 days with a maximum temp-
eraturs of 365°C, then In alr at a maximum temperature of
150°C) bafore the fuels are sent to reprocessing.

Table 2. Summary of Dry Spent Fuel Storage Experience in Seven Countries with Acthe Programs

Longevity of
Dry Storage Expetience

Country Currert Dry Storage Futurs Dry Storege Rosearch & Developmem

Canada 600 MTU of CANDU fuel Hundreds of MTUfyr to Sinco 1974, and to con-
(netural UO, clad In be loaded Imo casks in tinue past 2000, Exum, of
Zircaloy) in concrete next fev yoars. Tech- clad and fuel degradetion
casks In airin 1991: T is nology is liceansed. AECL  In alr, 100°C to 150°C.
2100°C to 150°C. is planning on using Hoat transier work,

ventilated veults, Deveioping consrete
CANSTOR, casks for storage and
transponation,

Federal 0,62 MTHM of HTGR fuel  Two 1500-MTU AFRa tor From 1979 to 1988, tusted

Republic of (from HTGR/ AVF) in cans  Castor and TN casks aré 3000 LWR rods. Tested

Germany in hot cells in He &t 40°C  buik for LWR fuel (and durabiity of cladding in
t6 170°C, 8.8 MTHM In pebble-bed fuel end vitrl:  Inort gases et 250°C to
HTGFR/THTR fusl (UO, +  fled HLW) but not yet 430°C and did hest trane-
ThO, spheres) in cans In  operating. Tochnology is  fer work, Developing
at-reector vault in Ho st liconsed. cask for stg./transp./disp.
up to 320°C.

France A concrete vault for 9.5 Continue storage for up From 1967 to 1991, heat
MTHM for FBR fuel (UO,  to 200 MTU experimertal  transfer and facility safety
+ PuQ, In S.5. ¢lad) at fuels for decades, with and contairmern studies.
<B40°C. A Second con-  posaible future expan-
crete vault started up in sion, Vault design is
1990 for expetimertsi available for LWR fuels.
fuels (QCR) using He-
filled canistars at <180°C,

India Four indigenous storage/  No information on any Heat transfer work,
transportation casks store  more planned. Vauh
20.6 MTU of fuel from planned for vitrified HLW.

BWRa in air since 1887,
Temp. ie unknown.

Japan 15 MTU of research re- Space for 15 MTU more Oxidution tests in air and
actor fuel (natural U cind  revearch fuel. Ar on Zircaioy and UO,.
in Al In cane In He in Cindding creep tests and
bolow-grade drywell vault designe of cast iron
since 1882, No temp. in- casko. Durablity tosts of
formation found, metallic seals.

Switzeriend 2.5 MTU of research AFR planned for up to Nono found.
reactor fuel (U clad in 1550 MTU of fuel and/or
Zircaloy) in Castor cask in HLW In Castor casks.

1983 In He at 180°C. Technology is llcensed.
United Hundreds of MTU of Continued uoe of existing  Design/development of
Kingdorn Magnox fuel (U in Mg-Al vauls for Magnox fusl. vault storege for Magnox

alloy) in one vault in CO,,
foliowed by storage in 2
other vaulte in alr. Initial
storage temp. is up to
385°C in CO, and 150°C
in alr,

Vault planned for ~-2000
MTU of AGR tusks by
Scottish Nuciear. Toch-
nology Is lioensed.

and AQR fusis. Fuel and
cladding oxidation teets
in alr at 250°C to 450°C,
R&D In progrees for AGR
fuels.

Teat wtorage since 1880,
Examinations after 8.3 yr
to date.

Tests on LWR rods lasted
up to 2yr.

Experiments! fusis
storage started in 1990,
FBR fuel stored since
1985,

Casks loaded in 1687,

Started dry storage of
ressnrch resctor fuel in
1882, Examinations aftor
Syr

Resaarch reactor tust
loaded into cask in 1983,
No examinations of fuel,

Storage started [n CO, In
1972 and In &k in 1978,
Fuel ls usually stored 1 to
4 yr befors reprocessing.
Some axaminetions afier
4-5 yr.

Expacted
Dutetion of Fuel Imtegrity

Qeneral: 5010 100 yr

Cladding: 100 to 1000 yr
«t 100°C in alr

Defocted: >8 yr st 150°C
In dry air and in moist,
fimited air.

Qenersl: Upto ~100 yr
for LWR fuels
Cladding: Up to ~100 yr

af inkial medmum temp.

of 420°C In inert ges for
LWR tuels
Defectod: TBD.

General: ~50 yr for
experimental fusie In
ineit gas

Cladding: No
Intormation found

Detevted: No
Iformation found.

No Informetion found.

General: 30 yr or more
for LWR tuels

Cladding: At least 30 yr
for LWR tusis in alr
ot 328°C; In inart gas at
350-430°C

Detected: About 30 yr for
LWR fusis in air at
180°C,

No information tound.
Apparertly use FRG data.

Genaral: Fow years to
oeversl decades tor

Magnox tued In CO,, then
In alr under U.K. veult
conditions.

Cladding: No lnformation
found.

Defected: No information
found.
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Table 3. Summary of Dry Spent Fuel Storage Activities In Stx Countries with Modest Programs

Country _Current Dry Storege Buture Dry Storage =~ Ressarch & Development

Argentina No storage to date. Plan to start use of Started development of
Cenadian concrete casks  drywell, but atatus Is
for CANDU fuel in 1983 unknown, Did heat trans-
Plan for 510 33 yr of fusl  fer studies.
production,

Former No storage to date. No plans were identified Hout transter studies for

German before unification with storage casks.

Democratic FRG. Reosnt indications

Republic aro for an AFR holding
300 to 700 MTU using dry
wtorage casks.

Haty Fue! from Megnox reactor  Dry storage of Magnox None found,

stored 15 to 20 yr in alr fuel was discorttinued

and nitrogen in sealed when fuel shipped for

cens In & pool. ~2 MTU reproceesing. Dry

from apocialty fuels storage of speciatty fuel

stored in a hot cell. to continue. No other
plans.

South Koree  No ttorags to date. Canadian concrete caske  Started generic dry
ordered for 700 MTU of storage R&D. Heat
CANDU fuel, starting in transfer atudiss for vault
1997, storage.

Spain No storage to date, Plan for »500 MTU Discontinued deveiop-
storago tn NAC tranepory  ment and hoat tranater
storape casks for LWR studios on meta!
fusl in inert atmosphere, trarsport/storage oaske.
Central AFR plannod for Formarly used maximum
o, yr 2000, snd oould be  fuel olad temp, of 250°C.
reposiory sites.

Former Demonatration of WER Considering some dry Demonstrations of WER

USSR fuel in Castor-V cask storage, aspecially for fusl in Castor cask and in

since 1084 and it @
USSR transpon cask
since 1990, both in Inert
ges. Demonntration of
RBMK fuel (UO, with Zr
clad) In hot cell.

RBMK fusel, in transpor-
tation/storage caske in
vaults, or in concrete
casko.

Soviet cask, snd RBMK
fuel teata in hot oell,
Tests on degradation st
various temparatures in
alr and inert gae.

Longevity of
Diy Storage Experience

No experiance to date,

No experience to date.

Magnox tue! stored 15 to
20 yt. Recent exam of
Magnox fuel ehowed
much cladding corresion,

No experierice to date.

No axperionce to date.

VVER fuel in Castor-V
ossk since 1984 and In
Boviut onsk sinoe 1090,
Dute unknown for RBMK
fuel in hot cell.

Expected
Durstion of Fus! imtegrity

No information found.

Apperently using
Canedian data.

No Informetion tound.

Much Magnox cladding
fallure aftar 15-20 yr, but
fuel mostly intact. Fallures
probably due to high-
temp. storage In oxidizing
ore.

No ifformation found.

Apparently using
(Canadian deta.

Expect to store untll at
least 2020,

No time period identified,

but limiting temp. in &ir ls

125°C and in inert gas is
C.

indla Is the only ather country known to dry-store LWR
fuels beyond R&D activitles; India has about 21 MTU of
bolling-water reactar (BWR) fuel stored In four indigenous
meta! storage/transportation casks. All the other countries In
Table 2 currently dry-store only small quantities of specialty
spent fuels®’

Five of the six countries In Table 3 currently have no
spent fuel In dry storage other than for R&D activities. The
former USSR has a few MTU of VWER (Soviet designation for
their pressurized-water reactors [PWRY]) fue! In demonstm-
tions In two storage casks, and some RBMK (Soviet desig-
nation for thelr water-coolsd, graphite-moderated reactors)
fuel In demonstration storage in a hot cell. Both fuels are
UG, clad In Zirconlum alloys. ltaly has stored fuel from its
Magnax reactor In sealed canisters in & storage pool In air
for a few years, then In nitrogen. This fuel has recently been
shipped to the U.X. for reprocessing. italy also has a small
amount of speclalty fuels stored In a hot cett®’

NN Je{
Canada, the Federal Republic of Germany (FRG),

Switzerland, and the U.K. plan to continue or start industrial-
scele dry storage of spent nucltear fusls in the near future,

France, India, and Japan plan no such activities, Canada Is
planning to continue adding concrete cask storajje of its
CANDU fuels at a significant rate. The U.K. plans to continue
its existing short-time (e.g., a few years) vault storage of
Magnox fuels, and one utility is planning for future vault stor-
age of fuels from its advanced gas-cooled reactors (AGR,
with UG, fuel clad In stalnless steel). The FRG has com-
pleted buliding away-from-reactor (AFR) storage fackities for
dry storage of up to 3,000 MTU of LWR fuels In transport/
storage casks. Swhzerland is buliding an AFR storage faclity
that will use transportable storage casks. Vault storage and/
or dry cask storage is licensed technology In those countries
that are using or plan to use dry storage In the near future®’

Argentina, South Korea, and Spain each plan for near-
tuture dry storage of hundreds of MTU of spent fue! in stor-
age casks. Argentina (starting In 1893) and South Korea
(starting in 1997) are preparing to use Canadian concrete
casks for dry storage of their CANDU fuel in &l Spain is
planning to uss transportation/storage casks for extended
interim storage of its LWR fuel in inert gas, pending licensing
of the casks in the U.S. The former USSR Is considering the
possible future uss of dry storage casks of vaults, particu-
larly for its RBMK tfuel. Dry cask storage is now expected to
he Implemented for fue! from some of the shutdown reectors



in the former German Democratic Republic, and some
Eastern European countrles (e.g.. Czechosiovakia, Hungary)
are now planning for dry spent fuel siorage.

Reseamh and Development

Research and development on dry storage of spent LWR
fuels In Inert atmospheres Is considered to be basically
completed in most of the countries, now that the technol-
ogles are licensed. The FRG conducted significant sxtensive
R&D on dry storage of LWR fuels (primarlly in inert aimos-
pheres) In the early 1880s, and this work resutted In licensing
the technology. Canade is continuing perlodic long-term
examination of CANDU fusls stored In alr, and Is continuing
to develop its dry storage technology. Japan Is carrying out
high-temperature axidation tests of LWR fuels In air, the U.K,
Is carrying out R&D on alr storage of fts AGR fuels, and the
former USSR is continuing Iis three demonstrations and Is
starting R&D testing on degradation of tts VVER and RBMK
fuels under varlous dry storage condftions. The other coun-
tries are generally not carrylng out further R&D except per-
haps for design-development work (such as heat transter
studies) for thelr specific cases. Canada is developing a
concrete storage cask that is Intonded to be licensed for
transportation, and Is also deveioping dry storage vauits.
The FRG is dewsloping its "Pollux” cask for potentlal storage,
transportation, and disposal of spent fuels that may not be
reprocessed.

Some examinations of the dry-stored Magnox spent fuels
in the U.K. have been carried out after about five years of
storage, with favorable observations. (rowever, some
Magnax fuel with falled cladding was discoversd in 1990 in a
U.K. storage vault; the cause of the failure was determined to
be corrosion from contact by main water leaking through a
roof joint. In addhtion, a small amount of Magnax fuel that
was dry-stored In (taly for more than 15 ysars had significant
cladding damage.) In Canada, test storage In air using the
concrete cask concept was started In 1980, and examina-
tions have been made after 8.3 years uf storage, with no
cladding degradation noted. The major R&D activities and
extrapolations for long-term storage of LWR fuels in the FRG
In the early 19808 were done with fuel dry-stored for up to
two years. Japan has examinad some of s dry-stored re-
search reactor fuel after five years, with favorable observa-

tions. No othsr foreign observations of long-term ary storage

are known,
Expected Duration of Dry-Stomd Spent Fue! Integrity

inthe U.S., the duration of Integrity of LWR fuels in inent
gas storage Is projected to bs at least 40 years at the specl-
fled temperature timits, which range from about 325 to
38(°C, depending on the history of the spent fuel. The tem-
perature limits are based on modeling and experimental duta
from German and U.S. work*

In the FRG, the duration of the integrity of LWR fusis in
dry storage Iri inert gas s projected to be about 100 years,
based on tests and predictions done there, in the U.S., and
elsewhere. This view ls apparently shared by all the sur-
veyed countries with interest In dry storage of LWR fusls.
The duration of the integrity of deterted LWR fuels stored in
air is lass well defined: the Germars propose that cidation
testing Is neexied to define conditions and thelr effects on
defected LWR fuel Imtegrity in air storage of 40 to 100 ysars;
the Japanese estimate that undefected LWR fuel can be
stored for abott 30 years at 360 to 430°C in Inert gas, de-
pending on fuel conditions arxi history, arvd undefected fuel

can be stored for about 30 years In alr at up to 160°C."°
The Canadians estimate that thelr cask dry-storage concept
can refiably store CANDU fuels for the 50 to 100 years that
they rnay use dry storage (at 100 to 150°C), and that technl-
cal predictions indicate safe storage for 100 to 1000 years.
Detecter’ "ANDU fuels have besn stored without loss of Inte-
grity in air at 150°C for elght years so far. The British Inxdi-
cate that they cah store Magnax fuels In their vault concept
for up to several decades.

CONCLUSIONS

Based on this survey, the general conclusions that can
be drawn for extended dry storage of spent fuels from
nuclear power reactors are given below.

1. Foreign experience to determine long-term (i.¢., decades)
integrity of dry stored LWR fuels has been limited mostly
to tests and demonstrations for about two to ten years.

2. Based on past and current data developed In foreign
countries and the U.S., inert gas storage of LWR fuels is
considered in the countries surveyed to be well devel-
oped, it is licensed for industrial application, and it Is
belng implemented in the marketplace by industry.

3. Because of the developad status of dry storage, relatively
little R&D Is In progress now on sturage In inert gas in
the countries surveyed. Most efforts are on
development/design for specific applications. Active
R&D efforts appear to be in progress in the former USSR
for possible dry storage of its VVER and RBMK fuels;
Canada Is continuing long-tenm testing and fuel examina-
tions for alr storage of ts CANDU fuels in alr; Japan (and
the U..S.) Is continuing some dry storage dempnstrations,
but R&D on Inert gas storage Is essentially completed.

4, The duration of LWR fuel integrity stored In inert gases at
inttlal temperatures of about 320 to 400°C Is generally
conskiersd to be proven In the countries surveyed for the
needed storage times of 50 to 100 years.

5. Storage times with acceptably low fuel degradation of
LWR fuels In alr are shorter and at much lower temper-
atures than In inert gases, and there are relatively few re-
sufts on long-term alr-storage effects on defected spent
fuels. Canadian tests have haen carried out for 8.3 years
on defected CANDU fuels in alr at 150°C with favorable
resulls. In Germany and the U.S., more studies would be
needed for air storage for 40 to 100 ysars. Stucdies to
date in the U.S. and Japan indicate allowable tempera-
tureofor air storage of LWR fuels i3 in the range of 135 to
160°C.

6. The U.K was the country that first impiemented
industrial-scale dry storage (in 1972). Storage in the U.K.
i for Magnox fuels for short time periods, and the ex-
perience has generally been favorabie. Canada was the
second country to implement industrial-scale dry storage
(in 1880); Its stomage I8 &t iow temparatures In eir for
CANDU fuels. Canadas experience has also been
favorable.

7. Canada and U.K. am currentty the only foreign countries
with industrial-scale experience and are the most active
in Implementing dry storage technologles. The FRG is
planning to actively implement dry storags on an
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industrial scale as soon as the ittigation on ks away-from-

reactor storage facllities Is satisfactorily concluded.

8. Casks (concrete and metal) and vaults are the most

common dry storage concepts used in the countries sur-

veyed; all casks and most vault concepts use natural,
convective alr flow for cooling.
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