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SPENT FUEL INTEGRITY DURING DRY STORAGE

S Mikal A. McKmng_g :
. Pacific Northwest. Laboratory
© Richland, WA 99352 USA

’BSTR !CT

Infcrmauanonspentfuelmtegmylsofmterestm
evaluating the impact of long-term dry storage on the
behavior of spent fuel rods. Spent fuel used during

cask performance tests at the Idaho National Engineer-

ing Laboratory (INEL) offers significant opportunities
' for confirmation of thc benign nature of long-term dry
storage. The cask performance tests’ conducted at

“INEL included visual observation and ultrasonic exam-
ination of the condition of the cladding, fuel rods, and
fuel assembly hardware before dry storage and consoli-

" dation of the fiiel; andaquahtanvedetermnmon of the
effect of dry storage and fuel consoh_dauon on fission

‘gas relmsefmmthcspentﬁmlrods A variety of
covergasaandcaskonmtanonswemuseddumgthe

cask performance tests. Covergasamcludedvacuum, ~

nitrogen, and helium. The nitrogen and helium backfills
- were sampled and analyzed to detect leakmg spent fuel
_rods. At the conclusion of each performance test,
penodxc gas sa.mphng was cnnducted on each cask as
part of a surveillance and momtonng activity. Con-
‘tinued surveillance and momtormg activities are ’bemg
conducted for infact fuel in a CASTOR V/21 cask and
for oonsohdated fuelina VSC-17 cask. The results of
the gas sampling actrvmes are reported in this paper.

INTRODUCTION

In response to the Nuclear Waste Policy Act of -~
1982 (NWPA), a Solicitation for Cooperative Agree ”
m:nthposal(SCA.P)wasxssuedeay 1983 by the

DOE-Richland Operations Office (DOE-RL) to help the
private sector with their spent fuel storage problems,
and proposals were received in Atigust 1983. Virginia

Power (VP) proposed that pressurized water reactor ..

(PWR) spent fuel storage cask performance testing be

conducted at a federal site in support of its at-reactor
VP and DOE signed a.

license demonstration.

CoopemxveAgxeemcnthamh 1984, and VP signed
a separate agreement with the Electric Power Research

Iastitute (EPRI) asennally estabhshmg a three-pany

cocperanve agreemm

The scope of the Cooperative Agreement t inctuded

_ performance tests of three different metal storage casks
loaded with unconsolidated spent muclear fuel. The

mtswereconductednmEL Aftercaskperformance

. Mg with unconsolidated, fuel .was completeqd in the

VP/DOE cooperative program, a decision was made by

'DOE .and EPRI. to extend the performancs testing to

include consolidated fyel in the Transouclear, Inc., TN-

24P cask. Dry md consolidation was conducted at

INEL as a separate DOE-only funded _program.

Prior to testmg, the Surry YPWR spent fuel
assemblies used in the cask performance tests were

-characterized using in-basin ultrasonic examinations and

video scans. Cask internal cover gas samples were
taken during testing.  After testing, selected fuel

‘assemblies were vzdeotaped and photographed.  Then
fuel assemblies used in the TN-24P and MC-10 cask
performance tests, alopg with a few Turkey Poimt
Teactor spent fuel assembiies, were consolidated and
loaded into the TN-24P cask for a 'DOE-funded
performance test. Later, a cooperative agreement was

established with Sierra Nuclear Corporation (SNC),
and 17 of the consolidated fuel canisters from the TN-
24P cask were used in a performance test of SNC’s
ventilated concrete cask. -

Pesformance test runs involved a combination of

‘cover gases and ‘catk orientations. The backfill
_environments used were vacoum, nitrogen, and helium;

nitrogen and helium were sampled and analyzed to

‘detect leaking spent fuel rods. The integrity of the fuel
assemblies was determined from cover gas sampling
- (Creer 1986; McKinnon 1986, 1987a,  1987b, 1989,

1992, 1993). At the conclusion of each performance

_:test ‘petiodic gas sampling was conducted on'each cask

partofacasksmeﬂlanceandmomtonng activity.

f’ This report combines the | gas samplmg mformatxon
ﬁ‘omthewskpexfonnanoetmandcakmomtormg

* activities. It documents the condition of the fuel from

tthlnryreactorpnortotesungandthceffectof
mnngonﬁ:elmtegmyasascemmedtbmughgas

' 'samplmg dunng cask. performance tests at INEL using




both intact and consolidated PWR spent fuel. It also
includes results of a prior test using boiling water
reactor (BWR) spent fuel and the REA-2023 cask at
"Morris, Minois. Recent gas sampling data associated
with cask surveillance and monitosing at INEL is also
included. The pretest condition of the fuel arid the
significant results obtained from gas sampling during
and after perfomance testing are descnbed as well.

’l‘hreetypaofspentﬁ:elmdﬁvemskshavebeen
used during the cask performance testing and demon-
stration program.  BWR 7x7 spent fuel assemblies
‘were used for the performance test of the REA-2023
cask. Westinghouse 15x15 PWR was used in the .
- CASTOR V/21, TN-24P, MC-10, and NUHOMS per-
formance tests. A portion of this fuel was consolidated
atmELandusedmperformancetestsobee TNe24P
and VSC-17 casks (also at INEL). Table 1 gives a
summary of the fuel used in each of the performarce

TheBWRasscmbhauseddutmgtheREA2023
cask performance test were a general Electric 7x7
design and were taken from the Nebraska Power
" Cooper Reactor. The intact PWR assemblies used in
‘xheperfonnancetutsoonductedatINELweremken
from VP’s Surry Reactors. After the performance tests
using intact PWR fuel, INEL consolidated 4§ PWR
fuel assemblies of the Westinghouse 15x15 desxgn into
24 canisters of consolidated fuel that were used in two
subsequent cask performance tests. A description of
the fuel is contained within the performance reports.

SPENTFUELINI’EGRITY

‘PRETEST FUEL INSPECTION Four examination
methodswcreusedto assess the integrity of the spent

fuel vsed in the cask performance tests. Methods
common to the PWR and BWR fuel included visnal
observations such as full-length black and white videos
and color photographs; and analyses of the cover gas in
the cask. In addition to these methods, the BWR spent
fuel was examined by in-basin sipping and the PWR
spentﬁmlfrommeVP’sSunyReactorwasexamned
using an in-pooi ultrasomc examination.

ggg S:gg_:gg To-basin smpmg cons:sted of

”plaang a hood aver the selected BWR assembly and

analyzmgthewaxerthatwasdmwnoffthetopofthe

‘assembly. All the sipping data were compared with

background readings to assess fuel integrity. Although
the differences between the pretwt and post-test
radionuclide concentrations vary, the values were lower

than if the assembly contained leaking fuel rods. The

sigpmgraultsdxdnotmdxcateanyl&hngfuelmdsm
myofthefuelassembliesnsedmthcmkenher
beforeoraftermsktesnng _

gl_tr_ggmg m In-basin ultrasonic
mspecuons were performed on PWR fuel at VP’s Surty
Reactor using the Babcock & Wilcox Failed Fuel Rod
Detectioni System (FRDS). The FRDS system uses
ultrasonic techniques to differentiaté between leaking
and non-leaking rods by detecting moisture in the
former. Only Surry Reactor fuel assemblies with non-
leakmg ﬁlelmdswereusedmtheperformancetcsts

TABLE 1. Spent Fuei Assembly Characteristics

Asscmbly Type e 177 15x15 "15x 15 | Consolidated | 15 x 15 |
B : o | 15x15 4
launmp GWdfMTUl | 2428 | 2435 | 2932 2435 2435 |
Cooling Time, years 2334 2238 42 | 62122 }4.610.1} 8.
Ewrichmient, wt% | 2.5 ] 2931 2932 | 1832 | 1932 |
Ammmyneuynw. w -235300 | 10001300 | 832919 | 701-1185 | 400-700
- Average, W , S 200 . | . 1350 80 | 970 - | 530 |
Cask, kW = . 152 284 20.6 233 126

(2) Performance test using consolidated fuel in the cask.




Visnal, Video. Ph hic Examinations
~ The PWR fuel assemblies were examined visually to
‘establish their general condition after shipment from
VP, handlmg at the INEL hot shop, cask performance
testing, and during consolidation.~ Similar exams were
made of the Cooper BWR fuel during the REA 2023
performance tests at. GE-Morris.. Two kinds of visual
examinations were used: ‘black-and-white videos and
color photography of sclected fuel assemblies.

, The black-and—whme videos takcn zt GE—Moms,
VP, and INEL did not provide sufficient detail to char-
acterize the crud or very small features on the fuel
rods. They did not reveal any indication of significant
variations in the fuel rods after shipment, handling, and
performance testing. The resolution of the videotapes
did not provide enough information to. adequately deter-
mine the integrity and condition of the fuel and fuel
: claddmg 'Examination of the video scans showed that
all the fuel assemblies and frel rods look basically. the
same when viewed from outside the assemblies. There

wassomedwcolonnonofthefmlmdcladdmgmtbe

:mofthegndspacers, wmchwasexpected

Color photographs ﬂmwed that a Lypxcal
orange/reddish crud. (probably Fe,0,) was evenly
deposnedonallofthe Zircaloy 2 cladding and fuel
assembly hardware, There were no noticeable changes
in the characteristics or adherence of the crud during
handling operations involving the spent fuel assemblies
-at GE-Morris or INEL: Some scratches and worn
spots were apparent on the spacer grids and some fuel
rods, ‘but these.features did not change as a result of
examination -or.handling -operations.. In general, the
fuelmdsweremexceﬂemcondnmn, wzthavery
adherent crud layer.. .

Addmonalvxsualexammanonsofthefuelwere
conducted during the dry rod consolidation program.
-Accordmg to Vm;axmm (1988a, 1988b):

No notzceable claddmg d:fects in the rod
surfaces were observed for any of the fuel
-processed. The oxide layer on the surface
- of the fuel rods: appears to be intact and. .
. firmly attached to. the cladding. The oxide
. layer does got-appear to be loose, thick,.
- soft, or powdery. However, the oxide layer
- and some of the zirconium cladding was
- scraped from. the-rod surface by the spacer -
grids as the rod was pulled during fuel
-consolidation. Very litrle crud buildup on
the surfaces of the rods was observed. The - .
surfaces of the rods displayed only a thin

.radxochemxcal gamma analysis.

+ oxide layer, which had the appearance of
- - surface discoloration rather than any rough
- or.loose material. The rod surfaces are
. discolored near the spacer grids. - The .
. discoloration has an appearance of a-dark -
mottling of the surface and is progressively
more predominamt from the middle of the -
rod length toward the rod bottom. The rods.
. are generally clean, with limited amounts of -
- clad discoloration and oxidation ... The
- evidenice of fuel rod growth since fabrication
. was visunally obvious during the consolida-
- tion process.... Length variation between
. .1ods appears to.be as much-as 2 cm (0.8 - -
_.inch). The rods that grew longer than
others appeared 1o be randomly located
within the. fuel assembly : .

ASK COVER GAS SMP_L_I}_IQ 'I'he cask cover

,gas was sampled several times during each cask per-
- formance test to evaluate the integrity of the spent fuel

rods. Each sample was collected in a separate 500-cc
stainiess steel cylinder that had been leak-tested before
samphng Inidally, dunng the CASTOR-V/21 cask
performance test, the cylinders were equipped only
with quick-disconnect fittings and no bellows-sealed
valves as part of the closure, Durmgmemrlysamp

ling efforts with the CASTOR-V/21 cask, the cover gas
samples in the cylinders were diluted with ambient air

‘from the vicinity of the sampling -apparatus, air that
leaked into the cylinder during shipment, and argon
. intreduced at Lawrence Livermore National Laboratory

(LLNL). In many cases, this dilution was made more
severe by the collection of smail amounts of cask cover
gas, presumably due to short equilibration times
between the cask and the sample bottle during the
actual cask cover gas collection procedure. The end

.effect of small, diluted samples gn the cask cover gas

analyses was to increase detection limits, increase
measurement uncertainties, and introduce qumuons of
sample validity. Once bellows-sealed valves were
added to the sampling cylinders, the problem of air
lmkage into the sampling cyhnders was eliminated.

Gas sample analys:s mcluded mass spmtmscopy and
Mass spectra were
analyzedforancommonﬁxedgmmthmlm
than 100 to verify the purity of backiill gas composi-
tion. - Only N,, 0;, He, Ar, and CO, concentrations
above 0.01% are detected in any of the samples. The

.integrity. of the fuel rods was assessed from the

radionuclide
spectroscopy..

concentration based on gamma




However, the relatively low amounts of ® Kr

detected indicate that no ledking fuel rods were present
in the GNS CASTOR-V/21 and MC-10 casks during
performance testing with unconsolidatéd fuel and up to
about a year after testing. ' At this time, gas sampling
in these casks was discontinued. The final gas sample
from the CASTOR-V/21 cask during this period was

taken in December 1986.- In September 1994, the

CASTOR cask was opened and backfilled with a fresh
charge of helium gas. The pre- and post-test backfills
were checked for purity. Gas samples taken in March
1995, after six months of gas residence in the cask, did
not contain detectable amounts of krypton-85, which
indicates no leaks from fuel rods during that storage
period. This is particularly significant, because the
first few assemblies loaded in the CASTOR-V/21 cask
were exposed to air for approximately 200 hburs
during incremental loading of the cask and fuel
assembly/basket inspections at a reduced temperature.
In addition, after testing was completed and long-term
surveillance started, all the fuel assemblies were in a
70% He and 30% air environment for approximately
four months, because a quick disconnect fitting on the
CASTOR-V/21 cask lid had not sealed properly.

Two casks loaded with intact fuel have shown
krypton gas concentrations indicative of a leaking fuel
rod. During the performance test of the REA-2023
cask, krypton gas was detected after the cask was
rotated from a vertical to a horizontal orientation. The
accumulated amount of krypton gas released 16 the cask
was consistent with the release from a single fuel rod
(Barner 1985; Guenther 1988). ' The cladding defect
was assumed to be very small since the release rate
was essentially linear during 2.5 months of testing.
There was no confirmation of a leaking fuel rod either
by visual inspection or sipping of the fuel assemblies

- after the cask test. The gas analyses provided the only
indication of a leaking fuel rod. ‘The leaking fuel rod
had no impact on the basin operation or handling of the
fel assemblies subsequent to the cask test. :

The other cask loaded with intact fue] that showed

krypton levels indicative of a leaking fuel rod was the
TN-24P cask. In this performance test, the cumulative

amount of ¥Kr detected just after the cask was rotated

from a vertical to a horizontal orientation indicated that

a fuel rod had leaked during this portion of the test.

The decay in the leak rate, as indicated by subsequent
gas samples, indicates that the leak was small. It took
several days to vent the gas from the fuel rod.

In May 1987, 36 of the 48 intact fuel assemblies in
the TN-24P and MC-10 casks, plus 12 intact

/

assemblies that had been in the Turkey Point Reactor,

- were consolidated into 24 coasolidated fuel canisters as
‘part of INEL's Dry Rod Consolidation Technology

Project. The consolidated fuel canisters were then used
in performance tests of the TN-24P and VSC-17 casks.
During the fuel'rod consolidation process, the exhaust
gases from the consolidation area were monitored to
detect the release of radioactive gases from the fuel ‘that
would indicate a cladding failure. In the consolidation
reports (Vinjamuri 1988a, 1988b), one of the con-
clusions reached was that all fuel rods from the 48
assemblies were pulled and amstermed without rod
fzulmes

Latert, during the performance test of the TN-24P
cask using consolidated fuel, ¥Kr was réleased to the

"cask. Based on'a combination of ORIGEN2 predic-

tions and experimental measurements (Barner 1985;
Guenther 1988), it was estimated that four or more fuel

- rods may have developed leaks between the end of cask
‘loading and the beginning of cask performance testing,

three or more fuel rods during cask performance test-
ing, and another five fel rods in the six-mionth period
following testing. The rate of ®Kr release was
observed 1o decrease with time from cask loading.
Shortly after the last gas sample was taken from the
fully loaded TN-24P cask, 17 canisters of consolidated
fuel were removed from the TN-24P cask and loaded
into the VSC-17 cask. - The performance tests for the
VSC-17 cask showed a nominal ®Kr but not enough to
indicate a new leaking fuel rod. Since the end of the
VSC-17 performance festing in. early 1991, until
September 1994, the VSC-17 has been undisturbed.

Recent' gas. samples, taken since September 1994,

indicate that the atmospbere in the VSC-17 has not
changed significantly. There has been a small amount
of ®Kr release, below the quantity expected for a single
rod release, and there has been buildup of hydrogen in
the cask. The amount of hydrogen is consistent with’
off-gassing of the RX277 neutron shield material in the
lid. Sintilar amounts of hydrogen were observed
dunng msk performance mtmg.

Theamaunt f”Krrelaseddurmgandafterthe

TN-24P cask performance test with consolidated fuel is

testmg with unconsnhdated fuel

reledsé were ob&w'ed. The magnitude of the releases
in thé previous sests and surveillance periods indicated
that each was limited to a single rod cladding breach.
The previous tests involved about 16,700 spent fuel
rods, whereas this test involved about 9800 rods. It is

sxgmﬁcamlyh:ghertbanwasrcieasedmpmouscask o




hypothesized that the greater magnitude of ®Kr
released in this test and post-test surveillance is dug to

_additional cladding leaks caused by enlargement of

incipient cladding flaws during pulling and flexing of
the fuel rods in the consolidation process. The
enlarged cladding flaws, combined with cladding creep
during cask testing and surveillance periods, -allowed
leak paths to develop. The leakage has not affected
operations,
SUMMARY

Radiochemical gamma analysis of gas samples from
cask performance tests and subsequent cask .sur-

veillance and monitoring activities provides an
indication of spent fuel inmtegrity during dry storage.

" The gas sampling analysis indicates that dry stordge of

spent fuel in an inert atmosphere is benign. In general,
fuel handling activities have a more significant impact
on fuel rods than does extended dry storage in an jpert
atmosphere.
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UNITED STATES . ‘
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR MATERIAL . .
..~ SAFETY AND SAFEGUARDS
WASHINGTON, DC 20555-0001
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NRC INFORMATION NOTICE 2013-07: - PREMATURE DEGRADATION OF SPENT FUEL
’ L . STORAGE CASK-STRUCTURES AND
- COMPONENTS FROM ENVIRONMENTAL
MOISTURE

ALDDRESSEES

All holders of, apphcants for, and regtstered users of spent fuel storage system certtﬁcates of
compliance (CoCs) as well as all holders of and applicants for an independent spent fuel
storage instaliation (ISFSI) license under Title 10 of the Code of Federal Regulations (10 CFR)
Part 72, “Llcensrng Requrrements for the lndependent Storage of Spent Nuclear Fuel, High-

‘I_\.‘l\ll n\uuruuuuvu vvual\. ulou TNCaGaea - l\\.lul\-u ul (ST l IIGI!I \.IDQI\JO WY vaauc.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN) to inform
addressees of recent operating experience on environmental moisture causing premature

hf‘ﬁrﬂr‘en{' fsls] "T oire: H! ras f:nrf rtr\ﬂ"v"*ﬂﬁnrc smv\"r‘“"ﬂr' T cnfni: N vr el F‘nr_\.ﬂ* TAZ AT Cs":'—' "512'1 ﬂ"n}’*"ﬁ"h"a_
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P e T

Op&F&ttOﬁS The NRC EXUE(.IS ¥ eotmema io revzew ine information for aopucar)mtv io their
facilities and consider aciions, as appropriate, to avoid simiiar probiems. However, suggestions
contained in this IN are not NRC requirements; therefore, no spec;ﬁc action or written response
ts requrred -

DESCRIPTION OF CIRCUMSTANCES

‘reacn goucm htomac rower Slauon ISk ol

On October 11, 2610‘, a cask seal pressure monitoring system low pressure alarm was received
for Cask TN-68-01 during storage at the Peach Bottom Atomic Power Station ISFSI. Cask TN-
68-01 is a bolted closure cask system with a double mechanical O-ring seal {(cask lid seal) that
provrdes conﬁnement between the lid and cask interface. The cask had been |n servrce at

e =

I \,uuu I.J\JI.‘UIII Olllv\- uu! I\l I_\J\J\J E IB\JI\: I Oi ISV O II-I \AUOO O\IUlIUlIUl Vl\a'l‘ Ul I.I I\: H\.l l\,UlUll IUI GI
TN-68 cask. A protective cover was installed i the lid region to protect the sys*em from
extemal weathenng During disassembly and removal of the protective cover, the licensee
found streaks of rust on the underside of the cover, a pronounced pattern of rust directly under
the access plate and water or signss of moasture around most of the bolt lid holes and bolts. The
flicensee found the elastomer O-ring seal on the bottom of the protective cover to be completely
intact and sanlod aosinest the oo of the cack id Aftor norfarming 2 samnanne of halim fenl
tesis, ihe licensee idenified that the outer sealing surface of the main cask iid seal was leaking
at a rate greater than allowed by the CoC technical specifications. The ficensee retumed the

ML12320A697
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assemu!ies tc the spent fuel pool {o perform additicnal inspections on the cask iid and
sedis. 1nhe imtar evaiudion evedied COrUSioi of i€ Guler porton of the cask Tid sedi, iower
than expected torque on some of the main lid bolts, and corrosion on the threads of the lid boits.
The inner portion of the cask lid seal remamed mtact therefore the cask’s pnmary confinement
was not compromised.

A root cause eva iuation conc:iuded ihat i'ne seal ieakage was caused by c,orroe;on of ihe outer
‘g:‘—.;—’?’;‘nn‘; AET .;-nu' I..;.',..'g"\ :"i.% uuu TRAFTIT .n.h\n FEETR uu\n«-‘ u*(uuau FRE TR bt Py ,..ra.u-..— Ty u Evs ‘..:va,:umf._z
cover. The water infiltration caused galvanic corrosion of the outer portion of the cask lid seal
due to the presence of moisture at the interface of the aluminum-ciad cask lid seal and the
stainless steel clad cask body sealing surface. The presence of the moisture at the interface of
the two dissimilar metals set up a galvanic cell that caused the aluminum to corrode and
aliowed helium to leak through the cuter portion of the cask lid seal. The root causse evaluation
furthor ciatod ihat tho holinm loalk wac atiribisiad tn lngncnngio eo-_:n:nn nf tho acrocce n{gio in inn
protective cover and a lack of any verification of the mtegnty of the water—tlght cover. The
primary corrective actions developed by the cask vendor and-the licensee involved improving
the access plate design and developing a method for verifying protective cover seal integrity.
Additional corrective actions, which were incorporated into operating procedures immediately
after the event, inciuded a change to the lid boit torquing process and ensuring access piate
gaskets ang O-finags were inspected at instaiiation.

Access Plate Pressure Protective
Monitoring System  cover

";1
Neutron Shield

Cask Lid

-Cask Shell

Figure i

Additional information is available in “Peach Bottorn Atomic Power Station—NRC Inspection
Report 05000277/12010010.” dated Julv 8, 2011 (Agencvwide Documents Access and
Management System (ADAMS) Accession No. ML111890441).

Three Mile Island, Unit 2 ISFSI at the Idaho Natiohal L aboratory Site

o~

The Three ivi iie isiand, Unit Z iSFSI uses NUHUMD—’!Z! nonzoniaa sxoraae moduties (HSMs).
‘The HSMs were delivered to the idaho National aooratory site 099 as precast cencrete




components. The storage system consists of an external rectangular reinforced concrete vault
(i.e., HSM) with a storage canister resting horizontally on intemal rails inside the HSM. The
prefabncated modules consist of a body and a roof jorned together by anchor bolts All sections
wel g “'!Ht'“u!!! Ul ‘J ““!"CL':!: \L‘t"t«‘t) "!!L-!\ H! L”UU L!!C v 'D':F':" T "l:F‘J CIaLRD '!' '!"" ! 'Q'“!::
and concluded they were cosmetic and insignificant. However, in 2007, the hoensee obsened
continued cracking, crazing and spalling as well as increased efflorescence on the HSM
surfaces. The efflorescence was a solid, whitish crystalline material which was determined -
through sampling and analysis to be calcium carbonate. The licensee performed an evaluation
|n 2007 dunng which it determined that the HSMs were capable of pen'ormlng their desngn

f:“. TS ik s 3.& s‘t‘ng“ 441‘#,‘} JL,-;J B < 2k ’)’!5‘}#’"\@

ey st

emanmsng rrom fne anchor boit omr‘Kour holes with widths up to 0. 95 r:enttmetere (U cci inches}
At that fime, the licensee determined that the HSMs appeared to be prematurely detenoratlng
and that continued crack growth could impact the ability of the HSMs to fulfilt their originally
planned 50-year design service life. Subsequent evaluations by the licensee initiated the
development of an annual inspection plan for the HSMs and base mat as well as-an -
avaminatinn nf tha incirda ﬂf thg L{Ql\/lc Tha au;:lu;:&y\n alen ;'er-nmmpnr(n.d that tha !:\pntzga -
retam e serviges of a company experienced ang quatitied in 1esung anag evaiuaung concrele 1
determine the degradation mechanism and make recommendations botn for reparrs and.io
prevent further degradation. Aithough the cracking was discussed with the storage system
vendor, the licensee chose an independent vendor to perform an evaluation of the HSMs and
base mat concrete in 2009. The evaluation included a field investigation and laboratory analysis
to evaluate the concrete matena] qualtty strength and. Iong—term durablhty potenttal The
W(l\.ﬂudl\.ﬂl u.,u\nu.-u I'ud I.llul VIU(U! IIUU \..uu..u.,u Lll\.a uu\.-uul I.IUII. UlUUl\Uut llUlU\J Ull lllh IUUI \Jl uu..
HEMs, Subsequent freeze and thaw cycles initiated the crack formation. Repetition of the
process resulted in both contmued crack growth and the efflorescence growth identified-in 2007.
In addition to identifying the root cause of the cracking, the report also suggested repairs
(injecting resin into the cracks), preventative actions (e.g., installing caps over the anchor boit
blockout holes), and monitoring (use of crack gauges). The licensee incorporated the

s e o o

Py

Additionai information is avaiiable in “Three Miie isiand, Unit 2, iSFSi—NRC inspection of the
Independent Spent Fuel Storage Installation—Inspection Report 07200020/201 2-001,” dated
August 14, 2012 (ADAMS Accession No. ML12228A457) :

DISCUSSION

Tne instances described abeve iiustrate how the intrusion of water can Dutem.auy gecrease me
effeciive life of boih the struciures and comoonents of a speni fuel siorage system. in one
instance, the presence of water not only caused chemical degradation through oxidation of one
metal, but it also facilitated the formation of a galvanlc cell between two dissimilar metals that
contributed to the-degradation of the secondary confinement barrier of the storage system. In
another mstance ‘water contnbuted to an accelerated agmg process of concrete stmctures of
I.ll\» \Jl.l\.al}l Il-l\.ol Rt uvu uv \)l\-’." vvul.\.n \.n |\\.n \.'\-l vl uvl\u ul Iu UI\.»'IU\.»\J ul vunu l.l l\.» uuu‘ IUI u\.uA
blockeout holes in the concrete structure, and when subjected to freezing temperatures,
generated mechamcal forces that produced cracks in the concrete. These cracks provided
additional and larger pathways for water to enter the interior of the concrete which resulted in
larger cracks from subsequent freezing temperatures and promoted efflorescence. If remedial
actions had not been taken this accelerated aging process could have inhibited the ability of the

He Hncion Sinetinn Af nrotnctine tho ~nnictar cuctnm candninine tho
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The effects of weathenng and envxronmental moisture may lead to degradatlon of structures,

systems, and components. Several phenomena are discussed in NUREG-1536, “Standard

Review Plan for Spent Fuel Dry Storage Systems at a General License Facility,” NUREG-1567,
awandam Revaew Pian mr Spem‘ Fuel Drv on:at: F acmues "and 13919 '_')-a of NURFEG-1 947

~
e rtTs (z!_ ' .7 -"'z"tz}x.;r TS -'._‘] s._u..vi Jreatrgy e .._s"Jluz LSRN

Cemf cates of Comphance (ADAMS Accession Nos. M1.101040620, ML003686776 and
ML111020115, respectively). Identifying potential moisture entry points, such as cracks,
crevices and joints in both vertical and horizontal storage systems, can facilitate the
incorporation of gaskets and sealing materials into both the design of and maintenance of spent
nuclear fue! storage systems to minimize premature degradation of structures and components
|mnnrr-:nr“ o cgfnhl Adnnna{-n r‘r-:ungnn nf ihn haca maf {i = o ngn\ m-:n: alcn nrove
advantageous for ‘the followmg reasons. - First, pooled water may cause premature degradahon
of the base mat. Second, since humidity and deliquescence have been shown to contribute to
stress corrosion cracking in marine environments (see Information Notice IN2012-20, ADAMS
Accession Nos. ML12139A440), the combination of pooled water and heat from canisters
containing iradiated spent nuciear fuei couid pmduoe humid condmons within the storage
svstem. - o

PO

&” TS T .n_t

These examples show the |mpoﬂance of penod1ca|ly monltonng the physu;a! condmon of a
spent nuclear fuel storage system. By obtaining baseline measurements and performing
periodic evaluations, accelerated degradation can be detected before the structures and
components of a storage system are unable to perform their intended function, and corrective
actions can be impiemented. Such information may prove useful i in assessing aging ‘
...anacemem in license renewal aon‘zcat'or's :
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matter to the technical contacts listed below or to the appropriate Spent Fuel Storage and

Transportation (SFST) project manager.

Mark Lombard, Director

Division of Spent Fuel Storage
and Transportation

Office of Nuclear Material Safety

and Safenuarde,

Technical Contacts: Chris Allen, NMSS/SFST

301-492- 3148

« —cane. Willlam alien@nre.gov

John Nicholson, R-I/DNMS
610-337-5236
E-mail: ichn.nicholson@nre.cov

B e BEE T BT SRS SE. £

e = e R

817-200-1545
E-mail: jee.brockhari@iwe.gov

Note: NRC generic communications may be found on the NRC public Web site,
http:/fww nre. gov, under NRC Library.



Technical Contacts:

CONTACT
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This IN requires no specific action or written response. Please direct any questions about this
matier to the ieonmca! contacts listed below or to the appropnatn :men* Fuei Storage and

H FBPSDO’IBQOH

SFST) project manager.

IRA/

n/ia; Lombard, Director

-,cr\--_.:. L Ry

Rk R A e e e

z;nd Transportatnon -
Office of Nuclear Material Safety
and Safeguards

Chris Allen, NMSS/SFST
2AN1.482.3148
E-mail: william.allen@nrc.gov

John Nicholson, R-/DNMS
610-337-5236
= s {ohi THCNOISONENC.Gov

Lee Brookhart, R-IV/DNMS
817-200-1549
E-mail: ies brookhan@nrc.goy

Note: NRC generic communications may be found on the NRC public Web srte
NP WWW TGOV 1mmar snws s nrony

ADAME Accoosion Ne MLAD2ACAZS7
OFC: SFST Technical Editor BC:RIVINMSS/RSFS BC:RI/NMSS/Dec
! DATE: | 1119112 4 1111412 ! 118113 i 114113
OFC: BC:SFST/RIO BC:SFST/ILB D:SFST
NAME: | EBenner MSampson MLombard
DATE: 3/4i13 3/22/13 4/ 16 /13, 4/18/2013
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