11 Septmber 1997

Ms. Shirley Jckson. Chair
U.S. Nuclear Regulatory Commnission

0eor Ms Jackson.

InSeptember of 1997. according to plans oulned by the Department of Energy. the Nuclear
Reguatory Commission. and the Tennessee Valley Authority.the United States intends for the first time
to produce itiumfor nuclear wepons inacommercial nucear power reactor, the Watts  r Ireacor in
Spring City. Tennessee This act willbreach a fifty-yeer wall of aparation between the cviian and mi“auy
nuclrpowe industrits We are writing toask you  prevent thisi-advied precedent

The foundation olhe wall between civilian and military nuclear activiie  sthe Atomic Energy Act
whch prohbitsthe use of ommerial faciliie toproduce spcil nuclear materials or special fiss
naWrialsfor use innuclear weapons The Departmem of Energy curmntly i n @esthat inter pretaton
of the statute narrowly itepretsi  cope to address only pluonium and highly enriched uranium This
nrrow letter-of-the-ta  reading ignores several crucil points.

1.Inpractice, the separation has been more comprehensive and has included the producton of
raium. a radioactive material for nuclear weapons. The Department o Energy has always ?roduced
weapons trtiumin facililes deigned and operated as defense facilities. nut as commcida power faciltes
| isa precede long standing.

More important. the sepation of oomerciland military nucler activities is widely recognized by
the inwenationl community to include more than plutonium anedhighly r  ed uranium. Currently.
according to DOEs Stephen Sohink. three oher nations are mor sppiers of unum fuel or power
rectorsinthe US: the aeewm s under which these supliersprovide  for US power genwarors
prohibit s ue, even mtagid y,a partofalarge power arayina eactor being sed to produce tritum
lor nuclear weapons.

2. The sparationof civiianand military nuclea actdivi  is a comeratone of US inato
nopobleaon policy which suddenly and completely vanishes the moment the United States loads
Tiiun Prodcing Bnable Absorber Rods M a commercial  ctmor Removing the civdiardmliary barrer
| the | ': acBWttes undemine our principled stance before the world The acvities curreny planned
fu ihats Bar reactor in September will send a meage tothe worfd mat we coukinever tak

4- theu ocbntr ie' nucler power facaies forthe produ oneo nucler weapons matnais
cepb pmertice The proound natre o this shiftin US nonproieration polcy cWanot be

3. The production of new wesgposp4tiur now.forg emttwne in  19e. will  al tothe world
hi Ihve US intend to mgintaiann arsal inexcess of START Il levels nd wil ncouag the pursu of
nuclwwapon capabi-y by oui  urr  iom and the furher devlopian  of nudocar capabiy by
nmler nla Cuorntpls d the partmer~ EnEgy indcatethat the US can msirawn an
arlnal wih 3600 stratogic nuclar warhad (START 1levels) wht producing new tritium unil 2015

_Cly,  thsaction isof protound cigndcance and warants careful conderton: te phbic.
ypely thoewwho W in  shadowo Wels Ba. toud b engaedinaful and mean.nlu
dimcusen of this propomd action The Nuclar Regulaory Commission should exerctses

FMrpeunefties at he highet level to ee hat any action a caned oulin accordance not only with NRC
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ars ww IWIL see r wATarKY.S.UPPLY**EYiE

polaeMndne  tion bt aloIn**. spt of the democcy inwhichwe i ve

ChawYw . 46ells, w are asking you to take action to require Ui full Nucler
ftagutey CommislsiecO N M, jt u staff, pprove th application of th
TmnesMe Valley Aulhorty fr a ucense maenament Surey such a precedent-seing action

S require the involvement o th  ighest level of ahoriy and responsiby within he Comission.

Fumtheroe. we r asking ¥ou o dela the approv of the Uenn emerdmen
applles  on U asigellioli Pi Istproe can take p  tat would enable a

n dlaussion abo thes actions, Including a clear san public
jmicnteo for this preedent-eeuing action.

_ TodMte. onem pubic mting hns ben held into WatsBar are . to dcusthe proposed
alot; |1 announ ¢ wth aMimlV N 14days notice duwng ummer vacation peiod. was held ai er

s deciion-m_ ng mitone ha pused. Nevrtheless, more than eighly cilizens

Vi ay s"

al\h’lr_lcp% yh_eng and were unanimou intheird ~ roval of thi action For some, inglicant
siniclqueti rnmined uensred inth document provided thus far to the public Fe other.
t9fo topvido ming public pa tication inthedcision-making process wa an isse. And for
lhers, | e* eced i ng naum of thris aion made a ull and thorough diuion all the more

Thoe who ive inthe shadow o Wats Bar have epresed ore further significn concr
mprgaa  ti dciionwhich w inpactthir lives and their region, and that concern issecurity. When be
wlis Barnuc  powve plart kads tiumlproucing rodsin~ opating ce inSAtebem becoms,
Op- 1 bkaOly. abomb . | r It asnever conucteodtobeablA | . itdoes not have oi n  the
rICCl~rbnrOW tha oi DOE S'M kg~ a. ItNonotundrgon extnse review of
v-hasrls ashiedog -"-- -inr-WCftsl Pb n the MeTa i 1 s~alsojded.
legg, w~ dlyT in O Uniled Stales.

ItB**XM @ 11w hueanage  rtwone BaOdd n iona poky for some buti
arely.Thme who enear Wes Bar hae serious  dlegimate concerns ~ the ovemme |

pljgbhe inresing p I by he proposed use acomm  ilpower plaitto produfso ns
nly O a mi agrdbytol men phalinTVA's securtgrograrmneludingmssive
yut &d\Wao h inslwlyrsa0 biie. These conces have notteen adequately addrused
inantgdolwneOislion reOe toth puic to deeo.

We hopthat youw recognize he urgency with which we writeand | kespondtoo  concern
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ABSTRACT

T1e Depagtment of Energy (DOE) isresponsible for establishing the capabilityto produce
trtium, an emial material usedin U.S. nuclear weapons by the end of 2005, in accordance
with aPrsidential decision diretive.

Under therms of the Joint DOE/NRC Memorandum of Under standing of May 22,1996, NRC
isproviding review ad consultation servicesto assist DOE inassessing and resolving technical
and licenng issues associated with DOEs proposal for the production of tritiumin a
commercia light-water reactor (CLWR).

DOE has submitted a report, as revised, containing sufficient infomation for the staffto
determine whetth euse of aCLWR to irradiatea limited number of ritium-producing
burnbleabsorber rods (TPBARS) in lead test assemblies (L TAS) raises generic issues ivolving
a ureviewd safety questio, asdefined in 10 CFR 50.59. The NRC staff has reviewed the
DOE reportand has prepared thissafety evaluation to addressthe acceptability of the proposed
iradiation and whether alicensee can undetake theirradiation of these L TAs in accordance with
the provisios of 10 CFR 50.59 without NRC licensing action.

Thissafety evaluation is being transmitted to the Commission before issune.

As sunmmried in Section 10 of thissfety evaluation, the staff has identified issues that requ
father NRC review. The staff hasalso identified a umber of ar esinwhich an individual
license undertaing irraditionof TPBAR LTAswill have to supplemenw theinformatio inthe
DOE report before the staff can detemine whether the proposed iadiatio is ac table ta

particular facility.

Therefore, the staff concludes that alicensee  detaking irradiationof TPBAR LTAsin a
CLWR will have to submit an application for ~ nmet to  facility operating license before
insrtingthe LTAS into the reactor.
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1 INTRODUCTION

On December 4,1996, the Department of Energy (DOE) submitted areport prepared by Pacific
Northwest National Laboratory (PNNL), PNNL-11419, "Reporton the Evaluation ofthe Tritium
Producing Burnable Absorber Rod Lead Test Assembly” (the DOE report), to present technical
infomation related to irradiation of tritium-producing burnable absorber rods (TPBARS) in a
commercial light-water reactor (CLWR). DOE submitted Revision 1to thisreport on March 3,
1997, in order to respond to the staffs requests for additional information ofJanuary 3and 13,
1997.

1.1 Backgromad

Tritium, an essential material in U.S. nuclear weapons, isan isotope of hydrogen that decays at a
rate of approximately Spercent per year (a12.3-year half-life). The United States has not
produced tritium since 1988, when DOE closed its production facility at Savannah River.
Current, short-term ritiumneeds are being met by recycling tritium from dismantled U.S.
nuclear weapons. Resumption oftritium production will be essential for maintaining the U.S.
nuclear weapons stockpile and the U.S. nuclear deterrent.

DOnE Dst-Pet SmaleV for the Prwodcuto  oJf Trti"

DOE isresponsible for establishing the capability to produce tritium by the end of 2005, in
accordance with a Presidential decision directive. DOE has selected adual-path strategy to met
the schedule. One path isthe acceleator production oftritium. If DOE adopts an accelerator
design utilizing atungsten target (as iscurrently contemplated), it may pursue that option without
Commision approval because the NRC does not have statutory authority to regulate accelerators
or DOE production facilities.

The other path is one that could require NRC oversight. DOE proposes to produce tritium in
CLWRs, either through acquisition of reactor(s) under Government ownership or by contrcting
for target rradiation services at aplant under private ownership. Production oftritium in an
NRC-regulatd CLWR would involve NRC oversight.

Regardless ofwhich option isselected as the primary approach for tritium production, DOE
intends to complete confirmatory testing, fabricat the firstcore load oftargets, and develop a
new extraction capability as acontingency to meet national defense requirements. Tritium
N)EetCCton would take place at DOE's Savannah River Plant and would not involve oversight by

NLUEO-1607
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On May 22,1996, the Secretary of Energy and theChainn=a of the Nuclear Regulatory
Commision signed aJoint DOE/NRC M morandum of Understanding (MOU). This MOU
establishes the baiisfor NRC review and consultation concerning DOE'spossible use of CLWRS
for producing tritium. It supplements an earlier MOU between DOE andNRC (dated February
24, 1978) and relates solely to NRCs review of and consultation on DOES proposal for tritium
production in CLWRr. The MOU acknowledgel thatan issue exists involving the use of civilian
commecial reactorsto support military requirements but stipulates that NRC will not be
involved, either in apolicy or a technical role, in resolution of thatissue. The MOU also
gtipulates that NRC will not be involved inthedecision on whether to use an accelerator or a
CLWR to produce tritium.

Under the terms of the MOU, NRC isproviding review and consultation services to assist DOE
in assessing and resolving technical and licensing issues associated with CLWR production of
tritium (including phy.cal security, security clearance, and environmental issues) in order to
support a Secretrial decision on theprimaryand backup tritium production approaches inlate
1998.

Finally, the MOU contemplates thaieNRC will recover costsassociated with thisprogram
through areimbursableagreemeu  etween thetwo agencies Therefore, the cost of thisreview
will not be split among NRC licensees to be paid as part of the nnual fee under 10 CFR Part 171
to cover NRC overhead, general, and administrative costs.

L wProdeact  errwmr

DOE hasdeveloped adesign for burnable oison rodsusing lithium, rather than boron, in
pressurized-water reactor (PWR) fuel assm  blies. As aresult of irradiationby neutronsin the
reactor core, some of the lithiumin thetarget rodsisconverted totritium. The irradiated
burnabepoison rods can then beremoved from the fuel assemblies and shipped to another
location (Savannah River Plant) for tritiumextraction. The first phase of thetritiumprogram
tha requires theinvolvement of NRC isalead test assembly (LTA) demonstration. LTA
irradiatio would erve as aconfrmatory test of thedesign for TPBARs that DOE hasdeveloped
over thepast 10years.

DOE expects that LTAs will beavailable for irradiationin thecore of aCLWR in late summer
1997. At thereactor involved intheLTA demonstration (Watts Bar, Unit 1), 32 target rods (8
each in 4 LTAs, with | LTA inertedin each quadrar -fthecore) will beirradiatedfor one fuel

cycle.

The second phase of DOE'stritium production program *;atwill requireNRC review is DOE's
submittal of atopical report for production irradiation in mid-1998. The staff will initiate review
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of that report concurrently withthe irradiation of the LTAs and anticipates that itwill document
itsreview ina safety evaluation report to be issued in early 1999. DOE has stated that, because
the primary purposeof the LTA demonstration is to build confidence among prospective

licensees completion of the LTA demonstration is not an essential precursor to submittal of the

topical report. The NRC staff agreesthat it could initiate review of thetopical report
independent of the LTA demonstration. However, the staff may need information from the LTA

demonsbation before it can complete its review of the production topica report. The NRC staff
will send the Commission its safety evaluation on the production phase topical report before the
staff issues its safety evaluation.

Thethird and final phase of DOE's tritium production program, which may require NRCs review
is the actual production of tritium. Under one of the DOE options being considered, this review
would be conducted, not at the request of DOE, but asa result of arequest by alicensee for
amendment of its facility operating license to authorize use of upto 3300 TPBARS in each core
reload. A license amendment isrequired in order to make changes to the plant technical
specifications and to address any unreviewed safety questions pertaining to such use. A request
for alicense amendment authorizing irradiation of burnable poison rods for production of tritium
is expected to be received at the beginning of 2000. A request for alicense amendment will be
noticed in the Federal Register and will be the subject of an opportunity for hearing. |fahearing
isrequested, the Commission will be notified ifthe staff intends to make a"no significant
hazards consideration” finding (which would allow the amendment to become effective before
the conclusion of ahearing).

Regardless of which dual-path strategy is chosen, the first core loading of TPBARS will be
fabricated during 2002 and 2003 as part of DOE's target demonstration program. Also, the
licesing activities to support CLWR production of tritium will be completed. Should CLWR
production be chosen, the TPBARs will be irradiated, cooled, and shipped in 2004 and 2005 to
support the Presidential decision directive's requirement for production of the first tritium gasat
Savannah River by the end of 2005.

SECY-U -212

In SECY-96-212, the staff described DOE'sprorosal for the CLWR production of tritium and
presented its approach for reviewing DOE's proposal under the terms of thejoint MOU of May
22, 1997. The staff proposed to consider whether irradiation of LTAs containing TPBARS could
be accomplishe  under the provisions of 10 CFR 50.59 without NRC licensi ng action.

Inits staff r 4ir ements memorandum (SRM) of December 10, 1996, the Commission approved
the staffs review approach. However, the Commission directed the staff to hold a series of
public meetingsto give the public an opportunity to comment on the technical issues during the
LTA phase and to inform the public of the staffs activities early in the evaluation process. The
initial meeting was held at NRC Headquarters on February 25,1997. The next public meeting
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directed by the Commission isexpected to be held in thevicinity of theLTA host facility
selected by DOE (Watts Bar) inthe summer of 1997, beforethe TPBAR LTAs areinserted into
thereactor. Finally, the staffwill hold similar local public meetings before TPBARS areinserted
inany particular NRC-licensed facility for the production phase of DOE's CLWR tritium
program.

DOE'sreport, asrevised, contains sufficient information for the staff to deter mine whether the
use of aCLWR to irradiatealimited number of TPBARs in LTAS raises generic issues involving
an unreviewed safety question. The staff hasreviewed the DOE report and has prepared this
safety evaluation to addressthe acceptability of the proposed irradiationand whether alicensee
can undertakeirradiationof the LTAs under theprovisions of 10 CFR 50.59 without NRC
licensing action. This safety evaluation is being transmittedto the Commission before the safety
evaluation is issued.

Independent of itsreview of the DOE report, the staff isconducting vendor-related activities with
respect to quality assurance (QA) plansand fabrication inspections in order to give DOE insights
on how the NRC will review the production phase report.

1.2 Purpose

As described in SECY-96-212, theoriginal purposeof the DOE report was to provide sufficient
information for the NRC staff to determine whether use of a CLLWR to irradiatealimited number
of TPBAR LTAs raised generic issues involving an unreviewed safety question. Should the staff
determine that no generic unreviewed safety questions areinvolved in irradiatingTPBAR LTAs
inaCLWR, alicensee undertakingsuch irradiation would be permitted to proceed under the
provisions of 10 CFR 50.59 without NRC licensing action, subject to plant-specific evaluations
confirming that no unreviewed safety question exists and thatno change in atechnical
specification isneeded.

1he original report addressed the issue of TPBAR LTA irradiationgenerically and presented
several plant-specific analyses for an unspecified Plant A and Plant B. On February 7, 1997,
DOE announced the selection of WattsBar asthe facility that would conduct the one-time
confirmatory test of components thatcould be used in the production of tritium. After selecting
Watts Bar as the facility that will carry out out the confirmatory TPBAR LTA irradiation,and in
response to the staffs requests for additional information, DOE submitted arevised report. The
revised report no longer addresses the TPBAR LTA irradiationin generic terms, but presents
analyses and data based solely on the WattsBar facility. For that reason, the staff shifted the
focus of itsreview from ageneric evaluation of potential unreviewed safety questions to amore
specific evaluation addressing TPBAR LTA irradiationat Watts Bar.

The staffs review of the DOE reportand the staffs conclusions regarding the applicability of the
provisions of 10 CFR Part 50.59 in implementing the proposed TPBAR LTA irradiationare
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documented in thissafety evaluation.
13 Scope

The staff hasevaluated DOE'sreport, submitted by letter dated December 4,1996, and revised
by letter dated March 17,1997. The staff has also considered information submitted by DOE in
|lettersof February 7 and 14,1997, and March 7 and 12,1997. These letters responded to the
staffs requests for additional information dated January3 and 13, 1997 end to the staffs letters of
February 4 and 24,1997, providing guidance on benrcharking for the VIPRE amd PHOENIX
codes. The staffhas also reviewed classified versions of the DOE report that were submitted by
|lettersdated December 4,1996, and March 3,1997, containing confidntial restricted data. None
of theinformation in this m.fety evaluation isclassified.

1.4 Orgaplzation ofThis Safety Evalmtion

The format of this safety evaluation follows that of the DOE repot (PNNL-11419) asclosely as
possible. The staff hasadded Section 10 to summarize the results of itsreview. Section 10 of
this safety evaluation also summares thereminin plant-specific issues that will have to be
addressed in the TeNnessee Valley Authority'sapplication for an amendment to the facility
operating license for WattsBar to permit TPBAR LTA irradiation.
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2 TRITIUM-PRODUCING BURNABLE ABSORBER ROD
LEAD TEST ASSEMBLY DESIGN

InChaer 2 ofitsrepo, the Depat  of Ergy (DOE) d  ribes (1)the mechanial design
ofthe tritiumproducgbu  ble aMbober rod (TPBAR) led test assembly (LTA) and its
accptbiliy, (2) thesurilac pro  ,ad (3)thetting ad ipection prom.

21 LTA Dcigi Desriptio

In Section2.1 of it rport, DOE decribes tedesign fatm, marials,ando ao oftbe
TPBAR. The TPBAR LTA isdesigned to mest theoperating  uirements of alarge four-loop
Watinghouse r acor under Conditionl, |, ,and IV events, asdefined inthe W tsBar Final
Safety Analysis Report.

TheLTA consists of a Westinghou  holddown assembly with 8TPBARS and 16thimble plug
a shown in Fiure2-1 oft DOE rport. 1Te TPBAR will be insrted intoa fresh 17x17
Wes  us stdard fu assmbly that hasno conrol rod assmbly. Theexenal dimeni
oftheTPBAR are imilrtotho  of testandard Westingouse burnablepoisu  rod mmsbly
(BPRA). Design chareritics of the TPBAR, theconventiona BPRA. and wet m  dar
bumabl aemmbliu (WABASs) arecopred in Table2-1 of the DOE report de TPBAR is
diamaionaly similar to both the BPRA and the WABA. Becue the TPBARs aeintlladl m
the sandd W  dingbouse guide thine, the diameter of TPBARS issimilar to tht of the
BPRA andthe WABA Because of telegtb ofthe abor br spoison (142 in.) (360.7 cm) and
ov Ulngth of the ds(152.35 in.) (387 cm, the TPBAR isphysical  morm similar tothe
BPRA (rod length  152.59in.[387.6 cm], poison 142 in.) than the WABA (rod legth
149.33 in. (380.6 cm], poison  134in. [340 cm]). Thedimension listed in Table4-1 of the
DOE reportvary slighly f  thefma  nsin  presented inTable 2-1 ofthe DOE repor

On the bi s of the comparison of dimension betwen the TPBAR and the conventimol BPRA
andtheu of standard Wesinhouse design componrais for the LTA hold-down asembli, the
affconcludesd TPBARs  similar in form to BPRAs. The stasevaluation asto whether
b TPBAR issimilr infctionto  BPRA isin Sections 3and 4 of this safy eva tion

which  ale tothenuclear andthemal-hydrauli design of TPBARs,

TheLTA isdesined for al four-loop Wetingo  preuried-watr  cor (PWR) adis
commptib  withtim fil assembly, r etor vessel interals,reaCo coolat chemistry, efi

Cmm |\ hetmc
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systm and tools, and spent fuel storage facility. The LTA isaremovable reactor core
cmpomnent, nstlletliside aful aembly that has no reactor control rod assembly.

The TPBAR LTA desin consists of subcopooncts clad with America  ron and Steel hstitute
(AISI) Type 316 stainless sel (316 SS). The 316 SS tubular cladding gives structural strength
and acts asthe pesure brrier between the TPBAR internals and the reactor coolant system
(RCS). The ime surface ofthe cladding iscorted with apermetion-resistant auminum barrier.
Te TPBAR inenals consist ofaplenum subasembly, 12 pencils, and alower getter disk. A
pencil consistsof aZircaloy4 liner tube surrounded by absorber pellts. The linerand aborber
pelets ae contained inagetter tube. 1e getter tubeismade from nickel-plaud Zircaloy4
(NPZ). The nickel plaing maintains the getter ffectiveness by preventing oxidation ofthe
Zircaloy4; the oxide film would become apermeation-esista  film.

The Ziraloy4 liner inside the absorber pellets scavenges fee oxygen and water vapor by
ecting to form an oxide on its surface. The reaction ofthe tritiad water vapor with the liner
reeeas tritium, which isthen absorbed by the getter. The iner also provides mechanial
support to keep the absorber pellets from relocating.

The upper getter disk ad an attachd getter tube house astainless steel plers . spring located
above the top pencil in the cladding tube. This subassembly provides an a  Iforce to restrain
the pendls during andling and shipping operations and allo  for axial gi  hofthe pencils
caued by irrdiatio hydriding, and thermal growth ofthe pencils while i reactor. The
upper disk subambly and the lower getter disk maintain low tritium par  pressure at the
ends of the TPBAR to minimie tritium leakage trugh uncoate weld preparation amss of
cladding a+d ad plugs.

The TPBAR is seaed using a316 SS top plug and a316 SS bottom plug welded to the cladding
tube. Befumr the final lomwe iswelded shut. the TPBAR isevacued adirepressuri  to |
amopR  eVwith hel i um

22 kgltea algiD ig Evalstiod

In Section 2.2 of its report, DOE has established ad evaluated anumber of criteria for the
TBAR. DOE hs specifed that swling or sriaking ofinWernl TPPAR coroenti  smut be
accumodated- by the TPBAR design. Onthe basis ofthe specified tolerances and ¢~ aces
ad considering th exensive dcurmenattion ofth seted materials belbvi  in the met
SviL mst. DOE staes that thedesig adequelyaddresses swellingan shrinking ofth
TPBAR copoents orthe design iradiatio lifetim. Te swellingand shrinking of exh
TPAR component isdiscussed inthe sectionsth  follow.
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211 Claddigad Top mad Bles Ead ia

Section 2.21 of DOES report states that he structural interity ofthe TPBAR will be maintained
during Comditnio I though IV, and throuhout shipping and hacejmtgpwith the ofthe
largem k't of€-coolt accidet (LBLOCA). The cladding, end plugs, and asocaled welds
form t ~ presaur boundary ofthe TPBAR. The integrity ofthis pressure boundary during
Coeditio I,Il,mand I'Vevents isdiscussed next

In Section 2.2.1.1 ofits port, DOE sttes thatthe TPBAR cladding stresses ad the cod plug
weld stresses will no resu in cladding collape, excess ovality, or crking over te irradiation
life ofthe TPBAR  The structural members (cladding and topand bottom end plugs) ofthe LTA
were designed using  ess and fatigue criteriaa methodology consistent with the American
Society ofMechemcal Enginers (ASME) Boilrand Pressure Vesd Code (ASME Code,
Section 11 Division | Subsection NG, Article 3220, 1995.) The external presure criter ofhe
code we exclud because the L TAsnot areactor core scturalcoponet. Also, sength
vahes usedto calcula the TPBAR stresesare based onmaerials dt hbecause the material
properties of American Society of Testing and Maerials Standard A771 Type 316 stainless stel
(ASTM A 771 316 SS) are not included in the code. Te stress correlation shown in the DOE
report isused to evaluale the discontinuity stres a the weld junction between the cladding and
and plu

DOE saes that the highest lods on the BPRA or TPBAR are caused by worst-ce operating
presses or by handling and shippingloads. Handling and shipping loads exceed the loads
aoe  dduring mdsmic events. Therefre, operting-basis earthquake (OBE) and safe
siedown eerhquale (SSE) loads were no aalyzd inthe claddingstr  aly ad are
bouded by the lods analyed by DOE.

DOE has alyaed the cladding for the mot conservative pressure, tempertue, and dimen nl
mtoiaaS f Conditions | U,1II, and IV. For each design condition, the inernal design

pres  was usaamed to be e wor cs inernalpressure (accounting for non-ideal gas
bemavir) a the mpefabooeen. The fator of safety for each design condition exceeds
the mgpirments ofthe ASME Code.

DOE M s thaite reasus indicale tht except forthe LBLOCA (where the TPBARS ae

dtofail), helowt factor of safety based o yield strengt isduring the hydrstatic
at 25tim de ctordgn pressure. Stress aalyses ofthe TPBAR produced the foowing

*  Crtical bukling prssues we verified by ~ periment to be greaer ha the RCS design
pesm ad timperaue of 2500 pia (17.2 MPa) and 660 F(347 "C). The owe
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factor of samety baed on prema is 2.3 (critical bukling pressure divided by the
mesued presure).

* The TPBAR was designed to prevent collapse or excess ovality from theeffects of
plewm , lexernal temper ae, and iadiation-induced creep.

*  Th TPBAR was desiged not to collape under hydrostic pressuretest conditions.

* A premrized TPBAR was designed to withtand a 4-g axial and a 6-g laternl shipping
and hmdliQg load at theend of life (external pressure of 14.7 psia[0.1 MPa) and internal
presureof 1420 pia[9.1 MPa) at 72 *F [22 " C1), with afactor of safety of 4.9.

On the baisof cladding stress caulaiom, DOE states that cladding breach isnot expectd
duringasmall-beak lose-of-coolat accident (SBLOCA). However, because high cladding
presresoccur at elevated temperatures duringan LBLOCA, it is likely that the TPBAR
cladding would fail under poulatd accident conditions. Burst testing of specimens indicates
that thecladdin will bursta about 1500 F (815.5 C)and 5230 psia(36.1 MPa), compared to
apredicted LBLOCA temperate of 2200 F (1204 *C) with adifferential pressure across the
cladding that would exceed 5230 psia(36.1 MPa). Chapter 6 of the DOE report assesses the
effects of aTPBAR rupture.

DOE states that cold-worked (CW) 316 SScladding is stable at the irradiationtempertures and
neutmr  fluence encontered during the incore r esidee period for the TPBAR, 650 OF (343

C)and 12 an (E>IMeV). Theirrditio creep and volumetric swelling strainsae less
tha 2 percen Nominal changes in cladding dietric dimensions duetoirradiatio creep are
ploted in Figur 2-4 of the DOE report and ae less tha 0.0004 in. (10.2 pm). Thisismuch less
than the desgn limit oncladding strain of 1percent.

The staffconcludes that th method used to analyze t  stresses on stctural members is
conservative a long asthe margis specied inSubection NG of Secti 111 of the ASME Code
e satisfied. However, DOE used the 1995 edition of the code but the staff hasonly endorsed
the 1989 edition. (A comparison of Article NG3220 inthe 1995 edition with Article NG-3220

inthe 199 edition indicaes that they ae idenical.) Alicense that uses thisanalysis must
u itarelief request to usethe ler edition.

Testaff frater onclude that reiaceon ASTM A 771 for the purhase of the claddin  does
ant sasfy the Meguirements of 10 CFR Part 50, Appendix B. The quality assurance (QA)
porm described inASTM A 771 dsto be supplemented to include conformance with
NQA-1 and 10 CFR Prt 50, Appendix B.

DOE'sanlysisprovides measomable asance thtthecladding and top and bottom end plug a
deigned consitet with he ASME Code for both stic and fatigu loads DOE'sconclusion
thbhe OBE and SSE toeds need i beanalysd since theworst-c  pressures and handling
and iping loadsexeed the loads induced by the OBE and by the SSE isacceptable.
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DOE'sanalysis, perimental data, and operating experience offer reasonable assurance that the
cladding will not beaffected for Conditions 1,1, and I1l. DOE'sexperimental dataindicate that
thecladding is expected to fail duringan LBLOCA (Condition V). On the basisof the design of
the Westinghouse four-loop reactor, the fuel bundles and TPBAR cladding temperaturecould
reach 2200 °F (1204 * C)duringa postulated LBLOCA, much higher than the temperature at
which the cladding is expected to fail. The consequences of the cladding failure are discussed in
detail in Section 6.3.3 of this safety evaluation.

CldMdCoaUpse

In Section 2.2.1.2 of itsreport, DOE dtates that the cladding will be free- standing and will not
collapse asaresult of external pressure or creep for adesign life of 550 effective full-power days
(EFPDs), correspoding toan 18-month fuel cycle. DOE describes external pressuretests of
barrier-coated cladding in Chapter 50f its report. DOE states that these tests demonstrate that
the cladding isstrong enough to resist mechanical buckling from thereactor coolant pressure.
DOE also statesthat the calculated change in ovality of aTPBAR asa function of time, neutron
flux, and uniform external pressure caused by cladding creep shows that the TPBAR cladding
resists collapse through creep buckling.

On the basis of itsreview of Section 2.2.1.2 of DOE's report, the staff concludes that DOE has
demostrated through analysis of experimental datathat the design factors of safety for
Subsection NO are et . This, along with DOE's oper ating experience, gives adequate assurance
that thecladding will remain free-standing and will not collapse because of external pressure or
creep for thedesign life.

YhFM ft=ai*i,Dess CLdeFatW, asdFreNti Wer

Section 2.2.1.3 of DOE'sreport states that neither the TPBAR nor its associated guide thimble
will fail because of vibration fatigue, design cycle fatigue, or fretting wear resulting from reactor
coolant flow-induced vibration. Reactor coolant flowing axially through the annulus between the
TPBAR and thefuel assembly guide thimble imposes bending stresses that cause the TPBAR to
vibrate. The maximum credible vibration stress was calculated to be an alternatingstressthat is
bounded by the gap between the TPBAR and the guide thimble. Thisstress issignificantly less
than the endurance limit of 24,000 psi (1655 MPa) specified by the ASME Code and, therefore,
the number of cycles aTPBAR may be subjected to without failureis well in excess of 1x 10"
Toexceed |x 10" cycles duringan 18 month fuel cycle (550 EFPDs) would requirethe TPBAR
to oscillate at 2100 Hz. Tests have shown that aBPRA constrained within aguide thimble
ocillates atless than | Hz. A TPBAR and BPRA aredimensionally the same and aresimilar in
weight and stiffnoss, and should exhibit similar frequencies of oscillation. BPRAS used in PWRs
have not experienced failure from vibration fatigue. Therefore, the staff concludes that failure of
aTPBAR as aresult of vibration fatigue isnot plausible.
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FlowiodMId viDal ~ ofa TPBAR withi aguide himblecould caus die mating surfaces
tow . T TPBARMdaBPRA edimeinioadlysimilarandar smilarly consuined by te
pid eme wk e ibalig. DOE @& tt experice madavailletest dtafor BPRAS,
in  us eticSScdBRAs,havedmn the eartobe eptable Thesmilarityin
esimce tower 304 SSmd 316SS furdaeremresdn thewarf theLTA will be
aceplaby nmi.  E'scoEcmios mrecom. with dye absce of BPRA fiures by thee
einanims. T clabddieSw evalu4d fordesign cycle fiue failurecused by chges in
pPjl amdnnpme durin thereactor duty cycle, usingthe ASME Code. The aff
concldesdh, alb a tecladding ssfiesthecondtiom of Aticle NG-3222.4(d  itwill
hvetheability owisadthecycicse vice and m amysisin accdae wih ArtceNG
3222.4(d) is 't equired. The di ncycleftigueevalation isbsedo tetuas
coditions ad desin cycles for WatsBa, shown in T bl 2-5 of the DOE repot.

Ond baisofit review of Section 2.2.1.3 of DOE's rept, the sfFf oocludesth DOE as
provided r-ea * mu cethtdeTPBARswi no fil asaresult ofsuch flow-indued

ce asvmaioa fatigue design cycleftigue, or angwer based on cacult fequencies
of vihio pvio. experi~cewithibna epoisn a ies ad previou experience wit
rinessdlcladling T conclusion is supported by actual operating experience with
aidlem med daddies onfudlas  liesin seveal p inclhdin th Cos ersPow
Ce-0ps Piisadespla.

Sectiom 2..1.4 of DOE'sreport  esd corosion mad ersio  of the TPBAR ouer surfce will
Nt cauemmerial rio direactor cooa inexces of raes pplicetooh ractor
im-e  copomins. Th claddingisrit a tochmaicd atack fom th chesral xics
Mo dlypesm i terctorcoomn BeaMu 316 SS has not been extasiely used for
coesin ai  sd fb  uifm corrosioon of 304 SS wer used toresa  thi cladding
wbk aeEooio by thereactorco t Baed on thecorrosion ratesfor 304 SSin PWRs
mdisde E iaging Teat Rector (ETRL DOE estimmtes; tiht  corrosion rate for the

PBAR 316 SS clddii isles dt 0.0001 in. (25 pm) per year. A conserva ¢ value of
0.003i. (76p) fora |I am fid cycle (550 EFPDs) wasapplid tothe TPBAR. As
dscued m Section 5o0fthis sety evaluation, 316 SS ismoe corrosion - rsistant th 304 SS.
Cngmuldy,teuL  eimate used inthedesin evaluation is onservtive for 316 SS.
TPBARs re desigd tobefiee of cavices; therefore, crevice corrosion isof no concer.

Samco i cackin (SCC)in300series stainlessseel requires sensitization, an aggressive
caviamlt, ad high av it may beaggrvated by neutron flunces, hydrogen, and high

u pesa  DOE artes Itl thefoation of oxidizing species i effectively suppressed in
PWR coola Auseniic staini~es sted isnot sumlepibe to SCC in PWR coolat, because of
thelow oygeno noaeoarioa (less thea 100 ppb). SSC is discusred in more detail in Section 5
ofdis ay evaluion. Nosg ¢ ¢ emcal reaction isexpected between the 316 SS
TPBAR dc-di  orced plhu and thereactor coolan  DOE states that experince with SS-clad

NUREG-1607



TPBAR LTA DESIGN

fuel ad BPRAs in PWRs indicates that, given the curent PWR water chemistry, cd  eposition
IS acceptably low.

Exprience showsthat erosion of austenitic SS clad BPRASs isinsigniicant. The wear resistance
of 316 SS further ensures that thecrosion of the LTAs will beacceptably small.

The staff concludes that DOE has presented opaating and experim  tal data, which provide
reasoable assurance that austenitic stainless stels, including 316 SS, reresistant to SCC in
PWR environments. Thisis particularlytrue of the cladding of TPBARS that areonly exposed to
one operating cycle. Thereisalso considerale evidence that austenitic stainless steels are highly
resistant to rosion. Thecladding on thereactor vessels of PWRsand the piping for theprimary
loop areconstructed using austcnitic stainless steels. High corrosion rates have not been
observed, nor has erosion corrosion been reported in the piping or on the cladding. Also, strss
corrosion cracking has not been reported for these materialsin PWR environments.

2.2.2 Absorber Pdls

The thermal and physical properties of absorber pellets are summarized in Chapter 5 of the DOE
report In Section 222 of itsreport, DOE states thatstructural integrity of absor ber pellets will
be maintained while producingtritium. The next tvo sections addressthe chemical properties
and the stability of theabsorber pellet. These discussions lead to the conclusion that the
structural integrity of absorber pellets isacceptable except for localized structul damage at the
breach site during a postulated LBLOCA, and will be maintained duringall Condition I, 1,11l
and IV events.

Ch thPreparies the AbwerrPdees

In Section222.1 of itsreport, DOE statesthat e absor er pellets do not react with the TPBAR
componeats. Intheevent of cladding breach, water ingresswould dissolve amicroscopic layer
of lithium fom the surface of absorber pellets; otherwise, theabsorber pelletsareinsoluble in the
coolant water. Lithium is produced by irradiationof boron; hence, itisalways present in the
primary system. The small additional amount of lithium that might be introduced into the
primarysystem a  result of cladding breach isexpected to have little effect on materialsin
contact with the primary coolant.

St yofe Akmsrber eas

InSection 2.2..2 of itsreport, DOE statesthat the strength of the absorber pellets enabic; them
to resist fractureduring TPBAR handling and to resist cracking from substantial thermal cycling
during eactor operations. Thermal expansion and swelling for absorber pellets aredescribed in
the Materials Property Handbook (MPH). Lithium aluminate is a high-temperature ceramic
material tha isvery stable at elevated temperatures. Thermal expansion and swelling strainsare
accommodated by the TPBAR design. No densification or significant phase change of the
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aorber pelets is predicted over the range of temperatures encountered during Conditio |
though IV.

Experience with irradiation of absorber pellets hasshown xcellen stability upto agas volume
ratio (GVR) 0f239, bsed on theoretical pellet density, or 216 '-VR, based on actual pellet
density given inthe DOE report As discussed inSection 50fi  safety evaluation, absorber
pellets were irradiated in the Advanced Test Reactor (ATR) to 239 GVR with only minor
microrcking that had no effect on the structural integrity ofthe pellets. Absorber pelet
diintegrtio major cracking, and relocation is not expected below the design goal 0f215 GVR.
Asindicaed in Table 2-6 ofthe DOE report,the aximum calculated GVR is 209. The average
GVRIis 174.

The staff concludes that DOE has presented analysisand operating experience that givr.
reasonable assurance that the absorber pellts will manin  integrity during triirum producton.

223 GCtters and Ltm

The thermal and physical properties of the getters and liners are discussed inChapter 5ofthe
DOE report. Section 2.2.3 ofthe DOE report addresses the chemical and merhnical aspxts of
TPBAR design.

Cbw | hPgrparsofe Gaeers and Imrs

In Section 2..3.1 ofits report, DOE states that the getters and iners do not react with the other
TPBAR components. DOE states that the Zircaloy4 getter and liner are insoluble in the reactor
coolant

SmWty ide Gees medLimers

InSection 2.3. ofitsrepnot, DOE stat that dimensional changes in Zircaloy —getter and
linen ae caued by thermal epasion. idiaion growth, and hydride-indued swelling. DOE
sam tha the indiation growth ofthe Zircloy4 getters and liners atend oflife (EOL) isles
thn 0.5 percent; therefore, the iradiation stability ofthe getter merials is acceptable.
Hydridin canot deform the cladding or the pellets because the hydrided getter is brittle and
weaertha t cladding and pellets. The TPBAR  mensional design accommodates tis
growth ad the swelling from hydriding.

Thestaffconcludesth DOE ha presented preented suficie operating experince i an

viawe comnpatamPWR primy coolant to give reason  assuranc that the
Zioy4 etterad limr materials will epeice no problems for the TPBAR dsin life of
ore cycle.
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Section 22.4 of theDOE tpor tstates  thepeama pringwill haw suffcisat peload s
pg rtetopsweat oawme ofthepecil cohn sack dng fibrcatio, shippig md
deail.co.iderin a4-gaxial accelaio ladingat begiairj of lif (BOL) DOE a
th thesringis defrom 302SS ad issmiilari deign tosinsusedinBPRA rod ad

fia rods. Thespringload stresshasbe  ablished tobelessth 60 peet ofthe yield
sas, povidig asafety fictor of 1.66 after coaMir  tion ha been given tonsre saukcp,
ineraml ad exteal pssurre,thdend adradiatioan rowth, coampessed hei  of the prig,
adpencil budding. Onthe basis of aconxvative safety agimmad saisfacry coameci |
reactor experience withthe maerid  inthisapplication, the spring is expecated to provide the
bearing loaedred for shipping ad hdling. No credit istaken for the spring in operational
or reactor accident alysis.

Crhf.rlPpleraa qfie Pkam Sprig

Section 22.4.1 of the DOE report states that the plemum springis comstucted of 302 SS and does
not r eat with theother TPBAR compones. Thespringis only dightly soluble in thereacar
coolant Intheewvt of acladding beach, a very small quity of SS woulddisolve inthe
eactor coolant.

mSM - aftheMUm Splag

Section 22.4 of the DOE repor states thatthe dimensonal changesinthepln  springreult
from ther al expansion and iradiation growth. Thes phnomenaawe described in Chpter 5of
die DOE report

Thestaff cncludesthat 302 SS isahigh cabostainlss sted. The higer car oncotnt
producsahigher yieldand greater tensil - strength, buta lower r esisce toiaergranulws s
cocosion cracking (IOSCC). However, the 302 SS plemm sprin isnorually not in coact

with the primary coolant because itislocated withinthe sealed eter. Futher, he PWR
eminroment isnot expected to cause SC eve iftheprimary solution comes in cotact with the

spring for pat of one operating cycle.

2. L Tal3A Amalyha Maea

Section 2.2.5 of the DOE report sumniarizes the analytical models used to calculate TPBAR
operating emaperatwes, rod internd  total pressure, pellet tritiumrelease, gering process of
cmialy hinding thetitiuim inhydrided foarm) and resutng trith  ptial prese.

The sotwe used tocalculate the TPBAR performance paametersisMATHCAD by MathsoA
Corpomera  MATHCAD isa interactivespreadhee which pemit calculaion tobe
displyu ad mnnoated, and which displays theresultsi a ongoing logical s . Inthis
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way, axil peak vaiues, such as peak getter loading and peak tritium rslese, can be identified

Themodeling in MATHCAD ishased nex-eactor gettering res and ~pemation
da, andissupported by someadditional burnable — ober test data. DOE state that the
models may contain | ge uncertainties forume situions  The uncertainty in modeling test
rodsfor some pbhenomena is, therefore, relatively large. These uncertainties re accomnodeaed

inthecoeservatis  of theTPBAR design The MATHCAD mode will be updated whenever
pot-irradiatioo examination (PIE) dat become available.

DOE will need to submit additional doCmention to show that the MATHCAD model is
coservave, since DOE points out tha the uncertainty in modeling some ptomen is
relatively large. Thisdocuentation could consist of results obtained for other applictions
using MATHCAD and compared with actual operating service.

Ma  COmpwOem OPNWSe rE€Spe  asue

Section 22.5.1 of the DOE report statesthat het is generated inthe TPBAR from two sources:
the'ina Hreaction inthe absorber pellets, which produs4.8 MeV ofenergy per
disingration,and ganaheating inthe cladding, getter, liner, and the pellets. The heating
from hydriding of theliner is negligible.

The TPBARSs reside in guide thimbles within the fuel assembly, and arecooled by reactor
coolat that flows up the mulus between the TPBAR and theguide thimble. Thecoolant inthe
annulus isheated dlightly by the TPBAR, but gains signifcantly more heat from the guide
thimbl, which isheated by gamm raditionandheat transfer from the coolant outside the guide
thimble. The coolant temperature risesfrom 559 F(293 C) at thebottom of the TBAR to
621 F(327 'C)at thetop ofte TPBAR.

Cemadle of 7TPAIR Itrne Phssurm

Section 22.5.2 of the DOE report states thatthe internal pressure of the TPBAR isJetermined by
the internal gas concentration andthe gastemperature. Essentially all of thetritiumgenerated in
the TPBAR is absorbed by thegetter and linr , therefore, theinternal pressureisdueto the
helium enerated inthe TPBAR. The generation of helium in theabor ber pellet resultsfrom the
L{a)  Hreaction andcan beequated to the'Li deption. The limiting design criterion for the
internal gas presue at 675 OF (357 C) is 3000 pas (20.7 MPa).

The staffhas rviewed Section 2.2.5 of the DOE report and concludes that DOE must present

additimnl  frnmation to confirm thtthe MATHCAD analytical model is consrvative whn it
isusdtocalculate TPBAR temperaturesand pressures.
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li TVMArfhrms,.m
umtar " aYbyfhl k, ri-YW.. Cuurs FIwr aud Cmnp

Secio 2.2A.1 ofthe DOE report saes bm the TPBAR mist besuicie  straight to allow
i~—.aioo_ afind am umd s aintin dimensional integrity to  w rmoval from an
imrdiatind E tsembly w | excessive force. DOE statesthat significant bowlng_of_the
TPBARti pmeclded by theunif~  of itscircumferentia tempemraturs g irdiation,

C nd whhthevery ma t creep, madiaion-indued crp, and swd stains
ide thel-rs s tempemts, and neutron fluencesencountered. TPBARS re restrained
by btguide thce othat the bowing is limited to what is permitted by the width of the

a er egion betweenm the ouer surface of the TPBAR and the inner surface of the guide

imble. Ths mount of bowing i sMacommodated by the TPBAR design without damaging the

moea  t.*Analyses were performed to verify thethe changes in internal component

kmmm resulting from themal, irradiation,coolant flow, and creep effts did not cace
interfmaces betwn component.  On the basis of BPRA experince and the analysis of
TPBAR bowing thethemal, radiion, coolant flow, and creep effects ar small enough not to
iibittheinsertion ofan LTA intoan uirradiated fuel assembly or theremova oan LTA from
anidied fud assembly.

Theflow though aguide thimble ontainingaBPRA or aTPBAR isa function of theguide
| eand rod crosd-ectional aea. Theexternal dimensions orthe TPBAR are similar to
dhoe ofa BPRA; therefor, guide thimbles containing either a TPBAR or aBPRA will have
imilar flow ree. Dimenioal changes throughout the fuel cycle have an insignificnt impat
Sflow.  Therefore, the contribution to bowing of the TPBAR by reactor mt  nt flow is
comidered negligible, considering the ructural strength of the TPBAR.

CauPsbor dye 74 laradd Chdgag#Wwr

In Section 2.2.6.2 of itsreport DOE states that the TPBAR components are mwhnilly,
chemically, and mtallurgically compible during PWR irradiation conditions. Metallurgical
iqis ineractions between components do not occur below 1760 °F (960 " C). Melting ofthe
arw was not detected befow 1832 F (1000 °C) during ransient heating tests. Specific melting
a em m for TPBAR coponent marials arepresented in theMPH. The absorber pelet
mhiing iaperatre of 3182 F (1750 'C) exceeds all anticiped and design-basis temperatures.

Th Advisory Committe on Ractor Safgurd (ACRS) qutioned thisDOE concluion at
DOEsMah 7,1997. presenation to the ACRS. The ACRS requested DOE to submit
addiioal evidence to supot te conclusion. ACRS as also requested informationon her al

‘ompatiboityoatings on the cladding, metal-metal interactions, and intermetalic inteactions
d-ibg dspA  tSIS wacidens

ACRS provided a preliminry assessmnt dated March 17. 1997. of themetaletal interactions
and kem calc ineractionsduing design basis accides andconcluded ~ themnpr nar
wudo be high enough soth umetal-metal or inrmetallic interactions would be pobl e.
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The staff likewise crnctuded thitethepenrueswould betoo low toinitiae my of dese
iteractions baed on  auminaion of relevant phase diagrams. Nevtheless, DOE hasagreed to
rpondtothe ACRS question. Thestaffwill review isinfomtion followng itssubuittal by

DOE.

Asareult of experiece witha irradiationof aniridiumcul at the Oak Ridge High Flux
| sotope Reactor (HFR), the staffaxl ~ DOE to preprean analysis of the potential for wMa
logging rture of aTPBAR. DOE has provided itsanalysis in Section 2.2.6.3 of itsreport.

*

Potential for Chemical Interatio

Chemical reactionsinernal to the TPBAR include bunup-induced release of tritiumand
moisture fom the lithim alminate absorber pellet, oxidation of theliner, and

hydriding of the getters. The TPBAR design requires tha these reactions be limited to
minimin internal pssurizatio with tritium gsand stem.

Oxidtion of the 316 SS cladding by thePWR coolant isdiscused in Section 22.1.4 of
the DOE repot. Oxidatio of the coated inner surfce of thecladding is limited by the
quatity of oxygen andmoisture released from the lithium aluminateabsorber pellets and
reining after reaction with the Zircaloy4 liner.

Breach of the TPBAR cladding isunlikely. Intheevent that a TPBAR isbreached, water
isepected to partidly dissolve thealuninide barrier, releasing insipif At mounts of
AlO, water-oluble AlCl3 and other bar er congtituents. Lithiumalmhin'u  isinsoiuble
in water. A microcopic layer of lithium may be leached from thesurface ft absorber
pellet. However, given the high density and stability of theabsorber pellets, a,.J the fat
that dhey re antained within a getter tube within the cladding, the possibility ofpllet
dissolution isexremely remote.

Inthe event of asudden temperature transient with awater-logged TPBAR, the low level
of het generation inthe TPBAR would camepressurechange to be sufficiently slow to
allow theinernal TPBAR pressure to equalize with the RCS pressure without furtr
cladding dmage or gection of internalm  al. Also, thewter wuld not boil becauW
of thelow heat generation ad the increase i hea transfer cused by the replacement of
helium insidethe TPBAR with wter. Radiological consequences associated with a
postuled breached TPBAR arepresnted inChapter 6 of the DOE report.

Water-Logged TPBAR in Dry Cask Sorage

Ifawater-logged TPBAR isplaced indry cask storage, thereisapotential for a increase
in TPBAR tempersareand pessure  arsult of internal heat generatio of the TPBAR.
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Ao, mat theeari the TPBAR could boil and cause ovae riation.
However, h TPBARgenerates less tm 3 W ofhea 150 hours after shdown. An

lysis ofthe TPBAR stored inady cask shows that the maximm tempeature
inmem ~ ofthe TPBAR du  to interal heat generatio isess than3 Fad boiling will
notoccur inthe TPBAR.

Mhl [samei awnm Ahurser PMMs and Chadar

Section 226.4 ofitsreport, DOE stastht pletcladdi  intections do not ocr in the
TPBAR because: (1)cladding creepdown isinsufficient to close the gap hetween the cladding
ad the gmer, (2)the g er aecoses the pllets ad thereby restricts pll  movement, (3)the

aular pellets sunoud the lin, which further restricts the movement ofthe pellet (4)the
pellets m dniooay stable, and (5)design clearances were selectedto  sure that
IS erece does not occur,

Felw and Bw Eqgerienc

| Section 2.2.6.5 ofits repot, DOE staesthat areview ofthe failure and burup experien
duringtting ofaborbr pellets and tritium tget test rods isprovided in Tables 2 and 2.6.
No faies were obmrved.

/M4AR Camsw  mnd  hdAg Tempevsuls

InSecton 2.2.6.6 ofits report, DOE sttes tha TPBAR component and cladding tempermure
are compaible with the operating environment of Watts Bar.

A tW\ esaN TéBapeldanTreaw e

asection 2.2.6.7 ofitsreport, DOE states that sudden temperature changes durin stup,
acbowm, orpower spkes do notcae significant thrmal or diff ntial thrmal non
ataes, abecaue the TPBAR component wals ar thinand the component thermal time
conetants - emuch less than the duration ofthe transient.

On the bais of DOE's calaion test results, and pst experience in DOE operating facilities,
le staffconcudes tu DOE has provided reonable assunce t the TPBAR components e
mlaiUlly chemicany, and metallurgically compatible during PWR irdiation conditions. In
a fid th comm | uclear induty has operating experiece with austueitic sinl  steel
claddinginPWR aevin  ntsat several plants, including Consumers Power Company's

d plan and h not experienced problems with the staiess steel cldding after several
y sofservice Tere isalso considerable operating experience with austetic stainles stee
ecor veasl cladding ad austniti stainless steel piping inPWR environments t  indicates
the asmtic tainless comaponens are compatible with these enviroments.
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2.3 Swrvi ce Program

asection 2.3 ofits report, DOE staesthat an LTA surveillance program is  tpl  ed sincethe
LTAswill only beirradiatedfor onecycle. Additionally, the curent monitoring programat

Wats Bar should be abe toidentify anomalies if they were to occur. The staff believes thatthe
WatsBar surveillance program should eadequate for one cycle of operation with TPBAR
LTAs instaed in thecore.

24 Tesda sm  IMap-t- aPl

In Secto 2.4 0f itsrepot, DOE states that nospecia testing or monitoring programis
necessary. Standardstrt-up tests, lux mappig and power monitoring wil be performed in
cons)uction with Watts Bas operating procedures. o

| nSection 2.4.4 of itsreport, DOE diacusase the visual examination of the TPBAR LTAs after
their removal fromthecor. The visual examintion will be for obvious damage to TPBARS,
which would then require special handling procedures.

2.5 CofeCIMiosm

The staff has reviewed the design of the TPBAR and has concluded that aslong as the stresses on
gructural nemberl eet themrgis specified inSubsection NO of Section 11l"of the ASME
Code, the design will be coser afive. DOE haspresented sufficient analyses, test data, and
op ingexpeenced to givereasonable assurancethatthe TPBARs will be compatible with
the vi_ mentinthecore ofa PWR. Inaddition, theeis alarge amount of operating datain
care_nd intheprimary coolat system that indicates that austetic stainless stees ae

-eMm P hatAWR wnviamnent

DOE presented experirmtal dataand analyses which indicate that TPBAR cladding integrity
will bemaini durintCondition I, Il and Ill. The cladding will likely be breached duringa
LBLOCA at CoditionlV. Te consequences ofthis breachage discussed in Section 6.4.3 of
this sfty evalution.

During itsreview of Chapter 2 of the DOE report, the staff identified anumber of areasin wich
the Tenessee Valley Authority will have to present additional analyses ~ part of its application
for anaundmeit to thefacility op.  igcense for Wats Bar before the staffcan reh a

co  sion of acceptability. hese includ the folowing

(1)  DOE hasnot addessd the ue of the 1995 Edition of the ASME Code. A relief rquest
will berequiredby d hotpla for the use of the 1995 code since theNRC staffhas

only aedorsed uptothe 1969 Edition of the ASME Code.

(2 DOE hasnot addessed the onformance of the desip with 10 CFR Par 50, Appendix B
and NQA- becauethe laddi wasordered to conform to ASTM A T71. Thiswill
have to be resolved befoe the TPBARS can be loaded intoa PWR core.

(3)  DOE hasnot addresed the issuesof theeffect of thermal cycling on the coempnts of
dte TPBAR ad metal-etal and inermetllic interactionsduringadesig-ba ~ ccident.
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(4 DOE will nedto pem additional documentation to show dth the MATHCAD

lytal  odd isconervative when it isused to calculate TPBAR tempentures a
plesee
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3 NUCLEAR DESIGN DESCRIPTION

InCapter 3ofitsreport,the Department of Energy (DOE) discusses the effects of thetritium
producing burnableabsorber rod (TPBAR) lead est assemblies (LTAS) in terms of nuclear
desin, power distribution, reactivity control, and reload safety analysis. Since the TPBARS wiill
replce som  of the burable poison rodsinthereload core, DO' proposes to demonstrag
through  oping anlyses thttheTPBAR issmil innuclear chaateristics to burnab  poison
rod assemblies (BPRAS) and will satisf  the same nucar design requirements. DOE states t at
the nuclear design criteriawill be assessed inthe core reload evaluation using NRC-approved

ehodooes Thischapter investigats whether the TPBARS have nuclear properties similar to
BPRAs and wet annular  able assemblies (WABAS) and whether the lithium-based absorbers
have any ensitivities togap or farication tlen esthat ned to be considered in therelod
analysis. Chapter 3also copaes the various neutronics codes - WIMS-E, PHOENIX-L, and
MCNP - to assess any special modeling sensitivities that need to be considered. Theandyses re
preseated a scoping studies and as supporting evidence for the reload safty evaluation, rather
thnas adirect assssment of thegeneral design criteria. Inordr to establish the acceptability of
operatio with TPBAR LTAsin thereactor core, therelod analysis must demnstrae that the
fJiy remains in compiace with 10 CFR Part50. Thiswill beverified duringthe staffs
review of the Tenessee Valley Authoritys (TVA'S) application for an amendment to the fcility
operatin  license for Was Bar.

31 Elbct® ReaorN ler Dedip

InSection 3.1 of itsreport, DOE sta  thatthe TPBAR LTAs will haveminimal impa on the
commercial cor. Theprimarymodel used inthe ueutronics scoping studies of the TPBARS is
the WIMS-E ompute code, atwodimensional, multi-group, integral-transport mode.
Although not a NRC-pproved methodology, WIMSE was benchmr* by Pacific Northwest
Natoal Labortoy (PNNL) inastudy of the light-watr reactor concept for aDOE production
reactor. Themode! used design chareristics of 17x17 fuel assemblies and large Westinghouse
pressried-water reactors(PWRs). WIMS-E was compared to MCNP (Monte Carlo N-Particle)
TnmportCode Version 4A for benchmaring purposes. Each code usesan independent set of
auear crus-ections and different calculation methodologies. The Monte Carlo techniqueis
genally considered the moet accurate method for compting reactivity. The comparison
damantr esthe adequacy of the WIMS-E mode of the TPBAR. Therefore, diffed.ences in the
alulated reactivity ae expected and consdered to be small. The DOE report states that a
complete three-dim  anaalodel of thehost reod core with the LTAs will be performed by
TVA and Westinghouse using an NRC-approved core design methodology.

The DOE repartproposes tht mimicing to the extent feasible, the behavior of BPRAS ensures
tha the TPBARs will have minimal impact on the overall core design. This mimicking would be
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accomplished by using alimited number of TPBARSs in any one fuel assembly, by using a
limited number of LTAs in the core, and by placing LTAsin core regions that arenot limiting
with respect tocore thermal-hydraulic performance.

However, the DOE report does not contain a comparison of the reactivity chracteristicsof the
TPBARs with the BPRASs. Instead, acomparison of theinfinite medium multiplication factor

() for TPBARs and WABAs as afunction ofburnup is shown in Figure 3-1 of the DOE report.
In thiscase, the close comparison between thesetwo designs is ageneral indication that other
core design pnameters arealso similar. Thisanalysis illustrates that differences are small
enough to be accommodated within the range of core-to-core variationsthat arecustomarily
handled in fuel cycle design. However, the scoping analysis does not present a basis for ensuring
tha all core design limits aresatisfied. The taff concludes that the Watts Bar license
aenmdment request must contain a comparison of the reactivity characteristics of the TPBAR to
the BPRAS in order to demonstrate thatthe TPBARS are functionally similar to the BPRAS.

3.2 Effects 0 Power Distribution

In Section 3.2 of itsreport, DOE evaluates the sensitivity of flux peaking on pellet gaps and
fabrication toleances. The revised DOE report states that theimpact of TPBARS on overall
power distributionwill be similar to theimpact of BPRAs and WABAS currently used in PWRs.
TPBAR absorber pellets arecontaince in pencils, which are stacked in acolumn in the TPBAR.
The interfaces between the pencils resui  in gaps between segments of absorber pllet material.
Each gap producesa small local axial power peak in the adjacent fuel rods. Gaps areaffected by
manufuatringtolerances, temperatur, and irradiation.

The peak pellet gap iscalculated with DORT, adiscrete ordinatetransportcode. This method
should accurately represent the effect of an absence of absorber on the surrounding fuel pins.
The staffnotes that the maximum gap was calculated to be less dian 400 mils. A400-mil gap in
the aborber pellet stack resultsina relatively small local power peak of 4.5 percent inthe
surrounding fuel pins. As partof itsapplication for an amendment to thefacility operating
licensa for Watts Bar, TVA must demonstrate that the effect of the 400-mil maximum gap on he
Watts Bar core isacceptable.

An analysis of fabrication tolerances using the WIMS-E model assessed the effect of variations
in TPBAR dimensional tolerances, 'Li loading tolerances, and impurity specifications. Power
peaking as aresult of TPBAR fabrication tolerances was less than | percent. This peaking is
small compared to other flux perturbation effects. Since it is assumed that the LTAs will not be
placed in peak locations, the staff believes that peaking effects of less than 1 percent caused by
fabrication tolerances arenot likely to exceed fuel design limits, based on past experience with
other reactor cores. The staff will verify thatthe peaking effect, dieto fabrication tolerances
will not cause the fuel design limits to be exceeded during the saffs review of TVA's application
for an amendment to the facility operating license for Watts Bar.

NUREG-1607



NUCLEAR DESIGN DESCRION

3.3 Effects on Control Requirements

I nSection 3.3 of itsreport, DOE discusses the overall reactivity contribution of' Li in the LTA
and itssimilarity to that of regular burnableabsorber rod assemblies. The staff notes that the

ost significam difference inthe behavior ofthe TPBAR is thedecay of tritiumtoastrong
absorber,'He. As discussed inthe January 22. 1997, public meeting, theeffect of tritiumdecay
duringa long shutdown near the end of acycle might result in more negative reactivity in the
TPBARSs than inacomparable WABA or BPRA. The DOE reportindicates that the tritium
decay is being included inthe PHOENIX-L upgrade, which isdiscussed in Section 3.4 of this
safety evaluation, below. The staff believes thatthe Watts Bar reload analysis should consider a
case that assees themaximum negative worth of the TPBAR LTA. Thiscase could be near the
end of cyclefollowing along shutdown ratherthan the usual beginning-of-lif case. Because of
the number and proposed location of L TAs in the prototypical irradiation,the staff would expect
the effect to besmall and that no limiting conditions would be introduced. However, thiswill be

onfirmed duringthe staffs review of TVA's application for an amendment to the facility
operating license for Watts Bar.

34 Changes in Reload Safety Analysis

I nSection 3.4 of itsreport, DOE discusses the change inthe standard suite of NRC-approved
Westinghouse core analysis codes (PHOENIX/ANC) to account for the presnce of the TPBAR
inthe core. Inaletter dated May 17, 1988, theNRC staff approved the Westinghouse Topical
Report WCAP-I 1596, " Qualification f the PHOENIX-P/ANC Nuclear Design System for
Pressurized Water Reactor Cores," for use. Only the PHOENIX-P code, which isone of the

RC-gaproved Westinghouse core analysis codes, will bealtered dightly to accommodate the
presence of the TPBARS inthe core. The proposed changes to the PHOENIX-P code model the
depletion of Li inthe TPBARS, the decay of 'H ,and the production/depletion of 'He.
Westingbouse will document the new version, PHOENIX-L, in areportto PNNL and TVA,
subject to the mportingcriteriaimposed by 10 CFR 50.46(aX3). Westinghouse will maintain
comur software verification and validation fileson PHOENIX-L. The staff has asked
Westinghouse to describe (in aletter to the staff) the specific changes to the PHOENIX-P code
andthe resultsof the bnchmaing. The staff will review the letter from Westinghouse,
discussing thechanges to the PHOENIX-P code, aspart of itsreview of TVA's application for an
amendment to the facility operating license for Watts Bar.

The DOE report make several comparisons between PHOENIX-L and WIMS-E in order to
assss thereactivity 4 a function of fuel depletion. A number of studies compare the infinite
medium multiplication factor (k.) asa function of bumup for various combinations of
compmonets. The staff notesthat the studies show very good agreement between the codes.
However, although the comparisons do not constitute avalidation of the PHOENIX-L version,
they do support the conclusion that use of PHOENIX-L does not introduce any significant
degradationin pregictions. The DOE report also indicates that the PHOENIX-L version will be
bmua  daainst the MCNP code inthe Westinghouse verification and validation process.
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335 Summary

In Section 3.5 of itsreport, DOE concludes that the TPBARs mimic the neutronic behavior of
BPRAs and WABAs and that the plant-specific reload safety analysis will demonstrate that all
estalished fuel design limitswill bemet. On thebasis of this information, the staff concludes
that the scoping analysis offers evidence th ththe TPBARs andthe WABAs arefunctionally
similar, but does not present abasis for assuring that all core design limits aresatisfied,

Aspartof itsapplication for an amendment to the facility operating license for Watts Bar, TVA
should include the following:

(1) theCycle-2 reload analysis,

(2)  acomparison of the reactivity characteristics of the TPBAR and the BPRA, since they are
dimensionally similar,

(3)  anandysisof the effect of a400-mil gap in the absorber pellet stack to demonstrate that a
local power peak of 4.5 percent in the surrounding fuel pinswill be the maximum
achieved;

(4)  acase thatassesses the maximum negative worth of the TPBAR LTA;

(5)  benchmarking of thePHOENIX-L code.

Since thereload core analysis is not complete, the staff cannot determine whether unreviewed
safety quesions exist in the TPBAR nuclear design.
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Chapter 4 of the Department of Energy (DOE) reportaddresses the impact of thetritium
producing burnable absorber rod (TPBAR) lead test assembly (LTA) on the Watts Bar reactor
corethermal-hydraulic design.

4.1 TPBAR Thernua-Hydralc Desipg

Section 4.1 of the DOE repor presents the thermal-hydraulic design criteriafor  BARs. Three
of the four criteriaarethe same for burnable poison rod assemblies (BPRAS) and wet annular
burnable assemblies (WABAS). The design criteriaareas follows:

(1)  Themaximum TPBAR coolant outlet temperaturefrom the guide thimble must not
exceed the coolant bulk boiling temperature during Condition I (normal operation and
operational transients) events.

(2)  The maximum TPBAR cladding temperature must not exceed the temperatue associated
with the onset ofsubcooled nucleate boiling during Condition | and I1 (faults of moderate

frequency) events.

(3) Thecorebypass flow through theguide thimbles must be limited to ensurethat sufficient
coolant flow is provided to the fuel rod channels to meet fuel and thermal-hydraulic
design criteria.

(4)  TheTPBARs must not be placed (inserted) inalimiting core location.

The fourth provision is standard for any LTA. Asdiscussed in Chapter 2 of the DOE report, the
TPBARs aredesigned to withstand the same core temperature  asother reactor core components.
Asthe dimensions of a TPBAR are similar to those of a BPRA, bypass flow in the guide tubeis
nominaly thesame. Guidetubes in thefue assembly not used for TPBARS areplugged with
standard Westinghouse thimbleplugs. Thetotal flow through guide tubes containing a TPBAR
LTA isexpected to be similar to flow for astandardBPRA. Theargument for hydrodynamic
stability isalso based on thesimilarity of design parameters. Since the dimensions, heating, and

echanical characteristics of the TPBAR in aguide tube channel are the same as for the BPRA,
the hydrodynamic stability is likely to be the same for Condition I and Il events.

The DOE report states that the thermal-hydraulic analysis of the TPBAR design was performed
by hand calculations and MATHCAD software. These calculations were not presented inthe
report; however, Tables 4-2 and 4-3 of the report summarize some of the Watts Bar parameters
that were used in the thmnal-hydraulic analysis. The staff notes that these parameters appear to
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be Cycle 1parameters. As noted inTable4-2 of the report, Cycle 2 parametersincrease slightly
but have not yet been entirely established. On the basis of this preliminary analysis, the DOE
reportstates thatthe thermal-hydraulic criteriaaremet with the TPBAR located in an assembly
with atotal power peaking of upto 1.42 and with the TPBAR adjacent toa fuel rod withan Fd
(enthalpy-rise hot channel factor) of 165 or less. Since theanalysis, i.e., thehand calculations,
was not presened in the DOE report, the staff cannot conclude at thistime that the thermal
hydraulic criteriaare met with TPBARs located inassemblies discussed above. The staff will
review the Cycle-2 thermal-hydraulic analysis as partof itsreview of the Tennessee Valley
Authority's (TVA's) application for an amendment to thefacility operating license for Watts Bar.

4.2 Inpact on Reactor Core Thermal-Hydraulic Design

In Section 4.2 of theitsreport, DOE states that the thermal and hydraulic design parametersfor
WattsBar were used asevaluation points to determineif any impacts of the TPBAR LTA on the
reactor core thermal-hydraulic design would exist. DOE presents these parametersin Table 4-4.
The staff notes that no parameter of the core design is changed by the TPBAR LTAs, evcept that
the TPBARSs have adlightly higher power thanthe BPRAs. Section 4.3 of the DOE report
concludes that the themmal and hydraulic design bases of the TPBARs ensure that the TPBAR
cladding will not be breached duringCondition | and || events. DOE bases this statement on the
assumption that the TPBAR LTAs will not beplaced in a limiting position inthe core. The staff
cannot conclude, on the basis of the information provided in the DOE report, thatthe TPBAR
LTAswill not affect the Watts Bar thermal-hydraulic design, with the TPBAR located inan
assembly with atotal power peaking of up to 1.42 and with the TPBAR adjacent to a fuel rod
with an FE of 1.65 or less. Since the DOE thermal-hydraulic analysis ispreliminary, it isthe
host facility's responsibility to determine whether thethermal-hydraulic behavior of the TPBAR
LTAs located innon-limiting positions inthe core representsan unreviewed safety question, as
defined in10 CFR50.59(aX2). As stated above, the staff will review the Cycle-2 thermal
hydraulic analysis as partof itsreview of rVA's application for an amendment to the facility
operating license for WattsBar.
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