
11 Septmber 1997 

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

oeor Ms Jackson.  

In September 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 itium for nuclear wepons in a commercial nucear power reactor, the Watts r I reacor in 
Spring City. Tennessee This act will breach a fifty-yeer wall of aparation between the cviian and mi"auy 
nuclr powe industrits We are writing to ask you prevent this i-advied precedent 

The foundation olhe wall between civilian and military nuclear activiie s the Atomic Energy Act whch prohbits the use of ommerial faciliie to produce spcil nuclear materials or special fiss 
naWrials for use in nuclear weapons The Departmern of Energy curmntly ind~ aesthat interpretaton 
of the statute narrowly iteprets i cope to address only pluonium and highly enriched uranium This 
nrrow letter-of-the-ta reading ignores several crucil points.  

1. In practice, 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 produced 
weapons trtium in facililes deigned and operated as defense facilities. nut as commcidal power faciltes 
I is a precede long standing.  

More important. the sepation of oomercil and 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 
rectors in the US: the aeewm s under which these supliers provide for US power genwarors 
prohibit s ue, even mtagid y, a part of a large power aray in a eactor being sed to produce tritum 
lor nuclear weapons.  

2. The sparation of civiian and 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 in a commercial ctmor Removing the civdiardmliary barrer I the I ':ad 8Wttes undemine our principled stance before the world The acvities curreny planned 

fU ih. ats Bar reactor in September will send a meage to the worfd mat we couki never tak 
-4- the u od contr ie•' nucler power facaies for the produ on• o nucler weapons matnais 

cepb pmcrtice The proound natre o this shift in US nonproieration polcy cWanot be 

3. The production of new wesqposp4tiur now. for g e rmt twne in 19e. will al to the world 
hi lhVe US intend to maintaiann arsal in excess of START II levels nd wil ncouag the pursu of 
nuclw wapon capabi-y by on-nui r ion ur n and the furher devlopian of nudocar capabiy by 
nmler nOa Cuornt pIs d the partmer~ EnEgy indcate that the US can msirawn an 
arlnal wih 3600 stratogic nuclar warhad (START 11 levels) wht producing new tritium unil 2015 

Cly, ths action is of protound cigndcance and warants careful conderton; te phbic.  
ypeiy thoew who W in shadow o Wels Ba. toud b engaed in a ful and mean.nlu 
dimcusen of this propomd action The Nuclar Regulaory Commission should exerctse os 

FMrpeunefties at he highet level to ee hat any action a caned oul in accordance not only with NRC 
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polaeM and nre tion bt alo In **. sp t of the democcy in which we ive 

ChawYw . 46e11s, w are asking you to take action to require Ui full Nucler 
ftagutey CommislsieO N , M. jt u staff, pprove th application of th TmnesMe Valley Aulhorty fr a ucense maenament Surey such a precedent-seing action Si require the involvement o th ighest level of ahoriy and responsiby within he Comission.  

Fumtheroe. we r asking you o dela the approv of the Uenn emerdmen 
applles on Ul a sigel.l plioli pi tls proe can takoe p tai t would enable a 

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

To dMte. one am pubic mting hns ben held in to Wats Bar are to dcus the proposed aiot; II announ c wth a MinmW n 14 days notice duwng ummer vacation peiod. was held aier 
viu ry vay s" deciion-m ng mitone ha pused. Nevrtheless, more than eighly cilizens aMlnd th heng and were unanimou in their d roval of thi action For some. inglicant sinicl queti rnmined uensred in ith document provided thus far to the public Fe other.  t9fo to pvldo mning public pa tication in the dcision-making process wa an isse. And for lhers, eced Ie* ing naum of thris aion made a ull and thorough diuion all the more 

Thoe who ive in the shadow o Wats Bar have epresed ore further significn concr 
mprgaa ti dciion which w inpact thir lives and their region, and that concern is security. When be wIIs Bar nuc pow p o plart kads tliumlproucing rods in opating ce in SAtebern becoms, 0 p-1 bkaOly. a bomb .lr. It as never conucteod to be a blA l. it does not have oin the 
rlCCl~rbnrOW tha oi DOE S"M kg~ a. It No not undrgon extnse review of v-hasrIs as hie dog -"-- -inr-WCfts. Ind P. b n the MeTa sctd, l s~alsojded.  

Iegg, w~ dlyT in O Uniled Stales.  

It b i**xM@ 1 11 w hue in an age rtw one is ool a a n OW d ional poky for some, but i a rely. Thme who e near Wes Bar hae serious d legimate concerns the ovemme i 
pl'g he in resing pl by he proposed use a comm ilpower plait to produ*=o weo ns nlý b O t o rn i agra d by toI rmcen phal in TVA's securta program• including mssive yut &dW a mea*o h in slwly rsaO biie. These conces have not teen adequately addrused in anty do1wne0islion reOe to th puic to deeo.  

We hopthat you wl recognize he urgency with which we write and ll respond to o concern 

SHu••eon Michle Nel 
Ok fdge Ernwrrnenc•l Peace A•ance T e Valley Energy Reform Coaition Khovile. Tenner Knoxvlle. Tennes 

LUnw EMld Sue•rd 
Knmiv kwisbuilh Eology n Cr Et Tenneee Prebyery Peacemakin Comr Kno11vlle, Tennesee Knoxvile, Tennessee 

mus and Glnds SrWeOsMKy Brouw Kaonm Osuni OlIo f umie Poos and Integriy of Cr tion Sier Donhs Lain Rktm CalGhI Dicese of Kno vd Npo Myoho 
sKnovis. Tnese Anlara. Geora

a-rs ww lWIL see r A wFTarKY.S.UPPLY**EYiE
c - --~L1
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AVALAUJWY NOTIC

AValb y of Refeence Materl Cltd in NC Pubicatons 

Mt dooumenw tlled i NtRC publItlMon wi be vfl from on of the foowing urces: 
1. Tlh NRC Pubc Documenw Room, 2120 L St-t. NW., Lowr Level. Wahington, DC 

20666-0001 

2. The 8upe mndent of Documnts, U.S. Govermm nt Pdrnt~ Office, P. 0. Box 37002.  
Wahg*ron. DC 20402-0328 

3. The N•ionl TchniloJ Iormwon Service. Sprnglkld. VA 22161-0002 

Alhough the tirng V th folows repren the maority of dryuent cited in NRC puS~c 
ton. It i not intemndd to be mhutve.  

fIornced documents Svalblo for hnpec tn m nd copying for a ee from the NRC Pubc 
Documerm Room inckude NRI correpondence and internm NFC memorandr; NFC bui ,.  
crohumrs. infovrmaion notioo. ipection and invMtiwatson nonos; icrnese even• rpors: 
vndor reports and co epondeo; Commeion peper; and w l nd lonenmo docu
monts and correwpondeno.  

Theolo ng documet in th NUREGries are van ble for pturch from te Gvemm 
Prnt Office: lormal NRC trl and contractor report. NRC-ponored conoeenoe pro
omin. Intam el reemsn report r . s eports, Wn NtC bookalets nd bro
chue. Also Msalblt we reguomoy guides. NR t reCulonm hin ie of F W Pgule

urm. a nd darW AIputey CoWmmson Assies.  

Documenrs eiuv ble from ai NtManal Technical Anormeon Servdice ncud e N erl 
rpors nd hnical reports prpmd byi oer Feel agni nd W eorts prepaed by tf 
Aomic Energy Commaon. formwuner agecy to ie Nuo•r RaguItory Commimon.  

Doaunn' tls w from pubic nd spel 'it u loiarues kiluor e a open Ierature 
Iem, euh a bomk• . jou0 l artlo, wnd W nWC ons. Feailt gWr noNe. fOedw 
astnd Ste lgsan. md c oneesontrports cC usu*bo btlinl from Vime t lms.  

Doouan auc a th•es dMese onr, terein rnepoy and Jansmiln. and nonR on
tn MprooeedhM woe m e ior li purchaM from ie organ on oaponsnori n to pubit• 

aon sited.  

ngle ooaP of NRC dt eports we avellb free. o w ent of upp ly. upon itten 
rsU 0a thie WOlse of Admnil ralon. DibIuMn nd UMR Services Slcon. U.S. Nuwle 
Reigulaty ComWmilon. WniOmno DC 30mn66- 1.  

Copies of Isndk y odes and stadads used in a as ubstinr in Vie NMC nrluory 
prIom we manitnr at •w NRC Ubra. Two Whit FIn NoraI• 11546 l Roo•WI Ple. Ra

te.MD 20MY-273. or use by tte pubo. Codes and smndmrds uMuym oopyrlga 
aid may purohmd froam rte o1gingtg ormgut o or. I they aw American NWonal 
Indrmds. from te Aerwtmn Neoinal Stand s hsitute. 1430 Broedwy. New York. NY 
10016-330a.
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Safety Evaluation Report 
related to the Department of Energy's 
proposal for the irradiation of lead test 
assemblies containing tritium-producing 
burnable absorber rods in commercial 
light-water reactors



ABSTRACT

T1e Depaqtment of Energy (DOE) is responsible for establishing the capability to produce 
trtium, an emial material used in U.S. nuclear weapons by the end of 2005, in accordance 
with a Prsidential decision diretive.  

Under the rms of the Joint DOE/NRC Memorandum of Understanding of May 22,1996, NRC 
is providing review ad consultation services to assist DOE in assessing and resolving technical 
and licenng issues associated with DOEs proposal for the production of tritium in a 
commercial light-water reactor (CLWR).  

DOE has submitted a report, as revised, containing sufficient infomation for the staffto 
determine whetth e use of a CLWR to irradiate a limited number of ritium-producing 
burnble absorber rods (TPBARs) in lead test assemblies (LTAs) raises generic issues ivolving 
a ureviewd safety questio, as defined in 10 CFR 50.59. The NRC staff has reviewed the 
DOE report and has prepared this safety evaluation to address the acceptability of the proposed 
iradiation and whether a licensee can undetake the irradiation of these LTAs in accordance with 
the provisios of 10 CFR 50.59 without NRC licensing action.  

This safety evaluation is being transmitted to the Commission before issune.  

As sunmmried in Section 10 of this sfety evaluation, the staff has identified issues that requ 
father NRC review. The staff has also identified a umber of ares in which an individual 
license undertaing irradition of TPBAR LTAs will have to supplemenw the informatio in the 
DOE report before the staff can detemine whether the proposed iadiatio is ac table t a 
particular facility.  

Therefore, the staff concludes that a licensee detaking irradiation of TPBAR LTAs in a 
CLWR will have to submit an application for nmet to facility operating license before 
insrting the LTAs into the reactor.

NUREO-1607
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1 INTRODUCTION 

On December 4,1996, the Department of Energy (DOE) submitted a report prepared by Pacific 
Northwest National Laboratory (PNNL), PNNL-11419, "Report on the Evaluation of the 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 1 to this report on March 3, 
1997, in order to respond to the staffs requests for additional information of January 3 and 13, 
1997.  

1.1 Backgromad 

Tritium, an essential material in U.S. nuclear weapons, is an isotope of hydrogen that decays at a 
rate of approximately 5 percent per year (a 12.3-year half-life). The United States has not 
produced tritium since 1988, when DOE closed its production facility at Savannah River.  
Current, short-term ritium needs are being met by recycling tritium from dismantled U.S.  
nuclear weapons. Resumption of tritium 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 is responsible for establishing the capability to produce tritium by the end of 2005, in 
accordance with a Presidential decision directive. DOE has selected a dual-path strategy to met 
the schedule. One path is the acceleator production of tritium. If DOE adopts an accelerator 
design utilizing a tungsten target (as is currently 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 a plant under private ownership. Production of tritium in an 
NRC-regulatd CLWR would involve NRC oversight.  

Regardless of which option is selected as the primary approach for tritium production, DOE 
intends to complete confirmatory testing, fabricat the first core load of targets, and develop a 
new extraction capability as a contingency to meet national defense requirements. Tritium 
xtcton would take place at DOE's Savannah River Plant and would not involve oversight by 

NRC.

NLUEO-1607



JeWal DOFVRRC AWiddauu em ofU dmiad ig

On May 22,1996, the Secretary of Energy and the Chainn=a of the Nuclear Regulatory 
Commision signed a Joint DOE/NRC Mmorandum of Understanding (MOU). This MOU 
establishes the baiis for NRC review and consultation concerning DOE's possible use of CLWRs 
for producing tritium. It supplements an earlier MOU between DOE and NRC (dated February 
24, 1978) and relates solely to NRCs review of and consultation on DOEs proposal for tritium 
production in CLWRr. The MOU acknowledgel that an issue exists involving the use of civilian 
commecial reactors to support military requirements but stipulates that NRC will not be 
involved, either in a policy or a technical role, in resolution of that issue. The MOU also 
stipulates that NRC will not be involved in the decision on whether to use an accelerator or a 
CLWR to produce tritium.  

Under the terms of the MOU, NRC is providing 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 the primary and backup tritium production approaches in late 
1998.  

Finally, the MOU contemplates that e NRC will recover costs associated with this program 
through a reimbursable agreemeu etween the two agencies Therefore, the cost of this review 
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.  

ctL wProdeact f eTrwmr 

DOE has developed a design for burnable oison rods using lithium, rather than boron, in 
pressurized-water reactor (PWR) fuel assm blies. As a result of irradiation by neutrons in the 
reactor core, some of the lithium in the target rods is converted to tritium. The irradiated 
burnabe poison rods can then be removed from the fuel assemblies and shipped to another 
location (Savannah River Plant) for tritium extraction. The first phase of the tritium program 
tha requires the involvement of NRC is a lead test assembly (LTA) demonstration. LTA 
irradiatio would erve as a confrmatory test of the design for TPBARs that DOE has developed 
over the past 10 years.  

DOE expects that LTAs will be available for irradiation in the core of a CLWR in late summer 
1997. At the reactor involved in the LTA demonstration (Watts Bar, Unit 1), 32 target rods (8 
each in 4 LTAs, with I LTA inerted in each quadrar -f the core) will be irradiated for one fuel 
cycle.  

The second phase of DOE's tritium production program ';at will require NRC review is DOE's 
submittal of a topical report for production irradiation in mid-1998. The staff will initiate review
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of that report concurrently with the irradiation of the LTAs and anticipates that it will document 
its review in a safety evaluation report to be issued in early 1999. DOE has stated that, because 
the primary purpose of 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 agrees that it could initiate review of the topical 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 topical report. The NRC staff 
will send the Commission its safety evaluation on the production phase topical report before the 
staff issues its safety evaluation.  

The third 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 as a result of a request by a licensee for 
amendment of its facility operating license to authorize use of up to 3300 TPBARs in each core 
reload. A license amendment is required in order to make changes to the plant technical 
specifications and to address any unreviewed safety questions pertaining to such use. A request 
for a license amendment authorizing irradiation of burnable poison rods for production of tritium 
is expected to be received at the beginning of 2000. A request for a license amendment will be 
noticed in the Federal Register and will be the subject of an opportunity for hearing. If a hearing 
is requested, the Commission will be notified if the staff intends to make a "no significant 
hazards consideration" finding (which would allow the amendment to become effective before 
the conclusion of a hearing).  

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 gas at 
Savannah River by the end of 2005.  

SECY-U -212 

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

In its staff r4irements 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 meetings to 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 is expected to be held in the vicinity of the LTA host facility 
selected by DOE (Watts Bar) in the summer of 1997, before the TPBAR LTAs are inserted into 
the reactor. Finally, the staff will hold similar local public meetings before TPBARs are inserted 
in any particular NRC-licensed facility for the production phase of DOE's CLWR tritium 
program.  

DOE's report, as revised, contains sufficient information for the staff to determine whether the 
use of a CLWR to irradiate a limited number of TPBARs in LTAs raises generic issues involving 
an unreviewed safety question. The staff has reviewed the DOE report and has prepared this 
safety evaluation to address the acceptability of the proposed irradiation and whether a licensee 
can undertake irradiation of the LTAs under the provisions of 10 CFR 50.59 without NRC 
licensing action. This safety evaluation is being transmitted to the Commission before the safety 
evaluation is issued.  

Independent of its review of the DOE report, the staff is conducting vendor-related activities with 
respect to quality assurance (QA) plans and 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, the original purpose of the DOE report was to provide sufficient 
information for the NRC staff to determine whether use of a CLLWR to irradiate a limited number 
of TPBAR LTAs raised generic issues involving an unreviewed safety question. Should the staff 
determine that no generic unreviewed safety questions are involved in irradiating TPBAR LTAs 
in a CLWR, a licensee undertaking such 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 that no change in a technical 
specification is needed.  

1 he original report addressed the issue of TPBAR LTA irradiation generically and presented 
several plant-specific analyses for an unspecified Plant A and Plant B. On February 7, 1997, 
DOE announced the selection of Watts Bar as the facility that would conduct the one-time 
confirmatory test of components that could 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 a revised report. The 
revised report no longer addresses the TPBAR LTA irradiation in generic terms, but presents 
analyses and data based solely on the Watts Bar facility. For that reason, the staff shifted the 
focus of its review from a generic evaluation of potential unreviewed safety questions to a more 
specific evaluation addressing TPBAR LTA irradiation at Watts Bar.  

The staffs review of the DOE report and the staffs conclusions regarding the applicability of the 
provisions of 10 CFR Part 50.59 in implementing the proposed TPBAR LTA irradiation are
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documented in this safety evaluation.

13 Scope 

The staff has evaluated DOE's report, 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 
letters of February 7 and 14,1997, and March 7 and 12,1997. These letters responded to the 
staffs requests for additional information dated January 3 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 
letters dated December 4,1996, and March 3,1997, containing confidntial restricted data. None 
of the information in this m.fety evaluation is classified.  

1.4 Orgaplzation of This Safety Evalmtion 

The format of this safety evaluation follows that of the DOE repot (PNNL-11419) as closely as 
possible. The staff has added Section 10 to summarize the results of its review. Section 10 of 
this safety evaluation also summares the reminin plant-specific issues that will have to be 
addressed in the TeNnessee Valley Authority's application for an amendment to the facility 
operating license for Watts Bar to permit TPBAR LTA irradiation.
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2 TRITIUM-PRODUCING BURNABLE ABSORBER ROD 
LEAD TEST ASSEMBLY DESIGN 

In Chaer 2 of its repo, the Depart of Ergy (DOE) d ribes (1) the mechanial design 
ofthe tritiumproducg bu ble aMbober rod (TPBAR) led test assembly (LTA) and its accptbiliy, (2) the surilac pro , ad (3) the tting ad ipection prom.  

2.1 LTA Dcigi Desriptio 

In Section 2.1 of it rport, DOE decribes te design fatm, marials, and o ao oftbe 
TPBAR. The TPBAR LTA is designed to meet the operating uirements of a large four-loop 
Watinghouse racor under Condition I, I, , and IV events,' as defined in the W ts Bar Final 
Safety Analysis Report.  

The LTA consists of a Westinghou holddown assembly with 8 TPBARs and 16 thimble plug 
a shown in Fiure 2-1 of t DOE rport. 1Te TPBAR will be insrted intoa fresh 17x17 
Wesi us stdard fu assmbly that has no conrol rod assmbly. The exenal dimeni 
of the TPBAR are imilr to tho of te standard Westingouse burnable poisu rod mmsbly 
(BPRA). Design chareritics of the TPBAR, the conventional BPRA, and wet m dar 
bumabl aemmbliu (WABAs) are copred in Table 2-1 of the DOE report de TPBAR is 
diamaionaly similar to both the BPRA and the WABA. Becue the TPBARs ae intllael m 
the sandd W dingbouse guide thine, the diameter of TPBARs is similar to tht of the BPRA and the WABA Because of te legtb ofthe aborbrs poison (142 in.) (360.7 cm) and 
ov Ua length of the ds (152.35 in.) (387 cm, the TPBAR is physical morm similar to the 
BPRA (rod length 152.59 in. [387.6 cm], poison 142 in.) than the WABA (rod legth 
149.33 in. (380.6 cm], poison 134 in. [340 cm]). The dimension listed in Table 4-1 of the 
DOE report vary slighly f thedima nsin presented inTable 2-1 ofthe DOE repor 

On the bis of the comparison of dimension betwen the TPBAR and the conventimol BPRA 
and the u of standard Wesinhouse design componrais for the LTA hold-down asem bli, the 

aff concludes d TPBARs similar in form to BPRAs. The stas evaluation as to whether 
b TPBAR is similr in fction to BPRA is in Sections 3 and 4 of this safy eva tion 

which ale to the nuclear and themal-hydrauli design of TPBARs.  

The LTA is desined for a l four-loop Wetingo preuried-watr cor (PWR) ad is 
commptib with tim fil assembly, retor vessel interals, reaCo coolat chemistry, efi 

Cmm IV -Ih•t imc
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systm and tools, and spent fuel storage facility. The LTA is a removable reactor core 
cmpomnent, ld nstllediside a ful 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 as the pesure brrier between the TPBAR internals and the reactor coolant system 
(RCS). The ime surface of the cladding is corted with a permetion-resistant aluminum barrier.  
Te TPBAR in• nals consist of a plenum subasembly, 12 pencils, and a lower getter disk. A 
pencil consists of a Zircaloy4 liner tube surrounded by absorber pellts. The liner and aborber 
pelets ae contained in a getter tube. 1e getter tube is made from nickel-plaud Zircaloy4 
(NPZ). The nickel plaing maintains the getter ffectiveness by preventing oxidation ofthe 
Zircaloy4; the oxide film would become a permeation-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 oft the tritiad water vapor with the liner 

r•eeas tritium, which is then 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 a stainless steel pler• .spring located 
above the top pencil in the cladding tube. This subassembly provides an a 1 force to restrain 
the pendls during andling and shipping operations and allo for axial gi h of the pencils 
caued by irrdiatio hydriding, and thermal growth of the pencils while i reactor. The 
upper disk subam bly 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 a 316 SS top plug and a 316 SS bottom plug welded to the cladding 
tube. Befumr the final lomwe is welded shut. the TPBAR is evacued ad nrepressuri to I 
atmopR eV with helium.  

22 kgltea algi D ig Evalstiod 

In Section 2.2 of its report, DOE has established ad evaluated a number of criteria for the 
TBAR. DOE hs specifed that swling or sriaking of inWernl TPPAR cornoenti s mut be 
accumodated· by the TPBAR design. On the basis of the specified tolerances and c aces 
ad considering th exensive dcurmenattion of th seted materials belbvi in the met 
SviLmst. DOE staes that the desig adequelya ddresses swelling an shrinking of th 
TPBAR copoents or the design iradiatio lifetim. Te swelling and shrinking of each 
TPAR component is discussed in the sections th follow.
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2.1.1 Claddig ad Top mad Bles Ead ia 

Section 2.21 of DOEs report states that he structural interity of the TPBAR will be maintained 
during Comditnio I though IV, and throuhout shipping and handling with the •ceptio of the 
large-m k t of€-coolt accidet (LBLOCA). The cladding, end plugs, and asocaled welds 
form t presaur boundary ofthe TPBAR. The integrity of this pressure boundary during 
Co•ditio l,II,mand IV events is discussed next 

In Section 2.2.1.1 of its port, DOE sttes that the TPBAR cladding stresses ad the cod plug 
weld stresses will no resu in cladding collape, excess ovality, or crking over te irradiation 
life of the TPBAR The structural members (cladding and top and bottom end plugs) of the LTA 
were designed using ess and fatigue criteria a methodology consistent with the American 
Society of Mechemcal Enginers (ASME) Boilr and Pressure Vesd Code (ASME Code, 
Section II Division I Subsection NG, Article 3220, 1995.) The external presure criter ofhe 
code we • exclud because the LTAs s not a reactor core scturalcoponet. Also, sength 
vahes used to calcula the TPBAR streses are based on maerials dt because 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 is used 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 shipping loads. Handling and shipping loads exceed the loads 
aoe d during msismic events. Therefre, operting-basis earthquake (OBE) and safe
siedown eerhquale (SSE) loads were no aalyzd in the cladding str 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 I U, Ill, and IV. For each design condition, the inernal design 
pres was usaamed to be te b wor cs inernal pressure (accounting for non-ideal gas 
bemavir) a the mperature of concern. The fator of safety for each design condition exceeds 
the mqpirments of the ASME Code.  

DOE Ms thaite reasus indicale tht except for the LBLOCA (where the TPBARs ae 
d to fail), he lowt factor of safety based o yield strengt is during the hydrstatic 

at 25 tim d h he ctor dgn pressure. Stress aalyses of the 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 the effects of 
pIewm , Iexernal temperae, and iadiation-induced creep.  

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

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

On the bais of cladding stress caulaiom, DOE states that cladding breach is not expectd 
during a small-beak lose-of-coolat accident (SBLOCA). However, because high cladding 
presres occur at elevated temperatures during an LBLOCA, it is likely that the TPBAR 
cladding would fail under poulatd accident conditions. Burst testing of specimens indicates 
that the claddin will burst a about 1500 I F (815.5 C) and 5230 psia (36.1 MPa), compared to 
a predicted LBLOCA temperate of 2200 F (1204 *C) with a differential pressure across the 
cladding that would exceed 5230 psia (36.1 MPa). Chapter 6 of the DOE report assesses the 
effects of a TPBAR rupture.  

DOE states that cold-worked (CW) 316 SS cladding is stable at the irradiation tempertures and 
neutmr fluence encontered during the incore residee period for the TPBAR, 650 OF (343 

C) and 102 an (E>IMeV). The irrditio creep and volumetric swelling strains ae less 
tha 2 percen Nominal changes in cladding dietric dimensions due to irradiatio creep are 
ploted in Figur 2-4 of the DOE report and ae less tha 0.0004 in. (10.2 pm). This is much less 
than the desgn limit on cladding strain of 1 percent.  

The staffconcludes that th method used to analyze t stresses on stctural members is 
conservative a long as the margis specied in Subection NG of Secti III of the ASME Code 

e satisfied. However, DOE used the 1995 edition of the code but the staff has only endorsed 
the 1989 edition. (A comparison of Article NG3220 in the 1995 edition with Article NG-3220 
in the 199 edition indicaes that they ae idenical.) A license that uses this analysis must 
su it a relief request to use the ler edition.  

Te staff frater onclude that reiace on ASTM A 771 for the purhase of the claddin does 
ant sasfy the Mequirements of 10 CFR Part 50, Appendix B. The quality assurance (QA) 
porm described in ASTM A 771 ds to be supplemented to include conformance with 
NQA-1 and 10 CFR Prt 50, Appendix B.  
DOE's anlysis provides measomable asance tht the cladding and top and bottom end plug a 
deigned consitet with he ASME Code for both stic and fatigu loads DOE's conclusion 
tm lthe OBE and SSE toeds need i be analysd since the worst-c pressures and handling 
and iping loads exeed the loads induced by the OBE and by the SSE is acceptable.
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DOE's analysis, perimental data, and operating experience offer reasonable assurance that the 
cladding will not be affected for Conditions I, 11, and III. DOE's experimental data indicate that 
the cladding is expected to fail during an LBLOCA (Condition IV). On the basis of the design of 
the Westinghouse four-loop reactor, the fuel bundles and TPBAR cladding temperature could 
reach 2200 °F (1204 *C) during a 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.  

CldMd CoaUpse 

In Section 2.2.1.2 of its report, DOE states that the cladding will be free- standing and will not 
collapse as a result of external pressure or creep for a design life of 550 effective full-power days 
(EFPDs), correspoding to an 18-month fuel cycle. DOE describes external pressure tests of 
barrier-coated cladding in Chapter 5 of its report. DOE states that these tests demonstrate that 
the cladding is strong enough to resist mechanical buckling from the reactor coolant pressure.  
DOE also states that the calculated change in ovality of a TPBAR as a 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 its review of Section 2.2.1.2 of DOE's report, the staff concludes that DOE has 
demostrated through analysis of experimental data that the design factors of safety for 
Subsection NO are met. This, along with DOE's operating experience, gives adequate assurance 
that the cladding will remain free-standing and will not collapse because of external pressure or 
creep for the design life.  

YhFM t Fai*i, Dess CLde FatW, asd FreNti Wer 

Section 2.2.1.3 of DOE's report 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 the fuel assembly guide thimble imposes bending stresses that cause the TPBAR to 
vibrate. The maximum credible vibration stress was calculated to be an alternating stress that is 
bounded by the gap between the TPBAR and the guide thimble. This stress is significantly less 
than the endurance limit of 24,000 psi (165.5 MPa) specified by the ASME Code and, therefore, 
the number of cycles a TPBAR may be subjected to without failure is well in excess of 1 x 10".  
To exceed I x 10" cycles during an 18 month fuel cycle (550 EFPDs) would require the TPBAR 
to oscillate at 2100 Hz. Tests have shown that a BPRA constrained within a guide thimble 
ocillates at less than I Hz. A TPBAR and BPRA are dimensionally the same and are similar 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 
a TPBAR as a result of vibration fatigue is not plausible.
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FlowiodMld viDal ofa TPBAR withi a guide himble could caus die mating surfaces 
to w . T TPBARMd a BPRA e dimeinioad lysimilar and ar smilarly consuined by te 
pid eime wk e ibalig. DOE aa tt experice mad availle test dta for BPRAs, 
in u s eitic SS cd BRAs, have mdmn the ear to be eptable The similarity in 
esimce to wer 304 SSmd 316SS furdaer emres dn the warf the LTA will be 

aceplaby mL . E's coEcmios mrecom. with dye absce of BPRA fiures by thee 
einanims. T clabddieS w evalu4d for design cycle fiue failure cused by chges in 

pjI amd annpme durin the reactor duty cycle, using the ASME Code. The aff 
concldes dh, alo k a te cladding ssfies the condtiom of Aticle NG-3222.4(d it will 
hve the ability o wisad the cycicse vice, and m amysis in accdae wih Artce NG
3222.4(d) is t equired. The din cycle ftigue evalation is bsedo te tuasi 
coditions ad desin cycles for Wats Ba, shown in T bl 2-5 of the DOE repot.  

On d bais ofit review of Section 2.2.1.3 of DOE's rept, the sff oocludes th DOE as 
provided r-ea * mu ce tht de TPBARs wi no fil as a result of such flow-indued 
c• as vmaioa fatigue, design cycle ftigue, or ang wer based on calcult fequencies 
of vihio pvio. experi~ce with ibna epoisn a ies ad previou experience wit 
rinessd l cladling T conclusion is supported by actual operating experience with 
aidlem med daddies on fudl as lies in seveal p inclhdin th Cos ers Pow 
C•ops Piisades pla.  

Sectiom 2..1.4 of DOE's report es d corosion mad ersio of the TPBAR ouer surfce will 
nt caue mmerial r io d hreactor cooa in exces of raes pplice to oh ractor 
iml~e copomins. Th cladding is rit a to chmaicd atack fom th cheical en xics 
Mo dly pesm i te rctor coolmn BecaMu 316 SS has not been extasiely used for 
coesin ai s, dml fb uifm corrosioon of 304 SS wer used to resa thi cladding 
wbe l p ae c ooio by the reactor co t Baed on the corrosion rates for 304 SS in PWRs 
md is de E iag ing Teat Rector (ETRL DOE estimmtes; tiht corrosion rate for the 

PBAR 316 SS clddii is les dt 0.0001 in. (2.5 pm) per year. A conserva c value of 
0.003 i. (7.6 p) for a I am fid cycle (550 EFPDs) was applid to the TPBAR. As 
dscued m Section 5 ofthis sety evaluation, 316 SS is moe corrosion - rsistant th 304 SS.  
Cnqmuldy, te uL eimate used in the desin evaluation is onservtive for 316 SS.  
TPBARs re desigd to be fiee of cavices; therefore, crevice corrosion is of no concer.  

Sam co i cackin (SCC) in 300series stainless seel requires sensitization, an aggressive 
caviamlt, ad high av it may be aggrvated by neutron flunces, hydrogen, and high 

u pesa. DOE artes ltI the foation of oxidizing species i effectively suppressed in 
PWR cool a Auseniic staini~es sted is not sumlepibe to SCC in PWR coolat, because of 
the low oygeno noaeoarioa (less thea 100 ppb). SSC is discusred in more detail in Section 5 
ofdis ay evaluion. No sig c c emcal reaction is expected between the 316 SS 
TPBAR dc-di or ced plhu and the reactor coolan DOE states that experince with SS-clad
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fuel ad BPRAs in PWRs indicates that, given the curent PWR water chemistry, cd eposition 
is acceptably low.  

Exprience shows that erosion of austenitic SS clad BPRAs is insigniicant. The wear resistance 
of 316 SS further ensures that the crosion of the LTAs will be acceptably small.  

The staff concludes that DOE has presented opaating and experim tal data, which provide 
reasoable assurance that austenitic stainless steels, including 316 SS, re resistant to SCC in 
PWR environments. This is particularly true of the cladding of TPBARs that are only exposed to 
one operating cycle. There is also considerale evidence that austenitic stainless steels are highly 
resistant to rosion. The cladding on the reactor vessels of PWRs and the piping for the primary 
loop are constructed 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 materials in PWR environments.  

2.2.2 Absorber Pels 

The thermal and physical properties of absorber pellets are summarized in Chapter 5 of the DOE 
report In Section 222 of its report, DOE states that structural integrity of absorber pellets will 
be maintained while producing tritium. The next tvo sections address the chemical properties 
and the stability of the absorber pellet. These discussions lead to the conclusion that the 
structural integrity of absorber pellets is acceptable except for localized structul damage at the 
breach site during a postulated LBLOCA, and will be maintained during all Condition I, I, Ill, 
and IV events.  

Ch t hPreparies o. the Abwerr Pdees 

In Section 222.1 of its report, DOE states that e absorer pellets do not react with the TPBAR 
componeats. In the event of cladding breach, water ingress would dissolve a microscopic layer 
of lithium fom the surface of absorber pellets; otherwise, the absorber pellets are insoluble in the 
coolant water. Lithium is produced by irradiation of boron; hence, it is always present in the 
primary system. The small additional amount of lithium that might be introduced into the 
primary system a result of cladding breach is expected to have little effect on materials in 
contact with the primary coolant.  

St y ofe Akmsrber eas 

In Section 2.2..2 of its report, DOE states that the strength of the absorber pellets enabic: them 
to resist fracture during TPBAR handling and to resist cracking from substantial thermal cycling 
during eactor operations. Thermal expansion and swelling for absorber pellets are described in 
the Materials Property Handbook (MPH). Lithium aluminate is a high-temperature ceramic 
material tha is very stable at elevated temperatures. Thermal expansion and swelling strains are 
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 I 
though IV.  

Experience with irradiation of absorber pellets has shown xcellen stability up to a gas volume 
ratio (GVR) of 239, bsed on theoretical pellet density, or 216 '-VR, based on actual pellet 
density given in the DOE report As discussed in Section 5 of i 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 of the pellets. Absorber pelet 
diintegrtio major cracking, and relocation is not expected below the design goal of215 GVR.  
Asindicaed in Table 2-6 of the DOE report, the aximum calculated GVR is 209. The average 
GVRis 174.  

The staff concludes that DOE has presented analysis and 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 in Chapter 5 of the 
DOE report. Section 2.2.3 of the DOE report addresses the chemical and merhnical aspxts of 
TPBAR design.  

Cbw I hPqrpars ofe Gaeers and Imrs 

In Section 2..3.1 of its 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 med Limers 

In Section 2.3. of its repnot, 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 of the Zircloy4 getters and liners at end of life (EOL) is les 
thn 0.5 percent; therefore, the iradiation stability of the 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.  

The staff concludes th DOE ha presented preented suficie operating experince i an 
viaw ne comnparam e to a PWR 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 the DOE tpor t states the peama pring will hawv suffcisat peload s 
pg rte to psweat oavwme of the pecil cohn sack dng fibrcatio, shippig md 

d•ail. co.iderin a 4-g axial accelaio lading at begiairj of lif (BOL) DOE a 
th the sring is de from 302 SS ad is smiilar i deign to sins used in BPRA rod ad 
fia rods. The springload stress has be ablished to be less th 60 peet ofthe yield 
sas, povidig a safety fictor of 1.66 after coaMir tion ha been giva en tonsre saukcp, 
ineraml ad exteal pssurre, thdend ad radiatioan rowth, coampessed hei of the prig, 
ad pencil budding. On the basis of a conxvative safety agin mad saisfacry coameci l 
reactor experience with the maerial in this application, the spring is expecated to provide the 
bearing loaedred for shipping ad hdling. No credit is taken for the spring in operational 
or reactor accident alysis.  

Crhf.rl PpIeraa qOf ie Pkam Sprig 

Section 22.4.1 of the DOE report states that the plemum spring is comstucted of 302 SS and does 
not reat with the other TPBAR compones. The spring is only slightly soluble in the reacar 
coolant In the evt of a cladding beach, a very small quity of SS would disolve in the 
eactor coolant.  

mStM afthe MUm Splag 

Section 22.4 of the DOE repor states that the dimensonal changes in the pln springreult 
from theral expansion and iradiation growth. Thes phnomenaa we described in Chpter 5 of 
die DOE report 

The staff cncludes that 302 SS is a high cabostainlss steel. The higer car oncotnt 
producs a higher yield and greater tensil strength, but a lower resisce to iaergranulw s s 
cocosion cracking (IOSCC). However, the 302 SS plemm sprin is norually not in coact 
with the primary coolant because it is located within the sealed eter. Futher, he PWR 
eminroment is not expected to cause SC eve if the primary solution comes in cotact with the 
spring for pat of one operating cycle.  

2.L TaII3A Amalyha Ma ea 

Section 2.2.5 of the DOE report sumniarizes the analytical models used to calculate TPBAR 
operating emaperatwes, rod internd total pressure, pellet tritium release, gering process of 
cmialy binding the titiuim in hydrided foarm) and resutng trith ptial prese.  

The sotwe used to calculate the TPBAR performance paameters is MATHCAD by MathsoA 
Corpomera MATHCAD is a interactive spreadhee which pemit calculaion to be 
displyu ad mnnoated, and which displays the results i a ongoing logical s . In this
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way, axil peak vaiues, such as peak getter loading and peak tritium rslese, can be identified 

The modeling in MATHCAD is based n ex-eactor gettering res and ~pemation 
da, and is supported by some additional burnable ober test data. DOE state that the 
models may contain lge uncertainties for rume situions The uncertainty in modeling test 
rods for some pbhenomena is, therefore, relatively large. These uncertainties re accomnodeaed 

in the co•servatis of the TPBAR design The MATHCAD model 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. This docuentation could consist of results obtained for other applictions 
using MATHCAD and compared with actual operating service.  

rMla COmpwOem OPNrWSe respe asue 

Section 22.5.1 of the DOE report states that het is generated in the TPBAR from two sources: 
the 'ina H reaction in the absorber pellets, which produs 4.8 MeV ofenergy per 
disingration, and gana heating in the cladding, getter, liner, and the pellets. The heating 
from hydriding of the liner is negligible.  

The TPBARs reside in guide thimbles within the fuel assembly, and are cooled by reactor 
coolat that flows up the mulus between the TPBAR and the guide thimble. The coolant in the 
annulus is heated slightly by the TPBAR, but gains signifcantly more heat from the guide 
thimbl, which is heated by gamm radition and heat transfer from the coolant outside the guide 
thimble. The coolant temperature rises from 559 F (293 C) at the bottom of the TBAR to 
62'1 F (327 'C) at the top ofte TPBAR.  

Cemadle of 7TPAIR ltrne Phssurm 

Section 22.5.2 of the DOE report states that the internal pressure of the TPBAR isJetermined by 
the internal gas concentration and the gas temperature. Essentially all of the tritium generated in 
the TPBAR is absorbed by the getter and linr, therefore, the internal pressure is due to the 
helium enerated in the TPBAR. The generation of helium in the aborber pellet results from the 
'Li[aU H reaction and can be equated 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 tht the MATHCAD analytical model is consrvative whn it 
is usd to calculate TPBAR temperatures and pressures.
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umt AIP* C"aY r by fnhrhrlf k, ri-YW.. Cuurs FJwr aud Cmnp 

Secio 2.2A. I of the DOE report saes bm th e TPBAR mst be suicie straight to allow 
i~.aioo a fumel am umd st m aintin dimensional integrity to w rmoval from an 
imrdiatind E tsembly w l excessive force. DOE states that significant bowing of the 
TPBARt i pmeclded by the unif~ of its circumferential tempemraturs g irdiation, 
C nd whh the very ma t creep, madiaion-indued crp, and swd stains 
ide the 1-r s s, tempemts, and neutron fluences encountered. TPBARs re restrained 

by bt guide 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 is Macommodated by the TPBAR design without damaging the 

mpoea t.* Analyses were performed to verify the the 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 the themal, radiion, coolant flow, and creep effects ar small enough not to 
iibit the insertion ofan LTA into an uirradiated fuel assembly or the removal oan LTA from 
an idied fuel assembly.  

Theflow though a guide thimble ontaining a BPRA or a TPBAR is a function of the guide 
le and rod crosd-ectional aea. The external dimensions orthe TPBAR are similar to 

dhoe ofa BPRA; therefor, guide thimbles containing either a TPBAR or a BPRA 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 coot nt flow is 
comidered negligible, considering the ructural strength of the TPBAR.  

CauPsbor dye 74 larad ad Chdqaqe MWr" 

In Section 2.2.6.2 of its report 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 below 1832 F (1000 °C) during ransient heating tests. Specific melting 

a em m for TPBAR coponent marials are presented in the MPH. 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 this DOE concluion at 
DOEs Mah 7,1997. presenation to the ACRS. Tbe ACRS requested DOE to submit 
addiioal evidence to supot t• conclusion. ACRS as also requested information on heral 

'ompatibility of coatings on the cladding, metal-metal interactions, and intermetalic inteactions 
d-ibg designA tsis wacidens 

ACRS provided a preliminry assessmnt dated March 17. 1997. of the metaletal interactions 
and kem calc ineractions duing design basis accides and concluded the dmamprnar 
wudo be high enough so th umetal-metal or inrmetallic interactions would be poble.

NUREG-16072-11



^:-------O 

TPBAR LTA DEsMOm 

The staff likewise crnctuded thite the penrues would be too low to initiae my of dese 
iteractions baed on auminaion of relevant phase diagrams. Nevtheless, DOE has agreed to 

rpond to the ACRS question. The staff will review is infomtion followng its subuittal by 
DOE.  

As a reult of experiece with a irradiation of an iridium cul at the Oak Ridge High Flux 
Isotope Reactor (HFR), the staff asdl DOE to prepre an analysis of the potential for wMa 
logging rture of a TPBAR. DOE has provided its analysis in Section 2.2.6.3 of its report.  

* Potential for Chemical Interatio 

Chemical reactions inernal to the TPBAR include bunup-induced release of tritium and 
moisture fom the lithim alminate absorber pellet, oxidation of the liner, and 
hydriding of the getters. The TPBAR design requires tha these reactions be limited to 
minimin internal pssurizatio with tritium gs and stem.  

Oxidtion of the 316 SS cladding by the PWR coolant is discused in Section 22.1.4 of 
the DOE repot. Oxidatio of the coated inner surfce of the cladding is limited by the 
quatity of oxygen and moisture released from the lithium aluminate absorber pellets and 
reining after reaction with the Zircaloy4 liner.  

Breach of the TPBAR cladding is unlikely. In the event that a TPBAR is breached, water 
is epected to partially dissolve the aluninide barrier, releasing insipif At a mounts of 
AlO, water-oluble AICI3, and other barer constituents. Lithium almhin'u is insoiuble 
in water. A microcopic layer of lithium may be leached from the surface f t absorber 
pellet. However, given the high density and stability of the absorber pellets, a,.J the fat 
that dhey re antained within a getter tube within the cladding, the possibility ofpllet 
dissolution is exremely remote.  

In the event of a sudden temperature transient with a water-logged TPBAR, the low level 
of het generation in the TPBAR would came pressure change to be sufficiently slow to 
allow the inernal TPBAR pressure to equalize with the RCS pressure without furtr 
cladding dmage or ejection of internal m al. Also, the wter wuld not boil becauW 
of the low heat generation ad the increase i hea transfer cused by the replacement of 
helium inside the TPBAR with wter. Radiological consequences associated with a 
postuled breached TPBAR are presnted in Chapter 6 of the DOE report.  

* Water-Logged TPBAR in Dry Cask Sorage 

If a water-logged TPBAR is placed in dry cask storage, there is a potential for a increase 
in TPBAR tempersare and pessure a rsult of internal heat generatio of the TPBAR.
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A o, m a t the •a tr i the TPBAR could boil and cause ovae riation.  
However, h TPBAR generates less tm 3 W of hea 150 hours after shdown. An 

lysis of the TPBAR stored in a dy cask shows that the maximm tempeature 
inmem of the TPBAR du to interal heat generatio is ess than 3 F ad boiling will 
not occur in the TPBAR.  

Mhl Isamei arwnm A hurser PMMs and Chadar 

S Section 226.4 ofits report, DOE stas tht pletcladdi intections do not ocr in the 
TPBAR because: (1) cladding creepdown is insufficient to close the gap between the cladding 
ad the gmer, (2) the ger aecoses the pllets ad thereby restricts pll movement, (3) the 
aular pellets sunoud the lin, which further restricts the movement of the pellet (4) the 

pellets m ar dniooay stable, and (5) design clearances were selected to sure that 
is erece does not occur.  

Felw and Bwu Eqerienc 

I Section 2.2.6.5 of its repot, DOE staes that a review of the failure and burup experien 
during tting of aborbr pellets and tritium tget test rods is provided in Tables 2 and 2.6.  
No faies were obmrved.  

7M4R Camsw mnd hdiAg Tempevsu! s 

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

A tW\ esaN TfS/raddm Tenaper1em Treaw e 

a Section 2.2.6.7 of its report, DOE states that sudden temperature changes durin stup, 
acbowm, or power spkes do not cae significant thrmal or diff ntial thrmal non 
ataes, abecaue the TPBAR component wals ar thin and the component thermal time 
conetants e much less than the duration of the transient.  

On the bais of DOE's calaion test results, and pst experience in DOE operating facilities, 
Ie staff concudes tu DOE has provided reonable assunce t the TPBAR components e 
mlaiUlly, chemicany, and metallurgically compatible during PWR irdiation conditions. In 
a t tio ,th comm l uclear induty has operating experiece with austueitic sinl steel 
cladding in PWR aevin nts at several plants, including Consumers Power Company's 

d plan and h not experienced problems with the staiess steel cldding after several 
y s of service. Tere is also considerable operating experience with austetic stainles stee 
ecor veasl cladding ad austniti stainless steel piping in PWR environments t indicates 

th• asmtic tainless comaponens are compatible with these enviroments.
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2.3 Swrvi ce Program 

a section 2.3 ofits report, DOE staes that an LTA surveillance program is t pl ed since the 
LTAs will only be irradiated for one cycle. Additionally, the curent monitoring program at 

Wats Bar should be abe to identify anomalies if they were to occur. The staff believes that the 
Wats Bar surveillance program should e adequate for one cycle of operation with TPBAR 
LTAs instaed in the core.  

2.4 Tesda sam IMap--t- aPl 

In Secto 2.4 of its repot, DOE states that no special testing or monitoring program is 
necessary. Standard strt-up tests, lux mappig and power monitoring wil be performed in 
con•)uction with Watts Bas operating procedures.  
In Section 2.4.4 of its report, DOE diacusase the visual examination of the TPBAR LTAs after 
their removal from the cor. 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 as long as the stresses on 
structural nemberl eet the mrgis specified in Subsection NO of Section III of the ASME 
Code, the design will be coserative. DOE has presented sufficient analyses, test data, and 
op ing expeence d to give reasonable assurance that the TPBARs will be compatible with 
the vi ment in the core ofa PWR. In addition, thee is a large amount of operating data in
care nd in the primary coolat system that indicates that austetic stainless stees ae 
-empraei with PWR wnviamnent 

DOE presented experirmtal data and analyses which indicate that TPBAR cladding integrity 
will be maini dun rintCondition I, II and Ill. The cladding will likely be breached during a 
LBLOCA at CoditionIV. Te consequences of this breach ae discussed in Section 6.4.3 of 
this sfty evalution.  

During its review of Chapter 2 of the DOE report, the staff identified a number of areas in wich 
the Tenessee Valley Authority will have to present additional analyses part of its application 
for an aundmeit to the facility op igcense for Wats Bar before the staffcan reh a 
co sion of acceptability. hese includ the folowing 

(1) DOE has not addessd the ue of the 1995 Edition of the ASME Code. A relief rquest 
will be required by d hot pla for the use of the 1995 code since the NRC staffhas 
only aedorsed up to the 1969 Edition of the ASME Code.  

(2) DOE has not addessed the onformance of the desip with 10 CFR Par 50, Appendix B 
and NQA- becaue the laddi wasordered to conform to ASTM A T71. This will 
have to be resolved befoe the TPBARs can be loaded into a PWR core.  

(3) DOE has not addresed the issues of the effect of thermal cycling on the coempnts of 
dte TPBAR ad metal-etal and inermetllic interactions during a desig-ba ccident.
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(4) DOE will ned to pem additional documentation to show dth the MATHCAD 
lytal odd is conervative when it is used to calculate TPBAR tempentures a 

p I esae
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3 NUCLEAR DESIGN DESCRIPTION

In Capter 3 of its report, the Department of Energy (DOE) discusses the effects of the tritium
producing burnable absorber rod (TPBAR) lead est assemblies (LTAs) in terms of nuclear 
desin, power distribution, reactivity control, and reload safety analysis. Since the TPBARs will 
replce som of the burable poison rods in the reload core, DO' proposes to demonstrae 
through oping anlyses tht the TPBAR is smil in nuclear chaateristics to burnab poison 
rod assemblies (BPRAs) and will satisf the same nucar design requirements. DOE states tat 
the nuclear design criteria will be assessed in the core reload evaluation using NRC-approved 

ehodooes This chapter investigats whether the TPBARs have nuclear properties similar to 
BPRAs and wet annul ar able assemblies (WABAs) and whether the lithium-based absorbers 
have any ensitivities to gap or farication tolern es that ned to be considered in the relod 
analysis. Chapter 3 also copaes the various neutronics codes - WIMS-E, PHOENIX-L, and 
MCNP - to assess any special modeling sensitivities that need to be considered. The analyses re 
preseated a scoping studies and as supporting evidence for the reload safty evaluation, rather 
thn as a direct assssment of the general design criteria. In ordr to establish the acceptability of 
operatio with TPBAR LTAs in the reactor core, the relod analysis must demnstrae that the 
fJiy remains in compiace with 10 CFR Part 50. This will be verified during the staffs 
review of the Tenessee Valley Authoritys (TVA's) application for an amendment to the fcility 
operatin license for Was Bar.  

3.1 Elbcts o Reaor N ler Dedip 

In Section 3.1 of its report, DOE sta that the TPBAR LTAs will have minimal impa on the 
commercial cor. The primary model used in the ueutronics scoping studies of the TPBARs is 
the WIMS-E ompute code, a twodimensional, multi-group, integral-transport model.  
Although not a NRC-pproved methodology, WIMS-E was benchmr* by Pacific Northwest 
Natoal Labortoy (PNNL) in a study of the light-watr reactor concept for a DOE production 
reactor. The model used design chareristics of 17x17 fuel assemblies and large Westinghouse 
pressried-water reactors (PWRs). WIMS-E was compared to MCNP (Monte Carlo N-Particle) 
Tnmport Code Version 4A for benchmaring purposes. Each code uses an independent set of 
auear crus-ections and different calculation methodologies. The Monte Carlo technique is 
genally considered the mo• t accurate method for compting reactivity. The comparison 
damantres the adequacy of the WIMS-E model of the TPBAR. Therefore, diffe&ences in the 
alulated reactivity ae expected and consdered to be small. The DOE report states that a 

complete three-dim anad model of the host reod core with the LTAs will be performed by 
TVA and Westinghouse using an NRC-approved core design methodology.  

The DOE repart proposes 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 a limited number of TPBARs in any one fuel assembly, by using a 
limited number of LTAs in the core, and by placing LTAs in core regions that are not limiting 
with respect to core thermal-hydraulic performance.  

However, the DOE report does not contain a comparison of the reactivity chracteristics of the 
TPBARs with the BPRAs. Instead, a comparison of the infinite medium multiplication factor 
(.) for TPBARs and WABAs as a function ofburnup is shown in Figure 3-1 of the DOE report.  
In this case, the close comparison between these two designs is a general indication that other 
core design pnameters are also similar. This analysis illustrates that differences are small 
enough to be accommodated within the range of core-to-core variations that are customarily 
handled in fuel cycle design. However, the scoping analysis does not present a basis for ensuring 
tha all core design limits are satisfied. 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 that the TPBARs are functionally similar to the BPRAs.  

3.2 Effects o Power Distribution 

In Section 3.2 of its report, DOE evaluates the sensitivity of flux peaking on pellet gaps and 
fabrication toleances. The revised DOE report states that the impact of TPBARs on overall 
power distribution will be similar to the impact of BPRAs and WABAs currently used in PWRs.  
TPBAR absorber pellets are containce in pencils, which are stacked in a column in the TPBAR.  
The interfaces between the pencils resui in gaps between segments of absorber pllet material.  
Each gap produces a small local axial power peak in the adjacent fuel rods. Gaps are affected by 
manufuatring tolerances, temperatur, and irradiation.  

The peak pellet gap is calculated with DORT, a discrete ordinate transport code. 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. A 400-mil gap in 
the aborber pellet stack results in a relatively small local power peak of 4.5 percent in the 
surrounding fuel pins. As part of its application for an amendment to the facility operating 
licensa for Watts Bar, TVA must demonstrate that the effect of the 400-mil maximum gap on he 
Watts Bar core is acceptable.  

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 a result of TPBAR fabrication tolerances was less than I 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 are not likely to exceed fuel design limits, based on past experience with 
other reactor cores. The staff will verify that the peaking effect, die to 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.
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3.3 Effects on Control Requirements 

In Section 3.3 of its report, DOE discusses the overall reactivity contribution of'Li in the LTA 
and its similarity to that of regular burnable absorber rod assemblies. The staff notes that the 

ost significam difference in the behavior of the TPBAR is the decay of tritium to a strong 
absorber,'He. As discussed in the January 22. 1997, public meeting, the effect of tritium decay 
during a long shutdown near the end of a cycle might result in more negative reactivity in the 
TPBARs than in a comparable WABA or BPRA. The DOE report indicates that the tritium 
decay is being included in the PHOENIX-L upgrade, which is discussed in Section 3.4 of this 
safety evaluation, below. The staff believes that the Watts Bar reload analysis should consider a 
case that assees the maximum negative worth of the TPBAR LTA. This case could be near the 
end of cycle following a long shutdown rather than the usual beginning-of-lif case. Because of 
the number and proposed location of LTAs in the prototypical irradiation, the staff would expect 
the effect to be small and that no limiting conditions would be introduced. However, this will be 
onfirmed during the staffs review ofTVA's application for an amendment to the facility 

operating license for Watts Bar.  

34 Changes in Reload Safety Analysis 

In Section 3.4 of its report, DOE discusses the change in the standard suite of NRC-approved 
Westinghouse core analysis codes (PHOENIX/ANC) to account for the presnce of the TPBAR 
in the core. In a letter dated May 17, 1988, the NRC 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 is one of the 

RC-qaproved Westinghouse core analysis codes, will be altered slightly to accommodate the 
presence of the TPBARs in the core. The proposed changes to the PHOENIX-P code model the 
depletion of Li in the TPBARs, the decay of 'H, and the production/depletion of 'He.  
Westingbouse will document the new version, PHOENIX-L, in a report to PNNL and TVA, 
subject to the mporting criteria imposed by 10 CFR 50.46(aX3). Westinghouse will maintain 
comur software verification and validation files on PHOENIX-L. The staff has asked 
Westinghouse to describe (in a letter to the staff) the specific changes to the PHOENIX-P code 
and the results of the bnchmaing. The staff will review the letter from Westinghouse, 
discussing the changes to the PHOENIX-P code, as part of its review 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 the reactivity 4 a function of fuel depletion. A number of studies compare the infinite 
medium multiplication factor (k.) as a function of bumup for various combinations of 
compmonets. The staff notes that the studies show very good agreement between the codes.  
However, although the comparisons do not constitute a validation of the PHOENIX-L version, 
they do support the conclusion that use of PHOENIX-L does not introduce any significant 
degradation in predictions. The DOE report also indicates that the PHOENIX-L version will be 

bmua d aainst the MCNP code in the Westinghouse verification and validation process.
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335 Summary 

In Section 3.5 of its report, 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 limits will be met. On the basis of this information, the staff concludes 
that the scoping analysis offers evidence th ththe TPBARs and the WABAs are functionally 
similar, but does not present a basis for assuring that all core design limits are satisfied.  

As part of its application for an amendment to the facility operating license for Watts Bar, TVA 
should include the following: 

(1) the Cycle-2 reload analysis; 

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

(3) an analysis of the effect of a 400-mil gap in the absorber pellet stack to demonstrate that a 
local power peak of 4.5 percent in the surrounding fuel pins will be the maximum 
achieved; 

(4) a case that assesses the maximum negative worth of the TPBAR LTA; 

(5) benchmarking of the PHOENIX-L code.  

Since the reload core analysis is not complete, the staff cannot determine whether unreviewed 
safety quesions exist in the TPBAR nuclear design.
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4 THERMAL AND HYDRAULIC DESIGN

Chapter 4 of the Department of Energy (DOE) report addresses the impact of the tritium
producing burnable absorber rod (TPBAR) lead test assembly (LTA) on the Watts Bar reactor 
core thermal-hydraulic design.  

4.1 TPBAR Thernua-Hydralc Desipg 

Section 4.1 of the DOE repor presents the thermal-hydraulic design criteria for BARs. Three 
of the four criteria are the same for burnable poison rod assemblies (BPRAs) and wet annular 
burnable assemblies (WABAs). The design criteria are as follows: 

(1) The maximum TPBAR coolant outlet temperature from 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 I and II (faults of moderate 
frequency) events.  

(3) The core bypass flow through the guide thimbles must be limited to ensure that sufficient 
coolant flow is provided to the fuel rod channels to meet fuel and thermal-hydraulic 
design criteria.  

(4) The TPBARs must not be placed (inserted) in a limiting core location.  

The fourth provision is standard for any LTA. As discussed in Chapter 2 of the DOE report, the 
TPBARs are designed to withstand the same core temperature as other reactor core components.  
As the dimensions of a TPBAR are similar to those of a BPRA, bypass flow in the guide tube is 
nominally the same. Guide tubes in the fuel assembly not used for TPBARs are plugged with 
standard Westinghouse thimble plugs. The total flow through guide tubes containing a TPBAR 
LTA is expected to be similar to flow for a standard BPRA. The argument for hydrodynamic 
stability is also based on the similarity of design parameters. Since the dimensions, heating, and 

echanical characteristics of the TPBAR in a guide tube channel are the same as for the BPRA, 
the hydrodynamic stability is likely to be the same for Condition I and II 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 in the 
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 1 parameters. As noted in Table 4-2 of the report, Cycle 2 parameters increase slightly 
but have not yet been entirely established. On the basis of this preliminary analysis, the DOE 

report states that the thermal-hydraulic criteria are met with the TPBAR located in an assembly 
with a total power peaking of up to 1.42 and with the TPBAR adjacent to a fuel rod with an Fd 

(enthalpy-rise hot channel factor) of 1.65 or less. Since the analysis, i.e., the hand calculations, 
was not presened in the DOE report, the staff cannot conclude at this time that the thermal
hydraulic criteria are met with TPBARs located in assemblies discussed above. The staff will 
review the Cycle-2 thermal-hydraulic analysis as part of its review of the Tennessee Valley 
Authority's (TVA's) application for an amendment to the facility operating license for Watts Bar.  

4.2 Inpact on Reactor Core Thermal-Hydraulic Design 

In Section 4.2 of the its report, DOE states that the thermal and hydraulic design parameters for 
Watts Bar were used as evaluation points to determine if any impacts of the TPBAR LTA on the 
reactor core thermal-hydraulic design would exist. DOE presents these parameters in Table 4-4.  

The staff notes that no parameter of the core design is changed by the TPBAR LTAs, evcept that 
the TPBARs have a slightly higher power than the 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 during Condition I and II events. DOE bases this statement on the 
assumption that the TPBAR LTAs will not be placed in a limiting position in the core. The staff 
cannot conclude, on the basis of the information provided in the DOE report, that the TPBAR 
LTAs will not affect the Watts Bar thermal-hydraulic design, with the TPBAR located in an 
assembly with a total 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 is preliminary, it is the 
host facility's responsibility to determine whether the thermal-hydraulic behavior of the TPBAR 
LTAs located in non-limiting positions in the core represents an unreviewed safety question, as 
defined in 10 CFR 50.59(aX2). As stated above, the staff will review the Cycle-2 thermal
hydraulic analysis as part of its review of rVA's application for an amendment to the facility 
operating license for Watts Bar.
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