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Repor: Nuaber: GLP-S228

Report Title: Safety Analysis Repsrt--Use c¢f H~431 Graphite in Fort St. Vrain
Fuel Elements

Report Date: Decezver 20, 1577

Originating Crganization: General Atzamic CTompany

Reviewed Ly: Reactor Fuels Section, Core Perfirmance Brancu.

Ofvisien of Systems Safety, Marzh 1379.

Summary of csfca1 chcr‘

This tspical repors -cs sutaitted by General Atszic Company (GA) via Tetler
(G. L. Wessman (GA) R. P. Dcnfsc (HRC). Marzh 28, 1578). In that letier we
were roqucs:cd :a review the rt:cr‘ and ceoncur with GA's cpinion that thc

'subs‘1 tien a‘ type “-GST -:phi.o in the Fors St. v-afn (’SV‘ 'ttctar corn

- - -
-

for thc tyse CH‘JZI e -|-°1y *1 -sc 1: acsepiadie. Tho rtasons far ccsxr‘-;

o sutstituta =481 for K-327 g-;;hf.c in FSV were stated T3 be 2s fcllows:

1. General Atomic is contraciually cbligated o supply Public Service
Cempany of Colorado (PSC) with fuel elements.
2. It appeared 3z GA that ¥-327 grachite, the type currently used,

would nct be availatle in the future.
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" thermal Sehavicr cf the ::'c. ‘aned (3) 1:‘ ‘lSu:. 11 -e:u:ud sa’ a:y aar ns er

3. General Azamic Celieves tnas H-231 graghite is superice %8 H=327,
Seth in terms of Zimensicnal stadility unler irradfaticn, as well as strengil.
Thus, NRC's agproval of M=451 gragnite for use in the FSV reacts= was sclicitac
s0 t the reference core H=327 zraphite fuel and reflecisr elements csuld de
replaced with H-431 z=azhite elements curing future relcads; the first potential
substitutisn cauld Segin with relcad "sagment §," curreatly schecduleg for

early 1881,

The tspical reperet was structureg inss three sajor sactions: (1) a perfsrmanca
analysis cf the H-431 elemants, encsmpassing the nu"cnr. shermal, and strucsural

cesign, (2) a safety analysis cf the effect of the H=4Z1 | elements on azcidents

that had been considered in the FSV F3AR, and (3) a susmary cf nateria’l preperty

 data for H=4%) gra:ni:i. -n general, the azprsach used was tc campare the

analytical results based on H-327 graphite with the resulss cbtained with the
assumptions cf H-451 graphite as the care saterial. The objective was %2
demonstrate that H-451 was 2 better stiructural saterial than H-2327 and that )
the use of H-451 woyld (2) result in negligible. changes in the nuclear and.

P,

reifadbflicy cszparec 2 the rt ertncc “-3‘/ C‘Pl.

The core nuclear performance analysis adcressed fuel lcading and excess reastivity,
power distridution, fuel burnup and exdosure, shutdown margins and reacior

contrel, and rod withdrawal accidents. The rod withadrawal acsident was given
special attention decause it {s fcentified in tne FSV FSAR as the werst-case

reactivity initiated accicens; csntrel rod ejection sccicents are net consicered
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elements in the F5V care .e:a.se :hc fapr vcmcn.s in s'-tng:: were more :1&&

credidle for the F3V reaciar anz, therefare, e consacuences of 4 =od elestisn

acsicent are nct analyzed.

The_ccre thermal analysis addressed the fact that the thermal conauctivity of §
H-451 grashite is approximataly a factar of 1.2 greater than that ¢f H-3Z7

graphite. The Detter therma'l canducaivity was predicted % result in 3 smaller >

tesperature Tise 2cmass the grashite wez and in Tower fuel centerline temser

atires. The exsectas redustisn in fuel temperatires was exsected alss =
resyls in negligibie changes in mesaliisc fission procuct releass and 3 recucticn

fn gaseous fission procuct release. :

The graphite structura) andiysis repcr: sectien addresses (2) the ue:ﬁani AE‘
prcpcrtigs ef 4-327 and H=-4571 graphites in a comparative way, (5) stiress
anzlyses for both types of graghite, and (¢) graphite irradiaticrn-induced
¢1ngnsicn41 changes. The H=451 graphite has higher stirength than H-327, but

the H-451 fuel element would have higher i:rvis Tevels. Cesign stress sargins '

po—

were, however, assertad L2 be 1a:rovc" by the inciusien of H°4'1 g*n.phfu

o~

reguired t2 meet the increase in stress.

The tcpfcal repert's "safety analysis"™ saction was used %o examine events and
accidents previously analyzed iIn Cha:.cr XIV ¢f the FSV FSAR %2 determine if
the substitution of H-437 graphite in FSV relcad cores cau1§ glter he con=
sequences of pestulated accidents. Events given 2 re-exaninaticn incluced

fuel elezent "nalfunciicns,® loss of norma’ shutlown c3cling, mcisture inleakage,
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permanent icss of forces circulatisn, ragid decressurization, and the rod
withdrawa] event nentisned aSeve. It was csncluced in She repers that
existing FSAR results of aczident analyses zanservatively beund any pertursa-

tions resulting froa the intrscusticn of H-451 grapnite fue! elements.

Summarv of Reculsss= Zvaluasion

Curing the csurse ¢f our review of GL2-5328, recussts “or acditien
infornation were respenced 3 By GA in writing (Refs. 2 22 8). Our inguiries

and GA's respenses will e incsrporates ints GLS-3332 via amencment.

Our review focussed zrimarily on six aspecss of H-451 graphite performance
relasive <3 H-327 graghite performance in the Fors St. Vrain core:

(1) material repracducidilisty; (2) corresicn (oxidasicn); (3) mechanical ang
physical properties; (3) irradiation-induced dimensicnal changes; (5)
Tission procuct release and transpor:; and (6) post-irradiation examination
and survefllance requiresents. These subiects will be discussed in crder
‘bciov.

-
-,

Grachite Rezracucibilisv = This has been a continuing csncern in HTGR fue!l

systez reviews (Ref. €) beczause (a) the preoperties and perforuance of graghite

materizls are strongly depencent upon the nature cf the precursor materials
and methods used in manufacture, and (b) the grachite used in FSV is nct manu=
factureg by General Atzmic. Graghite grades #=227 ang H=4%) are sanu?aciures

Sy the Great Lakes CarSen Carporation; conly the machining and fuel loacing of
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goef¥icient of ﬁe-1a1 exzarsien (CT2) of ca!c:1a.c‘ coxe samsles. The CTE

s=e as=fasricatec graznite Sicsks are perfsmes oy General Atszic. Acssreingly,
we 2sked GA %2 indicate how acezuzte assurance wcull Se providea that (a) the
H=457 grazhite %2 De used in future F3V relocads is the same 2s that subjected
o the qua1{‘1cx“on test pregraam, and (b) if cdifferent precursors or fabrication
pariseters were used for futire relcad materfal, the saze (or predictadle

-

changes in) praogerties and tnermal/irradiaticn changes wouls be cStained as

wish the test-cualified material.

The majer thrust ¢f the response %2 his questicn (see ~-siponse ¢ 2221.11)
was hat, for FSV relsac segments, the H-451 logs will Se manufactured frem
near-{sctiropic coke taken frza the same bastsh et u;eﬁ fsr the manyfacture
of a preprocucticon let that {s used as a standar? for production of the FSY
rntoaﬁ elezents and that is %2 De used for future H-435) preduction. This sase
prepreduction 1ot has alse been well characterized for propersies and irradiation
Sehavicr, anc the cata citained are used in the design cata package for the
H-451 fuel elements. The H-4S1 purchase specificaticn further assures repro-
ducibilfsy ef coke s:-u:°~ro by requir1ng the fabrication and testing of the
test methed is specifiec (Ref. 7). ‘Hus severai stess 2are taken o ensure
that the sane ccke will be used in .nc futyre F3V relcac H4-487 ”uh‘u blecks
as was used in the H-451 gualificaticn test program. In acdition, the H=43)
purchase specification regquires that the binder sheuld be a ¢33l tar pisteh of

the saze Type used T3 manufaciure sritatype, preproducticn or production logs of

H=431 graphite and that the imgregnant shall Se a type cersified %2 the purchaser.
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We, therefore, csongiuge what acesuate assurance has Seen provices sancerning
the reprsducisiiity of the w=421 graphite for FSV, s3 Tong as the precirsor
saterials and processing remain unchanged. Should the precurser aa;cria1s
or fabricatien process be changed, however (for exampie, should the current
near-iscircpic coke supply Se exhausted, theredy necessitating the precuctien

of 2 new batzh with potentially ¢different cualities), we will require GA %2

"provide evidence ¢ supper: the perfcrmance predicticns far the grisnite

elements produced frea the altered zaterials or proceass parametars.

A secondary cencern regarding the effect of fabricaticon ;rocass en material
perforzance inveivesd the method used %3 fadbricate the fuel rads that are con-
t2ined in verzical holes crilled intz the hexagenal g-x,ﬁi t2 fuel Slocks. Twe
processes have been Zeveicped: (1) an out-of-bleck forming and curing precsess;
and (2) a cure-in-place process, scmetimes called "in-5lock carssnizatien”.

The cure-in~place process can result in a stronger bend between the csated
fuel particles and the fuel rod satrix; this has been cbserved %2 cause tears
fn the cuter pyrocarbon coatings due tu differential {rradiation-incuced
shrinkage. Cn the other hand, the sure-in-place process fmprives teat transfer
between the Tuel rsC anc graphite :fczk Secause he gap is lesec curing the
cyring precess. In response %0 our &uast1on (Q231.15), GA .ndicazed that the
cure-in-place process was not deing csnsidered at this time for the fue! rods
o de used in the H-451 fuel elements, and that {7 the cure-in-place process
were 2 Se acepted in the future, & separate safely cnalysis and repers weuld
be submitied.
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Grashite Screegizy = This subjecs s imperiant froa the stancscint $f neas

generation, zracustiizn of Masaadie gas aixtures, sotential fissfon procuct

release, Surnasle pcisen oxf:aiicn. fuel particle hydrolysis, and effects on
graphite physical and mechanical praperties (and petential effect, therefore,
on core integrity). OQur review focused, ¢n particular, on the cata Sase “eor

H=451 grazhite, the effect of catalysts on H=451 graghite coxidaticn rate, and

@ general cimparisen of She effects of He4S1 versus M-327 grachite oxicatien

cn csre perfar-mance. One ~eview gquestien (S221.10), 7for examsle, accresses
he effect of grazhite type on the riagtion rate as & funstisn cf percsent
graphite burto??; this guestion alsc adcressed the sverall effect of He45)
graghite cxicaticn rate on the predicted acsident :zascéucn:ns giscusses in
the report safety ana'yses. Ancther guessicn ((231.77a) accressad the
relaticnship Setween graphite reaction rate, fuel hydrelysis rate, and

essociated releasa of ncble gas fission procducts.

The respenses 2 the abeve guesticns are éan:ainc: in reference 2. Experi-
mental 4ata on 2 variety of graphites were cited as evidence that the chemica!l
reactivities e¢f r=<5) an:»H—Z;? ;rq;n1:us are similar. Perametric calcule-
iion; were perferaes 3 cetaraming the sensitivity of the exicatisn effecss
(hydrelysis rates, for example) %2 the csolant cancitions (sueh ¢ wyre
Tevels). The resulss of these falculations are cocumented in refers - 4.
Resulis of the parametric calculations showed that a factor of ten increase in
reaction rate decreasad the ncble gas release cue %2 hydrelysis By 15X, wnile

4 threefoll cecrease in reacticn rate increased the ncdle gas release By adcut
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26X, These are relatively s=all eff e::s when S3mpared 32 the assumed sroaresfe
magnitude change in reacsicn raze. The %%l amcuns ¢f grasnise cxigized
shrsughout @ siaulatec reacisr steam ingress acsicent, calculated using the
OXIDE=3 computer cada (Ref. §), varied by atout a fazisr of twe for a tenfsle
change {n reaction rate (sur OXIDE-3 review conclusicns are reperted in

reference 10). We canclude, therefore, that the sudstituticn of H=451 graghis

.-~

- for H=327 grashite in the FSV csre will not significantly alter %he sxicasion

characteristics and consegquences 2s predicted in the FSV FSAR.

Mechanical ang Shvsica) P-cserties ang Siress-St-3in Relaticnghiss - Sectisn &

of the tspical repert listed the materials property 2a%a for both the He4S)

and ¥=327 grachites. Our review cancentrated on the H-4%] sraphite data tase,
the cazarisen cf H=431 graghite properties with those for =327 graphite, and
the en-geing and planned experimental program. Those mechanical preperties

hat are identified in GLP-5Z88 as the cnes that deterzine the element siresses,
tress-stirength margins, and elenent deformatiocns zre (1) medulus of elasticisy,
(2) :ansili s:r;n;th. (3) creep preperties, (&) irragiaticon-incuced dinensicral

changes, (3) thermal expansion, and (3) therma' conducsivisy. As zars ¢f our

review, we askez CA (Q231.8) <2 {1lustrate the relative imgsrtance 3! these

properties 2 the zalculatics 27 the ascve parameters. [Cimensicnal changes

are discussed separately below.

GA's response was in teras of the effect of material propersy shi-ges at the

tioe of maximum stress, for Doth cperating and shusdewn candisions, and at =i

tize of maximum cimensicnal change. This apprzach was followed decause ¢” he
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saplexity ¢f 2he effecs ¢f astarial -r'po"v variasicns sn stress, Sesign
sargins, esz., f.e. the effect of any specific variaticn is cesencent L32n The

interacsion with varicus other preperties which vary with time. Thus, the

- maximum-cperating stress was reported 2 ocIur at lermc cays and was cue T8

startup thermal stresses. AL that time there are nc creep effects, and any
nange in creep parametars, therefsre, has nc effect on stiress and stiress
gargins. Although, as incicated ia reference 3, 2t end of 1ife ia the element,
a +25% variation {n She steacy-stata crees coefficient zan resylt in 2 <382
ingrease iq_ii?i}t:i:; stress, =he cperating siress at this time 15 recortec
to be sufficiently low that even this 32X increasa prscuces 2 stress cf enly
cne quarter the stress curing imitial startup. We, therefore, conclude, Sasec
on a caleulation of the maximum stresses during ncramal operation and using the
available H-25) sroperty data, that there s reascnable assurance that the
H=457 graphite element cesign will accommodate the maximum stiress with acegquate

margin.

As incicated o;rlicr. the off-ncrzal case that produces the maximum graghite

siress (negiesting, fsr the zcament, seisdtic considerasions) is the saximum=worth

red withcrawal evens. This event procduces the greatast tezseriiure ¢ fferences
across the wes Setween fuel and coolant heles and, therefcore, results in the
G?Ql!lsé thermally induced stress. However, as indicate2 in ihe response t¢
question G231.8, the H-4%1 fuel elements retain considerable margin (~ 1280
psi and ~ 1180 psi in the axial and radial directicns, respectively) for .nc
worss case 22 withdrawal. These margins are greatas than “hese caleulated

far the H-327 graphite elements (~ 100 and ~ 700 psi, ~espectively).
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The adcve-discussed zaleulasicns ¢f coerating and shussswn stress anc ssrain
distritutions were Serforaed using the ssmputer pregrams FESIC ane SAPY/
GRAPHIT, which were used n the Zesign and analysis of the 7SV infsial zsre.
As ncted in cur evaluatisn of the FULTON plant (Ref. 11), we hac not yet
reviewed FESIC or SAFI/GRAPHIT, and since these cocdes have been susercazed by

pore rt:cn: csdes, we sti1] have nct reviewed them. FISIC and SAFZ/GRAPHIT

" have Deen cross-checked, however, by hand cilculatiens and camsariscn with

these newer S:3Ces. Therefore, we find tnat the use cf FESIC and SAFS/GRAPRIT

are acseptadie ‘n this aspliczatien.

Regarding the acguisition and current avaflaSility cf H=3%1 graphite mechanica)
and physical preperty cata, 2 zansiceradble begy of such data exists, 3s shown
in section 4 of GLP-328. This infsrmaticn was generated for the mast pars
under DOE-funcec programs. The details cf the %est procedures and results

are provided in the quarteriy progress reports on the "HTGR Fuels and Care
Developzent Pragraa.” These quarsarly n:-or:s are sucplemented by extensive
summary reports. H-457 graghite property measurements are cantinuing in
certain areas (nctadly, creep), But the data acguisition schecule has Seer
stretched out Secause of the redirecticn of the HTGR csmmersializatisn effors
in recent years. The creep tasts on H=451 grapnite will not Se sompieted
until Tate-1882, whereas H-451 graphite relcad segments could be placed in FSV
Sy early 1881, The creep tests will lead the F5V elements in ir~radiatien
exposure, however, so that full-expesure creep cata will be availatle sver tne

range of temperaiires expectied in FSV (see GA response to $231.27 (Re?. &)).
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We will require Ganeral Atzaic 32 provide Simely ressres 2a she res.lss and
future test profecticns for the H-431 grashite test program, which includes
not only creez tests but cther mechanical and irracdfation tesss as we!l.

With regard to sefsaic stresses and analysis and their relationship o H=381

0
mechanical greperties, GA indicated in resscnse 3 our review guesticns thas

" H=4351 fuel elesents weuld De expected t: see increased seismic lcading cemsared

with H=327 because ¢f H-451's higher elastic modulus in the racial cirection
(see moculus cata in report tables 4-3 and 4-8). Using simpie scring/mass
relations, M-431 fuel element impact forces were expected 3 De 30X greater
than that cf 5-327 elements. Zecause H=451 fue! QTGSIH;J have scre than €%
higher radial strengih, however, the seisaic structura) camage pctantial for
H=457 elements is less than that for H=227 elements. The methed of analysis
used to determine the seismic stresses in the graphite fuel and reflectisr
elements was essentially the same as <hat used for tre FSV FSAR. Testing of
full scale structures under simulated sciiaic Toadings have alsc been zanducted
to substantiate the strength of the fuel elements. We conclude that acecuzte

.

assurance has Deen provicded that tne H=457 grachite elements seisaic resgonse

s at least egual %3 or Zester than that of th reference H-327 elesents.

The fatigue beravior of H-451 graphite {s acdressed {n the topical repert in
terms of the homologous stress, which {s cefined as maxioum agplied fasigue
tress diviced by tansile strength. In response %2 staf? quessien §130.1, GA

asserted that deth primary and secsndary thermal) leagings are Selow the
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hemeiogsus stress limits, and that no fatigue amalysis was ac:e;sa-y. weree
fore, 73r the H=337 elements. The response =2 @ suhsesuen® quessien (R13C.2)
en the relaticnship of hemologous 1izits <2 percent survival indicases thas
beth secsndary and prisary Tizits have bDeen czlculated %3 Se weil Belew the
stress liaits for 96% survival. Cyelic fatigue Sehavicr 2f near-isctrepic

graphita s ciscussed in detail! in reference 12.

Jrragigticn=facuced Dimensicna’ Changes -~ Irradiasisa sf graghita causes

camage on an atcmic scale (lattice defecss) tnat s zani‘ested in Su'k ¢imensicnal
changes which vary as a funciicn net only ¢f irradiatiss temperatire and
fluence, Sut whizh are alse affec:aq_ty araghita steuctural varizsles. A
factor that usually deteraines the usefulness sf 2 graghise in reactor cesign
is the maxizun radial centraciisn, which influencas the stasility of a grashite
stack. Ancther fagisr that recuired consideraticn in cur review was the
dimensicnal compatibility of H-451 graphite elements with E=227 elements since
enly one-sixth of the core would Se rcp1accd at each refueling. In adeitien,
Secause ¢f the current theories relating the power fuctuations in FSV %o gag
sizes Setween “uel cS3lumns and regicns, w; recuires an assessment ¢f the
petential for cimponent camage shat aight de caused Sy gap flow-inducec mesisn
and accsunting for the 2ifferent dizensicnal change benavior c¢f H=3$51 and
H=327 grazhites (see Q231.85).

in respense T2 our questions regarding .nc effests of {r=adiatisn-induces
dizensional changes, GA pointed sus the following persinent facas: (1) The

transition &3 H-437 graghite fue) elaments will take ;lace cn 2 regicn-i3-

-— -
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preducs Srirspsrs frem fafled fuel parzicies is Shus & multiesteas pracess

which 15, in zare, & funceticn of <he ssrptivity and ¢iffusivity of the fission

precuct in gracnite.

- -

In GLP-3288, GA claimed that the fissicn pracuct retention characteristics of
H=4S1 graghite are similar t3 H=327. In general, however, most of the fissien
" product transpert cata have Seesn chiained cn the current reference H-327
grachite, nct sn H=381. In scme cases, no :z:a'cxist for H=387; o= exanmgle,
there are nc cata or the diffusicn cf strentium in H-43] grapnite. We,
therefore, asked GA <5 provigde acdgiticnal supsort for their claims regarding

fission preduct transpert in H=451 graphita.

GA responded with scme previcusly unpublished cata (en serptivity of cesium en
H=327 g?lphita; see response %9 §231.12). B8y csmparing cata in terzs of
general fit funciions (Fig. 2 of respense %3 (231.12), they showed that there

was no significant difference in serptivity of Cs on H=327 and H-45) graphites.

Oata on serptivity of strontium on H=327 grasnite {provided in Tadles I through
II1 of the GA resgensa) were comsared with cata on H-451 in Fi;.VT cf GA's
respense o sNow hat there is reascnacle agreement tetwesn the scrpiion
isotherns for H-327 and H-4S1 grepnites. Although nc cdata exist ocn the dif-
fusion of Sr on H-451 graphite, data were presented (Tadle VII ang Figure 3 of
GA's respense) that indicated that there is nc dependence en grazhite tyve.
These and cther results discussed at length in GA's resgonses S: guestiens

Q231.12 and Q23:.22 lead us %3 canclude that there is reascnadlie assurance
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that fissfcn pracuct transsers Sehavisr has Seen mcde’ed sanse-vatively. As

indicated n the response =5 (231.22 b, for exasple, even {7 the (5137

source term {s increased by about a facisr of seven, the two-nour exclusien=

area-doundary bone cose for FSAR “Jesign Basis Accicent Ne. 2' (Rapic

. ———— -+ - = e
-wq”'

Oepressurizaticn 2lewdown) is increased by only adout .8 rem. This is g2i11
well below 10 CFR 100 liaits and is the enly 2ose significantly affected by |

- the hypethetical increase in Cs inventsry.

Post-I=-aciation Sxaminatisn and Surveillance = Although Shere is & ssnsic-

|
: eradle bedy of experimental cata concerning the behavier of H=437 graphite, ;
surveillance, incluging interiz and post-irradiation examinations, is required

te canfira the safety analysis of any new fuel design feature. 'We have in

———

recent months issued several pesiticn statements regar<ing surveillance anc

‘ PIE of Bboth test and reference fuel in FSV; e.g., Refs. 14 and 15. These ; E
' statements :ddress, fn part, the planned iasertion of eight test elements
(Ref. 18), F:mposod of H-4571 graphite, in relcad "segment 7" (currently being : ! '
Toaded ints tht.rtcc:ar during the spring 1578). Although we had no formal ; ¢

g surveiliance requirement for the eight tes: elements as a cancisien of his

| inserticn, we have ncted (Ref. 14) that safety aralyses supperted Sy resulis

—— -

of such past-irraciaticn surveillance may Se rejuires for future lcacs of “uel

of new cdesigns. Thus, before final appraval ¢f future relcads of H-485) graghite

e e cmam— e ——

can de granted, we will.regquire (2) results of surveillance exazinations on
the eight H-451 test elements, and (b) a commitment %3 perfarm I an fusure

Targe-scale H-431 relcac elements. With regard %2 the eight test elements

- «w mw - e
s — b —— | ——

. -
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FTE=1 tarough Fiz-8, the curmently slanned CCE-“uinzec post-irsagiaticn pragrin
cescrited in Amenczens 2 (Aspendix A) of r~eference 15, sheould srovice a cone
siderable amocunt of confirsatory information anc should provice sufficient

i

{
infaraatien for licensing purposes. : ' } [

H

|

Rezulatary 2gsfision

| " We have completed cur review ¢f t3pical report GLP-53228, which s intenced %2
serve as a2 re'erence ¢ provice the Sasis for 2l1lowing the substitution ef

near-isctirepic H=457 grachite fuel and refleciss elements for 2he currens

' needie~cske K=327 grapnita elements in the Fers SS. Vrain reacssr. In our ; ?
evaluation we focused prizarily on six aspects of E-451 grachite performance f t

relative to H=327 graphita performance in the FSV care: (1) graphite reprodus~

1b111ty; (2) cerresion (oxication); (2) mechanical and physiza) preperties;

(4) irradiaticn-induced dimensicnal changes; (5) fissiecn sroduct release and

sranspors; and (€) ;es:-{rracfitton exazinaticn and survefllance reguirements. |

‘ Based cn cur og}1uation cf the information provicded fa the t3gical report and § *ﬂ
!

the responses to ocur reguests for additicnal infsrmasion, we conslude thas .

rezsonable assurance has Seen provided that tne substisutisn ¢f H-43) ‘for

-

B=327 grazhite elements in the F3V care will (a) resuls in negligibie changes

in the nuclear and therzal benavior of the care, and (5) will not resylt in o

reduced szfety margins or reliability compared %t the reference H~327 core.

-———

Because cata acquisiticn cn H=45) prope~ties and therma! irraciasion perfora ;
ance is ongoing {via DCE-funded programs invelving test-reaactor irracdiations

and test eledents %o Se irracdiated in F5V), we will require, as pars of anry

!
?
l
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future 2zzlicaticn for insersion of melzad S-42) elements, that Zenerz! As
Cempany provize timely reperss con tast resulss invelving =231 grazhize.

Specifically, we will require that reporss De pravized on the resulss of (a)
the cn-going frraciation creep zrogram and (b) pest-irracdiation exaninations
and survefllance on the eight H-451 elements that are Seing ‘nserses as pa=

¢f relsad Segrent 7. In adaitisn, sheuld changes te mace in the cske cr

metheds of fadricatfon of the K-437 graphite :;c.ks. we will resuire GA <3

provice evicZence %2 syuszert the zerfsrmance srecziciicas far tne crazsnis

" R s "M -iieow

elements pracduced from the alteres =mzzerials ar srocess paramesers.

This evaluaticn azplies snly o H=431 jraphite %2 De used in the Farz St Vrain

reacisr, Decause the analyses were jerformed in %erms ¢F “he transien
aralysis for FIV and the comparative effect of H-437 versus <he F3V refarence
H=327 ;riphitc. A segarate analysis would be requirec far any application zf

H=451 graghite in a high temperature :as-c:c»nd reactsr having 2 design
dff?tring frem Fors SL. Vrain's.
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