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in thermal margin of CPR Detween these two designs. Und.ss otierwice ctates
the foilowing evaluations apply to the enalyses presentes im both Reterences
end 2 for Doth 9x9+5 designs,
3.0 FUEL SYSTEM DAMAGE

The design criteria presented in this section should not be erceesed
during normal operation, Iincluding ACOS, Under each damage mechan-cm, trere
15 an evaluation of the analysis methods and analyses used by ANF 10 demone
strate that the design Criteria are not exceeded during norma) gperst on

including AQ0s, for buth 9xU«5 designs in References | ang

(a) Stress

Bases/Criteria « In keeping with the GOC 10 SAFDLs. fue! gamage criterip
should ensure that fue) system Qimensions rema n within eperatiors t2ler nces
and that functional capabilities are not recuces below thote assured n tre
satety analysis. The ANF design criteria for BaR fue’ ¢lacting siresses @
presented in Table 4.1 of Reference 12 and 'n Table 3.3 of References 1 ang 2,
These criteria are consistent with Section 111 of the ASME Lo ler ans Pressure
vesse! Code (Reference 13) and the guice)ines estab) shes in Section & e ot
the SRP (Reference €).

The ANF cesign criteria for BWR fue! assembly component stresces are
provided in Section 2.1 of Reference 12 and Section 3..1.]1 of Reference: |
and 2. The ANF criteria for fuel assembly stresses are consistent w. th
section 111 of the ASME code and the guide)ines estad’ ished in Section .2 0f

the SRP,

The ANF stress criteria for fue! rod clagding and as
have been approved by NRC for previous BeR designs o
levels (Refe<ences 3 and 4) ano are alsc acceptadle
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Evaluation - The ANF methods of analysis for evaluating fue! rod ¢
and assembly steady-state stresses are discussed and apnroved for an
to BWR fuel designs in References 3 and 4, These methods are a'so 4
for the 5x9-5 design,

Table 3.3 of References | and 2. The assembly stresses are Quo
‘essentially the same as those in the standard ANF 919 des:

provided in Reference 3, These results demonstrate that th
assembly stealyestate stresses are below the ANF stress
components and, therefore, are acceptable for the 9x0.5

The results of the 9x§-5 cladding stress analyses are prese

(b) 3train

Bases/Criteria « The ANF design criteria for fuel vod cladding strain is
that maximum uniform hoop strain (elastic plus plastic) shal) not exceed 1%,
This criteria is intended to preclude excessive ¢lagding ceformation from
normal operation and ACOs. This is the same critericn for clagging strain

that 18 used 1n Section 4.2 of the SRP (Reference £).
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the 0'Donnel | and Langer fatigue curve (Reference 21). The RODEX2 s2o¢
vsed 1o provide initial steady-state conditions for ANF transient ang
analysis, Consequently, the RODEX2 code provides fnput 1o the RAMPEX
each power change, and RAMPEX provides stress amplituces for the var
cycles:, This methodology has been found to actount for datly load o) ow
thus, agditional fatigue load cycles that may resu’t from extentes burnup
cperation. This methocology has been acceptadle for previcus BWR gesigr
(References 3, 4, and 5) and is also acceptable for the SxDes gesign uo to the
requested extended durnup levels.

= W
o

ANF has performed strain fatigue calculations for the 9x%«f desinn
the above andlysis methods and the cuty Cycles summarized $n Tavle 2.4 ¢
References 1 and 2 for transient operation., The RODEX2 power nistory inpy
for steacdyestate operation s proviced in Figures 3.3 and 2.4 of Reference
and 2. The allowadle number of cycles for & particular ¢ycle 'ca3ing was
determined from the fatigue design curve of 0 Jonnel) ang Langer. Tre
calculatea COF for the 9x8-5 fuel design up t5 the durnup leve's reguested is
well below the design Yimit (Section 3.4.% - Jeferances | ang 2), Trherefore
we concluce that cladding strain “2tigue 1s 2igeptadle for the SxPe8 gesigon oo
to the extencded burnup levels requested in tnese topical reports,

Einn
- N
'
*
-
¢
-

(d) Frettin

Bases/Criteria « The ANF design basis for fretting wear is that fue) rod
fatlures due to fretting shall not occur. Since the SKP does not provice
numerical limits for fretting wear, and since ANF has addressed fretting wear
in the design analysis, we conclude that this response to the SRP guide ines
16 acceptable,

Evaluation « ANF has indicated (References | and 2) that fretting wear is
insignificant for their fuel designs at extended burnups because of the lack
of any significant dependence between fretting wear and exposure time from
bath inereactor and out-ofereactor tests on ANF fuel assemblres., In order to
support this, ANF has ingicated that examination ¢f ANF assemblies ‘rragiates
to extended burnup levels have shown no significant wear, The outsofereactor
tests have shown that the residual spacer spring holding force can be ouite
low without resulting in fretting damage to the cladaing. The 9x3+5 desion
has utilized the same spacer spring design ang holging forces as those for
previous ANF designs; therefore, ANF concluges that this design wil) also have
very 1ittle fretting wear, From this, we conclude that ANF has satisfactor: )y
demonstrated that fretting wear will be acceptable for the 9a9e8 fue) cesign,

(e) Externa) Corrvosion and Crud Build

Bases/Criteria « The ANF fuel design basis for cladding corrosion and
crud buildup 1s to prevent 1) significant degradation of ¢ladding strengtn,
and 2) unacceptable temperature increases. GSecause of the therma) resistance
of corrosion and crud layers, formation of these progucts on the clagding
result in an elevation of temperature within the fuel as we)) as the ¢laiding.
ANF uses a cladding outer surface temperature limit for corrosion that is
specified in Reference 5 for BWR fuel,






We conclude that this analytical mode) is &)so accentabe for arn)ic

the Sx9+5 cesign at the requested burnup leve's.

The ANF rod bowing calculations for the 9xfes CesigNn Show that there it
small MCPR penalty for the large diameter rods at relatively nigh burnyp
levels. ANF has noted that this MOPR pendity will have no nractica) cone

straint on actual reactor operation because the 9xPel fue' assemd!

nigh burnup levels wil) resylt in fissile materia) burnout whigh w it
the rod power for these rods below the MCPR 1imit. we cone ule that the
results of the ANF fue! rog dowing calculations for the $xB.f cesign are
acceptabdle,

(9) Axial Growth

Bases/Criteria « The ANF design criteria for axia’ Irradiation growth is
that the fuel rods must be properiy engaged in the fue' assent y structure @
the fuel assembly must be compatible with the fue! channe' ang fue! assemp)y
SUppoeris in the reactor curing the design ‘ifetime, The CONCErn tor Za
assemblies 15 to maintain engagement Jetween the fue' rod end Cap shank and
the assembly tie plates, 1.e., t0 prevent fue! roc Cisengagement from the tie
plates. The change in BWR rodetostie plate engagement (angd 2o0ssible Cigs
engagement) 1s due to the growth rate of the tie rogs that connect the bHottom
and top tie plates being greater than the growth rate of the fue! rods, Tre
above design criteria for axia)l Qrowth 15 COnsistent with the SRP guide)ines
ang, therefore, s acceptable for application to the Gxies design,

Evaluation « The ANF analysis method for evaluating rodetoetie plate
engagement 15 based on fuel rod and assemd)y growth measurements at §1g Rock
Point, Oyster Creek, and Barsebeck from 8x& fuel assembliies., The ANF anal,
of rodetoetie plate engagement for tne 9x9+5 assemdly nas shown in Tab'e 3.8
of References ! and 2 that the rods remain properly engaged in the assemh'y

tie plates at the requested extenced durnyp levels,

Assembly and rod growth measurements have recently been made on Ox0 Lead
Test Assemblies (LTAS) up to within 16% of the maximum exposures requested %o

the 9x5«5 design (Reference 11). These axia! growth cata from the Ux§ LTAs
have shown 2 substantially lower growth rate than thoce predicted by the ANF
axial growth mode) for the 9x3.5 aesign, For example, the measured 9x9 LTA

- A

rod engagements were a factor of I greater than those enjagements prec ctes

for the 9x9-5 design at equivalen burnup levels, 1.e., the measurements show

a factor of 3 more engagement of the fue) rods than those predicted n the ANF

analyses. This demonstrates that there ig consigerable conservatisms in the
ANF analyses of rodeto-tie plate engagement, and provices asscurance

.-

that rode
to-tie plate engagement and compatidility with reactor internals wil! be
maintained for the 9x8-5 assemdly up to the requested extenced burnup 'eve's,
Therefore, we conclude that axial growth 15 acceptadle for the Sx9«5 design,

(h) Rod Internal Pressure

Bases/Criteria « Rod interna) pressure is a driving force for, rather
than a direct mechanism of, fue! system Camage that cou'd contribute o the
loss of dimensiona) stability and lacding integrity. Section 4.2 of the SRP

-
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we conclude that the 9x5«5 ges

-

1gn 15 acceptadle with respect o sssenmt

vw GooCTTV Yy
Tiftoff forces up to the extencesd SUPTLD Teve's requested ‘N this rey ea
4.0 FUEL RCD FAILURE
Fuel rod faflure thresholds ang methods for andlyzing the failure
mechanisms listed in the SRP are reviewed in the To! 'owing. when tne “aiiyre
thresholds are applied to normal cperation ine'us ng ARDS, they are uses as
IMits (and hence SAFDLS) since fue! failure uncer those cCongitions snolz not
occur according to GOC 10 (Reference 7)., when the threcho oc are used ‘or
postulated accidents, fue! failures are permitted, Dut they must be actountesd
for in the dose calculations required by 10 CFR 100 (Refergnce & The bas‘s
or reason for establishing these failure thresholds , Thus, estadlisneg by
GOC 10 and 10 CFR 100. The thresholc values, and the methocs yted 1o ass.
that they are met, are reviewed in the following.
(a) MHydriding
Bases/Criteria « The releuse of hydrogencus impurities inside the fue
rod can result in premature cladding failure due to the *omation of ydrige
blisters and reduced duCtiiity, Hydriging, as a ¢lace ng fatlure mechanige
15 precluced by controlling the leve! of moisture ang other hygrooenoys
Impurities during fuel pellet fabricatisa, The ANF faor catior :
(Reference §) for tota) hydrogen in fua) pel €IS 15 more stringent than the
ASTM 1imit ¢ited in the SRp anc, thus, is acteptable for applicatien to the
9x9-5 Ccesign up to the extended burnup leve!s requested in th s review
Evaluation « The moisture ang nydrogenous impurity leve) of ANF fue)
pellets 1s determined by taking a statistical sample of the fairicated ve! ets
and measuring tota) RyGrogen content to ensure that it s be'ow the ANF imis
Clagding failures due to excessive moisture in the tuel typically cecur earlys
inelife, Because ANF has not experienced any significant fue! failures cue *o
hydriding in past ANF fue! designs, this method of testing the impurity 'eve'
of ANF fuel pellets is found to be acceptadle for the 5x8.5 fue) e gn. we
conclude that ANF has provided reasonad e assurance that hydriging, as a fue'
fatlure mechanism, wil) not € significant for the Ox0.t design up to tre
extended burnup requested "n this reviéw,
(b) £ladding Collapse
Bases/Criteria « If a+ a) gaps 1n the fuel pellet column were to sccur
due to fuel densification, the clagding would have the potentia) of ¢o)lapsing
INto a gap, f.e., flattening, Because of thn large loca! strains that would
result from collapse, the ¢ acding s assumed %o fail, ANF's design ¢riteria
for preventing cladding collapse 1s to maintain » radia) gap large enough to
prevent pellet hang up and, therefore, axia) gap tumation,

criteria has been reviewed ang
06, Revision | (Reference $).
cladding collapse 1s &lso appl

Evaluation « ANF uses the
(References 18 and 22) to pregy

-

1§ design
accepted by the NRC in the review of ANeNFeB2e
we conclude that ANFs design criteria for
Cable to the 8xP«5 gesign,

~A BARE YDA ad PAA AN AR
approved RODEX2A and COLAPX codes
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For AQDs, ANF uses the RODEXD (Reference 15) and RAMPEX (Refersnce 20

coces to calculate maximum possible fue) centeriine temperatures with
nistory at least 120% greater than the Steadyestate LHGR history useg Tor
normal operation., The rog POWers versus Durnup curve 1n Fip 3 oY

Ser® J:¢ O
References 1 end 2 represents ANFs bounding rod powers for wxde8
transients from 100% power. ANF has ingicetes (References 1 arg 2) that ¢
results of the RODEX2 andg RAMPEX calculations, using the power histories in
Figures 3.2, 3.3, and 2.4 of References | and 2, have shown that fuel centers
I1ne melting will not occur for the Gxge Cesign, Based ¢n the above
analyses, we conclude that there is reasonable assurance that fue
centeriine melting will not occur in the $x9«F fue) guring norma)
and AQDs up to the burnup levels requested n this review,
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(e) Excessive Fuel Enthaloy

Bases/Criteria « The SRP guice)ines for & severe readtivity initiated
accident (RIA) in a BWR state 'n Section 4.2.11.A,2(1) that t 2erd or Jow
power, fuel failure 1§ assumed to occur ¥ the radially averaged fue! rog
enthalpy is greater than 170 €al/g at any axia) logation.' The 170 ca 0
enthalpy ¢riterion is primarily intended to acdress ¢)acc rg Overheating
effects, but i1t also indirectly addresses pellet/c’ ¢8ing interactions (PL!
of the type associated with severe RIAs, ANF utilizes this SRP guige'ine for
evaluating fuel failure due to excessive fue! enthalpy and, therefore, this is

acceptable for the 9x9+5 gesian,

Evaluation « ANF performs a detailed analysis of the BWR contro) rod dros
accident using the methodology presented in the NRC approved report
19(P)(A), Volume ! (Reference e5). We concluce that the ANF ana
for evaluating fuel failures due to excessive fue enthalpy from
Crop accident for zero power core ¢ongiticns is acceptiLle for th
design,

(f) Pellet/Cladding Interaction

Bases/Criteria « The design criteria 14 section 4,2.11,A.2(¢) of the SRP
for mitigating PC! fue) failures are: 1) clagaing uniform strain sha'l not
exceed 1% during any ADD, and 2) the fue! centerline temperature must remain
below the me1ting point of the fuel. Eoth of these Criteris are uti'ized by
ANF for their BWR designs [see Sections 3.0(b) ard 4.0(¢) of this report.! and,
therefore, are acceptable tor application to the 9x9e$ gesign,

Evaluation « As noted earlier in Sections 3:0(b) an¢ 4.0(¢) of thig
report, the 9x9.5 clagding strains and fue) center) ine temperatures up to the
extended burnup levels requested are we)) within the clagcing strain and fue
meiting 1imits. In addition, it shouls be notec that fyel at extenzeg Luraun
levels will experience & resuction 'n PeaK Dower Capability due to fissi'e
material burnout that should help mitigate the effects of PC! for the oxUe

design at extended burnup levels,

Based on these considerations, we conclude that ANF has adequat
addressed the effects of PCI Tur the 9x5.5 fue CeS1gN UD 1o the extended

JUrnups requested in this rév)éw,






(a) Erogmentstion of Embritties ladéing

Bases/Criteria « The ANF cesign criteris for ECCS evaluat
requirements of 10 CFR 50.46 as 1t relates to Clageing embrittiement for
LOCA: 1,e., the criteria of a peak clacding temperature 'imit
17% 1imit on maximum cladding oxigation,
Iimits are also acceptadle for apo)icat on

-
Ao Y thar # ~ v A
we ConCiude that these cr eria or
Cé f

5 h 4
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Evaluation « The principa) cause of ¢lagding embrittlement Euring severe
accidents such as LOCA is the high clacding temperatures that resu’t in severe
cladding oxidation. The ANF metrodo'ogy for evaluating Clacaing embrittiement
s included in their approved report for LOCA-ECCS analysis (Reterence 27
we conclude that this methedology 1s also acceptable for 11gensing applie
cations for the §x9+5 design,

(b) Violent Expulsion of Fue!

Bases/Criteria « In & severe RIA, such as a

PR centrol rod esect on, or
& BWR control rod Crop accident, large anda rapig Ceposition of energy 'n the
fuel could result in meiting, fragmentation, ang ¢ispercal of fuel. The
mechanical action associated with fuel aispersal mignt de 1

Sy
destroy fuel cladding and the rodebundle yeomeiry and to provide sign:
pressure pulses 1in the primary system, In orcer to 1imit the effects of o
RIA evert, Regulatery Guide 1,77 (Reference 20) recommencs that the recia!ly
dverage energy deposition at the hottest axial location e restricted to ess
than 280 cal/g. This regulatory guide was originally written for FwRs but ¢
NRC requires the same fue) enthalpy 1imit for & rod drop in a BWR, ANF $
this 1imit in the topica) repart ANeNFeBOelg (P

w

1
(A), volume 1 (Reference 2:
that presents ANF's rod-drop accident analysis methodo'e Yo This 1s cone
sistent with the SRP guicelines and, therefore, s also acceptable for
licensing application to the §x9+5 design,
Evaluation « Using the NRC-approved analysis m thodology presented in x¥e.

NFeBO«19(P), Volume 1, ANF calculates a maximum raciallyeaveraged fue!
enthalpy for the contre) rod accident for each cycle in which iNf fue! is

present in order to assure that the calculated enthalpy is we below the
280 cal/g limit, we conclude that these analysis methods for fue) entha’py
are also acceptable for 1icensing application to the 9x¥«5 Cesign at the
requested burnup levels,

(¢) Cladding Ballooning

Criteria/Bases « Zircaloy cladding will ballosn (swell) under certain
combinations of temperature, heating rate, anc Stress curing the LOCA. There
are no specific design 1imits assoc:ated with cladding dallcening, other than
0 CFR 50 Appendix X requirement that the degree of Swelliing not be uncers
estimated,

-

Evaluation « The ANF cladding ballooning moce) i¢ an integral part
cladding rupture temperature mode! for the LOCA CCCS analysis, The ¢!
ballooning and rupture mode) |s SCUreSSed Tn the 1eNFeB2.07, e
(Reference 26) & 3 ere

+ Reference 26 has

-
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Evaluation « ANF has analysed seismice 004 on Bx9ef ¢
the apnproved methodology descrides n the epproved XNsNFel
(Reference 32). Previously ANF has concutes that seismic
vetlween 8x8 and 9x9 fue) assemdlies nag )itt'e ¢i1fference B

channel box was used for both fue! types

clusion, ANF has evaluated the se smic«L0CA Toags

-

among & mixed core of ANF Bx8 and CE Bx8 fue) anc

fuel 15 bounced by the Previous'y approved sefsmiceL0CA ana!
Reference 32). Since the approved ANF methoto)

e

for this evaluation, we conclude that the seismi

are adequately addressed,
6 0 CONCL € I10NE
. - v &h.d‘h -~

we have reviewed the AVF 9x3.5 fu¢’ design

described in References | aad 2 in accordance wi

~

Reference 32),

or Gxle

1
el sl ol Yal
song wied

ogy (Referent

laante
M Vi b

ang mechani

*rn e,
.

¢ SKP,

concluce that the 9x9+5 design as cescrites in Referentes

table for licensing application to BwRs vp t0 & peak ngga!

§5 Mwd/kgM,
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throughout the design life are greater than the maximum Fyue rod Flow
vidration forces, thus preventing rod fretting wear.

The spacer springs relax during irradiation y the fuel ro
cladding tends to creep down. Together, these two charactertstics combire o
recuce the spacer spring force on 3 fue) rod during 1t fatie These
characteristics are considered in the cesign of the spring to ascture an
adequate holding force when the assembly has completed its dec an  ¢perat Ao
1ife,

Spacer spring relaxation and rOQ0 Creeplown characteristics have taen
monitored in relation to burnup on both 8WR and PWR fuel roas by measuy ng the
force required to pull a fuel rod through a spacer. Data have been obtainea
on fuel rods on severa) reactor types, which have attained an assems y Buraup
of Inspection of rods at this SUPNUD showed no avidence of
significant fretting or wear damage at the ¢ontact points

The effective spacer spring relaxation, Ddased on th ang other gJata
Follow an asymptotiec relationship with burnup. For typical 'ANF ¢ ang spacer
Springs irradiated to MWd/MTU, the dverage spring force g
approximately of the initial spring force. The spring force at the tap and
oottom grids is at least of the initial spring force. The residua sprin
force therefore nas a substantial margin for the prevention of fretting wear
during extended burnup

ANF laboratory testing has shown that the residua) spacer spring holding
force can be quite low without resuiting in fretting gamage to the acding
Extensive flow tests have oeen performed on ANF assemblies under var ous
spacer spring load conditions. These tests have covered the rance of no
Spring relaxation B reioad corresponging ¢ rAnics Sring
deflection) to tota) relaxation (zers preload In testing Dt
nOurs: duration, no measurable frattinag wedr resulted from up o
relaxation, provided there was contact between tn iCer spran nd the fue
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Adding the maximum manufacturing tolerance to the measures
growth ind cates that remains engaged in the
throughout the expected )ifetime
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3:3.8 Channel and Fuel Handling Comoatihility

*

'he differential growth between the channe! and  fue!
Important so the assembly and channe! can be properly grapp

) properly grapp
oetween the channel and assembly has been evaluated at the B¢
Fs 1 " . » ~ " =
fuel 15 at 1ts extreme ength ne rue! assembly length and
T & ~ . 1

s Compatibie with the channe throughout the fe of tre fue

3 :A ] :Jn‘ Aszamnl “yrlry ] ALY 3 R LT 5 v
d 2 Allq " ' e e s
AN CREAN W PN

y \ ‘ Sl L : b

ne hydraulic loads on a fue) assembly are ca culateg %o de
weight of an assembly in water

Table 3.1 summarizes th ults ‘

; ¢ sUmmarizes the results of the hydraulic analy
Jemonstrate the bundle’s resistance to hyar - froff rn
dnticipated operating modes. The maximum 11ftoff force inelude
pressure effects. The results show that the gravitationa! fares
are sufficient to prevent hydraulic ftoff under norm r
perating conditions

e






' 3.4.1 Linear Heat Ceneration Rate Limits

Figure 3.1 is the LHGR Yimits used in the steady state fue! rag
performance evaluation. These mits are for the steady state oower
maneuvering of ANF fuel.

Fiourg 3.2 is the )imit %o protect dgaINst power ‘transtents gQuring
anticipated operational occurrences (AQQ's This Timit s consigerad in tne

1 transient mechanical analyses and applies .o tse §x3.% Jesign he first four
figures are presented in terms of peak pellet sower versus sssemdly »dlanar

exposure.

>
w
>

For evaluation of th LHGR limits, Figures

gu 0 ang ® 6 are
corservatively translated into RODEX2 and RODEX2A inputs in the form of fue)

rod nodal powers and time. Figures 3.3 and 3.4 show the rec
nputs versus exposure for a fuel rod. Neutronic analysis ingicate that the

small diameter rods will never operate to more than power . of the mos?

1imiting rod in the assemdbly, Consequently, the input power Nistory nas Deen
modified to reflect this result. These figures are in terms of se)st Sower
versus pellet exposure.

This assumption e3as %o

conservatively high rod average powers in evaluation of the LKG
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exposure 1s used. This RAMPEX input includes gas release, fuel sengif ation
fuel swelling, and fue! relocation due to nellet cracking wh ¢h Jepends on
the prior fuel operating history. A description of the ramp rates and powers
are additional input to RAMPEX. The ramp rate considered s W/ ft her in
all of the analyses. Conservative assumotions were amployed electing the
initial conditions for ramping.
In all cases, the uniform cladding strain 4 a not ceed or was the
reached at or below th LHGR Ury in F gur
R
3.4.5 Cladaing Cyelic Fatiaue (Standard Review Plan Section 4.2 !'al(h

Fuel shuffling and reactor power maneuvering wi'l impose 3 repeated
loading on the fue! rod cladding. In addition to the stress analysis for the
maximum stress, a fatigue amalysis is performed to account far the ¢yclie
pattern of stresses. The RAMPEX'®/ code 15 usea to calculate the c¢yelic
stresses.

Lo0ading cycles assumed for the analysis are liste n Taple 5 These
duty cycles are expected to encompass the norma) reactor operation over the
design life of the fue!

Input for the RAMPEX code 15 obtained from RCDE Jsing the limiting
PoOwer histories in Figures 3.3 and 3.4 The input to RAMPEX v eCted 1t
simulate each of the various duty cycles. The duty cycles are avaluated at
different exposure points to account for burnup effects

For each duty cycle, a maximum cyclic stress is s ected from among tha

3 'r‘ - ~ .
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Acseptapility of Maximum Spring Farce

The maximum spring force 15 limited dy the al'owable stresses ‘A the
SPring and in the cladaing due to spring contact

Spring deflection 15 limited by backup 'cbes on the "eaf spring ttr'n
The 1imit of deflection by the backup 'odes allows the Spring o operste 'n
only the elastic range.

The clad stresses resulting from a maximum spring force (co'd) st *he
beginning-of-11fa are calculated by finite element analysis “aleulatec
: | -~
clagding stresses at the spacer contact points are incornoratesd ‘nto Tidle

3.3,

3.8.2 Miscellaneous Assembly Compongnts

Lompression Spring

The compression springs are located on the fue! rod ang 'hert rod Joper

end cap shanks between the fuel rod end cap shoulder and the upper tie o4t
The spring force muit be sufficient to support the weight ¢f the ypper %:@
plate, secure the locking lugs, and aid in seating the rods against the

tie plate. The compression spring must perform these functions throuchout the
assembly design life, The spring geometry was designed o account for
manufacturing tolerances and differentia) fue) rod "rﬁn:ﬂ;

¥'e was
seTe;ted as the spring materia) because 1t has adequaie cOrrosion resistance
ang 15 capable of maintaining a high strength under sutlet coolant temperature
conditions. The nominal spring constant and spring force are reportes 1h
Table 3.1].
Assembly Hardware

These components are assembled to the upper end cap of the °

Their purpose 15 to secure the upper tie plate %o the tig



- T c



ARL §F MMEA DY <
BLE U .
Assembly Growth at EOL, in
Oifferential Fuel Rod/Assembly Crowt!
Maximum Differential Srowth at £0L
Nomina! Upper End Cap/Upper Tie Plate
Engagement, in
Nominal Lower End Cap/lLower Tie Plate
tngagement, 1in,
st N a a g
Minimum Calculated Rod-to-Rod Spacing
. \ A b ]
*uel Assembly Holddown
Maximum Liftoff Forze, 1bf
Minimum Downward Force, in.
Resulting Holddown Force, 1bf
.reep Collapse
. RS, >
Minimum Initial Cola Gap, in
Remaining Colda Gap at Rog Average
Exposure of 6,000 MWd/MTU, 1r
£ 1 Rod Plen Soring
Jel Rod Plenum Spring
Noiiinal Plenum Spring Force, 1bf
arid Spacers
\r\r‘n.-\ Naéh iAan nn ”
pring verieCclion xange,
4 : - 3 ‘
spring BOL *orce Range, 'bf
single Dimple Leve) Stiffness bt
Nomina! Spring Stiffness, 1bf/ir
imple Support Stiffness bf/in
K({MIN Dimple Support Stiffress Re
T™s F rea8 ' Nade My r
Vv - > a W 4 -
Soring Force 8 ras * Provent
-v‘ L d £ L 2 PR -~
h aneiL % f
W 4



~ > % > - - -
< ¥ O o <
. *r Eoxrs
0
rd } = ) - 3 b2
- o L I3 Fa
o - > = - & 8
> ta . £ A &
< - .
3 v E C z = o £
- . c - e I e
Q0
& - L v o0 m% £ .t v
e i ta & . £ v L y .
< 3 . = O £ Ca
- " ) .
s - d [« Or o
- ™ . - X 4 < .

e . & 3 - " -~






Primar

b

g "
va il um 4 3
J
Pyosmi o 3
ALY JRI0D

Hanainn

LRS- RN |

’

Dot "
1

J i v gr

" ae ar
" M

) . y
Iy imay !

e S S
Oe ” " Y
4 ) .

. y r
J di

rom | n
rat r '
{radiers Mt
nerma clw

P ; ’

as i 4

o ’
'
%) .'l
i 5 Ve
¥ .
erma
hary
o
ANnd
¥

MM A Iy

wir

> W -

war






‘ T ¢
d 7]
r !u T \,,‘,
“ y -
ay f . N
"
e YOWET
{ &
vadl W
Ew
yoo pOWEr
nty ade
tartut
@ b
r r mLumn
ecovery fo
Vi f fedwa
re Mg rap



' . 1 5 131 vaan
: “We N i ' 1 ™ A |



LIAT I H9M I & 3aunfity

: . NIW/PUS " IHNSDA T
GG 0s Gr or Gf 0s G2 0 1 .

N O B s

| ‘ ! | | !
| m
|

f

e — -

————

ety Y
»

D e

i

..
{ 3 x

(o 8] "0°55)
(J €v g5 <
55 oo 1=

R




PRTSHYHE HIMOG 1SHEYOY MO 10N S F aanhi gy

HIN/ PM) " NSO T My 1
H 3 G# Of »

(4§ 01 |0 95) . o

[ 2% [S SE) K 4% (O 0) >










ANF .88

P. C. Kohnke, "ANSYS Engineering Analysis System Theoretics
AN “ a et '8 R 8 - s lye S v 1
(977, and “ANSYS - User's Cuige”, 1979, Swanson Ang y$1§ Syste
DA

L LT

AN-NF-S30943, Revision 2, "Preconditioning ang Maneyvering Criter:

Exxon Nuclear Fuel (PREMACX)", July 1983.

IN-NF-82-06(A), Reviston |, Supplements 2, 4, anrd &, “Qua’ fica
Exxon Nuclear Fuel For Extende. Burnup"

XN-NF-82-06(P), Revision 2, Supplement |, "fxtencec suraup CQualt!
of ENC 9x9 BWR Fuel",
A Reparaz, XN-NF.S31027, Revision 0. "Fue! Dlesian Tharmy' <Mechs

Analys. s Mothodology", May 1884

K. N, Woods, XN«NT.77.48(P), ‘“Non-Destructive CExaminations of
Nuclvar Fuel at thre Oyster Creek Reactor Spring 1877, Novemper &

AN-NF-78-32(A), Supplements 1.4, "Computational Procedure Faor fya
Fuel Rod Bowing".

‘Interim Safety Evaluation Report on Effects of Fue) Rod Sow
Thermal Margin Calcylations For Light wateér Reactors NRC
December 20, 1976,

AN-NF:81-13(P), ‘“Extenced Burnup Demonstration Reactor Fue
Poolstae Fuel Examination Big Rock Point Extenced Burnup Fue
1879", November [982,

XN=NF-84-131(P), “Extenced Burnup [emonstrat on Reactor Fue
Examination of Barsebeck-] Fuel Assemp)ies Priar to Extenced
Cycle « July 1984, January 1988,

"MATPRO, A Hangbook of Materials Properties For Jte in The Ana
Light Water Reactor Fue! Behavior", NURES/CR-04%7, TREE.1220
August 1981,

J. Yates, XN-NF.86.187/P) ‘Single Phase Hycraulic flow Test

Nuclear BWR 9x9-5 Fue) Assemdly", January 188

M. K. Valentine, XN-NF-883, "Single Phase Hydrau'ic Performance of
Nuclear BWR 9x9 Fue! Assemdly"

ML BR.AD \ Bauieian ‘Peaminstian AF Wimn 0 A - BamAi
KN-NF-86-32(P), Revigic X8 aiign ¢ : surhy A ale
- \ A ! & A
= ’ o . 5t
rue atl SarsedecCk-| v LUDET 2§
- - - -
M Howe :’_-'Y_,'-n y F ap " re Thy - ~ ADY
¢ ’ ¢t © g ure SuUDE
hd ] - AN - - -~
e M . ” ]
esis MISS Vel o veEr &




W
=
W
4
9
W
-
O
-
<
m
Q
<




RUSLEAR REGULATORY COMMISSION REPORY DISCLAIMER

.
MPORTANT NOTICE REGARDING CONTENTS AND USE OF *wis

DOCUMENT

PLEASE READ CAREFULLY

This 19CANICAl BDOM wAS ZENVEU NIOUGH ‘ERRErth AND Jeveiopmen! o0
Srams SpONSCIeT Dy ACVENCEU NuCiel Fues COrporation | 8 being submit
00 Dy AOvanceo Nuciesr Fusis Corporation 1o he U S Nutear Reguiaton
Sommission as DA O 4 'eERMCE CONIIBULION ‘D 'BCIIIEIE SETeIY ANAIvEes
Dy llcensees of the U.S. Nuciew Reguiatory Commission wnich Liize A
vancet Nuciear Fuets Corporation 'abncales ‘eioad 'uel of JINer (eChrical
SOTVICES DrOVIOeU Dy AQVANCES Nucear Fueis Corporanuon 'or ght aater
POWET "BBCIOM ANG | 8 ITUB AND 2OMEC! 'O (M DES! O AQVANCES NuC BEf
Fusis COrpormtion § kNOwIsOge. ATOrMation ang beie! “he Atermanon ton
LMNEG hermin may Do Jae0 Dy the U.S. Nuciew Reguatory Commussion n 1y
Wview Of 118 "RO0M, ANG UNTET The '8rmE Of 1he ‘eS08C!Ive Bgreements Dy
lizensees or apdlcants before 'he U S Nuciew Requiatory Commission
which are customen of Aavances Nuciswr Fueir Corporation n ‘hew
JOMONSIration of COMDIANIe with the U § Nuciear Reguiatory Commission §
‘sQuiations

Advanced Nucielr Fueis Corporation § ~#arranties anc ‘epreser alions on
SHINING 1RO SUDIBCT MBLIRr Of Thig JOCUMBN! are 'NOSe S8 'Orh » 1hg agtee
ANl DEtwesn AQVANCeO Nuciear Fueis Sorporelion ang he tustomer o
wHICH 1hig JOCUMEN! 8 SPURE. ACCOMOINGlY. XCEO! A8 1N w S8 Fxi 888 «
PrOVIGNd N SUCH AQreeMant. Neither AQvanceo Nuc ear Fueis Corroration for
ANy DerSON ACting on (18 behai!

A Maket any waranty or ‘apresentation express or ™
Dlea. #ith 'B8DeC! 10 'Ne ACLUrBCY compieteness o
JEBTUINGRS Of tha (ATurmation ONANeD " 'Nis J0Cy
Tent, or Rl 'he Jse 2! any Aformation apoaratus
MOThOQG, Of DIrOCHES JISCIONNO N RS J0CUMENt wiil AO!
ninnge Drivately owneg "irhte of

8 Assumes any aDIiies with '8SDeC! 10 (e use of or ‘ar
SAMEQeS 'eRuiliNG ‘rom the Jse Of any Niormation ap
SArAtUS. MOThDG. O DIOCESS JINCICH8Q 1M NS JOCUMmeEn!






S :
4 )
b |
NTY r r | ANMT A
Y IRUUN ' \ JMMARY
A mna s "
‘ : mmar
0 ' AL ( T \
: 1 5 nat 1
A
,
Fue _ emb |y
@ B n o
& 4 )
. @ Flate
4 Dacer s 1 ,
£ M s11ane May "o
"
CCIAN FUA A :
4 L Oy YRL UM |
3 Puniy APS -~ ¢ b absss v T ’
. e ! t G ' w & e ¢ ! & -
. CO
* Bl &
Frattir b anm ’ . ’ - 4
‘ el | WeQr d al e ew ¥'4d t R . &
; A o A
; Assembly Ana ¢
" d -8
- » - . ,':
¢ s amp " " ' 4 ’
’ . » k
) FEEREN







$

-7

- (x
> * b X
. > X >
X ‘% -
> > -~ -
- -
a Ca - - - ot >
- - £ = e
> ’ >
¢ «I «3 ad
- - “i .l L - -
» b - :
> > > = -
» Loy Les _
<3 <3 . ~
> - . . x
Cx Cx < o
» » - -
- - - > s <3
- > Lad s -
- - - > . ‘Lz
£ > &x X L3 - .’
oF & r e | o .

-




INTRODUCTION AND SUMMAR

of 5

rement «




heérsin have heen

fRaeinn "_Ar»’rl"
d.x...;x.n_. B B "

ANF 9x9-5 fuel ass




s Coimmanr
d 6K d < o -
-
o) C an ¢ < r te A ‘ rn
e Maor anaiysis esuy S are 4§ we
- S -
. he maximum end ad ¢ ¢ ’ P 44 » + v
e . € ARYE y dit J A
. ladtad L > . L - ¢ -~ *
+-AICUIalBU (O § vy IOW (Ne < N m
$aad ’ah - ’ . " A
. v ealy svaLe o983 gl & a yialeg & ~ ¢ 1.8
* ] ma e
Tha AAA AN etwmain - X ” " " ’ mavat - vy . A
. € C1add g Sira “ur ) paled era J ¢ g
q s A+ - ,
0es NOL exceed
-
'P‘ 'S | »
. " . {1 wa - —— o 2 v ~ . - A A
L] [ 18 X 'ﬂ““ e ") terna ore jre - a W AN »
PR X n | mi b
- eria
¢ ne ne ..’":‘f(‘rrit re remains ne ~ the ael * ting 4
my
Ju
’h 1 3 »
s adMina 4 eama ¢ & AP " S hin *h ] " i
. e Cladd Q atigue usace aClOor S Wil S €
c . o mamhane ha : e Sk mabh b = PR , .
s . 2Llruciyra emoers ave acequale eng iIPPOY i i
”~ 2k o8 ] » TAanM
yarad - vagas
L ne Clagdding 4 reguct r
n A iif€avont £ - >
. aNQ ) eret i it v'-
a3 y - h- A NG ‘"t
$ o B AamEmant s o m oA - - o
‘& eNQaQE e & 3L
ate throuah A TE.r "
Tha "t fia e a4 s e - YT ” ’ ‘ » - & 2% » .
. e d JE g deé S [of | ] eXPDE e € equatle
10 F A ta actard wad *A . 8P . Fav o
dCCO Qdaie expectied - Jd Qdf o3 u e .
fFa
. v -~ -
n , : . » A i A% 5 b b " v
. e maximum tUL reduct . la ! Xne : Y ' f
% thag max mum “Anrartrat ~ &£ n et s ” ' n - v .
’ he weo within the desiar —
; é g fire e aniim 3 - v :
& o c 8 v A ; ma st & . p and
. - . > b ’ *aA ’ p b N "
i M e exDé ¢ ¢ 1% 3 \ - ¢




DESIGN DESCRIPTION

r Ascamb |
N e AW AR

ne ANF Sy Q.8 re s

hese comoression sprinags "oy

(
L 4
v
<
f
L3 4]
[+




ANE . R 1892/MD)
1'-:3-‘.. (s
AmarmAm 13
Aamencment |
rage °

rotated 950°. The upper tie plate is then free %o be removed for fuel ro
extraction or replacement.

The lower tie plate consists of a machined stainless stee! casting with a
grid plate for lower end cap engagement and a lower nozzle to distribute
coelant to the assembly.

The upper iie plate is a cast and machined grid plate, with attached hHai!
handle to provide for fuel assembly handling anc orientation.

Assembly and component descriptions for the 3x3-5 fuel! are present
Table 2.1. Table 2.2 show the 9x9-5 geometric design parametars used f
inputs to the analysis codes.

Detailed fuel design drawings in Appendix A provide dimensional details
of fuel assembliec.

ro
~
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rJ
”o
—
“
x

The fuel rods consist of U0y pellets in Zircaloy-2 tubing with Zircaloy-2

1

end cap plugs fusion welded on both ends of the tube.

. "
he fuel rod cladding is £Each standarg
fue! rod contains a column of fuel pellets ranging from 144.0 to 1580.0 incne
1 * - " - - ' & A
tn tength (dependent upon application ne fuel ¢oiumn contains enriched UC»
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seal springs
limit coolant bypass flow between the channel and tie plate.
The Tower tie plate is made of cast stainless steel,
2.4 Spacer Grids
The spacer grids are an interlocking square array of
strips producing a 9x9 array of ceils. ipring strips are
mechanically secured within the structural strips The Zircaloy-4 strip

which capture the springs are welded to each other at all intursections and %2
the side plates. The strips are dimpled and \he springs are
arranged such that each fuel rod i positioned by four support dimpies and one
spring. Backup lo