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1 Mr. R. A. Copeland, Manager
! Reload Licensing

Advanced Nuclear Fuels Corporation
z P. O. Box 130
J Richland, WA 99352
)

Dear Mr. Copeland:
.

SUBJECT: ACCEPTANCE FOR REFERENCING OF TOP! CAL REPORT ANF-8S 152(P).
AMENDMENT 1 "GENER!C 'tECHANICAL DES!CN FOR ADVANCE] %C EAR
FUELS 9x9-5 BWR RELOAD FUEL" (TAC NO. 71MG)

We have completed our review of the subject topical report dated Septemberr
! 1989 together with response to request for additional information catec
1 December 15, 1989. Based on our review we concluce that ANF-68-152(0 ,
) Amendment 1 provi e s an acceptable basis for ANF 9x9-5 EWR fuel mechanical

design. The enclosure to this letter provides our Safety ~ valuation Report
(SER) which details the basis and limitations of our approval. Our eva'uation.

i applies only to matters dbscribed in the topical report,

In accordance with procedures established in NUREG-0390, it is requested that,

the Advanced Nuclear Fuels Corporation publish accepted versions of this
topical report, proprietary and non-proprietary, within three months of receiot
of this letter. The accepted versions shall include an "A" (designating
accepted) following the report identification symbol.

Should our criteria or regulations change 50 that our conclusions as to the '

acceptability of the report are invalidated Advanced Nuclear Fuels
Corporation and/or the applicants referencing the topical report will be
expected to revise and resubmit their respective documentation, or submit
justification for the cot.tinued effective applicability of the topical report
without revision of their respective documentation.

Sincerel ,

/ O| f p'A/017/ #
-

-~., n

Ashok C. Thadani, Director
Division of Systems Technology
Office of Nuclear Reactor Regulation

Enclosure:
ANF-88-152(P) Amendment 1

Evaluation
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In order to assure that the above stated ebjectives are ret anc follen
the format of Section 4.2 of the SRP, this review covers the fo'l aing inree-

L major catecortes: 1) ruel system camage secnanites, n,sen are mest 3:pl cao'e
to normal operation and A00s; 2) Fuel RM failure Yechanisms, nrich acoly to
normal operation, A00s, and postulated accicents; anc 3) Fuel Coolati' ty,

{ which are applied to postulated accicents. Specific fwel camage or fail.re
mechanisms are icentified under each of these categories in Sectier. 4.2 of the
SRP. The ANF design limits and analysis methocs for boilin; aster react:rs
(BWR$), previously approved by NRC (References 3 an:' 4), will te Orief'y-

discussed in this report ander each fuel damage or failure reenanism alcng
with the results of the 9x9-5 mechanical analyses.

Provided in this report is the review of the 9x9-5 mechanical cesign
analyses in order to ensure that those analyses cemonstrate th); al' 'iR C-
approved ANF design bases and criteria are eet for each fuel camage or (ai'ure
mechanism defined in the SRP and that those analyses are or wi!! ;e cerf;r ec
using NRC-approved analysis methods. ANF has recuested tnat botn 9x9-5
cesigns be approved for application to a peak noca! (pellet) turnuo level of)

55 Mnd/kgM (References 1 and 2).

- Pacific flor $hnest Laboratory (PNL) has acted as a conssitant to the 'iRC
in this review. As a result of the NRC staff s and their P'iL consultants
review of the topical reports, a list of questions were sent ty tne 'iRC to ANF
requesting clarification of specific analyses (Reference 10). In adcition,

3 ANF was requested to provide updated results from postirraciation fuel exami-
[ nations of 9x9 and 9x9-5 fuel assemblies that were not complete at the time of

the topical report submittal and a list of scheduled 9x9-5 fuel examinations
for the future. ANF has provided responses to these questions in
Reference 11.

The 9x9 5 design description is briefly discussed in the following
a section (Section 2.0). The fuel damage and failure mechanisms and ANF
j analyses of these mechanisms are addressed in Sections 3.0 enc 4.0,

respectively, while fuel coolability is addressed in Section 5.0.

j 2.0 FUEL SYSTEM DESIGN
e

The 9x9-5 fuel assembly is similar to the earlier 9x9 design defined in
Reference 3 with these principal differences: 1) an increase in the number ofi water rods, 2) two different fuel rod diameters, and 3) a decrease in the
fuel-to-cladding gap sice of the fuel rods. Therefore, the results of the
mechanical analyses for the 9x9-5 design are, in most cases, similar to those
obtained earlier for the 9x9 dt. sign (References 3 and 4) .

| The only differences between the two 9x9-5 designs in References 1 and 2
are in the position and the design of the water recs in the assembly. The
design changes have been in the number and position of the flow noles in the
water rods, and changes in the tube sice and thickness of the spacer capture
rod.

As noted earlier, thi.se changes have not altered the results of the
mechanical analyses between References 1 and 2, but there may be diffarences

'
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in thermal margin of CPR betneen these two cesigns. Uni.ss ethernise stated,'

the following evaluations Apply to the analyses presente: in totn References 1
and 2 for both 9x9-5 designs.

3.0 FUEL SYSTEM DAPAGE

The design criteria presented in this sectien should not be e.tcee:ed iduring normal operation, including A00s. Uncer each camage me:han'sm, trere gis an evaluation of the analysis methods an analyses usec by ANF to cen n-
strate that the design criteria are not ex:eedec curi.ng nor al o;eration,
including A00s, for coth 9x9 5 designs in References 1 anc 2. |
(a) Stress

.

Bases / Criteria - In keeping with the GDC 10 $AFDLs, fuel damage criteria
should ensure that fuel system cimensions remain within operat' ora to'erances
anc that functional capabilities are not re uce: telew those ass.med 'n ::e
safety analysis. The ANF design criteria for BWR fuel clacting stresses are {presented in Table 4.1 of Reference 12 and in Table 3.3 of References 1 am 2. E
These criteria are consistent with Section Ill of the ASME Eo'ler an: Dressure
Vessel Code (Reference 13) and the guicelines establisnec in Secti:n 4.2 of
the SRP (Reference 6).

The ANF design criteria for BWR fuel assembly component stresses are
provided in Section 2.1 of Reference 12 anc Section 3.1.1 of References 1
and 2. The ANF criteria for fuel assembly stresses are consistent with
Section 111 of the ASME coce and the guidelines establisne: in Section 4.2 of
the SRP.

The ANF stress criteria for fuel r:d cladding and assembly c moonents
have been approved by NRC for previous EnR designs up to extende: b;rnup
levels (Refe ences 3 and 4) and are also acceptable for tne 9x9-5 cesign.

Evaluation - The ANF methods of analysis for evaluating fuel red cladding
and assembly steady-state stresses are discussed and approved for application gto BWR fuel designs in References 3 and 4. These metho s are also acceptable gfor the 9x9-5 design.

The results of the 9x9-5 cladding stress analyses are presented in
Table 3.3 of References 1 and 2. The assembly stresses are quoted as g
" essentially the same as those in the standard ANF 9x9 design" that are
provided in Reference 3. These results acmonstrate that the cla00ing and
assembly steacy-state stresses are below the ANF stress criteria for tnese g

components and, therefore, are acceptable for the 9x9 5 cesign. g

(b) 3 train

Bases / Criteria - The ANF design criteria for fuel *od cladding strain is
that maximum uniform hoop strain (clastic plus plastic) shall not exceed 14.
This criteria is intended to preclude excessive cladding ceformatien from 3
normal operation and A00s. This is the same criterien for cla ding strain g
that is usec in Section 4.2 of the SRP (Reference 6).

3
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The material property that could nave a significant impact on the
cladding strain criterion at extended burnup levels is claccing cucti'ity.

* ~
The strain criterien could be impacted if cladcing ductility aere cecreasec,

.

as a result of extended burnup operations, to a ievel that novid al b
claading failure without the 14 cladding strain criterion being exceeced in

i the ANF analyses.
L -

(BWFC) (References 14 and 15)y data from the Babcock !, Wilcox fuel Ccmpany
Recent cladding ductilit

and other sources (References 15 and U) na,e
shown that cladding ductility has cecreasec significantly at local burnup
levels between 50 to 53 mwd /kgM. These data demonstrate that uniform cladding
ductility values are decreasing with increasing burnuo. Ecnever, at lccal
burnup levels less than 55 mwd /kgM, the cladding has shown acetuate uniform
strains (elastic plus plastic) of 14 or greater. Therefore, ne ccnclu e tnat
the ANF cladding strain criterion for the 9x9-5 design is acceptable up to tne
burnup levels requestec in this topical report.

Evaluation - ANF has used the NRC-approved RODEX2A coce (Reference 13) tc
calculate steady-state cladding strains for the 9x9-5 cesign during nor a!
operati, The combination of the RODEx2 (Reference 19) anc RAMPEx
(Reference 20) codes has been used by ANF to calculate claccing strains for
the 9x9-5 design during transient operation. The results of tnese calcu-
lations have shown that steady-state and transient cladding strains for the
9x9-5 design are below the 1% uniform strain limit, inerefore, we concluce
that cladding strain is acceptable for the 9x9-5 design up to the burnup
levels requested in these topical reports.

(c) Strain Faticue

Bases / Criteria - The ANF design criterion for strain fatigue limits the
total cumulative damage factor (CDF) to a conservative value below 1.0, wnich
accounts for a corrosive environment and other fatigue mecnanisms. A%F has
used a fatigue design curve from O'Donnell and Langer (Reference 21) tnat
includes a safety factor of two on stress amplituces, or a safety factor of
twenty on the number of cycles, wnichever is more conservative for this
calculation. This analysis method is consistent with the SRP guidelines and
accounts for the additional fuel cuty experienced by extended turnup oper-
ation and, therefore, has been acceptable for previous ANF BnR cesigns. This
strain f atigue design criterien is also acceptable for application to the
9x9-5 design.

As noted in the Cladding Strain sectica, the material property that could
have a significent effect on cladding strain and, thus, strain fatigue at
extenced burnups, is claddine ductility. However, as discussed aboie, fuel
rods at the extended burnup levels requested for the 9x9-5 design nave snown
adequate cladding ductility and performance. We concluce that tne pr0 posed
extended burnup operation does not reduce the applicability of the fatigue
limits and, thus, the ANF strain fatigue limit is found acceptable for
application to the 9x9-5 design up to the requested extenced burnup levels.

\

Evaluation - The ANF methodology for determining strain f atigue is based
on the use of the RODEX2 code (Reference 19), RAMPEX code (Reference 20), arc

.
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the O'Donnell and Langer fatigue curve (Reference 21). The RODEX2 code is
used to provide initial steady-state conditions f or ANF transient anc accteent
analysis. Consequently, tne R00Ex2 code provices input to the RAMcEx coce fcr
each power change, and RAMPEX provides stress amplituces for the various cener g
cycles. This methodology nas been found to accoant for daily load folion arc, g
thus, additional fatigue load cycles that may result from extencec barnup
operatien. This methodology has been acceptable.for previous EnR designs
(References 3, 4, and 5) and is also acceptable for tne 9x9-5 cesign up to the grequested extended burnup levels.

ANf has performed strain f atigue calculations fo'r the 9x9-5 design using g
the above analysis methods and the duty cycles summari:ed in Tacle 2.J. of g
References 1 and 2 for transient operation. The R00EX2 poner history input
forsteady-stateoperationisprovicedinFigures3.3and3.4gfReferences;
and 2. The allowable number of cycles for a particular cycle .cacing nas
detemined from the f atigue design curve of 0 Donnell anc Langer. he
calculated CDF for the 9x9 5 fuel design up t) the burnup levels requeste: is
well below the design limit (Section 3.4.6 . .hferences 1 and 2). herefore, g
we conclude that cladding strain fatigue is acceptacle for the 9x9-5 cesign .o g
to tne extended burnup levels requestec in these topical reports.

(d) Frettino

Bases / Criteria - The ANF design basis for fretting wear is that fuel rod
failures due to fretting shall not occur. Since the SRP does not provide 3numerical limits for fretting wear, and since ANF has addressed fretting near 3in the design analysis, we conclude that this response to the SRP guidelines
is acceptable.

Evaluation - ANF has indicated (References 1 and 2) that fretting wear is
insignificant for their fuel designs at extended burnups because of tne lack
of any significant dependence between fretting wear and exposure time from a
both in-reactor and out-of-reactor tests on Aff fuel assemblies. In order to gsupport this, ANF has incicated that examination of ANF assemblies irraciated
to extended burnup levels have shown no significant near. The out-of-reactor
tests have shown that the residual spacer spring holding force can be quite
low without resulting in fretting damage to the cladcing. Tne 9x9-5 design
has utilized the same spacer spring design and holding forces as those for
previous ANF designs; therefore, ANF concludes that this design will also have g
very little fretting wear. From this, we concluce that ANF has satisfactorily |demonstrated that fretting wear will be acceptable for the 9x9-5 fuel cesign.

(e) Fxternal Corrosion and Crud Builduo

Bases / Criteria - The ANF fuel design basis for cladding corrosion and
crud buildup is to prevent 1) significant degradation of cladding strength, aand 2) unacceptable temperature increases. Because of the thermal resistance Eof corrosion and crud layers, formation of these procucts on the clacding
result in an elevation of temperature within the fuel as well as the clacding.
ANF uses a cladding outer surface temperature limit for corrosion that is <3specified in Reference 5 for SWR fuel. 5

I5
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The BWR temperature limit has been acceptable for previous A!iF BWR
designs at extended burnup levels anc is also acceptable at the extenced

I burnup levels requested for the 9x9-5 design. *

%

Evaluation The R00EX2A code is usec to calculate outside cladding
p temperature and oxide thickness. This coce appears to significantly uncer.L predict cladding corrosion bas'ed on comparisons to recent,y collected 9x9

corrosion data (Reference 11). Honever, these recent corrosien cata
(Reference 11) demonstrate that cladding corrosion is within acceptable limits

{ for the 9x9 designs.

AtiF has performed cladding corrosion calculations up to the extended
- burnup levels for the 9x9 5 design; honever, the significance of these

- predictions is negated because, as noted above, the code significont'jj underpredicts corrosion. It should also be noted that cladcing corrosion at
3 the extended burnup levels requested hat not teen a oroblem for ANF EnR

designs in the past. We concluce that cladding corrosion fer the 9x3 5 design
is acceptable based on the acceptable corrosion data from 9x9 fuel rocsI (Reference 11) near the burnup levels requested in this topical report;
acceptance it not based on Atrs analytical model. Atif is urged to upcate
their analytical model used for predicting EWR cladcing corrosion.

(f) Rod Bowino

Bases / Criteria - Fuel and burnable poison rod bowing is a phenomenon thatI alters the design pitch oimensions between adjacent rods. Boning affects
local nuclear power peaking and the local heat transfer to .. coolant.
Rather tnan placing design limits on the amount of bowing that is per~itted,

E the effects of bowing are included in the clacding overheating analysis,
R Section 4.0(c) of this report, by limiting fuel rod poners wnen coning exceeds

a predetermined amount. AtiF has establisned a rod-to-rod clearance limit
below which a penalty is imposed by a reduction in the minimum critical ponerI ratio (MCPR) and above which no reduction in MCPR is recessary. This approach
is consistent with Section 4.2 of the SRp, and the f4RC has approved this for
application to current Atif BWR designs up to extended burnup levels
(Reference 4). We conclude that this approach is also acceptable for the
9x9-5 design up to the requested extended burnup levels.

Evaluation - Atif has described their analytical model for rod bowing for
-the 9x9 fuel design in Reference 4. The generic form of this analytical model
appears to account fer the differences in rod bon'ing for different Afif
designs, and bounds the upper 95% of the 9x9 rod boning data at a 95t confi-
dence level (Reference 11). It should also be noted that rod boning appears
to saturate at high burnups, i.e., >30 mwd /kgM (Reference 22). Therefore, the
linear dependence with burnup of the Afif rod bow model should become even more
conservative than the 95/95 bounding condition at extenced burnup levels. In
addition, At<F has provided in their response so questions (Reference 11),
higher burnup rod bowing data for the 9x9 design that demonstrates that the
9x9 rod bowing model is more conservative at higher burnups. The methods used
by Atif to account for the effects of fuel rod bowing have been reviewed and
approved for the 9x9 fuel design up to extenced burnup levels (Reference 4).

.
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|
We conclude that this analytical necel is also acceptable for a;olicati:n to
the 949 5 cesign at the requested burnup leve!s.

The ANF red bowing calculations for the 9x9 5 desi;n shen tnat there is a E
'

small MCPR penalty for the large diameter rods at relatt elv nign turnue Elevels. ANF has noted that this NCPR penalty will have no ' practical cen-
straint on actual reactor operation tecause the gx9 5 fue! assembieas at thesehigh burnup levels will result in fissile material burnout nhich nii' -it

'

the rod gener for these rods below tne MCFR limit. We Conclude that the
results of the ANF fuel rod boning calculatiens for the 9x9-5 cesign areacceptable.

(g) Arial Growth

Bases / Criteria - The ANF design' criteria f r axial irraci$ti:n ;r:nt9 is
that the fuel rods must be properly engaged in the fuel assemMy str.ct.;re arc
the fuel assembly must be compatible niin tne fuel enannel anc fue: asse d ysupports in the reactor curing the cesign lifetime, ine concern f r EnR Sassemblies is to maintain engagement aetneen the fuel rec enc cap snani, and Ethe assembly tie plates, i.e., to prevent fuel rod cisengagement frem the tieplates. The change in BWR rod-to-tie plate engagement (anc ;cssib'e cis-
engagement) is due to the gronth rate of the tie rocs that ccnnect the tottom E

Iand top tie plates being greater than the grontn rate of the fuel roct. Tre
above design criteria for axial growth is consistent with the SRP guicelines
and, therefore, is acceptable for application to the 9x9-5 cesign.

Evaluation - The ANF analysis method for evaluating rod-to-tie plate
engagement is based on fuel rod and assembly gronth measurements at Big Rock
Point, Oyster Creek, and Barsebeck from Sx8 fuel assemblies.

The ANF an 6 sisof rod to-tie plate engagement for the 9x9 5 assembly nas thonn in Tab'e 2.1
of References 1 and 2 that the rods remain properly en; aged in the asse-bl
tie plates at the requested extended burnup levels. y

Assembly and rod
Test Assemblics (LTAs) growth measurements have recently been made en 9x9 Leadup to within 1% of the maximum exposures recuested ferthe 9x9-5 design (Reference 11 . These axial grenth data from the 92.9 LTAs 3
have shonn a substantially lone)r growth rate tnan those predicted by the ANFg
axial growth model for the 9x9-5 design. For example, the measured 9x9 LTA
rod engagements were a factor of 3 greater than those engagements precictec
for the 9x9-5 design at equivalent turnup levels, i.e., the measurements shou
a factor of 3 more engagement of the fuel rods than those precictec in the ANFanalyses.

This demonstrates that there is considerable conservatisms in theANF analyses of rod-to-tic plate engagement, and provices assurance that roc.to-tie plate engagement and compatibility with reactor internals will be
maintained for the 9x9-5 assembly up to the recuested extendec burnup levels.
Therefore, we conclude that axial growth is acceptable for the 9x9 5 design.
(h) Rod Internal Pressure

Bases / Criteria - Rod internal pressure is a driving force for, rather
than a direct mechanism of, fuel system damage that could contribute to the
loss of dimensional stability and claccing integrity. Section 4.2 of the SRP

i-

,
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I
I presents a rod pressure limit that is sufficient to preclude fuel damage in

this regard, and it has been widely used by the industry; it states thct rod
internal gas pressure should remain below the nominal system pressure curing

I -
nomal operation, unless otherwise justified. ANF has elected to justify
limits other than those provided in the SRP. A proprietary limit above system
pressure for fuel designs has been justified in Reference 5. In accition, ANF
has imposed a second limit (Reference 5) that requires the fuel-claccing gap
to remain closed during constant and increasing rod power operation uncer
normal reactor operating conditions, when internal rod pressure exceeds the
system pressure. These ANF limits for BhR fuel designs are presented in
Supplement 4 of XN-NF 82-06(p)(A), Revisien 1 (Reference 5) and have beenI reviewed and accepted by the NRC. We concluce that these limits are also
acceptable for the ANF 9x9-5 fuel design at extended burnup levels.

I Evaluation The RODEX2A fuel performance code, with conservat't poner
histories, has been used by ANF to show that the 9x9-5 fuel design 4 5 niinin
the ANF design limits. The R00EX2A code has been reviewed and found
acceptable by the NRC (Reference 18) for the calculation of BWR rod internalI pressures at extended burnup levels provided that it is used to calculate rod
internal pressures at peak pellet burnups of 50 mwd /kgM or greater. The ANF
methodology for determining the BWR poner histories used as input to this coce

I have also been reviewed and found acceptable by the NRC (Reference 5) for
extended burnup applications. We conclude that both the RODEx2A coce with its
limit on burnup application and the power history methodology are also
acceptable for application to the ANF 9x9-5 design up to the extended burnup| leve1s requested in this review. '

ANF has presented calculations (Figures 3.11 and 3.12 in References 1

I and 2), using the R00EX2A code, with conservative poner histories, to snun
that internal rod pressures for the 9x9-5 design at the extended burnup levels
requested (peak pellet burnup >50 mwd /kgM) are significantly loner than the
ANF rod pressure limits. Consequently, we conclude that internal roc

I pressures are acceptable for the 9x9-5 design up to tne extendec burnup levels
requested in this review.

(1) Assembly Liftoff

Bases / Criteria The guidelines in Section 4.2 of the SRP to prevent
asserrbly liftoff are that worst-case hydraulic loads operation and A00s should
not exceed the hold-down capability of the fuel assemoly (which incluces wet
weight and hold-down spring forces). ANF has stated (Reference 3) that "tne
assembly hold-down spring must retain its ability to counterac*. the hydraulic

I force through life." We consider this to be consistent with the above SRP
requirement and has been previously approved by the NRC (References 3, 4, and
5) for ANF BWR designs. We also confider this to be acceptable for the 9x9-5
design.I

Evaluation - ANF has calculated (Section 3.3.3 in References 1 and 2)that the weight of the 9x9-5 fuel assembly and channel are well in excess of

I the total worst-case hydraulic loads, including buoyancy and, thus, 9x9 5 fuel
assembly liftoff will not occur during normal operations and A00s. Therefore,

| '
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I
ne conclude that the 9x9-5 design is acce: table with res;ect to asse-01)
liftoff forces up to the extended burnup le.els requested in tnis re,"en.

.

4.0 FUEL pCD FAILURE

Fuel rod failure thresholds and methods for analy:ing the failure
mechanisms listed in the SRP are reviened in the foil wing. When tne 'ailure jthresholds are applied to normal cperatien inclucing A005, they are use: as N
limits (and hence SAFDLs) since fuel failure uncer these concTiicns snc.lc notoccur according to GDC 10 (Reference 7). Wnen tne inresholds are usec <cr
postulated accidents, fuel f ailures are permitted, but they must ce acco.nted a

Ifor in the dose calculations required by 10 CFR 100 (Reference C). 'ne tatisor reason for establishing these failure tnresholes is, thus, establis e: tyCOC 10 and 10 CFR 100. The threshold values, and the metnocs ute to as;ure |that they are met, are reviewed in the following. m
(a) Hvdridino

Bases / Criteria The release of hydrogenous impurities inside the fue' I
rod can result in premature cladding f ailure due to tne for ation of rycriceblisters and reduced ductility. Hycricing, as a claccing failure mecnanism, 3is precluded by controlling the level of moisture anc otner hycr:;ero.simpurities during fuel pellet fabricati m. 3

Tne ANF facticaticn ' " t
(Reference 5) for total hydrogen in fuel pellets is more strirgent than the
ASTM limit cited in the $RP and, thus, is acceptable for applicatien to ne g
9x9-5 design up to the extended burnup levels requested in th's revien. E

Evaluation - The moisture and hydrogenous impurity level of ANF fuel
pellets is determined by taking a statistical sample of the fatricated ;ellets E
and measuring total hydrogen content to ensure tnat it is telen 5

the ANF limi t.
Cladding f ailures due to excessive moisture in the f uel tyoically occur early-in-life. Because ANF has not experienced any significant fuel failures c.e to g
hydriding in past ANF fuel designs, this method of testing the im;urity leve! g
of ANF fuel pellets is found to be acceptable for the 9x9-5 fuel design.
conclude that ANF has provided reasonable assurance that hydricing, as a f.el

We

failure mechanism, will not be sigt.ificant for the 9x9 5 cesign up to the E
Bextended burnup requested 'n this review.

(b) Claddino Collaose

Bases / Criteria - If adal gaps in the fuel pellet column were to occur
due to fuel densification, the cladding would have the potential of collapsing ginto a gap, i.e., flattening. Because of the large local strains that would
result from collapse, the cladding is assumed '.o fail. ANF's design criteria 3
for preventing cladding collapse is to maintain a
prevent pellet hang up and, tnerefore, axial gap t e.ation. radial gap large enough toinis design
criteria has been reviewed and accepted by the NRC in the review of XN.NF.8206, Revision 1 (Reference Sj. We conclude that ANFs desi
cladding collapse is also applicable to the 9x9-5 design.gn criteria for

Evaluation - ANF uses the approved R00EX2A and COLAPX codes
(References 18 and 23) to predict cladding creep col! apse. The R00EX0A cece

I-
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I
I is used to provide initial in reactor fuel rod conditions to COLAPX, e.g.,

radial fuel-cladcing gap si:e, fill gas pressure, and claccing ter;eratures.
The COLAPX code calculates cladding ovality chan;es (flattening) anc creep
deformation of the cladding as a function of time. As shonn in Table 3.. ofI References 1 and 2, the 9x9-5 design does not exceed their cesign limit forcladding creep collapse. Therefore, we concluce that the 9x9-5 cesign is
acceptable with respect to clacding collapse up to the burnup leve s rec.estect

in this review.

(c) Overheatino of Claddino -

Bases / Criteria - As indicated in the SRP, Section 4.2.!!.A.2(c), it nas
been traditional practice to assume that f ailures will occur if the *.nemalmargin criterion is violated. For SWR fuel, thermal margin is sutec in temsI of the minimum value of the critical power ratio (CPR) for the most limitingfuel assembly in the core. The design criterion for ANF EWR fuel to orevent
cladding overheating, 's that transition boiling snall te oreventvJ and inisis accomplished by ANF by specifying a minimum CPR (MCPR) value. This AhrI criterion satisfies the intent of the CPR criterion in Section 4.2 of ne SRPand, thus, is acceptable for the 9x9-5 design.

' I Evaluation - ANF has not presented their analysis methodology nor
specific analyses of MCPR in References 1 and 2; however, ANF nas cotained
approval for a separate topical report (Reference 24) that presents tneir
critical heat flux (CHF) correlations used in the evaluation of MCPR for theI. 9x9-5 design with the two different water rod designs. It is noted that thereare two separate critical heat flux correlations for the two different water
rod designs. We conclude that ANF has adequately addressed the analysis
methods for cladding overheating in Reference 24 for the 9x9-5 design.
(d) Overheatino of Fuel Pellets

| Bases / Criteria - As a second criterion for avoiding cladding f ailure due
to overheating, ANF precludes fuel centerline celting for normal operation ar.dA00s. This design limit is the same as given in the SRP,
Section 4.2.!!. A.2(e), and, therefore, is acceptable for the 9x9-5 design.

Evaluation - ANF utilizes a correlation for the fuel melting point that
accounts for the effects of burnup and gadolinia content.I limit has been reviened and approvec by NRC (Reference 5) with respect toThis fuel melting
application to fuel and gadolinia bearing fuel at extenced burnup levels. Weconclude that this correlation is also acceptable for application to the9x9-5 design.

ANF uses the RODEX2A computer code (Reference 18 to calculate maximum
possible fuel centerline temperatures for normal opera) tion with the conserva-I tive power histories presented in Figures 3.3 and 3.4 of References 1 and 2 asinput. As shown in Figures 3.13 and 3.14 of these same reportt, the calcu-
lated centerline temperatures for the 9x9-5 design remain belon

2 melting point. the irraciatedUO

~
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I
For A00s, ANF uses the R00EX2 (Reference 19) and RAMPEX (Reference 20)

codes to calculate maximum possible fuel ccnterline temoeratures niin an HCR
'

history at least 1204 greater than the steady-state LH3R history use; for.

normal operation. The roc poners versus burnup curve in Figure 3.2 of
References 1 and 2 represents ANFs bounding roc coners for vx9-5 poner
transients from 100% poner. ANF has incicatec (References 1 anc 2) tnat theresults of the R00EX2 and RAMPEX calculations, using the poner nistories in
Figures 3.2, 3.3, and 3.4 of References 1 and 2, ha.e shonn that fuel center-
line melting will not occur for the 9x9-5 cesign. Based en the ateve
analyses, we conclude that there is reasonable assurance that fuel pellet
centerline melting will not occur in the 9x9-5 fuel curing normal operatson
and A00s up to the burnup levels requested in this revien.

(e) Excessive Fuel Enthalov
,

Bases / Criteria - The SRP guidelines for a severe reactivity initiatedaccident (RIA) in a BWR state in Section 4.2.!!.A.2(f) that "at :ero or lon
enthalpyisgreaterthan170 cal /gatanyaxiallocatien." fuel failure is assumed to occur if the radially averaged fuel roc
poner

Tne 170 cal /g
enthalpy criterion is primarily intendec to acdress clacding overheating
effects, but it also indirectly accresses pellet /claddin; interacticns (PCI)of the type associated with severe RIAs. ANF utill:es tnis SRP guiceline for
evaluating fuel failure due to excessive fuel entnalpy anc, tnerefore, inis is
acceptable for the 9x9-5 design.

Evaluation - ANF performs a detailed analysis of the BWR control red drop
accident using the methodology presented in the NRC approved report XN-NF-EO-
19(P)(A), Volume 1 (Reference 25). We concluce that the ANF analysis retnet
for evaluating fuel failures due to excessive fuel enthalpy from a control red E
drop accident for zero poner core conditiens is acceptasle for the 9x9-5 3
design.

(f) Pellet /Claddino interaction

Bases / Criteria - The design criteria in Section 4.2.II. A.2(g) of the SRP Efor mitigating PCI fuel failures are: 1) cladding uniform strain shall not
exceed 14 during any A00, and 2) the fuel centerline temperature must remain 3
below the melting point of the fuel. Both of these criteria are utili:e: by
ANF for their BWR designs [see Sections 3.0(b) and 4.u(d) of tnis re ort', and,
therefore, are acceptable for application to the 9x9-5 cesign.

Evaluation - As noted earlier in Sections 3.0(b) and 4.0(d) of this
report, the 9x9-5 cladding strains and fuel centerline terperatures up to the g
extended burnup levels requested are well within the claccing strain and fuel 3
melting limits. In addition it should be note that fuel at exten:ec turnup
levels will experience a recu,ttion in peak poner capability due to fissi'e
material burnout that should help mitigate the effects of PCI for the 9x9-5
design at extended burnup levels.

Based on these considerations, we conclude that ANF has adequately
addressed the effects of PCI far the 9x9-5 fuel design up to the extended
burnups requested in this review.

I-
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(g) Claddino Rupture
~

Bases / Criteria - Zircaloy cladding will burst (rupture) under certain~

combinations of temperature, heating rate, and cifferential pressure con--

ditions that occur during a LOCA. 'hile there are no specific cesign criterian

in the SRP associated with cladcing rupture, the requirements of Appencix K to-

i
10 CFR Part 50 must be met as those requirements relate to the inctcence of'
rupture during a LOCA; therefore a rupture temperature correlatien mast te
used in the LOCA emergency core c,ooling system (ECCS) analysis. ANF mocels

F the effects of cladding rupture as an integral part of their ECCS evaluatun
- model, as discussec in Sections 5.0(6) and (c) of this report. Therefore, ne

conclude that ANF has addressed this issue for the 9x9-5 cesign.

Evaluation - The ANF cladding deformation and ry;ture codels are de-
scribed in XN-NF-82-07(P), Revision 1 (Reference 25). The NRC has reviened

a
g XN-NF-82-07(P), Revision 1, and concluced that the models are acceptaDie foruse in LOCA analyses. The link between claccing ceformation anc rapt.re

models to the LOCA ECCS analysis is cescribec in the NRC approved reportI XN-NF-80-19(P) A, Volumes 2, 2A, 29, and 2C (Reference 27) . Because the
cladding in the 9x9-5 design is the same as that used in past BWR cesigns, ne
conclude that the creviously approved clacding deformation and rupture mocels
are also acceptable for application to the 9x9 5 design.
(h) Fuel Rod Mechanical Fracturing

Bases / Criteria - The term " mechanical fracture" refers to a fuel roddefect that is caused by an externally applied force, such as a hydraulic loac
or a load derived from core plate motion induced by LOCA-seismic events. Thedesign bases and cHteria for mechanical fracturing of ANF BWR relcac fuel are
presentec in XN-NF-81-51(P)(A) (Reference 28), which describes ANF's LOCA.seismic structural response analysis. The design basis is that the channeled
fuel assemblies must withstand the external loacs due to earthquakes and
postulated pipe breaks without fracturing the fuel rod cladding.
limit proposed by ANF is that the stresses, due to postulated accidents inThe cesign
combination with the normal Steady-state fuel rod stresses, should not exceed
the stress limits given in Table 3.1 of Reference 28. The stress allowables
are derivej from the ASME Boiler and Pressure vessel Code, Section III,Apoendix F for faulted conditions. This design limit for mechanical
fracturing has been reviewed and approved in the NRC revien of XN NF-81-
51(P)(A) and they remain acceptable for application to the 9x9-5 design.

Evaluation - The mechanical fracturing analysis is done as a part of theseismic-LOCA loading analysis.
analysis is given in Section 5.0(d) of this report.A discussion of the seismic-LOCA loading

5.0 FUEL COOLABILITY

For major accidents in which severe damage might occur, cor.
must be maintained, as required by Appendix A to 10 CFR 50 (e.g., GDC 27 ancslability35). The following paragraphs review the criteria and analyses metnods that
ensure coolability is maintained for 9x9-5 design for those severe damage
mechanisms listed in Section 4.2 of the SRP.

.
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(a) Fracmentatien of Embrittled Claddino

Bases / Criteria - The ANF cesign criteria for ECCS evaluation meet the
requirements of 10 CFR 50.46 as it relates to cladcing eetrittlement for a
LOCA: i.e., the criteria of a peak claccing temperature limit ci 2:00'T and alh limit on maximum cladding oxidatien.

We concluce that these criteria orlimits are also acceptable for application to the 9x9-5 cesign. -

Lyaluation - The principal cause of claccing embrittlement during severe,

accidents such as LOCA is the high claccing temperatures that result in severecladding oxidation.
The ANF methodology for evaluating claccing embrittlement

is included in their approved report for LOCA CCCS analysis (Reference 07).
We conclude that this methocology is also acceptable for licensing appi:-cations for the 9x9-5 design. E

E,

(b) Violent Excuision of_ Fuel

Bases / Criteria - In a severe RIA, such as a PWR control roc ejecti:n, er
a BWR control rod drop accident, large and raoic depositicn of energy in the
fuel could result in melting, fragmentation, and cispersal of fuel. Themechanical action associated with fuel dispersal might be sufficient to
destroy fuel cladding and the rod bundle geometry anc to provide significantpressure pulses in the primary system. In orcer to limit the effects of an
RlA event, Regulatory Guide 1.77 (Reference 29) recommends that the racially-
avera e energy deposition at the hottest axial location be restricted to lessthan 80 cal /g.
NRC requires the same fuel enthalpy limit for a rod crop in a BWR.This regulatory guide was originally nritten for PWRs but the
this limit in the topical report AN-NF-60-19(P)(A), Volume 1 (Reference 25),

ANF uses

that presents ANF's rod-drop accicent analysis methodolcgy,
,

'

This is con-sistent with the SRP guicelines and, therefore, is also acceptable for
licensing application to the 9x9 5 design. en

E'
NF-80-19(P), Volume 1. ANT calculates a maximum radially-averaged fuelEvaluation - Using the NRC-approved analysis methodology presented in XN-
enthalpy for the control rod accident for eacn cycle in nhich ANT fuel is
present in order to assure that the calculated enthalpy is nell below thei 280 cal /g limit.
are also acceptable for licensing application to the 9x9-5 cesign at theWe conclude that these analysis methods for fuel,enthalpy

'

requested burnup levels.

(c) Claddino Balloonino

Criteria / Bases - Zircaloy cladding will balloon (swell) under certain I
combinations of temperature, heating rate, and stress during the LOCA.
are no specific design limits associated with cladding taliconing, other thanThere

10 CFR 50 Appendix K requirement that the degree of snelling not be uncer-estimated.

Evaluation - The ANF claddin
cladding rupture temperature mode ballooning model is an integral part of the

for the LOCA ECCS analysis.
ballooning and rupture model is addressed in the AN *iF EC-07, Reviticn .'The cla: ding(Reference 25). Reference 26 has adoptec the h0 REG-0530 (Reference 30) data g

g'
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base anc modeling, anich specifies a metned ac:e:tacie to the NRC f:r treat gelaccing swelling anc ructure during a LOCA.r
These me:els nave teen at:r:vecL by the NRC up to extendec turnuo levels (Reference 5).

There is evidence that claccing exicatien at extencec turnue '.evels anc
( LOCA temperatures may result in recucee :laccing strains ::mparec t: in:seerecictec by NUREG-0630. However, 19ese data are not ::nclusive tc:ause these

tests were not performed with an oxidi:ing atm:senere, nor unter irra:iati n
conditicas. Irres;ective of = nether these data are acclicable to a LOCA,

a

reduced cladding strains would result in less flew bicckage and, thus, the
i current analysis methocs would be more censervative with respect to inis
[ criterien. In accition, the nigh :ladding tem eratures associate: *stn *he

LCCA analysis will anneal irraciation damage effects :n :laccing ;r::erties.

The RCDEXC fuel per'ormance ::ce (Reference 19) is usec t'e :r:v'Oe :ur.
ce:endent input to the LCCA analysis, e.g., sterec ener;y anc c c :ressures,uc
that are a function of initial steady. state ::eratien. This initial stes:y-h state fuel c:ndition is also im:ortant to :laccing ballecndng As notec| earlier (see Section 5.0(a)), the RCDEX2 ::ce nas :een a:ereve.c to :rovsee
initial c:nditions for the LOCA analysis of ANF designs beycnc the extencesburnups requested in this review. We c:nclude that the ANF metsceology for| calculating cladding ballooning during a LOCA is ac:ectacle for licensingi application to the 9x9-5 design up to the requested extended burnu:s in thisreview.

(d) Fuel Asse-biv Structural Damace Ferm External rerees

Criteria / Bases . Earthquakes and postulated pipe breaks in the react:r
I coolant system would result in external forces :n the fuel assembly. The 3RP,

Section 4.2 and associated Acpendix A, states that fuel system ::elability
should be maintained and that damage should not be so severe as to prevent
control red (for PWRs) or centrol blace (fer 5WRs) insertion anen re:uirecI during these low pr:bability ac:idents. The ANF design basis is that the 'uel
assembly will maintain a geometry that is capable of being ::oled uncer the
worst case ac:ident Condition IV event anc that system damage 15 never so

I severe as to prevent control rod or control blade insertiens. This is
consistent wich the design basis preser ted in the SRP and, therefore, ae:ee.
table for the 9x9-5 design.

In order to assure that these design bases are met, ANF has Dr cesed
design limits on the stresses that can be experienced by the critical fuel

F

assembly components. These design limits are based en unirradiatec
I ultimate tensile strengths, and have been approved in XN-NF 84-97(P)yielo anc
Il (Reference 31). Because yield and ultimate tensile strengths will Only{l increase with increased irradiation and burnuo, and because the ecrease in

cladding ductility at the burnuos recuested is not limiting (as noted in
Section 3.0(b)), these limits were also approved for extencec burnuo levels Of
current ANF designs (Reference 5). These limits are also ac:ectable forapplication to the 9x9-5 design at extended burnup levels re:uestec in thistopical report.

*
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I
Evaluation - ANF has analy:cd seismic-LCCA :n 9x9 E fue' asserolies usin;

the approved methodology descritec in the appr vec AN '6-SG-00, Aco:nd s ;
(Reference 32). Previously ANT nas con:1ucec that seismic-LOCA peri r ar:e~

betneen 8x8 and 9x9 fuel assemblies na: little cifferen:e te:ause the sa echannel box was used for toth fuel types (Reference 22). Basec on this c;n.
clusicn, ANF has evaluated the seismic-LOCA loa:s for 9x9-5 fuel assembl esamong a mixed core of ANF 8x8 and GE 8x8 fuel and conclu:e: that tme 9x9-5fuel is bounced by the previously approved seismic-LOCA analyses for Exi %el(Reference 32). Since the approvec ANF metnccology (Reference 20) nas use:
for this evaluation, we cenclude that the seismic-LOCA leads for 9x9-! f.e'
are adequately addressed.

6.0 CONCLUSIONS

We have reviewed the Aif 9x9-5 fuel design and me:hanical'desi;n ana( ses
described in References 1 a.1d 2 in accordance with the SRP, Ee:ti n 4.0.
concluce that the 9x9-5 design as descrite; in References ; an ne

0 ts ac:e:-table for licensing application to SnRs up to a peak nocal (pellet) turn-a of55 Mnd/kgM.
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1.0 INTRODUCTION AND SUMKAR(

1.1 Introduction

This report provices a design descrip'. ten and tum ary of **e su tort aga

I analyses, and test results appl i c ab.l e to :9e techan cal :es gn i : e ANF
9x9 5 EWR fuel.

This report is similar to xN NF 35 67(P)(A), Revis1:n ;iSI, an':'

contains the mechanical description and the results of ecnanics' ana'jst s 'er
ANF 8x8 and 9x9 fuel .

I The design criteria, technical bases, and a cescription of mecnan, cal
fuel rod failure mechanisms are covered Dy a separate report. XN NF 25 29 !2)
Mechanical design requirements specified in XN NF 35 39 are discussec in
detail in the design evaluation section of this report. In acc tion. :esign
bases requirements from the NRC Standard Review Plan!3) an*cn are a :1':so's
to the evaluation of this report are 'centifiec accorcing to sect *cn.

1.2 Summary

Mechanical design analyses have Oeen performec to evaluate cla:0'ng
steady state strain anc stresses, transient strain anc stresses, 'st gueI ,

damage, creep collapse, corrosion, nydrogen absorption, fuel roc internal
pressure, pellet and clad temperatures, diffe, ential fuel rod growtn, ro:s, cow,

'

and grid soacer spring desig, of the 9x9 5 fuel. These analyses assure tne
following maximum discharge exposure:

mwd /MTV assembly exposure.

MWc/MTU rod exposure.

mwd /MTU nodal exposure.

The analyses demonstrate that the echanical Oes gn criter's are not
violatec when the fuel is operated unter tne !. CR (1:near heat geaerat'on
rate) limits defined in this report.

.

I
_ .
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All analyses herein have been performed with the RCCEX2
anc RCOEX2A <

computer codes using the $ame methocology alreacy used in Reference :.

! All the analyses have been performea en a gener' Dssis .s ng
conservative input data and the enveloping histories cefinec in Ngures 2,3and 3.4

1.2.1 Desion Descriction Summary

The ANF 9x9 5 fuel assembly design ennsists of a 9x9 atrix c:rtaining 75
'uel rods and 5 water rods supported by di metallic spacer grics,

,

'ne 'ael
assembly d2 sign may contain natural uranium axial

blankets at eitner enc ofthe fuel
rods to enhance neutron economy, and will incorporate gacolinia. g

bearing fuel rods to provide fuel management flexibility.
g

I
I

The assemblies are cesignec to allow nand'ing 'n the same manner,
to the same extent, and with the same equipment as that now eeing used f:r SxS
and 9x9 fuel.,

I
.i

i

The mechanical design of the 9x9 5 fuel
estaclisnec 'r:m the,

experience with existing ANF fuel designs,

Detailed fuel design drawings in Ac00ncix A Orovice ci* ens 70na' :e t a i '; s
! of the 9x9-5 fuel assemblies.
! "

I
- _ _ _ _ _ - .
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I
1.2.2 Mechanical Desion SumaryI The major analysis results are as follows:

I The maximum end of life (EOL) steady state cladding strain is.

calculated to be below the design limit.

Cladding steady state stresses are calculated below ne mater'aiI .

strength limits.

The cladding strain during anticipated operating occurrences (ACO's).

does not ex.eed .

The maximum fuel rod internal rod ?ressure remains te'cw ANF's.

criteria limit.

The fuel centerline temperature remains celow '"e mel ting m nt.

during A00's.

The cladding fatigue usage factor is within the.
I cesign limit.

Structural members have adequate strength to support nanc1:ng anc.

hydraulic loads.

The cladding diametor reduction.

Evaluations of assemoly growth and differential fuel roc gr: wins.

. show that the design provides adequate clearances for comoat'oi''ty
with the reactor internals, fuel asse oly channel, a fuei nanciing

I- machine. Also, there is adequate engyedent of the end caps in :ne
upper tie plate and lower tie plate througnout the cesign ''#e.

The initial fuel rod design spacing is expe:ted to ce adecuate toI .

accommodate expected rod to rod gap closure for the fue' cesignlife._

I~ The maximum EOL reduction in cladding thickness due to co rosion anc.

1he maximum concentration of hydrogen in the claccing are ca'c !atec
to be well within the design limits.

The fuel rod plenum spring and otner miscel'anecus ccm:cnen.. are.-

shown to meet the respective design bases.

The spacer springs meet all the design requiremen*: anc can
, .

accommodate the expected relaxation at tne res;e tive EOL ex:'osur+c.
i

I
,



,
_ - _ _ - _ - _ _ -

1

I
|
!
' ANF 88-152(NP)(A)

-

Page 4

.I

2.0 DESIGN DESCRIPTION

2.1 Fuel Assembly

The ANF 9x9 5 reload fuel as seinely design is a 9x9 array e th 75

I enriched uranium fuel rods. The remainder are inert water rocs. E'gn of tne

fueled rods are also tie rods. Some 'of the rods contain gadolinia as a
burnable absorber. Fuel rod pitch is maintained by seven soacers. 'ne
spacers are a Ihe
centrally located inert water rod captures the soacers to maintain the or er

. axial spacing.

All rods except for the tie rods have coil comoression springs locatec
~

between the top of the fuel rods and the bottom surface of the upper tie
plate. These compression springs provide a force to aid in seating the fuel
rods in the lower tie plate and reac: against the upper tie plate. The

springs accommodate variations in rod leng*hs arising from manufacturing
- tolerances and permit axially non-uni form thecmal and irradiation 'ncuced

growth of the fuel rods.

I The eight tie rods are structural members of the fuel assemoiy and
establish the overall assembly length. These rods are threaced into ne lower

. tie plate and latch into the upper tie plate. The tie rods carry tne assemol/
weight during handling and provide the coil spring reaction support.

I
The assembly contains five water rods to improve uranium utilization.

I
For fuel red removal, the upper tie plate ~ust be decressec agent'. :e

compression springs a snort distance in order to allow the loc < t ng 'ag' *o os.

rotated 90*. The upper tie plate is then free to ce removec for fuel roc
extraction or .molacement.

.

I
_
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I.

The lower tie plate consists of a machined stainless steel casting aitn a
grid plate for lower end cap engagement and a lower noz:le to distribute
coolant to the assembly.

The upper tie plate is a cast and machined grid plate, witn attacned call
handle to provide for fuel assemoly hanoling and orientation.

I
I
I.

Assembly and . component descriptions for the 9x9 5 fuel are presented in
Table 2.1. Table 2.2 show the 9x9-5 geometric design parameters used for
inputs to the analysis codes.

|

Detailed fuel design drawings in Appendix A prot'ce aimensional cetai st
of fuel assemblies.

m

2.2 Pods

2.2,1 Fuel Pods

The fuel rods consist of UO2 pellets in Zircaloy 2 tubing witn Zircalcy 2
end cap plugs fusion welded on both ends of the tube.

The fuel rod cladding is
Each stancarc

fuel rod contains a column of fuel pellets ranging from 144.0 to 150.0 incres
in length (dependent upon application). Tne fuel c:1umn contains enrienec ;0; i

and may also contain natural uranium column segments on :ne t:0 anc/cr : t*. m
of the enriched column. The enriched column may ce anywnere 'ron locut .32 to'

150 inches in length.

- - - - -_- _- -
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I
The pellets are sintered to of theoretical censity. 'he isng:n *.o

diameter ratio (L/0) of the enriched pellet is

I
.

The nominal pellet to cladding gap isI
I
I
E

I

I

The fuel rod upper plenum contains an coil soring to

| prevent fuel column separation during fabrication, shipping, and ear y reac'.or
operation,

I
The upper end cap plug is configured to allow remote under water hancling

and engagement into the upper tie plate. The lower end :ap has a shaft anc a
. tapered section which seats in the lower tie plate, and aids 'n 'uel c0c

insertion into the fuel assemoly during faoricat'on, in;oec''on. anc
. reconstruction. Both end caps are seal lwe ded to the claccing n a ne' um

atmosphere. The rod is pressurl:ed with nelium to atmosoneres. |

I |
.

I .

-

_ _ _ _ _ _ _ . - . _ - - - _ _ _ _ _ _ _ _ _ - _ -



IAt1F-88 152(tiP)(A)
Page 7

I
I

Fuel rod identification is maintained by a serial number on tne lower enc
cap.

Fuel assembly component description for the 9x9-5 fuel is inclucea in -
Table 2.1.

2.2.2 Tie Dods

The tie rod assembly serves to connect the upper and lower tie plates.

I.

The tie rods are fueled and have upper and lower end caps designed for
attachment to the tie plates. The lower end cap threads into the 'ower tie
plate. The upper end cap is also threaded for the engagement of the tie plate
locking hardware.

The description of the tie rod assemolies are provicea in Tacle 2.1.

I2.2.3 Water Rods

water rocs are
located in the fuel assemoly. The water filled roc: are

I
The tuoing and end fittings are mace of

I
I
I
I.

I
__-_ -
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.

2.2.4 Scacer Cacture God

The spacer capture rod (SCR) is a water rod.

. The lower enc cao
of the SCR is threaded and it connects to the lower tie clate.

.

The SCR has rings on the outside of the SCR at a x ' a '.
_

locations corresponding to the spacer locations.

I
2.3 Tie Plates

I
2.3.1 Vocer Tie Plate

The upper tie plate serves as an easily removable structural ?.emoer of
the fuel assembly. The eight tie rods penetrate the upper tie plate to nold
it in place.

A lifting bail is integral with the gric for fuel 'iancl ng.

Also, there are posts on top of the gric wnicr. support
and permit attachment of the channel,

The upper tie plate is made of cast stainless steel

2.3.2 Lower Tie Dlate Asseably

The. lower tie plate supports the fuel cods during handiing and operation
and distributes the coolant into the assembly. The eignt tie rods threac into
the lower tie plate forming a structural tie between :1e upper an; 10 er tten

plate,

seal springs
.

limit coolant bypass flow between the channel and tie plate.
1

----
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The lower tie plate is made of cast stainless steel,

2.4 Scacer Grids

The spacer grids are an interlocking square array of
strip producing a 9x9 array of cells,

spring strips are
mechanically secured within the structural strips.

strios
which capture the springs are welded to each other at all

,

intersections and :o
the side plates. The strips are dimpled anc the springs are
arranged such that each fuel rod is positioned by four support cimples and one'

Backup lobes are provided on the spring to prevent excessive spring
gspring.
5

and cladding stresses which might occur under adverse handling concitions.
Anti-hangup tabs are on the side plates of the spacers to prevent interference
during channeling.

2.5 Miscellaneous Htrdware

2.5.1 Comoression Sorina

The compression springs are located on the fuel rod and inert roc u:cer
end cap shanks between the fuel rod end cap shoulder and the u per tie p' ate.
The spring force supports tne weight of the tie plate and channel, anc aics in
seating the rods into the lower tie plate. The spring dimensions are cesigned
to account for manufacturing tolerances and differential rod growth. ,

das selected as the spring material.

2.5.2 Assembly Hardware

The retaining spring, locking sleeve, and the adjusting nut are assemoledto the upper end cap of the tie rods. The p7rpose is to secure tne uocer tie -

plate.to the tie rods.

The retaining soring maintains the correct location of :ne lock:nq s'eeve
when the upper tie plate is depressed for installation or remova!

. I

I
.

-
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The locking sleeve rotates on the tie rod upper end cap to lock onto tner
( upper tie plate. The adjusting nut threads onto the tie rod upper end cao to

f as'an the retaining spring and locking sleeve to the tie roc. The threacs at
( the adjusting nut location are deformed to prevent further rotation of the nut

after assembly.

The retaining spring is made of and tne 'ocking sleeve anc
adjusting nut are made of low caroon stainless steel..

1

{
k

l

(

.

l

.

____---
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TABLE 2.1 FUEL ASSEMBLY COMPONENT DESCRIPTION

Material Characteristic 9<9-5
Fuel Assembly

Array 9x9--

Width, in. 5.;49----

Length, in. 176.014 |
---

No. of Spacers
7--

3Rod Pitch, in. 0.563 0.572---

No. of Fuel Rods 76----

No. of Water Rods 5
--

Fuel Rod Assembly
Outside Diameter, in. 0.417Plenum Length, in.
Fuel Length, in. 145,24 - 150.00
Pressure, psig 30.0

Fuel Rod Assembly
Outside Diameter, in. 0.443

Fuel Length, in. 150.00Pressure, psig 30.0

Spacer Capture Rod

Sleeves
Outside Diameter, in.

0.546-(BWR 6)

Water Rod
Outside Diameter, in.

0.546 (EWR 6)Inside Diameter, in.

Cladding
EOutside Diam.. er,-in. 0.417 E

Cladding
Outside Diameter, in. 0.443

I
.

I
I

- -
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TABLE 2.1 FUEL ASSEMBLY CCMPONENT DESCRIPTION (CONTINUED) |
'

:
'

!
,

Material Characterist'c '9v9-5
,g Plenum Spring
;g Coil Diameter, in,
j Wire Diameter, in.

Free' Length, in..

.|' '1Plenum Spring.

Coil I)iamet'er, In.
ig Wire Diameter, in. J

-5 Free Lengt.1, in. 1
'

|
End Caps.

! i.

W Standard Upper
length, in.i

3 Shank Diameter, in.

Standard Lower
Length, in..

. Shank Diameter, in,

i Tie-Rod Upper
: Length, in.
L. Thread, mm

Tie Rod Lower

; -|m
i

Length, in.
Thread, mm

;g SCR/WR Upper
pg Length, in.
j Shank Diameter, in.

'E SCR/WR Lower
54 Length, in.

Thread, mm
'

J

.

,

.

..
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TABLE 2.1

FUEL ASSEMBLY COMPONENT DESCRIPTION (CONT!NUED)

Mater,al Charac+g,2 e,,q gyg,3

Fuel Pellets

UO2 Sintered U0,
Diameter, in. -

Length, in.
Deasity, ".TO
Dish, r.

Gadolinii
UO Gdo032Diameter, in.

Length, in.
Density. *.T0
Dish, t.

Natural
Sintered UO2Diameter, in.

Length, in.
Density, f.T0
Oish, r.

,

Compression Spring
Coil Diameter, in.
Wire Diameter,'in.
Free Length, in,

Upper Tie Plate E
Height M
Outside Dimension, in.

Lower Tie Plate Assembly

Outside Dimension, in.

Lower Tie Plate- Seal
Height, in.
Width, in.

_ <

I
.

I
11

-
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TABLE ^.1 FUEL ASSEMBLY COMPONENT DESCRIPTION (CONT!NUED) )
! '

!.||5 Material Qar1ctoristic 9v9 5s

| Locking Sleeve
j

.
Height, in. j

| Length, in.
:
p -

Width, in,

!, Adjusting Nut
| Length, in,
! 3 Diameter, '4.
!E Thread

i
4

i

! Retaining Spring
! Coil Diameter, in,
i Wire Diameter, in,
j Free Length, in,

jI
;
:
k 'i

|

|
)

l l
g

.

:

.

'

;I
,

.
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3.0 DESIGN EVALUATION
I

ANF 9x9 5 reload fuel assemoly components are designec to satisfy tne
performance and safety objectives described by XN NF 85-39, Rev. O, the

| Criteria presented in this section, and the NRC Standard Rev'en D'an '',f75

Section 4.2. The reactor fuel system objectives provide that:

| The fuel system is not damaged as a result of nor .a operat'On and
.

anticipated operational occurrences. "Not damaged" means ina; fuel
B rods do not fail, that fuel tystem dimensions rema7n 41 *. n : noperational tolerances and that functional caoaci''::e are not

reduced below those assumed in the safety analysis.

Fuel system damage is never so severe as to prevent :ontro' rod.

i insertion when required.

The number of fuel rod failures shall not be unceres'.imatec f:r.

postulated accidents.

Coolability is always maintained..

The fuel assemblies are cesisned to withstand loacs as a result of
.

in plant hancling and shioping.

The mechanical and hydraulic design of fuel assemol'es at'' :s
.

compatible with coresident fuel and the reactor internals to acnieve
acceptable flow distribution, including bypass flow, such ina neat
transfer requirements are met for all licensed moces of operation.

3.1 Desian Excerience and Drototvoe Testina (Standard Deview Plan Sect'en a?5 -

'.

R ANF has fabricated large quantities of JP BWR 3x8 anc 9x9 fuel.

Irradiation experience to date has shown that tne fuel certorms
satisfactorily. Fuel fabrication and irradiation experience for *.0:n 3WR and
PWR designs is summari:ed in Table 3.5.

The 9x9-5 is an evolutionary cesign fr:m the ANF 9x9 setng ocerate: cy
several U.S. reacttes. The exoerience gained in the ces:gn, ~ 3 r u f a c *. u r n c ,

.
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Io
and irradiation of over BWR fuel assemblies by ANF has been appliec to
the 9x9-5 design. The features incorporated in the 9x9 5 co not represent a

'

significant departure f' rom other designs, consecuently, this experience is
applicable to the 9x9 5 design.

3.1.1 Fuel Assembiv Structural Strenoth
Tie rods, upper tie plates and lower tie alstes, and tne upper tie ?' ate g

locking harcware constitute the fuel assemoly structural components during E
handling. order to withstand expected handling loacs, the asse.ol f is.

designed to withstand a minimum axial load of the bunale neign:
with no permanent deformation. Also, the tie rod upper ena caps are

designed to withstand a loading of not less than Should the assemoij
be subjected to unexpected and excessive loads, failure is to occur at tne !!e
rod end caps without breaching the cladding.

The tie rod upper ena cap, upper and icwer tie plates in :ne 9x9-5
design, are essentially the same as those iri the stancard ANF 9x9 cesign. 'ne
test results reported in Reference 1 are also soplicaole to the 9x9 5 Jes';n.

3.1.2 Hydraulic performance Tas t s

Single phase hydraulic characteristics of the 9x9 5 fuel assemolies aere
l20' )experimentally determined by hydraulic tests performed in ANF's

Portable Hydraulic Test Facility. The testing was performed on full size g'

components to find the loss coefficients of the lower tie plate (including the g
inlet hardware), spacers, rods, and the upper tie plates.

I3.2 Frettinq Wear (Standard Review Plan Sect'on a.2 !!Al Ri)
Fretting wear of fuel rods under normal operating reactor conditions can

be controlled by tne use of cesign features that assure tnat tne rocs are
positively supported at the grid scacers througneut the expected i m ciat-:n

gperiod. In tne case of ANF fuel, this is ac:omplisnec oy ne g
spring arrangement of the spacer grid. 'ha system in

the grid spacer is designed sucn that the minimum roc contact forces
'

I
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throughout the design l i fe are greater than the maximum 'uel roc fi cw
vibration forces, thus preventing rod fretting wear.

.h
;5 The spacer springs relax during irradiation anc the fuel roa

cladding tends to creep down. Together, these two characteristics ::mcire to
reduce the spacer spring force on a fuel rod curing its ',fet we. Sese
characteristics are considered in the cesign of tne spring to a;sure an

I adequate holding force when the assembly has completed its ces'gn 0; erat :no
life,

I
Spacer spring relaxation and rod creepcown characteristics nave t<ee n

,

monitored in relation to burnup on both BWR and PWR fuel rocs by measuring the
force required to pull a fuel rod through a spacer, Data have been octainec
on fuel rods on several reactor types, which have attained an assemo'y ournuo
of

Inspection of rods at this burnuo snowea no evidence of
significant fretting or wear damage at the contact points.

The effective spacer spring relaxation, cased on nis anc otner cata,
follow an asymptotic relationship with burnup. For typical ANF roc anc spacer
springs irradiated to mwd /MTU, the average spring force is
approximately of the initial spring force. The spring force at the top anc
bottom grids is at least of the initial spring force. The residual spring
force therefore has a substantial margin for the prevention of fretting near
during extended burnup.

.

ANF laboratory testing has shown that the residual spacer spring nolding
force can be quite low without resulting in fretting damage to the cladding,

,

Extensive flow tests have been performed on ANF assemolies under various
spacer spring load conditions. These tests 9 ave covered the range of no
spring relaxation (i.e., reload :orrescencing to tyo' cal'j s:r'rgl

-

deflection) to total relaxation (:ero creload). In testing to up to
hour; duration, no measurable fretting wear resultec from up to
relaxation, provided there nas contact ostween tne spacer soring and tne fuel

I
.

_ _ - _ _ _ - . _ _ _
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I
rod. In these tests, fuel rod wear depths at spacer contact co3nts nas
typically ranged from althougn wear of up to acoroximately

in depth has been occasionally observed. Examination indicates tnat tne
wear is due primarily to fuel rod loading and unloacing ane not #uel roc
motion during the testing. .

The ANF assembly design methodology requires the consicerat!cn of cw
'

gvibration and irradiation effects on the spacer rod interaction. F' on *e *s 3.

and the fuel assembly irradiation have demonstrated tne success of tnis
approach, In addition, the methodology for the calculation of ^e' roc
stresses and strains requires the use of minimum clac aali th:cAness. Ns
choice of input provides conservatism in the analysis anich compensates for
the minimal anticipated fuel rod wear.

3,3 Fuel Assembiv Analvsis

3.3.1 Di fferent i al Fuel Rod Growth ind assemolv O cN t n 'i'3no r? Oev ' N
Plan Section 4.2. IIAlIA))

Axial extension of Zircaloy fuel rods is primarily due to irrac'at'on
induced growth, Growth is also related to pellet-to claccing i n t e rac t i on
Generally, higher growth is experienced by the tie rods, The tie rocs uncergo

'

creep elongation in addition to irradiation growth cecause of tensile !cacs
exerted between the upper and lower tie plate by the compression springs anc
fuel rods. The standard fuel rocs must have sufficient engagement into tne
upper tie plate. The upper end cap shanks 'of the fuel rocs must ce long
enough so disengagement from the t1e plate does not occur througnout tne
assembly design life,

Fuel assembly growth is a direct result of the tie roc gr:4tn. 'he ECL
assemblies growth are reported in Tacle 3.' The values uere ca :ula*.ec casec

! I, on Ojster '.ree<on measurements of fuel rod engagement at 3ig E0c< Point
fuel (20) and differential fuel ro# assembly length easure ents at tre,

Barsebeck re ac t o r ( 24 ''98) These growths co not result 'n any : c e r a *. ' o n a l

I
- _
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;I

I limitations and do not cause interferences with the surrounalng reactor
internals.

The maximum differential growth for the assemolies at E0L are snown in
Table 3.1. Nominal engagement of the standard fuel rod end cao into tne accer

.

tie plate is also shown in Table 3.1.

,I Adding the maximum manufacturing tolerance to the measurea cifferential
growth ind' cates that remains engaged in the
throughout the expected lifetime.I
3.3.2 Channel and Fuel Handlino Comcatibilit.y

The differential growth between the channel and fuef assemoiy is
important so the assembly and channel can be properly gracoled. Crowtn
between the channel and assembly has been evaluated at the 30L and EOL wnen
fuel is at its extreme . ler.gth. The fuel assemoly length and
is compatible with the channel througnout the !ife of tre fuel.

3.3.3 foal Asse-n]y Wvdrwlic li ftof# IStinnard 7ev'aw Dian U *''n
4.2 Alto))

The hydraulic loads on a fuel assembly are calculated to ce less tnan the
| weight of an assembly in water.

I Table 3.1 summart;:es the results of the hydraulic analysis cerformed to
demonstrate the bundle's resistance to hycraulic lif toff during normai anc
anticipated operating modes. The maximum lif toff force includes Duoyancy anc
pressure effects. The results show that the gravitational forces on the fuel
are sufficient to prevent hydraulic liftoff under normal anc antic catec
operating conditions.

I
I
I

.
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3.4 Fuel Red analvsis

The following sections detail analyses performed to predict performance
Bcharacteristics of the 9x9-5 fuel rods. The analysis have been perfortec a,th 3

RAMPEX and approved versions of R00EX2, R00EX2A and COLAPX codes.

The fuel rod performance characteristics moceled by ine RCDEX2 arc
R00EX2A codes are:

Cas release.

Radial thermal conduction and gap gondue:ance.

Free rod volume and gas pressure calculations.

Pellet cladding interaction.

Fuel swelling, densification, cracking and crack healing.

gCladding creep deformation and irradiat:on incucec growtn g
.

R00EX2 has been used to determine the initial conditions for fuel rod g. power ramping analysis (RAMPEX)(6) R00EX2A has been used to determine tne g.

steady state strain, internal pressure, fuel cladding temperature, ;orrosion,
hydrogen absorption fuel temperature, internal pressure, and the fuel rc
internal pressures for cladding creep collapse (COLAPX) Y) analyses. Pel'et
density, swelling, densification, and fission gas release mocels, anc c'accing
and pellet diameter are used in R00EX2 and R00EX2A to provide conservat!ve
subsequent calculation results.

The 9x9 5 geometric design parameters used for input conditions into
R00EX2, RAMPEX, and COLAPX are presented in Tacle 2.2.

Table 3.2(4) provides the guidelines for selecting input variacles from
Table 2.2 to be used in specific applications of the RODEX2 coce. The

analyses performed with R00EX2A followed the same guidelines.

Gadolinia fuel rods are included in tne evaluation. Honever, due to *.ne
.

designed lower enrichment of the gacolinia fuel, inese are not :.e ' m 'ng
roos in the fuel assembly,

1

--
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I
I 3.4.1 Linear West Genaration Pate Limits

Figure 3.1 is the LHGR limits used in the steady state fue' coa
performance evaluation. These limits are for the steacy state poner
maneuvering of ANF fuel.

Cig"re 3.2 is the limit to protect against :cwer trans ents cur ng
anticipated operational occurrences (A00's). Tnis ''mit 's cons':erec in :ne
transient mechanical analyses and applies to the 9x9-5 esign. 'he *Rrst #:ur

M figures are presented in terms of peak pellet :cwer sersus assemolj c'anar
exposure.

For evaluation of the LHGR limits, Figures 3.1 and 3.2 are
conservatively translated into R00EX2 and R00EX2A inouts in the form of fuel
rod nodal powers and time. Figures 3.3 and 3.4 snow the respective power

g inputs versus exposure for a fuel rod. Neutronic analysis inc'cate ina; tne
B small diameter rods will never operate to more than power of the most

limiting rod in the assembly. Consequently, the input poner history nas oeen
modi fi ed to reflect this result. These figures are in terms of cellet ;:cae r
versus pellet exposure.

This assumotion leacs ::

conservatively high rod average powers in evaluation of the LhGR limits. Inis
assumption on axial peaking is icentical to that assumed in tne Reference '
analysis.

The performance of the fuel rods have been analy:ec to :eax Del'et
exposures of for both fuel rod designs. 'his exoosure is
consistent with the maximum assembly exposure of

- 3.4.2 Steady State Strain. Hvdrocan abscre icn and O rension I st arm r1
Deviow olan $0ction a.? I!a!IS\1

Calculations to determine c l ac:n ng en: :f ' #e strain, m.ce: geng
g absorption, and corrosion are perform (c using tne RC2EX2A cc. cuter c:ce. 'e-

power histories are presented in Figures 3.3 anc 3.a. 'ne fue' c:: ces n

I
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l'
input parameters for this case are selected from Table 2.2 to provice tne most
conservative results with respect to strain, corrosion, and nycrogen
absorption. Therefore, the tolerances used are those wnicn correscond to

I
Steadv State EOL Strain

Results of the analysis to cetermine claading strain are cotainec ' rom
the R00EX2A output. See Figures 3.5 and 3.6 for clots of tne resul'.:. 'ne
cladding strain at end of life is well within the design criter'a ' mit of
1. 0*' ..

.

Hydrocen Absoretion
,

Based on available data and assumed control of coolant water :nemistry
(e.g., halides, hydrogen, and oxygen), the hydrogen absorption of Zircaloy in

the temperature range of 440*F to 751*F) (227*C to 400*C) is:

H H(0) + H(1) - H(C)=

where:

H Net weight fraction of hydrogen in claccing (pcm)=

H(0) = Initial concentration of hydrogen in the claca'ng Oue to
impurities introduced during cladding manufacturing anc gautoclaving g

H(1) = Concentration of nydrogen in tne claccing due to internal
sources such as the fuel (ppm)

H(C) = ' Concentration of hydrogen in the claccing ::ue to a.<te a'
sources such as absorption of nydrogen fec . *.ne :colar. :: ;

The primary consideration in determining , is :ne ceter-'nat':n : M::,

which is evaluated using the methocolcgy in Reference '.9.

I
.
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I
The internal source of hydrogen is from the fuel and is aporexnatec to

4

The total concentration of hydrogen in the cladding is calculated from
RODEX2A to be within the design criteria limits, see Figures 2.7 anc 3.3 for
the calculated hydrogen concentration versus time. The initial sources of
hydrogen are also included as discussed aoove.

Claddino Corrosion

Cladding corrosion is calculated using the correlations from MAT ;0i The power histories in Figures 3.3 and 3.4 were usec for the analysis.
1

The cladding temperature limit evaluated under Section 3.4.3 provices
further a'surance that the corrosion performance is acceptable.s

I
The metal loss, calculated at the maximum exposure is always celow the

design criteria limit. See plotted results in Figures 3.9 and 3.10.

The conservative aspects ' of the calculation account for the ac::itional
adverse effects of crud deposition by defining a crud layer thickness in tne
input to the calculation. Crud deposition will increase the claccing surface
temperature producing a higher corrosion rate.

3.4.3
Claddino Steadv State Stress IStandard Review D1an Section 4.2.I.. -11A1(a))

'

The results of the steady state stress analysis and tne appronriate
stress-limits are summarized in Table 3.3.

I- at both midspan and spacer level. The applicaole stresses at eacn ' eve' are
Each individual stress is calculated insice and outsice the cladcing anc

then combined to get the maximum stress intensities. The ana!js:s is'

performed at BOL and EOL and at cold anc not conditions. Ne stress analysis.

.

I
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I
assumes

Primary Stresses

The primary membrane stresses are produced by the coolant Pressure ano
fuel rod fill gas pressure.

I
I
I
I

,

I
I
E

'

Primary Bendina Stresses

Bending stresses due to ovality are calculated with Timosnenko's
equation (III.

.

I
I
I

_ - - -
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-

-

i

l

I

.

I
t

Secondary Strasses

Cladding thermal gradient stress fuel rocs operate w, n a tercera;ure
| gradient across the cladding wall which may result in s igni ficant t n e rr.a l

stresses.
by ('III -

i

|

I
.

I

k

i
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I
~

I
I
I,

I
I
I
I

Restrained Thermal Bow

Fuel. Pod bowing caused by a thermal aradient and restrainec irem cow ngi

by the spacers is calculatec

I
I
I
I

/

I
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I
I
I

.

I
Restrained Mechanical Bow

Stress from mechanical bow between spacers, assuming maximum as Dui'
fuel rod bow is zero, is calculated

E

I
I.

I
I
I

Flow induced Vibration

. Vibrational stresses due to flow induced vibrations are calculated n!;n

y

'I

I
I
I

-_-
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3
Contact Stross From Scacer Sorinos

The contact stresses at the spring locations are calculatec usi'. :ne
finite element method. Calculations are performed with the ANSYS('M"' general
purpose finite element code. The circumferential and axial stresses incuceo
by the contact load are incorporated in Table 3.3.

I
Fuel Rod End Ca2

end caps are seal welded to each end of the fuel rod claccing.
The stress analysis is performed at the lower end cap since one -'ax i mum

temperature gradients occur at this end.

The mechanical stress is caused by the pressure differential across *.ne

rod wall and by the axial load of the pellet stack weignt and the plenum
spring force. The thermal stress is caused by the temperature gracient
between the end cap and the heat generating pellets. The stress analysis
indicates the results are teceptable. The results of :ne analysis are

presented in Table 3.4

The ANSYS coce(15) which allows tnermal as well as stress ana'yses, >,

used to model the suoject rod region. The proolem is solvec by a :nermai ass

and a stress pass, where the stress analysis uses the results of :ne :nermal
analysis as a part of the input.

3.4.4 Transient Occurrences Istandard Review o1.in Section 4.?. !!:?' ail

RODEX2 and RAMPEX are used to evaluate the transient claccing s:ra,ns.
Per Section !!A2(g) of the NRC Standard Review Pion Section 4.2, the #ci'owing

Eis applicable, "The uniform strain of the claading shoulo not exceed in. :n 5
this context, uniform strain (elastic and inelastic) is definea as transient
induced deformation". During a transient, the fuel centerline tempera: Lee
must remain below the melting point of :ne fuel. '

The RAMPEX N) code is used for the cetermination or claccing transien;
strain. For input in each RAMPEX case, :ne RCDEX2 output at a cart:cular

I
Il
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I
exposure is used. 'This RAMPEX input incluces gas release, fuel censification, |

fuel swelling, and fuel relocation due to pellet cracking wnien al' depends on

I the prior fuel operating history. A description of the ramp rates anc powers
are additional input to RAMPEX. The ramp rate consicered is 125. Wf t/he in

|all of the analyses. Conservative assumotions were employed in se'ecting ne
initial conditions for ramping.

In all cases, the uniform cladding strain did not exceed nor was the

reached at or below tne LHGR curve in Figure

I 3.2.

3.4.5 Claddina Cvelic Faticue.(Standard Review plan section a 2. !!al/bi)

Fuel shu f fl ing and reactor power maneuvering will impose a repeatec
loading on the fuel rod cladding. In addition to the stress analysis for tne
maximum stress, a fatigue analysis is performed to account for the cyclic
pattern of stresses. The RAMPEX U) code is used to calculate the cyclic
stresses.

l.oading cycles assumed for the analysis are listed in Tacle 3.5. These
duty cycles are expected to encompass the normal reactor operation over the
design life of the fuel.

-

Input for the RAMPEX code is obtained from R00EX2 using the limiting
.g power histories in Figures 3.3 and 3.4 The input to RAMPEX is st..ected to
B simulate each of the various duty cycles. The duty cycles are evaluated at

different exposure points to account for burnup effects.

For each duty cycle, a maximum cyclic stress is selectec from among the
multiple RAMPEX cases run for he power nistories. From inis cyc!tc stress,
an allowable number of cycles ,s determ!nec from a S N (stress versus r:er
of cycles) curve. The cladcing fatigue usage factor for eacn cuty cyc'e :s

.

then calculated as the numoer of expected cycles dindec of the num er f

allowable cycles. The total cladding usage factor is tnen ficurec as the um

I
- - - - _ - - - - _ - -
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'

:

i ),

of the i'ndividual usage factors for each duty cycle,
i
I

| 3.4.6 Claddino Craec Collaose I?tandard Deview D1 3 n i e c * ' '' a 4 * *?a?'$'
The potential for cladding creep collapse is evaluate: s t c RC"EX:A an:

I the COLAPX(3) codes.

| I
'

I
I,

I

| I
i

I
The evaluation verifies that this criterion is met (I 'I ' b. A counding

'

,

power ..istory from that used for the steady state strain calculatten aas a:ec
in the analysis. The minimum initial cold gap and the cold gap at 5.000

.

3.4.7 Fuel Red internal Pressura Istandard Rev$aw olan See+40n A.?.
I!Al/f)1

Calculation of the fuel roc internal pressure ss c:re o,in :::E.(:A !!' :n
a generic basis. RCCEX A is an a:;ruvea revis on of :ne .;c.ae:r:.cc
RODEX2(4) code. The revision has teen cre:are: to -.c r e :' ace'j : r e.: : .

I
'

'

I
_ ,_ . . . . _ , . _ , _ _ _ _ _ , - . . _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ . _ _ . . . . . . _ . _ _ - . . . . , _ . _ , _ _ . . . _ _ , , _ _ _ . . _ . , _ . . _ _ _ . _ . . _ _ _ _ _ _ _ _
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I
recently Octainea data. In particular, RCCEX A 9st. :een :encn at w: a;;' st
fission gas release data from high burnup ra ping pr:gra-'s.

I In order to protect against fuel red failure, the interna' :re::gre
accept.ance criterion limits the fuel r:d internal pressure : 3 0 ::' a :: .' e

!

I
I
I

-

3.4.8 Fuel and Claddina Te~raratures Istandard Dev4ew D' an Sec'' a A '
!!A2(e). 11A2(on

Fuci Tr eerature
The fuel centerline tempeo. re is calculated as in tne ;re:eec g

section on internal pressure, Figures 3.12 and 3.14 represent "c * a r .-

calculats mperatures for the 9x9 5 power nistory intuts.

Claddina Te. rature

Cladding temperatures are calculated using the RCCEX A coce. 'he 'neu:
conditions are the same as described for the inte,'nal pressure calcu'at Ont.
The power history used are described in Figures .'..i and 3.4 T h e r e s u *. s

indicate that the design criteria for cladding temperature are Tet. fee
Figuros 3.15 and 3,16 for the cladding temperatures versus exposures.

3.4.9 Fuel Dod Scacino and Rod onw (StaMare cav$aw Slan Sac +ien ?
!!al(pi)

Rod to rod and rod-to enannel spacing Tust te aintained anc c c ::o *u:t
be limited so that no reduction in MCPR 1 incurrea.

_ _ _ . -



__ _ _ _ _ . _- _ _ _ _ - _ _ _ _ _ _ . . . _ _ . _ _ _ _ _ . . _ - _ _ . _ _ _

! I'
i
1

ANT-88 152(NP)(A)

|
Page 38

I

| |
|

! |
!
1

! I
:

I4

:

I

t

Measurements in gap spacing in irradiated fuel have been collectec Oy ANF
! 7x7 and 8x8 fuel at burnups in excess of (assembly average)(20) |.

Also, 9x9 measurements have been obtained after one cycle of irraciation

I
The statistical derivation of rod bow from gap spacing cata is given in

Reference 21. The correlation in the data case has been t.od i f i ec in
accordance to NRC requirements to include cold to hot and batch to caten g
variations, s

The calculated minimum rod to-rod spacing are listed in Table 3.1. These ,

values are calculated a', the design peak assembly exposure.

.

E.
'

I:
I

.
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I
I '

I
:
;

3.4.10 Fuel Rod Dianum Scrino

The plenum spring is a coil spring which maintains a :cmoact :olumn of
fuel pellets in the rods curing handling, shipcing, loacing, anc nitial %el
censification.

!E
'

The nominal spring force is shown in Table 3.1. This force is exerted Dy
;

i the spring on the fuel column. This load is greater than the fuel
column weight which is sufficient to seat the fuel colun;.7 througn :ne excected

,

; conditions during handling, shipping, and loading.
;I
| was selected as the spring material :ecause it retains 5*

9n'

strength properties at high temperatures. Irradiation incuced relaxation of
; the olenum spring during initial fuel densification is exoected to te less
I than 10%. The plenum spring design considers the relaxation ef'ect of

autoclaving the fuel rods.

3.4.11 Water Rob Dosion
'

The water rods for the 9x9 5 design are;

il
I

,

I
I

.

5

I
_ _ _ . . . __ _ ._ . . -
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I I.

.

I
1
1

I
'

I
The forces or stresses which act on the water rod are:

Differential pressure across the tube wall.

Compressive axial force due to the compression spring.
'

Restrained mechanical bow |.

Restrained thermal bow.

Flow induced vibrations E.

Radial temperature gradient.

E|Axial friction force with spacers.

Flow friction.
i

It
,

For the SCR, the force due to the flow loss across the spacers anc the |
axial force on the spacers from fuel rod thermal expansion and growth must ;
also be considered,

|

E,

The stresses due to restrained mechanical bow are assumed to occur anen a i

water rod (or SCR), which is bowed within the specific;tions limits, is E'restrained from bowing when assembled into the buncle, Ine same assar sons =

are made for restrained tnermal bow, except the tencency to cow is caued :/ a
g|

{ differential temperature across the ciameter of th: tuce. These stres;es anc g
| the stresses from flow induced vibrations are calcu!ated in the same manner as
| I
l I
|
,

L_____________._________._._____________. ._ . . _ . . . . ~ . ._ . . . _ . . . . . . . . _ . . . _ . . .
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.

described for the fuel rods in Section 3.4.2. The stresses 'rtm restra'r.ec)

bow ano flow induced vibrations are low. This will te snewn elow in ine
i calculation results.
i
1
4

|I
!

|I
i

t

1

.

i The design incorporates a small gap between the spacer anu the spacer
{ capture rod connector to minimize stresser due to differentil ther-al
] expansion at 80L. At EOL it is assumed that the relaxation of the spacer
! springs allows the spacer to slide axially and contact the spacer capture rodi

(g connector. Using an expected relaxation of 95.% the total force on the
iW spacers at the end of life is calculated to te 60. pounds.

Wall thinning o' the water rods and the SCR is calculated using the same
i corrosion model as i. RODEX2A,

;I
I

i

; The water rod connection to the lower tie plate has been analyzed for
;- maximut. stress. The loads applied to this connection result frem cressure
i drop across the spacers and friction between the fuel rods and the spacer

cell.
,

,

!

|I
;I
.
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I
I

The analysis results indicate that the aater rod, spacer capture roc, and
spacer capture rod lower tie plate connector operate ae'' 41th'n the e'astic
stress limits.

3.5 Fuel Asrambiv Comrenent Evaluation

3.5.1 Grid Scacers

load Deflection

The load deflection characteristics are ettermined from the Parts List
requirements. Due to spacer cell and fuel rod diameter tolerance stackup, ine
spring deflec; ion and BOL spring force are reported as ranges in Table 3.1.

igDoort Stiffness

The support stiffness required to force a noce at a succort level is
generally considered to be five times the siftple scan st ffness. * hat is:

I
where:

I
I
I

1his _ e4u on is eas a , met a, the , = m m es ,,e _ , ,.. . g

I
I

.
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I

{ The dirrole 's t i f fnes s , nominal spring rate, the resu' ting su: ort

stiffness, and the minimum required support stiffness (<(MIN)) are re:ortec in
Table 3.1. .The estimated support stiffness is much greater than the acev' rec

j stiffness.

Accentability of Minimum Sorino r re,o

i At BOL, the spring is recuired to counteract the flow incucea c orat,on:

| lateral acceleration forces and the forces cue to echanical ther ai cowing,
] The minimum required spring force is:
'
i

F(MIN) -
,

!

where:

1
F(V,2);I The minimum spring force recuired to prevent=

,

!I
i

il
;

Table 3.1 summarizes the results of the evaluation of F(V,2), F(0,1) and
; the resulting F(MIN). The results demonstrate that the minimum SOL springi

i. force exceeds the minimum required spring force with ample margin. *

The Zircaloy fuel rods' are expected to relax at a significantly greater
rate than the springs, and complete relaxation of the fuel rocs is expected by

i

EOL. Therefore, at E0L, the necessary spring force is that recuirec to
overcome flow-induced vibration forces and prevent the fuel roc f rom l i f tino.i

] off from both dimples simultaneously. With a minimum initial 'oac (as shoan
in Table 3.1) at 550*F, an irradiation incuced spring relaxation of ,cu'c
be permissible. Current irradiation data incicates a ser ng re'antion en :ne,

f orcer of at E0L, as shown in Reference 2.
.

~

!I .

.

II
i
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I
acceptability of Marimum for4no r re,e

The maximum spring force is limited by the allowable stresses in the
spring and ifi the cladding due te spring contact.

Spring deflection is limited by backup lobes on the leaf spring strap.
The limit of deflection by the backup lobes allows tne spring to operate in
only the elastic range.

I
The clad stresses resulting from a maximum spring force (cola) at the

beginning of life are calculated by finite element analysis. C al cul'a t ec
cladding stresses at the spacer contact points are inc0rtorated into Taoie
3.3.

3.5.2 Miscellaneous Assembiv Components

I
Comoression Sprino

The compression springs are located on the fuel rod anc inert rec upper
end cap Shanks between the fuel rod end cap snoulcer and tr.e uoper tie plate.
The spring force W! t be sufficient to support the neignt of tne accer te

-

g
plate, secure the locking lugs, and aid in seating the rocs against tne lower =
tie plate. The compression spring must perform these functions throughout the
assembly design life. The spring geometry was designed to account for
manufacturing tolerances and differential fuel rod growth, was

selected as the spring material because it has adequate corrosion resistance
and is capable of maintaining a high strength under outlet coolant tempera'.ure
conditions. The nominal spring constant anc spring force are reportec in
Table 3.1.

Assembiv Hardware

These components are assemblec to the u;oer end cap of :*e tie ::.
-

Their purpose is to secure the upper tie plate to the 14e rocs.

E

I
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I
The retaining spring maintains the correct location of tne locking s'seve

; in the unlocked position. The nomina * spring force 1 reportec in 'acie 2.;
\

The upper tie plate grid is captured Dy the locking sleeves ohen the
i sleeves are in the " locked" position. The adjusting nut thread to the t'e

rod upper end etps and fasten the locking sleeves and retaining spring; to t*,e
; tie rods.

ll!

was chosen as the material for the locking t ieese and
adjusting nut. Structural adequacy of these c mponents nas teen verifiec cy f

| testing as described in Section 3.1.
1

i

'

i
4

)!I
iI
1

I
;

il
,

1
> '

.
J
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|I
1

!I
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I
TABLE 3.1 SUMMARY OF DES!GN RESULTS

I,

Assembly Growth at EOL, in.

Differential Fuel Rod / Assembly Growth

Maximum Differential Growth at EOL, in. 3Nominal Upper End Cap / Upper Tie Plate 5
Engagement, in.

Nominal Lower End Cap / Lower Tie Plate
Engagement, in.

Minimum Calculated Rod to-Rod Spacing, in.

Fuel Assembly Holddown

Maximum Lif toff Force, lbf
Minimum Downward Force, in.
Resulting Holddown Force, ibf

Creep Collapse

Minimum Initial Cold Gap, in.
Remaining Cold Gap at Roo Average aExposure of 6,000 mwd /MTV, in, g

fuel Rod Plenum Spring

| Nominal Plenum Spring Force, ibf

Grid Spacers

Spring Deflection Range, in.
Spring BOL force Range, lbf
Single Dimple Level Stiffness, ibf/in.
Nominal Spring Stiffness, ibf/in.
Dimple Support Stiffness, ibf/in.
K(MIN), Dimple Support Stiffness Required

To Force a Node, lbf/in.
Spring Force Recuired to Prevent

Simultaneous Liftoff From Both Dircles
(EOL), lof

.

I
I

;

|
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4

i
i

|3 TABLE 3.1 SUMMARY OF DESIGN RESULTS (CCNTINUED)
i

!I'
..

'

Grid Spacers (Continued) *,

a

: F(V,2), Spring Force Required to prevent
#

Liftoff from One Dimple, Ibf'

a F(D,1), Spring Force Required to Counteract,

', g fuel Rod Bowing, Ibf
| F(MIN). Total Minimum Spring Force Requirec

(BOL),ibf
'

Compression Spring

!3 Spring Constant, Ibf/in.
!3 Nominal Spring Force, Ibf

Retaining Spring;

i Nominal Spring Force, lbf

I
,

I
I
I
I
I

,

I

I
I
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.

| |
TABLE 3.2 ROCEX2 AND RCDEX2A VARIABLE INPUT GUI0i; NES i

i
r

I
.

. Transient
| Rod Internal Steady State Strain c,..ac |Ci

ten.>t vor4nn.ie u .sn,r. s,,, ,,c n ni
.,, ,

|

I
I.

I

I'

I
I
I.

I
I
I
I
I
I

.
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i t
i

I'

:
TABLE 3.3 SUMMARY OF FUEL RCD CLADC"iG STEADY STATE STRESSES:

9r9 5
1

g Stress Design Ratio of Stressg Intensity Limit intensity toi
Insi) (nss) _ 0es on t~'

l. Primary Membrane Stresses

: (Design limit is lower BOL Cold
: 3 valun of 2/3 Sy or E0L Hot; 5 1/3 Su)
4

2. Primary Membrane Dios Primarv
; Bendinq
!
3 (Design limit is lower BOL Cold
i of 1.0 Sy or 1/2 Su) (Max. Ovality)

(included are membrane BOL Hot
I and ovality stresses) (Max. Ovality),

i E
EOL Hot
(Max. Ovality)

3. Erimary Plus Secondarv

i (Design limit is lower BOL Cold
:

'

of 2.0 Sy or 1.0 Su) BOL Hot

(included are stresses EOL Hot

I from item 2 above plus
i vibration, thermal
~

gradient, mechanical and,

thermal bow, and spacer| contact pressure)

I
.I

.

I>

: I
.
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I
TABLE 3.4 STRESS !!4TE!4SITIES AT '.0WER END CAP

Design Ratir
Stress Limits in of stre

|Intensity Hot Conditions :ntens'' :o
Insii Is s i Doreen ,; a

Weld Joint Primary Membrane 3
Plus Primary Bending, 3Design Limit: 1/2 Su

Weld Joint Primary Plus
Secondary Design Limit:
1.0 Su

I
I
I
I
I
I
I.

I
I
I.

I
.
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lI
I
a <

TABLE 3.5 DESIGN DUTY CYCLES FCR CYCLIC FATIGUE'
i

i I ,

I
'

Total Numeer; I ni r -iac'e ~

Duty Cycle Deter 4 0 tion
h?.:.1

1 1. Startup following a refueling shutdown
; or major shutdown.
I
.

2. Load follow weekly reduction to
: 50*. power.
|

!
'

', 3. Load follow daily reduction to
75?. power.

tI
} 4 Control' blade movements.

5. Startup following r. cold shutdown
! or minimum shutdown.

6. Recovery following a scram.,

1

: 7. Loss of feedwater heaters..

; 8. Turbine trip.
,

|I
;

I-

;I
.

I
.

.

h
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{ l.0 INTRODUCTION AND SUMMARY

1.1 Introduction

This report provides a design description and summary of the supporting
analyses, and test results applicable to the mechanical design of the ANF
9x9 5 BWR fuel .

I
This report is similar to XN NF 85 67(P)(A), Revision 1(1) enicn,

contains the mechanical description and the results of mechanical analysis for
ANF 8x8 and 9x9 fuel.

Thr. design criteria, technical bases, and a description of mecn.aical
fuel rod failure icechanisms are covered by a separate report, XN NF 85 39(2)

..|
,

M9chanical design requirements specified in XN NF 85-39 are discussed in
dttail in the design evaluation section cf this report. In addition, design
basas requirements from the NRC Standard Review Plan (3) which are applicaole

to the evaluation of this report are identified according to section.

1.2 Summary

Mechanical design analyses have been performed to evaluate cladding
steady state strain and stresses, transient strain and stresses, fatigue
damage, creep collapse, corrosion, hydrogen at>s orp t i o n , fuei rod internal
pressure, pellet ud clad temperatures, differential fuel rod growth, rod bow,
and grid spacer :: ing design of the 9x9 5 fuel. These analyses assume the
following maximum discharge exposure:

mwd /MTV assembly exposure.
4

mwd /rTU rod expo:ureg .

g mwd /MTU nodal exposure.

The analyses demonstrate that the mechanical design criteria are not
violated when the fuel is operated under the LHGR (linear heat generation'

-

ra' ) lim''s defined in this report.

-



, . .

I
I

ANF 88 152(NP)(A)
Amendment 1

Page 2

i
All analyses her' sin have been performed with the R00EX2 Y) and R00EX2A(5)

computer codes using the same methodology already used in Reference 1.
.

All the analyses have been performed on a generic basis using

conservative input data and the enveloping histories d. fined in Figures 3.3
and 3.4,

1.2.1 Desian Descriotion Summary

The ANF 9x9-5 fuel assembly design consists of a 9x9 matrix containing 75
fuel rods and 5 water rods supported by bi nietallic spacer grids. Tne fuel
assembly design may contain natural uranium axial blankets at either end of
the fuel rods to etMnca neutron economy, and will incorporate gadolinia-
bearina fuel rods to provide fuel management flexibility.

I
Ig

The assemblies are designed to allow handling in the same manner,
to the same ext .rlt, and with the same equipment as that now being used for 5xS 5
and 9x9 fuel. 3

I
I

The mechanical design of the-9x9 5 fuel is establisned from the g
experience with existing ANF fuel designs. W

Detailed fuel design drawings in tppendix A provide dimensional details '

of the 9x9 5 fuel assemblies.

'
.

~

l
.
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l.2.2 Mechanical Desian Summary{ The major analysis results are as follows:

[ The maximum end of life (EOL) steady state cladding strain is.

calculated to be below the design limit.

Cladding steady state stresses are calculated below the material.

strength limits.

The cladding strain during anticipated operating occurrences (A00's).

does not exceed

. The maximum fuel rod internal rod pressure remains below ANF's
criteria limit.

The fuel centerline temperature remains below the melting point.

during A00's.

The cladding fatigue usage factor is within the design limit..

i Structural members have adequate strength to support handling and.

hydraulic loads.

The, cladding diameter reduction.

i
Evaluations of assembly growth and differential fuel rod growthsI show that the design provides adequate clearances for compatibility

.

.

with the reactor ir.ternals, fuel assembly channel, and fuel hancling
machine. Also, there is adequate engagement of the end caos in the
upper tie plate and lower tie plate throughout the design life.

The initial fuel rod design spacing is expected to be adequate to.

accommodate expected rod to rod gap closure for the fuel design
life.

The maximum EOL reduction in cladding thickness due to corrosion and.

the maximum concentration of hydrogen in the cladding are calculated
to be well within the design limits.

The fuel roc plenum spring and other miscellaneous components are.

shown to meet the respective design bases.

The spacer springs meet all the design requirements and can.

accommodate the expected relaxation at the respective E0L exposures.
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2.0 DESIGN DESCRIPTION

2.1 Fuel Assembly

| The ANF 9x9 5 reload fuel assembly design is a 9x9 array with 75
enriched uranium fuel rods, The remainder are ine t water rods. Eignt of the
fueled rods are also tie rods. Some of the rods contain gacolinia as a
burnable absorber. Fuel rod pitch is maintained by seven spacers. The

spacers are The

centrally located inert water rod ceptures the spacers to maintain the proper
axial spacing.

All rods except for the tie rods have coil compression springs located
between the top of the fuel rods and the bottom surf ace of the upper tie
plate. These compression springs provide a force to aid in seating the fuel
" ids in the lower tie plate and react against the upper tie plate. The

springs accommodate variations in rod lengths arising from manufacturing
tolerances and permit axially non-uniform thermal and irradiation induced
growth of the fuel rods.

The eight tie rods are structural members of the fuel assembly anc
establish the overall assembly length. These rods are threaded into the lower
tie plate and latch into the upper tie plate. The tie rods carry the assemoly
weight during handling and provide the coil spring reaction support.

The assembly contains five water rods to improve uranium utilization.

| .

For fuel rod removal'. the upper tie plate must ce depressed against tne
compression springs a short distance in order to allow the locking lugs to ce

'

..

l
'

i
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I
rotated 90', The upper tie plate is then free to be removed for fuel rod

extraction or replacement. '

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

The upper tie plate is a cast and machined grid plate, with attached bail
handle to provide for fuel assembly handling and orientation.

I
I
I

Assembly and component descriptions for the 9x9-5 fuel are presented in
Table 2.1. Table- 2.2 show the 9x9-5 geometric design parameters used for
inputs to the analysis codes.

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

I
2.2 89s1

2.2.1 Fuel Rods

The fuel rods consist of UO2 pellets in Zircaloy 2 tubing with Zircaloy-2
end cap plugs fusion welded on both ends of the tube.

The fuel rod cladding is Eacn standar::
fuel rod contains a column of fuel pellets ranging from 14.0 to 150.0 incnes
in length (dependent upon application). The fuel column contains enriched UC2

I
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'

and may also contain natural uraniuc. column segments on the top and/or bottom
of the enriched column. The enriched column may be anywhere from aoout 132 to
150 inches in length.

| .

I The pellets are sintered to of theoretical density. The lengtn to
diameter ratio (L/0) of the enriched pellet is

The nominal pellet to cladding gap is 0.0065 in.

|

|

|
'

l

i'

I
1

, The fuel rod upper plenum contains an coil spring to

prevent fuel column separation during fabrication, shipping, and early reactor
operation.

.

The upper end cap plug is configured to allow remote under eater nanci mg
and engagement into the upper tie plate. The lower end cac has a snaft anc a

i

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -- --- --__ __
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I
tapered section which seats in the lower tie plate, and aids in fuel rod

insertion into the fuel assembly during fabrication, inspection, and

reconstruction. Both end caps are seal welded to the cladding in a helium
atmosphere. The rod is pressurized with helium to atmospheres.

Fuel rod identification is maintained by a serial numcer on tne lower enc

Fuel assembly component descriotion for the 9x9 5 fuel is incluced in
Table 2.1.

2.2.2 Tie Rods '

The tie rod assembly serves to connect the upper and lower tie plates.

I
The tie rods are fueled and have upper and lower end caps :esigned for

attachment to the tie plates. The lower end cap threads into the lower tie
plate. The upper end cap is also threaded for the engagement of the tie plate
locking hardware.

The description of the tie rod assemblies are provided in Taole 2.1.

I
'2.2.3 Water Rods

water rods are located in the fuel
assembly arranged in a cross configuration. Pressure drop through the water i

I
I
I

.

I
1

_ -
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2.2,4 Scacer Cacture Rod
'The spacer caoture rod (SCR) is a water rod.
1

The lower end cap -

of the SCR is threaded and it connects to the lower tie plate.

The SCR has rings on the outside of the SCR at axial
locations corresponding to the spacer locations.

2.3 Tie Plates

2.3.1 'Jocer Tie Plate
The upper tie plate serves as an easily removable structural member of

the fuel assembly. The eight tie rods penetrate the upper tie plate to nold
it in place.

1 A lifting bail is integral with the grid for fuel handling.

Also, there are posts on top of the grid which suoport

and permit attachment of the channel.

I
The upper tie plate is made of cast stainless steel,

2.3.2 Lower Tie Plate Assemb1v

The lower tie plate supports the fuel rods during handling and operation
and distributes the coolant into the assembly. The eight tie rods thread into

the lower tie plate forming a structural tie between the uocer and lower *.ie
plate.

4

i

_____ _ _ .



I
I

.

AttF-88 152 (tiP) ( A)
Amendment 1

Page 9

seal springs
limit coolant bypass flow between the channel and tie plate.

The lower tie plate is made of cast stainless steel,

2.4 Scacer Grids
The spacer grids are an interlocking square array of |

strips producing a 9x9 array of cells. spring strips are

mechanically secured within the structural strips. The Zircaloy-4 strips
which capture the springs are welded to each other at all int (rsections and to
the side plates. The strips are dimpled and the springs are

Earranged such that each fuel rod it positioned by four support dinipies and one W
spring. Backup lobes are provided on the spring to prevent excessive spring
and cladding stresses which might occur under adverse handling conditions.
Anti hangup tabs.are on the side plates of the spacers to prevent interference
during channeling.

2.5 Hiscellaneous Hardware Eg.
2.5.1 Comoression Sorina

The compression springs are located on the fuel rod and inert rod upper
end cap shanks between the fuel rod end cap shoulder and the upper tie plate.
The spring force supports the weight of the tie plate and channel, and aids in
seating the rods into the lower tie plate. The spring dimensions are designed
to account for manufacturing tolerances and differential rod growth,

was selected as the spring material.

I-
2.5.2 Assembly Hardware

The retaining spring, locking sleeve, and the adjusting nut are assemolec
to the upper end cap of the tie rods. The purpose is to secure the uccer tie
plate to the tie rods.

I
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i The retaining spring maintains the correct location of the locking sleeve j

when the upper tie plate is depressed for installation or removal. '

!

The locking sleeve rotates on the tie rod upper end cap to lock onto the !
'

upper tie plate. The adjusting nut threads onto the tie rod upper end cap to !

|.
-

fasten the retaining spring and locking sleeve to the tie rod, The threads at
the adjusting nut location are deformed to prevent further rotation of the nut
after assembly.

'

1
i

I The retaining spring is made of and the iocking sleeve and
adjusting nut are made of low carbon stainless steel.

I
I
I
I
I
I
I.

I
I
I
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I
TABLE 2.1 FUEL ASSEMBLY COMPONENT DESCRIPTION

.

Material Characteristic 9x9 5

Fuel Assembly
Array 9x9-- -

EWidth, in. 5.251 (SWR 3,4.5)/ | g-

5.149 (SWR 6)Length, in. 171.29 (BWR-3)/ I
-- -

176.014 (BWR 4,5,5)
No. of Spacers 7-- -

Rod Pitch, in. 0.569 0.572 (BWR-3,4,5) |
,

-- -

0.563 (SWR 6) BNo. of Fuel Rods 76 g----

No. of Water ', ds 5-- -

Fuel Rod Assembly
Outside Diameter, in. 0.417
Plenum length, in.
Fuel Length, in. 145.24 (BWR-3) l 3

150.00 (SWR 4,5,6) 3Pressure, psig

Fuel Rod Assembly
Outside Diameter, in. 0.443

Fuel length, in. 145.24 (SWR 3)/ l
150.00 (BWR-4,5,6),

Spacer Capture Rod |
Sleeves
Outside Diameter, in, a.417

Water Rod
Outside Diameter, in. 0.546

Cladding
Outside Diameter, in. 0.417

'

1I
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TABLE 2.1 FUEL ASSEMBLY COMPONENT DESCRIPTION (CONTINUED)

Material Characteristic 9x9-5

Cladding
Outside Diameter, in. 0.443I

Plenum Spring

I- Coil Diameter, in.
Wire Diameter, in.
Free Length, in.

Plenum Spring
Coil Diameter, in.
Wire Diameter, in.
Free Length, in.

End Caps

Standard Upper
Length, in.
Shank Diameter, in.

Standard Lower

k bi eter, in.

'

Tie Rod Upper
Length, in.
Thread, mm

Tie Rod Lower

I Length, in.
Thread, mm

SCR/WR Upper

'I Length, in. I

Shank Diameter, in.

_E SCR/WR Lower

3 Length, in.
I

Thread, em

I
I
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1

. TABLE 2.1 FUEL ASSEMBLY COMPONENT DESCRIPTION (CONTINUE 0)

l

Material ChracteM stic 9x93
Fuel Pellets

UO2
01ameter, in.
Length, in.
Density, Y.TO
Dish, T.

Gadolinia U0 -Gd 0232Diameter, in.
Length, in.
Density, ".TD

|Dish, f.

Natural Sintered UO2Diameter, in.
Length, in.
Density, f.TD
Dish, f.

ICompression Spring
Coil Diameter, in.

| Wire,0iameter, in. Ei Free length, in. 5
I

Upper Tie Plate
Height
Outsjde Dimension .in.

|' Lower Tie Pl' ate Assembly

Outside Dimension, in.

Lower Tie Plate Seal
| Height, in.

-

'

|
Width, in.

! I,

I
.

1

,

!
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TABLE 2,1 FUEL ASSEMBLY COMPONENT DESCRIPTION (CONTINUED)

'

Material Characteristic 9x9 5

: Locking Sleeve
"g Height, in.

E Len9th, in-
Width, in.

I Adjusting Nut
Length, in, j

Diameter, in.
Thread

Retaining Spring
coil Diameter, in.

I Wire Diameter, in.
Free Length, in.

I
I
I
I
I
I
I

.

4

I
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I
Pages 15 - 20 have been deleted.

I
I
I
I
I
I
I
I>
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I
3.3 DESIGN EVALUATION

ANF 9x9 5 reload fuel assembly components are designed to satisfy the
performance and safety objectives described by XN NF 85 39, Rev. O, the i

criteria presented in this section, and, the NR0 Standard Review Plan (3) ,

Section 4.2. The reactor fuel system objectives provide that:

I The fuel system i' ' lot damaged as a result of~ normal ooeration and.

ianticipated operational occurrences. "Not damaged" means tha*, fuel '

rods do not fail, that fuel system dimensions remain within
operational tolerances and that functional capabilities are notI reduced below those assumed in the safety analysis.

Fuel system damage is never so severe as to prevent control rod.

insertion when required.

The number of fuel rod failures shall not be underestimated for.

postulated accidents.

Coolability is always maintainod..

I The fuel assemblies are designed to withstand loads as a result of.

in plant handling and shipping.

The mechanical and hydraulic design of fuel assemblie- aill be
I- compatible with coresident fuel and the reactor internals to achieve

.
.

acceptable flow distribution, including bypass flow, such that heat
transfer requirements are met for all licensed moces of ooeration.

3,1 Desion Exoerience and Prototvoe Testina (Standard Review Plan Section 1,2I =
ANF has fabricated large quantities of JP BWR 8x8 and 9x9 fuel.

I
I trradiation experience to date has shown that the fuel performs

satisfactorily. Fuel fabrication and irradiation experience for both BWR and
PWR designs is summarized Table 3.6.

The 9x9 5 is an evolutionary design from the ANF 9x9 being coerated by
several U.S. reactors. The experience gained in the design, manufacturing.

I
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and irradiation of over SWR fuel assemblies by ANF has been applied to
the 9x9-5 design. The features incorporated in the 9x9-5 do not represent a
significant departure from other designs, consequently, this experience is
applicable to the 9x9-5 design.

I
3.1.1 Fuel Assembly Structural Strenoth

Tie rods, upper tie plates and lower tie plates, and the upper tie plate
locking hardware constitute the fuel assembly structural components during
handling. In order to withstand expected handling loads, the assemoly is
designed to withstand a minimum axial load of the bundle weignt

with no permanent deformation. Also, the tie rod upper end caps are g
designed to withstand a loading of not less than Should the assembly a
be subjected to unexpected and excessive loads, failure is to occur at the tie
rod end caps without breaching the cladding,

The tie rod upper end cap, upper and lower tie plates in the 9x9 5
design, are essentially the same as those in the standard ANF 9x9 design. The

test results reported in Reference 1 are also applicable to the 9x9-5 design.

'

3.1.2 Hydraulic performance Tests

Single phase hydraulic characteristics of the 9x9-5 fuel assemblies were
experimentally determinedI20' 7) by hydraulic tests performed in ANF's
Portable Hydraulic . Test Facility. The testing was performed on full size
components to find the loss coefficients of the lower tie plate (including the
inlet hardware), spacers, rods, and the upper tie plates.

3.2 Frettino Near Istandard Review Plan Section .t.2 II Alleil
Frettino wear of fuel rods under normal operating reactor conditions can

be controllte by the use of design features that assure that the rocs are
positively supported at the grid spacers througnout the expected irraciation
period. In the case of ANF fuel, this is accomplished by tne

spring arrangement of the spacer grid. The system in

I
- - - - -- - - - -
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the grid spacer is designed such that the minimum rod contact forces

throughout the design life are greater than the maximum fuel rod fl ow
vibration forces, thus preventing rod fretting wear.

The spacer springs relax during irradiation and the fuel rod
cladding tends to creep down. Together, these two enaracteristics combine to
reduce the spacer spring force on a fuel rod during its lifetime. These

characteristics are considered in the design of the spring to assure an

adequate holding force when the assembly has completed its design operating
life.

I Spacer spring relaxation and rod creepdown characteristics have been
monitored in relation to burnup on both BWR and PWR fuel rods by measuring the
force required to pull a fuel rod through a spacer. Data have been obtained
on fuel rods on several reactor types, which have attained an assembly burnup
of Inspection of rods at this burnup showed no evidence of

significant fretting or wear damage at the contact points.

I The effective spacer spring relaxation, based on this and other cata,
follow an asymptotic relationship with burnup. For typical ANF roa ano spacer
springs irradiated to the average spring force is
approximately of the initial spring force. The spring force at the top and
bottom grids is at least of the initial spring force. The residual spring
force therefore has a substantial margin for the prevention of fretting wear
during extended burnup.

ANF laboratory testing has shown that the residual spacer spring holding
force can be quite low without resulting in fretting damage to the cladding.
Extensive flow tests have been performed on ANF assemblies under various
spacer spring load conditions. These tests have covered the range of no
spring relaxation (i.e., reload corresponding to typically 0.030 spring
deflection) to total relaxation (:ero preload). In testing to up to 1000 |

.

. . . . . . .
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hours duration, no measurable fretting wear resulted from up to
! relaxation, provided there was contact between the spacer spring and the fuel

rod. In these tests, fuel rod wear depths at spacer contact points has
typically ranged from although wear of uo to aoproximately

in depth has been occasionally observed. Examination indicates that tne
wear is due primarily to fuel rod loading and unloading and not fuel rod
motion during the testing.

The ANF assembly design methodology requires the consideration of flow
vibration and irradiation effects on the spacer rod interaction. Flow tests
and the fuel assembly irradiation have demonstrated the success of this;

| approach. In addition, the methodology for the calculation of fuel roc
stresses and strains requires the use of minimum clad wall thickness. This

I choice of input provides conservatism in the analysis which compensates for
1

the minimal anticipated fuel rod wear.

I3.3 Fuel Assembiv Analysis

3.3.1 Differential Fuel Rod Growth and Assembiv Growth (Standard Review
| Plan Section A.2. IIAl(e))

, Axial extension of Zircaloy fuel rods is primarily due to irradiation
induced growth. Growth is also related to pellet-to cladding interacticr,
Generally, higher growth is experienced by the tie rods. The tie rods unoergo
creep elongation in addition. to irradiation growth because of tensile loads
exerted between the upper and lower tie plate by the compression springs and
fuel rods'. The standard fuel rods must have sufficient engagement into the
upper tie plate. The upper end cap shanks of the fuel rods must be long
enough so disengagement from the tie plate does not occur throughout the
assembly design life.

I
Fuel assembly growth is a direct result of the tie rod grostn. The ECL

assemblies growth are reported in Table 3.1.

1

,
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The maximum differential growth for the assemblies at ECL are shown in
Table 3.1. Nominal engagement of the standard fuel rod end cap into the upper
tie plate is also shown in Table 3.1.

Adding the maximum manufacturing tolerance to the measured differential
,

growth indicates that remains engaged in the
throughout the expected lifetime.I
3.3.2 Channel and Fuel Handlina Comcatibility,

The differential growth between the channel and fuel assemoly is
important so the assembly and channel can be properly grappled. Growth

J between the channel and assembly has been evaluated at the BOL and EOL cnen
fuel is at its extreme length. The fuel assembly length and
is compatible with the channel throughout the life of the fuel.I
3.3.3 Fuel Assemb1v Hydraulic liftoff (Standard Review Plan Section

4.2 Al(a))

The hydraulic loads on a fuel assembly are calculated to be less than the
weight of an assembly in water.

I ' Table.3.1 summarizes the results of the hydraulic analysis performed to
demonstrate the bundle's resistance to hydraulic lif toff during normal and
anticipated operating modes. The maximum lif toff force includes buoyancy and
pressure effects. The results show that the gravitational forces on the fuel I,

are suffi:ient to prevent hydraulic liftoff under normal and anticipated
operating conditions.

I
_
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I
3.4 Fuel Rod Analysis

The following sections detail analyses performed to predict performance
characteristics of the 9x9 5 fuel rods. The analysis have been performed with g
RAMPEX and approved versions of RODEX2, R00EX2A and COLAPX coces. m

The fuel rod performance characteristics modeled by the R00EX2 anc
R00EX2A codes are:

Gas release.

Radial thermal conduction and gap conductance.

Free rod volume and gas pressure calculations.

Pellet cladding interaction.

Fuel swelling, densification, cracking and crack nealing.

Cladding creep deformation and irradiat:in induced growth.

I
RODEX2 has been used to determine the initial conditions for fuel rod

power ramping analysis (RAMPEX)(6) RODEX2A has been used to determine the,

steady state strain, internal pressure, fuel cladding temperature, corrosion,
hydrogen absorption fuel temperature, internal pressure, and the fuel rod
internal pressures ~ for cladding creep collapse (COLAPX)Y) analyses. Pellet
density, swelling, densification, and fission gas release models, and cladding

|a'nd pellet diameter * are used in R00EX2 and R00EX2A to provide conservative
subsequent calculation results.

The 9x9-5 geometric design parameters used for input conditions into
RODEX2, RAMPEX, and COLAPX are presented in Table 2.2.

Table 4.2(4) provides the guidelines for selecting input variables from
Table 2,2 to be used in specific applications of the R00EX2 code. The

analyses performed with R00EX2A followed the same guidelines.

Gadolinia fuel rods ' are included in the evaluation. However, due to the

tnelimi[ingdesigned lower enrichment of the gadolinia fuel, tnese are not g'
rods in the fuel assembly. E

.

_ -- -_-.- -- - -
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I
3.4.1 Linear Heat Generation Rate limits

Figure 3.1 is the LHGR limits used in the steady state fuel rod

performance evaluation. These limits are for the steady state powerI
-

maneuvering of ANF fuel.

Figure 3.2 is the limit to protect against power transients curing

anticipated operational occurrences (A00's). This limit is considered in the
transient mechanical analyses and applies to the 9x9 5 design. The first four
figures are presented in terms of peak pellet power versus assemoly planar
exposure.I

For evaluation of the LHGR limits, Figures 3.1 and 3.2 are

conservatively translated into R00EX2 and R00EX2A inputs in the form of fuel
ro,d nodal powers and time. Figures 3.3 and 3.4 show the respective pow;
inputs versus exposure for a fuel rod. Neutronic analysis indicate that tne
small diameter rods will never operate to more than power of the most
limiting rod in the assembly. Consequently, the input power history has beenI modified to reflect this result. These figures are in terms of pellet power
versus pellet exposure.

conservatively high rod average powers in evaluation of the LHGR limits. This
assumption on axial peaking is identical to that assumed in the Reference 1
analysis.

I. The performance of the fuel rods have been analyzed to peak pellet
exposures for both fuel rod designs. This' exposure is

- consistent with the maximum assembly exposure

.I

I
i

I
-
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3.4.2 Steady State Strain. Hydrocen Absoretion and Corrosion (Standard
Review Plan Section 4.2. IIAl(d))

Calculations to determine cladding end of life strain, hydrogen

absorption, and corrosion are performed using the R00EX2A computer code. Thei

power histories are presented in Figures 3.3 and 3.4 The fuel rod cesign
input parameters for this case are selected from Table 2.2 to provide the most
conservative results with respect to strain, corrosion, and hydrogen
absorption. Therefore, the tolerances used cre those which correspond to

I
lteadv State EOL Strain

Results of the analysis to determine cladding strain are obtained from
the R00EX2A output. See Figures 3.5 and 3.6 for plots of the results. The

cladding strain at end'of life is well within the design criteria limit of

Hydrocen Absoretion

Based on available data and assumed control of coolant water enemistry
(e.g., halides, hydrogen, and oxygen), the hydrogen absorption of Zircaloy in
the temperature range of 440*F to 751'F) (227'C to 400'C) is:

H H(0) + H(I) + H(C)=

where:

H Net weight fraction of hydrogen in cladding (ppm) -=

H(0) = Initial concentration of hycrogen in the cladding due to
impurities introduced during cladding manufacturing anc
autoclaving

H(1) = Concentration of hydrogen in the claading due to internal
sources such as the fuel (ppm)

I
_
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:3 H(C) - Concentration of hydrogen in the cladding due to external
3 sources such as absorption of hydrogen from the coolant (ppm)

,

The primary consideration in determining H is the determination of H(C),
which is evaluated using the methodology in Reference 19.

The internal source of' hydrogen is from the fuel and is approximated to,

.I-
The total conc;.ntrat-lon of hydrogen in the cladding is calculated from

| R00EX2A to be within the design criteria limits. See Figures 3.7 and 3.8 for
the calculatid hydrogen concentration versus time. The initial sources of
hydrogen are also included as discussed above.

Claddino Corrosion

| Cladding corrosion is calculated using the correlations from MATPR0(25)
,

The power histories in Figures 3.3 and 3.4 were used for the analysis.

I The claddiag temperature . limit evaluated under Section 3.4.3 provides
further assurance that the corrosion performance is acceptable.I .

The metal loss, calculated at the maximum exposure is always below the
design criteria limit. See plotted results in Figures 3.9 and 3.10.

.

The conservative . aspects of the calculation' account for the additional
adverse effects of crud deposition by defiaing a crud layer thickness in the
input to the calculation. Crud deposition will increase the cladding surfaceI temperature producing a higher corrosion rate,

i l
.

I
_
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3.4.3 Claddino Steady State Stress (Standard oeview Plan Section 4.2.
IIAlfa))

The results of the steady state stress analysis and the appropriate
stress limits are summarized in Table 3.3.

Each individual stress is calculated inside and.outside the cladding and
at both midspan and spacer level. The applicable stresses at each level are

-then combined to get the maximum stress intensities. The analysis is g
performed at BOL and EOL and at cold and hot conditions. The stress .,alysis 3
assumes

.

.

Primary Stresses

The primary membrane stresses are produced by the coolant pressure and
fuel rod fill gas pressure.

I
I
I
I
I
I
Ii

I'
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I
I

Primary Bendina StressesI Bending stresses due to ovality are calculated
k9)equation .

I
I
I
I
I
I
I

Lecondary Stresses

Cladding thermal gradient stress fuel rods operate with a temoerature
gradient across the cladding wall ahich may result in significant therraiI stresses.

'

I
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I
\

I
I

I
I
I
I
-

E

I
I

. -

Restrained Thermal Bow

Fuel rod bowing caused by a thermal gradient and restrained from :caing
by the spacers.is calculated

.

I
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|

|
.

|

|
|

I

|
Bestrained Mechanical Bow

Stress from mechanical bow between spacers, assuming maximum as built
|
I fuel rod bow is zero, is calculated

1

I

|

l

.

t

L
- -a _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _
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I
QEbnced Vibration

, st'onal stresse; due to flow induced vibrations are calculated

-

g
.

I
I

fantact Stress From Soacer Sorinas
The contact stresses at the spring locations are calculated using the

finite element method. Calculations are performed with the ANSYS U ) general
purpose finite element code. The circumferential and axial stresses incuted
by ihu contact load are incorocrated in Table 3,3,

I
Fuel Roo End Cao

end caps are seal welded to each end of the fuel roc cladcing.
The stress unalysis is performed at the lower end cap since the maximum
temperature gradients occur at this end,

The mechanical stress is caused by the pressure differential across the
rod wall and by the axial load of the pellet stack weight and the plenum
spring force. The thermal stress is caused by the temperature gradient
between the end cap and the heat generating pellets. The stress analysis
indicates the results are acceptaole, The results of the analysis are

presented in Table 3,4,,

The ANSYS codek , which allows thermal as well as stress analyses, is
used to model the subject rod region, The problem is solved by a tnertal : ass

. ard a stress pass., where the stress analysis uses the results of the ther al
analysis as a part of the input.

I
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L

f
3.4.4 Iransient Occurrences (Standard Deview plan Section 4.2. tia2(cii

RODEX? and RAMPEX are used to evaluate the transient elacding strains.
Per Section IIA 2(g) of the NRC Standard Review Plan Section 4,2, the following
is applicable, "The uniform strain of the cladding should not exceed M. !n

this context, uniform strain (elastic and inelastic) is defined as transient
induced deformation". During a transient, the fuel centerline temperature
must remain below the melting point of the fuel.

The RAMPEX(6) code is used for the determination of claccing transient
strain. For input in each RAMPEX case, the R00EX2 output at a particularg

I exoosure is used. This RAMPEX input includes gas release, fuel densification,
fuel swelling, and fuel relocation due to pellet cracking which all depends on

| the prior fuel operating history. A description of the ramp rates and poners
are additional input to RAMPEX, The ramp rate considered is in
all of the analyses. Conservative assumptions were employed in selecting the
initial conditions for ramping.

In all cases, the uniform cladding strain did not exceed nor aas the
reached at or below the LHGR curve in Figure

3.4.5 Claddino Cyclic Faticue (Standard Review Dlan Sectien .t.2. IIalf M)
Fuel shuf fling and reactor power maneuvering will impose a re:eatec

loading on the fuel rod cladding. In addition to the stress analysts for the
maximum stress, a fatigue analysis is performed to account for the cyclic
pattern of stresses. Tha RAMPEX(6) code is used to calculate the. cyclic
stresses.

Loading cHies assumeo for the analysis are listec in Taoie 3.5. These

duty cycles are exoected to encompass the normal reactor coeration over tne
design life of the fuel.

| - _ _ _ _ _ _ _ _ - - - - - - . - - - - - - - - - _ - - - - _ _ _ _ - - - _ _ - -- - -
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.

Input for the RAMPEX cmde is obtained from R00EX2 using the limiting
power histories in Figures 3.3 ant 3.4 The input to UMPEX is selected to

simulate each of the various duty cycles. The duty cycles are evaluated at g
different exposure points to account for burnup effects. 3

For each duty cycle, a maximum cyclic stress is selected from among the
multiple RAHriX cases run for the power histories. From this cyclic stress,

g'an allowable number c' cycles is determined from a S-N (stress versus number
of cycles) curve. The cladding fatigue usage factor for each duty cycle is
then calculated as the number of expected cycles divided by the number of
allowable cycles. The total cladding usage factor is then figured as the sum
of the individual usage factors for each duty cycle. For the case of the
9x9 5 fuel these usage factors are well below the limit of cyclic

failure.

|

3.4.6 Claddino Creeo Collaose (Standard Review clan Section 4.2. 11A2 fbi)

The potential for cladding creep collapse is evaluated using R00EX2A and
the COLAPXII) codes.

Ig
up

I
I

I
'

g,

I':

|
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I
The evaluation verifies that this criterion is met (I 'I3'I9) A bounding.

power history from that used for the steady state strain calculation was uset
in the analysis.

I
3.4.7 Fur, Red Internal oressure (Standard Deview Plan Section d <2.

|I
IIAlff))

Calculation of the fuel rod internal pressure is done with R00EX2A(I) on

g a generic basis. R00E7 1 is an approved revision of the NRC approved
P R00EX2(4) code. The revision has been prepared to more closely predict

recently obtained data. In particular, R00EX2A has been benchmarked againstI fission gas release data from high burnup ramping programs.

In order to protect against fuel rod failure, the internal pressure
acceptance criterion limits the fuel rod internal pressure to

a '

t
i

See Figures 3.5 and 3.5 and 3.11 and 3.12.

I 3.4.8 fuel and Claddina Temeeratures (Standard Qev % Dlan Section 4.2.
IIA 2fe). llA2fdi)

I
Fuel Te=rerature

The fuel centerline temperature is calculated as in the preceecing
section on internal pressure. Figures 3.13 and 3.14 represent the maximum
calculated temperatures for the 9x9 5 power history inputs.

I
_ - - --
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I
CladdinaTederature

Cladding temperatures are calculated using the R00EX2A coce. The inout
conditions are the same as described for the internal pressure calculations. I

The power history used are c,escribed in Figures 3.3 and 3.4 The results
indicate that the design criteria for cladding tem erature are met. See

Figures 3.15 and 3.16 for the cladding temperatures versus ex;osures.

3.4.9 Euel Rod Soacino and Red Bow (Standard oeview Plan fect'on 4.2.
IIAlfe)]

Rod to rod and rod to channel spacing must be maintained and rod bow must
'

be limited so that no reduction in MCPR is incurred.

.I
I.

|

,1

i l
1

-|
Meaturements in gap spacing in irradiated fuel have been collectec ey ANF

7x7 and 8x8 fuel at burnups in excess of (assemoly average)( 0)
Also, 9x9 measurements have been obtained after one cycle of irraciat,on

i

I
I

. . .



___ _ _ _- _ _ - ____ _ _ -______

I
I

ANF 88 152(Np)(A)
Amendment 1

Page 39

I
.g The statistical derivation of rod bow from gap scacing data is given in
N Reference 21. The correlation in the data base has been modified in

accordance to NRC requirements to include cold to not and catch to batch
variations. I

The calculated minimum rod to rod spacing are listed in Table 3.1. Thse
values are calculated at the design peak assembly exposure.

I
I
I

3.4.10 Fuel Rod Plenum Sorina

The plenum spring is a cdil spring which maintains a compact column of
fuel pellets in the rods during handling, shipping, loading, and initial fuel
densification.

.

Tha nominal spring force is shown in Table 3.1. This force is exerted by
the spring on the fuel column. This load is greater than the fuel
column weight which is sufficient to seat the fuel column throuch the expectec
conditions during handling, shipping, and loading,

was selected as the spring . material Oecause it retains nign
strength properties at high temperatures. Irradiation incuced relaxation of,

the plenum spring during initial fuel densification is expected to be less

I
.

. _ - - - _ . _ - - - _ _ _ . _ - - . - - - _ - - - _ _ _ . _ . _ _ _ _ - _ - _ _ _ _ _ - . _ - _ . - . _ _ . _ - . _ _ . - . _ _ _ . - . - _ _ - _ . - - _ _ _ - - _ _ _ _ _ _ .
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I
than The plenum spring design considers the relaxation effect of

..

autoclaving the fuel rcds.

3.4.11 Water Red Desian

The water rods for the 9x9 5 desian are very similar to desig-s :ur-ently -

under irradiation in several reactors both as Bx8 and 9x9 fuel assem0 lies. ,

i

I
The forces or stresses which act on the water rod are:

Differential pressure across the tube wall.

Compressive axial force due to the compression spring.

. Restrained mechanical bow
Restrained thermal bowe

Flow-induced vibrations.

Radial temperature gradient.

Axial friction force with spacerso

Flow friction.

For the SCR, the force due to the flow loss across the spacers and the

axial force on the spacers from fuel rod thermal expansion and growth must
also be considered.

The stresses due to restrained techanical bow are assumed to oc:ur anen a g
water rod (or SCR), which is bowed within the specifications limits, is us

restrained from bowing when assembled into the buncle, The same issumptions

are made for restrained thermal bow, except the tendency to bow is caused by a
differential temperature across the diameter of the tuca. These stresses and

the stresses from flow induced vibrations are calculateo in :ne same anner as
described for the fuel rods in Section 3..i.2. The stresses fr:m restr,ained
bow and flow induced vibrations are low. This will ce snown pelow in tne

calculation results.

I
_ _ _ -
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|I
I I

;

!I
~

!

|I
i

!

!
i

!

|

i
i

!

ccrrosion model as in RODEX2A.
,

!

The water rod connection to the lower tie plate has been analyzed for
maximum stress. The loads applied to this connection result from pressure

| drop across the spacers and friction between the fuel rods and the spacer
i cell. The friction may be originated due to differential thermal expansion or

| differential growth.

|
'

!I
.

&

|I

||
:
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I
The analysis results indicate that the water rod, spacer capturv rod, and

spacer capture rod lower tie plate connector operate well within the elastic
stress limits.

3.5 Fuel Assembly Comoonent Evaluation

I
3.5.1 Grid Soacers

I
Load Deflection '

The load deflection characteristics are determined from the Parts List g
requirements. Due to spacer cell and fuel red diameter tolerance stackup, the
spring deflection and BOL spring force are reported as ranges in Table 3.1.

Succort Stiffness
The support stiffness required to force a node at a support level is

generilly considered to be five tires the simple span stiffness. That is:

I
where:

.

I
I
I

This condition is easily met as the succort dimples are very st ff.

I
The dimple stiffness, nominal spring rate, tne resulting su: cort

stiffness, and the minimum required support stiffness (K(MIN)) are recortec in

I
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I
Table 3.1. The estimated support stiffne:,s is much greater than the recuired

I stiffness.
,

; Acceotability of Minimum Serina Force

At BOL, the spring is required to counteract the flow incuced vibration
lateral acceleration forces and the forces due to mechanical thermal bowing.
The minimum required spring force is:

F(MIN) -

where:

F(V,2) The minimum spring force required to prevent-

l'

l
Table 3.1 summarizes the results of the evaluation of F(V.2), F(0,1) and

the resulting F(MIN). The results demonstrate that the minimum BOL spring
force exceeds the minimum required spring force with amole margin.

The Zircaloy fuel rods are expected to relax at a significantly greater
rate than the springs, and complete relaxation of the fuel rods is expected by

| EOL. Therefore, at EOL, the necessary spring force is that required to
overcome flow-induced vibration forces and prevent the fuel rod from lif ting
off from both dimples simultaneously. With a minimum initial load (as snown
in Table 3.1) at 550'F, an irradiation induced spring relaxation of acula

y be permissible. Current irradiation data indicates a spring relaxation on the
'E order of at EOL, as shown in Reference 2.

I
I

- - - _ --
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Acceotability of Maximum Sorina Force

The maximum spring force is limited by the allowable stresses in the
spring and in the cladding due to spring contact.

E
-

Spring deflection is limited by backup lobes on the leaf sering strip.
The limit of deflection by the backup lobes allows tne spring to operate in E'only the elastic range. u

The clad stresses resulting from a maximum spring force (cold) at the
beginning-of life are calculated by finite element analysis. Calculatec
cladding stresses at the spac6r contact points are incorporated into Table |,
3.3.

,

3.5.2 Miscellaneous assembly Comoonents

Comoression Sorina

The compression springs are located on the "uel rod and inert rod upper
,

end cap shanks between the fuel rod end cap shoulder anc the upper tie plate.
The spring force must be sufficient to supp<. t the weignt of the upper tie
plate, secure the locking lugs, and aid in seating the rocs against the lower
tie plate. The compression spring must perform these functions throughout the
assembly design ~.fe. The spring geometry was designed to account for

Emanufacturing tolerances and differential fuel red growth, was 3
selected as the spring material because it has adequate corrosion resistance
and is capable of maintaining a high strengtn under outlet cooiant temoerature
conditions. The nominal spring constant and spring force are recorted in
Table 3.1. '

asse*bly Har%are
g

These components are assembled to the utter end cap of the tie roc. 5
Their purpose is to secure the upper tie plate to the tie rocs,

1.

.
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I
The retaining spring maintains the correct location of the locking sleeve

'

.

in the unlocked position. The nominal spring force is reported in Table 3.1.

The upper tie plate grid is captured by the locking sleeves anen the
'I. sleeves are in the " locked" position. The adjusting nuts thread to the tie

rod 'Jpper end caps and fasten the locking sleeves and retaining sorings to the

I tie rods.

was chosen as the material for the locking sleeve and
adjusting nut. Structural adequacy of these components has been verified by
testing as described in Section 3.1.

1
I
I
I
I
I
I
I
1

I
.
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I
TABLE 3.1 SUMMARY OF DESIGN RESULTS

Assembly Growth at EOL, in.

Differential Fuel Rod / Assembly Growth

Maximum Differential Growth at EOL, in.
Nominal Upper End Cap / Upper Tie Plate

Engagement, in.
Nominal Lower End Cap / Lower Tie Plate

Engagement, in.
M,.imum Calculated Red to Rod Spacing, in..

Fuel Assembly Holddown

Maximum Liftoff Force, Ibf aMinimum Downward Force, in, gResulting Holddown Force, Ibf

Creep Collapse

Minimum Initial Cold Gap, in.
Remaining Cold Gap at Rod Average $Exposure of 6,000 mwd /MTV, in. g

Fuel Rod Plenum Spring

Nominal Plenum Spring Force, Ibf '

Grid Spacers

Spring Deflection Range, in,
.

Spring BOL Force Range, ibf
Single Dimple Level Stiffness, ibf/in. |Nominal Spring Stiffness, lbf/in.
Dimple Support Stiffness, Ibf/in.
K(MIN), Dimple Suppert Stiffness Recuired g.

To force a Node, lbf/in, gSpring Force Recuired to Prevent
Simultaneous Liftoff From Both Dimples
(EOL), ibf

II
I

.
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TABLE 3.1 SUMMARY OF DESIGN RESULTS (CONTINUED)
*

.

Grid Spacers (Continued)

F(V,2), Spring Force Recuired to Prevent
Liftoff From One Oimple, 1bf

F(D,1), Spring Fore., Recuired to Counteract
Fuel Rod Bowing, Ibf

F(MIN), Total Mini. sum Spring Force Required
(BOL),Ibf

Compression Spring

Spring Constant, lbf/in.
Nominal Spring Force, ibf

Retaining Spring

Nominal Spring Force, ibf

4
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TABLE 3.2 RODEX2 AND R00EX2A VARIABLE INPUT GUIDELINES

Transient *

Rod Internal Steady State Strain Clad
ineut Variable Prassure Strain and Stress _Co11at'se

; E

! I
,

I.

I
s.
E

I
I
I
I
I'

I
I

* !
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I
TABLE 3.3 SUMMARY OF FUEL ROD CLADDING STEADY STATE STRESSESI

i .i

Stress Design Ratio Of Stress
Intensity Limit Intensity to

(Dsii (Dsi) De$ ion L4*it _

l. Primary Membrane Stresses

I (Design limit is lower BOL Cold
value of 2/3 Sy or EOL Hot
1/3 Su)

I 2. Primary Membrane Plus Primary

Bendina

(Design limit is lower BOL Cold
of 1.0 Sy or 1/2 Su) (Max. Ovality)

(Included are membrane BOL Hot
and ovality stresses) (Max. Ovality)

EOL Hot
(Max. Ovality)

3. Primary Plus Secondarv

(Design limit is lower BOL Cold
of 2.0 Sy or 1.0 Su) BOL Hot

(included are stresses EOL Hot*

from item 2 above plus
vibration, thermal
gradient, mechanical andI thermal bow, and spacer
contact pressure),

I
I

'

I 4

I
_ _ - _
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I
' ' ' J.4 STRESS INTENSITIES AT LOWER END CAP-

Design Ratio
Stress Limits in of Stress

Intensity Hot Conditions Intensity to
(esi) (esi) Des 4cn Limit

_

Weld Joint Primary Membrane
Plus Primary Bending, 5Design Limit: 1/2 Su 5
Weld Joint Primary Plus
Secondary Design Limit:
1.0 Su

I
I
I
I
I
I
I
I
I
I
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TABLE 3.5 DESIGN DUTY CYCLES FOR CYCLIC FATIGUE

Total Number
of Cvcles

Duty Cycle Descriction

1. Startup following a refueling shutcown

| or major shutdown,

2. Load follow weekly reduction toi 50% power.

I 3. Load follow daily reduction to
75*. power.

4 Control blade movements.

I- 5. Startup following a cold shutdown
or minimum shutdown.

'

6. Recovery following a scram.

7. Loss of feedwater heaters.

8. Turbine trip.

'

.

_ . _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ -. ' -"
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December 15, 1989
PAC :092 :89

I

|
!

Mr. Robert C. Jones, Chief
Reactor Systems Branch
Division of Engineering and System ~ Technology
Office of Nuclear Reactor Regulation

| U. S. Iluclear Regulatory Commission
| Washington, D.C. 20555

Subject' Resnonses to Additional Ouestions nn tJ1F RO 19

Reference: 1. Letter, R. C. Jones (NRC) to R. A. Copeland
| (ANF), " Request For Additional Information On

ANF 88 152", dated October 16,1989.
2. ANF-88152(P). Amendment 1, "Ceneric Mechanical

Design for Advanced fluclear Fuels 9x9 5 BWR
Reload Fuel", Advanced Nuclear Fuels Corp.,
September 1989.

3. Letter, R. A. Copeland (ANF) to Director of NRR
(USNRC), Transmittal of Ceneric Mechanical| Design for Advanced Nuclear Fuels 9x9 5 BWR

| Reload Fuel", cated October 31, 1988.
bAC:063:BB.

Dear Mr. Jones:

Attached are the ANF responses to the additional information requested by the
NRC in Reference 1 on the Mechanical Design of the ANF 0x9-5 fuel cosign for
BWRs (Reference 2). These responses address questions and information
regarding the review of the ANF mechanical design topical.

Please consider the information in these responses to be proprietary to ANF.
The affidavit supplied with the original submittal provides the necessary|

information as required by 10 CFR 2.790
attachment from public disclosure (Refer (b) to support the withholding of theence 3). It is our intent to incluce

j .

.

i
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I
these responses with an,r additional responses as a Supplement to the originala report and bind- those '

, th the A version of the report wnen the review iscompleted,

if there are questions, or if I .can be of further help, please contact me
.

Sincerely,,
'
,

!)
R. A. Co
Manager,pelandReload Licensing

Dr. Shih-Liang Wu (USNRC)cc:
Mr. Carl Beyer (PNL) |

m

i

I
I

-

1

I
I
8

.

I
I
I
I

_



I
ANF 88 152(NP)(A)

Supplement 1
Page 3

ATTACHMENT

NRC COMMENTS AND ANF RESPONSES FOR ANF 88-15?fPi

GENERIC MECHANICAL DESIGN FOR ADVANCED NUCLEAR FUELS

9X9-5 BWR RELOAD FUEL

Coment 1:I
A sumary of Advanced Nuclear Fuels (ANF) operating experience through
September 1988 was provided in the subject document (see Table 3.6 of the
subjectdocument).

Please provide an update of the 9x9 and 9x9-5 in-reactor operating.

I 9x9 fuel assemblics irradiated through September 1988 (Table 3.6);
experience. Also, it is noted that two rods have failed from the

please provide in fonna tion on the cause or mechanism Sr tha
_ failures, if a cause or mechanism is known or suspected.

SI:3ce -the issuance of XN NF-82-06(P), Supplement 1, Revision 2
-

.

(January' 1987) and the subject document, what additional data has'

been obtained from the 9x9 and 9x9-5 designs on water tide claddinga
g corrosion, rod bow, and differeutial rod and assembly -tal growth

(used to detersine engagement between th. fuel rods and a:,;embly tieplate)? Pl e.no provide a comparison of the 9x9 and 9x9-5 data
obtained to date for cladding corrosion, rod bow, and rod-to-tie
place engagement with their respective correlations that are usedw-

for evaluating their effect on the 9x9-5 design. Those data fromI the 9x9 and 9x9-5 designs, respectively, should be identifiedseparately. Have visual examinations for cladding fretting been
performed for the 9x9 ar.d 9x9-5 designs, and if so, at what
assembly-average burnup levels? Also provido a list of future post-I irradiation examination work that will be performed on the first
three lead plants using'9x9-5 fuel assemblies.

Resconse 1:I.
There are currently ' 2354 ANF 9x9 assemblies under irradiation or alreadydischarged. 134 of the 9x9 assemblies are of the 9x9-5 design. Eight ANF 9x9:$. assemblies nave been discharged. Table 1.1 shows the irradiation exp -ience.5 of ANF 9x9 and 9x9-5 assemblies. Additional reloads of 9x9 and 9x9 5
assemblies have Laen contracted, and will be inserted into reactors in the USand Europe in the future,gI

I
I
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I
I
I
I

Orlde Thickness Measurements

ANF Sx9 fuel rod corrosion data is presented in Figures 1.1 and 1.2. Oxide 3thickness data from irradiated ANF 9x9 fuel assembly measurements are 3presented in the Figures. Figure 1.1 shows the oxide thickness as a function
of exposure, and f,gure 1.2 shows the oxide thickness as a function of time atoperating temperature.

I
I

In order for the MATPRO correlation to predict oxide thickness accurately,
enhancement factors may be used; these factors are plant specific and account 3
for different water chemistry conditions. 5

I
.

I
.



- - _ - _ _

Atif 88 152(NP)(A)
Supplement 1

Page 5

Pod to Rod Soacino Measurement 1

The results of the rod-to rod spacing measurements in 9x9 lead assemolies, are
presented in Figure 1.3. The figure shows the fractional closure on a 95'; min
gap bases as a function = of as sembly average burnup. The ANF rod bow
correlation results are also shown in the figure. The rod to rod spacing
shown in the figure are acceptable. -

|

Fuel Assembiv/ Fuel Rod Growth and Differential Growth

for BWR fuel, the datermination of fuel bundle growtn and c:#ferential roc
' growth is important because of the possibility of fuel rod disengagement frs

the upper tie plate, and to maintain the seal cetween the enannel and tne fuel
bundle lowt.r tie plate seal spring.

_

AttF designs its BWR fuel to allow for sufficient dif ferential growth of the
fuel rods so that all rods remain engaged in the upper tie plate at enc of-
life. '

,

_

l
The fuel channel material is fully annealed Zircaloy-4, and exnicits less
growth than the cold worked, stress relieved tie rods. To ensure that the
channel remains engaged with the lower tie plate, sufficient overlapping is
provided to maintain the seal to end of life.

|

|

I

d
| -
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Fupl InsDection Plans for 9v9 5 BWR Fuel Tvoes
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Table 1.1 Exposure Summary of BWR fuel (Oct. 1989)

No. of Assemblies by Burnup Range (CWd/HTV)

b' M M M 2,2;.lQ 1Q:,1Q > 40

9x9

9x9 5

Total,

l

f

I

I

I
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|
-

Table 1.2 Poolside Measurements Since January 1987

I
Peactor Recort Measurements **

Barsebeck-1 89-147(P) OX,0!A,LEN,VIS

Dresden-2- 87-140 VIS,0X,WITH,DIA
87-83 VIS, R00,0X,LEN.DIA SCAN
89-100 V IS ,0X , SCAli, D I A
89-101(P) VIS,LEN 3

g
Dresden-3 89 006(P) VIS,0X,LEN,R00, SPRING

-

KRS-C 87-123(P) VIS.LEN,01A,0X,R00
88-140(P) VIS,LEN DIA,0X,R00
88-141(P) LEN DIA, ROD
89-046(P) R00
89+156(P) VIS,LEN,01A,0X,R00
89-157(P) VIS,01A,0X, SCAN

Hatch-2 (To be issued)* VIS,0X,DIA, CRUD,LEN

..
-

gVIS visual=

OY oxide=

LEN rod or assembly length=

WITH spring withdrawal force=

DIS diameter measurements=

R00 rod-to-rod spacing=

gamma scan 3SCAN -

seal spring 3SPRING -

CRUD crud sampling-

I
I
I

.

I
.
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i
L Coment 2:

[ What are the maximum manufacturing tolerances used to evaluate fuel rod
upper end cap eagagement in the upper tie plate of the assembly (Section

-

| 3.3.1 and Tabit 3.1)? In the response, describe how the manufacturing
| tolerances and rod and assembl.y axial growths are used to detemine rod-

to-tie plate engagement.

Resoonse 2:

Upper End Cap Engagement determination of the (9x9-5) design fuel rod includes

I the nominal dimensions of the end cap, upper tie plate cnanfer, and the
distance from the upper end cap shoulder to the bottom of tne upper tie plate,
as shown below.

Nominal Drawina Tolerance

End Cap Length
| Plug Length
I End Cap Tip

UTP Chamfer
Installed Compression
Spring Length

The above dimensions and tolerances are obtained from the design drawing asrequired in the 9x9 5 Parts List. A quality control inspection insures that
the parts are manufactured within the tolerance range specified on the
drawing,

I

I

I

I

6

|

_ _ _ , _ _ _ _ _ . __---- -
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Ccment 3:

collapse analysis (Table 3.1).Please provide the basis for the 9x9-5 minimum cold gap used in the creepE
5

Resoonse 3:

The reported number refers to radial gap. The minimum cold gap is determined -

by ' subtracting the maximum pellet outside diameter from the minimum claddinginside diameter and dividing by two.

XN-NF 85-67(P)(A), Rev. 1,
Pump BWR Reload Fuel", reports diametral gap." Generic Mechanical Det.ign .for Exxon Nuclear Jet
for comparison, Tht radial gap is shown below E

g
Rod Cold Gao:

I
I
I

Coment 4:

Please prcvide more information on how the Zircaloy cladding hydrogen
concentration, attributed to absorption from the coolant, H(C), isdetermined as - farction of time in reactor.

Resoonse 4:

model to predict concentration of hydrogen in the cladding.ANF uses the MATPRO Version 11, Revision 2 (NURE3/r.R.0497) hydrogen absorption
enhancement factors to the MATPRO correlation can be used to benchmark

Plant specific
nicasured data and make more accurate predictions.

'

I
I
I
I
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