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MECHANICAL DESIGN REPORT

SUPPLEMENT 1

1.0 INTRODUCTION
This repon provides a summary of an evaiuation, applicatle 1o the Siemens Nuclear
Power Corperation (SNP) 8x8 fuel for the Grang Guif Unit 1 Nuclear Power Reactor reloag
XN-1.3. The analyses suppon an @xtension of the assembly exposure
ana a meaification of the mechanical LHGRA limite

The mechanical design of Grand Guif 1 XN-1 3 s essentially the same as the generic SNP
Type 4/5/8 cesign; thus, several of the mechanical design related sections of this report are
covered by specific references 10 generic mechanical cesign reports. Where apclicable, the
anaiyses have been extended, consistent with SNP'g generically approved methocelogy. 1o sover
‘he increased ournup and the revised mechanical LHGR lim:t
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absorption, fuel rod internai pressure, 'uel temperature, cifferential fuel rc 3 growth, creep bow,
and spacer grid cesign. The analysas justity irradiatian 1o

Major analysis resuits are:

. The maximum end-of-iife (ECL) steacy-state clacaing strain is calculated 10 Le below tne
1.0% dag.gn limit.

. Clagding steacy-state stresses are caiculated 1o te Lelow the material strength imits.

’ ‘:‘hoqwcudding strain during anticit ated operational ccourrences (AQQs) cces not exceed

. The maximum fuel rod internal rud pressure ramains Selow SNP's criteria Iimit,

. The fuel centerline temperature remains below the maiting peint during ACCs.

. The claading fatigue usage factor is within the 0.67 cesign limit.

. Structural members have adequate strangth to suppon hangling and hycraulic ioacs.

Compliance with this criterion
prevents the formation of fuel solumn Q4aE3, and ne posaibility of creep collapse.

. Evaluations of assembly growth and differential fuel rod growth show that the desigr
Provides acequate clearances for compatibility with *he fuel assembly channel. Also, thers
'S adequate engagement of the end caps in the upper tie plate ang lower te olate
throughout the design life.

. The ir.itial fuel rod design snacing (s expected \2 be adequate 1 accommaodate expectec
reg-iovod gap closure for the fual design life.
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. The maximum EQOL reduc.on in clagding thickness due 1o corresion and the maxinum
concéntration of hydrogen in the clacding are calculated 10 be wall within the design
limits,
. The fuel rod plenum spring and other miscellanecus components are shewn (o meet the
respective design bases.
. The spacer sarings meet all the design requirements, and can accommocate the

expected relaxation at EQL



EMF 88-183(NP)
Supplement 1 |
Page & |

30  DESIGN CRITERIA

The detailed Siemens Nuciear Power

Corporation design criteria for the Grang Guif 1 XN-
1.3 reload tuel is given in Refarence 1
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40  MECHANICAL DESIGN

Three ienorts have previously been issued 1o document the mechanical cesign analyses
for the Grand Gulf 1 SNP 8x8 fuel. These reports are:

XN-NF-83-28, Revision 1, "Grand Guif 1 XN-1 Design Repon Me- “anizal hermal
Hydraulic, and Neutronic Design 1or Exxon Nuciear JP BWR/E fuaiAs. . % ssued
In August 1983,

XN-NF-85-87 (P) (A), Revision 1, “Genaric Mechanical Qesign For Exxon ... 2 ar Jot Pump
BWR Reicac Fuel"' '/, issuea in Septomber 1986 and

ANF-88-183 (P)," Grand Guif Unit ' Relcad XN-1.3, Cycie 4 Mecnanical Cesign Repor!
issued November 1588".

The analyses in the first repert were performed with the SODEX2 computer coce ara

justified irragiation Fuel rod analyses repenas n the
generic mechanical cesian report were performed using the computer code RODEXZA ang
justifiod irradiation Both RCLEXL2 anc RCOEX2A

codes have been approved for generic application by the NRC (@3) The generic mecharical
gesign repon was submitted and approved for generic use dy the NRC in 1988

The Grand Gulf Unit 1 Reload XN-1.3, Cycie 4 mechanical design report extendec the fue!
assembly burnup

This document reports the results of design calculations performed o suppeon higher fuel
assembly exposure and a slightly modifiec LMGR mechanical limit than has been reparec
previously. The fuel red calculations in this report used the RODEX2A computer code

The fuel assembly nas been analyzed 1o a peak assembly exposure
and peak rod and peak pelle! exposures
respectively. Thaese values are conservative estimates of the maximum exposures 10 be reacred
with the Grand Guif 1 XN-1.3 8x8 relocad fuel. The analyses have been performed assuming a
design power history identical to that used in Reference 1, at low 10 medium expasures and a
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Using the methodoiogy described in Reference 1. an analysis was periormed Jsing the
modified L-GR limits
The resuits
of the analysis ingicate that the maximum internal pressure
remaing below the cesign criteria

415 FEuel Peligt Centerline Temperature

The design criteria requires that fuel centerline temperature remain below the fuel meiting
peint during operation. A fuel pellet centerline temperature analysis was performed using the
methodology described in Reference 1 while applying the modified LMGR limit curve ang higher
exposure level. The results of the analysis indicated that the fuel pellet centeriine temperature will
reman below the fuel melting peint. Therefore, the design criteria is met.

41.6 FEuel Rod Claddling Fatgue

) Fuel assembly shutfling, reactor power maneuvering, and AQQOs will impose a cyclic
icading on the cladding. The design criteria requires that the calculated cyclic fatigue usage
factor remain within C.67 times the cladding fatigue life.



EMF-88.183Np)
Supplement 1
Page 10

To assure that the fuel rud does net fail due to stress syclic fatigue, a fatigue anaiysis was
performed. The results of the analysis show that the cumulatve fatigue camage remain pelow
the 0.67 limit.

417 Clagging Collapse

Fuel failures due to clagaing ccllapse nave been observed in some PWR's in ‘el rogs
designed and fabricated by other fuel vendors. Ne SNP fuel rod has ever faled cue 10 this
mecrianism. The likelihood of a fuel rog failing due to clagaing coliapse in a BWR reacter s very
small due 10 the lower Operatng coclant pressure of the Grand Gulf 1 reactor compared o that
ina PWR. Nevertheless, the fuel rods are analyzed 1o assure that fuel rod collapse will not eceur

The pellet co~ letes densification during early operation.

The analysis results reported in Table 3.1 of Reference 1 are sull appicaple
for the extended exposure.

418 Euel Rod Spacing

The desigr: cri aria states that changes in rod-10-rod and rod-to-channe! gaps must be
taken into account in’omushinq the thermal limits. Thermal limits are not affectec if the
minimum rod-to-rod gap is greater The analysis performed in Reference 1 1o
alculate the maximum fuei rod bow has been evaluated for applicability at higner exposures
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