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1,0 INTRODUCTION

Ry letter dated April 15, 1627 (Reference 1) the GPU Nuclear Corporation (GPUN)
submitted for review the topical report TR-040, "Steady State and

Cuasi-Steady State Methods for Analyzing Accidents and Transients." This
repert is the fourth in a series of five reports for use in Oyste= Creek

reloacd licensing. The information in this report was supplemented by
informaticn subnitted in ycur letter of November 12, 1987 (Reference 7) in
response to questions from the NRC staff anc consultants, The review by the
staff of this report and supplemental information was performed with the
assistarce of consultants from Brookhaven Mational Laboratory.

This topical report describes the methods and procedures used to analyze the
fuel assembly misloading (assembly misorientation and assembly mislocation)
error, the control rod withdrawa! error and the loss of feedwater heater
events, Since these events result in slow transients, they are evaluated

with static coces. With the excepticn of the fuel bundle misorientation, GPUN
interds to use the three-dimensional code NOPE-B (Reference ?) in its analyses.
The analysis of the fuel misorientation is carried out with CP¥ (Reference 3),
GPUN ?pplicat10n of these codes has been found acceptable previously (References
&t s),
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7.0 SUMMARY OF TOPICAL REPORT

The CPM and NODE-B codes are the principal APUN calculational tools used in the
gralysis of the fuel assembly misloading error, the rod withdrawal error and
the loss of feedwater heating events,

The critice! power ratio (CPR) ana the linear heat generation rate (LHGPR)

are the parameters of interest for arnilyzing these events., The safety limit
Minimum Critical Power Ratio (MCPR) is determined using the General Electric
Thermal Analysis Rasis, GETAE (Reference £). The data used by GPUN to carry
out the aralysis of these events presented in TR-040 is based cn the Cyster
Creek Cycle 10 reload, A brief description of each event discussed in TR-(40
arc an outline cf the analysis performed by GPUN is presented in the following.

2.1 Fuel Assenmbly Misorientation Ana‘vsis

e L

In the fuel assembly misorientation error analysis, a fuel assembly is loaded
in 1ts correct core location but it is misoriented. In the Oyster Creek
C-lattice ccre, which s a square lattice arrangement including both wide-wide
and narrow-narrow sized water gaps between neighboring fuel assewblies, a
misorfented assembly can result in a substantial increase in the size of the
water gap facing peripheral fuel rods. Such a misoriented assembly loading
car result in excessive power peaking and has the potential of MCPR safety
Timit vicolatien,

In the analysis of the misoriented assembly GPUN employs the CPM two-dimensional
collision prebability program for determining the necessary lattice physics
parameters, Since CPM is geometrically 1imited to analyzing a single fue!l
assembly heving diagonal symmetry, it can only be used for an assembly
misorientation of 180°, A four-bundle PDQ calculation 1s performed to analyze
the S0° nisorientation, Fxposure-dependent CPM calculations are performed to
determine the exposure level at which the highest change in peaking occurs.

The axial R-factor (in GETAB) is then determined at this exposure including

the effects of the assembly-wise power distribution, An inftial CPR calculation
is performed for a correctly orfented fuel assembly with power, flow, peaking
factors and maximum R-factor adjusted so that the assembly 1s at the CPR
operating limit,

A CPR calculation 1s then performed for a misoriented assembly by applying
the precalculated change in P-factor and fncreasing the bundle power by 3,2%,
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3.0 EVALUATION

3.1 Fuel Assembly Misorientation

The GPUN analysis of the fuel assembly misorientation enploys the CPM two-
dimensicre) lattice physics code., The GPUN application of this code to Oyster
Creek steacy state analysis has been approved bv the staff (Reference 4),
Conpariscns of the GPUN prediction ¢f limiting delta CPR for the fuel asserhly
misorientatior to independent calculations are presented in Reference 7.

These comparisons indicate that the accuracy of the GPUN predictions of delta
CPE is reasonable and acceptable, GPUN demonstrates that the 180° fuel assembly
miscrientation i¢ nore 1imiting than the 20° misorientation. This too is
reascnable and acceptable, While the initial GPUN submittal did not include

éry allcwance for uncertainty in the delta CPR calculation, GPUN has agreed to
incorperate a .C7 delta CPR penalty fn the misorientation analysis to account
for uncertainties in the calculation of CPR in the case of an axially varing
R-factor. It is concluded that the GPUN procedures for analyzing the misorientation
event are consistent with industry practice and are acceptable for determining
the Timiting delta CPR and delta LMGR,

7.2 Fuel Assembly Mislocation

The GPUN analysis ¢f the fuel assembly mislocation employs the CP™ and NNDE-R
reutronics codes which have been approved for GPUN app:icatior, The GPUN
procedure for analyzing the fuel! mislocation consists of two steps: (1)
fdentification of the fuel mislocation which results in the largest delta CPR
and 2) performing required three-demensional static ca culation to determine
the resulting delta CPR, While the second step is straiohtforward, the first
step s relatively complicated. The GPUN procedure for ideniifying the 1imiting
nislocation assumes that the largest delta CPP will occur in a four-bundle
cell having close to (1f not) the highest cell exposure (F), and that a bundle
replacement results in a maximum change in bundle exposure (delta E). In
implementing this analysis, the initfal GPUN submittal reconmended the
calculation of nine four-bundle cells of this type., Additional cdata was
provided in References € and 7 to support this methodology. Since GPUN does
not account for urcertainty in this procedure, 1t has agreed to expand these
calculations to include a minimum of fifteer four-bundle cells., These cells
will include both high (E, delta E) locations as well as other bundle types
(e.g., \.1gh delta k-infinity replacements) having potential for large delta
CPPs, With these changes, the GPUN methodology for calculating the fuel
assembly mislocation 1s acceptable.

...........

The GPUN method for analyzing the rod withdrawal error (RWE) employs the NODE-R
steady state physics code which has been approved for GPUN application. The
GPUN procedure requires the analysis of the rod withdrawal for both the highest
worth rocd and the rod location allowing the most LPRM detector/APRM channel
faflures. This is consistent with current industry practice. The rod block
monitor setting is determined by insuring that the changes in CPR and LMGR are
acceptable, It is concluded that the GPUN procedure for analyzing the RWE is
acceptable,
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Ps stated earlier, loss of feedwater heating (LFWK) results in increased inlet
subcooling, and increase in ccre power and a reduction in margin to the local
CPR and LMGR 1imits, These changes are relatively slow and allow 2 steady-
state aralysic with the approved NODE ccce (Peference 2). The GPUN LFWH
procedure requires that the LFWH final-state calculation 1s performed for a
100”7 F reduction in “eedwater temperature, maximum feedwater flow, constant
pressure, and the core power at the scran setpoint, The increase ir ccre inlet
subccoling is related to the 100° F feedwater tenperature decrease by a standard
heat balarce. This procedure has been reviewed ir detai! anc it is concluded
that it is in accord with standard incustry procedures and is acceptable for
analyzing the Nyster Creek loss of feedwater heat event,

4.0 CONCLUSION

The GPUN steady state and quasi-steacdy-state methods for andlyzing the fue!
asserbly misloading, control rod withdrawal error and loss of feedwater heater
everts has been reviewed ir detafl., This review included the mater{al provided
in the GPUN TR-40 topical report and the supporting information supplied in
Peferences 7 and £, The GPUN methods were found to be in accerd with standard
procedures and acceptable for performing Oyster Creek reload licensing analyses
with the following exceptions: (1) in performing the fuel assembly mislocation
aralysis, a 0,07 delta CPR peralty is required to account for uncertainty in
the prediction of CPR in the case of ar axfally varing R-factor and (2) in the
aralysis of the fuel assembly mislocaticn error, a minimum of fifteen four-
tundle cells should be analyzed to identify the mis’ocation resulting in the
largest delta CPR, GPUM has agreed to make these changes to 1ts procedures.
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