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1.0 INTRODUCTION

The licensee responded to NRC Bulletin 90-02, "Loss of Thermsl Margin Caused by
Channel Box Bow," ir & letter dated April 26, 1990, and indicated that 217 of
the chanrel boxes in the Monticello reactor core (Cycle 14) are being used for

a second fuel bundle lifetime (Ref. 1). The response described the number and
disposition of these chanrel boxes in the core, and describec the actions taken
te assure compliance with the technical specwfwcction thermal limits. The staff
review of the April 26 submittal identified the need for additicral information.
Specificelly, the staff requested that the licensee provide the data base on
channel box bow versus expcsure associated with the methods used to account for
the effects of channel box bow on thermal mergin during the second burdle
Tifetine. The licersee responded in @ letter dated August 15, 199C (Ref. 2).

This safety eveluation covers the staff review of the Northern States Power
Company stratecy for reuse of channel boxes for the existing cycle (Cycle 14)
orly.

2.0 EVALUATION

Channel Boxes Bisposition Ir The Core

There are 217 burdles charreled with reused chanrels, j.e., Second Bundle
Lifetime Channel Boxes., There are four types of fuel in the current Monticello
core: PBX8R, PB8x8R, GEBXBEB, and GEBX8NB fuel designs. These fuel designs
were 1nsta11ed in Cyc1es 11 thru 14 respectively. The PB8X8R and GESX8EB fuel
batches utilize reused charnels. The P8X8R and GESX8MB fuel batches utilize
new chanrels. In the next cycle (Cycle 15), new advanced-design channels will
be utilized with the GE8X8NB-3 fuel thet w111 be loaded as fresh fuel.

Figure 1, Ref, 1, graphically illustrates the disposition of reused channels

in the NonticeY]o core for the current cycle.

N

GE Methodology and Associated Data Base

After startup of Cycle 14, General Electric performed a Cycle 14 specific
calculation of the impact of channel box bow on the CPR. This analysis analyzed
8 symmetric putentially 1imiting (for MCPR) 4-bundle cells in the core. Each of
these cells had 2 fresh burdles with new channel boxes, 1 once-burned bundle
with 8 reused channel, and 1 twice-burned bundle with a reused channel.
Projected channel box bews for the end of Cycle 14 for each of the 16 reused
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charnel boxes and for the 16 new charrel boxes were calculated using the General
Electric methedclogy. These celculations used deteiled cperating histories
(cycle-by-cycle core locations and expesure accumu]ationss to account for
historic flux ¢radients for each channel box. Every reused channel box in the
Monticelle core was measured prior to its reuse in the core. The individual
calculated channel box bow values were used to calculate MCPR impacts.

At the request of the NRC staff, the licensee providec¢ plots of channel bex bow
versus cumulative exposure for the bounding reused charnels. This data was
comprised of measured and predicted (to end of present cycle) data. Three
channel boxes were sincled out as being representative of minimum and maximum
bow/expesure data (Ref. 2).

The channel box bow history for each of the three charrel boxes was represented
by three or four cornected dats peints. The lowest expesure date is the
meesured value cf channel box bow at the end ¢f the first burndle Vlifetime.

GE's charnel bex bow methodology was then applied to each channel box usirg
each channel's actual operating history to predict the channel box bow at the
end of the first burdle lifetime. The predicticr was then nermélized tc the
measured channel box bow at the end cf the first bundle lifetime, and the
predicticr was then exterded to the subsequent cycles, conclucing with the end
¢f Cycle 14, The remaining reused chennels presert in Merticello Cycle 14,
fell between the meximum and the minimum values.

Te aic the NRC staff in evaluating this data, the staff correlated 211 ¢f the
charnel box bow datz available to it from fuel vendors ard licersees. This bow
data was vsually in the form of scatter plets of channel bow es a functicr of
burrup. The staff developed Timiting curves for each data scurce. The data
from 211 of the sources were pletted as limiting curves. This provided the HRC
steff with & visual representation of all the limiting bew data as a function
of expesure. The plots indicate that there is very good agreement ameng a1l
the data especially within the constraint of the single burdle lifetime, which
is taker tc be approximately 38-40 GWD/MTu. Thet is, all of the data were
cersistent in magnitude and trends,

The dats indicate thet channel box bowing is appreximately linear from ¢ tc
approximately 40 GWD/MTu. Beycnd 40 GWD/MTu, data from a11 sources is sparse
anc¢ consequently, viatle data comparison is very difficult., As a result, based
cr the small number of data points available, one can only point te a trend.
However, the rate of bewing with exposure appeers to increase sharply.

Conformance Mith CPR Technical Specifications
In Cycle 14, -Monticello has applied a conservative celta-CPP adder to account
for potential bow of reused channel boxes. An administrative limit on MFLCPR
(Maximum Fraction of Limitirg CPR) of 0.87 has also been applie¢ since the
beginning of Cycle 14, This is equivalent tc a delta-CPR adder of 0.194 for a
CPR operating 1imit of 1.30. This initial delta-CPR adder was selected on the
basis of analysis of the Gskarshamn event (Informaticn Motice €0-69),

The results of Cycle 14 channel box bow predictiors calculeticn were used to
celculate MCPR impacts. A key assumption in the MCPR thermal impact @ssessment
was the use cf core average cell @verage bow. As discussed in Reference 2,
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“detailed lattice physics calculations have demonstrated thet the power level ir
the fuel rods in the corner and bundle periphery near the contrcl blade can be
reliably correlated to the average bow of the eight charnel faces adjacent to
the centrol blade (cell average bew), for the bundles that dc not experience
the cell maximum bow. The burdle in the cell with the maximum chanrel box bow
vil1l experience & greater relative pewer increase than its reighboring bundles.
For the case of single bundle 1ifetime channels, the bundle with the maximum
channel box bew will most likely be the highest exposure burndle. This highest
exposure bundle will be substantially reduced in power relative tc the fresh
burdles, due tc fuel enrichment depletion effects, and therefore will have
substantially greater margin to boiling transition. However, for the case of
reused charnels, the buncdle in the cell with the meximum bow nay be a high
power burdle. Therefore, the individusl channel box bow and MCPR impact of
that channel bex bow was evalueted for each bundle in cells containing reused
charrels. This ersures that ar appropricte assessment ¢f the MCPR thermal
impact is cbtained.

The licersee stated ir. their April 26,1990 respcense letter that in Cycle 15,
ccre-monitering software will include R-Facter celculeted with channel bex bow
effects included, which will irsure that calculated MCPR values will compensate
for channel box bew. At thet time the administrative limit on MFCPR will be
remcved. :

3.0 CCNCLUSIONS

Based on the above evaluation, the MRC staff curcludes thet the licersee's
vtilizetion of reused charnel boxes for the existing cycle (Cycle 14) is
acceptable. FHowever, the application of this data and methodulogy to any
future reuse of charrel boxes must be evaluated or a cycle specific basis.
¥hile the current methecclogy sppears to conpensate adequately for severely
bowed charrels, further study by the licensee is neeced with respect te its
impact on core wide erelyses at advanced exposures. For example, ccre inlet
flcw distribution, fuel shuffling scheme, MCPP Safety Limit, LHGR, MAPLHGR,
limitation on exposure, and continued demonstratior that the bow nmodel is
sdecuate for advarced expesures are important and would require further
analysis.

4.0 REFERENCES
1.  Letter from Thenas M. Parker, Northern States Power Company, to MNRC,

Response to NRC Bulletin 90-02, "Loss of Thermal Margin Ceused by Channel
Bex Bow," dated April 26, 1990.

ny
.

Letter from Thomas M. Parker, Northern States Power Company, to NRC,
Pesponise tu NRC Recuest for Additicral Information cn Response to NRC
Bulletin 90-02, "Loss of Thermal Margin Caused by Charnel Box Bow," dated
August 15, 199C.

3. J.S. Charnley (GE), letter to R.C. Jones (NRC), "Fuel Channel Bow
Assessment," MFNO86-89, November 15, 1989,

Principal Contributor: A. Attard



