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1.0 INTRODUCTION, SUMMARY AND CONCLUSION

1.1 Introduction
This report presents the results of the physics tests performed during
startup of Kewaunee Cycle 13. The core design and reload safety evaluation
were performed by Wisconsin Public Service Corporation (1) using methods
previously described in WPS topiéal reports (2,3). The results of the phy-

sics tests were compared to WPS analytical results to confirm calculated

safety margins. The tests performed and reported herein satisfy the

requirements of the Reactor Test Program (4).

During Cycle 12-13 refueling, 40 of the 121 fuel assemblies in the core
were replaced with fresh assemblies of Advanced Nuclear Fuels Design(5),
enriched to 3.4 w/o U235. The Cycle 13 core consists of the following

regions of fuel:

Number
Initial of Previous Number of
Region Vendor U235 W/0 Duty Cycles - Assemblies
10 ENC 3.2 3 1
10 ENC 3.2 2 8
12 ENC - 3.2 3 2 8
13 ENC 3.4 2 32
14 ENC 3.4 1 32
15 ENC 3.4 o 0 _ 40(Feed)

The core loading pattern, assembly identification, RCCA bank iden-
tification, instrument thimble I.D., thermo-couple I.D., and burnable

poison rod configurations for Cycle 13 are presented in Figure 1.1.

-1-




1.2

On April 1, 1987 at 0220 hours, initial criticality was achieved on the
Cycle 13 core. The schedule of physics tests and measurements is outlined

in Table 1.1,

Summary

RCCA measurements are shown in Section 2. A1l RCCA drop time measurements
were within Technical Specification Timits. RCCA bank worths were measured
using the rod swap reactivity comparison technique previously described
(4,6). The reactivity comparison was made to the reference bank, Bank C,

which was measured using the boration/dilution technique. A1l results were

'within the established acceptance criteria (4), and thereby demonstrated

adequate shutdown margin.

Sectidn 3 presents the boron endpoint and boron worth measurements. The
endpoint measurements for ARQ and "Bank C In" core configurations were
within the acceptance criteria (4). The available boron letdown data
covering the first month of reactor operation is also shown. The agreement
between measurements and predictions meets the review and acceptance cri-

teria (4).

Section 4 shows the results of the isothermal temperature coefficient

measurements. The differences between measurements and predictions were

within the acceptance criteria (4).




1.3

Power distributions were measured via flux maps using the INCORE code for
beginning of cycle (BOC) core conditions covering power escalation to 100
percent full power equilibrium xenon. The results indicate compliance with
Technical Specification limits (7) and are presented in Section 5. Section

6 discusses the various calibrations performed during the startup of

.Cycle 13.

Conclusion
The startup testing of Kewaunee's Cycle 13 core verified that the reactor

core has been properly loaded and the core characteristics satisfy the

. Technical Specifications (7) and are consistent with the parameters used in

the design and safety analysis (1).




TABLE 1.1
Kewaunee Nuclear Power Plant

BOL Cycle 13 Physics Test

Date Time Plant
Test Completed Completed Conditions
Control Rod Operability Test 3/29/87 1540 Cold SD
Hot Rod Drops | 3/30/87 1130 HSD
RPI Calibrations 3/31/87 1625 HSD
Initial Criticality | 4/01/87 0220 HZP
_Reactivity Computer Checkout 4/01/87 | 0335 HZP
ARO Endpoint 4/01/87 | 0427 HZP
Bank C Worth (Dilution) 4/01/87 0551 HZP
Bank C In-ORO Endpoint 4/01/87 0646 HZP
ITC Determination 4/01/87 1638 HZP
Power Ascension Flux Map 1301 ' 4/04/87 0914 28%
Power Ascension Flux Map 1302 4/05/86 1349 43%
Power Aséension Flux Map 1303 4/07/86 0938 69%
Power Ascension Flux Map 1304 4/09/86 0704 90%
Power Ascension Flux Map 1305 4/10/86 1429 98%
Power Ascension Flux Map 1306 4/13/86 0842 98%
Power Ascension Flux Map 1307 _ 4/22/86 6854 97%

Power Ascension Flux Map 1308 4/27/86 0936 100%




FIGURE 1.1

Kewaunee Cycle 13
Core Loading Map
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2.0

2.1

2.2

RCCA MEASUREMENTS

RCCA Drop Time Measurements

RCCA drop times to dashpot and rod bottom were measured at hot shut-
down core conditions. The results of the hot shutdown measurements
are presented in Table 2.1. The acceptance criterion (4) of 1.8

seconds to dashpot is adequately met for all fuel.

RCCA Bank Measurements

During Cycle 13 startup the reactivity of the reference bank (Bank C)
was measured using the boration/dilution technique and the reactivity
worth of the remaining banks was inferred using rod swap reactivity

comparisons to the reference bank.

2.2.1 Rod Swap Results
'The‘measured worth of the reférence bank, Bank C, differed from
the‘wPS predicted Bank C worth by 47.0 pcm or 4.9 percent, which is
within the 10 percent review-criterion. Plots comparing measured to
predicted reference bank integral and differential worth are

presented in Figures 2.1 and 2.2, respectively.

Rod swap results for the_remaining banks are presented in Table 2.2.
The measured to predicted total rod worth difference is 2.1 percent
which is within the acceptante criferia of 10.0 percent. A1l indi-
vidual bank worths adequately met the 15.0 pe;cent measured to pre-
dicted review criterion except Bank B which differed by approximately
21 percent. As required by the Reactor Test Program (4) the Bank B
worth discrepancy was reviewed and the reéu]ts were presented to the

Plant Operations Review Committee (PORC meeting 87-064) before

reaching 100 percent power.
-6 -




The review consisted of detailed examinations of model design
inputs, rod worth calculations, reload safety evaluation conclu-
sions, and measured to predicted power distribution comparisons. No
modeling or ca]culationaT errors were discovered during the review,
however, the Cycle 13 minimum shutdown margin was re-evaluated to
account for the larger stuck rod worth of the Bank B rod. Results
of the reanalyzed shutdown margin are presented in Table 2.3. In
addition, power distribution comparisons were monitored during the
ascension to power and the observed power differences confirmed the

rod swap results. (See Section 5.2)

Since the conclusions of the Reload Safety Evaluation remained valid
no further analyses were performed and the plant was taken to 100

percent paower.

2.3 Shutdown Margin Evaluation

Prior to power escalation a shutdown margin eva]Uation was made to verify
the existence of core shutdown capability. The minimum shutdown margins at
beginning and end of cycle, including the reanalyzed end of cycle, are pre-
sented in Table 2.3. A 10 percent uncertainty in the calculation of rod
worth is allowed for in these shutdown hargin analyses. Since the measured
rod worths resulted in less than a 10 percent diffefence from predicted
values, the analysis in Table 2.3 is conservative and no additional eva-

Tuations were required.

-7-




TABLE 2.1
Kewaunee Cycle 13
RCCA Drop Time Measurements

Hot Zero Power

All Fuel
Average 1.309
Dashpot
Delta T (Sec)
Standard 0.033
Deviation
Average 1.873
Rod Bottom
Delta T (Sec)
Standard ) _ 0.040

Deviation




TABLE 2.2
Kewaunee Cycle 13

RCCA Bank Worth Summary

Rod Swap Measured WPS

Method Worth Predicted  Difference  Percent
RCCA Bank (PCM) Worth (PCM) (PCM) Difference
D 646.0 671.0  -25.0 -3.7
C* 1004.0 957.0 47.0 4.9
B 891.0 ?33.0 158.0 21.5
A 885.0 899.0 -14.0 -1.6
SA 685.0 714.0 -29.0 -4.0
S8  673.0 714.0 -41.0 -5.7

Total 4784 .0 4688.0 96.0 2.1

* Reference bank measured by boron dilution.

-9.




FIGURE 2.1
RCCA Bank C Integral Worth
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, FIGURE 2.2
RCCA Bank C Differential Worth
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TABLE 2.3

Kewaunee Cycle 13

Minimum Shutdown Margin Analysis

RCCA Bank Worths (PCM)

N
N-1
Less 10 Percent

Sub Total

Total Requirements _
(Including Uncertainties)

Shutdown Margin

Required Shutdown Margin.

80C

6593
5631
563
5068

2141
2927
1000

EQC

6688
5857
586
5271

2772
2499
2000

*Reanalyzed due to rod swap B bank discrepancy

EOC*

6688
5677
568
5109

2772
2337
2000



3.0

3.1

3.2

BORON ENDPOINTS AND BORON WORTH MEASUREMENTS

Boron Endpoints

During rod movements to measure control rod worth and differential boron
worth, the dilution was stopped near the fully inserted position of control
Bank C to obtain a boron endpoint measurement. The boron concentrafion was
allowed to stabilize and the critical boron concentration was measured

for the configurétion desired.

Table 3.1 lists the meééured and WPS predicted boron endpoints for the RCCA
bank configurations shown. The results indicate a difference of -5 ppm for
both the ARO and "Bank C In" core configurations. The acceptance criterion
on the all rods out boron endpoint is +100 PPM, thus, the boron endpoint

comparisons are considered acceptable.

Differential Boron Worth

The differential boron worth was calculated by dividing the worth of
control Bank C’by the differénce in boron endpoint measurement of the
corresponding bank out and bank in configuration. Table 3.2 presents a
comparison between measured and predicted boron concentration change and
differential boron worth. No.acceptance criteria are applied to these com-

parisons.
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3.3 Boron Letdown
The measured boron concentration data for the first month of powér
operation is corrected to nominal core conditions and presented versus
cycle burnup in Figure 3.1. The predicted boron letdown curve is included

for comparison.
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RCCA Bank
Configuration

A1l Rods Qut

Bank C In

TABLE 3.1
Kewaunee Cycle 13

RCCA Bank Endpoint Measurements

Measured WPS Predicted

Endpoint (PPM) Endpoint (PPM)
1463 1468
1350 1355

-15-

Difference

(PPM)

-5
-5




RCCA Bank
Configuration

ARO to C Bank In

RCCA Bank
Configuration

ARO/C Bank In

TABLE 3.2

Kewaunee Cycle 13

Differential Boron Worth

CB Change. CB Change
Measured Predicted
(PPM) (PPM)
113 113
Measured Predicted
Boron Boron
Worth Worth
(PCM/PPM) (PCM/PPM)
-8.9 -8.5

-16-
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Difference

0.0

Percent

Difference

4.7
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4.0

ISOTHERMAL TEMPERATURE COEFFICIENT

The measurement of the isothermal temperature coefficient was accomplished
by monitoring reactivity while cooling down and heating up the reactor by
manual control of the steam dump valves. The temperature and reactivity
changes were plotted on an X-Y recorder and the temperature coefficient was

obtained from the slope of this curve.

Core conditions at the time of the measurement were Bank D slightly
inserted, all other RCCA banks full out, with a boron concentration of 1458
ppm. These conditions approximate the HZP, all rods out core condition

which yields the most conservative (least negative) isothermal temperature

coefficient measurement.

Table 4.1 presents the heatup and cooldown core conditions and compares the
measured and predicted values for the isothermal temperature coefficient.

The review criterion (4) of +3 PCM/Degrees F was met.
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TABLE 4.1
Kewaunee Cycle 13

Isothermal Temperature Coefficient

Cooldown
Tave Start - 547.5 Degrees F
Tave End - 539.9 Degrees F
Bank D - 213 Steps

Boron Concentration 1458 PPM

Measured WPS Predicted
ITC ITC Difference
(PCM/Deg F) (PCM/Deg F) (PCM/Deg F)
-3.2 _ -5.6 _ +2.4
Heat Up B
Tave Start - 539.5 Degrees F
Tave End - 545.4 Degrees F
Bank D - 206 Steps

Boron Concentration 1458 PPM

Measured WPS Predicted ;
ITC ITC Difference
(PCM/Deg F) (PCM/Deqg F) (PCM/Deg F)

-3.0 -4.7 +1.7
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5.0 POWER DISTRIBUTION

5.1 Summary of Power Distribution Criteria

Power distribution predictions are verified through data recorded using the
incore detector system and processed thrdugh the INCORE computer code. The
computer code calculates FQN and FDHN which are limited by technical

specifications. These.parémeters are defined as the.acceptance criteria on

a flux map (4).

The review criterion for measurement is that the percent differences of the

normalized reaction rate integrals of symmetric thimbles do not exceed 10

percent at low power physics test conditions and 6 percent at equilibrium

conditions (4).

The review criterion for the prediction is that the standard deviation of
the percent differences between measured and predicted reaction rate

integrals does not exceed 5 :percent.

The review criteria for the INCORE calculated quadrént powers are that the
quadrant tilt is less than 4 percent at Tow power physics test conditions

and less than 2 percent at equilibrium conditions (4).

-20-




5.2 Power Distribution Measurements

Table 5.1 identifies the reactor conditions for each flux map recorded at

the beginning of Cycle 13.

Comparisons of measured to predicted power distributions for the flux maps
are exhibited in Figures 5.1 through 5.8. As evidenced by these figures
the predicted assembly powers in the central region of the core are less
than the measured assembly powers by abou£ 6 percent in‘the Tow power flux

maps, 1301 and 1302, and by about 4 percent in flux maps 1303 through 1306.

The observed underprediction of power in the core center region is con-
sistent with the underprediction of the worth of bank B discussed in
Section 2.2. Bank B is located in the core central region (see Fig. 1.1)

and its worth is directly related to the power distribution.

After a short period of operation at power the power distribution differen-
ces are reduced to less than 2 percent as shown in Fig. 5.8 for Flux Map

1308.

Table 5.2 identifies flux map peak FDHN and minimum margin FQN. This table
addresses acceptance criteria by verifying that technical specification
limits are not exceeded. The Cycle 13 flux maps met all acceptance cri-

teria.

Table 5.3 addresses the established review criteria for the flux maps. All

review criteria were met for all the Cycle 13 flux maps.
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TABLE 5.1

Flux Map Chronology and Reactor Characteristics

Percent Boron D Rods Exposure
Map Date Power Xenon PPM Steps MWD/MTU
1301 4/04/87‘ 28 TR. 1410 . 164 2
1302 4/05/87 43 TR. 1283 176 10
1303 4/07/87 69 EQ. 1133 228 50
1304 4/09/87 90 EQ. 1073 228 105
1305 4/10/87 - 98 TR. 975 226 - 149
1306 4/13/87 98 -EQ. 960 228 - 246
1307 4/22/87 97 EQ. 932 228 564

1308 4/27/87 100 EQ. 891 228 743
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TABLE 5.2

Verification of Acceptance Criteria

Flux " Core

% Map Location FQN Limit

3 1301 H-05 EK,25 2.45 4.38
1302 I1-08 KJ,24 2.32 4,37
1303 H-09 JK,?21 2.15 3.13
1304 H-09 JK,30 C2.12 2.40
1305 F-09 J0,30 2.11 2.24
1306 F-09 J0,31 2.07 2.23
1307 F-09 JD0,33 2.04 2.24
1308 F-09 JD,31 2.04 2.20
Flux Core
Map Location FOHN Limit

! 1301 H-09 JK 1.62 1.77

1302 H-09 JK 1.59 1.73
1303 H-09 JK 1.56 1.65
1304 H-09 JK 1.55 1.58
1305 F-09 JD . 1.55 1.56
1306 H-09 JK 1.55 1.56
1307 H-09 JK 1.54 1.56
1308 H-09 JK 1.53 1.55

FQN and FDHN include appropriate uncertainties and penalties.
Limit on FQN is a function of core power, axial location, and rod exposure.

Limit on FDHN is a function of Core Power and Assembly Burnup.
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(a)

(b)

(c)

TABLE 5.3

Verification of Review Criteria

(a) Maximum (c) Maximum
Flux Percent (b) Standard Quadrant
Map Difference Deviation Tilt
1301 2.2 3.9 0.4
1302 2.3 | 3.1 0.5
1303 2.1 3.0 0.4
1304 2.4 2.7 0.4
1305 2.9 2.8 0.4
1306 3.0 2.7 0.4
1307 2.4 2.3 0.4
1368 3.2 2;3 0.3

Maximum Percent Difference between symmetric thimbles for measured reaction
rate integrals. Review criterion is 10 percent at low power. Review cri-

terion is 6 percent at equilibrium power.

Standard Deviation of the percent difference between measured and predicted

reaction rate integrals. Review criterion is 5 percent.

Percent Maximum Quadrant Tilt from normalized calculated quadrant powers.

Review criteria are 4 peréent at low power and 2 percent at equilibrium

power,




FIGURE 5.1
Power Distribution for Flux Map 1301

1 2 3 4 S 6 7 8 9 10 11 12 13
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0.559 | 0.995 | 1.092 | 0.800 | 1.090 | 0.977 | 0.549
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FIGURE 5.2
Power Distribution for Flux Map 1302
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' FIGURE 5.3
Power Distribution for Flux Map 1303
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-0.37 | -0.38 | -2.91 | -2.90 | -2.06 | -0.46 | -0.47

0.380 | 0.834 | 0.382
M 0.387 | 0.846 | 0.387
-1.81 ] -1.80"] -1.16
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PREDICTED FOHN
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f
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® FIGURE 5.4 L
|

Power Distribution for Flux Map 1304

1 2 3 4 S B 7 8 9 10 11 12 13

0.392 ] 0.652 | 0.392

A ‘ 0.392 | 0.652 | 0.392
I l -0.03 | -0.03 | -0.03
0.564 | 1.004 | 1.127 | 0.879 | 1.121 | 0.988 | 0.566
B 0.576 | 1.009 | 1.144 | 0.886 | 1.144 | 1.009 | 0.576 :
Laop 8 -2.08°| -0.s2{ -1.53 | -0.78 | -2.01 | -2.09 | -1.75 AK/’LUUP A
5\\ 0.485] 1.090 | 1.210 | 0.992 | 1.130 | 0.973 | 1.178 | 1.086 | 0.501
C 0.496 | 1.105 | 1.216 | 0.991 | 1.13u [ 0.991 | 1.216 | 1.105 | 0.496
-2.08 | -1.32]-0.53{0.10 |-0.41|-1.82]-3.15|-1.76 | 1.03
8.571 | 1.095 | 1.008 | 1.200 | 1.023 | 1.084 | 0.998 | 1.175 | 1.015 | 1.120 | 0.582
0 0.576 | 1.105| 1.021 | 1.193 | 1.016 | 1.080 | 1.016 | 1.193 | 1.021 | 1.105 | 0.576

-0.82 | -0.89 | -1.27 | 0.58 | 0.70 0.37 -1.74 | -1.54 | -0.80 | 1.30 1.04

1.013 | 1.221 | 1.211 | 1.162 | 1.344 | 1.174 L3682 110179 ) 1,212 | 1.224 | 1.008
E 1.009 | 1.216 | 1.193 | 1.143 {1.325] 1.146 .325 | 1.143 { 1.183 | 1.216 | 1.008
0.39 0.38 1.50 1.83 1.42 | 2.43 .81 3.13 1.58 0.65 -0.31

0.377 | 1.100 | 0.966 | 1.035 1.355{1.260 1} 1.312 .272 1 1.366 | 1.020 § 0.984 [ 1.133 ] 0.383
F ——— [ 0.392 | 1.144 } 0.991 § 1.016 | 1.325 | 1.225{ 1.270 .225 | 1.325 [ 1.018 | 0.991 [ 1.144 | 0.392
-3.82 | -3.84 | -2.46 ) 1.88 2.26 2.86 3.31 .84 3.06 0.36 -0.71 | -0.96 } 0.1S

0.623 | 0.850 | 1.095| 1.065 | 1.173 | 1.312 | 1.099 .326 | 1.183 | 1.085 | 1.126 | 0.877 | 0.6S3
G —_—— | 0.652 | 0.886 | 1.134{ 1.080 | 1.146 | 1.270 | 1.05! .270 | 1.146 { 1.080 | 1.134 | 0.886 | 0.652
-4.52 | -4.09 | -3.41 | 0.4l 2.31 3.33 4.S3 4.39 3.75 0.u8 -0.70 | -0.99 | 0.18

( 0.376 | 1.100 1 0.957 { 1.0ty [ 1.34y8 | 1.257 [ 1.321 [ 1.273}1.371 [ 1.012 [ 0.875] 1.121 | 0.38S
| H — 0.392 | 1.14y4y | 0.991 | 1.0i6 | 1.325 | 1.225 | 1.270 | v.225 | 1.325 | 1.016 | 0.99! | 1.14yy | 0.392
-4.,23 | -3.85{ -3.3%5 | -0.2111.70 2.64 3.88 3.93 3.47 -0.36 | -1.54 | -2.02 | 0.59

0.993 | 1.194 | 1.186 | 1.162 | 1.356 | 1.181 | 1.365 | 1.163 | 1.183 | 1.204 | 0.5875
I i 1.009 1 1.216 | 1.193 j 1,143 | 1.325 | 1.146 | 1.325 | 1.143 [ 1.193 | 1.216 | 1.008
-1.58 1} -1.85| -0.63 | 1.867 2.36 3.08 3.04 1.72 -0.85 1} -0.99 | -3.35

0.569 | 1.093 | 1.019 | 1.197 | 1.019 | 1.079 | 1.016 | 1.189 | 0.993 | 1.080 | 0.556
J ' 0.576 | 1.105{ 1.021 | 1.183 | 1.016 | 1.080| 1.016 | 1.193 § 1.021 | 1.105 | 0.57¢
"-1.,22 | -1.13 | -0.22 | 0.36 0.34 -0.07 | -0.03 | -0.38 | -2.16 | -2.26 | -3.35

0.484 j 1.102 ] 1.218 | 0.954 | 1.114 [ 0.979 | 1.211 | 1.086 | 0.490

N o~

— ] W - —

K 0.496 | 1.105 | 1.216 | 0.991 | 1.134 | 0.891 | 1.216 | 1.105 | 0.496
-0.30} -0.31 | 0.14 | -3.66| -1.80] -1.23 | -0.40 | -0.82 | -1.17
LooP 8B /)a \\s LOBP R
0.577 | 1.011 | 1.113]0.862 ] 1.122 | 1.005 | 0.573
L 0.576 | 1.009 | 1.14y | 0.886 | 1.144 | 1.009 | 0.576

0.24 0.21 -2.76 | -2.75 | -1.97 | -0.45 | -0.4S

0.385 | 0.640 | 0.388
M : 0.382 | 0.652 | 0.392
-1.86 | -1.86 | -1.17

- MERSURED FOHN
PREDICTED FOHN

< PERCENT DIFFERENCE

FLUX MAP 1304




‘ FIGURE 5.6 ‘

Power Distribution for Flux Map 1305

Y 5 B 7 8 S 10 11 12 13
? 0.335 ] 0.656 ] 0.395
f 0.396 | 0.658 | 0.396
E | | | -0.18|-0.20 | -0.18
; 0.569 | 1.004 | 1.121 | 0.880 | 1.121 | 0.988 ] 0.568
f 0.577 | 1.009 | 1.144 | 0.890 | 1.14y | 1.009 | 0.577
f -1.38 | -0.48 | -1.99 | -1.10 | -2.02 | -2.08 | -1.61 . ‘K/’LUUP A
? Sg* 0.490 [ 1.082 [ 1.207 | 0.995 | 1.128 | 0.978 | 1.176 | 1.08Y | 0.501
% C 0.487 | 1.102 | 1.213 | 0.993 | 1.134{ 0.993 ] 1.213 | 1.102 | 9.497
\ -1.37}|-0.93| -0.47 | 0.21 | -0.55{ -1.74 | -3.03 | -1.61 | 0.72

D 0.577 1 1.10211.020 | 1.189 | 1.018 | 1,079 | 1.018 | 1.189] 1.020 | 1.102 | 0.577
-0.64 | -0.66 | -0.91 | 0.50 0.70 0.22 -1.65 | -1.41 | -0.43 | 1.25 0.71

1.008 | 1.214 | 1.206 | 1.159 | 1.34l [ 1.177 | 1.367 | 1.18% | 1.210 ] 1.219 0.998
E 1.008 | 1.213 | 1.189 § 1.142 [ 1.323 | 1.146 | 1.323 | 1.142 | 1.189 | 1.213 | 1.008
0.08 0.08 1.39 1.48 1.38 2.67 3.31 3.8y 1.80 0.47 -0.92

5 0.380 | 1.087 { 0.966 | 1.035 | 1.351 | 1.258 | 1.314 | 1.276 | 1.368 | 1.023 0.885 | 1.130} 0.395
F ~———— | 0.396 | 1.144 ] 0.993 | 1.018 | 1.323 [ 1.224 | 1.268 | 1.224 | 1.323 | 1.018 0.993 | 1.144 | 0.398
“4.14 1 ~4,1S ) -2.74 | 1.85 2.1y 2.7S 3.58 4.25 3.37 0.46 -0.81 | -1.268 | -0.35S

0.624 | 0.850 | 1.08Yy -082 | 1.172 1 1.309 | 1.103 | 1.325 | 1,190 | 1.085 | 1.125 | 0.878 | 0.8655
G — 1 0.658 | 0.890 | 1.13y -079 | 1,146 | 1.267 | 1.053 | 1.267 | 1,146 | 1.079 | 1.134 | 0.890 | 0.658
. -$.09 | -4.42 | -3.97 .27 2.22 3.31 1.4.78 4.56 3.86 0.50 -0.84 | -1.28 | -0.32

0.377 [ 1.0986 0.958 .016 | 1.347 [ 1.258 | 1.318 [ 1.271 | 1.368 | 1.014 | 0.978 | 1.120 | 0,397
H ~—————[0.396 | 1.144 | 0.993 | 1.018 | 1.323 | 1.224 | 1.268 | 1.224 | 1.323 | 1.018 0.893 [ 1.144 | 0.398
-4.75 | -4.18 |} -3.50| -0.22 | 1.77 2.75 3.96 3.82 3.36 -0.36 | -1.51 | -2.08{0.23

0.980 | 1.191]1.182 | 1.163 [ 1.355 ] 1.181 | 1.363 | 1.162 | 1.179 | 1.201 0.974
I 1.008 | 1.213 1 1.189 ] 1.142 [ 1.323 | 1.146 | 1.323 { 1.142 | 1.189 | 1.213 1.008
-1.78 | ~-1.81 | ~0.56 | 1.8y 2.44 3.0t 3.0t 1.71 -0.83 | -0.98 | -3.3%

. 0.570 | 1.084 | 1.021 [ 1.189 [ 1.021 | 1.078 | 1.017 | 1.186 ] 0.998 1.078 | 0.558
; J 0.577 | 1.10211.020 | 1.189 | 1.018 | 1.079 | 1.018 | 1.189 | 1.020 1.102 | 0.577
- -1.18 1 -0.74 | 0. 12 0.83 0.31 -0.10 | -0.06 | -0.28 | -2,13 | -2.22 | -3.36

0.497 | 1.103 { 1.221 { 0.95S | 1.113 | 0.982 | 1.210 | 1.095 | 0.ug2

( 0.573 { 1.095 | 1.0L1 [ 1.195 [ 1.025 | 1.082 | 1.00! | 1.172 | 1.016 1.116 | 0.58}

(=

—t

K : 0.49711.102 ] 1.213 | 0.993 | 1.134 | 0.993 | 1.213 | 1.102 | 0.497
- 0.0 | 0.07 |0.65 | -3.88]-1.85{-1.17] -0.23} -0.84 ]| -1.09
LooP 8 /;ﬂ : \\s Loer A
0.581 | 1.016 | 1.107 [ 0.861 | 1.119 [ 1.087 | 0.578
L 0.577 | 1.009 | 1.1i44 | 0.890 { .14y | 1.009 | 0.577

0.73 0.69 ~3.25.| -3.25 | -2.18 | -0.16 | -0.17

0.386 | 0.640 | 0.390
M 0.396 | 0.658 | 0.396
-2.63 | -2.63 | ~1.41

3 MEASURED FOHKN
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Power Distribution for Flux Map 1306

FIGURE 5.6

0.394 | 0.654 | 0,394
0.396 | 0.657 | 0.398
| || -0.u3 | -0.4u | -0.43
0.570 | 1.002 | 1.120 | 0.878 | 1.118 ] 0.980 1 0.590
0.576 | 1.006 | 1.142 | 0.889 | 1.142 | 1.008 | 0.578
LooP 8 1.1 ] -0.4y | -31.90 | -1.18 | -2.11 { -2.18 | -1.02 LogP A
BQ\ 0.481 [ 1.090 [ 1.206 | 0.994 | 1.128 | 0.975 | 1.174 | 1.089 | 5.505
0.496 | 1.098 | 1.211 [ 0.993 | 1.135 [ 0.993 | 1.211 | 1.098 | 0.u428
=1.11 | -0.78 | -0.u4 | 0.09 | -0.64 | -1.82 | -3.05 | -1.83 | 1.97
0.573 1.083 1.011 1.191 1.024 1.081 1.002 1.170 1.017 1.116 | 0.587
0.576 | 1.098 | 1.019 | 1.189 | 1.020 | 1.082 | 1.020 | 1.189 | 1.019 | 1.098 | 0.575
-0.45 | -0.49 | -0.78 | 0.20 | 0.38 | -0.06 | -1.74 | -1.60 | -0.24 | 1.63 | 1.98
1.007 1 1.213 [ 1.202 | 1.156 | 1.339 | 1.174 | 1.3865 | 1.180 | 1.204 | 1 216 | 7,001
1.005 1.211 1.189 1.14y4 1.326 1.148 1.328 1.14y 1.188 1.211 | 1.00%
0.16 [0.17 | 1.10 f1.06 |0.95 [2.18 [2.92 |3.12 [1.26 | 0.4y |-0.u2
0.378 ['1.094 | 0.965 [ 1.034 [ 1.347 | 1.255 | 1.312 [ 1.274 | 1.363 | 1,021 [ 0.985 | 113015 358
0.396 | 1.142 | 0.993 | 1.020 | 1.325 { 1.228 | 1.273 | 1.228 { 1.325 | 1.020 | 0.993 | 1.142 | 0. 395
-4.22 1 -4.23 | -2.81|1.32 | 1.68 |2.18 [3.04 |3.75 |2.86 |0.13 |-0.79|-1.05| -0.10
0.824 | 0.850 | 1.094 [1.082 | 1.170 | 1.309 | 1.105 | 1.326 | 1.190 | 1.085 | 1.127 | 0.699 | 0655
0.657 1 0.889 | 1.135| 1.081 | 1.149 | 1.273 | 1.058 | 1.273 | 1.149 | 1.081 | 1.135 | 0.889 0.657
-4.95 | -4.38 | -3.66 | 0.06 | 1.86 | 2.80 [4.4l {u4.17 |3.55 | 0.3 |-0.67]-1.09 | -0.06
0.378 1 1.09S | 0.958 [ 1.018 | 1.347 | 1.259 | 1.318 | 1.270 | 1.367 [ 1.016 [ 0,978 [ 1118 16,357
0.396 ) 1.142 | 0.993 [ 1.020 | 1.325 | 1.228 | 1.273 | 1.228 | 1.325 | 1.020 | 0.993 | 1.142 | 0. 396
-4.62 1 -4.12 | -3.59 | -0.20 | 1.65 |{2.48 | 3.61 | 3.4y [3.13 |-0.u2|-1.43]-2.010.23
0.990 | 1.192 ['1.185 | 1.166 | 1.356 | 1.183 | 1.365 | 1.165 | 1.180 | 1200 | 5573
1.005 i.211 1.189 1.14yY 1.326 1.149 1.3286 1.14y 1.189 1.211 1.008
-1.50 ) -1.89 | -0.37 {1.93 | 2.25 |2.94 |2.96 |1.79 |-0.77|-0.90 ] -3.1y4
0.572 | 1.095 ['1.024 [ 1.202 | 1.025 | 1.084 [ 1.022 | 1.189 | 0.998 | 1095 | 0.555
0.576 | 1.096 | 1.019 | 1.189 | 1.020 | 1.082 | 1.020 | 1.189 | 1.019 | 1.098 | 0.576
=0.73 [ -0.27 { 0.46 | 1.12 [0.4S [0.17 [0.23 |-0.01]-2.03|-2.12] -3.12
0.499 [ 1.104 | 1.225 | 0.963 [ 1.122 | 0.986 | 1.210 | 1,090 | 0.991
0.496 | 1.098 | 1.211 | 0.993 | 1.135 | 0.993 | 1.211 | 1.098 | 0.496
0.50 | 0.53 |[1.11 | -3.10]-1.19]-0.79 ]| -0.12 | -0.72 | -1.09
LOOP 8 /;ﬂ \\s LOGP A
0.583 | 1.018 | 1.108 | 0.863 | 1.118 ] 1.003 | 0.57%
: 0.576 | 1.006 | 1.142 | 0.889 | 1.142 | 1.006 | 0.578
1.20 | 1.15 | -2.94 | -2.95 | -2.04 | -0.33 | -0.31
0.385 | 0.638 | 0,380
0.396 | 0.657 | 0.338
-2.78 | -2.79 | -1.59
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FIGURE 5.7

Power Distribution for Flux Map 1307
1 2 3 4 S 6 -7 8 g 10 11 12 13

0.393 [0.651 0,393
0.395 [0.655 |0.385
| | |-0.s8 |-0.50 |-0.58

0.571 ]0.987 |1.123 [0.880 |T.1T14 [0, 930 0574 _
0.573 |0.998 {1.133 |0.887 [1.133 |0.998 |0.573
-0.40 |-0.07 |-0.87 {-0.73 [-1.8S5 |-1.71 |0.16 k(/LUﬂP F

SK\ 0.4892 |1.087 |[1.206 [0.892 [1.130 |Q0.978 |1.179 |1.091 [0.513
C 0.484 {1.089 |1.207 10.993 {1.136 [0.993 |1.207 |1.089 |[0.u9y
-0.38 {-0.23 |-0.07 |-0.09 [-0.49 |-1.52 |-2.31 {0.17 3.89
0.57S |1.082 |1.016 [1.197 {1.028 |1.088 [1.010 |1.180 |1.024 |1.119 [0.59
D 0.573 }1.089 |1.018 [1.192 |1.025 |1.089 [1.025 |1.192 [1.D18 {1.089 [0.573
0.26 8.25 -0.23 ]0.u0 8.25 -0.02 |-1.48 [-1,01 |0.B3 2.72 3.87
1.007 |1.218 [1.203 [1.160 |1.340 |1.170 |1.349 |1.173 {1.210 [ 1218 T.000
E 0.998 {1.207 ;1.192 [1.149 |1.331 [1.157 [1.331 |1.149 |1.192 |1.207 |0.998
- 0.91 0.81 0.96 0.986 0.70 1.14 1.31 2.06 |1.50 0.89 0.25
0.382 [1.095 [0.971 |1.035 [1.346 [1.255 [1.307 |1.264 |1.356 |1.023 [ 0.987 [T T20 0397
F' ———— {1 0.395 | 1.133 |0.993 [1.025 |1.33% {1.237 |1.286 |1.237 |1.331 |1.025 |0.993 {1.133 |D.395

-3.31 {-3.34 | -2.23 |0.97 1.10 1.41 1.68 2.14 1.81 -0.18 | -0.67 [-0.80 [0.53

0.629 | 0.853 | 1.087 {1.086 |[1.170 |1.307 |1.098 |1.319 1.182 [1.086 | T1.126 [0.879 [0.639
G ——————— 0.655 | 0.887 | 1.136 | 1.089 |1.157 |1.286 |{1.071 |1.286 [1.157 |1.089 |1.136 |0.887 |0.655
-3.97 | -3.82 } -3.47 | ~0.29 |1.09 1.63 2.48 2.57 2.20 -0.30 {-0.91 }-D.87 | 0.53

0.381 (1.092 [ 0.959 | 1.020 |1.344 [1.253 |1.312 |1.264 [1.359 [1.015 10,970 [T-TI0 (0358
k{ ——— | 0.395 | 1.133 ] 0.993 [1.025 {1.331 |1.237 [1.286 |1.237 |1.331 |1.025 |9.993 [1.133 |0.385
-3.64 | -3.59 [ -3.43 {-0.48 |0.95 1.32 2.00 2.1y 2.08 -0.98 | -1.94 | -2.07 | 0.7%

0.989 | 1.195 | 1.190 [1.167 {1.34Q | 1,172 [1.349 | 1.162 |1.185 | 1.188 | 0,389
I ' 0.998 | 1.207 | 1.192 [1.149 [1.331 | 1.157 |1.331 {1.149 {1.192 |[1.207 | 0.998
-0.82 | -1.03 | -0.14 [1.54 1.31 1.32 1.34 1.12 -0.80 { -0.76 | ~-3.386

0.578 | 1.097 1 1.028 |1.206 [ 1.023 |1.079 [1.016 [1.181 [1.005 | 1.073 1 0.35¢
J - 0.573 | 1.088 | 1.018 [1.192 [1.025 (1.089 |1.025 |1.192 |1.018 | 1.089 {'0.573
0.77 0.76 1.01 1.18 -0.21 | -0.92 |-0.90 | -0.10 | -1.33 | -1.48 | -3.37

0.502 | 1.106 [1.230 [0.961 [1.113 |0.983 | 1.210 | 1.095 [ 0.G398
K 0.494 | 1.089 /1.207 {0.993 {1.136 [ 0.993 |1.207 |1.089 | 0.ugy
LooP B /}ﬂ 1.54 [1.54 |1.92 3.24 | -2.03 |-1.05 | 0.20 |0.57 |0.40 \\s LooP A
D.585 {1.017 [1.106 | 0.885 |1.118 | 1.0085 10.578
L ' D.S73 [0.998 | 1.133 {0.887 |1.133°| 0.998 | 0.573
2.02 |1.97 |-2.38|-2.38 {-1.30(0.75 {0.75 |

o 0.383 | 0.645 | 0.394
M 0.395 | 0.655 | 0.395
-1.52 | -1.54 [ -0.40
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FIGURE 5.8

Power Distribution for Flux Map 1308

0.396 [0.655 ]0.396
0.397 {0.856 |0.397
| | |-0.23 |{-0.23 |-0.23
0.577 |0.982 |1.113 |0.879 [1.111 [0.976 T0.57%
0.573 {0.995 [1.131 |0.887 |1.131 [0.995 |0.573
LOGP 8 0.68 |-0.28 |~-1.61 [-0.9! |-1.81 |-1.88 |0.21 ‘K/’LOUP A
N 0.498 | 1.088 |1.202 |0.993 |1.127 |0.976 [1.172 [1.088 (03135
0.49S |1.086 |1.205 |0.994 |1.136 |0.994 |1.205 |1.086 |0.48S
0.69 |0.21 |=-0.27 |-0.09 |-0.75 {-1.75 |-2.71 |0.21 |4.0s
0.580 | 1.098 |1.021 [11.193 |1.027 |1.089 [1.010 [1.179 [T 026 [T 11710537
0.573 | 1.086 |1.019 |1.194 |1.027 |1.093 [1.027 |1.194 |1.019 |1.086 |0.573
1.13 |1.11 [0.19 [-0.04 [0.02 |-0.39 |-1.69 {-1.26 |0.69 |2.85 |u4.06
1.011 | 1.224 [1.202 | 1.156 |1.336 [1.188 [1.347 [1.192 [ 1,213 (1,215 0,998
0.995 | 1.205 |1.194 {1.150 |1.330 |1.158 |1.330 | 1.150 | 1.194 |1.205 |0.995
1.7 |1.57 {0.70 |0.S5 |0.43 |0.87 |1.26 |1.96 |1.58 |0.87 |[0.12
0.384 [1.095 [ 0.972 | 1.034 | 1.338 | 1.247 | 1.301 |1.257 | 1,351 | 1,024 (0,988 [T 130 0339
0.397 | 1.131 | 0.994 | 1.027 | 1.330 |1.237 | 1.287 |1.237 | 1.330 |1.027 {0.994 |1.131 |0.397
-3.15 [ -3.17 [ -2.18 | 0.71 |0.62 |0.84 |1.09 |1.62 |1.56 |=-0.26 |-0.54 |-0.54 |0.58
0.629 | 0.852 | 1.085 | 1.087 | 1.166 | 1.301 | 1.084 | 1.313 | 1.178 | 1,087 [ 1.137 [ 0881 [0 650
0.656 | 0.887 | 1.136 [ 1.092 | 1.158 | 1.287 | 1.073 | 1.287 | 1.158 | 1.092 | 1.136 | 0.887 | 0.656
-4.16 | -3.91 | -3.59 | -0.41 {0.67 [1.10 |1.97 |2.04 |1.76 |-0.4s|-0.80 | -0.68 | 0.51
0.382 | 1.080 [ 0.959 | 1.021 | 1.338 | 1.250 | 1.308 | 1.259 | 1.352 | 1,017 | 0,877 [ T.112 [ 0.U0T
0.397 {1.131 | 0.994 | 1,027 | 1.330 | 1.237 | 1.287 | 1.237 [ 1.330 | 1.027 | 0.90u | 1.131 | 0.397
-3.83 | -3.66 | -3.54 | -0.54 | 0.62 {1.08 |1.63 |1.75 |1.63 | -0.98|-~1.69 | -1.72 | 1.03
[o.e88 [ 1.1e4 | 1.193 | 1.167 | 1.348 | 1.174 | 1.349 | 1.163 | 1,188 [ 1197 [0 9535
0.995 | 1.205 | 1.194 | 1.150 | 1.330 | 1.158 | 1.330 | 1.150 | 1.194 | 1.205 | 0.995
-0.75| -0.90 | -0.09 | 1.43 {1.33 |1.39 |1.41 [1.13 | -0.u9|-0.53 |-2.98
0.578 [ 1.100 | 1.033 | 1.214 | 1.026 | 1.087 | 1.021 | 1.196 | 1.007 | 1.072 | 0,535
0.573 | 1.086 | 1.019 | 1.194 | 1.027 | 1.093 | 1.027 | 1.194 | 1.019 | 1.088 | 0.573
0.89 | 1.32 |1.38 |1.63 | -0.11]-0.59|-0.58|0.20 | -1.14|-1.28 | -2.98
0.505 | 1.110 | 1.239 [ 0.965 | 1.118 ] 0.987 | 1.210 | 1.083 | 0,437
0.495 | 1.086 | 1.205 | 0.994 | 1.136 | 0.994 | 1.205 | 1.086 | 0.485
2.16 | 2.19 [2.81 | -2.96] -1.61|-0.72 | 0.42 | 0.63 | 0.42
Loor 8 : ] “a LooP &
0.590 | 1.024 | 1.102 | 0.865 ] 1.116 | 1.003 [ 0.578
0.573 [ 0.995 | 1,131 0.887 | 1.131 | 0.395 | 0.573 -
2.90 |2.86 | -2.52{ -2.51| -1.35| 0.84¢ | 0.8y
0.388 | 0.643 | 0.394
0.397| 0.656 | 0.397
-2.09| -2.09 | -0.66

FLUX MARP 1308

MEASURED FOHN
PREDICTED FOHN
PERCENT OIFFERENCE

144

5= 1. /U




N b 5 I

6.0 REACTOR STARTUP CALIBRATIONS

6.1 Rod Position Calibration

The rod position indicators are calibrated each refueling in accordance

with an approved surveillance procedure. The calibration includes the

following:

a) The position signal output is checked at 20 and 200 steps for all
rods.

b) The rod bottom lamps are checked to assure that they light at the
proper rod height.

c) The control room rod position indicators are calibrated to read
correctly at 20 and 200 sfeps.

d) The pulse-to-analog convertor alignment is checked.

e) The rod bottom bypass bi-stable trip setpoint is checked. A

The calibration was performed satisfactorily during the Cycle 13 startup;

no problems or abnormalities were encountered and site précedure acceptance

criteria were met. At full power an adjustment was made to selected RPI

channels to compensate for the temperature increase associated with poher

ascension.
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6.2 Nuclear Instrumentation Calibration
The nuclear instrumentation (NI) calibration was performed in accordance
with the Kewaunee Reactor Test Program during the Cycle 13 startup (4).
A flux map was performed at approximately 70 percent power. The incore
axial offset was determined from the data collected during the map. The
NI's were then calibrated with a conservative incore axial offset-to-excore

axial offset ratio of 1.7.

.34-




7.0 REFERENCES

(1)

(2)

(3)

(4)

(3)

(6)

(7)

(8)

"Réload Safety Evaluation for Kewaunee Cycle 13," Wisconsin Public Service
Corporation, December, 1986.

sQualification of Reactor Physics Methods for Application to Kewaunee,"
Wisconsin Public Service Corporation, October, 1978.

nReload Safety Evaluation Methods for Application to Kewaunee," Wisconsin
Public Service Corporation, February, 1979. (Revision 1, February, 1987)
wReactor Test Program, Kewaunee Nuclear Power Plant," Wisconsin Public
Service Corporation, May, 1979. (Revision 3, March, 1987)

nGeneric Mechanical and Thermal Hydraulic Design for Exxon Nuclear 14 x 14
Reload Assemblies with Zircaloy Guide Tubes for westinghouse 2-Loop
Pressurized Water Reactors," Exxon Nuclear Corporation, November, 1978.
"Rod Exchange Technique for Rod Worth Measurement" and "Rod Worth
Verification Tests Utilizing RCC Bank Interchange,“ Westinghouse
Corporation, May 12, 1978.

nKewaunee Nuclear Power Plant Technical Specifications," Wisconsin Public
Service Corporation, Docket 50-305.

“Cycle 12 Startup Report®, "Wisconsin Public Service Corporation, June, 1986.

-35-




