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INTRODUCTION, SUMMM, VAND CONCLUSION

1.1 Introduction

~This report bresents theﬂreﬁu]ts of the physjcs_tests performed.dufing startﬁp

- of Kewahnee Cyc]eIZO. The core design and reload safety eva]ﬁéfion were
performed by Wisconsin Public Service'Corpofation (1) uSing methods previously
described in WPS topical reports (2,3). The fesu]ts of tﬁe physics test§ were
compared to WPS analytical résu]ts fo confirm calculated safety'margins. ‘The

tests performed and feported herein satisfy the requirements of the Reactor

.Test Program (4).

During Cyc]é 19-20 refueling, 36 of the 121 fuel assembiies in the core were
replaced with fresh- fuel assemblies. Twelve are Siemens Power Cbrporation
desigh (5), enriched to 3.5 weight percent U235, and twenty-four are Siemens
Power Corporation design (5), enriched fo 3.7 weightvpercent U235. The

Cycle 20 core consists of the following regions of fuel:

Number of .
~ Initial Previous Number of
Region ID - Vendor U235 W/O  Duty Cycles Assemblies
13 M SPC 3.4 3 1
18 T SPC 3.5 2 4
18 T SPC 3.4 3 8
18 T SPC 3.5 3 8
20 W SPC 3.4 2 28
21 X SPC 3.4 1 132
21 X WES 3.1 1 4
22 Z SPC 3.5 0 12 (Feed)
22 Z 3.7 0 24 (Feed)

SPC




1.2

The core loading pattern, assembly identification,'RCCA bank identification,
instrument thimble I.D;; thermocouple 1.D., and burnable poison rod

configurations for Cycle 20 are presented in Figure 1;1.'

On May 5, 1994, at'1739 hours, initial criticality was achieved on the

"~ Cycle 20 cbre.' The schedule of physics tests and measurements is outlined in

Table 1.1,

Summary

RCCA measurements are shown in Section 2. ATl RCCA drop time measurements
were within Technicé] Specification Timits. RCCA bank worths were measured
using the rod swap reactivity éomparison technique previously described (4,6).
The reactivity comparison was made to the reference bank, Bank C, which was'
measured using the di]utfon techﬁiqde. ATT results were within the
established aécepfance criteria (4), and thereby demonstrated adequate o

shutdown margin.

Section 3 presents the boron endpoint and boron worth measurements. The
endpoint measurementS for ARO and Bank C In core configurationé were Within
the acceptance criteria (4). The avaf]ab]e boron letdown data covering thg
first month of reactor operation is also shown. The égreemeht between |

measurements and predictions meets the review and acceptance criteria (4).

Section 4 shows the results of the isotherma] temperature coefficient

measurements. The differences between measurements and predictions were

within the acceptance criteria (4).




1.3

~ Power distributionsQere meaSured via flux maps usir?the INCORE code for

beginning of cycle (BOC) core conditions eovering power escalation to 100

| percent fdl] power equilibrium xenon. The results indicate compliance with

Technical Specificatfon limits (7) and ére presented in Section 5. Sect1on 6

d1scusses the various ca11brat1ons performed during the startup of Cycle 20.
Conc]usion:

The startup testing of Kewaunee’s Cycle 20 core verified that the reactor.core
has been properly 1oaded and the core character1st1cs satisfy the Techn1ca]
Spec1f1cat1ons (7) and are cons1stent with the parameters used in the design

and safety analysis (1).




Test A
Control Rod Operability Test
Hot Rod Drops
RPI Calibrations
Initial Criticality _
Reactivity Computer Checkout
ARO Endpoint
Bank C Worth (Dilution)
~ Bank . C In-ORO Endpoint
Bank C (Boration)
ITC Determination _
Power Ascension’F]dx Map 2001
Power Ascension Flux Map 2002
Power Ascension Flux Map 2003
Power Ascension Flux Map 2004
Power Ascension Flux Map 2005
Power Ascension Flux Map 2006

TABLE 1.1
BOC Physics Test

5/2/94
5/4/94
5/5/94
- 5/6/94
5/7/94
5/7/94
5/7/94
5/7/94
5/7/94
5/7/94
5/8/94
5/10/94
5/15/94
5/18/94
5/19/94
'5/24/94

Date Cdmg1eted Time Comg]eted’

0300
1200

2300

1739
0250
0412

0515
0715

1152

1400
0446

1422
1537
0756
1349

1403

Plant

Conditions .

Cold SD
HSD

" HSD
HzZP
HZP
HZP
HZP
HzZP
HzZP
HZP
25%
37%

- 74%
91%
100%
100%



Figure 1.1
Core Loading Map

1 3 Y 5 B 7 8 9 10 11 12 13
: | wos| tsy
| l = &l
] ,
xes| zss| 17| wmir[ ns| 28| xa1
L60P B LOBP A
1 o _ ¥
% g 0] g
x36 | 230 woo |- xo0 [ mie| xais [Twis| 2367 xas
| 1ep30 ' 12P20 |.
2] BS 3] 21 3] 9 Bo
izl ] iz iz 21C] C)i¥]
—_—— ] xw0) z23[ ves| 208] w0 208 W] 20371 tew| 18] xow
12P23 12N48 2NSS 12N48 12P24
28] 23] [23] s [i1] 124]
£ ] T2 (EIER]
| | zas| wie| 205 7127| x07| xis| xee! vtee| mow T woe| 1213
7 NS0 12N13 N
T} 3 35 [7] el NE
8 J wilelg | 18
| Tes [ me | xa1| w22 | xes [ woz| xeB| woe | x13| weo| xie [—z21| T1so
. 12N10
: 1G] = Fall
. T vhe] ] JFI ) Pl
WOW | W32 | TS| 01| X17| X23] MO1| x4 | xe8.] 208 Ti0| w03 | wee
< Li2nse | 12n14 | 12812 12N08 | 12N16 | 12nS4 :
28] 8 [F 28] Pi ﬂmLU ~ Iy WE fi7]
w2
732 [ "ze8 | xs1| W21 | x16f W13 | XOB| wau | xo8| wie| xs2{—zis| 733
- : . » 12N06 | -
: 27 i 10] : Bzl 51 [Blig) 32]
li2] ®|I2] 2lg |
229 [ W2 | 207 Te8| xos| xiB| x30| Ter| ol wa1| zsy
| 12NS1 . N | 12NUS
13 EE] [2] Tﬁf E% 15 B
whaig i3 2] l2[¢ w2
x20 | 222 | vte2| ziz| wee| ] wor| 2o tes| zar] iz
1eP28 12N52 12NS3 12N4S. 1ePes
34 By E5 16} 38 [E] BT
JiEie| ) 5] Qi
X3¢ | 227 [ w11 | wo2 | Toe | . x01[ wWes | 2361 x3s
, 12P22 12P28 :
Leor 8 17 Bi} [i8] 37] . Loop
: 1R8] A |
x21 | [ 23| w6 | zeo| z32| xos
] i R
196 | w21 | Tas '
33) 3
ROD [T"T_]8F (n OLD BPR
/€ [ trimsie

CYCLE TWENTY




2.0

2.1

2.2

RCCA MEASUREMENTS .

RCCA Drop Time Measurements:

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

adequate]y met for all fuel.

RCCA Bank Measurements

During Cycle 20 startup the reactivity of the reference bank (Bank C) was

measured during dilution using the reactivity cqmputer. The keactivity_worth

of the remaining banks was inferred using rod swap reactivity comparisons to

the reference bank.

2.2.1 Rod Swap Results

. The worth of the reference bank (Bank C) measured during di1utioh
differed from the WPSC predicted Bank C worth by 5.3 pcm or 0.5 percent.
A comparison of the measured to predicted reference bank integral and

differential worth is presented in Figure 2.1.




2.3

Rod swap results for the remaining banks are presented in Table 2.2. The

measured to predfcted total rod worth difference is 0.6 percent which is

within the accéptance criteria of 10.0 percent. A1l individual bank worths

were within the 15.0 pércent measured to predicted review criterion.

Shutdown Marqin Evaluation

Prior to power escalation a shutdown margin evaluation was made to verify the

existence of core shutdown capability. The minimum'shutdown margins at
beginning and end of cycle are presented in Table 2.3. A 10 percent
uncertainty in the ca]cu]atibn of rod wofth is allowed for in these shutdbwn
margin ana]yseé. Since the measured rod worths resulted iﬁ less than a 10
percent difference from predicted values, the analysis in Table 2f3 is

conservative and no additional evaluations were required.




TABLE 2.1
Kewaunee Cycle 20
RCCA Drop Time Measurements

Hot Zero Power

A1l Fuel
Average Daéhbot 1.258
Delta T (Sec)
Standard Deviation ' 0.026
Average Rod Bottom ‘ 1.753
- Delta T (Sec)

Standard Deviation | 0.029




TABLE 2.2
Kewaunee Cyc]e'ZO |
RCCA Bank Worth Summary

~ Reference Bank Measured by Dilution/Reactivity Computer

Rod Swap- | WPS

Method RCCA Measured Predicted Difference  Percent
Bank Worth (PCM) Worth (PCM) (PCM) Difference
D 610.6 618 -7.4 -1.2
C* ©1004.3 999 | 5.3 0.5
B 787.6 740 | 47.6 6.4
A - 936.1 943 -6.9 0.7
SA . 635.0 644 9.0 -1.4
SB 641.1 644 -2.9 -0.5
Total ~ 4614.7 7 0.6

4588 26.

* Reference bank
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TABLE 2.3

Kewaunee Cycle 20

‘Minimum Shutdown Margin Analysis

RCCA Bank Worths (PCM) BOC . EOC
N - 6155 6265
N-1 | | - 5297 - 5496
o Less 10 Percent ' 530 ' - 550
o Sub Total | 4767 4946
‘Total Requirements 2383 - | 2151
(Including Uncertainties) - .
. Shutdown Margin : 2384 . 2795
'i - Required Shutdown Margin 1000 2000
| . - 11 - V 5




3.0

3.1

3.2

3.3

BORON ENDPOINTS AND BORON WORTH MEASUREMENTS

Boron Endpoints

Dilution is stopped at the near ARO and at the Reference Bank nearly ‘inserted
core conditions. Boron concentration is allowed to stabilize. The critical
boron toncentratidn for these core configurations is then determined by boron

endpoint measurement.

Table 3.1_]ists the measured and WPSC predicted'boron endpoint§ for the RCCA
bank configurations shown. The results indicate a difference of -27 ppm and
-23 ppm for the ARO and Bank C In conditions, réspective]y. Thé acceptancé

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 is calculated by dividing the worth of control

Bank C by the difference in boron concentration’of'the correspbnding 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 comparisons.

Boron Letdown

The measured boron concentration data for the first month of power operation
is corrected to nominal core conditions and presented versus cyc]e burnup in
Figure 3.1. The predicted boron letdown curve is included for -comparison.

- 12 -




RCCA Bank -

Confiquration.

A11 Rods Out

Bank C In

TABLE 3.1
:Kewaunee Cycle 20

RCCA Bank Endpoint Measurements

Measured Endpoint WPS Predicted
(PPM) Endpoint (PPM)

1441 1468

1324 C1347

- 13 -

Différence (PPM)
=27
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RCCA Bank

Confiquration

ARO to C Bank In

RCCA Bank
Configuration

ARO/C Bank In

- TABLE 3.2

Kewaunee Cycle 20

rDifferentia1 Boron Worth

CB Change

_Measured (PPM)

117

- Measured Boron
Worth (PCM/PPM)

-8.6

CB Chaﬁge _
Predicted (PPM)

Percent Difference

121 | 3.4

Predfcted Boron Difference

Worth (PCM/PPM) - (PCM/PPM)

-8.3 -0.3

- 14 -
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- ISOTHERMAL TEMPERATURE COEFFICIENT

The measurément of the isotherma) temperatufe coefficient was accomplished by
monitoring reactivity whi]é‘coo1ing dowh 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 obtaihed 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, w1th a boron concentration of 1432 ppm. These
cond1t1ons approx1mate 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/°F was met.

- 16 -




* TABLE 4.1

~ Kewaunee Cycle 20

Isothermal Temperature Coefficient

Cooldown

Tave Start
Tave End
Bank D

Boron Concentration

Measured ITC |
- (PCM/°F)
-2.68

Tave Start
Tave End
Bank D

Boron Concentration

Measured ITC
(PCM/°F)
-3.20

546.0°F

540.7°F
202 Steps
1432 PPM

WPSC Predicted ITC
(PCM/°F)
-4.41

540.1°F
543.7°F
194 Steps
1432 PPM -

WPSC Predicted ITC
(PCM/°F)
-4.20

- 17 -

Difference
(PCM/°F)
1.73

| Difference
(PCM/°F)
1.00




5.0

5.1

POWER DISTRIBUTION .

Summary of Power Distribution Criteria

~ Power distributioh predictions aré‘verified'through data recorded using the

incore detector system and processed through the INCORE computer code. The
computer cpde calculates FQEQ and FDHN which are limited by technical
specifications. These parameters are defined as the acceptance criteria on a

flux map (4).-

The review ériterion for méasurement'is that the percent difféfencesvdf the
normalized reaction rate integrals of symmetric thimbles do not exceed 10
percent at Tow power physics test conditions and 6 percent at equilibrium

conditions (4).

The review criterion for the predictidh 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 quadrant powers are that the
quadrant tilt is less than 4 percent at low power physics téSt conditjons and

Tess than 2 percent at equilibrium conditions_(4).

- 18 -



5.2

Power Distribution Heasurements

Table 5.1 1dent1f1es the reactor cond1t1ons for each flux map recorded- at the

beginning of Cyc]e 20.

Comparisons of measured to predicted power distributions for the‘f1ux maps are
exhibited in Figures 5.1 through 5.6. As evidenced by the figures, the outer
region of the core is initially overpredicted by approximately 5 percent and

decreases with burnup to less than 4 percent.

Table 5.2 identifies flux map peak FDHN and minimum margin FQEQ. This tab1e‘

addresses ‘acceptance criteria-by verifying that technical specification Timits

~are not exceeded. Table 5.2 also identifies FQW for the four Westinghouse

assemblies and verifies that applied limits are reviewed. The Cycle 20 flux -

maps met all acceptance criteria.

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

review criteria were met for all the Cyt1e 20 flux maps!

- 19 -



Map

2001

2002
2003
2004
2005
2006

TABLE 5.1

Flux Map Chronology and Reactor Characteristics

Date
5/8/94

' 5/10/94
"~ 5/15/94
'5/18/94

5/19/94
5/24/94

Percent D Rods Exposure

Power Xenon Boron PPM Steps MDW/MTU
25 NON-EQ. 1384 143 0.
37 NON-EQ. 1107 150 3]
74 NON-EQ. 1016 191 114
91 NON-EQ. 965 204 195
100 'NON-EQ. 916 215 214

100 - EQ. 892 - 230 414




@ . TABLE 5.2 . ®

Verification of Acceptance Criteria

Flux Map Core location o FQEQ . Limit

2001 | L-06 ED,30 248 455
2002 ~ L-06 ED,30  2.35 4.55
2003  B-06 EK,30 2.13 3.02
2006 B-06 EK,31 2.07  2.46
2005 B-06 GK,32 2.07 o 2.28
2006 F-02 KE,32 - 2.04 - 2.28
o , H'Assemb1y ' s
Flux Map - Core Location - EQW _ Limit-
2001 | C11 1.63 4.10
2002 \ CIl 1.56 4.10
2003 - o 1.50 276
2004 ko3 1.44 o 2.25
| 2005 K03 1.43 2.05
% | ’ 2006 K03 1.41 - 2.05
Flux Map -Core location . EDHN ' Limit'
2001 H-09 EK 1.53 - 1.78
2002  E-08 KJ - 1.51 1.74
2003 B-06 EK 1.50 1.63
2004 B-06 EK  1.50 1.58
2005 | B-06 EK 1.50 1.55
2006 B-06 EK - 1.49 1.55

FQEQ, FQW, and FDHN include appropriate uncertainties and penalties.
Limit on FQEQ and FQW is a function of core power and axial location.

‘Limit on FDHN is a function of Core Power and Assemb]y Burnup.
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(a)

(b)

(c)

Flux Map
2001

2002
2003
2004
2005
2006

Verification of Review Criteria

1.6

2.1
1.8
1.6
1.4
1.2

 TABLE 5.3

*(a) Maximum Percent
Difference ’

(b) Standard

Deviation
1.7
1.3
1.3
1.4
1.4

1.5

(c) Maximum
Quadrant Tilt

0.3
0.2
0.3
0.3
0.5
0.4

Maximum Percent Difference between symmetric thimbles for measured reaction

rate 1ntegra1s; Review crfterion is 10 percent at low power. Review

criterion 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 percent at low power and 2 percent at equilibrium power.
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“ | | | . | ' Figure S.i .

Power Distribution for Flux Map 2001

1 2 3 4 5 6 7 8 9 10 11 12 13

' . _ 0.294 [ 0.322 [ 0.290
A ' : 0.298 | 0.329 | 0.298
I ] | -1.8u]-2.07] -2.78

0.598 ] 1.043 | 1.134 { 0.720 { 1.125 { 1.034 | 0.601

B : : S 0.601 | 1.057 | 1.150 | 0.736 | 1.150 | 1.057 | 0.601
LOGP 8 -0.63| -1.36 | -1.36 | ~2.11 | -2.18 | -2.17 | -0.12 | . k(/LGU?F
S\\ 0.618 [ 1.247 [ 1,011 [ 1.117 [ 0.795 [ 1.107 | 0.998 | 1.248 | 0.630
C 0.622 | 1.250 | 1.017 { 1.119 | 0.803 | 1.119 | 1.017 | 1.250 | 0.622

: . -0.63 | -0.28 | -0.62 | -0.20 | -0.92 | -1.08 | -1.87 [ -0.11 | 1.33

0.597 | 1.241 1.1f3 1.242 |1 1.038 ] 1.181 {1,027 | 1.232 | 1.118 [ 1.259 | 0.608
D 0.800 | 1.246 | 1.116 | 1.245 | 1.037 | 1.198 | 1.037 | 1.245 | 1.116 | 1.248 | 0.8600
-0.43 { -0.43 | -0.27 -0.23 | 0.06 -0.59 | -0.99 ] -1.03 0.16 1.01 1.33

1.051 | 1.012 | 1.24% | 1.172 | 1.358 | 1.318 | 1.371 | 1.184 | 1.250 | 1.028 | 1.075
E 1.053 | 1.014:} 1,242 } 1,173 [ 1.357 | 1.312 | 1.357 | 1.173 | 1.24y2 | 1.014 | 1.053
-0.24 | -0.24 | 0.16 -0.09 | 0.09 0.48 1.02 0.85 0.68 1.36 | 2.08

0.298 |-1.148 | 1.120 | 1.038 | 1.357 | 1.195 | 1.334 | 1.206 | 1.364 | 1.042 | 1.128 | 1.151 | O0.296

F — | 0.297 | 1.185 | 1.112(1.030 | 1.349 ] 1,190 } 1.324 | 1.190 | 1.349 | 1.030 | 1.112 ] 1.145 | 0.297

. 0.37 0.37 0.68 0.79 0.60 0.38 0.73 1.34 1.13 | 1.18 1.41 0.47 -0.17

W 0.325 | 0.726 | 0.801 | 1.183 | 1.315 [ 1.331 | 0.985 | 1.344 | 1.324 | 1.207 | 0.811 | 0.735 | 0.326
% [; — 1 0.327|0.732 | 0.799 | 1.182 {1.302 | 1.319 | 0.967 | 1.319 | 1.302 | 1.182 | 0.799 ] 0.732 | 0.327

-0.52}-0.77 | 0.25 1} 0.0¢ 1.02 ] 0.92 1.92 1.83 1.67 1.28 1.49 ] 0.37 | -0.34

0.295 1 1.135 | 1.118 1 1.031 | 1.363 | 1.200 | 1.347 | 1.211 | 1.374 | 1.035 [ 1.11& | 1,134 | 0.280
14 — 10.297 | 1.145] 1.112 ) 1.030 | 1.349 | 1.190 | 1.324 | 1.190 | 1.349 | 1.030 | 1.112 | 1.145 | 0.297
-0.64 | -0.86 | 0.15 | 0.07 1.07 0.84 1.1 1.76 1.82 0.51 0.17 -0.94 | -2.39

1.043 | 1.008}1.24011.178 | 1.364 {1.329|1.375|1.1801.236|1.007 | 1.038
I 1.0S3 | 1.014 ] 1.242 | 1.173 | 1.357 | 1.312 | 1.357 | 1.173 | 1.242 | 1.014 | 1.053
' -0.98 | -0.46 | -0.1S | 0.43 0.51 | 1.31 1.36 1.47 -0.46 | -0.66 | -1.35

. 0.603 | 1.254 | 1.123 | 1.252 | 1.044 | 1.206 | 1.08Y4 1.250 | 1.095 | 1.229 | 0.592
J . 0.600 | 1.246 | 1.116 | 1.245{ 1.037 { 1.188 | 1.037 | 1.245 | 1.116 1.246 | 0.600
0.58 0.65 0.58 0.57 0.68 D.68 0.67 0.43 -1.85 [ -1.35 | -1.32

0.617 | 1.280 | 1.001 | 1.131 /0.808{1.117]1.008 | 1.224 | 0.617
K 0.622{1.250 ] 1.017 |1.118 | 0.803)1.119 ] 1.017 | 1.250 | 0.622

-0.85 | -0.65] -1,57 ] 1.05 | 0.76 | -0.17|.-0.86 | -2.06 | -0.B5 '
LOOP B /q , _ \& LOOP F

0.581]1.039]1.130]0.723 | 1.129 | 1.035 | 0.589
0.601 | 1.057 | 1.150 | 0.736 | 1.150 | 1.057 { C.601
-1.78 { -1.69 | -1.71 | -1.73 | -1.83 | -2.068 | -2.06

_ 0.285 | 0.314 | 0.2889
M : 0.296 | 0.329 | 0.298
-4.U6 | -u.uy | -3.28

 MEASURED FOHN
PREOICTED FOHN
PERCENT OIFFERENCE

111

FLUX MAP 2001

«_1.30
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Figure 5.2

FLUX MAP 2002
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PO™Er Distribution for Flux Map 200
0.306 | 0.336 | 0.300
0.306 | 0.339 | 0.308
I | |0.07 |-0.88]-1.80
0.585 | 1.059 | 1.156 | 0.740 | 1.136 | 1.039 | 0.602
0.604 | 1.058 | 1.157 [ 0.750 | 1.157 | 1.058 | 0.604
LooP B -1.44 | 0.06 [0.06 |-1.39|-1.81]|-1.80| -0.25 k{’LUUP R
% 0.618 | 1.235 | 1.02% | 1.134 | 0.B21 ] 1.116 | 1.001 | 1.236 | 0.632 ' '
: 0.628 | 1.239 | 1.019 | 1.128 { 0.828 | 1.128 { 1.019 | 1.239 | 0.628
-1.45|-0.32 | 0.47 [0.56 | -0.57|-1.04|-1.77|-D.25]0.51
0.596 | 1.223 | 1.106 | 1.235 | 1.042 | 1.185 | 1.028. | 1.224 | 1.110 | 1.250 | 0.606
0.602 | 1.236 | 1.1091.232 | 1.038 | 1.193 | 1.038 | 1.232 | 1.109 | 1.236 | 0.802
-1.01 | -1.05] -D.27 | 0.24 |0.39 |~-0.65|-0.94|-0.63|0.42 |1.14 |0.60
1.049 | 1,010 | 1.226 | 1.164 | 1.347 | 1.302 | 1.354 | 1.178 | 1.250 | 1.031 | 1.069
1.055 | 1.018 | 1.229 | 1.166 | 1.347 | 1.299 | 1.347 | 1.186 | 1.229 | 1.016 | 1.055
-0.63 | -0.63 | -0.06 | -0.20 | 0.02 | 0.18 | O0.51 | 0.99 |1.71 |1.50 |1.28
0.306 | 1.166 | 1.136 | 1.034 | 1.340 [ 1.179 | 1,312 | 1,190 | 1.352 | 1.043 | 1.136 | 1,164 | 0,307
0.304 | 1.153 | 1.122 | 1.031 | 1.340 | 1.184 | 1.312 | 1.184 | 1.3u0 | 1.031 | 1.122 | 1.153 | 0. 304
1.12 |1.10 | 1.27 |0.32 |{0.03 |-0.43|-0.02|0.52 |{0.93 |1.13 |1.27 |0.98 |1.02
0.342 | 0.751 | 0.828 | 1.184 | 1.292 | 1.302 | 0.971 | 1.318 | 1.296 | 1.195 | 0.628 | 0,754 | 0,341
0.337 | 0.747 | 0.821 | 1.187 | 1.289 | 1.307 | 0.966 | 1.307 | 1.289 | 1.187 | 0.821 | 0.747 | 0.337
1.39 |0.52 |0.93 |-0.23|0.26 |-0.35|0.57 |0.81 |0.72 |0.70 |0.85 |0.96 |1.01
0.308 | 1.157 | 1.131 | 1.030 | 1.347 | 1.186 | 1.320 | 1.194 | 1.352 | 1.034 | 1.123 | 1.156 | 0.307
0.304 | 1.153 | 1.122 | 1.031 | 1.340 | 1.184 | 1.312 | 1.184 | 1.340 | 1.031 | 1.122 | 1.153 | 0.304
1.2 |0.37 | 0.77 |-0.07|0.53 |0.12 |o0.61 |0.86 |D0.87 |0.29 |0.10 [0.22 |0.79
1.053 | 1.013 | 1.226 | 1.165 | 1.348 | 1.305 | 1.354 | 1.172 | 1.226 | 1.012 | 1.048
1.055 | 1.018 | 1.229 | 1.166 | 1.347 | 1.299 | 1.347 | 1.166 | 1.229 | 1.016 | 1.0S5
-0.22 | -0.31 | -0.25 | -0.14 | 0.10 | D.46 | 0.48 | 0.51 | -0.26|-0.37 | -0.71-
0.608 | 1.242 | 1.112 | 1.230 | 1.041 | 1.196 | 1.041 | 1.229 | 1,099 | 1.227 | 0.598
0.602 | 1.236 | 1.108 | 1.232 | 1.038 | 1.193 | 1,038 | 1.232 | 1.108 | 1.236 | 0602
1.01 | 0.47 [0.23 |{-0.15|0.32 .|0.26 |0.25 |-0.23)-0.95]-0.71 | -0.68
_ 0.624 | 1.230 | 1.003 | 1.137 | 0.628 | 1.125 | 1.010 | 1.221 | 0.625
, 0.626 | 1.239 | 1.019 | 1.128 | 0.826 | 1.126 | 1.019 | 1.239 | 0.628
-0.67 | -0.72 | -1,53 | 0.75 |0.30 | -0.31|-0.88 | -1.49 | -0.46
LOOP B /;a : : \\s LOCP A
. 0.5848 | 1.041 | 1.151 ] 0.746 | 1.187 | 1.042 | 0.585
0.604 { 1.058 | 1.157 | 0.750 | 1.157 | 1.058 | 0.604
-1.64 | -1.60 | -0.53 | -0.52 | -0.86 | -1.48 | -1.48
0.300 | 0.333 | 0.301
0.306 | 0.339 | 0.306
-1.80 | -1.80| -1.64

<MERSURED FDHN
. PREOICTED FOHN
ERCENT OIFFERENCE

Pl

5= 0.88




Figure 5.3

Powef_Distribution for Flux Map 2003

| 0.320 | 0.356 | 0.309
A _ - 0.317 | 0.359 | 0.317
| | |o.ss |-0.68]-2.58
0.596 | 1.051 | 1.164 | 0.774 | 1.129 | 1.020 | 0.600
B — » 0.600 | 1.041{1.153 { 0.784 | 1.153 | 1.0u1 | 0.600 |
LosP B 1 ~|. [-0.63]0.85 |0.95 |-1.21|-2.06|-2.04|-0.05 ‘K/’LGUP A
’ N 0.619 | 1.198 | 1.022 [ 1.158 | 0.821 | 1.139 | 0.897 | 1.200 | 0.632
C 0.623 | 1.200 | 1.015 | 1.151 | 0.823 | 1.151 | 1.015 | 1.200 | 0.623
-0.63 | -0.14 | D.65 | 0.60 | -0.24 | -1.09 | ~1.75|-0.05|1.36
0.596 | 1.195 | 1.088 | 1.216 | 1,052 | 1.206 | 1.036 | 1.206 | 1.086 | 1.216 | 0.607
D . | 0.599 | 1.197 | 1.089 | 1.213 | 1.049 | 1.211 | 1.048 | 1.213 | 1.088 | 1.197 | 0.589
-0.17 | -0.18 | -0.12 [ 0.26 | 0.32 | -D.4y | -1.02 | -0.56 | 0.62 | 1.60 |1.37
: T.041 | 1.016 | 1.207 | 1.155 | 1.332 | 1.294 | 1.339 | 1.171 | 1.254 | 1.031 | 1.086
F 1.038 | 1.013 | 1.211 | 1.157 | 1.332 | 1.288 | 1.932 [ 1.157 | 1.211 | 1.013 | 1.038
- 0.26 | 0.28 |-0.36|-0.21|-0.04|0.37 |0.50 |1.22 |1.87 |1.78 |1.70
0.320 | 1.165 | 1,156 | 1.042 | 1,325 | 1.178 | 1.300 | 1,189 | 1.341 | 1.054 | 1.156 | 1.154 | 6.317
Fo— | 0.316 | 1,150 | 1.145|1.043 | 1.325 | 1.179 | 1.287 | 1.179 | 1.325 | 1.043 | 1.145 | 1.150 | 0.316
/ 1.27 |1.26 |1.16 |-0.06 | -0.03|-0.30|0.26 |0.63 |1.18 |1.02 |1.17 |0.31 | 0.38
5.359 | 0.781 | 0.624 | 1.200 | 1.260 | 1.267 | 0.875 | 1.303 [ 1.269 | 1.211 | 0.925 | 0.762 | 0.358
G ———|0:357 [ 0.781 | 0.919 | 1.205 | 1.280 | 1.293 | 0.971 | 1.293 | 1.260 | 1.205 | 0.918 |-0.781 | 0.357
0.50 |0.00 | 0.59 |-0.43 |-0.02|-0.46|0.42 |0.80 |0.72 |0.52 |0.65 |0.22 |0.25.

: 0.317 | 1.149 | 1.151 ] 1.044 | 1.333 | 1.182 | 1.300 | 1.166 | 1.335 | 1.044 | 1.142 | 1.142 | 0.313
k{ —  |0.316{1.150 |.1.145]1.043 }1.325 | 1.179 | 1.297 { 1.179 | 1.325 | 1.043 | 1.145 | 1.150 | 0.316
0.36 -0.14 | 0.u48 0.07 0.58 0.21 0.22 0.58 0.75 0.12 -0.25 | -0.72 | -0.98

1.031 1,008 1.211 | 1.165|1.336 | 1.291 [ 1.334 [ 1.161 | 1.207 | 1.006 | 1.028
I _ 1.036{ 1.013}1.211 ] 1.157}1.332|.1.289|1.332 | 1.157 | 1.211|1.013| 1.038
-0.67 { -0.40 |} -0.03 | 0.67 0.27 0.12 0.14 0.32 -0.37 ) -0.69 | -1.19

0.602 | 1.204 | 1.086 | 1.220 | 1.048 } 1.208 | 1.047 | 1.212 | 1.077 | 1.183 | 0.592
J i 0.589 | 1.197 | 1.089 | 1.213 | 1.048 | 1.211 | 1.049 | 1.213 | 1.089 | 1.197 | 0.588
' ' 0.69 0.57 0.60 0.60 0.02 -0.24 | -0.24 | -0.12 | -1.15 | -1.19 ] -1.,189

0.619}1.191 [ 1.001 [ 1.146 | 0.820 | 1.148 | 1.018 | 1.198 | 0.6186

K 0.623] 1.200 | 1.015 | 1.151 | 0.823 | 1.151 | 1.015 | 1.200 ] 0.623 .
-0.74{ -0.75 | -1.43 { -0.49 | -0.31 | -0.27 | -0.16 | -0.20 | -1.22
LOOP B /;a ' : \\Q'LOUP A
0.591 1 1.025 | 1.136 | 0.772 | 1.141 | 1.038 | 0.599
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-1,58 ] -1.53 | -1, 48 { -1.48 1 -1.04 | -0.20 | -0.18

. . 1 0.309 | 0.350 | 0.313
b1 . d 0.317 | 0.358 | 0.317
-2.49 | -2.48 | -1.35
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L ]

Figure 5.4
r Distribution for Flux

wap

0.326 | 0.365 | 0.313
A ~ 0.322 | 0.367 | 0.322
l | [1.98 |-0.us|-2.79
0.594 [ 1,053 [ 1.172-| 0.789 | 1.126 | 1.013 | 0.599
B 0.600 | 1.033 | 1.149 | 0.795 | 1.149 | 1.033 | 0.600
- Leor B -0.98 | 1.97 |1.87 |-0.76 | -1.98|-1,96 | -0.08 ‘K/’LUGP f
[N 0.617 [ 1.180 [ 1.024 | 1.166 | 0.957 | 1,146 | 0.999 | 1.185 | 0.632
C 0.623 | 1.186 | 1.015 | 1,157 | 0.955 | 1.157 | 1.015 | 1.186 | 0.623
-0.98 | -0.53 f 0.84 |0.79 |0.23 |-0.96-1.56|-0.08]1.38
0.587 [ 1.181 | 1.076 | 1.206 | 1.055 | 1.212 | 1.045 | 1.201 | 1.088 | 1.200 | 0.606
D 0.598 | 1.183 | 1.083 | 1.206 | 1.054 | 1.216 | 1.054 | 1,208 | 1.083 | 1.183 | 0.598
-0.13| -0.18 | -0.51 | -0.03 | 0.11 | -0.35)-0.90 | -0.54 | 0.48 | 1.45 |1.37
1.036 | 1.019 | 1.203 | 1.154 | 1.327 | 1.287 | 1.329 | 1.165 | 1.224 | 1.031 | 1.054
E 1.031 | 1.012 | 1.205 | 1.156 | 1.327 | 1.286 | 1.327 | 1.156 | 1.205 | 1.012 | 1.031
0.68 | 0.67 | -0.20 | -0.14 | -0.01 | 0.10 |0.15 {0.75 | 1.54 |1.86 |2.20
0.326 | 1.163 | 1.165 | 1.047 | 1.321 | 1.177 | 1.292 | 1.182 | 1.330 | 1.057 | 1.168 | 1.148 | 0.321
F ——|0.321 | 1.145 | 1.152 | 1.047 | 1,321 | 1.179 | 1.293 | 1.179 | 1.321 | 1.047 | 1.152 | 1.145 | 0.321
1.56 |1.55 | 1.16 |0.03 |-D.02|-0.14|-0.05|0.27 |0.70 |0.93 |1.42 [0.25 | -0.06
0.367 | 0.792 | 0.956 | 1.207 | 1.277 | 1.287 [ 0.977 | 1.294 | 1.261 | 1.217 | 0.960 | 0.793 | 0.364
G ————|0.365|0.792 | 0.951 | 1.211 | 1.277 | 1.269 | 0.976 | 1.289 | 1.277 | 1.211 | 0.851 | 0.792 | 0.36S
0.36 |0.04 |0.58 |-0.30[0.00 |-0.19]0.10 |0.36 {0.32 |D.45 |0.94 |O0.14 |-0.25
0.322 | 1.144 | 1.156 | 1.047 | 1.326 | 1.161 | 1.294 | 1.183 | 1.327 | 1.04B | 1.151 | 1.134 | 0.313
H ——— | 0.321 | 1,145 | 1.152 | 1.047 | 1,321 | 1.179 | 1.283 | 1.179 | 1.321 | 1.047 | 1.152 | 1.145 | 0.321
0.19 |-0.11|0.49 }0.00 |0.35 |0.18 |0.11 |0.36 |0.43 |[0.08 |-0.11-0.93]|-2.31
1.026 | 1.013 | 1.208 | 1.164 | 1,331 | 1.265 | 1.326 | 1.156 | 1.200 | 1.005 | 1.020
I 1.031 | 1,012 | 1.205 | 1.156 | 1.327 | 1.286 | 1.327 | 1.156 | 1.205 | 1.0i2 | 1.031
-0.51 | 0.08 |0.26 |0.68 |0.29 | -0.06|-0.08|0.00 | -0.44 |-0.68 | -1.06
0.605 | 1.197 | 1,094 | 1.218 | 1.051 | 1.207 | 1,047 | 1.201 | 1.072 | 1.170 | 0.592
J 0.598 | 1.183 | 1.083 | 1.208 | 1.054 | 1.216 | 1.054 | 1.208 | 1.083 | 1.183 | 0.598
1.20 | 1.16 |1.00 |0.89 |-0.28-0.71|-0.70|-0.60 | -1.01 | -1.06 | -1.05
o 0.623 | 1.184 | 1.007 | 1.141 | 0.945 | 1.151 | 1.015 | 1.193 | 0.817
K 0.623 | 1.166 | 1.015 | 1,157 | 0.955 | 1.157 | 1.015 | 1.186 | 0.623 , '
-0.11 [ -0.13 [ -0.79 | -1.43 | 1,05 | -0.51 | -0.01 | 0.55 | -1.11 AW
P i LOCP R
Lao B, /q 0.584 | 1.024 | 1,124 | 0.777 ] 1.135 | 1.039 | 0.603
L 0.600 | 1.033 | 1.149 | 0.785 | 1.149 | 1.033 | 0.800
-0.95 | -0.89 | -2.17 | -2.16 | -1.23 | 0.54 | 0.55
0.313 | 0.356 | 0.318
M 0.322 | 0.387 | 0.322
-2.69 | -2.69 | -1.21
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9 Figure 5.5
ower Distribution for Flux Map 2005
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0.596 [ 1.052 | 1.172 | 0.797 | 1.128 | 1.013 ] 0.600
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s\\ -} 0.620 [ 1,177 {1.026 | 1.171 | 0.973 | 1:152 | 1.002 | 1.179 | 0.633
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0.56 0.21 0.74 0.27 0.56 0.18 0.07 0.33 0.36 -0.33 | -0.72{ -1.31| -2.01

1.027 [ 1.014 [1.206 [1.163 | 1.326 |1.281 | 1.322 | 1.154 | 1.194 | 1.004{ 1.018
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-0.20 | 0.2y 0.43 0.81 0.23 {-0.09|-0.06; -0.03} -0.62 | -0.83 ] -1.12

0.606 | 1.182 |1.083 |1.216 |1.054 [1.211 |1.050 | 1.200 | 1.070 | 1.164 | 0.582
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.24 1.24 1.10 1.02 -0.13]-0.51 | -0.50}-0.35{ -1.01 §-1.1Y | -1.12

0.622 |1.175 |1.002 [1.151 [0.963 | 1.156 | 1.013 | 1.180| 0.617
0.625 |1.180 |1.015 |1.161 | 0.968 |1.161 | 1.015| 1.160 | 0.825

-D.42 |-D.u3 [-1.26 |-0.84 | -0.62 | -0.41 | -0.19 | -0.03 | -1.22 _
LOCP B /27 . , : \\s LOOP R
0.S91 (1.017 {1.125 {08.785 {1.133 7 1.031 | 0.600
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0.332] 0.373] 0.318
0.326 | 0.374 | 0.326
1.93 | -0.21] -2.24
0.594 [ 1.04S [ 1.167 | 0.799 | 1.125 | 1.007 | 0.599
- 0.598 | 1.025 | 1.145 ]| 0.80u | 1.145 | 1.025 { 0.598
Leor B . -0.69{1.93 }1.94 |-D.63| -1.80 | -1.79 1 0.13 k(’LﬂBP R
S\\ 0.618 | 1.174 | 1.027 | 1.175 | 0.G84 [ 1.152 | 0.896 | 1.176 | 0.633
0.623 | 1.17¢ | 1.014 [ 1,163 0.882 [ 1.163 | 1.014 | 1.174 | 0.623
, -0.69 | -0.03|1.28 |1.01 | 0.18 |-0.95)-1.55|0.13 | 1.87
0.596 | 1.169 ] 1.079 | 1.209 | 1.058 | 1.215 | 1.048 | 1.200 | 1.088 | 1.184 | 0.607
0.587 | 1.171 ] 1.079 | 1.204 | 1.058 | 1.222 | 1.058 | 1.204 | 1,078 | 1.171 | 0.587
-0.12 | -0.15 | 0.0 |0.02 |0.10 | -0.61-0.90|-0.32|0.84 |1.92 |1.68
1.026 | 1.015 | 1.196 | 1.149 | 1.321 | 1.282 | 1.324 | 1.165 | 1.228 | 1.038 | 1.054
1.023 | 1.011 | 1.202 | 1.154 | 1.32y | 1.285 | 1.324 | 1.154 | 1.202 | 1.D11 | 1.023
0.43 | 0.43 |-0.32|-0.47|-0.27|-0.26]-0.02{0.92 |2.20 |2.61 |3.05
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0.325 | 1.141 | 1.158 [ 1.052 | 1.317 | 1.178 | 1.289 | 1.178 ] 1.317 | 1.052 | 1.158 | 1.141 | 0.325
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0.56 |0.11 |0.78 |-0.30|-0.11|-0.75|-0.30|-0.08{-0.09 | -0.250.55 |0.10 | 0.40
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-0.06 | 0.46 |0.22 |-0.23|-0.31]-0.33|-0.32 | -0.27 | -0.57 | -0.67 | -0.87
0.809 | 1.183 | 1,082 | 1.213 | 1.053 | 1.216 | 1.052 [ 1.168 | 1.069 | 1.161 | 0.59:
0.597 | 1.171 | 1.079 | 1.204 | 1.058 | 1.222 | 1.058 | 1.204 | 1.079 | 1.171 | 0.597
2.06 | 1.90 [1.20 |0.72 -|-0.48 | -0.53 | -0.53 | -0.40 | -0.92 | -0.87 | -0.85
0.625 | 1,176 | 1.008 | 1.154 | 0.976 | 1.160 | 1.015 | 1.181 | 0.618
0.623 | 1.174 | 1.01¢ | 1.163 | 0.882 | 1.163 | 1.01u | 1.174 | 0.623 ,
0.34 |0.31 |-0.55]{-0.81|-0.62|-0.22|0.10 | 0.56 |-0.82
LBOP B /;a \\s LOOP A
. 0.58u 1.018 1.121 ] 0.788 1.132 1.031 0.601 .
0.598 | 1.025 | 1.145 | 0.804 | 1.1uS5 | 1.025 | 0.598
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0.315 | 0.361 | 0.321
0.326 | 0.374 | 0.326
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6.0

6.1

REACTOR STARTUP CALIBRATIONS

" Rod Position Calibration

The rod position indicators are ca1ibrated.each refueling in accordance with

an approved surveillance procedure. The calibration includes the fo11owing:'

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

b) The rod bottom lamps are checked to assure that they 1ight at the proper

" rod height.

c) The control room rod position indicators are calibrated to.read correctly

at 20 and 200 §teps.
d) The pulse-to-analog convertor a1ignment’isﬁcheCked;
e) The rod bottom bypass bi-stable trip setpoint is checked;-
The ca]ibratibh was performed satisfactorily during the Cycle 26 startup; no
problems or abnormalities were encountered end site procedure acceptance

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

channels to compensate for the temperature increase associated with power

ascension.
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6.2

- Nuclear Instrumentation Calibration

The nuclear instrumentation.(NI) calibration was performed in accordance with
the Kewaunee Reéctor'Tesf Program duriﬁg'the Cycle 20 ﬁtartup (4).' A.fTux map
Was performed at-apprqximate1y 75 percent power. The incdre axial offset was
determined from the data collected during the map. The NI’s were then
calibrated with a conservétive incore axial offset-to-excore axial offset

ratio of 1.7.
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