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1.0 INTRODUCTION, SUMMARY, AND CONCLUSION

1.1 Introduction

This report presents the results of the physics tests
performed for Kewaunee Cycle 9. The core design and

reload safety evaluation were performed by Wisconsin

Public Service Corporation (1) using methods previously
described in WPS topical reports (2,3). The results of

the physics 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 8-9 refueling, 36 of the 121 fuel assemblies

in the core were replaced with fresh assemblies of Exxon

Design (5), enriched to 3.4 w/o U235. The Cycle 9 core

consists of the following regions of fuel:

Number of
Initial Previous Number of

Region Vendor U235 W/O Duty Cycles Assemblies

1 W 2.2 1 1
2 W 3.0 1 4,

'

4 W 3.3 3 4
6 W 3.1 3 4
8 ENC 3.2 2 8
8 ENC 3.2 2 4
8 ENC 3.2 3 8
9 ENC 3.2 2 16

10 ENC 3.2 1 36
11 ENC 3.4 0 36(FEED)

| The core loading pattern, burnup per assembly, and previ-
ous core position are shown in Figure 1.1.

-1-
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On May 11, 1983 at 2030 hours, initial criticality was

achieved on the Cycle 9 core. The schedule of physics

tests and measurements is outlined in Table 1.1.

1.2 Summary

RCCA measurements are shown in Section 2. All RCCA drop

time measurements were within Technical Specification

limits. RCCA bank worths were measured using the rod swap

reactivity comparison technique previously described

(4,6). The reactivity comparison was made to the refer-

ence bank, Bank A, which was measured using the

boration/ dilution technique. All results were within the

established acceptance criteria (4), and thereby demons-

trated adequate shutdown margin.

Section 3 presents the boron endpoint and boron worth

measurements. The endpoint measurements for ARO, Bank A

in, 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 criteria (4).

Section 4 shows the results of the isothermal temperature

coefficient measurements. The differences between

measurements and predictions were within the acceptance

criteria (4).

-2-
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Power distributions were measured via flux maps using the
Incore code for beginning of cycle (BOC) core conditions

covering HZP, no xenon through power escalation to 100%

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 9.

1.3 Conclusion

The startup testing of Kewaunee's Cycle 9 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).

.
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TABLE 1.1

KEWAUNEE NUCLEAR POWER PLANT

BOL CYCLE 9 PHYSICS TEST

Date Time Plant
Test Completed Completed Conditions

Control Rod
Operability Test 5/05/83 1600 Cold SD
Hot Rod Drops 5/09/83 0024 HZP
RPI Calibrations 5/11/83 1100 HZP
Initial Criticality 5/11/83 2030 HZP
Low Power Flux Map 902 5/12/83 0422 HZP
Reactivity Computer Checkout 5/12/83 2028 HZP
ARO Endpoint 5/12/83 2255 HZP
Bank C Worth (Dilution) 5/12/83 2330 HZP
Bank C In-ORO Endpoint 5/13/83 0306 HZP
Jank A In-ORO Endpoint 5/13/83 0600 HZP
Bank A Worth (Boration) 5/13/83 2015 HZP
ARO Endpoint 5/13/83 2030 HZP
ITC Determination 5/13/83 2212 HZP
Power Ascension Flux Map 903 5/14/83 1720 25%
Power Ascension Flux Map 904 5/16/8J 0839 40%

Incore/Excore Calibration
Flux Map 905 5/19/83 1529 75%

Incore/Excore Calibration
Flux Map 906 5/20/83 0821 75%

Incore/Excore Calibration
Flux Map 907 5/20/83 1328 75%

Incore/Excore Calibration
Flux Map 908 5/20/83 1614 75%

Incore/Excore Calibration
| Flux Map 909 5/21/83 0833 75%

Power Ascension Flux Map 910 5/23/83 0855 87%
Power Ascension Flux Map 911 5/24/83 0845 100%
Power Ascension Flux Map 912 6/02/83 1415 100%

,

|
:

i
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2.0 RCCA MEASUREMENTS

2.1 RCCA Drop Time Measurements

RCCA drop times to dashpot and rod bottom were measured at

hot zero power core conditions. The results of the hot

zero power measurements are presented in Table 2.1. The

acceptance criterion (4) of 1.8 seconds is adequately met

for all fuel.

2.2 RCCA Bank Measurements

During Cycle 9 startup the reactivity of the reference

bank (Bank A) 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 Cycle 9 reference bank was determined by measurement

to be control Bank A. Although the reference bank was

predicted to be Bank C, they differed in calculated worth

by only 5%. This calculational difference plus the

measured to calculated difference resulted in the 10%

review criteria on the reference bank to be exceeded by

0.2%.

As required by the startup test program (4) and by WPS

design verification procedures, a documented review was

pe rfo rmed . The measurements and calculations were

examined in light of the startup test results.

-6-
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The power distribution measurements exhibited a small.

radial in-out disagreement from calculations, as can be
*

seen by clone examination of figure 5.1. The measured

power distribution indicates slightly more power is

produced on the core periphery than was predicted, which

would influence control rod worths. The calculated

reference bank was shifted from control Bank C to control
Bank A, by adjusting the calculated radial power distribu-

tion to eliminate the measured to predicted in-out differ-

ences. The re-analysis values are presented in Table 2.2

along with the originally predicted values.

The re-analysis resulted in meeting the review criteria

for the reference bank with no impact on the total

inferred rod worth. The acceptance criteria was met

before and after re-analysis.

The results of this review were presented to the plant

operations and review committee (PORC) along with all

other Cycle 9 startup physics test results during meeting

#83-57, item 83-366.

-7-

. _ _ _ . _ -. _ __ _- . _ _ _ _ ,. _ , _ .



-- _ - _ _

2.3 Shutdown Margin 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% margin is allowed in

the calculation of rod worth in these shutdown margin;

analyses. Since the measured rod worths resulted in less

than a 10% difference from predicted values, the analysis

in Table 2.3 is conservative and no additional evaluations

were required.

.
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TABLE 2.1

KEWAUNEE CYCLE 9

RCCA DROP TIME MEASUREMENTS

HOT ZERO POWER

All Westinghouse Exxon
Fuel Fuel Fuel

Average
Dashpot
Delta T (Sec) 1.283 1.350 1.281

Standard
Deviation 0.025 0.000 0.022

Average
Rod Bottom
Delta T (Sec) 1.806 1.783 1.807

Standard
Deviation 0.038 0.000 0.038

1

|

|
|

i
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TABLE 2.2

KEWAUNEE CYCLE 9

RCCA BANK WORTH SUMMARY

Rod Swap Measured WPS
Method Worth Predicted Difference Percent
RCCA Bank (PCM) Worth (PCM) (PCM) Difference

D 897.0 865.0 +32.0 +3.7

C 891.0 931.0* -40.3 -4.3

B 726.3 761.0 -34.7 -4.6

A 974.5 884.0 +90.5 +10. 2

SA 621.3 585.0 +36.3 +6.2

SB 629.2 585.0 +44.2 +7.6

Total 4739.3 4611.0 +128.3 +2.8

Rod Swap Measured WPS
Method Worth Re-analysis Difference Percent
RCCA Bank (PCM) Worth (PCM) (PCM) Difference

_

D 897.0 882.0 +15.0 +1.7

C 891.0 904.0 -13.0 -1.4

B 726.3 753.0 -27.0 -3.6

A 974.5 913.0* +61.0 +6.7

SA 621.3 579.0 +42.0 +7.2

SB 629.2 579.0 +50.0 +8.6

Total 4739.3 4610.0 +128.0 +2.8

* Calculated Reference Bank

-10-,
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TABLE 2.3

KEWAUNEE CYCLE 9

MINIMUM SHUTDOWN MARGIN ANALYSIS

BOC EOC
RCCA Bank Worths (PCM)

__

N 6228 6909

N-1 5400 6158

Less 10 Percent 540 616

Sub Total 4860 5542

.

Total Requirements
!

(Including Uncertainties) 2360 3172

Shutdown Margin 2500 2370

Required Shutdown Margin 1000 2000

-13-
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,3_ . O BORON ENDPOINTS AND BORON WORTH MEASUREMENTS

3.1 Baron 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 A to obtain a

boron endpoint measurement. The boron concentration was
.

allowed to stabilize and the just critical boron concen-

! tration was determined for the configuration desired.

Table 3.1 lists the measured and WPS predicted boron

endpoints for the RCCA bank configurations shown. The

results indicate a -43 PPM difference for the measured all
rods out endpoint, a -41 PPM difference under the " Bank A:

In" configuration, and a -42 PPM difference under the

" Bank C In" configuration. The acceptance criteria on the

all rods out boron endpoint is + 100 PPM, thus, the boron

[ endpoint comparisons are considered acceptable.

3.2 Differential Boron Worth
t

j The differential boron worth was calculated by dividing

the worth of control Bank A by the difference in boron

endpoint measurement of the corresponding bank out and
|

j bank in configuration. Table 3.2 presents a comparison
1

between measured and predicted boron concentration change

and differential boron worth. The boron concentration

change shows good agreement. The differential boron worth,

; shows poor agreement due to the difference between

-14-
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measured and predicted reference bank worth discussed in

section 2.2.1. No acceptance criteria is applied to these

comparisons.

3.3 Boron Letdown

The measured boron concentration data for the first few
days of power 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.

J

t

4
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TABLE 3.1

KEWAUNEE CYCLE 9

RCCA BANK ENDPOINT MEASUREMENTS

RCCA Bank Measured WPS Predicted Difference
Configuration Endpoint (PPM) Endpoint (PPM) (PPM )

All Rods Out 1214 1257 -43

Bank A In 1112 1153 -41

Bank C In 1103 1145 -42

-16-
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TABLE 3.2

KEWAUNEE CYCLE 9

DIFFERENTIAL BORON WORTH

RCCA CB CB
Bank Change Change Percent

Configuration Measured Predicted Difference
(PPM) (PPM)

ARO to A Bank In 102 104 -1.9

RCCA Measured Predicted Percent
Bank Boron Boron Difference

Configuration Worth Worth
(PCM/ PPM) (PCM/ PPM)

ARO/A Bank In -9.6 -8.5 +12. 9

,

b
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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 A
slightly in, all other RCCA banks full out, with a boron

concentration of 1209 PPM for both the heatup and cool-

down. These conditions approximate the HZP, all rods out

core condition which yields the least 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 i:3 PCM/ Degrees F was met.

-19-
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TABLE 4.1

KEWAUNEE CYCLE 9

ISOTHERMAL TEMPERATURE COEFFICIENT

Cooldown ,

Tave Start 546.6 Degrees F

Tave End 532.0 Degrees F

Bank A 192 Steps

Boron Concentration 1209 PPM

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

-8.9 -6.6 -2.3

Heat Up

Tave Start 532.0 Degrees F

Tave End 537.4 Degrees F

Bank A 206 Steps

Boron Concentration 1209 PPM

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

-7.6 -6.0 -1.6

-20-
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5,.O POWER DISTRIBUTION

5.1 Summary of Power Distribution Criteria

Power distribution predicticns are verified through data
recorded using the incore detector system and processed

through the INCORE computer code. The computer code

calculates FON and FDHN which are limited by technical
,

specifications. These parameters are defined as the

acceptance criteria on a flux map (except for low power)
(4).

The review criterion for measurement is that the percent

difference of the normalized reaction rate integrals of
symmetric thimbles do not exceed 10% at low power physics

test conditions and 6% 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 noti

'

exceed 5%.

|

The review criteria for the INCORE calculated quadrant

power are that the quadrant tilt is less than 4% at low

power physics test conditions and less than 2% at equili-
| brium conditions (4).
I

I
|

l

-21-
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5.2 Power Distribution Measurements

.

Table 5.1 identifies the reactor conditions for each flux

map recorded at the beginning of Cycle 9. Flux map 901

conditions were zero power, but not included in the table.

Only 22 thimbles were recorded and mapping was terminated

because of a brief opening of a steam generator safety

valve. Flux map 902 was recorded as the hot zero power

flux map.

Table 5.2 identifies flux map peak FDHN and minimum margin

FON. This table addresses acceptance criteria by verify-

ing that technical specifications limits are not exceeded.

The Cycle 9 flux maps met all acceptance criteria.

Table 5.3 addresses the established review criteria for

the flux maps. All review criteria were met except the

review criterion of ' standard deviation of the percent
|

difference between measured and predicted reaction rate

f integrals' for flux map 902. The failure to meet this
|

|
review criterion was reviewed by PORC (meeting 83-57, item

|

83-366).

|

It was concluded that exceeding the review criterion was

j not caused by a model or core loading anomaly. The reason

the review criterion was not met is due to small absolute

! differences on the core periphery (H-1 & A-8) which are

-22-
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calculated as large-percenti differences between measured
, .

and predicted. These_large percent differences are

heavily weighted in the. standard deviation calculation.
- . - .-. .= -

-

Figure 5.1 shows the measured and' predicted reaction rate

integrals for the 35 ' measured core locations and the

percent differences between measured and predicted.

The graphic displays of power distributions measured for

representative flux maps are exhibited in' Figures 5.2

through 5.6.

-

r \

/

I

- 4

~+

s

W.

s

f

%

%

'

4

=

'

-23- -

. .
- - - , , ., . . ~ , , - .-_, - , . , - . . . , _ . . , . ,..n.,.,.w, - ,--n-- --4 ,- - --n- .



!, e
* '

,

. - _
,

1, i ,-

- t .g x
,

,

~ , '7,,,
. ,

TABLE 5.1,

>-

FLUX'MA? CNRONOLOGY AND REACTOR CHARACTERISTICS
'

Percent Boron D Rods Exposure,

Mag Date-Time, Power Xenon PPM Steps MWD /MTU~ '

902 '5/12/83-0422 0 0 1205 194 0

* - 903 5/14/83-1720 25 0 1196 195 0

904 5/16/83-0838 40 63% EQ. 956 182 0

. . 905 - 5/19/83-1529 75 EQ. 797 221 95
~

906 5/20/83-0821 75 EO. 791 211 95

907 5/20/83-1328 75 EQ. 791 198 95

908 5/20/83 1614 75 EQ. 791 187 95
1

909 5/21/83-0833 75 EQ. 791 163 95

910 5/23/83-0855 87 EQ. 765 216 193

911 5/24/83-0845 100 EQ. 736 228 229

..

d
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TABLE 5.2

VERIFICATION OF ACCEPTANCE CRITERIA

1
,

Flux Core

| Map Location FQN Limit

6 902 K-10ED,19 2 . 6'5 4.28
1 903 D-llDJ,20 2.38 4.29,

904 D-llDJ,24 2.25 4.34
905 K-04JD,23 2.06 2.89
906 C-10EK,33 2.08 2.95
907 K-0 4JD, 36 2.15 2.87
908 K-0 4JD, 3 7 2.20 2.8R
909 C-10EK,36 2.27 2.87-
910 K-0 4JD, 24 2.03 2.49
911 K-04J D,34 2.04 2.''.

Flux Core
Map Location FDHN Limit

902 K-lOED 1.56 1.70
' 903 D-llDJ 1.55 1.70

904 C-10EK 1.54 1.70
905 K-04JD 1.50 1.63
906 K-0 4JD 1.50 1.63
907 K-04JD 1.51 1.62
908 K-0 4JD 1.52 1.62. '

/ 909 K-04JD 1.52 1.62
910 K-04JD 1.50 1.59

4 911 K-04JD 1.49 1.55

f FON and EDHN include appropriate uncertainties and penalties.
'

<s
,

Limit on FQN is a function of Core' Power, Axial Location, and

Fuel-Rod Exposure.

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

!
i

'! r ;
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ITABLE 5.3

VERIFICATION OF REVIEW CRITERIA

Flux (a) Maximum (b) Standard (c) Maximum
Map Percent Deviation Quadrant

Difference Tilt

902 4.9 5.5 (d) 2.0
903 4.7 3.1 1.6
904 3.9 3.1 1.2
905 4.3 2.9

,

0.9
1.0

906 4.0 2.8
907 4.0 2.8 0.9
908 3.8 2.8 0.9
909 3.8 2.9 0.9
910 2.5 2.8 0.8
911 5.1 2.8 0.7

(a) Maximum Percent Difference between symmetric thimbles for

measured reaction rate integrals. Review criteria is 10%

at low power. Review criteria is 6% at equilibrium power.

(b) Standard Deviation of the percent difference between

measured and predicted reaction rate integrals. Review

criteria is 5%.

i

(c) Percent Maximum Quadrant Tilt from normalized calculated

quadrant powers. Review criteria is 4% at low power, 2%

at equilibrium power.
,

|

(d) Review criterion exceeded.
|

-26-
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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 followings

a) The position signal output is checked at 20, 200

and 228 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 steps.

d) The pulse-to-analog convertor alignment is

checked.

e) The rod bottom bypass bistable trip setpoint is

checked.

The' calibration was performed satisfactorily during the
Cycle 9 startup; no problems or abnormalities were encoun-

tered and site procedure acceptance criteria were met. At

full power an adjustment was made to selected RPI 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 Reactor Test Program

during the Cycle 9 startup (4). Several flux maps were

performed over a range of axial offsets at approximately

75% power. The incore axial offset to excore axial offset
ratio was generated for each detector from the data

collected during the mappings. These ratios agreed well

with previous results. The NI's were then calibrated with

a conservative incore axial offset-to-excore axial offset
ratio of 1.7.

I

l

I
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WISCONSIN P U B LIC S ERVICE CORPORATION

RO. Box 1200, Green Bay, Wisconsin 54305

July 15, 1983

Director of Nuclear Reactor Regulation
Attention: Mr. S. A. Varga, Chief
Operating Reactors Branch No. 1
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Varga:

Docket 50-305
Operating License DPR-43
Kewaunee Nuclear Power Plant
Cycle 9 Startup Report

In accordance with our practice of reporting the results of physics tests, we
hereby submit 40 copies of the Kewaunee Nuclear Plant Cycle 9 Startup Report.

Very truly yours,

_-

C. W. Giesler
Vice President - Nuclear Power

js

cc - Mr. Robert Nelson, US NRC i

US NRC, c/o Document Management Branch |
Washington, D.C. 20555

|
Enc. I
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