Wisconsin
Electric




WISCONSIN ELECTRIC POWER COMPANY

POINT BEACH NUCLEAR PLANT

UNIT 1 CYCLE 19 STARTUP

MAY, 1991




TABLE OF CONTENTS

LIST OF TABLES
LIST OF FIGURES
PREFACE
SECTION 10  REFUELING
11 Fuel Movement
1.2 Core Design
SECTION20  CONTROL ROD OPERATIONAL TESTING
21 Hardware Changes/Incidents
22 Rod Drop Times
23 Control Rod Mechanism Timing
24 Rod Posttion Calibration
SECTION 30  THERMOCOUPLE AND RTD CALIBRATION
SECTION40  PRESSURIZER TESTS
41 Thermal Transients
42 Heater Capacity
SECTION S0  CONTROL SYSTEMS
SECTION 60  TRANSIEN(S
SECTION 70 INITIAL CRITICALITY AND REACTIVITY COMPUTER CHECKS
71 initial Criticality
72 Reactivity Computer Setup and Checkout
721 Setup
7.2.2 Checkout
SECTIONGO  CONTROL ROD WORTH MEASUREMENT
8.1 Test Description
82 Data Analysis and Test Results
83 Evaluation of Test Results
SECTION9O  TEMPERATURE COEFFICIENT MEASUREMENTS

SECTION 100  BORON WOQRTH AND ENDPOINT MEASUREMENTS
SECTION 110  POWER DISTRIBUTION

) -

LS IR S

10

10
10

10
10
11
11
11
"
14
14
14
15
19

19

21



SECTION 140

141
14.2

151
152

TABLE OF CONTENTS (CONT'D)

XENON REACTIVITY
SHUTDOWN MARGIN CONSIDERATIONS
EXCORE DETECTOR BEHAVIOR

Intermediate Range Detectors
Power Range Detectors

QVERPOWER, OVERTEMPERATURE AND DELTA FLUX SETPOINTS
CALCULATION

Overpower and Overtemperature AT Setpoints
Delta Flux Input

FUEL PERFORMANCE
CONCLUSION

24
24
24
24
24

27

27
27



31
41

71
72

81
8.2

10-1
1141
131

1441
14.2

151
15-2

LISTOF TABLES

RTD Calibration Check
Heater Group Fower Supply Readings

Reactivity Computer Checkout
Reactivity Computer Setup .

Critical Rod Configuration Data

Comparison of Inferred /Measured Bank Worths With Design Predictions

Boron Worth and Endpoints
Initial Power Escalation Flux Map Results
Excess Shutdown Worth Availabls for a Full Power Trip

Power Range Detector BOL Calibration Currents
Axial Offset Contants

Overpower AT Constants o
Overtemperature AT Constants

ii

10

12
13

16
17

19

21

24

28



Figura

21
22

81
101

1141
11-2

1441

16-1

LISTOF FIGURES

Final Core Loading Pattern U1C19
BOL Bumup Data . .

PBNP U1C19 Cold Rod Drop Times (Full-Flow)
PEBNP U1C19 Hot Rod Drop Times (Full-Flow)

Reference Bank Differential Worth
Boron Concentrations During BOL HZP Physics Testing

Power Distribution at 28 Percent Power
Power Distribution at 100 Percent Power

Intermediiate Range Detectur Response to Power Level
PBNP Unit One Primary Activity . .

aow

~ >

18

22
23

N



PREFACE

This repont is intended 1o document in a concise format the results of the physics testing program and
unit systems response during the startup of Unit 1 following Retueling 18

Westinghouse performed ihe core design calculations for Unit 1 Cycle 19 The reactivity coefficients
were calculated based on estimated Cycle 18 burnup of 10,75C MWD /MTU.  Actual burmup was
10,748 MWD /MTU. Cycle 18 was ended on April 6, 1991, with a peak assembly burnup of

45,071 MWD /MTU and average assembly burnup of 31,024 MWD/MTU  Electrical power was first
generated during Cycle 18 or May 21, 1991

This repet is intended primarily for the use of Wisconsin Electric Power Company personnel as a readily
accessible. complete compilation of reduced data
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10 REFUELING

19

Fug! Movernent

A core shuffie was performed with a maximum of 11 core locations empty at any given
time. The shuffie started on April 22, 1991 at 1000 The first objective was to unload
twelve 'uel assembiies (F/As) containing burnabile poison inserts. This gave the SFP
crews the maximum amount of time to remove the burnable poison inserns before the
F/As were needed to complete the shuffie

Excore detector count rates at the start of the core shutfle were 110 CPS from N31,
120 CPS from N32 and 20 CPS from N40. Count *ates ranged from 68 ‘o 126 CP$
from N31, 52 10 124 CPS from N32 and 10 to 24 CPS on N40. Couni rates at the end
of the shutfle were 64 CPS from N31, 680 CPS from N32 and 17 CPS from N40. The
secondary sources were permanently removed from the core accounting for the lower
counts at end of the shuffle

Boron concentration was maintained above 2000 ppm at all times.  Westinghouse
conservatively calculated a minimum boron concentration of 1716 ppm was required to
keep the core shutdown by greater than 5§ percent at all times during the shuffie Basic
restrictions were 10 allow no temporary repositions of fual and that no more than three
control rods wouid be out of the core at any time. These restrictions were parn of the
refueling procedure (RP-1C) and ware adhered to at all times.

There was one fuel handling incident involving slight damage 1o a F/A. A small section
of the uppermost grid of F/A 07 was torn and folded over. The fold was
approximately 1 inch long and turned up about 1/4 of an inch. A manipulator overioad
trip occurrad when removing the adjacent F/A (H85) The torn grid on UO7 was
discoverad by looking at the core with binoculars after M85 was removad. When UC7
was Inspected at the periscope, it was not certain when the damage occurred because
there were no shiny sciatches. Westinghouse recommended that U07 could be reused,
with reasonable certainty that the damage would remain stable and not cause further
damage UO07 was reloated without incident. F/A HB85 had no irki'cations of scratching
or other damage on any of s faces.

Minor bowing problems resulted In a fleld change to the fuel shuffie sequence. F/A
U27 at core location L.-9 leaned into a hole at location L-10. F/A T09 was temporarily
placed in the END basket after unsuccessfully trying to reposition it into location L-10
The manipulator was used to reseat F/A U27  F/A T09 was then moved into L-10 with
1 load deflections.

The source assemblies were removed from the core without incident

There were no significant mechanical problems with the fuel transfer system.

The fuel shuffle ended on April 27, 1991 at 0038
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Core Design

New fuel (X01 - X28) for Cycle 18 consists of 16 OFAs with 4.0 w/0 U-235 and 12 OFAs
with 3.6 w/o U-235

This is the first cycle that incorporates Intagral Fuel Burnable Absorbers (IFBAs) and
axial Liankets of natural uranium.

This is the first cycle not using secondary source assembilies.

The as-loaded core matches the inftial core loading pattern. The core configuration is
shown in Figure 1-1. Of the 121 F/As loaded 120 are OFAs and 1 is of the older
standard design (from the SFP) in location G-7. The as-oaded burmups for sach fuel
assembly are shown In Figure 1.2,

All control rods used in Cycle 18 were reloaded for Cycle 19.



FIGURE 11

Fir CORE LOADING PATTERN U1IC 18




FIGURE 1-2

BOL BURNUP DATA
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CONTROL RQD OPERATIONAL TEST"'G
21 Hardware Changes/Incidents

Al control rods were carried over from Cycle 18 The ARO position is 228 steps as
speciied in the Setpoint Document and Procedure FC 16

22 Rud Drop Times

See Figures 2.1, 2.2 and 2.9 ol the rad drop times and RCS conditions. Al
rod drop times were well within the Technical Specification imit of 2 2 seconds 10
dashpot

23 Control Rod Meghanism Testing
Normal gripper signal traces wete ablained on all rods

24 Rod Posttion Calibration
During hot rod drop testing, LVOT voltages were recorded at 20 steps and 200 ste s 10
vertty that the RPI colls were responding normally.  Once fuli power operating

conditions were outained, the APIs were aligned using the SPAN adjustment without
changing the ZERO settings
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FIGURE 2-1
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FIGURE 2-2

PBNP U1C19 HOT ROD DROP TIMES
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THERMOCOUPLE AND RTD CALIBRATION VERIFICATION

During intial RCS heatup for Cycle 19, loop RTD's and incore “ermoacouples were checked for
normal response throughout the heatup range of about 186°F - 630°F (MZP) Tuble 3.1 shows
the results  All 16 RTDs ware within the expected 2°F deviation of sach other throughout the
heatup Core exit thermocouples responded normally  The same five thermocouples as for
Cycle 18 were OO8 (A7, F13, M7 18 and L10).
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41 Thermal Transients

Pressurlzer prossure increase rate with spray valves indicated shut and all heaters on
Was 12 psi/min This is typical and close 10 the nominal value of 14 psi/min. During
the thermal eguiibrium test, Meater Group A was required 1o be on all of the time 1o
maintain pressure with main spray valves shut Spray valve effectiveness was normal
with the A loop valve decreasing pressure at 128 psi/min and the B loop at

131 psi/min,

Spray bypass valve positions were such that spray line temperatures were maintained
above 475°F

42 Meater Capachy

Pressurizer heater capacity was determined from direct volt/amp readings on each
group of Leaters. Table 44 shows that heater capacity is above Technical Specification
requirements of 100 KW minimum for the heater groups operational during emergency
conditions (Groups A, C and D). Heater Group A current readings were greater than
normal.

KW - Energy Input
KW = ¥ 3xVxl /1000
268

194
188
189
185

50  CONTROL SYSTEMS

There were no difficulties encountered during heatup or startup of the pressurizer level,
pressurizer pressure and roc control systems.

60  TRANSIENTS

There were no transient tests performed during startup or approach 1o full power. There were
no violations of the fuel conditioning restrictions on power and rod stepping rates.
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70 INITIAL CRITICAUTY AND REACTIVITY COMPUTER CHECKS
71 Iniial Criticalty

The approach 1o criticality was made in two phases  The first step, which began at
0320 hours on May 19, 1991, was the withdrawal of contral rads untll Bank D reached
180 steps. The reactor coolant boron concentration was then decreased by dllution
until criticality was achieved. The dilution rate averaged about 83 ppm/hr or 33 gpm.
Actual critical boron concentration was 5 ppm greater than estimated concentration of
1445 ppm_ ICRR plots were maintained during each phase of the approach 10
oriticality.  All plots were as expected with a more pronounced "knee® in the dilution
phase due to the absence of the secundary sources.

The reactor conditions at the time of criticality were determined 10 be as follows

Date. May 19, 1991
Time 1000

RCS Temperature 530 “F

RCS Pressure: 1985 psig

Rod Posttion.  Bank D at 173 steps

Boron Concentration. 1450 ppm
72 Reactivity Compuyter Setup and Checkout

T21

722

Setup

Table 7-2 shows the reactivity computer setup resuits Test 1 is a static test
which tests for the reactivity zeto poini. Test 2 is a dynamic test which
inputs an exponentially increasing flux 1o test for a positive reactivity output.

Checkout

Following criticality, acceptable zero power physics testing flux levels were
dctormmd The flux level at which nuclear heat appeared was about
310% anips on the Kelthley plcoammeter. Normal fiux levels for physics
testing are about one-third the point of adding heat by procedurs.

The reactivity computer's response was also checked using actual ¢ e flux.
Control Bank D was pulled from a critical position to obtain distinctly
different reactivity levels. For each reactivity level, fiux doubling time was
maasured with a stopwatch. Measured reactivity was then cormpared 1o
design reactivity calculated from the measured doubling time. Table 7-1
shows the results. Diferences were within 5 percent which is acceptable
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860  CONTRQL RQD WORTH MEASUREMENT

81

82

The rod worth vertfication utilizing rod exchange (“rod swap®) was divided Into two
parts. In the first pan, the reactivity worth of the reference bank was obtained from
reactivity computer measurements and boron entpoint data during RCS boron dilution
In the second part, the critical height of the reference bank was measured afler
exchange with each remaining bank

In the rod exchange technique, the reference bank is defined as that bank whith the
highest worth of all banks, contral or shutdown, when inserted Into the core alone  For
this cycle the reference bank was Control Bank A (CA) as was the case in all prior rod

swap tests.

Using the analog reactivity computer, reactivity measurements were made during the
Inrertion of Control Bank A from the fully withdrawn to the fully-inserted position. The
average current (flux level) during the meas rement was maintained within the physics
testing range and lemperature was hald stead ' near 530°F  Critical boron
concentration measurements (baron endpoints) were made before and after the
insertion of Control Bank A (see Section 10.0) Figure 8-1 shows the results of the
differentlal worin measuremants.

Starting at a critical position with the reference bank fully inserted and Control Bank C
at 210 steps, a new critical configuration at constant RCS boron concentration was
established with Control Bank C fully inserted and Control Bank A at 95 steps. Control
Bank . was then withdrawn and Control Bank A inserted 10 one step 10 establish the
inttial conditions for the next exchange. This sequence was repeated until a critical
position was estatiished for the reference bank with each of the other banks Individually
inserted.  Criticality determinations pefore and after each exchange were made with the

reactivity computer.

The sequence of events during the rod exchange and a summary of the rod ex- hange
data is presented in Table 8-1

Data Analysis and Test Results

The integral reactivity worth of the measure. bank is inferred from the swapped portion
of Control Bank A by the following equation:

Wy = WM - a0, - (a(d0y) + WE

where:
W, = The inferred worth of eank X, pom

W = The measured worth of the reference hank, Control A, from fully withdrawn to
fully inserted with no other bank in the core
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ay = A design correction factor taking Into account the fact that the presence of
another control rod bank is afecthig the worth of the reference bank

40, = The maasured worth of the reference bank from the elevation at which the
reactor is just critical with Bank X in the core 10 the reference bank tully
withdrawn ocdition  This worth was measured with no other bank in the core

a0, = The measured worth of the reference bank from the fully Inserted condition to
the elevation at which the reactor was just critical priof 10 the worth
measurement of Bank X In this test a0 is zero because Bank A was lully
Inserted

Wy = The worth of Bank X from the initial position (befors the start of the exchange)
1o 228 steps.  This worth is measured by the normal endpoint worth method

Final values for the integral worth of control and shutdown banks ivferred from the

measuremen: data are tabuiated in Table 8.2 Values lor a,. obtained from the design
predictions, are also listed in Table 8.2

Evaluation of Test Results

A comparison of the measured /Inferred bank worths with design predictions is
presented in Table 8.2

In evaluating the tast results, the standard review and acceptance criteria below were
used

Review Criteria
831 The measured worth of the reference bank agrees with design predictions
within £10 percent.

832 The inferred individual worth of sach remaining bank agrees with design
pradictions within 115 percem or £100 pom, whichever Is greater.

833 The sum of the measured and inferred worths of all control and shutdown
banks is less than 1.1 times the pradicted sum.

Acceptance Criteria:

The sum of the measured /inferred worths of ail control and shutdown banks is greater
than 0.9 times the predicted sum.

All review and acceptance criteria were met. Although Control Bank B was outside the
+15 percent pan of criterion 8.3 2, it was within the 100 pcm limit  This is consistent
with recent results from prior cycles.



U1C18 Startup Repon

Boron concentration was 1296 ppm

Page 16
JABLE 81
CRITICAL ROD CONFIGURATION DATA
m
RCS CA Bank
Tavg Position Posttion
(*F) Steps Steps
530 1 219
530 95 1
630 1 220
630 64 1
530 1 217
530 127 1
CB 0515 530 1 222
ce 0526 530 66 1
CD 5§30
(¢4] 530
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TEMPERATURE COEFFICIENT MEASUREMENTS
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110 POWER DISTRIBUTION

Table 11-1 Mlustrates the margin of hot channel tactors 1o their Wull power limits during Initial
power incraase 10 full load  Flux maps were taken using ANSI Standard ANS- 196 11085 as
guidance  Allowed power levels were calculated using the relationships lor FH and FQ versus
power level in Technical Specification 1631081 a

Measured axial power distribution. compared to design, is shown in Figure 11-1 and 11.2

JABLE 11:1
INITIAL POWER ESCALATION
ELUX MAP RESULTS
MAP oate | POWER | taw, | ALLOWEDPOWER | o o AO
NO. % MISS. — ro | STEPS “
i 1 05-21-9 28 0 a1 4 180 +63
2 05-23-91 75 0 104 114 N +70
3 05-24-91 95 0 106 116 227 +28
4 05-24-61 998 0 107 116 227 +21
7 06-20-91 100 0 109 118 220 +15
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FIGURE 112

POINT BEACH UNIT { CYCLE 19
CORE AVERAGE NORMALIZED AXIAL POWER DISTRIBUTION
HFP BOL EGXE
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120 XENOh  ZACTIVITY

Xenon reactivity behavior data for Unit 1 Cycle 19 was supplied by Westinghouse seperate from
the WATCH data package Point Beach code Xenon will be run with a TOF1 of 0.95 and TDF2
of 1.2 10 remain consistent with the Xenon Tables. Tables are supplied for BOL. MOL and EOL
conditions

130 SHUTDOWN MARGIN CONSIDERATIONS

Rod swap results were within acceptance criteria and were accepted as valki proof of rod worth
for shutdown margin determination. See Section 8.0 for rod swap detalls. Thus WCAP- 12903
Table 6.2 was accepted as a valid shutdown margin determination. Table 13-1 calculates the
excess worth avallable to Unit 1 Cycle 19

14

Shutdown Margin From WCAP

Required Shutdown

Excess Worth

intermediate range detector currents versus power level are shown in Figure 14-1.
Intermediate range detector trip setpoints were the same as for Cycle 18 The trip
setpoints were reached within the expected reactor power level range of 20 percent -
25 purcent. This shows that the core design changes for Cycle 19 had minimal impact
on the intermadiate range detector response.

Power Range Detectors

Table 14-1 lists the “tilt free’ power range detector calibration currents corresponding to
100 percent power at BOL These currents were calculated using the multi-map
method at 100 percent power The multi-map method was used as a conservative
maasure 10 ensure that core design changes that may have affected the power range
detectors were accounted for.

Table 14.-2 shows the changes in the installed axial offset constants. The changes are
probably due more to the aging of the detectors since the last multi-map calibration

than to Cycie 19 design changes.




U1C19 Stantup Mapon
Page 25

Power range quadrant it alarms are designed 1o alert for rapidly developing tits.
Natural core tilts are eliminated by obtaining calibration currents for the core with a tilt
A tilt is indicated only when actual currents deviate from the calibration currents even
though the core already may have a tilt before the stant of the deviation This practice
complies with Technical Specifications and the Westinghouse position on core tilt.

TABLE 14

TABLE 14.2
AXIAL OFFSET CONSTANTS
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150 QVERPOWER AND QVERTEMPERATURE AT SETPOINTS

151

16.2

Qverpower and Overtemperature AT Setpoints

Shown below are tha equations from Technical Specthication 16231 B 4/5 efecive
during Cycle 19,

Overpower AY

(eI B R e o P K{v) 7]

Overtempersture AT

(~7;—5 ,n,lx, &("( ,',] ][‘ "’] K(P-P) «An]

See Tables 16-1 and 15-2 for the constants associated with this cycle of operation

Detta Fiux Input 10 Qvertemperature A1 Setpoint

The overtemperature AT setpoint is reduced when the excore delectors sense & percent
power mismatch batween the tog and bottorm of the core. The dead band is + 5 percent
and -17 percent before the setpoints are reduced. For aach percent (more than 5 percent)
the top detector output axcesds the bottom detector, the setpoints are reduced an
equivalert of 2 percent of the rated power. For sach parcent (more than -17 percent) the
boftom detector ryceads the top detector, the setpoints are reduced an equivalent of
2 percent of rated power
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Figure 16-1 shows relatively low coolant activity just before refueling with still lower activity afer
refusling. There is no reason 1o suspect the presence of any leaking fuel at the stant of Cycle 19

CONCLUSION
The following results of startup testing should be highlighted
171 The bank swap method for measuring rod worth produced acceptable results.  However,

messured diferential worth for the reference bank al highet core elevations was greater

than design which is typical  This results in larger deviations in rod swap worths for banks
of smaller worth.

172 Core design changes including natural uranium blankets and IFBAs did not significantly
change the sensitivities of the excore detectors

173 Dunng inltial power escalation, the magnitude of core power distribution hot channel
factors were typical, cornipared 1o those obtained In prior cycles.

The other Unit 1 Cycle 10 startup and refueling activity results were 'iormal.
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