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1.0

Int roduct ion

Core loading for McGulre Unit 1 Cycle 8 was started on November 16, 1991,
and was completed November 19. The core for McGuire 1 Cycle 8 conslsts
of 117 Westinghouse optimized fuel assemblies and 76 Babeock &  Wilcox
Matk-BW fuel assemblies. To contrel power peaking and maximize cycle
length, 64 Burnable Absorber inserts are used. Flgure 1 gives the Unit 1
Cycle 8 core loading pattern,

Criticality, Zero Powe "“vefcs Testing (ZPPT) and Power Escalation
Testing (PET) began | -~emt.
December 1%, 1991,

C ty.te The unlt jeachad 100% power on




McGuire Nuclear Slalion

Figure 1

Unil 1 Cycle 8
Core Loading Pattern
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Prestartup NIS Realignment Following Kefueling - PT/O/A/4600/78

This procedure was performed on November 2%, 199,

This test was used to calculate preliminary callbration data for
the Intermedlate range (1K) and power range (PR) detectors
following refueling.

The set of Cycle 8 preliminary calibration data was determined by
taking the Fnd of Cycle 7 (EOC?) calibration data and adjusting it
by a weighted average of the ratio of the sum of the predicted
assembly pewers for the Cycle 8 loading te the sum of the measured
asgembly powers from the last Cycle 7 Incore/Excore calibration,
The core locations used to calculate the ratio of the predicted
Beginning of Cycle 8 (BOCS) assembly powers to the measured EOCY
values are shown in Figure 2.

The average predicted BOCB-to~EOC7 1K ratio was «1.07; the average
predicted BOCB-Lo-EGCT PR ratio was -0.81. Based oh these
results, the IR and PR currents wete adjusted prior to Cycle 8
Initial Criticality.
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Zero Power Physics Testiug - (ZPPT)

Zoro Power Physics Testing for McGulve 1 Cycle 8 started December 8, 1991,
and was completed December 10, 1991, The output of Power kange Detector
N42 was used as input to the rsactivity romputer for Zero Power Fhysics
Testing. All acceptance criceria for ZPPT were met,

A minbimen of one decade of overlap Letween the source range and the
intermediate range detectors was verified on December 8, 19v1, via the
Control Board indication, the NIS panel, and the Operator Ald Compatet
(OAC)., 'The results shown on table 1 reflect the data from the OAC.

The point of adding nuclear heat was letermincd December 8, 1991, This wad
done by estabilshing a slow positive startup rate and obgerving a change in
plant patameters such as an increase in the reactivity trace and an
increase in preasurizer level. "he test was performed twice to establish
repeatability of the data. Table ? gives the results of the two trials
wiiich were used to determine an aversge nuclear heat reasding.

Nuclear heat was determined to be sy an average flux level of 3.920 x 107
amps ofi the reactivity computer picoamucter (N62) and 3,347 x 1077 amps on
Intermediate Range Detector N3% and ¥.849 x 107 amps on Interm-diate Range
Detector N36. From these results the test band for ZPPT was determined to
be 10" to 107 amps on the reactivity computer.

On December 8/9, 1991, an on line checkout of the resctivity coumputer was
performed, Thie was done by withdrawing Control Bank D until a positive
reactivity insertion of =+2% pem was indicated on the reastivity computer.
The tlwe for the flux level to ded e wis easured and from this doubling
time (DT), the reactor period was caleulated (period = D1/0.69%). Using
the reactor peried, the amount of reactivity was determined using the
predicted data. This teactivity was compared to the resctivity computer
indication, The test was repeated for a reactivity insertlon of ~+40 pem,
An on=1ine negative reactivity checkout on the ronctivity computer was also
performed, This was done by inserting Control Dank D until a negative
reactivity change of ~~40 pem was indicated on the reactivity computer.

The time for the flux level to halve was measuved and from this halving
time (HT), the reactar perlod was calculated (peried « HT/0,493), Using
the reactor period, the amount of reactivity was determined using predicted
data. This veactivity was compared to the reactivity computer indication,
The test as repeated fur a reactivity change of ~~25 peme  The final
results met all acceptance criterla and are given in Table 3.

An electronics only negative reactivity insertion test was also completed
swatistactorily as part of PT/0/B/4600/55, Reactivity Computer Perlodlc
Test.
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TABLE 1
Overlap Data
un December 8, 1991
via the DAC
cps amps
528 647 1.42 x 104 1.3 x 104
7880 15395 1.3 x 1073 1.9 % 1079
7880 15368 1.9 x 107 1.5 x 10°°
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Reactivity Computer

N&g
Trial 1 3,880 x 107
Trial 2 3,976 x 10"
Averagpe 3.928 x 107" amps

Test Band:

TABLE 2

Nuc lear Heat

Intermedliate Range

N33 N3t
3.580 x 1077 4.135 x 1077
3,113 x 107 3,563 x 107
9,947 x 107 amps 3.849 % 107 amps

10" to 1077 amps on N2,
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Results on December 879, 1991

initial Flux Level {(Aaps)
Reactivity Computer

TABLE 3
Beactivity Computer Checkout

Period
(Second=)

3.31 x 107°

233.33

4.02 x 10°°

176.466

5.8 . 107°

-233.22

$.00 x 107°

-269.15




Boron Endpoint Measurement - PT/OJAJALIS0710

This test was performed December 9, 1991, Three sets of data wore
ebtalned, In the first set, Control Bank D was Ionltdally at 215
steps withdrawn, the Reactor Coolant System boron concentration
was 1669 ppm and the Pressurizer boron concentration as 1673 ppm.

Control Bank L was pulled to the All Rods Out (ARD) Conflguration
and the resulting reactivity change was converted to equivalent
boron using the predicted Differentlal Boron Worth., Control Bank
D was then relnserted to the jJust critical condition and the test
was petformed two mote times.

The resulty of thene reactivity changes were cach added to the
inltial Reactor Coolant System boron concentration to give the ARO
Boron Endpolint. The values woere averaged to glve the final result
of 1670 ppm. This value met the acceptance criterion of the Hot
Zero Powetr (HEZF) ARO Critdcal Boren concentration of

1686 +50 ppm.

10




1.2

Isothermal Temperature Coeflicient Measuroment - PT/O/AJ415%0/12

Thie test was performed on December 9, 1991, The test measures
Isothermal Temperature Coeflicient (ITC) by plotting Reactivity
versus Average Reactor Coolant System Temperature., The Moderator
Temperature Coefficient (MTC) s found using the relationship was
follows:

MIC (pem/®F) = ITC « Doppler Temperature Coefficlent

The acceptance criterion on the ARO 1TC was 0,62 2.0 pem/“F, The
predicted Doppler Temperature Coefflcient was «1.45 pem/F,

The Reactor Coolant System boren concentration was 1679 ppm at Lhe
start of the test, A heatup/coocldown was performed while keeping
rod position and boton constant to determine reactivity chaige
versus temperature, The heatup/cooldown was performed a second
time to establish repeatability of the data, The results are
shown In Figures 3 and 4. The average ARD ITC was found to be
“0,29 pem/®F. This fell within the acceptance critevion band.
This gave an ARO MTC of +1.16 pem/*F which was within acceptable
Technlcal Specification 1imits.

Following the completion of this test, PT/0O/A/4150/31,
Determination of Rod Withdrawal Limits to Ensure Moderator
Temperature Coefficient Within Limits of Technical Specifications
was performed. The rvesults of this test Indicated there were no-
rod withdrawal limits needed for Unit 1 Cycle 8.
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3.3

Control Rod Worth Measuremcnt - PT/0/A/4150/11

On December 9,10, 199]1, Control Bank € rod worth wis méusuted
using the established boratlon/dilution method. There were no
other rods In the core at the time. Contrel Rank C was predicted
to e the highest worth batk and was measured using this method so
as to serve as the reference bank for Control Red Werth
Measurements by Rod Swap,

The measured worth of Control Bank C was 771 pem, The predicted
worth was 824 pem with an allowable band of 4124 pem. This
represented an erver of 6.9% and was within the acceptance
critetion of +1%1. Flgure 5 shows the measured integral and
differential rod worths for Control Bank C.
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McGuire Unit 1 Cycle 8

Control Bank C Rod Worth

Ditterential Worth (pem step)

50 75 100

Differential and Integral Rod Worths

125

integral Worth (pom)

160 176

RACC Bank (ARCCA) Position (Steps Withdrawn)

« = = « Diferential Worth

15
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Control »  Worth Measurement: Rod Swap - PT/O/A/&150/11A

On December 9, 1001, the rod swap method of control red worth
measurement was begun, Control Bank € was used as the reference
bank and 1te worth was measured by the boration/dliution method
(see Section 3.%).

wWith the reference bank essentially all the way in and the reactor
Just eritical, each control and shutdown bank was measucsed via rod
exchange. The Integral worth of the bank belng measured (l.e.,
the test bank) was determined from the difference in the critical
rod position of the reference bank with and witheut the test bank
in the core.

The measured bank worths were compared with predicted worths and
all banks were within the acceptance critecia of 430X or #200 pem
whichever was greater, The measured total rod worth was »%0% of
the predicted worth which met the acceptance criteria. In
addition, all review criteria were met,

The results of the rod axchange test are glven on Table &,
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4.0

Power Escalation Testing

McGulre Unit 1 Cycle 8 Powet Escalation testing started
pecember 10, 1991, at the conclusion of ZPPT and was completed
December 31, 1991,

The unlt went on line December 10 at 1706 hours. The unit experienced
gome holds durlng power escalation which were scheduled to allow testing
per PT/0/A/4150/21, Post Refueling Controlling Procedure for
Criticality, Zero Power Physics, and Power Escalation Testing, and to
allow Chemistry testing.

At <30T power on December 12, 1991, TT/1/A/9200/28%, MIC8 Core Power
pistribution, was performed. On March 3, 1992, PT/0/A/4150/02A, Core
Power Distribution and Incore 18 Correlation Check, was performed again
due to LER 369/92-02, Table 5 shows the full core flux map results
based on PT/O/A/4150/02A, The results from the full core flux map taken
wore used to project a "limiting” power at which ¥, or ¥, Tech Spec
peaking factor margin would be maintained. This projectien indicated
that the F. Tech Spec peaking factor margin would be maintalned to 94.5%
power, TT’I!AIDROOI?O!. M1C8 Incore and Nuclear Instrumentation Systems
Interim Recallbration, was also performed at -38% power, The results of
this test were used as calibration data for the Power Range excore
detectors., Table 6 shows the test results,

At -7HX power on December 14, 1991, Tr/1/A/9200/289, MICB Core Power
Distribution, was performed. On March 3, 1992, PT/0A/4150/02A, Core
Power Distribution and Incore/N1S Correlation Check, was performed again
due to LER 369/92-02. The test results are glven in Table 7. All test
scceptance criteria were met, The results from the tull core flux map
taken were used to p?chct & "limiting" powe: at which F_ or F]n Tech
$pec peaking factor margin would be maintalned. This projection
indicated that both the ¥, Tech Spec peaking factor margin and the F
Tech spec peaking factor margln weuld be maintalned for power levels up
to 100% power.

TT/1/A19200/282, MIC8 Incore and Nuclear Instrumentation System
Correlation Check, was also performed at ~78% power. The results of
this test indlcated that the maximum absolute difference between the
axial flux difference (AFD) from any Power Range excore detector channil
and the irdicated incore AFD from the full core flux map was <2%. Based
on the guidance glven in PT/0/A/4150/2), no further caiibration of the
excore detectors was needed until achleving 100% equilibrium conditions,

18




Power escalation then rvesuned at a rate of -2,9%/hr. Upon achieving
0%, PTIO/A/4150/03, Thermal Power Oulput Measurement, way performed
(see Sectdon 4.1). The remaluing tests designated for Hot full Power
Equilibriur Conditiony were performed on December 18-19, 1991, The
tests and thelr results are described In Sections 4.2 - 4.5,
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TABLE 7

MICH Core Power Distribution Results

/8% Full Power

Axial locatien 1 48 the bottom of the care.

Axial locatfon 61 1s the to: of the core.

Unit | Cycle 8
Date/Time Map Taken
Power Level

Cycle Burnup

Baron Concentyation

Contral Rod Position

Maximum F* SUE

Maximum pin ¥* SUB aM
Maximum error F* SUB AH (from predicted)
Minimum F-SUB-Q-0P Margin ~1.7720%¢
Minlmum F-SUB-Q-RPS Margin 1.0576X¢
Minimuam F~DELTA-H Margin 16,6212%
Total Incore Axial Offset
Incere Tilts:

Upper Core
Quadrant 1 1.011%
Quadrant 2 0,105%
Quadrant 3 0,520%

Quadrant &3 ~1.646%

-21‘,

Map FCM/1/08/002
127/13/91 2209 hours
/8%

1.27 EFPD 51 MWD/MTU
L1439 ppm

Control bBank D at 203 staps
wlthdrawn

1:.6181 at Axlal Loc., 32,
Horiz. Loc. D=04

1.,4153 at Morle, Loc., G=12
5.08% at Horiz. Leoc. R-08
Locetion D-04
Location D-0&
Location G-12

0.127%

Lower Core
Quadrant 1:¢ =0,230%
Quadrant 2: 1.1683
Quadrant 31 -0,449%

Quadrant 41 ~0,881%

¢ Not required surveillance for maps during power escalation,



Thermal Power Output Measurement - PT/0/A/4150/03

fhis test was used Lo verify that the primary and secondary heat
balarces on the plant computer wate consiste t with primary and
secondary heat balunces on a benchmarked offline computer. The
test was run on December 14, 1991, at -90% F.P. The results are

shown in Table 7.

The scceptance ctaterion of 1% dlfference between the effline
computer and the plant computer was met.
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TABLE 8

Thermal Power Output Msarurement Results

Plant Computer

oft-Line Computer

H MW, 1 MW,
Primary Heat Ba'ance 88,69 3025.23 89,14 3040,57
Secondary Heat Balance 89.86 3065.30 89.87 3065.47







1
4.1  MICB Incore and Nuclear lnstrumentation System Correlation Check - ]
TTI1/A19200/292

This test was used to compare the incore axial flux difference as
indicated by a full core flux map to the axial flux difference
indicated on the plant computer by the excore detectors,

The test was performed at ~100% on December 18, 1591. The
{ndicated incore axial flux difference (AFD) from flux map
FCM/1/08/004 was -1.605%. The resvlts of this test indicated that |
the maximur “heolute difference between the AFD from any Power
Fange excor: uetector channel and the indicatd incore AFD from the
full core flux map was <3%
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MICB Core Power Distribution - TT/1/A/9200/28%

On December 18, 1991, TT/1/A/9200/289, MIC8 Core Power
pDistribution, was performed to verity the core Power Distribution
Technical Specification Limits for operation would not be
violated, The reactor was at ~1001 Full rower and equilibrium
conditions,

On February w4, 1992, PT/0/A/4150/02A, Core Power Distribution and
and Incote/N1§8 Correlation Check, was performed for FCM/1/08/004
with the revised SNA-CORE computer code as described in

LCR 369/92-02. The results of this test indicated that the
minimum F_ - operational margin was ~0,8576%, This negative value
indicates that the AFD limits given in the MIC8 Core Operating
Limits Report should be reduced by 0.8576%. However, the AFD
1imits were not reduced resulting in LER 369/92-02. Table 9 gives
the test results based on the February 24, 1992 run.
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TABLE 9

M1C8 Core Power Distribution Results

=100% Full Power

Axial locazion 61 1s the top of the core.
Unit i Cycle B

Pate/Time Map Taken

Power Level

Tl Burnup

Boron Concentration

Control Rod Pesition

Maximum F' SUB Q

Maximum pin F* SUR &H

Maximum error F¥ SUB AF (from predicted)
Minimum ¥-~SUB-Q-OP Margin -0,8576%
Minimun F-SUB-Q-RPS Margin 15,1520%
Minimam ¥ -DELT/ -H Margin 3.2420%

“otal Incore Axlal Offset

Incore Tilts:

Upper Core
Quadrant 1:  0,480%
(Quadrant 2: 0.756%

Quadrant 3: 0.2257%

Quadrant 4&4: =1.461%

=27~

NOTE: Axial location 1 is the bottom of the core,

Map FCM/i/08/00C4
2/18/91 1031 hours
~100%

S.4 EFFD 219 MWD/MTU
1168 pam

Control Bank D at 217/218
steps withdrawn

1.602 at Axial Loc. 31,
Horiz. Loc. D-09

1.401 at Horie. loc, D-09
5.72% at Horlz. Loc, R-08
Location H~13
Location D-03
Location D-09

~1.695%

Lower Core

Quadrant 1: 0.422%
Quadrant 2: 1.238%
Quadrant 3: 0,381

Quadrant &4: ~1.280%
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Table 10
MIC8 Incore and NIS Recalibration Results
100% Full Power
Torrelated o 1008 Full Fower
at Various Axial Utfaets
YAl | Sytie 8
FIF Y, FOWER SETECTOR QURRESTS (MICROAMFS) JORRESPONT NI 0 VARIGUS IACORE AKIAL OFFEETS
it SETECTOR N-45 LETRCIOR N4 JETECIOR N1 UETECTOR N-a4
AXIAL
CYYAET T 4 ' 4 ] @ T o
30.9 6.8 169.4 rRE B 1 AR L a4 L4 8
30.0 1331 1860 $37.90 i9). 8 1459 400.1 45,0 i83.3
10.0 §20.% 203.8 s43.3 FE oY 2)4.3 sid. 8 1.3 e
2.0 202.3 s P | asth. 1394 235 a3 .4 ile,? i45.)
“18.0 i54.9 POE N | 213,68 56. 0 06,0 262.3 1621 8.0
«30.6 NG, 8 524 181 BB 474.% §198.3 o8l 187.% 277.4
«39.0 167.5 J65.0 31947 933 H oY ) PRl ] 1730 Pd LA ]
(' 2.8%01 s.a8%} Q. 8947 0.50%7 2,990 09865 09989 0.5878
NORMALIZED SETECTOR VOLTAGEY (VOLTS] AT VARIOUS AXIAL OYFSETS
INCORE URTECTOR N-4l DETROTOR ¥-02 CETRCIOR N-4) JETECIOR N-44
AXLAL
OFFAST e L] T™h T ] =¥ T ] T3 T ] ™8

0.0 2.9 8.420 1,487 2.504 6.417 .48 q.888 8.407 1463 10,011 6,299 3.811
0.8 9.3 1.088 .38 §.i%e 2,09 2,383 LA 7.048 300 9.45%0 7,043 1.408
10.0 4,882 7.699 1,162 8.858 .12 L.148 .84 1.689 1,154 % 890 7.688 1.404

8.0 #8.31¢ 8.310 2000 3.0 8.330 9.000 4.000 8.230 3.080 8,310 8.1 2,000
=12.0 7.198 8.981 -L.162 T.80% 4,940 1. 146 7.0 8971 ~1.454 7.7170 #.974  1.204
~38.9 7.266 9.991  -2.33% T.274 9,568 -2.202 7.308 3.612 2,308 7.310 9,617 ~3.400
=30.0 738 10,332 ). 6,766 10,183 3.428 $.792 10283 a8 5649 10,2681} -),81%

AFD INCORE/EXCORE RATIOS POR QUADRANTS & - 4

s aME T SAGARE S RN SRS AR YEEsSEANEESSRuRE Lo ng e S -

JUAD & Quan 2 JUAD L GUAD 5
LEL 3 LA 1 N-43 N-44
Mo 140 Mo 1.454 Mo 1444 Mo 1,364
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