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1.0  CORE PERFORMANCE - MEASUREMENTS AT ZERO POWER - SUMMARY

Core performance ueasurements were conducted during the Zero Power Test
Program which began on November 14, 1991 and ended on November 15, 1991,

This eection presente a summary of the zero power measuremente., 1In all
cages, the applicable test and Technical Specifications limite were met.
A sunmary of rerc power physics test results appear ag Table 1-1.

a.

[
l
[
|
|
?
|
|

Initial Criticality

Initial criticality was achieved at 1222 on November 14, 1991.
Reactor conditions were 532°F and 2155 peig. Control rod groups 1
through 6 were withdrawn to 100%; group 7 was positioned at 91%
withdrawn; group 8 was positioned at 25% withdrawn, Criticality was
achieved by deborating the Reactor Coolant from 2428 ppm to
2162 ppm. Initial criticality was achleved in an orderly manner and
the acceptance criteria of 2217 & 100 PPM was met.

Nuclear Instrumentation Overlap

At least one decade overlap was measured between the source and
intermediate range detectors as regquired by  Technical
Specifications.

React imeter Checkout

An on-line functional check of the reactimeter using NI-3 was
performed after initial criticality. Reactivity calculated by the
reactimeter was within 5% of the core rnactivity determined from
doubling time measurements.

All Rods Out Critical Boron Concentration

The measured all rods out c¢ritical boron concentration of 2157 ppmB
was within the accveptance criteria of 2221 t 100 ppmB,

Temperature Coefficient Measurements

The measured temperature coefficient of reactivity at S532°F, zero
power was within the acceptance criteria limit.

Control Rod Group Worth Measurements

The measured results for control rod worths of groups 5, 6 and 7
conducted at zero power (532°F) using the boron/rod swap method were
in good agreement with predicted values. The maximum deviation
between mearured and predicted worths was -2,4% which was for CRG-7
worth.

Differential Boron Worth

The measured differential boron worth at 532°F wae 9.0% more than
the predicted value. This is within the bounds of the FSAR and B&W
supplied limite of #15%.
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Summary of Zero Power Physics Test Results

TABLE 1-1

Parameter
Critical Boron
N1 Overlap
Sensible Heat

All Rods Out Boron
Concentration

Temperature Coefficient
(2149 ppm)

Moderator Coefficient

Intogrll Rod Worths
{532°F) GPS~7

Group 7
Group &
Group §

Diff Boron Worth
(1951 ppm)

Cycle 9

Acceptance
Lriteria

2217 ¢ 100 ppm
»1 decade
N/A

2221 ¢ 10C ppm

2.17 pom/°F
t 4 pem/*F

€9.0 pem/°F

2791 pom ¢t 10%
B6B pom & 15%
808 pom + 15%
1115 pem * 15%

7.098 pom/ppm 1 15%

B, u r.d
Value

2162 ppm
»1.87 decade

8.1 x 10* amps

2157 ppm
3.11 poem/°F

4.82 pem/°F

2839.8 pem
889.3 pom
816.% pem
1134 pem
7.804 pom/ppm

Deviation
~55 ppm

-

~64 ppm
+0.94 pom/°F

=1+ 72%
~2.4%
-1,04%
=1.67%
-9,0%
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2,0 CORE PERFORMANCE - MEASUREMENTS AT POWER - SUMMARY

This section summarizes the physics teste conducted with the reactor at
power. Testing was performed at power plateaus of approximately 10, 30,
765, and 100% core thermal power. Operacion in the power range begyan on
November 1%, 1991.

Four Westinghouse lead test fuel assembles (LTA) were nonitored during the
startup program to ensure that they were not the limiting (hottest)
assemblies in the core with respect to vadial power distribution power
peaking. Analyses predict that the LTA will maintain at least a 3% hot pin
relative power peaking margin.

a. Nuclear Instrumentation Calibration at Power

The power yrange chaanels were calibrated as required during the startup
program pased on power as determined by primary and secondary plant
heat balance. These calibrations were required due to power level,
boron and/er control rod configuration changes during testing.

b. lncore Detector Touting

Tests conducted on the incore detector system demonstrated that all
detectors were functioning acceptably. Symmetrical detector readinge
agreed within acceptable limits and the plant computer applied the
correct background, length and depletion correction ractors. The
backup incore recorders were operaticnal above 80% FP as required by
Technical Specifications.

c. Power lmbalance Detector Correlation Test

The resulte of the Axial Power Shaping Rod (APSR) wmovements performed
at 75% FP show that an acceptable invore versus out-of-core offset
slope of »0,.96 is obtuined by using a gain factor of 3.684 in the power
range scaled difference amplifiera, The measured values of minimum
DNBR and maximum linear heat rate for various axial core imbalances
indicate that tae Reactor Protection Trip Setpoints provide adequate
protection to the core. Imbalance calculations using the backup
recorder provide a reliable alternative to computer calculated values.

d. Core Power Distribution Verification

Core power distribution measurements were conducted at approximately
75% and 100% full power under steady state equilibrium xenon conditions
for specified control rod configurations, The maximum measured and
maximum predicted radial and total pesking factors are all in good
agreement. The largest difference between Lhe maximum measured and
maximum predicted value was +2.8% for radial peaking at %9.98% FP.
This met acceptance criteria of «5.0%.

The results of the core power distribution measurements are given in
Table 4.4-1. All quadrant power tilts and axial core imbalances
measured during the power distribution tests were within the Technical
Specification and normal operational limits.

€, Reactivity Coefficients at Power

The isothermal temperature coefficient neasured at approximately 99% FP
was -5.91 pcm/°F. The measured power doppler coefficient at
approximately 99% FP was -8.,78 pem/% FP. All Technical Specification
and Safety Analysis requirements were met.
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3.3 Reactimeter Checkout

Purpose

Reactivity calculations during the Cycle 9 test program were
performed ueing the reactimeter. After initial criticality and
prior to the first phyeice measurement, an online functional check
of the reactimeter wae performed to verify ite accouracy for use in
the test program.

Test Method

After initial criticality and nuclear instrumentation overlap was
established, intermediate range channel N1-3 was conhected Lo the
reactimeter and the reactivity calculations were started. After
steady state conditions were established, a small amount of
positive reactivity wae inserted in the core by withdrawing
control rod group 7. Stop watches were used to measure the
doubling time of the neutron flux and the reactivity was
determined from the doubling time reactivity ourves, The
measurements were taken at +64,6 and -38,2 pem. The reactivities
determined from doubling time measurements were compared with the
reactivity calculated by the reactimeter.

Test Results

The measured values were determined to be satisfactory and showed
that the reactimeter was ready for startup testing.

Coug}ullonl

An on-line functional check of the reactimeter was performed after
initial coriticality. The messured data shows that the core
reactivity measured by the reactimeter wae in good agreement with
the values obtained from neutron flux doubling times.

I
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b.

Pk el
a
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d,

The all rode out critical boron contentration measurement wae

rtormed to obtain an accurate value for the excess reactivity
vaded in the THI Unit 1 core and to provide a basis for the
verification of calculated veactivity vorthe., This measurement
was performed at system conditions of S3I2*F and 2185 paig.

t hod

The Reactor Coolant Syetem was boreted to an all roda out
condition and steady state conditicns were established.

Towt Results

The measured boron ¢ cen
wae 2157 ppm,

* wi hogroup 7 positiched at 100%WD

The above results show that  he messursd Poron concentration of
2157 ppm le within the accepl.nce ¢citeria of 2221 ¢ 100 ppm.




3.8 Tempera‘ure Coefficient Measurements
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Purpose

The moderator temperature coefficient of reactivity can be
positive, depending upon the seoluble boren congentration in the
reactor coolant, Because of this pessibllity, the Technical
Specifications etate that the moderstor temperature coefficlent
shall not be positive while greater than 95% FP. The moderator
temperature coefficient cannot be measured directly, but it can be
derived from the irothermal temperature coclficient and a khown
fuel tempersture (Doppler) coefficient.

Test Method

Steady state conditions were establivhed by maintaining reactor
flu, reactor covlant pressure, turbine header pressure and cord
average tomporltgro constant, with the reactor eritical at
approximately 10" amps on the intermediate range. Equilibraum
boron conventration was eatablished in the Reactor Coolant System,
make-up tank and pressurizur to eliminate reactivity effecte due
te soren changes during the subpeguent umﬁu ature awings., The
reactimeter and recorders were connected with the reactivity value
and the RCS aveirage temperature displayed on a twoe channel strip
chart recorder.

Gnce steady state conditions were established, a heatup rate was
started hy closing the turbine byg;'. valves, After the core
average temperature increaved by about 5°F core temperature and
flux were stabilived and the process was reversed by decreasing
the core average temperature by about 10°F. After core
temperature and flux were stabilized, core tenmperature was
returned to ite initial value. Caleulation of the temperature
goefficient from the measured data wae performed by dividing the
change in core reactivity by the corresponding change in RCS
temperature.

Test Resultie

The resultes of Lthe isothermal temperature cosfficient neasurements
are provided below, The predicted values are included for
COMpAariacn,

in all cases the measured results compare favorably with the
predicted valuea,

ROS MEASURED PREVICTED MEASURED REQUIRED
HBORON 17¢ 11¢ MTC MTC
(PPM) (PCM/DEG F)  (PCM/DEG F) (PCM/DEG F) (PCM/DEG F)
2149 3.1 2.17 4.82 <9,0

Conclusione

The meacured values of the temperature coefficient of reactivity
at S22°F, zerc reavtor power are within the acceptarce criteria
of 2 4.0 pom/*F of the predicted value. An extrapolation of the
nederator cosfficient to 10DFP indicated that it was well within
the l1imits of Technical Specifications 3,1.7.2.
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3.6

control Rod Group Worth Measurements

Puspose

&,

O

This secticn provides comparison between the calculated and
measured results for the control rod group worthe, The locat jon
and Tunction of each control tod group L6 shown in Figure 3,61,
The grouping of the cvontrol rods shown in Figure 3.6~1 will be
uged throughout Cycle 9, Caloulated and measured control rod
Foup reactivity worths for the normal withdrawal seguence were
etesnined at reactor conditions of eeo power, 532YF and
2188 pal. The measured resulte were obtained using results of
reactivity and group position from the strip chart recorders.

Test Method

Control rod group reactivity worth measurenests wece performed at
Eero power, H32°F using the boron/red ewap method, Both the
differential and integral reactivity worthe of control rod groups
S; &, and 7 were determined,

The boron/tod swap method consiete of eptablishing 4 deboration
tate in the geactor coolant eystem, then compensating for the
reactivity changeps by inserting the contyel rod groups in
incremental sleps.

The reactivity changes that occurred during the measuremnent s were
calculated by the reactimeter, Differential rvod worths were
obtained from the messured reactivity worth versus the change in
rod group position. The differential rod worths of each group
were then summed to obtain the integral rod group worthas.

Teet Neaults

Controel rod group reactivity worthe were neasured at gero power,
532°F vonditions. The buron/rod swap method vas used to
determine differential and integral rod worthes for control rod
group § ~ 7 from 100% to 0% withdrawn.

The integral reacvtivity worthe for control rod groupe b through
7 are presented in Figures 3,6-2 through 3,6-4,

These curves were uvbtained by integrating ohe neasured
differential worth curves,

Table 3.6-1 provides a comparison between the predicted and
measured resultes for the rod worth measurements, The resulte
show good agreement between the measured and predicted rod group
worths, The maximum deviation between measured and predicted
worths for a group was ~2,4%,

Conclusiong

Differential and integral control rod group reactivity wortha
were measured using the boron/rod gwap method. The measured
results at zerc puwer, S32°F Indicate good agreement with the
predicted group worthe,

i
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=1 Control Rod Locations and Group
Designations for TMI-) Cycle 9
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Figure 3.6-2

Integral Worth for CRG-5
Reactivity (pcm)
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Figure 3.6-3

Integral Worth for CRG-6
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TABLE 3.6-1
COMPARISON OF PREDICTED V8 MEASURED ROD WORTHS
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ifferential Boron Worth

Purpose

Soluble poison in the torm of dissolved boric acid ie added to the
moderator to provide additional reactivity contrel beyond that
avallable from the vontrol rode. The primary ftunction of the
poluble polison control system ie to control the exoess resctivit
of the fuel throughout each core life cycle, The differentia
teact ivity worth of the boric acid was meavured during the wero
power test,

Tost Methed

Moasurements of the differential boron worth at H32°F were
parformed in conjungtlon with the cortrol rod werth measursments.,
The contrel rods worthe were masured by the boron swap technigue
in which a deboration rate was established and the contrel rodes
wetre inperted Lo compensate for the changing core reactivity. The
roactimeter was used to provide a contingous reactivity
caleulation throughout the measurement, The differential boron
worth was then determined by summing the incremental reactivity
valves measured during the rod worth deasurenents over & known
boron songentrat lon range. The average differential boron worth
is the measuréd change in reactivity divided by the change in
boron concentration.

Test Results

gl o= A

Measurements of the soluble boron differential worth were
completed at the zerc power condition ef 532°F., The measured
Boron worth was 7,804 pom/ppmB &t an average boron concentration
of 1951 ppmB, The predicted value war 7,098 pom/ppmB ¢ 16%,

Conclusions

The measured resulte for the soluble poiron diflferential warth at
§32°F wap within 15% of the predicted differential worth,

1@ -=
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CORE_PERPORMANCE - MEASUREMENTS AT PONER

Thie secticn presents the recults of the phyeics measurements that were
conducted with the reactor at power. Testing was conducted at power
plateaun of approximately 10%, 308, 754, and 100% of 2568 megawalte core
thermal power, as determined from primary and secondary heat balance
measurenents. Operation in the power range began on Nov r 15, 1991,

Pericdic measurements and calibrations were performed on the plant nuclear
inetrumentation during the escalation to full power. The four power range
detector channele were calibrated based upon primacy and secondary plant
heat balance nmeasurements, Testing of the incore nuclear instrumentation
was performed to enpure that all detectors were functioning properly and
that the detector inputh were processed correctly by the plant computer,
Core axial imbalance determined from the incore instrumentation system was
ueed to calibrate the out of core detector imbalance indication,

The major physice measurements performed during power escalation consisted
of determining the moderater and power Doppler coefficiente of reactivity
and obtaining detalled radial and axial core power distribution
measurements for several core axial inbalancees. Values of minimum DNBR and
maximum linear heat rate were monitored throughout the test program to
eneure vhat ocore thermal limites would not be exceeded,
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4.1 MNuclear Instrumentetion Calibration at Power

b,

i,

Purpose

The purpose of the Nuclear Instrumentation Calibration at Power
was to calibrate the power rvange nuclear instrumentation
indication to be no less than 2% FF of the reactor thernal power
a determined by a heat balance and te within ¢ 2.5% incore axlal
offeet as determined by the incore menitoring eystem.

Teat Method
At required during power escalation, the top and bottom linear
amplifier gaine were adjveted to maintain r range nuclear

instrumentation indication to be not less than 2% of the power
calculated by a heat balance,

wWhen directed by the controlling provedure for physice testing,
the high flux trip bistable setpoint was adjusted. The major
pettings during power escalation are given below:

Test Plateau Ristable Setpoint
¥ FP \ FP
30 50
7% 85
100 105.1

Test Reaults

An analysis of test results indicated that changes in Reactor
Coolant System boron and xenon buildup or burnout affected the
power as obeetrved by the nuclear inetrumentation, This wae
expected since the power range fivclear instrumentation neasures
reactor neutron leakage which is directly related to the above
changes in system conditions, Each time that It wae necessary to
calibrate the power range nuclear instrumentation, the acceptance
criteria of calibration to be no less than 2.0% FP of the heat
balance power wae met without any difficulty. Aleo, each time it
was necessary to calibrate the power range nuclear
instrumentation, the * 2.5% axial offset criteria as determined
by the incore monitoring system was also met.

The high flux trip bistable was adjusted to 50, 85 and 105.1% FP
prior to escalation of power to 30, 7% and 100% FP, respectively.

Conclusions

The power range channels were calibrated baped on heat balance
power several times during the startup program, These
calibrations were required due to power level, boron, and/or
control rod configuration changes during the program. Acceptance
criteria for nuclear instrumentation calibration at power were
met in all instances.

= 20 =~




4.2

Incore Detector Teating

b

<.

PurgZue

el f-powered-neutron-detectors (incore detector system) monitor
the core power deneity within the core and their outputs are
monitored and processed by the plant computer to provide accurate
readings of relative neutron flux,

Teste conducted on the incore detector syeten were performed toi

(1) Verify that the output from each detector and ilte response
to inCreasing reactor power was as expected,

{2) Verify that the background, length and depletion corrections
applied by the plant computer are correct.

{3) To measure the degree of azimuthal symmetry of the neutron
flux,

Test Method

The response of the incore detectore versus power level wae
determined and a comparison of the aynmetrical detector outputs
made at steady state reactor power of approximately 10, 30, 75,
and 100WFP,

Using the corrected SPND maps, calculations were performed to
determine the detector current to average detector currént values
per aspenbly for each incore detector versus axial positions.

At 75% FP, SP-1301-5,3, Incore Neutron Detectors-Monthly Check,
wue performed to calibrate the backup recorder detectors to their
incore depletion value.

Conclusions

Incore detector teeting during power escalation demonstrated that
all detectors were functioning as expected. Symmetrical detector
readinge agreed within acceptable limits and the computer applied
correction factore are accurate. The backup incore recorders
were calibrated at 75% FP and operational above 80% FP ae
reguired by the Technical Specifications.




Power Imbs ance Detegtor Correlation Test

Purpose

The Power Imbalance Detecter Coryelation Test has four
abjectives:

1. Te determine the relationship between the cCore power
digtrubtion ag measured by the cut-of-core detectors and the
incore instruments,

ds To demonstrate axial power shaping control using the Axial
Power Shaping Rods (APSR'e).

3. To verify the adeguacy and accuracy of backup imbalance
caleulations as done in AP 1203-7, “Hand Calculation for
Quadrant Power Tilt and Core Power Imbalance."

4, To determine the core maximum linear heat rate and minimum
DNBR at various power imbalances.

Test Method

This test was conducted at about 75% FP to deteimine the
relationship between the core axisl imbalance as indicated by the
incore detectors and the cut-of-core detectors., Based upon thie
correlation, it could be verifieu that the minimum DNBR and
maximum linear heat rvate limite would not be exceeded by
operating within the flux/delta flux/flow envelope set in the
Reactor Protection System.

CRG-8 was moved to eetablieh the various imbalances. The
integrated control eystem asutomatically compensated for
reactivity changes by repositioning CRG-7 to maintain a constant
power level.

Test Results

The relationship between the 1CD and OCD offset was determined at
about 75% FP by changing axial imbalance with the APSR's. The
average elope measured on the four out-of-core detectors wae
1.066. The lowest slope was 1.008 for NI-7. The scaled
difference amplifier gain was left at 13,684,

A ¢ rison of the incore detector (ICD) offset versus the
out-of -core (0CD) detector of teet obtained for each NI channel ie
shown in Table 4.3-1.

Core power distribution measurements were taken at the most
positive and negative imbalances at 75\ FP, The values of
minimum DNBR and worst caso MLHR were compared to the acceptance
criteria,

The worst caee values of minimum DNBR and maximum linear heat
rate determined at 75% FP are listed in Table 4.3-2.

The worst case DNBR ratioc was greater than the minimum limit and
the maximum value of linear heat rate was less than the fuel melt
limit of 20.% kw/ft after extrapolation to 106.1 FP. These
results show that Technical Specification limits have been met,
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4.1

Core Power Distribution Verification

-5

Purpuse

To measure the core power distributions at approximately 75 and
100 percent full power to verify that the core axial imbalance,
quadrant power tilt, maximum linear heat rete and minimum DNBR do
not exceed their specifled limite. Also, to compare the measured
and predicted power distributions.

Test Met

Core power distribution measurements were perfo, 4 at
npproxtmatoly 7% and 100% fuil ¥, under steady etate
conditions, for specified control rod configurations., To provide

the best comparison petween measured and predicted results,
three-dimensional equilibrlum xenon conditions were establiehed,
Datsa collected for the measurements congieted of power
distribution information at 364 core locations from the incore
detector mystem. The woret cvase core thermal conditions were
calculated ueing thie data, The measured data wae compared with
caloulated resulte.

Test Resultns

A summary of the casee studied in this report is given in Table
4.4~1 which glves the oore power level, contrel rod pattern,
cycle burnup, boron concentration, axial imbalance, maximum
uadrant tilt, minimam DNBR, marximwn LHR and power peaking data
er each measuremnent . The highest Worst Case MLHR was
12,01 kw/ft at 100% PP which is well below the limit of 20.%
kw/ft. The lowest minimum DNBR value was 3,081 at 100% FP which
ies wall above the limit,

The quadrant power tilt and axial lmbalance values measured were
all within the allowable limitse. Table 4.4-1 also gives a
comparison between the ma.imum calculated and predivted radial
and total peake for an elghth core power distribution,

gonclusions

Core power disptribution measurements were conducted at
npsrontnatoly 76% and 100% full power. Comparison of measured
and predicted results show good agreement, The largest
difference between the maximum measured and maximum predicted
peak vdalue was 2.8% for radial peaking at 100% FP. This met the
acceptange criteria of <5,0%,

The measured valuee of DNBR and mMIHR were ai: within the

allowable limits, All gquadrant power tilte and exial core

imbal ances measured dusing the power distribulion test were

Ytthtn the Technical Specifications and normal operacional
imite.
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TABLE 4.4-]

CORE POWER DISTRIBUTION RESULTS

POWER PLATEAU ___IBNFP L A00NFP
DATE 11-16+891 11-18+9)
Actual Power (WFP) 74.71 99.98
CRG 1-6 (WWD) 100 100
CRG 7 (WD) e:.0 B7.7
CRG 8 (WWD) 31.4 29.7
Cycle Burnup (EFFPD) O.83 2:2%
Boron Conc. (PPM) 163% 1663 :
Imbalance (%) 2.08 «1.94 :
Maximum Tilt (%) 0,74 0,65 *
MONBK 4,196 3,081 |
Worst Case MLMR (KW/FT) §.00 12.01
Maximum Radial Peak ‘
Measured 3:337 1.337 |
Predicted 1.4 1.30 |
Difference (%) 1.28 .8 ._‘.
Acceptance Criteria (v) “hy Pl
Maximum Total Peak n
Measur ed 1 580 1,889
Predicted 1.53 1.%2
Difference (%) 1.29 2.5 ,
Acceptance Criteria (%) €7.5% <7.86% :
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