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2.0 IN-CORE INSTRUMENTATION
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Figure 2.1. ANO-2 Instrument Pattern
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Figure 2.2. WSES-3 Instrument Pattern
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Figure 2.3. Typical Neutron Detector and Detector Assembly
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Figure 2.4. Rhodium Emitter Decay Scheme
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Figure 2.5. In-Core Instrumentation Wiring Diagram
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3.0

3.1

3.2

CECOR POWER DISTRIBUTION CALCULATION

General

The CECOR program synthesizes 3-D power distributions from fixed incore
detector readings. The first step in the process is to convert the signals from the
five axially spaced detectors in a string to powers. Coupling coefficients are next
used to calculate pseudo-detector powers at each of the five detector levels in
uninstrumented assemblies or assemblies with failed detectors. A five term
Fourier fit is used to construct assembly axial shapes based on the five detector
level powers. Calculation of the maximum 1-pin and 4-pin assembly peaks are
done using 1-pin and 4-pin peaking library coefficients. Libraries are a function
of burnup, control rod position and axial detector location. Separate library
coefficients are used at each of the five axial detector locations. The followirig
sections present the Entergy methodology for determining the flux-to-power
conversion library, coupling coefficient library and 1-pin peaking factor libraries.

Flux-to-Power Conversion

The flux-to-power conversion factors are used to convert from background and
depletion corrected instrument flux to assembly power integrated over detector
length. The equation used is:

F=1*W (3.2-1)

Where P, is the power for assembly i at detector level n and
I, is the background and depleticn corrected incore detector
flux reading, and
W is the flux-to-power conversion factor

ENEAD-02-NP REV 0 Page 15



3.3

34

The flux-to-power factors (W ) are updated for each reload and are defined as
the assembly power integrated over detector length divided by the rhodium
reaction rate per rhodium atom.

The details of the W calculations are described in Reference2. The W
coefficients are fit by cubic expressions in assembly burnup. Separate W
coefficients are produced at each of the five axial detector locations.

Coupling Coefficients

Coupling coefficients relate the detector powers in instrumented assemblies to
pseudo-detector powers in uninstrumented assemblies. Coupling coefficients
are obtained from the nodal depletion calculations. The coupling calculation is
done prior to the axial synthesis described in Section 34. The coupling
coefficient for assembly | is defined as.

CC, :ZR /(N,*P) (3.34)

Where N is the number of assemblies neighboring assembly |
P are the powers in the neighboring assemblies at a specific detector
level, and
P, is the power in assembly | at the same detector level.

Coupling coefficients are generated for both rodded and unrodded core
configurations and are fit by cubic expression versus assembly burnup.
Separaie c. ipling coefficients are produced at each of the five axial detector
locations.

Axial Power Synthesis

The axial power distribution synthesis converts the fi.e incore detector level
readings into a 51 node axial power shape using a Fourier fit as described in

ENEAD-02-NP REV 0 Page 16



35

3.6

Reference 1. The choice of the input variable (wave number Bj) is the only
required calculation. Entergy uses a location and burnu; dependent value of B;
based on 3-D nodal calculations. The wave number, B;, is chosen to minimize
the axial differences between CECOR and the 3-D nodal calculations.

1-Pin Peaking Factor

The 1-pin peaking factor is defined as the ratio of the maximum pin power in an
assembly to the average pin power in the assembly. The 1-pin peaking factors
are obtained from 3-D nodal calculations with pin power reconstruction. The 1-
pin peaking factors are input to CECOR as polynomial fits as a function of
assembly burnup for each assembly and rod configuration. Separate 1-pin
peaking coefficients are produced at each of the five axial detector locations.

4-Pin Peaking Factor

The 4-pin peaking factor is defined as the ratio of the maximum channe! power
in an assembly to the average power in the assembly. CECOR used to use the
results of the 4-pin peaking caiculation to pass to another program to calculate
DNBR. Currently however, the 1-pin peaking information is used for this
purpose. Entergy, therefore, supplies dummy data for the 4-pin peaking factor.
If in the future the 4-pin peaking data is needed, the methodology will be
identical to that for the 1-pin factors as described in Section 3.5.

ENEAD-02-NP REV 0 Page 17



4.0

CECOR LIBRARY GENERATION

All of the information necessary to generate the CECOR data library comes from
three dimensional, quarter core, fuil power, nodal code depletion calculations
and lattice physics calculations. A schematic cf the CECOR library generation
methodology is shown in Figure 4.1. Inputs are generated by the nodal code
and the lattice physics code (Reference 2) . The outputs include the CECOR
cycle dependent data libraries as well as files used for quality assurance of the
library. OQutput also includes graphs cof the evaluated poiynomial fits of the
coefficients. Figure 4.2 is an example of the coupling coefficient for an assembly
of ANO-2, Cycle 10. These graphs serve to verify a smooth, well behaved fit
between the input points.

ENEAD-02-NP REV O Page 18




Figure 4.1. Schematic of CECOR Library Generation
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Figure 4.2. Assembly 18 Coupling Coefficient vs Burnup for ANO-2 Cycle 10
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5.0

5.1

5.2

DETERMINATION OF CECOR UNCERTAINTIES

General

The CECOR power distribution uncertainties relating to Fxy, Fr and Fq which are
defined in Appendix A of this report is composed of three components which are
discussed in detail in the following sections. The three are identified as the Box
Power Measurement Uncertainty, Power Synthesis Uncertainty, and Pin
Peaking Calculational Uncertainty. The Pin Peaking Synthesis uncertainty as
mentioned in the previous CECOR topical (Reference 3) is eliminated because
the nodal code is capable of constructing detailed 3-D Pin Peaking distributions.
Thus the Power Synthesis Uncertainty includes both the Box Power Synthesis
and Pin Peaking Synthesis Uncertainties of Reference 3.

Box Power Measurement Uncertainty (Nodal Peaking Uncertainty)

The Box Power Measurement Uncertainty (Spq) is the uncertainty associated
with the measurement of power at the five detector levels. It includes
uncertainties in the measured signals in instrumented locations and the
uncertainties in the signal-to-power (W') conversion. The Observed Uncertainty
between measured powers and predicted powers consists of the Box Power
Measurement Uncertainty (measurement) and Box Power Calculational
Uncertainty (model) and is related as shown in Equation 5.2-1 taken from
Reference 2. One can conservatvely set the Box Power Calculational
Uncertainty (modei) equal to zero and assume that the Observed Uncertainty is
due entirely to the Box Power Measurement Uncertainty.

B s =80 +80 (5.2-1)

The process for calculating the Box Power Measurement Uncertainty then
consists of comparing CECOR measured instrument powers using actual
measured detector signals from fifteen cycles of reactor operation to powers
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calculated by the nodal design code. These comparisons were carried out in
Reference 2. The results of the comparisons are summarized in Table 5.2-1.

Table 5.2-1. Observed (Box Power Measurement) Uncertainties

Unit Parameter Sm f Mean
ANO-2 Fq 0.01966 11806 | 000484
Fr 0.01333 3482 00
Fxy 0.01703 19761 0.0
WSES-3 Fq 001959 14251 | 0.00391
Fr 0.01148 4344 0.0
Fxy 0.01550 23694 0.0

The statistics above are based on the differences calculated using
Equation 5.2-2.

DIFFERENCE = X, - X¢ (5.2-2)

where:

Xm is the measured power from CECOR.

and

Xc 1s the calculated power from the nodal design program.

The variable X is defined differantly for Fq, Fr, and Fxy. For the purpose of
quantifying Fq uncertainty, the variable X is defined as the power in any
instrumented segment. For Fr the variable X is defined as the sum of five
detector segments in any assembly. For Fxy the variable X is the power at any
instrumented segment within a core level. For each calculation the powers X are
converted to relative power distributions by a normalization to the true average
power density which is approximated by the CECOR calculation.

Nine cycles of data for ANO-2 and six cycles of data for WSES-3 were analyzed.
Appendix B lists the CECOR cases used to calculate the Box Power
Measurement Uncertainty. Absolute differences were converted to relative
differences by dividing by the minimum measured peaking factor. Examples of

ENEAD-02-NP REV 0 Page 22



the comparisons of measured and predicted detector powers for representative
cycles are provided in Appendix C and D for ANO-2 and WSES-3 respectively.

The distribution of the nodal Fq, Fr and Fxy observed differences between
measured and calculated instrument powers were tested for normality. The D'
test was used for testing of normality because of the large number of sampiles.
The results indicated that some of the observed differences did not pass the D'
test for normality at the 5% significance level, but histograms of the data were
bounded by the normal distribution in the area of interest. Figures 5.2-1 through
52-6 give comparisons of the sample box power measurement difference
distributions and the normal distributions with the 95%95% normal tolerance
limits. As can be seen in the figures, the normal distribution tolerance ilimit
bounds the sample difference distributions except for very small percents shown
in the figures, indicating that the normal assumption and standard deviations are
conservative
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Figure §.2-1. ANO-2 Fxy Box Measurement Error vs Normal Histogram
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Figure

§.2-3. ANO-2 Fq Box Measurement Error vs Normal Histogram
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Figure 5.2-4. WSES-3 Fxy Box Measurement Error vs Normal Histogram
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Figure 5.2-5. WSES-3 Fr Box Measurement Error vs Normai Histogram
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Power Synthesis Uncertainty

DFRI = (Pni - Pcij/Pci

DFQi = (Pnik - P¢




where Pnik are the axial peak pin (k) for each assembly (i) from the nodal design
program.
Pcik are the axial peak pin (k) for each assembly (i) from the CECOR
calculation,

For the Fxy Power Synthesis Uncertainty, the planar pin peaks for each axial
plane from CECOR and the nodal design calculation are compared. Consistent
with the use of CECOR in monitoring the reactor core, only planes between 15
and 85% of core height were compared. The differences in Fxy are defined as:

DFXYk = (Pnk - Pck)/Pck {5.3-3)

where Pnk is the planar peak pin peak to planar average pin from the nodal
design program for each axial plane (k) between 15 and 85% of
core height.
Pck is the planar peak pin to planar average pin from the CECOR
calculation

Difference distributions are generated by comparing Fxy, Fr and Fq from the
nodal calculations to Fxy, Fr and Fq generated by CECOR using CECOR
libraries generated from the nodal calculations and pseudo detector signals also
generated from the nodal calculations. The differences were assembled for
each cycle and the statistics for (NODAL-CECOR)/CECOR were calculated.

The difference distributions shown in Figures 5.3-1 through 5.3-6 were found to
be non-normal by observation and by the application of the D' test, so a non-
parametric approach was used to set the 95%95% reliability factor limits.
Conservative estimates for the mean and standard deviastions were estimated
from the reliability factors. Appendix B gives a list of the cases used in the
development of the Power Synthesis Uncertainties. Appendices E and F
contain comparisons of Fq and Fr Power Synthesis differences for
representative cycles of ANO-2 and WSES-3 respectively. The statistical results
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for the Power Synthesis Uncertainty with zero failed detectors are given in
Tables 53-1and 5 3-2.

Finally, a parametric study was done of Power Synthesis Uncertainty as a
function of the percent of failed incore detectors. It is anticipated that as the
number of operable detectors is reduced, the Power Synthesis Uncertainty will
increase as the power distribution is constructed more based on the coupling
coefficient library than on actuai detector readings.

In these parametric studies, off nominal nodal calculations were run at BOC,
MOC and EOC for several cycles. The off nominal cases were full core
calculations with large power tiits (8-10%). Signals for CECOR were generated
from the nodal caiculations as in the base Power Synthesis Uncertainty study.

Next muitiple CECOR calculations were run with 0, 12.5, 25, 37.5 and 50% of
the detectors failed. Detectors were basically failed randomly but in such a
manner as to not violate any technical specification requirements, except the
percent failed limit. This was done to provide a foundation for increasing the
allowed percent failed detectors in technical specifications in the future. The
output of the CECOR cases were compared to the original tilted full core nodal
calculations.  Statistics for Fq, Fr and Fxy were compiled on (NODAL-
CECCR)/CECOR.

The statistics were used to calculate a normal reliability factor using the
equation: RF=D+ko. Reliability factors were tabulated vs percent failed
detectors. The reliability factors were normalized to the overall reliability based
on nominal operating conditions from the base Power Synthesis Uncertainty
calculation The normalized reliability factors were used with the means and
95%/95% k factors from the base Power Synthesis Uncertainty calculation to
calculate 2n equivalent standard deviation that conserves the reliability factors
from the failed detector study. The caliculations are summarized in Tables 5.3-3
and 534
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Table 5.3-1. ANO-2 Power Synthesis Uncertainty Components

PARAMETER MEAN (%) STANDARD N F RF K
DEVIATION
(%e)
Fxy 00318 0.3202 1822 1728 0058 1.712
Fr -0 0048 04819 16638 16544 0.0080 1.670
Fq -1.7533 1 4331 16638 16544 0. 0064 1.670
Table 5.3-2. WSES-3 Power Synthesis Uncertainty Components
PARAMETER MEAN (%) STANDARD N F RF K
DEVIATION
(%e)
Fxv 0 0542 () 8488 1275 1200 00152 1.727
Fr 0186 0.2267 16275 16200 0 0036 1.670
Fq 1. 7223 22116 16275 16200 0.0197 1.670
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Table §.3-3. ANO-2 Power Synthesis Uncertainty vs % Failed Detectors

Failure Rate Parameter Mean (%) Standard N F RF
) Deviation (%)
0 Fxy -0 0649 0.7960 528 504 1.3360
Fr 0.0867 0.9180 4248 4224 16399
Fq -1.4035 1.8566 4248 4224 1.7378
12.5 Fxy -0.0203 0.8608 5280 5040 1.4263
Fr 0 0800 1.0062 42480 42240 1.7604
Fq -1.3997 1 8840 42480 42240 1 7466
25.0 Fxy 0.0659 09818 5280 S040 1 7163
Fr 0.0711 11718 42480 42240 2.0280
Fq -1.3913 1.9359 42480 42240 1 8416
378 Fxy 0.1509 1.0789 3280 5040 1.9645
Fr 0.0629 13481 42480 42240 2.3141
Fq -1.3973 1 9852 42480 42240 1.9179
50.0 Fxy 0.3116 1.1529 5280 5040 2.2496
Fr 0.0504 1.5883 42480 42240 2 7028
Fq -1 3908 2.0651 42480 42240 2.0579
Table §.34. WSES-3 Power Synthesis Uncertainty vs % Failed Detectors
Failure Rate Parameter Mean (%) Standard N F RF
Deviation (%)
(%)
0.0 Fxy -0.1240 0.5993 308 254 (0.9548
Fr 00430 0.849¢ 3038 3024 14811
Fq -1.5690 1.8943 3038 3024 1.6362
12.5 Fxy -0 0640 0. 7064 3080 2940 1.1312
Fr 0.0371 09110 30380 30240 i.5585
Fq -1.5639 1.9026 30380 30240 16134
25.0 Fxy -0.0320 0.7635 3080 2940 1.2599
Fr 0.0323 1.0050 30380 30240 1.7107
Fq -1.5782 1.9582 30380 30240 16921
37.5 Fxy 00311 0 7728 3080 2940 12764
Fr 0.0250 1 0994 30380 30240 1 8611
Fq -1.5910 1 9924 30380 30240 1.7363
50.0 Fxy 0.0781 0 %449 3080 2540 1.5076
Fr 0 0185 1.2892 30380 30240 2.17135
Fgq -1, 5788 2.0107 30380 30240 1.7790
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Figure 5.3-1. ANO-2 Fxy Power Synthesis Error vs Normal Histogram
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Figure 5.3-2. ANO-2 Fr Power Synthesis Error vs Normal Histogram
A2 Pooled Fr Power Synthesis Error vs Nonnal Histogram
|
g ':
7500
7000 " Non-Parametric Statistival Limit |
§500 - 008 Bounds 82.77% of Data '
8000 - '.
5500 * ;
5000 - .
4500 < ‘ |
g 4000 < + A2 FrData ,‘ l
3500 - \ !
3000 - Normal Distribution §
2500 - o SF 1
2000 J
1500 - +
1000 i
500 - - . + L‘
g — s N |
0.09 0.02 001 9 0.00 0.02 003 |
(SIMULATE - CECOR )/CECOR Error Bins !
ENEAD-02-NP REV 0 Page 32



Figure 5.3-3. ANO-2 Fq Power Synthesis Error vs Normal Histogram
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Figure 5.3-4. WSES-3 Fxy Power Synthesis Error vs Normal Histogram
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Figure 5.3-5. WSES-3 Fr Power Synthesis Error vs Normal Histogram
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Figure 5.3-6. WSES-3 Fq Power Synthesis Error vs Normal Histogram
o 3
W3 Pooled Fq Power Synthesis Error vs Normal Histogram |
|
i
i ' Non-Parametric Statistical
4000 + . Limit 0187 Bounds 89.98%
of Data
3500 +
{
3000 ¢ ,
: |
2500 + - W3 Fa Data } |
2000 ,t * a ' e Normal Distribution ! ‘
b . — , .
1800 + & N SF .
; 1
1000 + - - . {
4 " **. "
500 + _ 4 g
o e P s : +4—n »-0-—:-—. == i
0.088 0,088 0.048 0.026 0.008 0.014 0.034 0.054 0.074 !

(SIMULATE - CECOR)/CECOR Error Bins ‘

ENEAD-02-NP REV 0 Page 34



54

Pin Peaking Caiculational Uncertainty

Since the local pin power cannot be measured directly in the operating reactor,
the pin power synthesis process must rely on calculated values of pin-to-box
factors. The pin peaking calculational uncertainty is the uncertainty associated
with the nodal code calculation of pin-to-box peaking factors. The Entergy pin
peaking calculational uncertainties were based on the nodal code comparisons
to critical experiments. The Entergy pin peaking calculational uncertainties were
documented in the physics methodology report [Reference 2]. The pin peaking
calculational uncertainty established in Reference 2 was o,,, = 01261 and pin
peaking calculational bias was D,,. =0.00, corresponding to a sample size of
124
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Combination of Uncertainties
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Thus it was decided to use the more !imiting reliability factors between ANO-2
and WSES-3 for both reactors as presented in Table 5 5-7.

These tolerance limits ensure that there is a 95% probability that at least 95% of
the true Fxy, Fr and Fq will be less than the Fxy, Fr and Fq measured by
CECOR plus the percents shown in Table 5.5-7 with the specified percentage of
failed detectors. For example, for 25% failed detectors there is a 95%/95%
confidence/probability that the true Fxy, Fr and Fg will be less than the CECOR
measured value times 1.0393, 1.0345 and 1.0414 respectively.
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Table 5.5-1. ANC-2 CECOR Peaking Factor Uncertainty Components

ANO-Z
[PARAMETER _|UNCERTAINTY COMPONENT | D(%)| _ S(%)| __f k|_D+kS(%)
Fxy su t 00000]  17030] 19761
ower Svnthesis_ 00318 03202 17281
Pin Power Caiculation 00000 126100 124
00318 2143 1013] 17270 3.7329
Fr su t 0.0000f _1.3330] 34
Power Svnthesis | -0.0048] 04819 16544
Pin Power Calculation 0.0000] 1261 124
Combined 00048 189721 608l 17520f 233190
Fg Mesnsurement 048401 19660 11806
ower Synthesis_ 17530 14331 16544
culation 00600 1261 124
Combined -1.2690] 27403 2573 17030 33977
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Table 5.5-2. WSES-3 CECOR Peaking Factor Uncertainty Components

(WSES-J
[UNCERTAINTY COMPONENT D(%)| _ S(% KL DHKS(%
surement 0.0000 1.5500] 23694
Power Synthesis 00542] 0. 8488| 1200
Power Calculation 0.00001 12610 124
Combined 0054 217101 10541 17270 3 8035
Fr Measurement 00001  11490] 4344
1 Power Synthesis A.0190] 02267 16200
uwer Calculatio 00000 12610] 124 -
Combined 00190 17210f  422| 17780 30409
Fq Megsurement 030101 19590] 14251
_ower Synthesis -1.72201 22110] 16200
Pin Power Calculation 000001 12610 124
Combine 33101 32119 4648 16920 4 1035
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Table §.5-3. Combined Uncentainties for ANO-2

Parameter D (%) | S5(%) f k D+kS (%)
Fxy 0.0318) 2.143] 1013} 1.7270 3.7329
Fr £ 0048| 18972 €08| 1720 3319¢C
Fq -1.2690| 27403 25731 1.7030 3.3977

Table 5.5-4. Combined Uncerti rties for WSES-3

Parameter D (%) | S(%) f k D+KS (%)
Fxy 0.0542( 2.1710 1054| 1 7270| 3.8035
Fr 00190 1.7210 422{ 1.7780 3.0409
Fq -1.3310} 32119 4648| 1 6920 41035

Table §.5-6. ANO-2 CECOR Reliability Factors vs % Failed Detectors

Parameter Failure Rate (%) RF=D+kS

Fxy 0 3.7329
12.5 37476

23 3 8093

375 38791

50 39773

Fr 0 33190
12.5 33534

25 34450

37.5 35649

50 3 7601

Fq 0 33977
12.5 34024

25 34539

375 34963

50 35764
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Table 5.5-6. WSES-3 CECOR Reliability Factors vs % Failed Detectors

Parameter Failure Rate (%) RF=D+kS
Fxy 0 38035
12.5 38758
25 3.9329
375 3.9405
50 4.0520
Fr 0 3.0409
12,5 3.0528
25 30826
375 31199
50 3.2207
Fq 0 41035
12.5 4.0876
25 41426
375 41738
50 4.204]

Table §.5-7. 95%/95% CECOR Reliability Factors vs % Failed Detectors

Parameter D+kS (%) D+kS (%) D+kS (%) D+kS (%) D+kS (%)
0% Detector | 12.5% 25% Detector | 37.5% 50% Detector
Failures Detector Failures Detector Failures
Failures Failures
Fxy 3,80 388 3.93 3.94 4.05
Fr 332 335 345 3.56 3.76
Fq 4.10 409 414 417 4.20
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APPENDIX A: DEFINITION OF TERMS

1.0 F,: The maximum 3-D power. One value for the core; i.e., the maximum for
a nodal power (i.e, the maximum of any of { 177 / ANO-2, 217 / WSES-3 ) XY
assembly power values on any ot the 51 Z planes) times the appropriate pin to

assembly factor.

20 F,

Xy

30 E:

Calculated for each axial plane as follows.

Let there be 51 axial nodes (1=1, 51)

Let there be 177 assemblies (j =1, 177 ) (WSES-3 = 217
assemblies)

a) Search for maximum P, within that plane i

Prow =Maxof [B, B P, Byl

b) Find tt\e average power for that plane |

- ] 7

Pﬂ a ﬁ‘;; PJ'

c) Increase P . as defined in a) by the pin to assembly ratio to
account for local peaking, i.e.

P ras tocatreased = Fomee * (PIN t0 @ssembly ratio)

d) Then, define F,, for that plane |

F = P max LocalPeaked

]
o »

e) F,, is the maximum of F_,

Defined for any assembly as follows:
F.=+%P

1
L 5| o ™ N

where P, is maximum pin power in assembly | at level |

ENEAD-02-NP REV O Page 44



APPENDIX B: POWER DISTRIBUTION MEASUREMENT STATEPOINTS

Table B.0-1. ANO-2 Cycle 2 Statepoints

CEA Position (% withdrawn)

Map Exposure Boron Power
# Date (EFPD) (ppm) (%) PLR | Group 5 | Group 6
1| 08/03/81 T 180 785 100.0 100.0 100 2 99 8
2| 08/31/81 38.3 730 89 15 1000 100 0 100.0
3| 09/M11/81 48 4 702 100.0 100.0 100.0 100.0
4 | 08/24/81 608 708 71.70 100.0 1000 94 5
5 | 10/28/81 758 626 100.0 100.0 100 0 100 0
6| 11/18/81 026 571 99 58 995 99 5 90 5
7 | 12/10/81 1132 510 99 B1 99 5 98 5 99 5
8 | 01/30/82 142 1 425 100.1 99 5 99 5 90 5
9 | 02/24/82 170.8 340 99 63 90 5 00 6 95 5
10 | 03/30/82 1980 255 1002 98 9 98 9 98 9
11 | 04/15/82 214 0 200 99 54 98 1 98 6 98 4
12 | 05/14/82 225.0 206 84 .55 98.9 989 973
13 | 06/29/82 252 4 78 98 49 98 6 68 1 95 8
14 | 07/18/82 2732 26 99 30 98 .1 95 1 96 6
15 | 08/17/82 290 5 22 76 12 98 1 98 1 98 1
Table B.0-2. ANO-2 Cycle 3 Statepoints
CEA Position (% withdrawn )
Map Exposure Boron Power
# Date (EFPD) (ppm) (%) PLR | Group 5 | Group 6
1| 01/06/83 28.21 794 100.0 100 0 100.0 100.0
2| 02/07/83 33 44 757 99 .34 1000 100 0 100 0
3| 03/16/82 62.03 657 88 66 100.0 1000 100.0
4 | 04/15/83 96.16 552 100.1 99 & 98 5 99 5
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Table B.0-3. ANO-2 Cycle 4 Statepoints

CEA Position (% withdrawn)

Map Exposure Boron Power

# Date (EFPD) (ppm) (%) PLR | Group5 | Group 6

1 | 03/20/84 43 14 1057 97 24 100.0 100.0 100.0

2 | 05/29/84 101.8 847 89 97 99.5 99 5 995

3| 06/15/84 118 8 785 99.29 89.5 96 5 99 5

4 | 07/19/84 150.8 678 99 75 99 5 88 5 99 5

51 08/10/ 161 6 626 96 66 99 5 98 5 99.5

6 | 09/24/84 198 8 484 98 72 99.0 89 0 980

7 | 10/08/84 2125 446 100 1 98.0 98 0 90.0

8| 11/21/84 248 6 318 98 69 86.0 96 0 990

9 | 12/05/84 2620 275 99 87 99 0 89.0 99 0

10 | 01/16/85 3040 140 99 55 99 5 99 5 98 5

11 | 03/13/85 3536 7 89 86 99 5 89 5 99.5

Table B.04. ANO-2 Cycle 5 Statepoints
CEA Position (% withdrawr)
Map Exposure Boron Power

# Date {EFPD) {ppm) (%) PLR | Group5 | Group 6

1| 07/30/85 43 00 895 99 87 99 3 100 0 98 7

2 | 08/30/85 69 64 816 99 48 100.0 1000 100.0

3| 10/14/85 94 68 748 99 62 98 5 99 5 98 5

4 | 11/25/85 129.1 638 99 95 99 5 89 5 98 &

5 | 12/23/85 146 1 582 59 47 99 5 9% 5 97.5

6| 01/31/8% 185.1 462 99 79 99 0 99 0 89 0

7 | 02/28/86 2108 383 90 99 98 0 98.0 990

8 | 03/25/86 235.3 314 100.1 86 0 89 0 89 0

9 | 04/11/86 2524 261 100.1 80 0 26 0 898.0

10 | 05/22/86 2901 145 99 60 98 5 g8 5 94.5

11 | 06/05/86 304.2 o 100 2 98 5 98 5 98 5
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Table 2.0-5. ANO-2 Cycle 6 Statepoints

CEA Position (% withdrawn)
Map Exposure Boron Power
# Date (EFPD) (ppm) (%) PLR | Group 6 | Group 6
1| 11/15/886 45 28 1050 99 89 100.0 100 0 100.0
21 01/21/87 112.0 899 99 55 99 5 89 5 99 5
3 | 03r20/87 169 2 762 100.0 96 5 8985 855
4 | 04/18/87 187 9 688 99 60 960 98 0 88 0
51 06/30/87 2347 569 99 47 99.0 98 0 980
6 | 07/30/87 254 0 506 99 61 99 0 990 980
7 | 08/31/87 286 1 433 99 60 98.6 98 6 98 6
8 | 09/30/87 314 6 345 98 72 98 5 985 96.0
g | 10/22/87 336 4 205 90 .82 98.5 98 5 98 §
10 | 11/21/87 2616 224 100 1 98.8 98 .5 98.5
11 | 12/29/87 3983 107 99 08 98.5 98 § 98 5
12 | 01/29/88 430 3 23 99 66 98.5 985 98 5
Table B.0-6. ANO-Z Cycle 7 Statepoints
CEA Position (% withdrawn)
Map Exposure Boron Power
# Date (EFPD) (ppm) (%) PLR | Group § | Group 6
1| 07/20/88 54 27 978 90 38 100.0 100.0 100.0
2| 10/19/€8 121.3 815 100.1 995 98 5 99 5
3| 11/30/88 163.2 724 88 62 98 6 995 955
4 | 01/31/89 212.5 5§70 99 83 99 0 99.0 89 0
5 | 02/28/89 240 3 493 99 79 990 99 0 89 0
6 | 05/12/88 2927 351 99 46 98 0 99 0 98 0
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Table B.0-7. ANO-2 Cycle 8 Statepoints
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Table B.0-8. ANO-2 Cycle 10 Statepoints
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Table B.0-11. WSES-3 Cycle 2 Statepoints

CEA Position (% withdrawn)

Map Exposure Boron Power
# Date (EFPD) (ppm) (%) PLR | Group 5 | Group 8
1] 02/11/87 142 1235 68 48 100 100 100
2! 02/18/87 718 1185 84 61 100 100 100
3 | 02/24/87 12.34 1137 99 94 100 100 100
4 | 03/31/87 42 83 980 99 73 100 100 100
5 | 05/20/87 80 35 866 99 52 98 99 99
6 | 07/31/87 158 28 684 90 85 99 99 98
7 | 0B/10/87 167 45 640 99 80 99 99 99
8 | 08/31/87 187 83 582 89 83 98 o8 98
9 | 09/17/87 201 83 554 99 59 98 98 98
10 | 10/26/87 221 86 494 98 56 99 99 99
|11 11/19/87 24510 407 99 50 ge 98 98
12 | 12/22/87 27591 323 99 83 58 98 98
13 | 01/31/87 308 70 222 96 68 L) 89 99
14 | 02/29/88 33879 124 100.02 99 94 99
15 | 03/31/88 366 44 47 99 80 98 98 98
Table B.C-12. WSES-J Cycle 3 Statepoints
CEA Position (% withdrawn)
Map Expousure Boron Power
# Date (EFPD) (ppm) (%) PLR | Group & | Group 6
1| 06/27/88 17 45 1010 98 87 99 99 a8
2| 07/15/88 3813 976 99 38 100 100 100
3| 08/17/88 68 46 907 98 37 98 98 98
4 | 08/01/88 83 38 880 95 89 98 98 88
5 | 09/16/88 97 .38 874 90.00 98 98 g8
6 | 10/07/88 114 80 829 80 60 100 100 100
7 | 12/01/88 140.77 737 99 37 98 98 98
8 | 12/22/88 160 36 685 99 87 99 89 99
9 | 03/31/88 253.33 454 8973 99 98 99
10 | 06/02/89 315.95 318 89 21 9u 99 98
11 | 06/30/89 343 54 240 98 65 99 89 @9
12 | 08/01/88 399.05 84 99 60 100 100 100
13 | 09/15/89 414 01 43 96 48 100 | 100 100
14 | 05/22/88 420 85 22 99 50 100 | 100 100
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Tabie B.0-12. WSES-3 Cycle 4 Statepoints

CEA Position (% withdrawn)
Map Exposure Boron Power
[ Date (EFPD) (ppm) {%) PLR | Group 5 | Group 6
1| 12/06/88 13.25 996 99 56 39 96 99
2 | 12/14/88 21.20 985 89 70 29 99 99
3 | 04/10/90 117 05 797 99 71 100 100 100
4 | 05/02/90 138.00 758 99 98 100 100 100
5 | 06/01/90 168.83 677 89 81 100 100 100
6 | 06/25/90 192.87 629 99 81 58 99 99
b 7 | 07/31/80 228 67 541 899 75 100 100 100
8 | 10/23/80 299 49 361 99 85 100 10C 100
8! 11/12/90 31967 297 100 04 100 100 100
10 | 12/17/90 354 .53 213 99 74 95 100 100
111 01/10/91 378 18 151 99 86 100 100 100
12 | 02/22/91 420 57 40 99 85 100 100 100
13 | 23/12/91 438 39 43 96.36 93 100 100
Table B.0-14. WSES-3 Cycle 5§ Statepoints
CEA Position (% withdrawn)
Map Exposure Boron Power
# Date (EFPD) (ppm) (%) PLR | Group5 | Gruup 6
1| 06/07/91 845 1030 996 84 100 100 100
2| 06/21/91 22.19 995 9974 100 100 100
3| 07/08/91 38 31 299 88 75 100 100 100
4 | 08/02/91 60 49 945 99.90 100 100 100
5 | 09/10/91 99 06 873 9977 100 100 100
6 | 10/09/91 128.91 800 99 83 100 100 100
71 11/11/91 160.86 736 99 94 100 100 100
8 | 02/07/92 245 25 507 99 86 100 100 100
S| 03/18/92 277 47 425 99 B4 99 99 a9
10 | 04/16/82 30371 365 98 69 100 100 100
11 | 06/02/92 348 21 258 99 82 59 1] 89
12 | 07/30/82 405 B7 103 99.80 100 100 100
13 | 08/05/82 411,72 87 99 89 100 100 100
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Table B.0-15. WSES-3 Cycle 6 Statepoints

CEA Position (% withdrawn)

Map Exposure Boron Power
# Date (EFPD) {(ppm) (%) PLR | Group 5 | Group 6
1] 11/20/92 B 77 1089 96 53 100 100 100
2| 12/10/92 28 68 1043 100 07 100 100 100
3| 12/23/92 41 46 1021 100.15 100 100 100
41 01/15/93 64 34 986 95 44 100 100 100
5| 02/12/93 82 16 946 €9 86 100 100 100
6 | 03/17/83 122 .94 893 99 78 100 100 100
7 | 04/16/93 152.00 829 89 686 100 100 100
8 | 05/18/93 184 98 746 88 76 99 5 98 5 899 5
9| 06/11/93 208 22 685 100.26 89 5 89 5 99.5
10 | 07/20/93 246 B3 595 100 03 98 0 96.0 99.0
11 | 08/12/83 268 10 540 29 76 100 100 100
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APPENDIX C: ANO-2 REPRESENTATIVE BOX MEASUREMENT COMPARISONS
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Figure C.0-2 ANO Box Power Measurement Differences
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Figure D.0-1.
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WSES-3 Cycle 3 BOC Box Power Measurement Differences

1.445 GHO/MTU
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Figure E.0-1.

ANO-2 BOC-2 Fr Power Synthesis Differences

0.7282
GWD/MTU
8 8 10 1 12 13 14 15

89-00 90-23 91-00 92-24 93-00 94-25 95-00 96-00
0.710 0.882 1.224 0.966 1.372 1.070 1234 1.308
0.710 0.883 1.226 0.967 1.374 1.069 1.245 1.307
0.000 0.001 0.001 0.001 0.001 -0.001 0.008 -0.002
104-00 105-00 | 106-00 | 107-00 | 108-00 | 108-00 | 110-27 111-00
0882 1.108 0942 1.028 1.085 1.267 1.205 1.311
0.883 1.108 0942 1.031 1.057 1.266 1.205 1.310
0.001 0.000 0.000 0.003 0.002 0.000 0.000 -0.001
119-00 120-31 121-00 | 122-32 | 123-00 | 124-33 125-00 | 126-34
1.224 0.942 1.294 1.023 1.393 1.076 1.233 1.155
1.225 0.941 1.297 1.024 1.396 1.075 1.236 1.154
0.001 -0.001 0.002 0.001 0.002 -0.001 0.002 -0.001
133-00 | 134-00 | 135-00 | 136-00 | 137-00 | 138-00 138-00
0967 1.024 1.021 1.202 1.062 1.283 1.318
0.967 1.027 1.021 1.199 1.062 1.285 1.320
0.000 0.003 0.000 -0.002 0.000 0.002 0.001
146-00 147-38 148-00 | 148-39 | 150-00 151-40 | 152-00
1372 1.052 1.390 1.054 1.211 1.125 1.187
1.374 1.052 1.383 1.054 1248 1.128 1.160
0.001 0.000 0.002 0.000 0.001 0.003 0.003
158-00 158-00 | 160-00 | 161-00 | 162-00 163-00
1.070 1.268 1.077 1.281 1.124 1.128
1.069 1.267 1.076 1.283 1127 1.127
-0.001 -0.001 -0.001 0.001 0.002 -0.001
168-00 169-43 170-00 | 171-44 172-00
1.234 1.211 1.232 1.318 1.155
1.243 1.209 1.235 1.319 1.158
0.008 -0.002 0.002 0.001 0.004
175-00 176-00 | 177-00
1.309 1.310 1.155
1.307 1.309 1.153
-0.002 -0.001 -0.002

172-00 |FC Assy # - Detector #

1.155 |CECOR Fr

1.158 [SIMULATE Fr

0.004 |Difference (SIMULATE-CECOR)YCECOR

ENEAD-02-NP REV 0

Page 62



Figure E.0-2. ANO-2 BOC-2 Fq Power Synthesis Differences
0.7282
GWD/MTU
8 9 10 1 12 13 14 15

89-00 90-23 91-00 92-24 93-00 94.25 95-00 9€-00
0.826 1.018 1408 1.101 1.587 1.211 1414 1.537
0.817 1.008 1408 1.101 1.590 1.213 1.416 1.536
-0.011 -0.010 0.000 0.000 0.002 0.002 0.001 -0.001
104-00 | 105-00 | 106-00 { 107-00 | 108-00 | 108-00 | 110-27 | 111-00
1.018 1.265 1.069 1.188 1.201 1449 1.370 1.637
1.008 1.264 1.073 1.188 1.203 1.454 1.379 1.539
-0.010 | -0.001 0.004 -0.002 0.001 0.003 0.006 0.001
118-00 | 120-31 | 121-00 | 122-32 | 123-00 | 124-33 | 125-00 | 126-34
1408 1.068 1.491 1.162 1.609 1.220 1433 1.349
1408 1.072 1492 1.162 1617 1.223 1.431 1.354
0 000 0.003 ¢.001 0.000 0.005 0002 -0.002 0.004
133-00 | 134-00 | 135-00 | 136-00 | 137-00 | 138-00 | 138-00
1.101 1.183 1.158 1.362 1.202 1.484 1.543
1.101 1.181 1.158 1.362 1204 1481 1.547
0000 -0.002 0.000 0.000 0.002 -0.002 0.002
146-00 | 147-38 | 148-00 | 149-39 | 150-00 | 151-40 | 152-00
1.587 1.198 1.605 1.192 1.379 1.284 1.355
1.580 1.198 1.613 1.184 1.388 1.285 1.362
0.002 0.000 0.005 0002 0.006 0.001 0005
158-00 | 159-00 | 160-00 | 161-00 | 162-00 | 163-00
1.211 1.451 1.220 1.481 1.282 1.303
1.213 1455 1.223 1479 1.284 1.310
0.001 0.003 0.002 -0.002 0.002 0.005
168-00 | 169-43 | 170-00 | 171-44 | 172-00
1.415 1.376 1.431 1.541 1.362
1416 1384 1.429 1.545 1.361
0.001 0.006 -0.001 0.002 0.006
175-00 | 176-00 | 177-00
1.637 1.536 1.349
1.536 1.538 1.353
-0.001 0.001 0.003

ENEAD-02-NP REV D

SIMULATE Fg

Difference (SIMULATE-CECOR)/CECOR
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-2 Fr Power Synthesis Differences
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0-4. ANO-2 MOC-2 Fg Power Synthesis Differences
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Figure E.0-6. ANO-2 EOC-2 Fq Power Synthesis Differences
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Figure F.0-1. WSES-3 BOC-3 Fr Power Synthesis Differences
1.445 GWD/MTU
R 10 11 12 13 14 15 16 17
108-00 Y1000 111-00 112-00 113-00 114-00 115-00 116-00
0818 1120 1432 1178 1.376 1.266 1.396 1.084
g 0818 1119 1.438 1178 1.378 1,263 1.403 1.084 118-00
0.001 -0.009 0004 | -0003 0.001 -0.002 0.005 0.000 1073
126-32 127-00 12833 | 12900 130-34 13100 132.35 133-00 1.07
1.120 1.198 1.161 1.308 1.087 1.358 1.265 1,295 0.003
10L 1118 1197 1.158 1403 1.085 1.382 1.283 1.208 135-37
-0.001 -0.001 0003] 0004 0,002 -0.002 -0.002 0.002 064
143-00 144-00 145-00 | 146-00 14740 148-00 148-00 150-00 0,639
1432 1.180 1131 0928 1.35 1.291 1.318 1.33 -0.002
1 1438 1187 1128 0928 1.353 1.287 1314 49
0.004 -0.003 0002] 0001 0.002 -0.003 0.003 0.0:0
158-41 158-00 160-42 161-00 162-43 18300 164-44 165-00
1.179 1.398 0.834 1195 1.158 1181 1.356 1.252
12 1176 1.403 0834 1193 1182 1179 1358 1.252
0.003 0004 0000 | -0002 -0.003 -0.002 0001 0.000
173-00 17400 17500 |  176-00 177-00 178-00 17800 180-00
1.377 1.087 1.354 1.165 1343 1163 1.207 0.651
13| 1378 1.086 1356 1.161 1.346 1163 1.211 0652
0.001 0,001 0.001 0003 0.002 0.000 0.003 0.002
187-48 188-00 189-49 | 190-00 191-50 192-00 193-51
1.266 1.357 1.282 1184 1.165 1.215 0651
14, 1263 1.354 1.289 1.182 1165 1.217 C.851
-0.002 0002 0002 -0002 0.000 0.002 0.000
189-00 200-00 20100 | 202-00 203-00 20400
1.396 1,256 1319 1.357 1.208 0.853
15 1.403 1.254 1316 1.361 1213 0651
0.005 -0.002 ©0002] ©003 0.004 0.003
209-54 210-00 21185 | 21200 213.56
1.084 1.205 1331 1.251 08653
16 1.084 1.298 1332 1.253 0651
I 0000 0.003 0.001 0.002 -0.003
216-00] 217
1073 08639
17 1.070 0 640
-0.003 0.002
21356 |FC Assy # - Detector #
0735 |JCECOR Fr
0732 |SIMULATE Fr
20004 |Ditference (SIMULATE-CECOR)/CECOR

ENEAD-02-NP REV 0
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} Fq Power Synthesis Differences
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Figure F.0-3. WSES-3 MOC-3 Fr Power Synthesis Differences




Figure F.0-4, WSES-3 MOC-3 Fq Power Synthesis Differences
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Figure F.0-5. WSES-3 EOC-3 Fr Power Synthesis Differences
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