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FOREWORD

Peach Bottom Atomic Power Station Unit No. 1 was the first installation
of a High-Temperature Gas-Cooled Reactor (HTGR) in the United States. Power
operation began in January 1967 and commercial operation on June 1, 1967.
The plant was operated successfully through October 31, 1974, when it was

shut down for decommissioning.

In March 1975, the Peach Bottom End-of-Life Program, cosponsored by
ERDA and EPRI, was initiated. The prime objective of this program is to
validate specific HTGR design codes and predictions by comparison of actual
and predicted physics, thermal, fission product, and materials behavior in
the Peach Bottom reactor. These design methods verifications, to be com-
pleted in CY-78, utilize the data determined during three consecutive phases
of the program, together with the data determined in a complementary program
of Peach Bottom driver fuel element postirradiation examinations at ORNL.
The three phases are (1) nondestructive fuel and circuit gamma scanning at

the Peach Bottom site, (2) removal of Peach Bottom steam generator and

"primary circuit components, and (3) laboratory examinations of removed

components.

This report covers the gamma spectroscopic examinations of Peach Bottom
reactor core components sponsored by General Atomic and by ERDA and EPRI
under the Peach Bottom End-of-Life Program. Associated analyses and design

methods verifications are also included.
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ABSTRACT

During discharge of Core 2 from the Peach Bottom High-Temperature Gas-
Cooled Reactor (HTGR), 55 driver elements, 21 test elements, three reflector
elements, and one control rod with sleeve were axially gamma scanned with a
high-resolution Ge(Li) detector. The purpose of the exercise was to deter-
mine fission product distributions for use in burnup calculations, power
profile determinations, and fission product release and redistribution
studies. The results showed that the predicted and measured burnups had a
+7% root mean square deviation on an element-to-element basis and were
within *0.7% (10) on a core average basis. The element-to-element variation
of *77% is within the generally stated #37 to 8% accuracy for nuclear

predictions.

The only isotopes detected that redistributed within the elements were
Cs-137 and Cs-134. This redistribution was characterized by release in the
high-temperature upper portion of some driver elements, movement down the
purge stream, and buildup on both sleeve and compact surfaces in the cooler
portions of the element; the core average Cs-137 loss via migration through
the sleeve into the coolant was undetectable within the measurement uncer-
tainty of *0.4% (1og). The scanning of the reflectors and control rods
showed low Cs-137 and Cs-134 contamination and some pronounced cesium
buildup for the control rod sleeve. Cesium redistribution was found to vary
with core position; elements on the periphery of the core exhibited less

redistribution than elements near the center owing to higher temperatures.

Measured Pa-233 profiles were found to be slightly different in shape
from prédicted thorium absorption rates. Radial power factors and their
time history were reasonably well modeled. This conclusion was reached
from activity measurements for total fuel elements at various radial core

locations: 1long-lived isotopes followed the predicted time-averaged power



distributions, whereas short-lived isotopes were approaching the end-of-life
power predictions. Both end-of-life and time-averaged distributions
enveloped the isotopic distributions of short- to long-lived nuclides.

Axial power profiles were compared with short- and long-lived isotopes.

The Cs-137 profiles verified the calculated time-averaged power profiles,
and Zr-95 combined with La-140 adequately presented the predicted
end-of-life axial power shape. Analysis of single-channel strip charts
showed axial expansion of the driver fuel stacks as predicted and accounted

for by the fuel element design.

vi




o

CONTENTS
FOREWORD .
ABSTRACT . . .
1. INTRODUCTION . . . . « « « « « « o &
2. EXPERIMENTAL DESCRIPTION .

2.1. Equipment
2.2. Scanning Procedure .
2.2.1. Axial Scans
2.2.2. Static Counts
2.3. Data Processing . . . . . .
2.3.1. Isotope CPM Table . . . .
2.3.2. 1Isotope Ratio Table
2.3.3. Normalized Isotope Ratio Table .
2.3.4. Absolute Isotope Concentrations
2.3.5. Interpolation Table
2.3.6. Statistical Test Table .
2.3.7. Plot Package .
2.4, Calibrations
RESULTS
3.1. Fuel Stack Lengths .
3.2. Power Profiles .
3.2.1. Axial Profiles .
3.2.2. Radial Profiles
3.3. Composite Burnup . . . .
3.4. Fission Product Release and Redistribution .
3.5. Thorium Absorption Rates .
CONCLUSIONS
ACKNOWLEDGMENTS
REFERENCES . . . . . . . . .

vii

3-11
3-18

4=-1

5-1



APPENDIX A FIGURES . . . . + ¢ ¢« & v o o 4 o o o & o o o 4

APPENDIX B TABLES . . . . . . . . . . .

APPENDIX C E14-01 DATA PACKAGE . . . ¢« « « ¢ v v v v « o« v «
FIGURES

~ o woN

10.

11.

12.

13.
14,
15.

16.

17.

18.

19.

Peach Bottom elements scanned during Phase T .
Peach Bottom ‘elements scanned during Phase IT . . . . .
Collimator geometry in Peach Bottom charge machine .

Test arrangement for gamma scanning Peach Bottom test
and driver fuel elements

Electrical schematic of Peach Bottom gamma scanning
equipment . . . ¢ . ¢ e 4 e e e e e e e e e e e e e

Effective scanning paths of Peach Bottom EOL gamma
SCANNINE « v v v v v e e e e e e e e e e e e e e e e e

Detector counting efficiency for Phase 1 and Phase II1
gamma scanning .

E14-01 strip chart recording of Cs-137 . . . . . .

Measured axial strain versus fast fluence at various
time-averaged temperature ranges . . . . .+ .+ .+ . o

Fitted axial strain versus fast fluence at various
temperatures . . .+ . « . o ..

Normalized nuclide CPM ratio axial profiles of Zr-95
and La-~140 for E14~01 . . . . . . . . . + . v « v o . .

Normalized nuclide CPM ratio axial profiles of Zr-95
and La-140 for FO3-01 . . . . . . . ¢« ¢ v ¢ v v « o

FEVER time—~averaged power profile comparison for E14-01
FEVER calculated EQOL power profile comparison for E14-01

EOL axial power profile comparison for 14 Phase I
unperturbed elements . . . . . . .

Normalized radial distribution of La-140 and Zr-95 in
Phase I driver elementsS . . v v 4w o o o o o o o o o

Normalized radial distribution of Zr-95 in Phase II
driver elements . . . v ¢« ¢ v 4 e e 4 e e e e e e e e

Normalized radial distribution of Cs-137 in Phase I
driver elements . . v ¢ « ¢ ¢ « o 4 0 e e e e .

Normalized radial distribution of Cs-137 in Phase II
driver elements . . v ¢ ¢ 4 « v 4 4 e 4 e e 4 e 4 .

viii

B-1
Cc-1

A-3
A-4
A-5

A-7

A-8

A-9
A-11

A-13

A-14

A~15

A-16
A~17
A-18

A~-19

A-20

A-21

A-22

A-23



Yy

20.

21,
22.

23.

24,

25.
26.

27.
28.
29.
30(a).
30(b).
31(a).
31(b).
32(a).
32(b).
33.
34.

35.

Normalized radial isotope distribution summary for
Phase 1

Cs-137 inventory versus axial core position for F03-0t

FISS-PROD calculated Cs-137 inventories for Peach Bottom
driver elements

Absolute cesium nuclide activities for (a) E01-01,
(b) E03-02, (c) E06-02, (d) EQ09-01, (e) E11-01, and
(f) E14-01 e e e e e e e e e e e e e e

Absolute cesium nuclide activities for (a) F02-01,
(b) F04-03, and (¢) F15-14. Solid curves are FISS-PROD
calculations . e e e e

Relative (Cs-137 difference versus core location

Relative Cs-137 difference versus mean element
temperature

Ce-141/2r-95 CPM ratio versus thermal fluence
Ru-103/Zr-95 CPM ratio versus thermal fluence
I-131/Zr-95 CPM ratio versus thermal fluence .
Cerium/zirconium nuclide CPM ratios for EQO1-01
Absolute cerium nuclide activities for E01-01
Ruthenium/zirconium nuclide CPM ratios for E01-01 . .
Aﬁsolute ruthenium nuclide activities for E01-01
Iodine/zirconium nuclide CPM ratios for E01-01
Absolute iodine nuclide activities for E01-01
Normalized protactinium CPM ratios for E14-01

Normalized radial distribution of Pa-233 in Phase I
driver elements . . . . ¢« ¢ ¢« ¢ o o o o o o o

Normalized radial distribution of Pa-233 in Phase II
driver elements . . . ¢ v ¢ « e e e e e e 8 e 4 e .

TABLES

Peach Bottom elements gamma scanned during Phase I . . .
Peach Bottom elements gamma scanned during Phase II

Nuclear constants for isotopes used in Peach Bottom EOL
gamma scanning . . . . . . . . 0 0 v e i e e e e e e e e

FTE-6 comparison of fuel stack length . . . . . .

FTE-18 comparison of fuel body and stack lengths derived
from metrology and gamma scanning . . . . . . .

ix

A-24
A-25

A-26

A-27

A-28
A-29

A-30
A-31
A-32
A-33
A-34
A-34
A-35
A-35
A-36
A-36
A-37

B-3
. B-4

B-6

B-7



10.
11.

12.
13.

14.

15.
16.

17.
18.

19.
- 20.

21.

Phase I and Phase II fuel stack length comparison for
driver elements . . . . . .

Comparison of stack length of test elements . . . . .

Burnup comparison for driver and test elements scanned
during Phase I of Peach Bottom EOL program .

Burnup comparison of driver elements scanned during
Phase II of Peach Bottom EOL program .

Cs-137 inventory comparison of Phase T driver elements

Cs-137 inventory comparison of Phase I and IT driver
elements .

F03~01 Cs—-137 inventory comparison . . . . . .

EO1-1 comparison of calculated and measured axial
Cs-137 inventory

E03-02 comparison of calculated and measured
Cs-137 inventory

E06-02 comparison of Cs-137 axial inventory

E09-01 comparison of measured and calculated Cs-137
axial inventory . . .+ .+ ¢ v 0 e e e e e e e e e

E11-01 comparison of Cs-137 axial inventory

E14-01 comparison of measured and calculated Cs-137
axial inventory . . . . . . . . . .

Survey temperature predictions for Peach Bottom
driver elements

Position and magnitude of maximum Cs-137 release in
driver elements

Position and magnitude of maximum Cs-137 plateout in
driver elements . . . . .« . « + « . .

.

B-&
B-9

B-11
B-12

B-13
B-14

B-16
B-17

B-18
B-19

B-20



o

1. INTRODUCTION

The final shutdown of the Peach Bottom HTGR on October 31, 1974, pre-
sented a unique opportunity to measure the isotopic distribution of gamma
ray emitting radionuclides in about 10% of the fuel elements. Fifty-five
fuel driver elements, 21 fuel test elements, three reflector elements, and
a control rod and sleeve were axially gamma scanned. A description of the
core components is given in Ref 1. The first scanning operation took place
from November 24 to December 18, 1974, to measure short-half-lived isotopes;
the second phase was between May 28 and June 8, 1975, to detect long-lived
isotopes. The elements in Phase I and II scanning operations are listed in

* Tables 1 and 2, respectively, and are shown in core maps in Figs. 1 and 2.%
Phase I was privately funded by General Atomic (GA), and the program was
. merged with the EPRI/ERDA-sponsored Peach Bottom End-of-Life Program for

the Phase 11 measurements.

The raw spectra of all the gamma scanning were stored on GA SIGMA II
tapes (see Table 1). Analysis of these spectra was performed using a
spectra integration program (PBGST) and a special data reduction program
(PBEOLGS), which are discussed in Section 2.3. The objectives as outlined

in the gamma scanning test plan (Ref. 2) are to determine:

1. Axial and radial power distributions.
2. Relative and absolute burnup.
3. Fission product distributions.

*Figures and tables appear in Appendixes A and B, respectively.



4, Axial and radial thorium absorption rate distributions near end ‘;;;
of life (EOL).

5. Fuel column length changes during irradiation.

The feasibility of gamma spectroscopic examination of HTGR fuel ele-
ments had been demonstrated by the Dragon Project (Ref. 3). The methodology
for the evaluation of the Peach Bottom EOL gamma scan examination was

developed with the analysis of FTE-6 (Ref. 4).

Ten different isotopes, which are listed in Table 3 together with their

nuclear constants, were chosen to establish the following types of information:

Isotope Application
Cs-137 (absolute inventory) Composite FIMA and Cs-137 loss -
La-140 (relative) Normalized power distribution for last 50 to .
Zr-95 (relative) 200 days* of reactor operation
Cs-137 (relative) Normalized time-averaged power distribution**
Cs-134/Cs-137 (relative) Normalized time-averaged thermal fluence

distribution#**

Pa-233 (relative) Normalized Th-232 absorption rates

Cs-137/Zr-95

Ce-141/Zr-95 Fission product release and redistribution
Ce-144/7r-95 within the element
I-131/Zr-95

Ru-103/Zr-95

*Three half-lives assumed.
**Assuming fuel loadings and no cesium migrationm.
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Strip charts of single-channel scans were analyzed to determine the
change in fuel stack lengths during irradiation by comparison with preirradi-

ation data.
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2. EXPERIMENTAL DESCRIPTION

2.1. EQUIPMENT

The general arrangement of the gamma scanning equipment at Peach
Bottom is outlined in Figs. 3 through 5. The major components were a col-
limator, a charge machine, a Ge(Li) gamma spectrometer, and associated

electronic data acquisition equipment.

The Peach Bottom charge machine was outfitted with a gamma scan port
that penetrated nearly through its wall; a 12.7-mm steel plate separated
the end of the collimator from the charge machine cavity (see Figs. 3 and 4
and Ref. 2). With an element positioned in the charge machine cavity, the
collimator system allowed the measurement of gamma ray emissions from a
fixed volume of fuel. The collimator geometry and the scanning paths of the
two collimators that were used on the majority of the scans are shown in

Fig. 6.

The charge machine driver mechanism was modified to slow movement of
the element past the collimator slit (Fig. 4). Attached to the driver
mechanism shaft were a meter and a single-turn potentiometer, which were
calibrated (Ref. 8) and used to visually and electronically monitor the
position of the element relative to the collimator system. Additionally,

a switch was installed on the driver mechanism shaft and was activated once
during each revolution of the shaft. When the switch was activated, a
pulse signal was sent for graphical recording, which provided a log of ele-

ment position as a function of time.

The gamma rays passing through the collimator slit were monitored using
a high-resolution Ge(Li) detector. The detector was isolated in a lead case

to reduce background activity to a minimum. The signal from the detector



was transmitted to two monitoring systems: (1) a pulse height multichannel
analyzer (MCA) and (2) a series of single-channel analyzers (SCAs) (Fig. 5).
The MCA-accumulated gamma ray spectra were stored on magnetic tape for
computer analysis and data processing at GA. The SCA activity data of
selected nuclide peaks and their backgrounds were graphically recorded con-
tinuously as a function of time on X-Y plotters and at 1-min intervals with

scalers and a teletype unit.
2.2. SCANNING PROCEDURE

Two types of measurements were performed on each element: (1) measur-
ing activities while the element was slowly moved past the collimator sys-
tem (axial scans) and (2) measuring activities at a specified location with
the element stationary (static scans). The sequence of each element scan

was as follows:

1. Calibration (Cs-137, Co-60 source).
Background measurements.

Axial scans.

Static scans on selected fuel locations.

Trap scan.

N W N

Second calibration (Cs-137, Co-60 source).
2.2,1. Axial Scans

For the axial scans, the element was moved at a constant speed (V70 mm/
min) past the collimator system with all gamma ray monitoring systems operat-
ing, i.e., (1) MCA-magnetic tape, (2) SCA-ratemeter-recorder, and (3) SCA-
scaler-teletype. The axial scans were generally started 0.6 m and 0.3 m
below the start of the fuel column for Phases I and II, respectively, and
ended above the top of the fuel column in both Phase I and II scanning.

- The MCA was operated in a LIVE-TIME mode with a 50-s count time. During the
magnetic tape recording operation, no spectrum was being accumulated in the

analyzer (v4.3-s dead-time). The SCA-ratemeter output was continuously

2-2
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graphically recorded along with the pulse signals from the drive mechanism
locations and magnetic tape and teletype record pulses. The scalar count

times were 60 s with a dead-time of 6 s during the teletype record time.

2.2.2. Static Counts

Measurements were made with the elements stationary using both the MCA
and SCA scalar systems. The MCA was operated in a LIVE-TIME mode with a
count time of 5 min; simultaneously, five 60-s counts were made at each

scan location on the element with the SCA scalar systems.

Static counts were made in the top, middle, and bottom sections of the
driver fuel column (usually at the center of compacts 5, 16, and 25), in
the trap area of the element, and in the graphite portion of the element for
background. For test elements, static counts were made at the center of
each fuel body and in the trap area. Additional static counts were made on
fuel elements selected for destructive postirradiation examination (PIE) or

at locations where unusual activity was noted from the SCA graphs.

2.3. DATA PROCESSING

On an average, 50 to 60 spectra were measured for each element and

recorded on magnetic tape.

The raw spectra collected at Peach Bottom were transcribed and analyzed
using the SIGMA II computer PBGST program at GA (Ref. 7). This program
identified the isotope peaks, integrated the area under each peak, subtracted
out the background, and calculated the 26 counting error (Ref. 9). In addi-
tion, the program decayed the counts-per-minute (CPM) back to EOL of Core 2
(October 31, 1974, 15.35 hr) and corrected the counts for the relative
detector efficiency, absolute intensity, attenuation of the 12.7-mm steel
plate, and approximate attenuation of the fuel bodies. These corrections
(see Table 3) gave a modified CPM value which is approximately proportional

to the disintegration rate of the various isotopes. These corrections were
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not used in the following analysis because of an absolute calibration tech-
nique described in Section 2.4; however, comparison with absolute values

showed the relative corrections to be within measurement errors (Ref. 7).

The processed SIGMA II tape was then translated to the UNIVAC-1110
(Ref. 10) for data analysis. Tabulation of element scans, calculations of
absolute CPM and composite FIMA values, and comparisons and plots of isotope
profiles were all done using the PBEOLGS program (Ref. 11). The entire
PBEOLGS data package for element E14-01 is presented in Appendix C as an

example. The tables and calculations are described in Sections 2.3.1

through 2.3.7.

2.3.1. Isotope CPM Table

The first table (see Appendix C) lists the CPM of the ten selected
isotopes and their associated 1o counting errors, core position, identity,
and scan interval. The scans are listed in chronological order except for
“the static counts, calibrations, and miscellaneous scans that are tabulated

separately. In the driver elements, the automatic scans were also separated

into three strata, which represent the bottom graphite section, fuel section,

and upper graphite section; the static scans were listed as one stratum in
each element scan. In the test elements, the scans were stratified on a
body-to-body basis. The strata information was then included in the
weighted mean and associated statistical information, which is explained by

the following algorithms:

WI MEAN CPM .= :Z Wi CPMi = CPM . M
1
Wi T3¢ 0 (2)
i
where Wi = weighting factor,
Ri = scan interval,
CPMi = CPM for each individual scan,

2-4
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mean CPM weighted with scan interval;

2\ 1/2
<Z”1 Si) ’ (3

WI MEAN CPM

WI MEAN 1 SIGMA

where Si = standard error for each individual scan (10);
WT RMS = z W, (CPM, - CPM)Z] 1/2 ; (4)
(S 2.602] 172
WT ERROR = i(S)i . (5)

2.3.2, Isotope Ratio Table

The isotope ratio gives the calculated CPM ratios of various isotopes
for each scan from the CPM table (Section 2.3.1). The following statistical

algorithms apply:

CPM
RATIO = Ri =ﬁ§— R (6)
s, 2 SB 2 =1/2
1 SIGMA ERROR = Rl (CPMA ) + (CPM_B ) = SR1 . (7)
WT MEAN RATIO = Z wi Rl = Rl . (8)
) 1/2
WT MEAN 1 SIGMA = (Zwi sRi) , (9)
' 7 1/2 |
WT RMS = [zwi (Ri - Ri) ] . (10)
WT ERROR = <2wi Ri)”z . (11)
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2.3.3. Normalized Isotope’Ratio Table

The normalized isotope ratio table shows the CPM of various isotopes
normalized to the total weighted mean of all strata containing fuel. The

following algorithms apply (Ref. 4):

CPMi
Ni = |, (12)
CPM
where Ni = normalized ratio,
CPMi = CPM for each scan (see Section 2.3.1),
CPM = weighted mean of all fuel sections (total strata mean);

2
CPM, SCPMi , CPM, Serm 27 1/2
1 SIGMA ERROR = —— TPM "N = +H — s (13)
CPM i CPM CPM

1 SIGMA counting error of isotope i on each scan,

where SCPM

Seem

1 SIGMA counting error on mean CPM along the fuel element

(of any preselected strata) (see Eq. 5).

The WI MEAN, RATIO, WI MEAN 1 SIGMA, WT RMS, and WT ERROR are all
calculated from Eqs. 6 through 11 in Section 2.3.2.

2.3.4. Absolute Isotope Concentrations

The quantitative isotope concentrations and composite fissions per
initial metal atom (FIMA) using Cs~-137 and Ru-106 are shown in the next
table (see Appendix C). The calculations of the curies and FIMA are ex-
plained in Section 3.3. For convenience, the reported curie value at each

axial location is for an equivalent compact at that position (see Section
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2.4 for a detailed discussion of calibration). This allows the direct
comparison of results using different collimators and gamma scanning of fuel
compacts at ORNL without the need for complicated scanning geometry correc-—
tions. The error analysis of these calculations is discussed in detail in
Ref. 4. Reduction of the strata information is done with the algorithms

outlined in Section 2.3.1.

2.3.5. Interpolation Table

The interpolation linearly interpolates the CPM and ratios to any set
of axial locations. The centerlines of all compacts are used for interpola-
tion points for the fuel driver elements. Because the scan interval is

equal by definition, the algorithm can be simplified:

Y=%Zx, : (14)

1/2
\ 2
Zs ) , (15)

=

R E —.2
RMS = [Hz(Ri - R)] i (16)

1 9 1/2
ERROR (—2 ZSX ) ) (17)

2.3.6. Statistical Test Table

The statistical test table is designed to compare any stratified meas-
ured information with predictions or equivalent measured information for
statistical significance. The relative difference between the two values
for comparison calculated with an associated error and a statistical indi-
vidual agreement test is applied to the comparison. These tests and the

method of calculation are outlined in Section 3.1.
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2.3.7. Plot Package

Any strata information can be plotted against the axial core location

of the particular scan along the fuel element.

2.4. CALIBRATIONS

To calculate absolute curie and FIMA values for the driver elements it
was necessary to calibrate the scanning geometry at Peach Bottom. This was
achieved for Phaée I by cross-calibrating the results determined from ORNL
on individual driver element compacts from element E14-01 (Ref. 12) and the
in situ scanning of E14-01 at the Peach Bottom site. E14-01 was chosen as
a calibration element because it did not show significant cesium transport
(Ref., 12). 1If an element with cesium transport had been used for calibra-
tion, it would have been impossible in the Peach Bottom scans to separate
the detected cesium activity in the compact from that built up on the
graphite components. This would have caused an erroneous comparison with
individual compact activities determined at ORNL, which do not contain the
accumulated cesium activity of the sleeve and center spine cross sections
- seen in the Peach Bottom scans (see Fig. 6). However, this problem can be
overcome by composition of activity measurements at ORNL for compact and

graphite components, as described in Section 3.4.

In the calibration procedure, four static scans were taken from E14-01
which corresponded to the mean activities of the four compacts measured at
ORNL. Using the absolute isotope activities measured at ORNL for each
compact and the relative activity in CPM observed at Peach Bottom, the
absolute counting efficiency of the Phase I Peach Bottom gamma scanning
geometry (17.47-mm x 0.254-mm collimator) can be determined using the fol-

lowing equation for each particular nuclide gamma energy peak:

CPM

= DPM * A.I., ° (18)

CE

2-8




where CE = absolute counting efficiency,

CPM = counts per minute measured at Peach Bottom for about 76.2 mm

(3 in.) of axial fuel element length,

DPM = disintegrations per minute measured at ORNL for a single fuel

compact of 76.2-mm (3-in.) length,
A.1I., = absolute intensitv of a particular isotope.

This expression includes all the geometry and attenuation effects
associated with the Peach Bottom scans. All driver fuel spectra were con-
verted to an equivalent axial fuel element section of 76,2 mm (3 in;) at the
axial midpoint of each scan. This calibration does not fully account for
relative depletion or enrichment of a mobile isotope along the scanning
geometry due to radial and axial migration compared with nonmobile isotopes
within the scanned volume. For the releasing element F03-01, the measured
Cs~-137 inventory was close to that predicted (see Section 3.4), which indi-
cates that the geometry effects described above still allowed the determina-
tion of axial Cs-137 and Cs-134 activity within the accuracy of the

calibration.

The counting efficiency was calculated for all the isotope energy
peaks except La-140 and I-131, which were too short-lived to be detected at
ORNL. The counting efficiency of these two isotopes and all other isotopes
was determined from the logarithmic first-order fit through the counting

efficiency versus energy data of peaks greater than 300 keV (Fig. 7).

Because the counting efficiency changes with each geometry, it was
also necessary to determine the counting efficiency for the gamma scanning
of Phase II driver elements, which were measured with a 6.35-mm x 1.27-mm
collimator. All of .the driver elements scanned at ORNL were from Phase I;
therefore, the calibration procedure used for Phase I was not applicable

for Phase II gamma scanning. To correct for this, several collimators used
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on E14-02 and E03-01 were intercompared to determine a factor that could

be multiplied by the Phase I counting efficiencies to give appropriate
results for the Phase I scans. Element E14-02 was scanned with the 0.254-mm
x 17.475-mm and 0.254-mm x 23.876-mm collimators, and E03-01 was scanned with
the 0.254-mm x 23.876-mm and 1.270-mm x 0.635-mm collimators. The relation-

ship between the various CPM values seen by each collimator is as follows:

5.025 s : (19

Y
A

> |
*
WO

where A = (0.254 mm x 17.475 mm) Phase I driver elements,
B = (0.254 mm x 23.876 mm) Phase I and II driver elements,
C = (1.270 mm x 0.635 mm) Phase II driver elements.

The counting efficiency of each isotope used in the analysis of Phase
I1 was determined by multiplying the counting efficiency determined for the
Phase I collimator by 5.025. Both calibration curves are shown in Fig. 7.
Certain elements in both Phase I and Phase II could not be calibrated for
quantitative results. The nonfueled components including reflectors (A18-08,
D18-12, and D17-12), a guide sleeve (E08-01G), and a control rod (E08-01)
had no calibration. In Phase I, FPTE-3 (E14-08) and FTE-18 (E06-01) (Ref. 9)
were not calibrated because of unusual fueled geometries and can presently
only be evaluated in relative terms. Some isotope calibration data may
become available from PIEs at the Atomic Energy Research Establishment
(AERE), Harwell, Great Britain, and Kernforschungsanlage (KFA), Julich,
West Germany. In Phase II, F01-01, F07-06, F09-08, F10-09, F14-13, and
F12-11 did not yield quantitative results because of collimator or detector
problems during scanning,* which were not recognized until the fuel ele-

ments were sealed for final disposal in Idaho.

Several of the driver elements were scanned twice for reproducibility.

Specifically, the double scanning of A17-11 and C02-01 (FTE-6) showed

- .

F01-01 lost collimator identity; F07-06, F09-08, F10-09, and F12-11
had collimator or detector problems; and F14-13 was inadvertently scanned
with a lead shield in place.

2-10
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measurements of all the isotopes to be well within the 20 counting errors

as shown below:

Pa-233 Activity
Scan 1 Scan 2

Element (CPM * 20) (CPM * 20)
A17-11 49,224 + 902 49,441 * 900
C02-01 (FTE-6)

Body 1 168 + 12 1717 = 13

Body 2 341 + 25 302 £ 23

Body 3 349 = 30 3417 £ 28

The counting efficiency of the test element gamma scans was calculated
using the same methodology applied to the driver elements. The source terms
in both the six- and eight-hole teledial configurations came from FTE-15
(Ref. 13) and FTE-6 (Ref. 4) hot cell gamma scanning at GA. By calculating
the volume percent of each fuel rod scanned in the collimator path (see
Fig. 6), the total absolute activity of each of the major isotopes was
determined from calibrated GA hot cell scans on individual fuel rods. Using
these calibrated disintegrations per minute (DPM) values and the CPM values
seen in the Peach Bottom scanning of FTE-6 and FTE-15, the counting effi-
ciency was calculated using Eq. 18. The absolute curie values quoted in the
analysis section for the fuel test elements are for the volume of fuel and
graphite seen by the collimator in Fig. 6 over the nominal length of a
standard equivalent fuel rod (49.28 mm or 63.5 mm for the eight- or six-hole
teledial configuration, respectively) which has its ﬁidpoint at the center-
line of each Peach Bottom scan. The difference between the driver énd test
element calibration is the corresponding fuel and graphite volume, which is
the equivalent of one fuel compact inclusive spine and sleeve section,
whereas test element inventories are representative for the fraction of fuel
rods (about 3 and 3.5 fuel rods for six~ and eight-hole teledial configura-
tions, respectively) and graphite within the collimator path shown in

Fig. 6.
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3. RESULTS

3.1. FUEL STACK LENGTHS

One of the goals of the Peach Bottom EOL gamma scanning program was to
determine the in situ fuel stack lengths of various driver and test ele-
ments from Phase I and Phase II., Using the single-channel strip charts of
various nuclides and the calibrated Veeder-Root location system, the fuel
stack lengths were determined for each fuel element scanned. Figure 8 shows
a typical strip chart from driver element E14-01. In most cases, several
nuclide strip charts were available for each fuel element; therefore, the
mean, X, and standard deviation on the mean, Si’ were calculated when

applicable.

The statistical tests used for the comparison of the methods were the
individual values agreement test, the group agreement test, and the group
goodness-of-fit test (Ref. 4). The null hypothesis, i.e., that there is
no difference, is accepted at the 0.05 significance level for the individual

value agreement test if

Z.
laj] = |e& ] <1.96 (20)
73

it

where Zj relative difference,

S

Zi error on the relative difference.

The group agreement test is passed if

|/m d] < 1.96 (21)

where m = number of measured values or tests,

d = average of Zj/lszjl for the m values.
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‘ ; The group goodness-of-fit test is accepted if

s.\° 2
1 2(_3_) . Xo.95 (22)
m SZj — m ’

where xg g5 = upper 95 percentile point for the chi-squared distribution

with m degrees of freedom.

The axial variability is within the uncertainty of the measurements if

m RMSi ) Xod.f95 ’ %
df o
where df = degree of freedom (usually m - 1),
o = 1/m ng mean measurement error,
RMS® = 1/m (Zj - 2)2 root mean square deviation (axial
variapility).

Comparison of fuel body stack lengths from the'destructive PIEs and the
Peach Bottom EOL gamma scanning of FTE-6 (Ref. 4) was used to qualify the
accuracy of the gamma scanning method. As shown in Table 4, there are no
significant differences in the two measurements. This permits the confident
use of stack lengths for elements where no direct postirradiation measure-

ments are available.

For the Phase I element, FTE-18 (Ref. 9), single~channel isotope plots
were analyzed for fuel body and total stack lengths. A comparison of the
lengths as derived from metrology and gamma scanning is shown in Table 5.

The following conclusions can be drawn:
1. When comparing total fuel body stack length information determined

A
from gamma scanning and metrology, a bias of b = 8 * 2 mm was

detected for the Peach Bottom scan length over all six fuel bodies.

-



However, this is a small relative error of 0.4 * 0.1 (10)% over

a total length of 2083 mm (82.01 in.).

2. The associated error with the Peach Bottom scan-derived fuel body
strain data can be as large as the measured effect. Therefore,
for strain information, metrology data are preferred. On the
average, the bias was g = 54 * 17 (10) (relative %) between the

two methods of strain measurements.

3. The hot cell scan data give an accumulative EOL fuel length of
2051 mm (80.75 in.), which results in an accumulative fuel-free
length of 32 mm (1.26 in.). This is a revision of the information
presented in Ref. 9, which results from the recent calibration of
the gamma scanner drive mechanism at the GA hot cell (change from

0.04 in./rev to 0.04167 in./rev).

4, By application of the metrology-derived stack strain, -the accumu-
lative beginning-of-life (BOL) fuel length was 2063 mm (81.25 in.)
rather than 2036 mm (80.16 in.) nominal; i.e., the fuel-free zones
at the ends of each fuel body averaged 2.7 mm (0,11 in.) rather

than 5 mm (0.2 in.).

5. Significant differences between metrology-derived and Peach
Bottom gamma-scan-—-derived length measurements were detected at
the 957% confidence level by application of statistical test
methods. However, the absolute differences are small and are
acceptable for length determination. For reliable strain infor-

mation, precision metrology is the preferred method.

Results of the relative change of in situ stack lengths for Phase I
and Phase II driver elements are presented in Table 6. Table 7 shows the
results of the test elements scanned in Phase I. The driver element strains

are compared with mean fast fluence and time-averaged fuel temperatures in
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Figs. 9 and 10. The following conclusions can be drawn from the results of ‘;;}

the Phase I and Phase I1 gamma-scan-derived fuel stack lengths:

1. Fuel stack lengths of driver elements had an average expansion of
0.7% with a standard deviation on the mean of *0.27%. The fuel
stack expansion tended to increase with both fast fluence and
temperature. The data were found to best follow the computer-

derived relationship (see Fig. 10)

-4
ags = 2221 9 5y | (24)
10°" em © °C
25 2
where ¢ = fast fluence (10" n/cm™),
T = element and time-averaged temperature (°C),
d2/% = strain of fuel stack length (%).
2. Fuel stack lengths in the test elements all decreased. All ele-

ments containing TRISO-BISO or TRISO-TRISO" fuel with the excep-
tion of FTE-9 showed approximately 1% shrinkage. Element FTE-9
showed shrinkage of 3.5% for a TRISO-BISO fuel, which is sig-
nificantly more than expected and is believed to be a measurement
error. Element FBTE-1 with BISO-BISO fuel shrank about 3%, and
blended beds in FBTE-5 had about 2% shrinkage.

3.2. POWER PROFILES

Short- and long-lived isotope profiles were used to verify, respectively,
axial and radial EOL and time-averaged power profiles, Normalized profiles
for La-140 and Zr-95 were used to test the power during the last 50 to 200
days, and Cs-137 and Cs-134/Cs-137 normalized profiles were used in the
comparison of calculated time-averaged power profiles and thermal fluence

profiles, respectively.

* .
Gamma spectroscopy only detects the fuel stack envelope, i.e., the

stack with the least shrinkage; consequently, TRISO-TRISO fuel is usually

detected. @
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3.2.1, Axjial Profiles

In the axial power profile comparison, two qualifications were neces-
sary in the use of the isotope profiles. The first was that only elements
with insignificant cesium migration could be used in the time-averaged
power profile comparison. The other was that the loading of each element
was assumed to be constant along its length; this assumption was necessary
to allow the use of the Cs-134/Cs-137 ratio, which is not related to the
power if the fuel loading changes and is more representative of the thermal

fluence distribution in any case.

In the Peach Bottom scans, Zr-95 and La-140 profiles showed insignifi-
cant differences for unperturbed elements two or more locations away from
control rods. This suggests little difference in the relative power pro-
file for the last 50 to 200 days. Figure 11 shows the close agreement in
these two isotope profiles for E14-01, which was not influenced by control
rods. In driver elements that were near control rod banks which were grad-
ually withdrawn toward EOL, the isotope profiles are different because of
a significant change in the axial power profile distribution with time.

Figure 12 shows an example of this for FO03-01,.

E14-01 was used in the comparison of FEVER-calculated isotope-derived
power profiles. In Fig. 13 the E14-01 time-averaged profiles show good
agreement between measurements and predictions except for the bottom of the
core, where apparently more thermal neutron reflections occurred than was
predicted. The E14-01 EOL power profiles are also compared with FEVER-
calculated values in Fig. 14; in this case the profile flattened as pre-
dicted, but the shift in the peak to the top of the element was not obvious.
When 14 unperturbed elements were grouped together, the average La-140
activity was found to follow the same trends as it did in E14-01 when com-

pared with the FEVER EOL power (see Fig. 15).

3.2.2. Radial Profiles

Using the mean activity of La-140, Zr-95, and Cs-137 in driver elements

not influenced by control rods, the radial core distribution of these
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isotopes was compared with the GAUGE-predicted EOL and time-averaged radial
power profiles. Figures 16 and 17 show the predicted EOL profile and the
normalized isotope activities of both La-140 and Zr-95 for Phase I from 15
unrodded fuel elements (as identified in Table 8%) and Zr-95 for Phase 11
from 15 unrodded elements (see Table 9*)., 1In both cases the normalized
isotope profiles appeared somewhat flatter than the predicted EOL, with the
Zr-95 profile being further away from the predicted EOL power shape than
the La-140 profile. '

The Cs-137 profile is also compared with the time-averaged power pro-
file in Figs. 18 and 19 for Phase I and Phase II, respectively. In both
Phase I and Phase II driver elements, the relatively flat predicted time-

averaged power profile was substantiated by the measured Cs-137 activity.

In Fig. 20, a summary of the calculated radial power profiles and

measured isotope profiles shows some interesting trends:

1. There appears to be an area around core radial position 9 or 10

with no change in the relative radial power production.

2, With increasing time, the relative power production became
higher in the center and lower at the periphery, which makes the

control rod removal pattern visible,

3. Owing to the fact that the predicted EOL and time-averaged power
distributions envelope the short-, medium-, and long-life iso-
topic distributions on either side, it is concluded that the
radial power factors and their time histories are reasonably

well modeled.

*Except A03-03 for Phase I and E03-01, E14-02, and F05-04 for Phase II
because of different irradiation exposure (A03-03) or arbitrary reduction
toward the same sample size between Phase I and Phase II for statistical

purposes.
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3.3. COMPOSITE BURNUP

Ru-106 and Cs-137 can be used to establish a composite burnup which is
defined as the number of fissions occurring per initial heavy metal atom

(FIMA) .
The burnup can be calculated by

DPM
- , 25
FIMA, U+ Th )Xy (25)

where FIMAC = composite burnup,
DPM = disintegrations/minute of isotope at EOL,
A = isotope decay constant (min-1),
y = fractional fission yield of isotope from U-235),%
ThO = number of atoms of thorium at BOL,
Uo = number of atoms of uranium at BOL,

A rigorous analysis requires the calculation of the decay of the
isotope during the life of the reactor. When long-lived isotopes are used,
the power fluctuations of the reactor become more insignificant and it can
be assumed in most cases that the reactor operated at constant power for the

life of the core. In this case the decay during life can be approximated

by
] - e-xt 2
- L 6
N N( Tt ) )
where N' = atoms of isotope corrected for decay during life,

atoms of isotope at EOL,

-1
isotope decay constant (s ),

time of irradiation (s).

[md
I

*Assume the same for U-233.
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There was gross redistribution of Cs-137 in the majority of the ele-.
ments, as discussed in Section 3.4, Substitution of Ru-106 as a fission
monitor in cases of cesium loss or movement .was not possible because of its

low yield and consequently large counting error.

In cases where Cs-137 was redistributed in the element but not lost,
the total Cs-137 inventory can be used in the calculation of an element
average FIMA and compared with GAUGE predictions. (GAUGE is a two-
dimensional depletion code in an r-© geometry.) It .is felt to be a reason-
able assumption in light of an approximate loss of 65 Ci (Ref; 14) into the

primary circuit, which is 2 x 10—4 of the total Cs-137 inventory of the

core.

Table 8 summarizes the FIMA comparison between all the driver elements
and several test elements that had constant axial fuel loadings. 1In all

cases the calculated and measured absolute FIMA were within z15% of each

other.

To demonstrate the agreement of the calculated and measured FIMA on a
core average basis, all the fuel driver elements except for F07-06, F09-08,
F10-09, and F12-11, which showed scanning problems, and F01-01, which had

no calibration, were averaged. The results are as follows:

FIMA (n=48) Relative Difference
Calculated _ Measured _ S= (1
(at. %) (at. %) (C/M-1)=Z z (19)
Mean 7.53 7.59 - =0.004 +0.007
RMS +1.45 +1.54 +0.068 —-—
Error (10) -- . £0.05 +0.048®

(a) Mean relative measurement error for individual driver elements.

=
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This analysis shows a -0.4% * 0.7% (1o) higher FIMA than that predicted
by GAUGE. Using an individual agreement test discussed in Section 3.1, 14
out of 48 of the driver elements showed differences between the calculations
and the measurements that could not be attributed to the measurement error.
On a group basis (Eq. 21), the agreement showed that there was no difference
at the 0,05 significance level between the measured and calculated values.
Consequently, there was no significant difference between the calculated and
measured burnup on a core average within the uncertainty of *0.7%. (The
established bias of -0.47% is well within the uncertainty of *0.7% and can
therefore be ignored.) The root mean square deviations, RMS, for the cal-
culated and measured FIMA values were within *5% of each other, which is
evidence that the element~to-element variation was well predicted for the
core., The measured RMS is higher than the predicted, which is partially due
to a superposition of counting errors in addition to the true element-to-

element variability.

As mentioned above, several of the fuel elements showed significant
differences between the calculated and measured FIMA values. Using the
element-to-element variation test (Eq. 20), the difference between the cal-
culated and measured burnups on a core basis was found to be significant,
with *6.8% versus a mean counting error of *4.8%Z. The observed range was
between +14% and -15%, which covers the 20 range of the observed RMS de-
viation. From a statistical viewpoint, the deviations for all the 48
driver elements participating in the test were within the 20 range and

therefore acceptable for the test.

In summary, it is concluded that the core average power was predicted
within #0.7% (10) and that the element-to-element variation between pre-
dicted and measured local power was within 26.8% (lo). This is even better
than the commonly stated uncertainty of +3% to +8% for nuclear depletion

calculations (Ref. 15).
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Several test elements with uniform axial fuel loadings are compared
with GAUGE-calculated values in Table 8. The comparison of the eight test

elements with a mean element FIMA is shown below:

FIMA (n=8) Relative Difference
Calcul?ted Measufed o S- (10)
(at. %) (at. %) (C/M=-1)=Z Z
Mean 7.82 9.10 -0.125 +0.022
RMS £2.,22 +3.05 - +0,122 -
Error (10) — £0.22 ©+0.062®) -

(a) Mean relative measurement error for individual fuel test elements

On an individual element basis, four of the eight test elements showed
significant differences between the measured and calculated values. On a
group level, the bias between the calculated and measured values could not
be explained by measurement errors. A possible explanation for the bias is
the complicated scanning geometry (see Fig. 6). Because the amount of
fueled volume can change with azimuthal movement, the confidence in the
scanning configuration of the fuel test elements is less than for driver
| fuel elements, where rotation and off-axis effects of the element within the
fuel handling machine had less effect on the scanned geometry. The lowering
of. the fuel elements from the fuel handling machine into storage cans was
occasionally monitored with a television system. Very slight rotation and

pendulum effects were observed during these operations.

The alternative explanation is an obvious underprediction of time-=
averaged power for this group of test elements. This is not necessarily
representative for the total group of 33 test elements; however, the RMS
deviation of *12% between predicted and obtained test element power may be
indicative of the achievable accuracy in lack of any other information
(e.g., destructive burnup measurements). The observed deviations ranged

between +107 and -247%.
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3.4, FISSION PRODUCT RELEASE AND REDISTRIBUTION

One of the major goals of the EOL gamma scanning exercise was to de-
termine the release and redistribution of relative fission products within

the driver and test elements and possible migration through the sleeves into

the primary circuit.

The total measured cesium inventory at EOL in each of the driver ele-
ments in both Phase 1 and Phase II is compared with the predicted Cs-137
inventory in Tables 10 and 11. The predicted Cs-137 inventory was derived
from the GAUGE FIMA and Eq. 19. Because of the direct relationship between
FIMA and the Cs-137 inventory, the bias between the calculated and measured
mean Cs-137 inventory was similar to the FIMA biases in Tables 8 and 9 on
both an element-to-element basis and a core average basis. Because of the
smaller uncertainty in the Cs-137 activity compared with deduced burnup
values, there were 21 out of 48 elements which showed significant differences
at the 0.05 level between measured and calibrated values using the individual
agreement test (Eq. 20) as compared with the burnup comparison, where 14 out
of 48 elements showed disagreement. On a core average basis, the group
agreement test showed no difference between the measured and calculated

values on the 0.05 significance level.

The following values were obtained:

Cs-137 Inventory (n=48) Relative Difference

Calcu}ated Meas?red _ S= (10)

_ (e _ (i) (C/M-1=7 7
Mean 391 395 -0.006 +0.004
RMS +48 %55 +0.066 -
Error (10) -- +1 +0.025®) -

(a) Mean relative measurement error for individual driver elements.
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The numerical conclusions are that on a core average basis, the cesium
inventory is predicted within *0.4% (the established bias of -0.5% is within
the 20 limit of the progressed measurement error and therefore is ignored).
The element-to-element variation was established with +6.6%, which again is
larger than the mean relative measurement error of *2.5%. The measurement
uncertainty on the cesium inventory represents a fraction of i3.5i<10_3,
which is a factor of 18 larger than the estimated core release (Ref. 14) of

—4%
2 x 10 4 into the primary circuit.

An assumption in the measurement of the Cs-137 activity from the Peach
Bottom gamma scans is that the Cs-137 inventory is contained within the
compact in a homogeneous manner. In reality, this is not true because the
regions where Cs-137 is lost from the compacts or built up on the sleeve
and spine would be different from the calibrated geometry of a fuel compact
with a homogeneous isotopic distribution. The impact of this effect is
shown by the full element scanning of F03-01 at Peach Bottom and individual
compact, sleeve, and spine scanning at ORNL. If the effect were large, the
difference in the ORNL and Peach Bottom scans would be significant. 1In
Table 12, the activity of each compact and the adjacent sleeve and spine
sections as determined at ORNL are compared with FISS-PROD** predicted Cs-137
inventories and inventories determined from the Peach Bottom gamma scans,
which were calibrated with the E14-01 inventory measurements at ORNL., The

results are summarized below:

Measurement
Cs-137 Inventory Error
Method (Ci) (Ci)
GAUGE 383.8 ND
FISS-PROD** 394.6 ND
Peach Bottom 404 .8 7.1 (1o)
ORNL 404 .2 £3.2 (10)

*Reference 14 assesses 65 Ci of cesium released into the primary
circuit, which represents a fraction of 2 x 10~4 assuming a total core
inventory of 3.2 x 10 Ci, based on the mean inventory per element times
804 elements. Some additional cesium was accumulated at reflector and
control rod components, which was not accounted for in the 65~Ci estimate.

**FISS-PROD is a one flux group depletion code.
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The good agreement between the ORNL and Peach Bottom determinations con-

firms the precision of the E14-01 and F03-01 inventory measurements at

ORNL.

The axial distribution of the Cs-137 was also found to be in good

agreement for the ORNL and Peach Bottom scans, as shown in Fig. 21. This

comparison demonstrates that the Peach Bottom scanning accurately measured

the cesium activity in elements that had significant cesium redistribution.

Reflector and control rod components were also gamma scanned and

showed low Cs-137 contamination as follows:

Cs=-137 Activity
Above Background

Cs-134 Activity
Above Background

Element Element Mean Error Mean Error
1.D. Type (CPM) (%) (1g) (CPM) (%) Qo)
A18-08 Reflector 12.6 4,3 <0,1 -
D18-12 Reflector <0.3 <0.1 -—
E17-16 Reflector 13.6 tS.Z(a) <0.1(a) -
E08-01G Control rod 24,9 4.6 37.4 +1.2
guide sleeve
FO08-01A Control rod 8.1 +5.,7 1.8 +0.4

(a) Using average background from A18-08 and D18-12,

The control rod sleeve (E08-01G) had the highest cesium levels above

the background.

Because there is no quantitative calibration for the scan-

ning of these reactor components, an assessment of the magnitude of the

cesium accumulation cannot be made until some calibration has been done on

reflector A18-08, which was shipped to ORNL for PIE.

On a semiquantitative

basis the buildup would be small, because 20 CPM of Cs~137 corresponds to

<1% of the activity seen in a standard driver element, which is 75 Ci.



Low release was also evident from the scan of the fission product trap
in each of the driver elements (see Tables 10 and 11). In all cases except
two, the cesium activity in the trap was only slightly above the background.
In E04-02 and E09-02, the activity in thé trap was an order of magnitude
higher than for the rest of the elements. Using the detector calibration
for the fuel scanning, there was a 7- to 9-Ci buildup of both Cs-137 and
Cs-134 in each trap. This corresponds to approximately 27 of the total
cesium inventory in these two particular elements; however, these values
have to be confirmed by inventory measurements for specific fission product

traps at ORNL.

The redistribution of mobile fission products in the elements is
characterized by the predic¢ted and measured profiles of these isotopes. In
the case of Cs-137, the predicted values from the FISS-PROD (Ref. 16) cal-
culations are a good representation of the non-distributed profile because
the long half-life of Cs-137 (30.1 yr) is not seriously affected by the

detailed power history of the element.

Only the Cs-137 was calculated with FISS-PROD owing to the simplicity
of this one-dimensional depletion code, which does not accurately predict
short-lived isotopes. All other isotopes will be analyzed qualitatively by
their profiles and in comparison with non-releasing isotopes. The FISS-PROD
determined relationship between fluence and Cs-137 activity produced is

shown in Fig. 22.

The redistribution of Cs-137 within the driver elements appears to
correlate with core location, which is explainable by the fuel element
temperature. The difference in Cs-137 redistribution is illustrated
graphically in Fig. 23. These plots éhow the measured and predicted Cs-137
inventory for E01-01, E03-02, E06-02, E09-01, E11—01,’and E14-01, which
covered the radius of the core. In Tables 13 through 18, the quantitative
difference between the measured and calculated Cs-137 inventories is given.
From the comparison of the six elements it is obvious that the Cs-137

distribution is similar in all elements. Generally, the highest Cs-137 loss
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occurs in the upper portion of the element near compacts 18 through 22, and
thus Cs-137 is subsequently transported downward by the purge stream until
it accumulates on cooler surfaces. The maximum accumulation occurred
between compacts 2 through 8 in the six fuel elements analyzed. To show
that this behavior is consistent for other radial sections through the
core, the plots of Cs-137 activity of F02-01, F04-03, and F15-14 are given
in Fig. 24, Again, the Cs-137 redistribution is seen to increase with
locations nearer the center of the core. The three plots in Fig. 24 also
show the measured activity of Cs-134. It is obvious from the profiles that
both isotopes of cesium redistribute themselves in the elements in a

similar fashion.

To further illustrate the core location* effect and Cs-137 loss in
the upper high-temperature region of the driver elements, a plot of core
locations versus maximum Cs-137 loss is shown in Fig. 25. With few excep-
tions, increasing Cs-137 release was found for compacts 15 through 22 with

decreasing distance from the core center.

Cs-137 redistribution data for E01-01, E03-02, E06-02, E09-01, E11-01,
and E14-01 from Tables 13 through 18 were used in a correlation of Cs-137
release to fuel temperature within the element. The time-averaged SURVEY
(Ref. 17) calculated fuel temperatures (Table 19) for several of the com-
pacts in each element are plotted against the relative Cs-137 difference in
that compact in Fig. 26. This plot shows a noticeable loss of Cs-137 from
the compacts starting at approximately 1060°C (time-averaged temperature).
Above this temperature the magnitude of the loss increased but appeared to
be somewhat random. The scatter in the data is attributed to the uncertainty
in the measurements and in the SURVEY-calculated temperatures, which have an
intrinsic error and are not fully representative of the diffusive release of
Cs-137; in fact, the activation-energy time-weighted temperature should be
used in the comparison of the Cs-137 diffusive process as explained in
Ref. 4. The time-weighted temperature is used only for illustrative purposes

in this particular analysis.

*Core radial location is defined by the first two digits of the element
identity. For example, the core location for F06-02 is 06. This number is
directly related to the distance from the center of the core, which varied
between 01 to 17.
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Another analysis was performed on all the driver elements to summarize
the effect of Cs-137 redistribution within the core. For all driver
elements, the maximum Cs-137 buildup and release areas were determined
and related to the time-averaged temperatures in Tables 20 and 21. Several

conclusions were drawn from this analysis:

1. Maximum Cs-137 plateout occurred in compacts 5 to 14, and

maximum Cs-137 loss occurred in compacts 15 to 25.

2. The time-averaged temperature of the fuel where Cs-137 loss was
greatest was 1100°C with an RMS of #30°C for 37 driver elements
that showed Cs~137 loss. This generally corresponded to the

location of peak fuel temperature of the elements (see Fig. 26).

3. The Cs-137 plateout occurred in regions with fuel temperatures
of 936°C *81°C (RMS) and maximum EOL sleeve temperatures of
652°C +46°C (RMS).

The redistribution and loss of other radionuclides were also considered;
specifically, cesium, ruthenium, and iodine isotopes were tested for mobility.
" The mobility tests were performed in fuel elements using several non-
releasing fuel elements as internal standards. The criterion for loss or
movement was deduced from a comparison of isotopic ratios between a mobile
and a non-mobile isotope; Zr-95 was chosen as a non-mobile isotope. A

description of the test statistic is given in Ref. 4.

FISS-PROD calculations of the isotopic inventories of a fuel compact at
various thermal fluence exposures showed that the isotopic ratios changed
from 5% to 20% within the thermal fluence exposure of the fuel driver ele-
ments. Therefore, a correlation of thermal fluence versus isotopic ratios
can be established when comparing a non-releasing element with elements

suspected of release.




Qii} The ratios chosen for the initial analysis were Ce-141/Zr-95, Ru-103/
Zr-95, and I-131/Zr-95. Ru-106 and Ce-144 were not chosen for mobility tests
because of the low fission yield of Ru-106 and because of the low absolute
gamma ray intensity for Ce-144, which resulted in low activities and high
counting errors. EO01-01 was the element used for a test of mobility of the
three isotopes in question, because it was one of the Cs-137 redistributing
elements scanned first during Phase I. The short cooldown time for this
element allowed good discrimination for short half-lived isotopes, especially
I-131. During Phase II of the gamma scanning, I-131 and Ce-141 activity
was not detected owing to their short half-lives and consequently low

activity levels after a 7-month decay.

E14-01 was considered to be a non-releasing element from gamma scanning
evidence at ORNL (Ref. 12) and the Peach Bottom gamma scanning, which indi-
cated no cesium loss or redistribution (see Section 3.4); it was therefore
used to determine the relationship between fluence and isotopic ratios.
Al4-14 and E13-01 were also chosen from Phase II gamma scanning to add
additional data to the Ru-103/Zr-95 ratio versus thermal fluence data.
I-131 and Ce-141 distribution profiles were limited to data for these iso-
topes from Phase I gamma scanning, which had only E14-01 as a non-releasing
element with the standard fuel loading (45.792 g Th, 8.318 g U). The high-
thorium-loaded (Th:U atomic ratio of 18.5:1) fuel elements in Phase I did
not show Cs-137 redistribution, but were not analyzed for other isotopic

movement.

The data of GAUGE/FEVER calculated thermal fluence versus the various
isotopic ratios from E04-01, A14-14, and E03-01 are shown in Figs. 27
through 29. A least squares fit was determined for each set of data, and
this was usgd for the non-releasing base lines of Ce-141/Zr-95, I-131/Zr-95,
and Ru-103/Zr-95. The 95% confidence limits on this linear regression were

determined via algorithms described in Ref. 4.

Using these ratio-fluence relationships,  the non-releasing base lines

with their 957 confidence levels are compared with the measured ratios in



Figs. 30(a) and 31(a) for E01-01, which was shown to be a high-releasing

element, as discussed in Section 3.4.

In all cases the measured and non-releasing base lines were within
the 95% confidence levels of each other. The conclusion is that within the
20 uncertainties of the counting errors, Ce-141, Ru-103, and I-131 isotopes
were not mobile in the Peach Bottom driver elements. The absolute isotopic
profiles 6f these three elements, which are shown in Figs. 30(b) through
32(b), were relatively smooth with no major perturbations, which is further

evidence of no fission product mobility of Ce-141, Ru-103, or I-131,
3.5. THORIUM ABSORPTION RATES

Mathematically, the Pa-233 concentration is shown to be related to the

thorium absorption by

dN

"‘2"2-233 = AT N33 9, Nppp3p (27)
_ where ¢ = neutron flux,
NPa—233 = number of nuclei of Pa-233 formed,
9, NTh-232 ¢ = absorption rate of Th-232,
o = microscopic cross section for absorption reactions in

Th-232,
AT = A+ 9, ¢,
A = decay constant of Pa-233 .

All the Pa-233 normalized profiles in the fuel driver elements were

smooth and had small counting errors. The GAUGE/FEVER calculated normalized
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absorption rate for E14-01 is compared with the Pa-233 normalized profile
in Fig. 33. The measured and calculated profiles agree closely except for

a shift in peak toward the bottom of the core.

The radial distribution of Pa-233 in the core was also compared with
the GAUGE-calculated EOL thorium absorption rate for driver elements that
were located away from the control rods. Figures 34 and 35 show the cal-
culated and measured comparison for Phase I and Phase II driver elements,
respectively. In both cases the measured radial profiles of Pa-233 were
flatter than the predicted profile, which may be explainable by the shift

in radial power distribution toward EOL due to control rod withdrawal, as

discussed in Section 3.2.2.
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4, CONCLUSIONS

The Peach Bottom EOL gamma scanning exercise of driver elements, test
elements, reflector elements, and a control rod with sleeve was done to
provide a data base of information on fission product distribution in the
Peach Bottom core for use in validating nuclear physics and thermal per-
formance and fission product release codes. The analysis of the gamma
spectroscopic data allows conclusions about burnup, power and thorium
absorption profiles, fission product release and redistribution trends, and
fuel stack length dimensional changes. The conclusions from these findings

are summarized below:

1. Fuel stack dimensional changes of the fuel driver elements showed
an average increase of 0.7% in length, which is within the design
criterion of the elements. This stack expansion tended to increase
with both higher temperatures and fast fluences. Most of the fuel
test elements showed a shrinkage in their fuel stacks of -0.5% to

-27%.

2. Normalized axial and radial Cs-137 profiles in the core properly
‘predicted the corresponding axial and radial time-averaged power

distributions.

3. The shape and peak shift in the FEVER-calculated EOL axial power
profiles were reasonably well predicted by the normalized Zr-95
and La~-140 distributions. Radial EOL power profiles were also

approached by the normalized radial La-140 and Zr-95 profiles.

4, The influence of control rod withdrawal on the EOL power shape of
nearby elements was reflected in different La-140 and Zr-95 axial

profiles.



Measured burnup from the Cs-137 inventory.and GAUGE-calculated
burnups of the driver and test elements were within *6.8% (1¢) of
each other on an element-to-element basis. This agreement is
better than the generally stated accuracy of *10% for nuclear
predictions. The relative difference of the measured and cal-
culated burnups on a core average basis for 48 driver elements was

within the progressed uncertainty of the measurements [+0.7% (1c)].

Cesium inventory measurements resulted in agreement with predic-
tions within *0.4% on a core average basis and within *6.67% on an
element-to-element basis. The measured cesium inventory was
associated with a relative error of £3.5 X 10_3, which is above
the estimated fractional release (excluding accumulation of
cesium in reflector and control rod components) of 2 xA10_4 into
the primary circuit; i.e., the cesium release was undetectable

within the sensitivity of the measurement method.

Ten isotopes were systematically analyzed, and only Cs-137 and
Cs-134 were found to be released and redistributed within the
element. In the case of Cs-137 there was no detectable release
from the driver elements within the measurement uncertainties,
although Cs-137 and Cs-134 did redistribute within the fuel ele-
ments. This was characterized by release in the locations of
high fuel temperatures in the upper portions of the driver ele-
ment and movement down the purge stream to the cooler sleeve,

spine, and compact surfaces where accumulation occurred.

Of the non-fueled components scanned (i.e., reflectors, control
rod, and control rod sleeve), only the control rod sleeve showed
some Cs-137 and Cs-134 contamination. The activity on this sleeve
was approximated to be <17 of total acfivity in one driver element,

or <5 Ci.
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The Pa-233 normalized activity profile was found to follow the
predicted GAUGE/FEVER thorium absorption profiles except for a
slight shift of the peak toward the bottom of the core. Measured
radial core Pa-233 profiles were found to be flatter than the
calculated EOL thorium absorption rates, which may be related to
the change in power distribution toward EOL due to control rod

removal.

4-3



\1

5. ACKNOWLEDGMENTS

The authors would like to acknowledge the support and advice of all the
individuals involved with this report. Special thanks go to Paul Love and
Andy Valenciano for their patience and overtime efforts to complete the
PBEOLGS data reduction program that made this report possible. John Saurwein
is also thanked for his helpful discussions and data input; Frank Dyer, ORNL,
is acknowledged for the calibration work (Ref. 12), which formed the basis
for the quantitative analysis in this report; and Art Mehner is thanked for
the coordination of the data collection at the site. Other contributors are

as follows:

Data Collection

V. Orphen, V. Rodger, J. MacKenzie, A. Wyman, and D. Bryan of the
Intelcom Rad Tech staff; W. Birely and associated Philadelphia
Electric staff at Peach Bottom; L. Mayweather, D. Harmston,

R. DeNooy, K. Buthe, J. Graves, A. Wyman, J. Renauld

Data Reduction

E. Anderson, D. Hill, A. Bagierek, R. Archibald, W. Lefler,

M. Scott

Report Preparation

D. Novak, J. Baker, J. Weaver and staff



10.

11.

12.

6. REFERENCES

Philadelphia Electric Company, “Final Hazards Summary Report, Peach
Bottom Atomic Power Station," Vol. II, 1964,

Mehner, A. S., "Test4Plan for Gamma Scanning Peach Bottom Test and
Driver Elements," General Atomic Company, unpublished data.

Hick, H., and J. Yofk, ""Metallic Fission Product Behavior in Dragon
Fuel Elements as Observed from Gamma-Spectrometric Examination,"
Dragon Reporf DPTN/5-13, November 5, 1973.

Wallroth, C. F., J. F. Holzgraf, and D. D. Jensen, "Postirradiation
Examination and Evaluation of Peach Bottom Fuel Test Element FTE-6,"
ERDA Report GA-A13943, September 1977.

Meek, M. E., and B. F. Rider, 'Compilation of Fission Product Yields,"
Vallecitos Nuclear Center Report NEDO-12154-1, 1974.

Evaluated Nuclear Data File Library, ENDF/B, Version IV, Brookhaven

National Laboratory.

Anderson, E. E., "Method of Data Reduction for Peach Bottom Gamma
Scan,'" General Atomic Company, unpublished data.

Scheffel, W. J., et _al., "Peach Bottom 150 Full-Power Day Core
Examinations," General Atomic Report GAMD-8703, December 1968.
Wallroth, C. F., et al., "Postirradiation Examination and Evaluation
of Peach Bottom Molded Fuel Test Element FTE-18,' General Atomic
Report GA-A13699, June 1, 1976.

Archibald, R., General Atomic Company, private communication, February
1976.

Love, P., and A. Valenciano, "PBEOLGS, A Program for Peach Bottom EOL
Gamma Scan Analysis,' General Atomic Company, unpublished data.
Wichner, R. P., et al., "Distribution of Fission Products in Peach
Bottom HTGR Fuel Element E14-01," ERDA Report ORNL/TM 5730, Oak
Ridge National Laboratory, August 1977.

6-1



13.

14.

15.

16.
17.

Holzgraf, J. F., et al., "Postirradiation Examination and Evaluation
of Peach Bottom Fuel Test Elements FTE-14 and 15," General Atomic
Report GA-A13944, to be published.

Hanson, D. L., N. L. Baldwin, and W. E. Selph, "Gamma Scanning the
Primary Circuit of the Peach Bottom HTGR," General Atomic Report
GA~A14161, October 31, 1976.

"Reactor Burn-up Physics," in Proceedings of a Panel on Reactor Burn-up

Physics, a Conference Organized by the International Atomic Energy

Agency and Held in Vienna, July 12-16, 1971, IAEA, Vienna 1973.

Crockett, T., General Atomic Company, private communication, June 1977.
Saurwein, J. J., '"Peach Bottom Test Element Thermal Analyses with

TREVER Code," General Atomic Company, unpublished data.

=




APPENDIX A

FIGURES






‘ E14-08 (FPTE-3)

oy @enn .
1001 (F1e-13) @ O [ Y
£03-01 OO O
\ ’
{’F‘T“g‘?:, e £07.01 ® (T;gg)
(FTE-18) €05-01 @) (@ £06-02 F05-01 (FTE-16)
p1006 (RTES) @) 050 @O w0202 @ ri00s (RTES)

O (FTE-10}

O/ F03-01
e @) @ OO0 O 00 O 000
DOSOL(FTE: 9) En 0' O

009-04 (F8TES) @)

A02.01 (FTE-17
C05-04 (FBTE-1) @) (FTE 5) ’ O ( )
’ 03 303411 .AO&OS
c10.08 (RTES) @) 80501

802—02 805-01

@ c1e08(FTES) A14-08 (FTE-15) @)

81403 @ @

Fig. 1. Peach Bottom elements scanned during Phase I



E17-16

Q 12

E08-01 A
O E0801G
(CONTROL ROD)

F03-02
F04.03 F07-06 F14-13
./ F05-04 ./Fos-os F12-11 &1514
o o0 © [T )YZRH

FO1-01 @ o505 F10.09

-0660- 000 - 000 000 -00606-06060--

80201
: O O QO @rnn
§ O @ ~0s04
@) 80502 @) O
O
81103 @
O - 0O

Fig. 2. Peach Bottom elements scanned during Phase II




REACTOR
REFERENCE
NORTH

TOP VIEW

PEACH BOTTOM
CHARGE
MACHINE

BASE PLATE

CAVITY
Ve “(

\
COLLIMATOR

100

Ge (Li)
DETECTOR

Fig. 3. Collimator geometry in Peach Bottom charge machine

A-5



CHARGE
MACHINE
HOIST

Fig. 4.

SPAN AND ZERO

POTENTIOMETER

ADJUSTMENT ~~

POSITION
TRANSMITTER

CHARGE

.~ MACHINE

COLLIMATOR

DATA
RECORDERS

Ge (Li) DETECTOR
/AND PREAMPLIFIER
SINGLE- AND

[::::::[}—-—-' MULTI-CHANNEL

ANALYZERS

COUNT
RATE
CIRCUIT

" POWER
SUPPLY

Test arrangement for gamma scanning Peach Bottom test and

driver fuel elements




TELETYPE

NS-627 NS-630
0-3KV ADC ANALYZER
H.V. POWER MEMORY
SUPPLY
TCE1
v BASE
LINE
PRE ~_TIMED OUT :':P'é»“o RESTORER N\ AC H.P. 5050A
AMPM“ ORTE INPUT DIGITAL PRINTER
PREAMP l 3
POWER
SUPPLY
DEAD TIME| NS-406
MOTOR READOUT UNIT
—
- ™7
EE ' ’ AMPEX POWER SUPPLY
S DIGITAL CLOCK o TapE ]
CONTROL
NS
NIXIE DISPLAY AMPEX
INTERFACE PANEL
AMPEX
POWE R SUPPLY
) BNC.CA2
. DELAY
T0 ADC AND
AC INPUT GATE ﬂ
j\‘ L—— 10 ADC COINC/ANTICOIN INPUT
TC B
| aew
FROM SCA
"\[ C1 1480 RECORDER
€1 1480 SOLTEC sCA €1 1480 RECORDER SCA
RATE RECORDER
MOTOR
SCA - -
l 1 1 1482 1428
11760
11476 DATA Y
awe SeaLE! INPUT SCANNER
scALER|  [scaLER
—e
SCA TOTAL
Fig. 5.

Electrical schematic of Peach Bottom gamma scanning equipment




PHASE |
COLLIMATOR (17.47 MM X 0.254 MM)
DRIVER COMPACT

SCANNED .
REGION
\ REF.
NORTH
100
2464 MM
l e
g

o N

A

PHASE |
COLLIMATOR (17.47 MM X 0.254 MM)
TEST ELEMENT BODY (8 HOLE)

SCANNED
REGION

SCANNED AREA

HOLE 1 - 100%
HOLE § - 100%
HOLE 8 — 5%%
HOLE 4 - 35%

PHASE Il
COLLIMATOR (6.35 MM X 1.27 MM)
DRIVER COMPACT

SCANNED
REGION /"\

e Z ﬁ 8.94 MM

|
477,

SCANNED

REGION
\ P

PHASE | (FTE-15)
COLLIMATOR (22.86 MM X 0.254 MM)
TEST ELEMENT BODY (6 HOLE)

SCANNED AREA

HOLE 3 - 100%
HOLE 6 - 100%
HOLE 1 — 50%
HOLE4 — 39%

Fig. 6. Effective scanning paths of Peach Bottom EOL gamma scanning




o Ce-141
144
o Ce 6.35 X 1.27 MM
COLLIMATOR,
- PHASE |1
(&1
]
s 10710
L.
s
w |
=
-
z =3
-
o
(&)
(2
E o Ce-141
L -
L 0.254 X 17.475 MM
COLLIMATOR,
PHASE |
@ (Ce-144
-
o~ ! 1 1 | |
102 103

Fig. 7. Detector counting
scanning

GAMMA RAY ENERGY (KEV)

efficiency for Phase I and Phase II gamma

A-9






£ L
=
< i
S ]
NN SRR
< ! i)
T
2
- | Lt
i

R 1
7
Y 1l
2= =
o~ §
b AT
18
E3
9
4
5
! ¥
7
3
o 20 1
H
T |
i
i
1
. ]
{1 I
i P!
: !
1%
i
]
P
=4
n 2 I
!
i i
RIS
M ‘
IR
TIHI
: i
1
=
: L
o
T o
7
B
7
i
i bl
i P m
= = i LA
i i r
f !
: 5 50 <
b et

!

Fié. 8. E14-01 strip chart recording of Cs-137



1.5
o)
14 |
TEMPERATURES (°C)
13 | A
O 800<T< 900 &
12 A 900<T <1000
O 1000< T <1100 8
1.1 - o &
A
09 o
- oA
j‘e‘ 08 A A
> A a
> N &
4
= N K8 o
5 06 - A A
-
<
% 05 A
<€
04 b A A
4o
03
] o A
02
o o 4
01
0
& A
01 | a
-02 1 | | { 1 1 | 1
0 0.4 0.8 1.2 SR Y 20 24 28 3.2 36

FAST FLUENCE (X 102! n/CM2)

Fig. 9. Measured axial strain versus fast fluence at various time-
averaged temperature ranges

A-13



Y1-v

f=02453227x 1073 T 1100 °C

0 b 1000 °c

08
07 800°¢
06 |-

05 —

AXIAL STRAIN. jﬁ (%)

300°C
04

03 +—

0.1 —

~0.1

02 1 | | 1

0 1.0 20 3.0 4.0

FAST FLUENCE ( X 1025 ny/m2)

Fig. 10. Fitted axial strain versus fast fluence at various temperatures

5



...10-1

CPM RATIOS

Fig.

13

12

11

16

LEGEND

@ 2r-95/MEAN + 10
— ¥ La-140/MEAN + 100

|
|
|
|
\
|

0

11.

oot

L

4 8

12 16 20 24 28

AXIAL CORE LOCATION (MM) eee102

32

36

40

Normalized nuclide CPM ratio axial profiles of Zr-95 and La-140

for E14-01

A-15



136

128
120
(]
'
o 112
L
L]
®
L ]
104
96
W 88
o
g
—
«
@
80
x
a
(& ]
72
64
s6
Fig.

LEGEND
Q) Zr95/MEAN £ 100

| ,
j\ ' ¥ La-140/MEAN * 10
] 1 1

N

=T
=
[

—\N
7.4"

12.

4 ] 12 16 ’ 20 24 28 32 36 40

AXIAL CORE LOCATION (MM) e+«102

Normalized nuclide CPM ratio axial profiles of Zr-95 and La-140
for F03-01

A-16



16
LEGEND
15 éMEAN 10
Cs-137 AND Cs-134/Cs-137 AVERAGE
14
T
- 13
> A
= Ay WA
5 nf
= A L) AN A
[X] A
< 11 |- FEVER
o TIME N N | A
S AVERAGED A
< 10 |~ POWER -
. PROFILE
[T7] A
g o
a. A
:t‘ A
< L
:i, 8 %} A AA
A \]
7_%
6 - A
5 I NN (S RO N S N R B
6 10 12 14 16 18 20 22 24 26 28 30
CORE HEIGHT (MM X 102)
Fig. 13. FEVER time-averaged p&wer profile comparison for E14-01

A-17



AXIAL POWER FACTOR (CPM/CPM X 10"1)

16

1% -

14 -

13

12

1

10

MEAN t 1o
La-140 AND Zr-35 AVERAGE

1

1

900 EFPD
FEVER POWER PROFILE

|

Fig. 14.

10 12 14 16

CORE HEIGHT (MM X 102)

18

A-18

20

1 L
2 M4 %

28 30

FEVER calculated EOL power profile comparison for E14-01



16

15

14

13

12

n

10

NORMALIZED La-140 ACTIVITY (CPM/CPM X 10'1)

Fig. 15. EOL axial power profile comparison for 14 Phase I unperturbed

LEGEND
& La140 + RMS

FEVER

elements

AXIAL CORE LOCATION (COMPACT)

A-19

EOL POWER
PROFILE
p—
L/
1 1 | | 1 1 ]
0 4 8 12 16 20 24 28 32



16

15 ~

A La-140 t 1o
0O Zr95 t 1o

O CALCULATED EOL
POWER

14 |-

13+

a b

12 —

1M -

10

NORMALIZED ISOTOPE ACTIVITY (CPM/CPM X 10~ 1)

' R N D R R R Y R T

0 1 2 3 4 § 6 7-8 -9 10 11 12 13 14 15 16 17

RADIAL CORE POSITION

Fig. 16. Normalized radial distribution of La-140 and Zr-95 in Phase I
driver elements

A-20



16
15
CALCULATED
. MEASURED
{10 ERROR IS
WITHIN DATA
T 13 SYMBOL)
e
>
£
S 12
=
Q.
e
E 1M~
>
-
=
< q0
b
~N
]
g of
—d
[ 4
=
[+ =4
S o f
7 p—
6
5 ! 1 4+ 11t 1 1 1 ] | 11 1
14 15 16 17

0 1 2 3 4 5 6 17 8 9 10 1 12 13
RADIAL CORE POSITION

Fig. 17.
elements

A-21

Normalized radial distribution of Zr-95 in Phase II driver




NORMALIZED Cs-137 ACTIVITY (CPM/CPM X 10“‘)

16

" O CALCULATED
A MEASURED ¢t 100

HT HIGH-THORIUM-
3 = LOADED ELEMENTS

12 A
"+ , é

10 4} | O

S HT HT

0 1 2 3 4 5 6 7 8 9 110 11 12 13 14 16 116 W
RADIAL CORE POSITION

Fig. 18. Normalized radial distribution of Cs-137 in Phase I driver
elements

A-22



NORMALIZED Cs-137 ACTIVITY (CPM/CPM X 10_1)

16

15

14 -

13 -

12 -

nr

10 -

O CALCULATED
A MEASURED

1 1 1 1 1

(1o ERROR IS
WITHIN DATA
SYmBoL)

HT HIGH-THORIUM-
LOADED ELEMENTS

Fig.

19.

7 8 9 10 1
RAD!AL CORE POSITION

Normalized radial distribution of Cs-137 in Phase II driver

elements

A-23



® CALCULATED BEGINNING OF
LIFE (BOL) POWER

CALCULATED END OF LIFE
(EOL) POWER

o)

A CALCULATED TIME
AVERAGED (AOL) POWER

A

0

6 L2140 + 10°(T,, = 12.80)

2095 + 10T, = 65.5d)
b O Cs137 + 10(Ty, = 30.1y)
14 _% :

NORMALIZED ISOTOPE ACTIVITY (CPM/CPM x 10“1)

S I I I I A I
012345678 9101112131415161718
CORE RADIAL CORE POSITION

CENTER

\

Fig. 20. Normalized radial isotope distribution summary for Phase T

A-24



Cs-137 INVENTORY (Ci)

32

PEACH BOTTOM EOL

SCAN (¢ 1o)
28 ORNL COMPOSITE
% SCANS OF COMPACT,
SLEEVE + SPINE (+ 10°)
24 - X TOTAL Cs-137 INVENTORY
CALCULATED 394.6 Ci
IN-SITU MEAS. 4048 Ci +7.1 (10°)
COMPONENT MEAS. 4042 Ci *3.2 (1o°)
20
16

FISS-PROD
CALCULATED

12 -
L 2 1 :
Y
INSIDE § %
PURGE STREAM
4 QUTSIDE %%
COOLANT STREAM
.
0 1 | 1 1 1 1 1
0 4 8 12 16 20 2% 28 32
BOTTOM AXIAL CORE POSITION/COMPACT REACTOR TOP

Fig. 21. Cs-137 inventory versus axial core position for F03-01

A-25



20

Cs-137 (Ci)

18 —

16

-
>
|

—
N
]

-—
o
|

45.792 G Th
8.318G U

86.564 G Th
4689G U

1 | l |

2 3 4 5

THERMAL FLUENCE (N/MZ X 1023)

Fig. 22. FISS-PROD calculated Cs-137 inventories for Peach Bottom

driver elements

A-26




s e s LEGEND
LESEND % CHITBBI KEY 1 1o
% L LIIEB KEY ¢ o rn 7I_‘,
1 " I-c
~ I
) i
I = - J o
g . 1 g " il
= D= vl
L
8 yd X | S > A
g N : g / ﬂi L.
2 : : L
| | \ : ) , X 1A
i I .\ \ L4 l ‘;; .’ il' n"‘Tl
o 1IN
) { 1 . i It
) T T ! ! 1' 5 4
{ ! ] . LTt
{ i ’xi
”n ™ ;) F*) " o ‘l . L] 1n " 0 " n i
AXIAL CORE LOCATION (e} -»+102 AXIAL CORE LOCATION (MM} »»+102
(a) (b)
| [
; ! : " —~  LEGEND
! I 3 B IMEBIKEY + 1o
:  LEGEND [ . 1
H %ummu KEV 1t |
7:::53:’&&“1:0
" ichvon g £
o —~ H e
i Pt ‘<; & AN
o 1.
: 7 \ ; Ao
o el I
g \\ i Il] | - ll |
: : g
‘ 1 A/ | ” |
i1 ' 1 T
1y |
7 m M M o
m m CE e M 0 e
AXIAL CORE LOCATION (g -+ » 102 AXJAL CORE LOCATION (W) «--107
(c) (d)
L]
I {EGEKD '
" Cs1IIBBV KEY * Vo
" LESEND
§ GBI ¢ 1o
AN e e
™ { \
n / \
20 FSSMRo0
CALCULATED " N
o ; & \
3 4 \\\ - ]
g N E "
= -~
g | A
\ 13
w \
1 ]
: |
L 1 1 1 L L L m m = W 0 %

Fig. 23.

AL CORE TioN () ee10?
AXIAL CORE LOCATION 09O - ++102 AX AL CORE LOCATION (%) +++10

(e) (£)

Absolute cesium nuclide activities for (a) E01-01, (b) E03-02,
(c) E06-02, (d) E09-0t, (e) E11-01, and (f) E14-01

A-27




" T

LEGEND
b Q0 Cs137/8BIKEV ¢ to |
¥ Co134/T9BKEV ¢ Vo

iy

TN
L DR
.., /&/ i\
W

: aY

NUCLIDE CURIES
2

0 I S T S R TR~ )
AXIAL CORE LOCATION (MM) +++102
(a)
“ T
LEGEND
* QO IBIKEY £ 10— |
§ CsIM/TIB KEV ¢ Vo
»
“
. A
» X -1
i ik
@ |
w » 1
g i
o
5 Ay
g |
T — I |
w — \\
.
, L
-
L] . . " 1] o E 1] n 3. L
AXIAL CORE LOCATION {MM) »++102
&
1 LEGEND
® - @ Ca13I/851 KEV 4 10—
' T C134/796 KEV ¢ Vo
- _
1
" 1 1
" 1
w2
I I !
€
Q
¥ il
.
.
. e
-

) . 0 1 [ [y 2 2 an 2 a0

AXIAL CORE LOCATION (rM) «++102

(c)

Fig. 24. Absolute cesium nuclide activities for (a) F02-01, (b)F04-03,
and (c) F15-14. Solid curves are FISS-PROD calculations. Q

A-28



-10" ! FRACTION

RELATIVE CS-137 DIFFERENCE (C/M-1)

LEGEND
28 .1 (I)Cs-m (C/M-1 £ 1)
I
2 ®
®
® 9
26 P !
3
0 ¢ 9
o3 1 77 %0
1e ® @
P ®
® P
12 ® €)) ®
¢ ® ¢
8,
o% 1 2 3 HEE & 7 6 5 10 11 12 13 14 15 16
RADIAL CORE LOCATION::°P
Fig. 25. Relative Cs-137 difference versus core location

A-29



««+10" 1 FRACTION

NCE (C/M-1)

P
=
—

RELATIVE CS-137 DIFFER

32

28

24

2u

1€

12

a

-12

Fig.

7
?
]
ey
;//’///’ ;:
— ~-—— TIME-AVERAGED TEMPERATURE ‘
WHERE Cs-137 LOSS WAS THE L
GREATEST IN 37 DRIVER ELEMENTS ]
- {(11000C + 300C RMS)
%
s
———— e —— - - - . /
%
i1 A
R PO . — ,;
]
e
N SR IS | — | ¢
bl
L1 L
U I S TN B . - : Iy i
[/ ]
L | } 1 J HJ % |
SR I AN UNURE B U O B 4_{_}” } %
“
byl f ] B l {17
s T e B
z
4
Z
60 - 84 88 92 96 100 104 108 112 116
ELEMENT TIME AVERAGED TEMPERATURE *++10C C )
26. Relative Cs-137 difference versus mean element temperature

A-30



C

«++10"1 cPM/CPM

CE-141/ZRSS RATIO

16

14

13

12

11

10

A-31

. 3
* . : .
— ry 3 .
" fe o
L] *
\\ o [ ] . L
— "N LINEAR LEAST .
SQUARES FIT -
+S.0. (Vo)
Y 12 18 24 30 36 42 «8 54 €0 s6
ELEMENT EOL THERMAL FLUENCE **+10~! (N/M2 XE25)
Fig. 27. Ce-141/Zr-95 CPM ratio versus thermal fluence



RU-103/2ZR9S RAT ---10~! CPM/CPM

24

18

16

14

12

10

LINEAR LEAST *
///SOUARESFH' ] v *
Y #SD.(lc
‘—L ] —— [« |7
N Y ] »
f—t iy ~—s 'ﬁl-n‘.\
—— . ‘ 4
[ ——— LN * .- ‘2
. S * ‘4 "'# . “_:_:‘.,
L‘-'=h—__‘_=______ T fe
* * e ———
®
*
L
*
e 12 10 24 30 36 a2 a8 54 €0 (1

ELEMENT EOL THERMAL FLUENCE *++10”! (N/M2 XE25)

Fig. 28. Ru-103/Zr-95 CPM ratio versus thermal fluence

A-32



«s+10"1 cPM/CPM

I-131 RATIO

1¢

13

14

13

12

11

10

* /
P,,r”’,”" »
s * *
D ' %/
,/‘ r/
* /
r/""r””‘ ,f*:" .. . L~
LINEAR LEAST et . . T
SQUARES FIT
48.0.(10)~u L—" ) g
// .
// Y
/’/”1
] [ ) 12 18 24 30 .13 42 48 34 60 66

ELEMENT EOL THERMAL FLUENCE **+10™! (N/M2 XE25)

Fig. 29.

I-131/Zr-95 CPM ratio versus thermal fluence

A-33



he-v

13

14
Q Co-141/21:95 ¢ 1o
13
12 1
1. 4
— 11 ] k
b 11 -"\3-4.
" 10 [ L Bk
. ﬂ—1\1 3 T34 CALCULATED RATIO
s - - t 20 S.D. _—
3 —/ i
7
w 6
2
—
< s
«
x
[+ % 4
o
3
2
1
o e
] 4 8 12 16 : 20 24 28 32 36 40

Fig. 30(a).

AXIAL CORE LOCATION (MM) +»+102

Cerium/zirconium nuclide CPM ratios
for E01-01

21

2n

eve 1l

11

NUCLIDE CURIES

10

+
3

0 Ce141/145 KEV +

8 12 16 20 24 28 32 3 40

AXIAL CORE LOCATION (MM) +«+102

Flg 30(b). Absolute cerium nuclide activities

for EO1-01



ge-v

usz
100 LEGEND —
0 Ru103/2195 t 1o
104
1q0 q §
o {) 4
2 . . / . CALCULATED RATIO __|
. / f + 20 8.0.
. N 7)
. i
o2 /
" AN ?\\ 4/ /
»
N N 13 z /7
(2] \ -1
N L
B e N ]
—-
«<
[ 4 re
i
(5]
ke
.
[ 7]
L]
‘0 4

Fig 31(a).

L 12 16 20 " 28 3 t 1% an

AXIAL CORE LOCATION {MM) *<+102

Ruthenium/zirconium nuclide CPM ratios
for E01-01

103
100 LEGEND -
! (IR 103/487 KEV ¢ 1o

993 I O

9 ‘/

83

ol _l_/"d \ / \ |
v
E 153 /
o -
=}
3 ]
w 0
: \
-
(&1
3 o3
) \

60

33

|
su
“ 1] 4 L] 12 16 20 24 8 32 38 40

AXIAL CORE LOCATION (MM) *++102

Fig. 31(b). Absolute ruthenium nuclide activities
for E01-01



9¢-v

31

G 1131/295 + 10

LEGEND ——

10

16

..10'1

13

19

12

10

CPM RATIOS

il :
\
g LI
|
1
s

Fig. 32(a).

AXIAL CORE LOCATION (MM} +++102

Iodine/zirconium nuclide CPM ratios
for E01-01

|

LEGEND
Q 1131384 KEV ¢ 1o

. I
) HA
(i
E \ Wl
8 ! L1

Fig. 32(b).

L] 12z 16 20 24 28 3 36 40

AXIAL CORE LOCATION (MM) »++102

Absolute iodine nuclide activities
for E01-01



CPM RATIOS (X 10°1)

13

12

n

10

LEGEND
() Pa-233/MEAN — MEASURED (+ 10°)
— @ NORMALIZED

Th ABSORPTION
RATES — PREDICTED

5-ooobamo— 1 R L - '

0 4 8 12 16 '20 24 28 32 36

AXIAL CORE LOCATION (MM X 102)

' Fig. 33. Normalized protactinium CPM ratios for E14-01

A-37



NORMALIZED Pa-233 ACTIVITY (CPM/CPM X 10_1)

16
15
“r O CALCULATED
A MEASURED ¢ 1o
13 - (WITHIN SYMBOL)
12
"
10
9 —
8
7
6 —
A I Y [N Y I Sy N N N !

c 1t 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18
RADIAL CORE POSITION

Fig. 34. Normalized radial distribution of Pa-233 in Phase I driver
elements

A-38



NORMALIZED Pa-233 ACTIVITY (CPM/CPM X 10_1)

16

15 I~

"% O CALCULATED

%MEASURED t 1o

I

I

—
—y

=]
|

T

AN N VO NN U S N ORI NN N AN S SN S —

0 t+ 2 3 4 5 6 1 8 9 10 ¥ 12 13 ¥4 15 16
RADIAL CORE POSITION

Fig. 35. Normalized radial distribution of Pa-233 in Phase II
driver elements

A-39



APPENDIX B

TABLES






PEACH BOTTOM ELEMENTS GAMMA SCANNED DURING PHASE I

TABLE 1

i (b) UNIVAC Tape Storage
Element Elem?gs Date Collimator Scans
1.D. Type Scanned (mm) (GA Tag No. 15) Tape No. File No.

Al17-11 D 11/24/74 17.475 x 0.254 1-105 2530 1
E14-01 iD 11/24/74 106-191 2
€02-01 FTE-6 11/25/74 192-267 3
E01-01 1D 11/26/74 268-343 4
E02-02 1D 11/27/74 344-386 5
E06-01 FTE-18 11/27/74 387-468 6
E09-01 1D 11/29/74 469-515 7
E11-01 1D 11/29/74 S16-574 8
E15-01 1D 11/29/74 575-621 9
D14-08 FTE-8 11/30/74 622-668 10
E10-01 FTE-13 11/30/74 669-717 1
E07-01 1D 11/30/74 718-764 12
E06-02 D 12/1/74 765-811 13
E05-01 1D 12/1/74 812-859 14
E15-02 D 12/2/74 860-~907 15
D10-06 RTE-6 12/2/74 908-957 16
B13-01 1D 12/2/74 958-1010 17
A03-03 D 12/2/74 1011-1056 18
D06-01 FTE-9 12/3/74 1057-1102 19
B02-02 1D 12/3/74 1103-1148 20
E02-01 FTE-10 12/3/74 1149-~1195 21
C10-06 RTE-5 12/3/74 1196~1257 22
E11-02 D 12/4/74 1258-1306 23
A05-05 D 12/4/74 1307-1353 24
C14-08 FTE-5 12/5/74 1354-1407 25
A02-01 FTE-17 12/5/74 1408~1462 26
B03-01 D 12/5/74 1463-1507 27
€05-04 FBTE-1 12/5/74 1508~1555 28
B14-02 D 12/5/74 1556~1605 29
D09-04 FBTE-5 12/6/74 1606~1652 30
F10-06 RTE-8 12/6/74 1655~1707 31
Al11-11 FBTE-2 12/7/174 1708~1759 32
B06-01 FTE-12 12/7/74 1760~1809 33
B14-08 FBTE-3 12/7/74 1810~-1857 34
BO3-03 D 12/7/74 1858-1904 \ 35
B05-01 D 12/7/74 1905~1955 2530 36
F03-01 D 12/8/74 1958-2004 2555 1
F06-01 FTE-16 12/8/74 2005-2054 W 2
F05-05 D 12/8/74 2055~-2101 3
A17-08 D 12/8/74 V 2102-2169 4
F11-03 D 12/8/74 17.475 x 0.254 2170~-2231 5
A14-08 FTE-15 12/9/74 22.86 x 0.254 2232-2303 6
E14-08 FPTE-3 12/18/74 17.475 x 0.254 2304-2432 7
Cc17-08 D 12/6/74 2433~2450 8
£10-06 FTE-11 12/6/74 ' 2451-2508 Y 8
F14-08 FTE-7 12/6/74 17.475 x 0.254 2509~2559 2555 9
(a)D driver

ID
FTE
RTE
FBTE
FPTE

(b)

instrumented driver
final test element
recycle test element
fuel bed test element
fuel pin test element

Cross section dimensions.
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PEACH BOTTOM ELEMENTS GAMMA SCANNED DURING PHASE II

TABLE 2

ID - instrumented driver

(b)

Cross section dimensions.

) UNIVAC Tape Storage
Element Element: Date Collimator Scans
I.D. Type(a) Scanned (mm) (GATag No. 15) "Tape No. File No.

E03-01 1D 5/28/175 17.475 x 0.254 1-83, 480-510 1784 1
E03-01 3] 5/29/75 1.27 x 6.35 84-170 2
E14-02 D 5/217/75 17.475 x 0.254 171-277 3
E14-02 )] 5/27/175 23.876 x 0.254 278-369 37
FO1-01 D 5/27/75 23.876 x 0.254 371-479 4
E03-02 1)) 5/29/75 1.27 x 6.35 515~602 5
E09-02 ID 5/30/75 603-695 6
E04-02 D 5/30/75 696-789 7
£13-02 1D 5/31/175 801-888 38
E05-02 1D 5/31/75 890~-975 8
E12-02 1D 5/31/75 976-1106 39
E07-02 D 6/1/75 1108-1194 9
E07-02 1D 6/1/75 1195-1272 10
E10-02 ID 6/2/75 1273-1362 11
E13-01 1D 6/2/175 1364-1448 12
E08-02 1D 6/2/75 1449-1548 13
A04-03 D 6/3/75 1549-1647 14
A04-04 D 6/4/75 1648-1738 15
Al4-14 1D 6/4/75 1739-1828 16
BO5-02 D 6/4/75 1829-1956 17
F03-02 D 6/6/75 1957-2051 18
F04-03 D 6/6/175 2052-2155 19
F15-14 D 6/9/75 2156-2301 20
F16-15 D 6/10/75 2303-2398 21
B11-03 D 6/5/75 2399-2506 22
B11-03 D 6/5/75 2507-2563 23
F02-01 D 6/5/15 2564-2699 40
D18-08 Reflector 6/12/75 2700-2766 24
D18-12 Reflector 6/13/75 2767-2820 25
E17-16 | Reflector 6/13/75 2821-2871 26
F05-04 D 6/7/75 2872-2971 27
F07-06 D 6/7/75 2972-3086 28
F09-08 D 6/7/75 Y 3087-3189 29
F10-09 D 6/8/75 1.27 x 6.35 3190-3295 30
F14-13 D 6/9/75 Lead 3296-3398 31
F14-13 D 6/9/75 Shield 3399-3499 32
B02-01 D 6/10/75 1.27 x 6.35 3520-3540 33
E08-01C |Guide sleeve| 6/16/75 3591-3647 Y 34
F08-01A |[Control rod | 6/19/75 1.27 x 6.35 3648-3800 1784 35
(a)D - driver
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NUCLEAR CONSTANTS FOR ISOTOPES EgggElg PEACH BOTTOM EOL GAMMA SCANNING

Gamma Thermal (b)

Energy Decay ?g?stant Fission Yield
Isotope Peak A 1 (a) U—%33 U—%35 Absolute, ) PBGST (e)

I.D. (keV) (sec ) Half-Life (%) (%) Intensity Precursor Factors

Ce-144 133 2.821 x 10°° 284.4 days 4.64 5.46 0.030 5.1
Ce-141 145 2.466 x 1077 32.5 days 6.58 5.89 0.480 0.536
Pa-233 312 2.967 x 107/ 27.5 days -- -- 0.0033 0.446
1-131 364 6.723 x 107’ 8.1 days - - 0.820 0.215
Ru-103 497 2.026 x 107/ 39.6 days 1.70 3.14 0.890 0.220
Ru-106 512 2,174 x 1078 369.0 days 0.257 0.392 0.210 0.933
Cs-137 662 7.302 x 10719 30.1 years 6.80 6.27 0.846 0.252
Zr-95 724 1.225 x 1077 65.5 days 6.25 6.46 0.436 0.518
Cs-134 796 1.067 x 1078 762.9 days 1.36 x 1073 4.5 x 107° 0.961 Xe-133 0.279
La-140(D 1596 6.268 x 107/ 12.8 days 6.43 6.32 0.956 Ba-140 0.291

(?)Data taken from Ref. 5.

(b)
(c)

Corrected to CPM for relative detector efficiency, attenuation, and absolute intensity (Ref. 7).

Data taken from Ref. 6

d .
( )Precursor Ba-140 is the direct fission yield isotope, measured through its daughter La-140. Direct yield La-140 is decayed
at time of gamma scan because of a short half-life of 40.2 hr.



TABLE 4
FTE-6 COMPARISON OF FUEL STACK LENGTH

EOL Fuel Stack Length

Peach Bottom

Metrology Gamma Scan Relative Difference
(a) - o
— S_ - S Z=x,/% -1
* - ¥ %2 it2 21 SZ DT:s;/; Test 1 Test 2
Body (mm}) (mm) (mm) (mm}) %) 63 z Results p2
1 679.8 2.7 677.4 +3.3 -0.35 +0.63 -0.56 0.56 < 1.96 Insignificant 0.31
2 677.0 £3.0 678.9 *2.8 -+0,28 +0.60 +0.47 0.47 < 1.96 Insignificant 0.22
3 676.5 +3.1 677.0 2.2 +0.07 10,56 +0.12 0.12 < 1.96 Insignificant 0.02
Mean X 3 677.8 2.9 677.8 *2.8 0.0 +0.60 0.01 0.18
RMS, Sf 1.4 *1.7 +0.8 *+1.6 0.0 +0.34
Test results 0.017 < 1.96 0.18 < 2.6
Insignificant Insignificant

(a)

Si from three single-channel analyzer strip

charts.
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TABLE 5
FTE-18 COMPARISON OF FUEL BODY AND STACK LENGTHS DERIVED FROM METROLOGY AND GAMMA SCANNING

| C!

Hot Cell Rgiz:‘l;’e
, EOL Y Scan from Relative
Peach Bottom Relative Change Peach Bottom Difference
BOL EOL  PIE EOL vy Scan(a) Fuel Unfueled from Metrology Y Scan Between
Body Length Body Length Body Length Length Length (Method 1) (Method 2) Methods 2 and 1
x x
2 3
x = = - (b)Y -~ - u = —=-1 S u e — -1 S u
X, S1 x, S2 Xy 53 %, X, =%, 1 X, uy 2 R] u2 Z=_2-1 .
Body 1.D. (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (%) (%) (%) (%) Y 4

Body 1 13.7761 +0.0021 13.6886 +0.0020 13.N1 £0.016 | 13.50 T— 0.19 ~0.6349 +0.0210 -0.480 £0.117 -0.24 +0.19
Body 2 13.7769 +0.0024 13.7051 *0.0020 13.58 +0.028 | 13.50 0.20 -0.5215 *+0.0226 | -1.429 $0.204 +1.74 +0.41
Body 3 13.7826 +0.0036 13.7109 £0.0020 13.61 +0.026 | 13.42 0.29 -0.5204 +0.0300 -1.252 +0.190 +1.41 +0.39
Body & 13.7800 +0.0034 13.7128 +0,0020 13.95 $0.042 | 13.58 0.13 -0.4881 +0.0284 +1.234 +0.306 -3.53 +0.64
Body 5 13.6286 +0.0033 13.5284 +(,0020 13.65 +0.040 1 13.29 0.24 ~0.7353 +0.0283 +0.157 *0.295 ~1.21 *+0.40
Body 6 13.7767 $0.0032 13.6654 £0.0020 13.82 $0.026 1 13,46 0.21 -0.8079 $0.0275 | +0.314 +0.190 -1.39 +0.24
Total stack 82.5209 +0.0075 82.0112 *0.0049 82.32 +0.076 80.7S(C) 1.26 -0.6177 +0.0261 ~0.243 +0.267 ~0.61 $0.43
Mean 7, §R 13.7535 +0.0030 13.6685 +0.0020 13.72 +0.031 | 13.46 0.21 -0.6180 +0.0265 -0.243 *0.267 ~0.54 +0.41
RMS, S; 0.0559 +0.0012 0.0647 +0.0008 0.13 +0.013 0.09 0.05 $0.1196 +0.0108 $0.925 +0.093 +1.79 +0.17
(a)

(b)
(c)

a
Determined from five strip chart examinations.
Measurement error assumed to be *0.04 in.

BOL combosite fuel length of 81.25 in. concluded.



TABLE 6 @
PHASE I AND PHASE II FUEL STACK LENGTH COMPARISON FOR DRIVER ELEMENTS

Preirradiaci?g) Postirradiation vS)T ‘| Difference _ s Fii:gce Fuel(b)

Element Stack Length, Stack Length, 2 X, - x1 =% /x1 -1 Z 25 2 Teomp.

1.D. xy (mm) %,y (mm) (mm) %mm) %Z) (%) (10" "n/m") | (°C)

PHASE I

514-01(c) 2290.8 2289.3 2.3 - 1.5 -0.06 +0.17 2.3 945
EOI-OI(C) 2276.5 2304.6 2.6 +28.1 +1.23 +0.18 3.2 1024
F03—01(c) 2289.2 2303.9 +3.6 +14.7 +0.64 +0.21 3.1 940
F05-05 2276.5 2300.0 +0.9 +23.5 +1.03 +0.11 3.1 969
EQ02-02 2295.5 2311.2 *2.6 +15.7 +0.68 +0.18 3.2 1007
E09-01 2297.1 2296.1 +2.3 - 1.0 -0.04 +0.17 3.1 950
E11-01 2287.6 2306.6 *0 +19.0 +0.83 +0.14 3.1 1011
E15-01 2289.2 2286.4 £2.6 - 2.8 ~0.12 +0.18 1.6 827
EQ7-01 2290.8 . 2293.9 *+0.7 + 3.1 +0.14 *0.14 3.1 949
E05-01 2297.1 2306.6 0 + 9.5 +0.41 +0.14 3.1 958
E15-02 2292.4 2295.2 5.8 + 2.8 +0.12 +0.29 2.0 828
B13-01 2289.2 2294.8 1.8 + 5.6 +0.24 *+0.16 2.8 1011
A03-03 2263.8 2267.6 +2.8 + 3.8 +0.17 +0.19 0.8 N.D.
B02-02 2265.4 2289.5 1.4 +24,1 +1.06 *0.16 3.2 1010
E11-02 2287.6 2307.4 +0.5 +19.8 +0.87 +0.14 3.1 1007
A05-05 2278. 1 2300.5 +0.8 +22.4 +0.98 +0.15 3.1 949
B03-01 2282.8 2296.0 1.3 +13.2 +0.58 +0.15 3.1 950
B14-02 2274.9 2289.2 0.7 +14.3 +0.63 0. 14 3.1 999
B03-03 2260.6 2289.5 *0.7 +28.9 +1.28 +0.15 2.7 987
B05-01 2293.9 2318.9 +1.6 +25.0 +1.09 +0.16 3.1 939
A17-08 2279.7 2282.4 0.6 + 2.7 +0.12 +0.14 1.8 861
F11-03 2293.1 2315.6 +0.5 +22.5 +0.98 *0.14 3.3 1024

PHASE 11

E14-02 2287.6 2308.9 *3.4 +21.3 +0.93 *+0.20 2.6 951
FO1-01 2281.2 2307.7 *1.9 +26.5 +1.16 $0.16 3.1 1023
E03-01 2271.7 2282.8 8.1 +11.1 +0.49 +0.38 3.1 960 .
E03-02 2287.6 2309.4 +3.2 +21.8 +0.95 *0.20 3.1 986
E09-02 2282.8 2300.3 *6.3 +17.5 +0.77 +0.31 3.1 947
E04-02 2282.8 2304.5 1.2 - 2.1 -0.09 +0.15 3.1 957
E13-02 2290.8 2307.8 0.6 +17.0 +0.74 *0.14 2.9 980
E05-02 2298.7 2313.3 *1.9 +14.6 +0.64 +0.16 3.1 963
"E12-02 2284.4 2290.1 $10.5 + 5.7 +0.25 *0.48 3.0 1000
E07-02 2292.4 2299.9 +1.4 + 7.5 +0.33 *0.15 3.2 993
E10-02 2292.4 2307.8 +2.0 +15.4 +0.67 *0.16 3.2 995
E13-01 2290.8 2304.2 *+2.9 +13.4 +0.58 +0.19 2.7 967
E08-02 2292.4 2307.8 1.2 +15.4 +0.67 © 20,15 3.1 948
A04-03 ] 2279.7 2302.4 *3.3 +22.7 +1.00 +0.20 3.2 987
A04-04 2282.8 2306.6 + 0 +23.8 +1.04 0. 14 3.1 948
Al4-14 2290.8 2306.5 0.1 +15.7 +0.69 +0.14 2.7 995
B05-02 2278.1 2306.5 0 +28.4 +1.25 $0.14 3.1 950
B11-03(c) 2273.3 2306.6 0 +33.3 +1.46 £0.14 3.3 1029
F02-01 2289.2 2308.0 0.9 +18.8 +0.82 +0.15 3.2 997
F03-02 2282.8 2306.6 +0.1 +23.8 +1.04 +0.14 3.1 986
F04-03 2260.6 2286.2 2.2 +25.6 +1.13 +0.17 3.2 984
FO05-04 2284.4 2293.7 *1.3 + 9.3 +0.41 *0.15 3.2 994
F09-08 2284.4 2298.9 2.7 +14.5 +0.63 +0.18 3.3 1018
F10-09 2290.8 2298.2 4.6 + 7.4 +0.32 +0.24 3.3 1020
F14-13 2279.1 2303.7 *1.4 +24.6 +1.08 *0.15 2.9 1002
F15-14 2308.4 2309.4 $0.5 +20.2 +0.88 0,14 2.4 992
F16-15 2304.3 2304.5 6.7 + 5.8 +0.25 +0.32 1.6 860
B02-01 2310.0 2311.5 1.4 +25.5 +1,12 +0.15 3.2 1004
Mean X, gx' 2285.7 2300.8 +15.6 +0.68 +0.19 2.9 971
|- +3.0

X .
RMS, S’=( +10.6 9.8 0.4 + 9,2 +0.40 +0.03 *0.5 246
(a)

An Si of 3.2 mm is assumed for preirradiation stack lengths.
1
(b)

Time and volume averaged.

(e Scanned at ORNL.
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TABLE 7
COMPARISON OF STACK LENGTH OF TEST ELEMENTS

Preirradiati?g) Postirradiation Si Difference Z=% /% -1 s Ffizsce Fuel (b)
Element Stack Length, Stack Length, 2 X, - X, 2' " z 25 2 Temp.

1.D. x, (mm) x, (am) (mm) Zmm) 3 @ | (10%am® | o) Fuel Geometry
FO6-01, FIE-18'°’ 2063.8 2051.1 +0.2 -210.3 -0.62 0.03 1.9 NA Molded bed
D14-08, FTE-8 2275.8 2257.7 0.8 - 18.1 -0.80 0. 14 2.1 NA Rods
£10-01, FTE-13 2290.8 2269.5 0 - 21.3 -0.93 +0.14 1.8 NA Rods
D06-01, FTE-9 2337.5 2257.0 0.1 - 80.5 -3.44 £0.13 2.3 939 Rods
E02-01, FTE-10 2273.3 2253.4 0.6 - 19.9 -0.88 0.14 3.2 NA Rods
C14-08, FTE-5 2287.6 2269.5 - - 18.1 -0.79 20.14 3.0 965 Rods
AD2-01, FTE-17 2279.7 2269.5 £1.2 - 10.5 -0.46 0.15 1.8 NA Rods
F06-01, FTE-16 2275.6 2262.6 0.3 - 13.0 -0.57 +0.14 1.8 NA Rods
A14-08, FTE-15 2287.5 2269.1 £2.4 - 18.4 -0.80 +0.17 1.7 1064 Rods
D10-06, RTE-6 2294.7 2274.4 £0.9 - 20.3 -0.88 +0.14 3.3 1010 Rods
C10-06, RTE-5 2290.3 2275.5 0.6 - 14.8 -0.65 £0.14 3.3 1005 Rods
F10-06, RTE-8 2300. 1 2287.5 £8.0 - 12.6 -0.55 +0.37 3.3 991 Rods
C05-04, FBTE-1 2298.7 2227.7 0.9 - 71.0 -3.09 £0.14 3.1 NA Rods
D09-04, FBTE-5 2277.7 2236.6 £0.7 - 41 -1.80 £0.14 3.3 NA Blended bed
A11-11, FBTE-2 2281.2 2263.2 £2.4 - 22.4 -0.98 £0.17 3.1 NA Rods
B14-08, FBTE-3 2276.0 2252.3 £1.3 - 23.7 -1.04 £0.15 3.1 NA Rods
E14-08, FPTE-3(P) 2234.7 2226.9 £1.4 - 7.8 -0.35 £0.16 2.2 NA Compacts
Mean X 2284.9 2248.5 2.3 36,7 T29.2 20,17 7.6 596
RMS, S_ £19.35 +46.83 £0.57 +47.64 +2.08 +0.041 0.6 +39

(a)A preirradiation Si of 3.2 mm is assumed, except for FTE-18 with Sx = $0.1 mm (see Table 6).
1 1
(b)

Element time-weighed average fuel temperature.

(C)Scanned‘ét GA hot cell.
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TABLE 8

BURNUP COMPARISON FOR DRIVER AND TEST ELEMENTS SCANNED DURING PHASE 1 OF PEACH BOTTOM EOL PROGRAM

Relative
Total FIMA Difference, Comparison
GAUGE GAUGE, Meas., (C/M-1)=2
Element Position C M Sy(10) s (10) gi;;s1 Tes; 2 Cs-137 (a)
1.D. (Patch/Hex.) - (%) (%) (%) z vz A D Movement Remarks
PHASE 1 DRIVER ELEMENTS
A17-11 106/7 4.06 4,00 *+0.19 +0.015 +0.048 0.311 0.097 No High Th loading.
E14-01 126/1 7.80 8.35 $0.52 -0.066 +0.058 -1.132 1.282 No
E01-01 1/7 8.58 8.89 +0.43 -0.035 +0.047 -0.747 0.558 Yes
E02-02 2/4 8.39 8.70 +0.60 -0.036 +0.066 ~0.536 0.287 Yes
E09-01 61/6 7.87 7.60 +0.49 +0.036 +0.067 0.532 0.283 Yes Next to control rod.
E11-01 90/4 8.52 9.03 *0.54 -0.056 +0.056 -1.001% 1.002 Yes
E15-01 126/2 4.07 4.00 +0.25 +0.018 +0.064 0.275 0.076 No High Th loading.
E07-01 37/1 7.84 8.19 +0.54 -0.043 +0.063 -0.677 0.458 Yes Next to control rod.
E06-02 8/6 8.25 7.94 *0.54 +0.039 £0.07 0.553 0.305 Yes
E05-01 19/3 7.77 8.52 +0.55 -0.088 10.059 -1.495 2.236 Yes
F15-02 126/3 3.96 3.94 *0.25 +0.005 +0.064 0.080 0.006 No High Th loading,
next to contrel rod.

B13-01 108/5 8.29 8.37 $0.50 -0.010 +0.059 -0.162 0.026 Yes (Small)
A03-03 4/3 2.69 2.88 +0.33 -0.066 +0.107 -0.616 0.380 N.D. No temp. avail., low

. Th and U loading.
B02-02 5/4 8.39 9.90 *+0.63 -0.153 £0.054 -2.828 8.000 Yes
E11-02 61/2 7.87 8.92 +0,52 -0.118 +0.051 -2.289 5.238 Yes
A05-05 13/1 7.69 7.98 +0.50 -0.036 +0.060 -0.602 0.362 Yes Next to control rod.
BO3-01 5/6 7.63 8.46 +0.58 -0.098 +0.062 -1.587 2.518 Yes Next to control rod.
B14-02 108/4 8.16 8.13 0,47 +0.004 +0.058 0.064 0.004 Yes (Small)
B03-03 5/3 8.16 8.14 %0.55 +0.002 +0.068 0.036 0.001 Yes
B0O5-01 13/3 7.59 8.41 +0.52 -0.098 +0.056 -1.747 3.053 Yes Next to control rod.
F03-01 3/6 7.63 8.11 *0.51 -0.059 +0.059 -1.000 1.001 Yes Next to control rod.
F05-05 11/1 7.87 7.87 +0.49 0.000 +0.062 0.000 0.000 Yes Next to control rod.
A17-08 105/6 4.06 4.02 +0.23 +0.010 £0.058 0.172 0.030 No High Th loading.
F11-03 41/3 8.46 4.07 *0.53 -0.067 +0.055 -1.234 1.523 Yes
Mean X, 5. 7.150 7.476 { *0.485 -0.0375 +0.0623 -0.651 1.197
RMS, Sg 1,776 £1.969 | £0.099 +0.0498 +0.0127 +0.879 +1.879
Test 0.67<1.52 3.19>1.96 1.20<1.52

insignif=- signifi- insignif-
icant cant icant
PHASE I TEST ELEMENTS

C02-01 (FTE-6) 6/5 8.25 7.48 +0.57 +0.103 +0.084 1.220 1.490
D14-08 (FTE-8) 88/1 9.32 10.42 0. 71 -0.106 +0.061 -1.732 3.000
C14-08 (FTE-5) 88/1,83/1 9.31 11.01 +0.66 -0.155 +0,051 -3.057 9.343
A02-01 (FTE-17) 475 6.1 5.44. *0.43 ~-0.244 +0.060 -4.094 16.760
E05-04 (FBTE-1) 17/6 10,22 10.91 *0.74 -0.063 +0.064 -1.000 1.000
F14-08 (FTE-7) 68/1 5.82 7.12 *0.46 -0.183 +0.053 -3.474 12.066
A11-11 (FBTE-2) 34/5 10.17 14,87 *0.89 -0.316 +0.041 -7.714 59.509
F06-01 (FTE-12) 22/5 5.39 5.57 *+0.40 -0.032 +0.070 -0.460 0.211
Mean X, S 7.824 9.103 | :0.629 -0.125 +0.062 -2.539 12.922
RMS, SY *2.225 *3.049 | £0.222 £0.122 +0.022 +2.545 +18.479
Test
(a)

All elements are unperturbed except where noted.
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TABLE 9
BURNUP COMPARISON OF DRIVER ELEMENTS SCANNED DURING PHASE 1L OF PEACH BOTTOM EOL PROGRAM

Total FIMA . .
Relative Comparison
GAUGE GAUGE, Meas., Difference

Element Position P v SM(lo) T?st .l Test 2 Cs-137
I.D. (Patch/Hex.) % %) (%) (C/M=-1)=2 52(10) D—Z/SZ D2 Movement Rcmarks(a)

PHASE 11 DRIVER ELEMENTS
E03-01 2/6 7.85 8.20 +0.24 -0.043 10.028 -1.523 2.321 Yes
E14-02 126/4 8.11 8.78 £0.42 -0.076 £0.044 -1.727 2.983 No
FO1-01, 1/2 8.54 Not NDetermined Yes No calibration.
E03-02 2/1 8.16 8.19 +0.24 -0.004 +0.029 -0.125 0.016 Yes
E09-02 61/5 7.86 7.13 *0.21 +0.102 +0.032 3.153 9.943 Yes Next to control rod.
E04-02 2/7 7.80 7.54 *0.24 +0.034 £0.033 1.047 1.097 Yes Next to control rod.
E13-02 91/7 8.31 7.67 *+0.20 +0.083 £0.029 2.954 8.723 No
E05-02 8/5 7.87 6.99 +0.20 +0.126 10.032 3.908 15.273 Yes Next to control rod.
E12-02 91/6 8.44 8.07 +0.21 +0.046 £0.027 1.685 2.838 Yes
E07~02 37/4 8.25 8.50 +0.18 -0.029 +£0.021 -1.431 2.048 Yes
E10-02 61/1 8.29 7.85 $0.21 +0.056 +0.028 1.984 3.936 Yes
E13-01 126/5 8.24 8.17 20.22 +0.009 +0.027 0.315 0.100 No
E08-02 37/3 7.86 6.94 +0.20 +0.133 +0.033 4.062 16.496 Yes Next to control rod.
A04-03 4/2 8.06 7.80 *0.23 +0.033 +0.030 1.094 1.197 Yes
A04-04 - 13/5 7.63 8.05 +0.22 -0.052 +0.026 -2.014 4,057 Yes Next to control rod.
Al4=-14 108/6 8.16 8.1 *0.21 +0.006 +0.026 0.237 0.056 No
B05-02 5/4 7.69 7.79 *0.22 -0.013 $+0.028 -0.460 0.212 Yes Next to control rod.
F03-02 3/1 8.05 7.60 £0.19 +0.059 +0.026 2.236 5.000 Yes
F04-03 3/2 8.06 7.39 +0.19 +0.091 +0.028 3.233 10.453 Yes
F15-14 101/3 8.13 9.03 :0.18 -0.100 :0.018 -5.554 30.842 No
B10-15 139/5 4.05 4,19 *0.09 -0.033 +0.020 -1.609 2.590 No
B11-03 49/3 8.46 7.62 $0.20 +0.110 £0.029 3.783 14,311 Yes
F02-01 3/5 8.23 7.1 *0.19 +0.067 +0.026 2.564 .6.574 Yes
FO05-04 11/6 8.17 7.19 0. 17 +0.136 +0.027 5.073 25.738 Yes
F07-06 24/4 3.04 Not Determined - No calibration.
F09-08 44/5 8.38 Not Determined Yes No calibration.
F12-09 44 /1 8.37 Not Determined Yes No calibration.
F14-13 101/4 8.12 Not Determined - No calibration.
B02-01 5/5 8.23 8.57 | 0.21 -0.040 +0.024 ~-1.686 2.842 Yes .
F12-11 70/6 8.34 Not Determined - No calibration.
Mean X, §x 7.915 7.112 +0.218 +0.0292 +0.028 0.883 7.069
RMS, S_ +0.834 +0.904 +0.044 +0.0674 +0.0058 +2.508 + 8.044
Test * 6.05>1.52 4.3351.96 | 7.07>1.52

Significant Bignificant {Significant

PHASE T & PHASE IT DRIVER ELEMENTS

Total X, SR 7.533 7.594 +0.376 -0.0042 *+0.0478 0.116 4.133
RMS, S?(' +1.439 *1.537 *0.054 *+0.0680 +0.0069 +2.030 *6.537
Test 3.95>1.35 0.80<1.96 4.13>1.35

Significant Not Significant

ignificant

(a)

All elements are unperturbed except where noted.
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TABLE 10

Cs-137 INVENTORY COMPARISON OF PHASE T DRIVER ELEMENTS

Cs-137 Inventory Relative Fission Product
GAUGE GAUGE, MEAS., Difference Comparison Trap Activity
Element Position C M Sy(10) 9 Cs-137 Cs-134 Cs-137
1.D. (Patch/Hex.) (Ci) (ci) (ci) (C/M=-1)= 2 5510) D= Z/SZ D (Cit10) (Ci* 19g) Movement
PHASE I DRIVER ELEMENTS
A17-11 106/7 344.7 339.0 9.3 0.017 +0.028 0.60 0.36 NA NA No
E14-01 126/1 392.1 420.0 +10.4 -0.066 +0.023 -2.87 8.26 0.5+ 0.1 <Q.1 No
E01-01 1/7 431.4 447.0 +13.1 -0.035 +0.028 -1.23 1.52 0.4 + 0.1 0.2 0.1 Yes
E02-02 2/4 421.8 438.0 +12.6 -0.037 +0.028 -1.34 1.78 0.4 + 0.1 <0.1 Yes
E09-01 61/6 395.7 381.0 +10.4 0.039 +0.028 1.36 1.85 0.5 * 0.1 0.2 £ 0.1 Yes
E11-01 90/4 428.4 453.0 +11.5 -0.054 *0.024 | -2.26 5.12 0.5 £ 0.1 <0.,1 Yes
E15-01 126/2 345.6 339.0 9,3 0.019 +0.028 0.70 0.49 0.4 0.2 <0.1 No
E07-01 37/1 394.2 411.0 +*11.5 -0.041 +0.027 -1.52 2.32 0.5 £ 0.2 <0.1 Yes
E06-02 8/6 414,8 399.0 +*11.5 0.040 +0.030 1.32 1.75 0.6 + 0.1 <0.1 Yes
E05-01 19/3 390.7 429.0 +12.0 -0.089 +0.025 ~3.51 12.28 0.5 * 0.1 <0.1 Yes
E15-02 126/3 336.2 333.0 +8.8 0.010 +0.027 0.36 0.13 0.4 £ 0.1 <0.1 No
B13-01 108/5 416.8 420.0 +*11.0 -0.008 +0.026 -0.27 0.09 0.5 0.2 <0.1 Yes (Small)
A03-03 4/3 100.5 108.0 *6.6 -0.069 +0.057 -1.22 1.48 0.3 + 0.1 <0.1 N.D.
B02-02 5/4 421.8 498.0 +14.2 -0.153 +0.024 | ~6.34 40.14 <0.1 <0, 1 Yes
E11-02 61/2 395,7 450.0 +*11.5 -0.121 +0.022 -5.37 28.83 0.5 % 0.2 <0.1 Yes
A05-05 13/1 386.6 402.0 +*11.0 -0.038 +0.026 -1.46 2.12 0.4 * 0.1 0.2 + 0.1 Yes
B03-01 5/6 383.6 426.0 £12.0 -0.100 *0.025 | -3.92 15.40 0.3 0.1 0.1 £ 0.1 Yes
B14-02 108/4 410.3 408.0 +10.4 0.006 +0.026 0.22 0.05 0.5+ 0.1 0.1+ 0.1 Yes (Small)
B03-03 5/3 410.3 408.0 +12.0 0.006 +0.026 0.22 0.05 0.4 £ 0.1 <0.1 Yes
B0OS5-01 13/3 381.6 423.0 +11.5 -0.098 +0.025 | -3.99 15.93 0.4 * 01 <0.1 Yes
F03-01 3/6 383.6 404.8 +11.0 -0.060 0,025 | -2.36 5.57 0.4 £ 0.1 <0.1 Yes
F05-05 11/1 395.7 396.0 *11.0 -0.001 +0.028 -0.03 0.01 0.5 * 0.1 <0.1 Yes
A17-08 105/6 344.7 342.0 +8.8 0.008 +0.026 0.30 0.09 0.5+ 0.1 <0.1 No
F11-03 41/3 425.4 456.0 *11.5 -0.067 +0.024 | -2.85 8.14 0.5+ 0.1 <0.1 Yes
Mean x, S 381.3 397.8 +11.1 -0.038 +0.028 -1.48 6.41 0.43 + 0.12 0.035 * 0.05
RMS, S— +64.5 *+69.4 +2.3 *+0.050 *+0.006 +2.06 .+9.82 *0.12 * 0.025 +0.07 * 0.01
Test 3.08 < 1.52 4,46 > 1,96 6.41 > 1,52
Significant Significant Significant
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TABLE 11
Cs-137 INVENTORY COMPARISON OF PHASE I AND II DRIVER ELEMENTS
Cs-137 Inventory . Relative Fission Product
GAUGE Difference Comparison Trap Activity
Position GAUGE, Meas., s (10)
Element (Patch/ C M M 2 Cs-137 Cs-134 Cs-137
1.D. Hex.) (ci) (ci) (ci) (c/M-1) = 2 Sz(lo) D=Z/57 D (ci * 10) (Ci * 10) |Movement
PHASE II DRIVER ELEMENTS
E03-01 2/6 394.6 411.0 *9.3 -0.040 *0.022 -1.84 3.37 0.2 * <0.1 0.1 ¢ <0.1 Yes
E14-01 126/4 407.8 441.0 *9.6 ~0.075 +0.020 -3.74 13.99 0.7 £ 0.1 0.1 % <0.1 No
F01-01 1/2 Not Determined Yes
E03-02 2/1 410.3 411.0 +8.8 -0.002 +0.021 -0.08 0.01 1.6 = 0.2 1.9 £ 0.2 Yes
E09-02 61/5 395.2 357.0 7.7 0.107 $0.024 4.48 20.08 9.7 +1.0 9.8 + 1.0 Yes
E04-02 2/17 392.1 378.0 8.2 0.037 £0.023 1.66 2.75 7.1 2 0.7 8.8 + <0.1 Yes
E13-02 91/7 417.9 387.0 7.7 0.080 +0.021 3.72 13.81 NA NA No
E05-02 8/5 395.7 351.0 *7.7 0.127 +0.025 5.15 26.52 0.3 * <0.1 0.2 + <0.1 Yes
E12-02 91/6 424.3 405.0 +8.2 0.048 +0.021 2.25 5.05 NA NA Yes
E07-02 37/4 § 414.8 429.0 *9.3 -0.033 +0.021 -1.58 2.49 2.2 ¢+ 0.2 2.9 £ 0.3 Yes
E10-02 61/1 416.8 393.0 +8.2 0.061 *+(0.022 2.74 7.49 0.2 ¢ <0.1 0.1 ¢ <0.1 Yes
E13-01 126/3 414.3 411.0 +8.2 0.008 £0.020 0.40 0.16 0.2 * <0.1 <0.1 No
E08-02 37/3 395, 2 348.0 *7.7 0.136 *0.025 5.40 29.14 0.9 £ 0. 0.9 ¢+ 0.1 Yes
AQ4-03 4/2 405.3 393.0 8.2 0.0 £0.022 1.45 2.12 0.2 ¢ <0.1 <0.1 Yes
A04-04 13/5 383.6 405.0 +8.8 -0.053 £0.021 -2.57 6.59 0.6 ¢+ 0.1 0.7 £ 0.1 Yes
Al4-14 108/6 410.3 408.0 8.2 0.006 +0.020 0.28 0.08 0.2 ¢ <0.1 0.1 & <0.1 No
B05-02 5/4 386.6 393.0 8.2 -0.016 £0.021 -0.79 0.63 0.2 ¢ <0.1 0.1 ¢ <0.1 Yes
F03-02 3/1 404.7 381.0 +8.2 0.062 £0.023 2.72 7.40 0.5 & <0.1 0.5+ 0.1 Yes
F04-03 3/2 405.3 372.0 8.8 0.090 +0.026 3.47 12.06 0.2 * <0.1 <0.1 Yes
F15-14 101/3 408.8 453.0 +8.8 -0.098 +0.018 -5.57 30.98 0.1 = <0.1 <0.1 No
F16-15 139/5 343.9 354.0 7.1 -0.031 £0.019 [ -1.60 2.56 NA NA No
B11-03 49/3 425.4 384.0 7.7 0.108 +0.022 4.85 23.56 0.5 ¢+ 0.1 0.5t 0.1 Yes
F02-01 3/5 * 387.7 387.0 +8.8 0.002 +0.023 0.08 a.01 0.2 ¢+ <0.1 0.1 % <0.1 Yes
‘F05-04 11/6 373.8 348.1 7.7 0.074 £0.024 3.1 9.66 2.6 £ 0.3 3.2 ¢ 0.3 Yes
FO7-06 24/4 Not Determined
F09-08 44/5 Not Determined Yes
F10-09 44 /1 Not Determined Yes
F14-13 101/4 Not Determined
BO2-01 5/5 413.8 |Io32.0 *+8.8 -0.042 +0.020 -2.16 4.66 1.1 £ 0.1 1.0 = 0.1 Yes
F12-11 70/6 Not Determined
Mean X, §x 401,2 393.5 +8.4 *0.024 +0.022 0.91 9.38 1.40 = 0.29 1.48 * 0.313
RMS, S— £17.6 *+28.0 1.7 . $0.064 +0.045 *2.93 *9.62 +2.40 * 0.062 }20.70 * 0.068
Test * 8.83>1.52 4.46>1.96 | 9.3851.52
: ) Significant Significant Signiflcant
PHASE 1 & II DRIVER ELEMENTS
Total .
X, S_x 391.3 395.4 +9.8 -0.0064 *0.0249 4 -0.28 7.89 0.92 + 0.076 +0.723 ¢+ 0.22
RMS, S)—( *48.3 *54.9 1.4 *0.0657 +0.0036 | *2.80 *9.84 * 1.73 = 0.033| *2.00 = 0.033
Test ) 7.05>1.35 1.94<1.96 7.89>1.35
Significant Tnsignificant| Significant
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TABLE 12

F03-01 Cs-137 INVENTORY COMPARISON

(b)

Standard deviation/v6, where 6 is the number of scans taken on each compact.

Error assumed to be the same fractional error reported on compact scans.

FISS-PROD
Calc. ORNL Scans Peach
Cs-137 Bottom Scan
Compact Inventory Compact (Ci) Sleeve (Ci) Spine (Ci) Total (Ci) (Total Ci)
1.D. (Ci) Meas . +1g(a) Meas. +1g(b) Meas. *1g(b) Meas. 10(b) Meas. 1o
1 6.4 8.20 0.21 0.0032 0.00008 0.0080 0.0002 8.21 0.21 9.50 1.30
2 7.7 9.43 0.24 0.0066 0.00017 0.067 0.0017 9.50 0.24 9.23 0.87
3 8.8 10.70 0.62 0.0108 0.0006 0.154 0.0089 10.86 0.63 10.43 1.01
4 10.0 12.50 0.28 0.0233 0.0005 0.201 0.0045 12.72 0.28 14 .47 1.26
5" 11.2 14.90 0.35 0.0352 0.0008 0.223 0.0052 15.19 0.36 16.84 1.29
6 12.2 16.40 0.80 0.0811 0.0040 0.250 0.012 16.73 0.82 17.62 1.31
7 13.0 17.40 0.69 0.2653 0.011 0.257 0.010 17.92 0.7 20.39 1.45
8 13.6 22.20 0.86 0.9841 0.038 0.378 0.015 23.56 0.91 23.84 1.51
9 14,0 20.70 0.21 2,195 0.022 0.622 0.006 23.52 0.24 27.03 1.53
10 14.4 23.70 1.02 1.753 0.075 0.774 0.033 26.23 1.13 27.44 1.57
1" 14.6 22,50 0.43 2,222 0.042 0.887 0.017 25.61 0.49 26.99 1.48
12 14.9 17.50 0.31 3.308 0.058 0.887 0.016 21.70 0.38 23.11 1.48
13 15.2 18.90 1.06 2,536 0.142 0.793 0.044 22.23 1.24 20.43 1.38
14 15.4 13.50 0.62 2,032 0.093 0.646 0.030 16.18 0.74 16.63 1.46
15 15.4 11.30 0.46 2.253 0.092 0.553 0.023 14 .11 0.57 12.52 1.38
16 15.6 10.30 0.88 2.328 0.199 0.618 0.053 13,25 1.13 10.77 1.24
17 15.6 © 8.26 0.46 2,930 0.163 0.745 0.041 11.94 0.66 9.72 1.30
18 15.6 5.99 0.21 3.003 0.105 0.370 0.013 9.36 0.33 8.71 1.42
19 15.4 4,88 0.09 1.987 0.037 0.178 0.003 7.05 0.13 9.35 1.51
20 15.3 7.92 0.46 2.518 0.146 0.429 0.025 10.87 0.63 10.96 1.45
21 15.1 5.77 0.09 1.985 0.031 0.480 0.007 8.24 0.13 10.28 1.23
22 14.7 4,73 0.16 1,106 0.037 0.220 0.007 6.06 0.21 5.64 1.25
23 14.3 5.50 0.22 0.787 0.031 0.119 0.004 6.41 0.26 4.16 1.12
24 13.9 7.35 0.42 0.803 0.046 0.037 0.002 8.19 0.47 4.06 1.11
25 13.4 8.82 0.30 0.703 0.024 0.052 0.002 9.58 0.33 6.79 1.09
26 12.9 9.35 0.26 0.378 0.011 0.026 0.0007 9.75 0.27 10.13 1.18
27 12.3 10.10 0.45 0.130 0.006 0.0035 0.0002 10.23 0.46 9.77 1.09
28 1.7 9.79 0.13 0.047 0.0006 0.0010 0.00001 9.84 0.13 9.17 1.01
29 11.2 9.89 0.38 0.011 0.0004 0.0005 0.00002 9.90 0.38 9.61 1.07
30 10.8 9.23 0.13 0.0078 0.0001 0.0004 0.000006 9.24 0.13 9.20 1.40
Total  __ 394,60 357.71 2,77 36.43 +0.40 9.98 +0.11 404.18 +3.16 404.79 +7.14
Mean X, S, 13.15 11,91 +0.51 1.21 +0.07 0.33 +0.019 13.47 +0.58 *13.49 +1.30
RMS, Sz +2.43 +5.48 +0.09 *1.10 +0.013 +0.29 +0.004 +5.94 *0.11 +*6.78 *0.24
(a)
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EO1-1 COMPARISON OF_CALCULATEDTQEBEM};?\SURED AXIAL Cs-137 INVENTORY
Ceo137 cz;‘;z‘c‘?” GAUGE/ FEVER T:Ivn:.
Relative Difference Thermal SURVEY
Core(a) Calc., Meas., /1) =z Comparison Flgence ’s Fuel
Compact Height c M Sy (o) Test 1 Test 2 | (n/mé x 1042) Temp .
1.D. (mm) (%) %) (%) z |sz (o) D= Z/Sy D2 (E < 0.38aJ) (°c)
2 775 9.2 20.6 2.7 -0.553] $0.059 -9.45 89.38 2.07 632.7
4 927 12.5 26.2 3.3 -0.523 | *0.060 -8.70 75.72 3.01 790.6
6 1080 15.2 28.7 3.3 -0.470 | +0.061 ~7.72 59.66 3.90 v905.8
8 1232 16.9 27.2 £3.3 -0.379 { #0.075 -5.02 25.24 4.53 994.7
10 1384 17.8 18.2 *2.5 -0.022 | *0.134 -0.16 0.03 4,85 1055.4
12 1537 17.9 20.9 2.7 -0.144 ] #0.111 -1.29 1.68 5.01 1096 .8
14 1689 18.3 12.5 2.1 0.464 | 20.246 1.89 3.56 5.09 1127.0
16 1842 18.3 6.8 *1.5 1.691 | #0.594 2.85 8.13 5.09 1145.8
18 1994 17.9 11.1 *2.1 0.613 | £0.305 2.01 4.03 4.96 1152.5
20 2146 17.4 7.4 *1.6 1.351 | x0.508 2.66 7.07 4,68 1151.1
22 ‘ 2299 16.2 5.4 *1.3 2.000 | £0.722 2.77 7.67 4,27 1135.8
24 2451 14.8 8.4 |, 1.6 0.762 | $+0.336 2.27 5.15 3.78 1107.1
26 2604 13.0 6.2 *1.5 1.097 | #0.507 2.16 4.67 3.18 1065.8
28 2756 11.2 13.8 2.3 -0.188 | *0.135 -1.39 1.94 2.61 1011.1
30 2908 9.8 9.3 *1.6 ' 0.054 | +0.181 0.30 0.09 2.20 980.7
Mean ¥, S_ : 15.09 15.00 +0.61)
RMS +3.08 +7.88

(a) From "O" Ref., Drawing 33-FT-2.

(b) sg = [_1_2_2(10)2] V2,

n
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TABLE 14

E03-02 COMPARISON OF CALCULATED AND MEASURED AXTAL Cs-137 INVENTORY

)

1/2
1
s = [n_2 ) (m)z] .

Time-
Cs-137 Inventory GAUGE/ FEVER Avg.
Mean Per Compact Relative Difference .. Thermal SURVEY
. Cpre - Calc., Meas., Cret - 2 Comparison Fluence g:;l.
Compact Height S ? SM (19) Test 1 Test 2 (n/m2 x 1025) (°g)
1.D. (mm) ¢3) (%) %) z S, (10) D = Z/Sg D2 (E < 0.38aJ)
2 775 8.7 12.3 1.3 -0.293 | +0.075 -3.92. 15.33 1.90 619.3
4 -927 1.7 19.9 2.1 ~0.412 | +0.062 -6.64 44 .11 2.75 766.9
6 1080 14.2 20.2 2.1 -0.297 ) #0.084 -3.56 12.65 3.57 873.4
8 1232 15.9 22.3 2.4 -0.213 | +0.082 -2.60 6.77 4.15 956.1
10 1384 16.6 21.5 2.3 -0.228 | +0.083 -2.76 7.61 444 1013.4
12 1537 17.0 25.4 *27 -0.331 | £0.071 -4.65 21.61 4.59 1052.6
14 1689 17.2 9.9 1.1 0.737 | ¥0.193 3.82 14.59 4,66 1081.3
16 1842 17.2 9.6 *1.1 0.792 30.205 3.86 14,87 4.66 1099.6
18 1994 17.0 9.8 1.1 0.735] *0.195 3.77 14.24 4.54 1106.7
20 2146 16.2 5.8 +0.7 1.793 ] +0. 337 5.32 28.29 4.29 1106.1
22 2299 15.2 6.4 *0. 1.375 | *0.297 4.63 21.45 3.91 1092.4
24 2451 13.9 6.4 *0. 1.172 |.#0.271 4.32 18.63 3.46 1066.1
. 26 2604 12.2 11.8 *1.3 0.034 | *0.114 0.30 0.09 2.9 1027.6
28 2756 10.4 10.4 +1.2 0.000 | +0.115 1.00 0.00 2.39 976.3
30 2908 9.1 10.7 +1.2 ~0.150 | x0.095 -1.57 2.46 . - 2.01 947.0
Mean X, S| 14.17 13.49 | 20.42(b)
RMS *2.93 *+6.29
(a) From "O" Ref., Drawing 33-FT-2.
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TABLE 15
E06-02 COMPARISON OF Cs-137 AXIAL INVENTORY
Time
Cs—137 Inventory GAUGE/FEVER Avg.
Per Compact Relative Difference ‘ ’I:hermal SURVEY
Core Calc., Meas., (c/M-1) = 2 Comparison (n;igeicﬁoﬁ) ’I;:;l’
Compact Height C M sy (1) : Test 1 Test 2 °
1.D. (mm) (%) (%) (%) z [s, () D= 2/Sy p2 | (B < 0.38a]) o
2 .775 8.9 10 .1 *1.5 -0.109 | $0.132 -0.08 0.68 1.95 624.9
4 927 11.9 11.8 +1.8 0.008 | *0.154 0.06 0.00 2.83 774.7
6 1080 14.5 23.5 2.9 -0.383| +0.076 -5.03 25.30 3.67 899.5
8 1232 16.1 25.5 +3.2 -0.369} £0.079 ~4.66 21.65 4.26 960.2
10 1384 16.9 22.8 +2.8 -0.259 | +0.091 ~2.84 8.08 4.56 1017 .1
12 1537 17.3 20.5 *2.7 ~0.156 | £0.111 ~1.40 1.97 4.7 1056.6
14 1689 17.5 14.8 2.1 0.182] *0.170 1.09 1.18 4.79 1086.3
16 1842 17.5 10.7 +1.8 0.636 | x0.275 2.3 5.34 4,78 1105.8
18 1994 17.2 7.4 *1.5 1.324 | 20,471 2.81 7.90 4,66 1114.4
20 2146 16.6 7.6 1.3 1.184 | *0.374 3.17 12.05 4.40 1115.2
22 2299 15.4 7.4 1.4 1.081 ] *0.394 2.75 7.54 4.01 1102.7
24 2451 14.2 5.2 A 1.731] *x0.578 3.00 8.98 3.55 1077 .1
26 2604 12.5 7.6 *1.6 0.645 | +0.281 2.29 5.25 2.99 1040 .1
28 2756 10.6 8.7 1.4 0.218 | *0.196 1.1 1.24 2.45 989.2
30 2908 9.3 7.9 1.4 0.177{ +0.209 0.85 0.72 2.07 960.0
Mean¥, S_ 14.43 12.77 | +0.52(b)
RMS +2.96 *6.65
(a) From "0" Ref., Drawing 33-FT-2.

1/2
1 2
) s = [n—z 2 (o) ] .
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TABLE 16
E09-01 COMPARISON OF MEASURED AND CALCULATED Cs-137 AXIAL INVENTORY

Cs;lj / Cig‘;ggiory GAUGE/FEVER X\Iz:e
' : Relative Difference Comparison Thermal SURVEY
Compact Hé?gﬁl(a) Caéc., Meis.’ Sy(10) c/m-1) =z Test 1 Test 2 (n/iéuinigzs) i::;.
1.D. (mm) (%) (%) (%) z | sz(10) D= 2/S, D2 (E <0.38aJ) (°c)
2 775 8.0 9.5 *1.4 -0.158] #0.124 -1.27 1.62 1.72 579.4
4 927 10.3 12.9 1.7 -0.202| *0.105 -1.92 3.67 2.34 669.0
6 1080 12.3 20.1 2.5 -0.388| *0.076 -5.10 26.00 2.94 739.7
8 1232 13.8 24.6 2.9 -0.439| 20.066 -6.64 44,07 3.42 : 803.3
10 1384 14.6 .18.8 ,12'3 -0.223| *x0.095 -2.35 5.53 : 3.69 1856.3
12 1537 15.2 18.3 2.4 -0.169| *0.109 -1.56 2.42 3.92 912.0
14 1689 15.8 13.1 1.9 0.206| +0.175 . 1.18 1.39 4.12 970.1
16 1842 16.2 13.2 1.9 0.227 *0.177 1.29 1.66 4,25 1014.0
18 1994 16.2 10.5 *1.7 0.543] *0.250 2.17 4.72 4.27 1049.8
20 2149 16.0 6.9 #1.3 1.319{ *0.437 3.02 9.11 4.20 1076.2
22 2299 15.6 8.1 *1.7 0.926| +0.404 2.29 5.25 4,05 1102.6
24 2451 15.1 6.4 1.5 1.360{ *0.553 2.46 6.04 3.87 1119.4
26 2604 14.6 10.1 1.7 0.446] *0.243 1.83 3.35 ' 3.7 1099.3
28 2756 » 13.6 8.8 1.5 0.545] +0.263 2.07 4.29 3.39 1120.9
30 2908 12.9 8.7 1.7 0.483] %0.290 1.07 2 2.78 3.16 1103.8
Mean X, Sy 14,01 12.67 | *0.50(b)
RMS 12,26 *5.25

(a) From "0" Ref., Drawing 33-FT-2.

1/2
_ |1 2
(b) S = [——nz Z;(m) ]

O | O



61-4

TABLE 17

E11-01 COMPARISON OF Cs-137 AXIAL INVENTORY

Time-
Cs;‘ 3 CI“"e“m"y GAUGE/FEVER | Avg.
er Compact Relative Difference Comparison Thermal SURVEY
Core(a) Cale., Meas., (C/M=1) =z Fluence Fuel
Compact Height C M Sy(1o) Test 1 Test 2 (n/m2 x 1025) Temp.
I.D. (mm) (%) (%) (%) z | 8,010 D = z/s7 D2 (E <0.38aJ) (°c
2 775 9.2 11.9 1.7 -0.227 | £0.110 -2.03 4,22 2.08 627.2
4 927 12.5 16.4 +2.1 ~0.238 | *0.098 -2.44 5.94 3.02 782.4
6 1080 15.2 18.4 2.3 -0.174 | *0.103 -1.68 2.84 3.92 895.4
8 1232 16.9 25.3 +3.1 ~0.332| x0.082 -4.06 16.46 4,56 982.7
10 1384 17.8 19.6 *2.5 ~0.092 | *0.116 -0.79 0.63 4.88 1042.9
12 1537 17.9 21.3 2.7 ~0.160| *0.107 -1.50 2.25 5.04 1083.9
14 1689 18.3 14.7 *1.9 0.245] *0.161 1.52 2.32 5.12 1114.0
16 - 1842 18.3 14.6 2.0 0.253] $0.172 1.48 2.18 5.12 1132.9
18 1994 17.9 11.4 +1.8 0.570 | +0.248 2.30 5.29 4.99 1139.3
20 2146 17.4 13.3 +1.8 0.308( *0.177 1.74 3.03 4.71 1130.7
22 2299 16.2 11.5 +1.9 0.409 | *0.233 1.756 3.08 4.29 1122.1
24 2451 14.8 12.1 +1.8 0.223] *0,182 1.226 1.50 3.80 1093.4
26 2604 13.2 15.6 $2.6 ~0.154 | 0,141 -1.09 1.19 3.20 1052.0
28 2756 11.2 13.2 2.1 -0.152 | *0.135 -1.12 1.26 2.62 998.0
30 2908 9.8 10.1 £1.5 -0.030 | *0.144 -0.20 0.04 2.21 968.1
Mean X, S 15.11 15.29 | +0.56(b)
RMS +3.07 *4.11
(a) From "0" Ref., Drawing 33-FT-2.
g 5 1/2
(b) s = —2):(10)] :
Ln



TABLE 18

E14-01 COMPARISON OF MEASURED AND CALCULATED Cs-137 AXIAL INVENTORY

0Z¢~d

O

nglf Cz:“gz‘;t“y GAUGE/FEVER R:?-
Relative Difference Comparison Thermal SURVEY

?ore( ) Calc., Meas., C/M=1) =z F%uence25 Fuel

Compact Height c M sy(1o) -Test 1 Test 2 (n/mé x 104°) Temp.

1.D. (um) ) (%) (%) z | sz(10) D = 2/Sy p? (E <0.38aJ) (°C)
2 775 9.1 10.9 $1.6 -0.165| *0.123 1.35 1.82 2.02 598.8
4 927 12.3 9.8 *1.5 0.255} $0.192 1.33 1.76 2.93 734.8
6 1080 14.8 12.8 +1.8 0.156} *0.163 0.96 0.92 3.80 833.6
8 1232 16.6 15.6 2.0 0.064| *0.136 0.47 0.22 4,41 913.3

10 1384 17.4 14.4 *1.9 0.208 | *0.159 1.31 1.71 4,72 970.1
12 1537 17.8 15.8 *2.2 0.127 | *0.157 0.81 0.65 4.88 1009.3
14 1689 18.0 17.9 *2.2 0.006 | *0.124 0.05 0.00 4,96 .1038.1
16 1842 18.0 17.6 *2.2 0.023} *0.128 0.18 0.03 4,96 1056.1
18 1994 17.6 17.2 2.2 0.023| +0.131 0.18 0.03 4.83 1062.4
20 2146 17.0 14.9 *1.9 0.141} +0.145 0.97 0.94 4.56 1054.8
22 2299 15.9 16.5 +2.2 -0.040| *0.128 0.28 0.08 4,15 1047.2
24 2451 14,6 13.7 *1.9 0.070 | *0.148 0.44 0.20 3.68 1020.9
26 2604 12.8 11.9 *1.8 0.076 | *0.163 0.47 0.22 3.10 983.6
28 2756 10.9 10.0 £1.6 0.090| *0.174 0.52 0.27 2.54 935.6
30 2908 9.5 8.1 +1.3 0.173 +0.188 0.92 0.84 2.14 911.6

Mean %, S 14.82 | 13.81 | 20.49®
RMS - +3.05 *+2.99
(a) From "0" Ref., Drawing 33-FT-2.

1/2
1 2
®) s = [;2- T (o) ] :
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TABLE 19
SURVEY TEMPERATURE PREDICTIONS FOR PEACH BOTTOM DRIVER ELEMENTS

GAUGE
Location Predicted Time- and Volume-Averaged Temperatures for Even-Numbered Fuel Compacts (°C)

Element | (Patch/ Bottom Top _ (a)
1.D. Column) 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 x RMS
FO1-01 1/2 632 790 905 994 1055 1097 1127 1146 1152 1151 1136 1106 1065 1010 980 1023 126
E01-01 1/7 632 790 905 994 1055 1096 1127 1145 1152 1151 1115 1107 1065 1011 980 1023 127
'E03-02 21 619 767 873 956 1013 1052 1081 1099 1106 1106 1092 1066 1027 976 947 985 118
E02-02 2/4 626 780 892 979 1038 1079 1108 1126 | 1133 1132 117 1089 1048 995 965 1007 123
E03-01 2/6 611 752 851 928 982 1020 1048 1066 1075 1075 1064 1040 1004 956 927 960 m
E04-02 2/7 610 750 848 924 978 1015 1044 1062 1070 107N 1059 10136 1000 952 924 956 110
F03-02 3N 616 764 873 958 1016 1056 1084 o2 1108 1106 1091 1064 1024 972 942 985 119
FO4-03 3/2 617 765 872 955 1013 1052 1081 1094 1105 1104 1090 1063 1024 973 943 984 118
F02-01 3/5 621 772 883 Y70 1029 1069 1098 116 1122 1120 105 1077 1036 987 953 997 122
FO3-01 3/6 576 693 786 866 926 974 1016 V044 62 1074 1071 1055 1031 992 971 940 128
A0G=03 4/2 618 767 874 958 1016 1055 1084 102 1109 1108 1093 1066 1027 976 946 987 124
B03-03 S/3 619 768 875 958 1016 1055 1084 1102 1109 1108 1094 067 1028 977 947 987 18
B02-02 5/4 627 781 894 981 1041 1082 nn 1129 IR 1134 1M1y 1091 1050 996 966 1010 124
802-01 5/5 624 777 889 976 1036 1076 1105 1124 1130 1128 1113 1084 1043 990 959 1004 123
#03-01 5/6 579 697 791 873 933 982 1023 1052 1070 1082 1079 1063 1038 999 977 949 129
£05-02 8/5 613 755 853 929 983 1020 1049 68 1077 1078 1067 104 1008 960 911 962 "
£06-02 8/6 624 774 879 960 1017 1056 1086 1105 1114 ns 1102 1077 1040 989 960 993 118
F05-05 LAVA 615 758 858 935 990 1028 1057 1076 1084 1085 10714 1049 1017 964 9136 968 13
F05~04 11/6 623 773 881 964 1022 1061 1090 1109 116 "6 1102 1076 1037 985 955 994 19
A05-05 131 579 697 790 872 927 980 1022 1051 1069 1081 1074 106 1039 1000 978 949 129
BOS-01 13/3 576 692 783 862 921 969 1010 1039 1056 1069 1067 1052 1029 991 970 9139 127
AOL=04 13/5 578 696 790 871 931 980 1021 1050 1068 1080 1077 1062 1037 998 a76 948 129
805-02 14/5 579 697 791 873 933 982 1023 1052 70 1082 1080 1065 1040 1001 979 950 130
£05-01 19/3 612 752 848 922 976 1013 1042 1061 1071 1072 1062 1039 1005 957 928 957 110
E07-01 N 578 669 739 802 855 910 968 1012 1048 1079 1ot 17 1135 17 1100 949 158
E08-02 37/3 577 668 738 801 853 909 967 10N 1046 1077 1099 115 133 1115 1098 947 158
E07-02 37/4 624 774 878 959 1015 1055 1085 1106 1413 IR 1102 1077 1039 989 959 993 18
F11-03 s1/3 |e32 | 792 |909 | 998 [10s9 |10 |1i30 | vwes [ 1iss {vies® [ ai3e [ 1107 | 1064 | 1009 977 | 1024 127
F10-09 44/ 632 791 904 991 1051 1092 1122 14 1148 1140(b) 1132 1103 1062 1008 976 1019 125
F09-08 sa/s | 633 790 | 903 | 989 |10a& {1089 [1119 | 1139 | 1ae | 1139(®) 131 |11 [ 063 | 1009 978 | 1018 124
B11-03 49/3 634 795 913 |1003 1065 1106 1136 1155 1161 1151(P) 1142 (RRT] 1068 1012 980 1029 128
E10-02 61/1 623 789 | 880 | 963 | 1021 1061 1090 1109 1117 1110(0) 1104 1078 1038 986 956 995 18
E11-02 61/2 626 780 892 978 1037 1077 1107 1126 1133 1125(0) 7 1088 1047 994 964 1006 123
£09-02 61/5 577 667 737 800 853 908 966 1010 1046 1072(P) 1098 1114 1133 115 1098 946 157
E09-01 61/6 578 669 739 803 856 912 970 1014 1049 1076(b) 1102 1119 1138 1120 1103 950 159
F12-11 70/6 | 631 790 |907 | 997 |1057 [1098 {1128 | 1146 | ris2 | 1rae(®) 1133 103 | 1060 | 1004 973 | 1021 126
E11-01 90/4 627 782 895 982 1042 1083 14 132 1139 1130(0) 1122 1093 1052 998 968 1011 124
E12-02 91/6 622 774 885 972 1031 1072 1101 119 1126 1117(b) 1108 1080 1039 985 956 999 122
E13-02 91/7 613 760 869 954 1013 1053 1082 1100 1105 1097(>) 1088 1059 1019 939 938 | 979 119
F15-14 101/3 613 761 873 963 1025 1067 1098 16 121 1) 101 1071 1029 976 951 992 124
F14-13 101 /4 619 772 887 977 1039 1080 1110 1127 1132 N2 e 1" 1080 1037 983 954 1002 126
A17-08 105/6 564 679 761 828 877 912 938 955 961 955(b) 949 927 895 855 837 861 91
A17-11 106/7 562 677 758 825 874 908 934 950 957 951() 944 922 891 851 833 858. 92
B14-02 108/4 616 768 882 973 1036 1078 1107 1124 1129 1ng(®? 1108 1077 1034 980 951 999 125
B13-01 108/5 622 777 894 986 1049 1091 1120 1138 1142 1132(0) 1121 1090 1046 991 962 1011 127
Alb=14 108/6 615 765 879 969 1031 1073 1102 1119 1124 1114 1103 1072 1030 976 948 995 124
E14-01 126/1 598 734 833 913 970 1009 1038 1056 1062 1054(P) 1047 1020 983 935 911, 944 RS
E15-01 126/2 550 658 733 794 839 872 897 913 919 915(P) 910 891 863 862 811 826 85
E15-02 126/3 550 661 737 799 845 877 901 916 922 917{P) 911 890 860 822 803 828 85
E14-02 126/4 600 739 840 922 979 1018 1046 1064 1070 10618 1053 1025 987 938 912 950 113
E13-01 126/5 607" 750 855 939 997 1036 1065 1082 1088 1080(P) 1071 1043 1004 953 925 966 117
F16-15 139/5 562 677 759 826 876 9 938 954 961 955" 949 927 896 857 840 859 94

29 1/2
(a) 1 =
RMS = [r; (xi - X ] .

(b)

Interpolated value.



TABLE 20
POSITION AND MAGNITUDE OF MAXIMUM Cs-137 RELEASE IN DRIVER ELEMENTS
Time-
Maximum GAUGE/FEVER Avg.
Cs-137 Loss Relative Difference Comparison Thermal SURVEY
Axial Calc., | Meas., ©/M-1) = 2 Fluence Fuel
Element |Location c M Sy (10) Test 1 | Test 2 | Compact | (n/m2 x 1023) | Temp.
1.D. (mm) (%) (%) %) z $; (16) | D=Z/Sz 2 1.D. (E <0.38aJ) | (°C)
E03-01 1991 | 16.1 7.3 | %0.9 1.205 *0,272 4,43 19.66 18 4.26 1075
Et4-02 Smooth Profile
E03-02 2109 16.2 5.8 0.7 1.793 | +0.337 5.32 28.29 20 4.29 1106
E09-02 2000 16.0 6.4 0.7 1.500 { *0.273 5.49 30,01 18 4,22 1046
E04-02 1660 | 16.4 9.5 | *1.0 0.726 *0.182 4,00 15.98 15 4.34 1053
E13-02 Smooth Profile .
E05-02 2266 14.8 5.1 i 0.6 1.902 | $0.341 5.57 31.04 21-22 3.78 1067
E12-02 2236 16.7 10.7 1.2 0.561 *0.175 3.21 10.26 21 4,45 113
E07-02 2248 16.2 5.8 0.7 1.793 | #0.337 5.32 28.29 21 4,25 1109
E10-02 2333 16.2 7.4 +0.8 1.189 +0.237 5.02 25.25 21 4.29 1107
E13-01 2192 16.7 1.8 1 1.3 0.415 | *0.156 2.66 7.09 20-21 4.46 1080
E08-02 2511 14.8 5.4 | *0.6 1.741 +0.304 5.72 32.68 25 3.80 1125
A04-03 2415 13.9 5.3 | *0.6 1.623 | *0.297 5.47 29.87 24 3.44 1067
A04~04 2070 15.6 4.6 | 20.5 2.391 +0.368 6.49 42.08 19 4.04 1074
Al4-14 Smooth Profile ! .
B05-02 2106 16.8 5.3 ' *0.6 2,170 | £0.359 6.05 36.56 20 4.51 1083
F03-02 2028 16.4 6.1 1 20,7 1.688 | *0.309 5.47 29.96 19 4,37 1108
F04-03 1971 16.7 5.1 0.6 2.275 *+0,385 5.91 34.86 18 4,48 1106
F15-14 Smooth Profile
B11-03 2211 16.7 7.2 *+0.8 1.319 | *0.258 5.12 26.21 21 4,47 1147 .
F02-81 | 2470 14.1 5.0 *0.6 1.820 *0.338 5.38 28.93 24 3.53 1077
F05-04 2014 16.8 5.5 $0.6 2.055 | *0.333 6.17 38.02 19 4,47 1117
B0O2-01 1996 17.3 6.3 *0.7 1.746 | *0.305 5.72 32,75 18 4.68 1130
A17-11 Smooth Profile
E14-0t1 Smooth Profile
E01-01 1917 18.2 5.8 1.2 2.138 *+0.649 3.29 10.84 27 5.05 1149
E02-02 2255 16.4 4.6 *1.5 2.565 | £1.163 2.21 4,87 21 4,33 - 1125
E09-01 2379 15.4 5.2 1.2 1.962 | *0.683 2.87 8.24 23 3.95 111
F11-01 2035 17.7 11.4 *1.8 0.553 | *0.245 2.25 5.08 19 4.85 1135
F15-01 Smooth Profile
E07-01 1988 16.0 6.3 1.3 1.540 | *0.524 2.94 8.63 19 4,22 1064
E06-02 2038 16.9 7.4 *1.5 1.284 | *0,463 2.77 7.69 19 4,54 1114
E05-01 1979 16.0 - 8.2 1.6 0.951 +0.381 2.50 6.24 18 4,22 1071
E15-02 Smooth Profile
B13-01 2083 | 17.9 11.4 32,2 0.570 | $0.303 1.88 3.54 19 4.94 1137
A03-03 Smooth Profile
B02-02 1998 17.5 4.6 1.1 2.804 0,910 3.08 9.50 18 4.77 1136
F11-02 1979 17.7 8.0 1.3 1.213 | *0.360 3.37 11.37 18 4,88 1133
A05-05 2236 15.4 5.9 +1.3 1.610 § *0.575 2.80. 7.84 21 3.91 1080
BO3-~01 1963 15.7 7.9 1.7 0.987 | $0.428 2,31 5.33 18 4.09 1070
B14-02 2204 17.1 1.1 1.7 0.541 *0.236 2.29 5.25 21 4.62 1131
B03-03 1914 17.1 2.7 1.0 5.333 | £2.346 2,27 5.16 17 4,62 1106
B05-01 1984 15.4 5.5 1.2 1.800 | $0.610 2,95 8.68 18 ©3.99 1057
F03-01 2384 14.3 4.0 1.2 2,575 | *0,107 2.40 5.76 23 3.60 1063
F05-05 1730 16.6 7.5 1.4 1.213 | $0.413 2.94 8.62 15 4.44 1066
A17-08 Smooth Profile
F11-03 1770 18.2 9.0 *1.3 1.022 | #0,292 3.50 12,24 15 5.06 1113
Mean X 1110
RMS . : +29

B-22



TABLE 21
POSITION AND MAGNITUDE OF MAXIMUM Cs-137 PLATEOUT IN DRIVER ELEMENTS

Time-Averaged
SURVEY
Maximum Cs~-137 Temperatures
: . GAUGE /FEVER
Plateout Relative Difference Comparison Thermal EOL
Axial | Calc., Meas., ©/4-1) = 2 Fluence Max.
Element |Location| C M Sy (is) - Test 1 Test 2 Compact (n/m2 x 1025) | Compact Sleeve
1.D. (mm) x) €3} [¢3) z Sz (1o) |D=2/S; o2 1.D. (E <0.38aJ) °C) (°c)
E03-01 1266 15.2 28.7 *3.0 -0.473 +0.055 -8.50 72,19 8 3.90 928 690
E14-02 Smooth Profile
E03-02 1494 17.0 . 29.5 3.1 -0.424 *0.061 -7.00 48.96 t1-12 4.56 1053 740
E09-02 1361 !4.65 24.8 2.6 -0.419 +0.061 -6.89 I 47.46 10 8.65 853 668
E04-02 1327 15.41  24.8 2.6 -0.379 | +0.065 -5.82 | 33.90 9 4.01 952 706
E13-02 Smooth Profile
E05-02 1250 15.2% 25.7 2.7 -0.409 £0.062 -6.58 E 43,23 8 3.92 929 683
E12-02 1329 17.3 22.4 *2.4 -0.228 =0.083 -2.75 7.57 9 4.66 1002 575
E07-02 1237 16.2: 25.5 2.7 -0.365 =0.067 -5.42 i 29.4 8 4,28 959 652
E10-02 1492 : 17.4 . 24.4 2.6 -0.287 1 20.076 -3.78 | 14,25 11 4.72 1041 646
E13-01 1550  17.7 18.0 =1.9 i -0.v17 +0.104 -0.16 f 0.26 ; 12 4.87 1037 578
E08-02 1090 | 13.4: 21,7 2.3 ~-0.382 l *+0.065 -5.84 I 34,15 i 6 3.28 738 614
AD4-03 1195 | 15.4° 27.0 , =2.8 l -0.429 ! :0.059 -7.26 : 52,76 © 1-8 3.98 959 668
A04-04 1 1334 . 1sa.2t 32,7 P e3.s b o_o.se6 1 :0.045 - 1-12.53 (157,00 | 9 3.54 902 727
Al4-14 + Smooth Profile
BOS5-02 . 1392 17.2. 24,1 12206 [ -0.286 4 +0.077 } -3.72 ; 13.83 | 10 4.67 934 709
F03-02 | 1196 15,0 32.3 i £33 10,536 | 20,047 f-11.29 [127.43 | 7 3.86 916 662
F04-03 1075 @ 1401 37.0 ; =3.8 | -0.619 1+0.039 [-15.81 i 250.07 6 . 3.53 872 637
F15-14 | Smooth Profile
B11-03 ! 1425 17.8 i 21.6 i 2.3 1 -0.178 *0.088 ~2.00 4,02 " 4.91 1086 622
F02-01 ! 1108 15.4 30.0 I 3.1 -0.487 :0.053 -9.17 ! 84.18 ? 3.98 927 658
FOS5-C4 | 1006 13.2; 2.8 2.6 -0.468 | =0.056 -8.38 ' 70.26 5 3.23 828 650
B02-01 1084 14.5 25.6 | 2.7 -0.434 =0.060 -7.26 52.68 6 3.68 889 638
At7-11 Smooth Profile
E14-01 Smooth Profile
EQ01-01 986 14.0 30.9 3.5 -0.547 +0.051 -10.66 113,58 5 3.49 848 612
E02-02 1137 15.7 30.9 *3.6 ~-0.492 *0.059 -8.31 69.06 7 4.10 936 655
E09-01 1198 13.5 24.6 *2.9 -0.451 +0.065 -6.97 48.65 7-8 3.32 803 630
E11-01 1216 17.0 23.0 2.8 ~0.261 +0.090 -2.90 8.41 8 4,56 983 572
E15-01 Smooth Profile
E07-01 1393 14.5 26.7 *3.4 -0.457 +0.069 -6.61 43.66 10 3.67 855 695
E06-02 1280 16.4 27.7 *3.3 -0.408 0.0 -5.78 33.45 8-9 4.34 960 664
E05-01 1042 13.4 26.9 *3.2 -0.502 | *0.059 -8.47 71.72 6 3.32 849 645
E15-02 Smooth Profile
B13-01 1680 18.5 | 20,9 | =:2.5 | -0.115 |+0.106 | -1.08 | 1.18 | 14 5.21 | 2 594
A03-03 Smooth Profile
B02-02 1144 15.8 42.3 4.7 -0.626 | +0.042 -15.09 | 227.86 7 4,10 938 654
E11-02 1176 16.0 28.2 +3.3 -0.433 +0.066 -6.52 42.46 7 4.19 935 568
A05-05 1303 14,2 24.9 *2.9 -0.430 20.066 -6.47 41,86 9 3.55 902 721
B03-01 1505 15.0 36.0 4.6 -0.583 | %0.053 -10.96 | 120.05 12 3.86 982 682
B14-02 1500 18.4 19.8 *2.5 -0.071 | +0.117 -0.60 0.36 12 5.14 1078 563
B03-03 1154 15.2 43.8 4.9 -0.652 +0.039 -16.82 282.88 7 3.90 917 694
B05-01 1229 13.4 33.3 *3.9 -0.598 | $0.047 ~12.68 | 160.79 8 3.3 863 704
F03-01 1375 14,2 27.5 £3.2 -0.484 | £0.060 -8.05 64.79 9-10 3.55 897
F05-05 1227 15.3 29.4 3.4 -0.480 +0.060 -7.97 63.52 8 3.94 936 680
A17-08 Smooth Profile
F11-03 1365 | 17.6] 28.7 |s+3.4 |-0.387 [+0.073 | -5.32 | 28.34 | 10 4.80 | 1059 613
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C

DISC HAS 15 PLOT FRAMES

0 ERRORS WERE DETECTED

eeEXIT LOC»#041071

axuT,0 PBEOLGS

ﬁ’ NUMBER OF RECORDS FOR THIS FILE
(9% )
MISCe SCANS STPATAS
1C6 1e? 197 115
153 153 117 141
190 191 143 luy
0 o] 14% 152
a 2 s} C
Q 3] 0 g
a Cc o] 1
c 0 c G
0 o] g c
G o] o] o}
o 2 0 [
o] c [} C
4} 2 o} o
o] c o} 2
0 o} n 8}
FIRST RECORD ¢ 3 LAST RECORD #
STRATA START END
1 3 1C
2 12 . 36
3 38 9
4 4C 47

TOTALS

REC/S

o

o N w»;

g6



%-D

SPECTRUM COFE LOCAYION

IeDe PARAMETERS I.0.
GA,TAG AXTIAL SCAN
NOo CORE INTERVAL
: L0C, )
cpP
(MM)
* 8B BEGIN STRATA # 1 » % ®
108 49.21 8leb6
AUTO #1 Elu-C1
109 178.50 8405
AUTO 82 E14-01
11C 58,472 68425
AUTO #3 Ela-01
111 328.9C 6941
AUTO #4 E£E14-01
112 416,00 93.91
LAUTYO 85 E14-01
113 SC7.17 8043C
AUTC #6 E£14-C1
114 556486 68,35
AUTO #7 E14-C1
115 629.00 76422
, AUTO #8 E14-C1
x % % STRATA # 1 £14-01 TOTALS % % %
MEAN = 365,04 WT MIAN CPM
FMS = 18¢€.18 WT MEAN 1SIGMA
MIDPTCZ 335.11 WY KMS
RANGE= 656,30 WT ERROR
116 706458 T894
TAUTO #9 E14-()
P BEGIN STRATA 8 2 ox %
117 792421 8le68
AUTC #19 Ele=-03
118 879,42 8le66
. AUTO #11 Ela=-n}
} 8 (] 986,78 91.19
AUTC #12 El14-21%
129 103389 72.13
AUTO #13 Elu=-01
121 1113.52 T6.22
AUTO #18 Ela=-21
122 1196.52 81,66 .
AUTO #15 £14-01
123 1283.64 €l.66
AUTO #1316 Ele-01
124 1371.42 €3.00
AUTC #17 E£1lu=0

O

FUEL ELEMENT

i

CEC-144
133 KEV

CE-141
145 KEV

27.1
22.C
«0

2.0
1453.0
172.0

25966
22346

284947 -

243.4
275846
260.7
3835.7
425¢5
3853,7
33047
4473.1
3£5.4
502242
q“s.é
I907.5
633

PA-233
312 KEV

0

o0

35.8
"i8.1
Feb
13.5
8282.9
203,.7

18779.7
295.0
2269648
361.2

2545644

457.6

- 3002C.0

421.9
32675.9
930,9
15552.2
467.C
376€4,.7
417.8
430129.2
459.4

NUCLIDE CPM + / -~

I-131
364 KEy

223.3
9246
129.9
¢1.C
22107
42640

I864,5
661.8
X4T6e3
72240
3€3763
8554
4eu5,.6
829.0
648845
1256.5
533€.6
9613
623641
Q4sSel
882746
988.1

RU=-1C3
497 KEV

[
N g ON W

o ® & 8 0 @ 8 & 5 8 8 9 o o

DOSOEEIAIAQWTENILENN

w -

.

.
e O

.

NEWO
. -« L 2
£

156661
108.3

2732.4
154,2
3181.5
163.9
3347.3
202.3
4704,9
182.0
385147
19741
371%.1
205.9
4C91.2
200.9
49307.3
230548

1 SIGMA COUNTING ERROR

RU=-1C6
S12 KEy

12.6
Gel

246

7‘5

CS-137
661 KEV

ZR=95
724 KEV

1595.1
92.9

23967,1
11C.0
3324,9
95.1
3630.2
13648
3397.8
128.6
452645
142.9
44831,9
12Ce2
4423,7
12544
4744,0
120.9

CS-3134

LA=-140

796 KEV 1596 KEV

11.2

5.8
2.7
4.9
1.9
115.7
2646

1892
44,9
26849
37.C
39849
33.3
t42.0
47.2
595.2
4761
74201
STeth
T14.9
S1.4
878.8
5545



C o C

SPECTRUM CORE LOCATION FUEL ELEMENT : NUCLIDE CPM e / =~ : SIGMA COUNTING ERROR
IeDeo PARAMETERS T.0a
GATAG AXIAL SCAN
NO, CORE INTERVAL CE-14u CE-141 PA-233 I-131 RU-1C3 PU~1T6 cS~-137 ZR=-9% CS~134 LA-1080
LOC., 133 KEy 145 KEV 312 KEV 364 KEV 497 KEV S12 KEV 661 KEV 724 KEV 796 KEV 1596 KEV
ce.
(MM)
125 146C.58 84.38 21942 4933.5 82064,2 6642,2 48703,8 el 1C0Cl.8 S1%1.8 6966 8061.3
AUTO #18 E£1lu-01 189.9 47942 866,S 1232.9 197.7 «C 934D 1605 SSe4 213.1
126 1547.68 78,94 46549 476949 4173546 5507,3 435641 13601 886.4 $2320L.5 96242 Epel.8
AUTO #19 Elu=-01 211.4 34449 469.3 916,.9 21042 1G8 .4 T2 131.3 S8.4 213,4
127 1643423 9527 879.1 547544 42542,4 77824 4489,7 «C 1C04.8 520%.7 9675 8502.3
AUTO #20 E£1u-T) 2255 #3343 a48,6 1212.3 17242 +0 Tl.6 135.8 60.1 23563
128 173C.06 T3.49 154,82 415342 83757,.6 5159.9 460269 {18 .8 £82.0 a8C162 937.8 8228.9
AUTO #21 E£1l4-C1 159.4 472.1 Ug2,.7 87C,9 207.7 134.,5 19.7 133.7 SY .6 2098
129 181171 78494 2427 515247 41962.4 7729.5 4P17,5 349 .4 985.C 4921,.1 1092.2 85C6.3
AUTO #2Z2 E14-01 222.3 42Ca2 a4l.4 1077.3 212.7 110.6 T0.6 12647 79.3 21¢€.2
130 1896.77 3.02 §23.4 535248 82698.4 8532,6 4C719.2 «3d 86242 £157.¢ 1035.1 €21446
AUTO #23 E£18-01 206.3 4C649 45242 £24 .4 190.2 e} 64,9 1pe8 6£1.9 228,7
131 1985425 83.C2 I08.5 4595,2 41399.,C 6723.9 4777.5 ) ST1.1 4850.7 5945 €23645
AUTO 224 Elu-31 27104 46,1 4B6,° °88 .4 165.4 «C T4.8 12941 56.1 217.5
132 2075.27 85.74 1117,8 u829+0 41756.3 SuS0.3 IBT2.¢ 208.1 794 .5 4547,3 859 .8 1769.32
AUTO #25 El1u4-Cl 3578 GE3.1 574 ,8 1087.4 211,2 116.7 680 133,.6 £2.0 204 .4
133 2168,90 83.02 . 4392.9 LETELT B16824,1 7961,.7 3769.3 349 .8 833.2 4943545 845,13 8265.8
AUTO #2& EL4-D1 18%.4 415,3 49%,5 1542,0 2C%.4 1C5.5 67.7 17g.1 51.8 217.8
134 2252468 8leb6 74545 £UTZ.8 40241, €283,3 4E2C,.1 60647 9267 4955,8 894.3 £264.3
AUTO #27 Elu-01 25346 S3U.1 49642 1054,2 199.9 121.C 82.6 148.3 bu.b 213,2
135 234,14 84438 «C U422 .4 XT621.7 s544C,0 4107.4 951.7 765.6 uu4Ts.6 643.4 757943
AUTO n28 El4-01 WO n3C,9 482.3 117¢ .8 21765 133.7 69.2 12541 S51.2 20T.4
136 Q430,98 84.38 569.9 4l1u3,1 3I52¢3.6 4147,.C 4419,2 79745 7655 452543 8G1l.8 7335.1
B AUTO #29 E1u4-01 235.4 431,.9 434,0 89245 192.5 147 .4 7246 14¢,2 6543 2153
137 25230.81 84,438 M 4253.,0 33438,4 3991.0 4091.7 879.1 83647 4292,2 567.3 67275
AUTO #30 £18-01 0 193,5 4E9.2 1231.7 208.6 1351 7.9 133,2 4s5.7 19447
138 2611,.99 8711 712.7 3696.7 Ic675.3 733949 I3T76 .8 787 .8 E64.6 19~4,3 859,3 656145
AUTO 831 Elu~C1 217.1 €12.5 47447 86441 212.C lup .0 75.53 129.3 S1.7 189.5
139 2701.81 8l.66 46u.l 3908.2 26433,.C 4s46,7 3949 .4 943.6 T46.7 3934,9 442,0 66137
AUTO #32 £i4~01 168,1 502.3 437.9 73,1 198.3 140.8 84 .4 132.9 47.6 191.5
145 2789.,60 83.02 «C 352441 2610346 2845.0 3627.0 162 .3 5625 358367 37649 582602
. AUTO 83X £14-C1 o I54,0 4§75 25645 199,% 107 .2 69.5 123.8 39,2 182.1
141 2873.98 77.58 1131.°¢ Ju9¢.0 21672.7 3z84,1 INCT.1 1163.6 454,.,0 321549 35845 5520.,4

AUTO 434 E14-01 - 158,.9 438,3 4C3.5 S47.8 20046 1502 55.8 111.8 4341 191.8



SPECTRUM

I.0.

GA,TAG
NO,

0
x
(%)

" n

* % %
MEAN
RMS
MIDPY
RANGE=
a * & %
& 145

186

147

CORE LOCATION

PARAMETERS TeDo
AXIAL SCAN
CORE INTERVAL
LOC.
cp
{MM)
STRATA # 2 E14~01 TOTALS x & ¥
1818.11 WT MEAN CPM =
63C.49 WY MEAN 1SIGMAZ
1833.15 ®T RMS =
2159425 WT EPROR =
2959.C6 8l.66
AUTO #35 E14-01
BEGIN STRATA # 3 o o%
3248421 85.74
AUTO #36 El4-C1
3138,63 76622

AUTO #37 E14-01

STRATA # 3 E14-01 TCTALS ® & 8
I091.42 ~ WT MEAN CPM =
43,21 WT MEAN 1SIGMAZT

3091.82 WT RMS <
162.64 WT EPROR =
BEGIN STRATA & & * & %
2516476 1.00

STAT #1 El4-01
16C44,21 1,300

STAT #2 £14-~01
1822.,67 1.C9

STAT #3 Ei4-yl
1€37.15% 1.C0

STAT 84 Flu=Cl
1853,64 1.C0

STAYT u5 E14-C1
167G.1C eZC

STAT 86 El4=-U1
9%6.%90 1.L0

STAT #7 E14-C1
239,04 1.G0

TRAP E1l14-01

FUEL ELEMENT

ce-1ut
133 KEV

66643
241.8
28 3+ E
$5.6
€56.1
2653

[y
.0

~
L

s

«C
o0
«C
lc

ugl.3
8S.1
S54C.1
8346
€6446
129.°
15.2
S8.9
761.C
8Ce5
683.6
8bhelt
503,2
658
«0

oG

CE-141
145 KEV

424144
414,7
7695

833.1

X256.1

UEQQS

4C11.5
220.3
4829,.,5
2C3.7
4TT6e6
149.9
4524,.9
158.0

STIC.9
17842
528641
181.1
392146
12542
o2

«0

PA-233
T12 KEV

35793,.¢C
448,.8
TUysS,2
93.C
19692.6
J41,.6

s
«C
oL
e

o0
«0
o
«C

32374,7
195,3
41073,.2
196.2
41587.5
19545
61714.3
20T.4
81236.0
196.5
4715%.7
21T .2
x2543,2
o3

~
LRSS

NUCLIDE CPM e /

I-131
364 KEV

5158.9
1029.7
145C.2
207.3
865349
£78.3

«0
od
«C

«C

a

oC
oC
0

u9%4,7
uss,9
$116.3
393.7
6114.3
437.5
61361
498,1
52C2.4
397.5
6178.8
393.8
5375.3
40846

»C

«0

RU~1C3
497 KEV

40568
199.2
573.8

319.9

361846

150.3

o0
o0

«C

«C

(3]
o0

4185,1
82.4
4878,9
3.4
464247
83.8
4596.8
8%9.4
8471345
79.9
€C6245
88,3
4337.2
7762
o

o C

- 1 SIGMA COUNTING ERROR

RU=-1C6 CS-137 ZR =95
512 KEy 661 KEV 724 KEV
565 .7 783.2 4377.9
123.7 71.5 130.7
335.2 153.9 65545
30.9 14,3 2642
1C14 .7 652.6 342C«5
123 .6 58e1 105.3
$51.2 .0 o0
71.6 «C 03
57542 «0 oT
6l 0 o
F15.4 oC 0
665 o0 D
3840 oC o0
47.3 o e
859 .C 6TTe4 4150.C
ST .6 2%.3 53.3
20% .8 925.0 469641
80 .9 312 £he2
127 .7 92343 4753.8
327 IC.8 S4,.2
119.3 G91.7 457446
33.0 35.0 54,8
234 5 970 .4 a874,9
4243 3643 55eC
214 .2 1132.2 5533.9
40 .4 3640 6146
19544 765.0 8261.8
43 .1 30.2 49.9
Y] 2P.1 o0
oG 3.6 «0

CS~-134 LA=140
796 KEV 1596 KEY
5346 2063
254,8 1C07.4
1C.7 41.3
221.2 56877
48.3 18Q0.7
0 «0

0 o0

.g .0

o3 oG

o0 «C

.0 .0

o0 «0

o« «0
S40.4 7050.2
216 80.%
961l.1 7599.1%
26.% 82.9
998.3 8134.0
24.7 8645
940.1 7971.2
FLEX 852
903.0 7125.8
25.9 85.7
999.8 8703.1
24,7 893
521.7 72271
2248 8Q.4
0 o0

0 o0



« e ©

SPECTRUM CORE LOCATION FUEL ELEMENT . NUCLIDE CPM + / -~ 1 SIGMA COUNTING ERROR
IeDs PARAMETERS 1.0,
GAL.TAG AXIAL SCAN
© NO. CORE INTERVAL CE-1uu CE=141 Pa=-233 I-131 kRU=-103 RU=-1C6 €CS-137 2R~95 CS-134 LA-140
LOC. : 133 KEV . 14S KFV 312 KEV 364 KEV 497 KEV 512 KEV 661 KEV 724 KEV 796 KEV 1596 KEV
cP
(MM) '
¢ % ® STRATA # 4 El4-01 TOTALS L
MLCAN = 1617431 . WT MEAN CPM = S89.4 4625.9 39664 ,9 ©588.43 4573.8 279 o4 801.6 UTN% .2 837.8 717729
RHS = 645,94 WT MEAN 1SIGMAZ 86,9 177.2 195.8 434,23 83.6 4u.8 33.5 550 24,4 8Uety
MIDPTZ 1377.93 NT RMS H 95.6 470.2 4960.3 492.1 261,¢8 240 o0 319.9 422.2 195645 519.3
RANGEZ =2276.72 WY ERROR = 32.8 6TsC 74.0 1642 3146 15.4 10.8 20.8 9e2 31.9

TOT AL STRATA El1u4-~-01

MEAN = 1818.11 . WT MEAN CPM = 666.0 4241.4 3I5C93,C 5158.9 4056.8 565 .7 783.2 4377.9 693,2 T292.0
eMsS = 63049 WT MEAN 1SIGMAZ= 241.8 §14.7 448.B 1729.7 19¢.2 123.7 T71.5 13047 53.6 206,.3
M1DPT= 1833.15 WT RMS = c82.E 76945 Teus,2 1450.2 573.8 335.2 153.9 65545 254.8 1007.4
RANGE= 2159425 WT ERROR = 5546 83.1 90.0 207.3 39,9 33.9 14,3 2602 10.7 81.3



SPECTRUM

IeDe

GA.TAG
NO.

CORE LOCATION FUEL ELEMENT
FARAMETERS I«De
AXIaAL SCAN
CORE INTERVAL
LGC.
cP
(MM) :
«20 «CC
CALes: ST E14=01
«Z0 .00
BACKGROUND
«00 el
CAle.: #D £18-01
00 o L0
CALC:END E£14-01
.00 W20
BACKGROUND

ceE-1us
133 KEV

1229C.1
76,5

3

o
13158.5
87.7
12482,7
79.5

o0

n

LAY

“MISCELLANEOUS

CE=141
145 KEV

«C
«0
0
«0
«C
«0
.0

«C
o0

oC

PA=-233
312 Kgv

343,.6
65.3

S CAN

NUCLIDE CPM + /

I-131
364 KEV

«C

«C

RU-103
497 KEV

S

-~ 1 SIGMA COUNTING ERROR

RU=1C6
512 XKEvV

521 6
38 .4
2eb
25
589 .9
8548
5922
34,5
2647
55

CsS~137
661 KEV

I677.9
36 .“
32,1

4e1

3883.9
43,9

36958
3665
71.7

Seb

ZR~95
724 KEV

97344

CS~13q
796 KEV 15

7829

LA~180
96 KEV

o0
«0
203
Y
«0
oC
o0
«0
o0
0



©

SPECTRU
I.D,

GA.TAG
NO o

s 0 %
108

1c9

119
12¢C
121
122
123
124

125

M CORE LOCATION

FUEL ELEMENT

WT MEAN RATIO
WT MEAN 1 SIGHMA

PARAMETERS Ie
AXTAL SCAN
CORE INTERVAL
LOC.
cp
T
BEGIN STRATA # 1 " & o »
49,21 8le66  AUTO
178,50 68.05  AUTO
254,72 68455  AyTC
328.9G 69.41  AUTO
41€.90 93,91  AUTO
507417 80.3C  AUTO
5%56.8¢ 68.25  AUTO
629.00 76.22  AUTO
STRATA o § E19=-01 TOTALS
365404
186.18
339,11 NT RMS
656400 WT ERR
BEGIN STRATA 8 2 s 0 8
792431 81466  AUTO
879.42 81.66 AUTO
946.78 91.19 ayTo
1033.89 72.13  auto
1113,52 76.22  AUTO
1196453 8l.66  AyTO
1283.64 81.66  AULTO
1371.42 83.02 AUTO
1460458 84.38  AUTO

0

41
%2
a3
#y
45
26
a7
ne

s ®

oR
#81C
011
ﬂf?

#13

#1s
#lé
817

41¢

£14-01
£14-01
El4-01
£14-01
€14-33
El4-01
£la=-C1
€14-G1

Elu-01
Elu-Cl
El4-C01
€14-31
€ly-C1
Elue-C1
£14-C1
El4=-03}

Elu~-C1

cE~141
ZR=-95

«CCC
«233
+2CQ
«C73
.UOO
«7JC0
«00C
00
«CCQJ
+00C
«GOU
« 200
«CC0
.00
«C00
«00C

«JCU
. JC0
«2.00

«C0C

881
<063
« 924
.08‘.
«760
«275
«984
114
»851
08¢
1339
«£91
1.135%
«106
.82“
.02l
.961
« 098

ceE-184
ZR=-95

« 0G0
«3CC

nen

o 00
«ONC
«cC0
«CC0
.IC‘O
«00C
«0C0
«2T0

~e
L ROR

200
« 020

ne

« 070

« 530
«L70
000
«G0G

NUCLIDE CPM RATIOS AND 3 SIGMA ERRORS

I-131
ZR=9S

+0CO
+000
«0CC
«2CH
«700
«CO0
«30C
«C0C
«CCD
«CC0
«C0C
« (00
«0C0
030
«CC0
»0N0

.5C2
.CCG
.GCG
.coe

1.311
.230

1.127
e27C

l.002
227

1.243
0217

1.433
0281

1,126
I219

1,412
.217

1.018
«189

1.294
J268

RU=-1C3
ZR=-95

«G0J
«CJ0
CCH
.c:o
«CN3

«0N3a

CS-137
ZR=95

Balele)
«J0C
ODOC
+00C
.000
':og
3030
«2GC
U
+C00
«GCC
«C0C
«500
3.67S
2.581

3J.67%
2,581

«200
2.581

.207
<023
«16¢
«020
152
17
173
«C17
«159
215
197
-016
«196
«019
«170
.01“
195
019

RU=-1T6
ZR=9%

«000
«CCO
«C30
«C0O
«GC0
<G00
«LCC
.CCO

~e
[ RV

000

nn
LR

+CZ3
.co9
.600
«090
000

«CO0
» G20
«L00
«000

«GCC
«000
«CNC
«CC0
«C38
G20
.Co0
«C0J
«C00
*0CO
+CO0
+CCO
«063
«L24
«G76
.26
«0LO
«CCO

Cs=-134
Cs-137

«C30
«CCO |
«000
«000
«000
«000
1.051
1.739
.030
«000
«L68
372
«000
«C00
030
«C00

«524%
1.185
493
«807

310
+CB0
«526
«296
725
0112
0655
«092
«829
»100
+850
«C92
«823
098
1.091
111
.895
100



0L-0

SPECTRU
IeDe

GA+TAG
NO.

129
130

131

135
136
137
138
139
140

141

* * &
MEAN
RMS
MIDPT=
RANGE=
LI
143

ot

M CORE LOCATION

FUEL ELEMENT

Ela=-21
£14-21
El4-C1
£158-01
E14-C1
£Elu4-21
El4-Cl
Elu=-01
Fl14-71
£lu-C1
El4-Cl
Elu-71

£lu-C1

Flu-C1

Fl14-71

[T

PARAMETERS I.D
AXTIAL SCAN
CORE INTERVAL
LOC.
cpP
(MM)
15687.68 73 .94 AUTO #19
164C.22 9% .27 AUTO #23
1735.C6 7349 AUTO #21
1811.71 T894 AUTO #22
1896.77 83,02 AUTO #22X
1985.25 -83.02 AUTO #24%
2075.07 85.74% AUTO #25
2164,9C 83,02 AUTO %26
2252468 81.66 AUTO #27
2341.14% 84,38 AUTO 228
2830.938 84,38 AUTO #29
252C,81 864,18 AUTO #3-
2611.99 87.11 AUTO 831
2751.81 81456 AUTO #32
2789,60 €3.C2 AUTO #33
28734948 77.58 AUTO #34
STRATA # 2 E14-01 TOTALS * & %
i8l€.11 T MEAN RATIO
63249 WT MEAN 1 SIGMA
1833.15 NT RMS
2159,.25 WY ERROR
BLGIN STRATA & 3 * % %

JC48.21

85474

AUTO #3€¢ Elu4-C1

CE-164
ZR-95

o033
082
0176
« 346
0157
o033
o171
s l7
o161
Cug
T4
+C56
«225
o271
529
« 0128

«15C

o751

«200
«CQ2
«126
eT52
«"30
«2CG
o183
«156
118
e 043
«3CC

«2C00

«352

0122

151
o057
072
«3J13

000
«000

NUCLIDE CPM RATIOS AND 1 SIGMA ERRORS

I-171
ZR=-95

1.C96
» 185
1.555
« 305
1.C75
«188
1.571
«223
879
«162
le3g6
.07
telC2
«222
1e612
«315
1.C60
#215
1.215
0265
0916
«199
«930
«288
+855
«223
lel181
e225
«793
«240
1,021
297

l.169
237
228
«C43

«.00C
«000

RU-103
ZR=95%

«868
«0us
«897
«959
051
e 979
«0S0
«791
0343
« 985
«Gu8
«7E3
« U8
« 763
«lU48
«973

o0

«917

«C55
«977
+CS3
e953
«057
1.G19
o 3CH
1.3Ca
el
l.C13
«GE6
+935
373

«932
055
«G78
<011

«CCO
«C00

RU~1C6
IR=-9%

«C27
« 022
+L00
«L00
b6
+C28
«C71
«023
«C3J
«0CJ
«C00
<G00
42
oL
«C69
«023
e132
«025
«213
«330
176
«L33
0205
«202
«C38
239
«037
e 240
o311
«371
+Cug

137
«C30
eL96
«C37

+0C0
«C00

Cs-138
Cs=~137

1.08%
0117
«963
«C91L

1,063
«114

1.1C9
0113

1.2C0
118
«921
«091
1.C82
0113
1.C14
«1C3
0965
«109
«840
«101
1.C47
«132
678
«C81
e751
«115
«592
«092.
«673
«108
« 790
0136

«859
«105
«2308
021

« 500
+ 000



11-0

O S IR

SPECTRUM CORE LOCATION FUEL ELEMENT » NUCLIDE CPM RATIOS AND 1 SIGMA ERRORS
I.De PARAMETERS 1.0
GA.TAG AXIAL SCAN
NOs . CORE INTERVAL CE-141 CE-~144 1-131 RU-103 Cs~137 RU-176 CS=134
LCC . ZR-95 ZR=95 ZR~9¢ ZR=-95 ZR-95 ZR-%S cs-~137
cp
(MM)
134 3134.63 76422 AUTO #37 El9-01 .CCO .0CO +000 «CCO «C0C . «CO0 +020
. ‘ .0CO « 070 . 000 010 +200 «CCO -0C0
o % 8 STRATA © 3 £14-01 YOTALS 2 0
MEAN = 3N91.42 WY MEAN RATIO = .7C0 +C20 «0C0 «GC00 «0CD «000 «000
RHS = 43,21 WT MEAN 1 SIGMA = .500 s fo]o] «000 «0CO +00D +CCO +0CO0
MIDPT= 3091.82 Wl RMS = .C00 .CCO .0C0 «CCOo «L00 «LCD , «000"
RANGE= 1.62.6D WT ERROR = . CCC « 200 +L0CO .00 000 +CCO +C0D
- 0 2 BEGIN STRATA # 4 s & B
145 2516476 1.0C STAT 81 E14-01 «9ST o115 1.192 «999 0162 205 798
' «054 72 .119 323 007 «012 0u6
136 1804.21 1.00 STAT 82 E18-01 1.028 o115 1.089 +95H 0197 «Cub 1.C39
TS .018 085S .C21 CS7 009 .C3s
147 1820.67 .1.00 STAT #3 E£14-C1 1.9C5 + 140 1,286 977 o194 027 1.081
. . T34 o027 +093 021 «CO07 . «007 «0uS
148 1837.16 1.0 STAT #4 Elu-01 968 .11C 1.313 .583 $212 .C26 «948
' ea3e «013 «178 0022 .L08 «007 oCH2
149 1853464 1.°0 STAT 85 E34-C1 1.C087 154 1.083 «981 0232 o CU9 931
’ «039 «017 384 .020 .C08 «C0% T
150 1870,1C 1.00 STAY 86 EJ4-C1 Ty 012 1.107 90T #2323 «038 +883
' 234 of1l6 «C72 «019 .C07 «CT7 «036
151 996+9C 1.00 STAT #7 Ele-Cl - «92C .118 1.261 1.218 183 .0ub o682
: «C31 «015 «n97 eG22 <207 10 +040
152 239.04 1.00 TRAP E14-01 .0ce .00 .c00 +C0p +000 .000 000
g «C0G «C00 .CCO «C00 +COGC .000 .C00
[ I STRATA & & E14-01 TOTALS v % 2
MEAN = 1617.31 WT MEAN RATIO = .982 «12% 1.190 974 .193 062 «909
RMS = 60%,94 WT MEAN 1 SIGHMA = 380 .£19 «295% 021 007 +C09 043
MIDPTZ 1177.90 WT RMS = e343 <015 «C91 L33 016 «059 127
RANGE= =2276e72 wT ERROR = «015 007 «C36 308 003 «003 016
TOT AL STRATA E1u =01
MEAN = 1218411 WT MEAN RATIO = 967 «1%1 1,169 «932 «178 137 +859
RMS = 6304089 wT MEAN 1 SIGMA = « 100 «C57 0237 « 0558 <018 «C30 «10S
MIDPT= 1833.15 WT RMS H +C8S 072 0228 «078 .018 «C%6 «208
RANGE = 2159425 WT ERROR = .020 13 «0u8 011 004 <027 .021



SPECTRU
1.0,

GA.TAG
NO.

* 5 %
198

10¢
110
111
112
113
114
115
O
7 % % =
— MEAN
RMS
MIDPT
RANGE=

* %%
117

118

119

M  CORE LOCATION

FUEL ELEMENT

PAKAMETERS 1.D

AXIAL SCAN

CORE INTERVAL

L0C.

cP

(VM)

BEGIN STRATA # 3 # % %

49421 81.66 AUTO #1 El14-C1
178,50 68.C5 AUTO #2 El4-G1i
256,72 68405 AUTO #3 E14-01
328.9C 69 .41 AUTO #4 Elu-01
416,00 93.91 AUTO #5 E14-C1
$37.17 80430 AUTO #6 E4=-Q1
556486 68405 AUTO $7 El4=-51
629,00 T6e22 AUTO #8 Ela-p}

STRATA # 1 E14-01 TOTALS % % =
365,04 wT MEAN RATIO =
186.18 WT MEAN 1 SIGMA =
339.11 wT RMS H
65€ .00 wWT ERROR =

BEGIN STRATA # 2 * % %

792431 81.66 AUTO #10 El4~C1
7942 81.66 AUTO #1] Elu=-01
946,78 91419  ApTO #12 E14-01

S 1033.89 72.13 AUTC #13 El4-Cl
1113.52 76.22  AUTO ®#1u E14-G1
1196.53 81.66  AUTO ¥15 E1u=01
1283.64 81.66 AUTO #16 E14-01%
1371442 83.02 AUTO #17 Eiu4-03
146C.58 84,38 AUTO #12 El4-73

PA-233
MEAN

«C00
«C00
«CG1
+Coo
«SC1
« 300
«0CO
«CCO
.CCC
«C00
« 200
«0C0
.0C1
«TT

«JC3
«C0C

«201
«3C1
«03383
«C00

535
+C08
647
«C13
« 725
11
855
«C12
¢ 962
«J12
1,013
.313
1.073
«212
1.144
«313
l1.199
«J12

NORMALIZED NUCLIDE CPM RATIOS AND 1 SIGMA FRRORS

CE-141
ME AN

«C06
«CCS
«0C0
«CN0
«TCC
«203
«CCO
« 200
«CCO
¢ 200
« 200
«CCO

-
LR

«5C0C

«0C0
«C00

«CC6
« 235
«GOC
«025

o612
«C53
o672
o167
o650
« 061
e 934
3798
«979
79
1.Z55
« 789
1.184
«123
«921
« i8S
10163
«110

RU=-1C6
MEAN

« 022
«C07
«CTO
«CCO
+CCC
«CCO
« Q000
» 000
«CC9
« 005
«G13
«C06
+3C3
20

000

-CCO

«015
006

.DCe
«0C3

.0C0
+3C0
.300
.CCC
J2u2
.128
.0Co
.0C0
.00
«C00
.00
.2Co
“496
.182
«68G
«209
.C00
020

CS~137
MEAN

«027
eC22
«G26
«006
«032
«c77
«C13
o022
«023
« 006
«C23
<006
oC1lg
«2ECS
oC22
«008

«L23
12
+0CS

Tyelsl]

o780
« 079
«653
o077
¢ 703
«077
«862
«G78
«916
0082
1e1i5
«C83
1.1C9
#1102
1.028
081
16279
«115

CS-134/137

MEAN

«G00
«3C0
.C0C
«200
«CCT
+200
1,223
954
«J00
«CoC
«279
«080
«C0Q0
«CCO
Iyetel]

«200

o609
652
«57C
445

e361

092

612
«11C
v 863
«128
«762
.106
«565
«118
«989
«105%
«958
o112
1270
.126
1.041
114

ZR=95
MEAN

«L00
.0C0O
«C33
«CCO
«CCO
«CC0
«CCO
«CCC
.GDU
«C70
«CC3
«CCD
«CCO
« G20
«LO1
<01

«CO1
«0C1
«CG0
«001

«673
«025
.705
022
e 6529
« 024
«620
029
1.C34
«C32
1.012
«027
1.010
.028
1.C84
29
1.172
o036

LA=-14D
MEAN

«C0C
«2C0 -
«200
2200
+C0C
«5GC0
«C00
«C00
700
«C00
«JC3
«G00
«000
«00Q
+000

.Coc

000
«0C0
«0ge
«000

2682
«723
«783
0327
«868
025
960
«329
«951
«027
1,025
«028
1.018
«028
1.103
o028
1.108%
<029



€L-0

‘I[>

SPECTRU
I.0.

GALTAG
NO .

131
132
133
134
135
136
137
138
139
140
14}l
LI B
MEAN =
RMS =
MIOPTZ

RANGE=
n & 3

143

M CORE LOCATION
PARAMETERS I.
AXTIAL SCAN
CORE INTERVAL
LOC, :
ce
{MM)
1547.68 78.94% AUTO
1640.23 95.27  AUTO-
1730.06 73.49  AUTC
1811.71 78.94  AUTO
1896.77 83,22  AUTO
1985425 .83.02 AyTo
2C75.37 8574 “AUTO
2164.90 83,02  AUTO
2252468 81.66 AUTO
2383,18 84.38  AUTO
2432.96 84.I8  AUTO
252Ce81 84.38 AUTO
2611499 87.11  AUTO
2701.81 81.66 AUTO
2789460 83.02 AUTO
2873.98" 77.58  AUTO
STRATA # 2 E14=01 TOTALS
1818.11
632.49
1833.15 WT RMS
2159.25 ®¥T ERR
BEGIN STRATA ¢ 3 L I ]

3C48.21

w7 MEAN RATIO
NT MEAN 1 SIGMA

L

419

#2:

822

823

%28

229

833

#31

832

433

434

® & B

OR

FUEL ELEMENT

El4~21
£14-01
Fl4-C1
£lu-01
£14=-714¢
E1u4-21
Elu-C1
£14=-C1
£14-C1
€lu-01
E1s-C1
Elu-T1
£14-01
E19-01
£lu=-01

El4~01

85.74 AUTO 836 Ej4-C}

PA=-233

ME AN

1.189
«3J13
1.212
«013
le247
eN13
1.196
«012
le217

«C12

l.180
«Clu
1.190
o Tl4
1.1€0
'gx“
l.147
«J14
1.C72
« 13
.cos
«012
953
« 013
«874
«013
.810
«012
« 744
#C13
.612
«011

l.2c0
«G13
«212
«CC3

'000
«COp

NORMALIZED NUCLIDL CPM RATIOS AND 1 SIGMA ERRORS

CE-141
MEAN

1.125
« (181
1.291
«979
«109
1.215
«097
1.191
0:’9[‘
1.583
'136
1,139
«1C6
1.150
«J9¢
1.185
«121
1e.cus
«'99
«977
« 100
1,532
.591
902
«118
«921
«116
«831
«282
«524
«1301

1.°00
« 096
«181
Q19

«2720
+C00

RU-106
MEAN,

U}
+189
<000
«CCO
’387
«233
«6518
«191
«2C3
«O0C
.0CD
.CCC
«368
«2C2
«tG2
«122
1,072
«2C7
1.682
«229
1.409
249
1.554
«231
1.392
LY
1.663
«2X9
1,524
«190
2.11C
«255

1.2C0
«212
«592
+CS2

1e€61
«(L53

Cs=-137
MEAN

le122
s 599
1283
«C9C
1.126
«299
1.258
« 589
1.171
<082
1.240
1.014
« 085S
1.068
.Cec
1.183
«100
«917
«CRT
«977
092
1.0¢8
o062
«B849
«C94
«953
«10S
«7'8
«L27
«5%0
.C7D

l1.3c0
289
197
«018

«CCO
«000

CS=134/7137

MEAN

16263
«133
1,120
105
1237
2130
14290
0129
1.397
«131
1.072
«1CS
14259
0129
l.182
118
1.123
o120
‘o978
«lle
1.219
149
«789
93
874
«131
«689
«1C6
+78C
«123
«919
«154

1.000
«120
282
o024

+C00
«00C

2R~95
MEAN

1.247
«C29
1,143
+030
1.697
«C38
1,124
«028
1.178
«033
1.198
«C29
1.13C
«0T0
1.128
oC31
1.172
+L013
1.C23
.028
1.034
0033
.980
«C20
+892
.C29
«899
«CX2
«820
«L28
o 135
«C25

1.C00
o029
+150
Icob

+0C0
2 000

O

LA=24C
MEAN

les1GC8
« 29
1,166
1.128
«028
1167
«029
1.127
«031
1.136
«229
1.065
«027
1,134
«229
10133
«029
1.039
«0328
1.006
+029
923
«026
«920
«026
+9C7
+026
«799
«024
» 757
«026

1.003
.C28
+138
«306

020
+C00



71-0

SPECTRU
I.De

GA.TAG
NO.

M CORE LOCATION

FUEL ELEMENT

PARAMETERS 1.0
AXIAL SCAN
CORE INTERVAL
LOC,
cp
tMM)
3134463 76.22  AUTC #37 Elu-Cl
STRATA # 3 E18-01 YOTALS # ¢ =
3091.42 WT MEAN RATIO =
43,21 wT MEAN 1 SIGMA =
3091.42 WT RMS =
162,64 ®T ERROR =
BEGIN STRATA # & % % *
2516476 1.0C  STAT #1 Elu-C1
18Cu.21 1.03  STAT #2 E14-G1
1£2C.67 1.00 STAT #3 £14-C1
1837.16 1.0C  STAT #4 E14-01
1853464 1.00 STAT #5 E£14-G1
187C.10 1.0C  STAT #6 E14-51
956.9G 1.00 STAT #7 E14-02
239.04 1.00  TRAP E14-01
STRATA # & E14-01 TOTALS =* = =
1617.31 wT MEAN RATIO =
645,94 WT MEAN 1 SIGMA =
1377.90 KT RNS =
~2276472 W1 ERROR =
1818411 KT MEAN RATIO =
630449 WT MEAN 1 SIGMA =
1633.15 WT RMS =
2159425 WT ERROR =

1.000
$013
.212
.003

NORMALIZED NUCLIDE CPM RATIOS AND 1 SIGMA ERRORS

CE-14}
MEAN

1.32a
e C96
«181
0110

RU=1C6
MEAN

1547
«C31

l1a618
« 042
«U67
«J3C

1.518
«107
e 364
«071
«226
« 557
«211
«CS8
Ul
« 074
379
«370
e 345
« 0TS

~Nr
L RS ORE)

«CC0

494
+075
424
« 028

S TR

1.20C
0212
0592
« 053

Ccs-137
MEAN

.0C0
«.CCO

«CQ0
«0CC
000
G

«865
« 036
1.181
«CUD
1.179
«CX9
1,266
«Cuy
1,239
«Cuy
lebt6
+0us
o917
«21218
«33¢
+0205

1.023
.08
sute

«J14

1.300
«089
0197
318

CS=-134/137

4

MEAN

«CQOC
.C0U

«C00
+ 300
«GCC
+00C

928
«051
14209
052
1.258
L5352
1,103
«0uge
1.083
«05C
l1.C28
«Cuy3
«793
«C45
«C30C
«3J00

1.057
. o249
«l48
«C18

- 01

1.C00
+120
o242
24

ZR=9€
MEAN

«C00
+GC0

.CCO0
+C20
«0CQ
200

e 957
«L1l2
1.C73
« 12
1.UB6
«T12
1,368
«C12
1.098
oCl2
1.275
«018
0573
«C11
+0C3
sk}

1,576
«012
«C96
«C05

1.000
«L29
0150

¢ 06

LA-140
MEAN

«000
«000

«030
.:00
«000
<000

«967
«J11
1lo342
«011
1.115
012
1.C93
«C12
1.059
+012
l.194
«C12
«991
«C11
«C30
« 002

1.066
011
«071
+004

1.3C00
028
2138

«006



S1-2

ABSOLUTE.NUCLXDE ACTIVITIES AND COMPOSITE BURNUP

FUEL TIDENTIFICATION ) NUCLIDE C(I) /- 1 SIGHMA ERRUR COMPOSITE
GA. AXTAL SCAN . . ) FIMA
TAG - CORE INTERVAL CE-148% CE~141 PA-233 I-131 RU-103 RU-1C6 CsS-137 2R~ 95 CS=134 LA=-18Q CS=-117 RU-106
NO. LCC, 133KEY 14SKEY JI2KEV JGUKEV {9TKEV S12KEV 66 1KEV T28KEV T96KEY  1S96KEV MONITOR MONITO
s 5 BEGIN STRATA a0 ) o % @
108 49,21 81.66 «0 b «0 . o0 o1 o8 o4 o C 0 <0 «0CC +000
AUTO #1 £14~-01 . «0 5 «J o0 «0 3 «3 o C «0 .C «G00 +00C
139 178,50 68.C5S «C 0 «5 «0 ol «0 T el - o0 0 «0 «CCO 0G0
AUTO 82 El4=-C1 oC «0 3 «0 (9 o ol o C «C «0 «000 «0C2
113 254,72 68405 9 0 1.0 «3 .1 -0 .5 o 0 0 «COC «0COo
LUTO #3 EL14-C) .0 oC o3 oC oD «C ol « s o0 «030 «302
111 32“090 69'“1 .0 .C -C‘ 00 02 oo .2 .0 02 .0 « OGOC .ng
LAUTOD na& El“'ol «0 U 0 +C ' ol «0 3 o0 ol 0 « GO0 « 000
112 416.C0C 93.91 - 0 ol U 1.4 od 3 3 0 oC «0 «C00 «230
AUTO 85 El4-C2 oC «0 o0 o o0 el ol ol 9 «0 +LCOC 000
113 SCT.17 80.3C «C : o 0 (e el S «3 «C .0 «Q «000 « 00D
LUTO &0 El“-cl «C oC 0 «0 ol o2 o1 oC A.O 0 « 200U .OUC
114 55&,86 68,05 - 0 ol 1.0 4,5 0 0 3 s «0 «0 «C09% +030
AUTO &7 EI“‘GI «0 o0 o7 1.7 o3J FRal ol s «0 L «CCGC +CC2
115 629,2C  T6.22 o0 «C o0 «C o2 «0 3 o2 «0 «0 « 00U «002
AUTO #8 Elu4-C1 ' X 0 3 .C o2 »0 ol ol «C 3 «000 .0C0
* » &  STRATA & 1 €14=01 TOTALS ‘= = # :
WT MEAN = 0 : ob 8 27 ol 5 3 o2 ol «0 «00C 020
WT | SIGHAZ= «0 Y- 8 1.2 el o2 2 ol el oN +000 «GOC
Wy R":s = o U .C .2 1-6 01 02 tl -C -l 00 loga 002'-‘
wT ERRCR = «d o5 4 .8 .C ol ol o1 .C .0 «000 «032
LR B BEGIN STRATA 8 2 LI
117 792.31 8le66 49,6 5643 437.3 46.5 37,8 oC 12.9 168.9 3.8 146.8 64505 «009
AUTO 210 El4~01 32.2 Tel 45 .8 9.3 bed .C l.¢ 1le9 1,0 15.9 2.121 +0CC
118 819.42 81.66 . 0 596 528 <5 41.9 44,1 L %l 113.9 St 168.6 S.4g9 «C00
AUTO «11 E14-C1 «C 8.7 54 .9 9.5 Sel oC 1o 12.2 9 18,2 1.903 «000
119 F46.78 91.19 1C9,. 8 5Te7 592 .8 43.8 Bhed 8.2 98 134,1 8.0 186.1 5.865 S.881
AUTO n12 g£14~C1) 5Ce5 8.0 €145 11.2 Ce5 4.5 l1.% 14.3 1.2 19.9 1.978 1.677
12C 1033.¢89 72.13 «0 gNed 699 9 S84 £S.5 .C 12.1 184,.C 89 2C5.8 74193 «U20
AUTO 213 E14~01 «Q 12.1 T2 o4 11.6 6.2 .C le7 15.5 1.3 22.2 24235 <000
121 1113,52 76422 138,5 8046 T84 .1 78.1 53.3 o0 12.8 167.2 11.9 204.9 74645 «0C0
AUTO w14 fl4=01 4lae 1C.9 81.C 17.1 6.1 3 l.8 17.9 1.5 21.9 24257 «000
122 1196.53 81.66 211.5 93.5 527.8 62.7 Sled 0 1546 163.7 14,9 22M7.38 9.301 «020
AUTO #15 El4-01 56.1 1245 . BS.eb 13.1 6.9 .0 2.0 17.4 1.9 23.5 24644 «000
123 1263,64 81466 oG 205.0 877 .2 75.1 567 16.8 15.5 163.4 14,3 2i0.2 94253 12.073
AUTO £16 El4-gp) .0 14,2 90«5 1347 6ol 6.5 o2 17.4 1.8 23,3 2.901 3.236
126 1371.42 83,02 50.6 61,7 914 .4 58.1 68.0 21.7 14a4 175.2 17.6 237.7 84579 15.568
AUTO =17 €1l4-01 35.8 11.4 56 .4 12.2 Te5 Te6 1.9 18.6 2.1 25.1 24495 J.959
125 185C,58 84.38 99,9 103.1 ST9 4 8C.0 66.5 . o0 17.9 189.6 18.2 23%.1 1C+673 -000
AUTO #18 El4-~01 3441 1646 1C1.0 17.0 B 0 2e5 20.3 2.2 2542 J.323 +0C0



FUEL IDENTIFICATION

GAs AXIAL  SCAN
TAG CORE INTERVAL
No. LOC.

126 1547468 78494

AUTO 819 E14-01
127 164D.23
AUTO #20 €£14=-C1
128 1730.06
AUTC 821 Ela-C1
129 1811.71
AUTO #22 £14-01
130 896,77
AUTO #23 E14-01
131 196%.25
AUTO =24 E£l4-21
132 207%5.07
AUTC #25 E14=-01
133 2164,90
AUTO 226 Elu-01
134 2252.68
AUTO 27 Elu=-02
135 23u1,.14
AUTO #28 E£14-01
136 2830.98
AUTO %29 Eis-01
137 2%2T.81
AUTO 335 E34-0G1

91-0

$5.27
T3.u49
T8.94
83.02
€3.02
85.74
83.02
81.66
84,38
BU4.38

84.38

138 2611.992 87.11
AUTO 31 £14-01
139 27Ctl.e1 8§1.66
AUTO 432 £14-C1
140 2789.60 83.02
AUTO 233 E14~01
141 2873.98 77.58

AUTO 834 E£14-01
* % X
W1 MEAN
KT 1 SIGMA
WT RNS
WT ERROR
& &
143 3048.21 8547
AUTO £36 El4=-01

O

T oo

BEGIN STRATA # 3

4

CE-148
133KEV

3.1
3347

215741

G4l
134.,9
1.7
15C. 6
0".3
148.C
39.9
55.1
48,7
199.0
65.9
T8. 4
3446
133.2
87.3

T

. a0
101.8
43.4
oG

oD
127.4
5.9
€2.9
Xle.d
«Q
2022
7245

STRATA & 2 E24-031 TOTALS

119.30
45.2
SU.?
xc.“

x %

oo

CE-141
145KEV

997
12,5
110.5
Q6.8
6648
13.3
10747
l4.1
10567
12,8
961
12,08
iCl.0
4.2
1C2.5
136
1C8.06
1S.4
92.5
13.1
65e6
12.7
£849
12.3
8346
13.7
6147
1365
13.7
1.5
72.1
11.8
% & X

o0

ABSOLUTE NUCLIDE
NUCLIDE C(I) +/=-
PA~233 I1-131 RU~-103
J12KEV J6UKEY 49 TKEV
971.7 66e2 603
103 .3 13.0 68
990G .6 3.7 62.2
1C2.1 20,6 6.5
1C19.1 62.1 63.7
125.1 12.3 7.1
977.1 93.1 6647
10C .47 16,1 7.0
994 .2 St.b6 56.5
102.5 11,4 L]
G63.9 81.C 6642
99 5 14.5 7.3
97243 £50 53.6
1C3.0 14,7 Ee2
96“.5 95.9 52.2
99 .6 21.C 6el
9137.0 €36 66.7
Qb «6 1643 Teld
876 .2 6545 55.9
SG .6 15.7 6eb
821.1 49,9 61e2
84 o8 11.9 6.8
778 «6 qe-l 5647
8D .6 - 1546 6e$
T1l4 .3 4C0.2 55.1
741 11.2 S
652 0 5640 S4.7
58 o7 12.0 e
637 .8 34,3 5C.4
63.3 iC. 5.9
459 .9 X046 Glet
2.1 12.1 5.1
817.1 6201 56.2
8643 14,1 6ol
173.4 17.5 Te9
17.3 2.8 1.3
'Y «C (3¢
o2 0

1 SIGMA

RU~-106
S12KEV

8.1
6.5
«C
.0
13.1
842
20.9
1.3
.0
.C
+0

ERROR

cs=-137
66 1KEV

15.8
262
17.9
202
15.7
2.2
17.6
262
15.4

2.3

17.3
242
14,2
19
14.9
1.9
165
242
13.7
1.9
13.7
1.9
lq.9
2.C
11.9
1.8
13.3
2.C
1C.0
led
8.1
1.3

ACTIVITIES AND COMPOSITE BURNUP

ZR~- §5

T2U4KEV -

185.“
196
184.9
1946
177.2
1846
181.8
19.2
190.5%
20.3
179,2
19.0
18247
19.4
162.°¢
19. 4
183.1
19.6
165.4
17.6
167.2
18.C
158, ¢
17.C
1448,2
XSQS
14543
157
132.6
14,2
118.8
12.9

16147
17.5
2442

3e5

oC
oC

CS=-134
TI6KEV

19.3
243
19.4
2¢3
18.8
2e2
21.9
2.7
23.7
2.5
17.9

242

17.2
2e1
1649
2.0
17.9
262
12.9
1.7
16.1
2ol

LA-180
1596KEV

238.7
2543
251.2
2647
2“3.1
257
251.3
2646
20247
25.8
244.8
2549
22945
2“.3
24442
2549
24441
25.8
223%.9
238
21647
23,1
198.7
21.2
193.8
2Ge?
17544
2M0.8
172.1
184
163.1
17.7

215.8
23.1
29.8

Qo6

-0
«0

COMPOS
FIMA
cS~-127
MONITOR

el
2.891
10.705
2.968
9397
2.852
10.494
2.917
9.186
2.6G8
1043068
24966
8.464
24582
8877
2606 -
9.873
2.936
80157
2.51C
8155
245890
Be914
2.715
7.081
2.“09
7.95%
2.7C8
54993
20125
4.837
1711

8345
24594
1.640

«520

«003C
+«0CC

ITE

RU=-1C6&
MONITOR

S.854
2,270
«0CC

e G20
9.410
3.212
15.027
3J.710
«300
»00C
«033
.C33
84,953
2.929
14,656
34580
264554
Se2163
80.932
668712
34,280
6546
37.809
64619
3Z.881
66575
406452
[(XRAL
37.08%
5.885
S14336
84191

23,332
56232
14,415
14301

«0C3
«008

N )



L1-3

O . ©

ABSOLUTE NUCLIDE ACTIVITIES AND COMPOSITE BUPNUP

FUEL IDENTIFICATION ’ NUCLIDE CtI) +/- 1 SIGMA ERRUR - COMPOSITE
GA. AXTAL SCAN FIMA
TAG CORE INTERVAL CE-juu Ccg-1u1 PA=-233 I-121 RU-103 LAVED ¥l ) €s~-137 ZR~- 95 CS-134 LA=-147] €S-137 RU=-1C6
NQe LCC. 1I3KEV 145KEY J12KEV IsUNKEV 4O TKEV 512KEV E6LIKEV T24KEV TI6KEV  1596KEV MONITOR MONITCR
146 3134.63 7622 " «3 . o oC oG L2.4 0 «C 0 «0 «00C : «000
AUTO 837 E14=-01 ol o oC oC 0 6.5 X 0 «0 «C »CCO «0C0
LI STRATA & 3 E14-01 TOTALS % @
WT MEAN = o0 o0 «C «C 0 S4.8 «0 o 0 «0 +«00C +CCO
WY 1 SIGMAZ oC .3 e] o oG 649 «C o C o0 s +COC «030
KT RMS = «C 2 «C < o0 2.3 0 L ] o0 .000 «0C0
WT ERROR = ¢ o 2 o X 4.9 «0 o «0 0 «C00 +«303
s 0 0 BEGIN STRATA & & LI
14S  2516.76 1.00 86.0 7.9 753.8 60,2 £8.0 51.4 12.1 154.8 10.8 208.3 T.217 J6.948
STAT a1} Elu-pl 1746 Tt 7T .5 8a.6 6ol 6.1 1e3 16.C 1.2 2145 1.601 4e213
l46 18Cu.21 1.20 965 1¢1.0 956 o4 61.6 62.3 12.3 16.5 173.5 19.3 224 .5 9.854 8.849
STAY w2 Ely4=-Ci 17.9 112 9E «2 T.9 6e5 2.8 1.8 17.9 2.0 2242 2013 1e 749
147 1820.67 1.3C 11&6.8 999 96843 13.¢ €4.3 Te6 1665 175.¢€ 20.C 240.3 9.836 5e.494
STAT 3 E£14-01 2€.2 1Ce7 99 o4 9ec 6.7 2.1 le6 18,1 241 23.8 2,081 1.225
148 1837.16 1.C0 92.1 9446 971.3 73.9 63.7 7.1 17.7 172.7 16.8 2355 10.566 5129
STAT a4 El4~-C] 14,1 1042 997 9.7 £eb 2. 1.9 17.82 2.0 PLRD 24196 1.187
149 1853.€8 1.C0 13244 105.2 959 ,4 6247 6.3 14,C 17.3 177.5 18.1 228.2 10.336 10.084
STAYT 85 E14-01 19.8 11.4 98 5 8,C 6,8 29 1.9 18.3 1.9 23.%5 24192 1.9020
150 187C.10 1.0C 121.6 11045 1698 .0 Taek 7.1 12.8 202 2C6e3 2C.0 2571 12.06% 9.212
STAT ap Cl4-01 19.9 "12.0 112.7 9.C 7.3 2.8 2.2 21.1 2.1 2645 2.409 1.775
151 996.90 1.00 89e9 82.3 57,7 54,7 6Ce1 11.7 13.7 1574 10.4 21%.5 8.150 gelils
STAT a7 Elu-Ql 14.9 8.8 77 8 8.3 6e3 2.8 1.5 1642 l.2 22.0 1.769 1,740
152 239.CH4 1.00 odJ o 90! oG «0 3 5 oC 0 o0 e334 .000
TRAP E14=-01 0 ol «C «C .l «C ol «C P 0 «108 » 000
e 06 STRATA # & £14-01 TOTALS & » » '
T MEAN = 105.3 9647 923.6 67.3 63.3 16.7 14,3 173.9 16.8 2296 84541 12.017
WT 1 SIGMAC 19.C 1C.86 S .6 8.7 6.6 3.3 1.7 18.0 1.8 23.7 1.913 2.189
WT RMS = 17.1 9.8 115.5 5.9 Je6 14.4 Se7 15. ¢ 1.9 15.3 3.409 10.328
W1 ERROR = Tex 4,0 36 .1 3.3 2.5 1.3 o6 6.8 o7 9.0 678 «827

TOT AL STRATA E 14 ~-01

119.3 §8e7 - 8171 62.1 5

WT MEAN = 542 33.9 14,0 161.7 13.9 21544 8,345 244332
®T 1 SIGMAZ 45,2 12.7 643 14.1 6ol 8.4 1.9 17.5 1.9 23.1 2.5%94 5¢2G2
WT RMS = 50.7 16e1 173 .4 iT7.5 79 2061 2.7 28,2 5.1 29.8 le640 13.815
WT ERROR = 104 205 17 .3 2.8 1.3 2.1 4 365 4 8.6 «520 1.3C1



EL4-04

INTERPOLATED INTERPOLATED NUCLIDE CPM AND 1 SIGMA ERRORS
AXIAL
CORE CE-1u44 CE-141 PA-233 1-131 RU-103 RU-106 CS-137 ZR-9% CS-134.  La-140
« LOC, 133 KEV 145 KEV 312 KEV 364 KEV 497 KEV 512 KEV 661 KEV 724 KEV 796 KEV 1596 KEV
cP ;
T(MM)Y
698.50 57549 2324.1 1u4561.1 4282.7 2248,.,6 .0 117.3 2798.8 103.5 4177.0
88.9 233.5 328.1 681.9 159.1 o0 62.0 102.6 41.0 183.2
- T74.70 333.4 2545.,5 17987.7 3943,0 2641.5 .C 630.6 2919.3 173.1 4821,2
88,9 233,5 328.1 681.9 159.1 .0 62.0 102.6 41,0  183.,2
850.90 70.8 2766.6 21ull,3 3603.4 3034,.5 .0 543.9 3039.8 242.8 5465,3
88,9 233.5 328.1 681.9 159.1 .0 62.0 102.6 41.0 183.2
$27.10 434, 7 2785.2 24651.5 3590.2 3298.9 9648 539,1 3470.9 360.9 6127.4
137.7 252,0 184,48 778,71  183,1 36,7 61.1 130.8 40.2  191.7
1033730 215.7 3457.4  25418.3 Gy21.,3 T 3774%.0 48,0 631.4 3803.9 426,9 ° 675445
' 137.7 343.1 41,3  Bu2,2 192.2 36.7 6le6  117.5 5.1  203.2
107950 444.0 T846.C  32113.9° T 5786.6  3917.1 T.0 699.4  8257.9 529.7 6563.0
105.8 323,1 25,9 i042.8 1289.5 .2 63.7 135,7 47.0° 211.8
1155.70 982.8 4168.4 34629.2 5753.8 3782.3 .0 7596.5 44T8.4 66948 7208.9
25046 363.0 449,17 1108.9  231.5 .0 65.5 131,6 52.3 205.,3
- 1231790 703.1 4695.1 36409.9  5523.6  3867.8 114,09 871.2  4428.6 731.0 7452.3
_ 144,.8 41545 438.9 95342 203 4 S2.6 __ T3.9  122.8 __ Su4.Y 209.3
_‘ 133a,10 79.3 4711.6 38351.5  S843.6 4318.6 303.4 850.9 us13,0 76046 7595.5
99.2 4N7.0 435,1 91646 203.2 113.5 72.9 128,2 53,4 209.7
- 1384.7%0 28248 UC55.7 uwyso8.8 5089.8 u892.4 339.7 83,7 480341 T E81.4 8048, 7
a 193.6 423.7 452,9 1660.5 201.,7 650.9 78.5 145,7 5S.4  210.6 o
N I%860,50 279.2 493201 82067.5  6b6u40.b  4BOY,9 .37 1001.6 5131w 896.6 8061.3
oo 193.6 42347 452,9 1060.5 231.7 60.9 1845 145.7 55.4 210.6
B 15356.73 441,06 479U0.5 41772.7 S6Ubs9  4412.5 119.0° 900.9  %034.5 953.9 8079,2
200.1 41241 457,.9 1074.9 204.0 54,2 86.1 145.9 5649 213.3
1612.90 75648 5267.1 L23G2.7 7109.4  4650.3 0.2 969.8 5010.1 965.9 8378.1
220.5 389,1 u54,9 121446 200.2 54,2 75.4 133.5 5943 224.9
1669.10 Rll.4 4756.1 4320849 6355.7- 4551,3 119.0 938.0 48344 951.2. 8353.6
196, 4 52.7 - 465.6 1191.6 198.8 6743 75.7 134,7 S57.4  223.0
1765.30 - 192.7 4584,5 42988.5 6268.5 4695.5 275.2 92645 4852,9 . 1004.2 B348,.6
195.8 4U6,2 2.1 97441 219 ) 12246 75.2 130.2 -~ 6740 213.0
1861.50 §37.7 ST117.7 G2220.1 6610.C 4559,0 227.0 942.0 5003.9 1072.2  8404.2
219.3 413.6 451.8 950.9 201.4 55,3 67.8 13646 70.6 222.5
1917.738 Ti5.4 GS4u,6 82391.5 5GC50.9 4244,4 .0 883.0 £085.0 1001.8 8231.6
233.,u 435,0 474,5 906.4 192.8 .0 69.8 137.7 .5%.0 223.3
) 1893,90 35641 G617.7 41433.4 6601+2  46923,3 20.0 954, 1 4860.0 8911 8236.6
310.6 463,1 495.9 1037.9% 203.3 58.4 71.4 131.3 54,1 211.1
207510 1069.2 4816.1 G41736.5 5520.8 3927.9 196.6 8642 4941,9 B6l.7 7797.7
31046 463.1 495,9  1937.9 203.3 58,4 7104 131.3 54yl 211.1
B 2146,30 S78.6 4866.8 41492.9 Tuul.7 3790.7 313.3 825.2 4941.9 8u48.1 8162.9
. 269.6 439.2 5001 1314.7 219.3 111.1 67,8 13643 51.9 210.9




61-0

INTERPOLATED INTERPOLATED NUCLIDE CPM AND 1 SIGMA ERRORS
AXIAL -
CORE T CE-14s  CE-1u1 PA-233 I-131 RU-103 RU-106 €s-137 ZR-95 €CS-134 ' LA-140
Loc. 133 XKEV 145 KEV 312 KEV 364 KEV 497 KEV 512 KEV 661 KEV 724 KEV 796 KEV 1596 KEV .
cP
(MM}
2222.50 640.1 4960.1 40647.8 6204.2 4458,.8 51543 894.5 4950.5 877.4 8264,.8
N 221.3 ' 412.7 495.8 1298.1 20447 113,2 T4, 143.5% s8.1 215.3
2298.70 357.7 47D1.3 38883,% 5364 .8 Yau9 L.y 78642 84279 &4707.6 763.8 7907.8
126.8 480.5 489,2 1115,5 208,.7 127.3 74,9 136.6 5748 210.3
2374.90 21441 4317.5 36741.9 4952.7 4224.5 B93.6 765.6 4496.1 702.9 74874
117.7 431.4 458,1 1634.6 205.0 14045 71.4 136.6 5842 211.4
2451.10 442,33 4167.3  3485G4.,9 4108.9 4345, 7 815.4 781.4 4e73.1 749,3 7199.1
117.7 w12.7 4S51.6 1061.7 230.5 14143 73.8 14047 55.5 205.0
- 2527.30 S0.7  4232.9 332Wi.9 39447 4082.9% 87276 824, 4 4264.6 562.4 6715.7
. 108.6 453,0 471.9 12475 210.3 14045 4.5 131.3 48,7 192.1 L
- 2603.50 646.85 6020.4 30933.%1 343C.5 39874 796.3 680.7 3940.4 $05.6 6576.9
108.6 453.0 471.9 1047,5 210.3 140.5 T4.5 131.3 48,7 192.1
2619.70 S25.3 3930.0 28985.2 L325,0 3956, 2 902.9 726.5 3927.3 4S6,1 6600,8
19246 507.9 4563 868.6 205.2 163.4 -19.7 13101 49.6 190.5
2755.90 178.2 3671.5 26997.9 3536.6  3756.9 892.3 633.2 3721.6 401.9  6128.5
84,0 42846 452,7 JB6ULB 198,09 124.0 17,0 128,4 43,3 185,8
283z2.10 569.9 3609.9 23770.3 3066.1  3319.7 1029.2  507.9 3400.9 367.7 S672.2
194.4 3196.2 435,5 902.2. 200.1 128.7 62.6 117.8 41.0 185.9
250%. 30 1591.7  3484,6 19586.6 Tu62.17 27180,.9 13284 09,9 3064.3 351.0 §396.0
194 .4 39642 435.5 9N2.2 203.1 128.17 62.6 117.8 41.0 185.9
CLEMENT TITLC: El4-01 . H 533.9 41068.2 34173, S114.9  3974,3 u58.9 717,17 4307.1 668.8  T153.9
- MEAN 1 SIGMA = 183.7 408.4 446.3 10C1.4 197.9 102.2 71.2 129.6 52,5 204,7
z 32647 787.0 84l0.S 1222.5 651.1 388,9 149.1 713.4 270.1 1154.0
K 33.5 Tu.6 81.5 182.8 36,1 20,9 13.0 23.7 9.6 3T.4




INTERPOLATED ’ INTERPOLATED NUCLIDED CPM RATIOS AND 1 SIGMA ERRORS

AXTAL :
CORE CE-1u1l CE-144 1-131 RU-103 €s-137 RU-106 €S-134
Loc. ZR-95 IR-95 2R =95 2R-95 2R-95 2R=-95 €S=-137
TP
(MM)
698.50 .830 <276 1,530 .803 +256 .000 Y
. .C89 .033 $250 064 024 .C00 .058
774,70 - .872 114 1.351 .905% . 216 . .000 «275
- .086 «031 .238 .063 _e023 .000 <970
850.50 : . .910 .030 1.185 .998 179 .000 YTy
.083 .029 .228 062 .021 .J00 091
927.10 .802 .125 1.034 <950 +155 .078 . 670
: 076 : .»_O"JO 0226 006_0 .D!S_ 7~_-G__11 -106
1933.30 <309 .057 1.162 . 992 . 166 012 676
. ) .39'4 .0.‘6 _ 022“ 0059 0017 0010 0897
1079.50 «9503 104 T1.359 T .920 s164 - ,D00 .157
' « 194 «025 249 .053 .016 .0L0 «096
1155.7C .931 0219 1.284 Leus .178 .000 .34
.086 . 056 «250 .051 .016 .0C3 «095
1231.90 1.060 159 1.247 .873 e 197 026 ., .239
2298 «0333 +218 + 052 -018 .02 .095
1308.10 1.044 .017 1.295 . 957 .189 0 067 «894
.195 « 022 «206 .053 017 .025 «099
1365.30 L84S <059 . 1.060 1.019 174 . J65 1.057
. E .092 «0u0 223 «052 017 .013 .12C
¢ I560.50 R <961 <054 1.294 .936 . 195 . 000 <895
N .087 .038 .210 047 «016 <012 <089
© 1536.70 «952 .088 1.122 .876 d79 . 024 “1.059
« 086 L] .216 .048 .018 «011 119
- 1612.90 1.051 .151 1.419 .888 2154 .008 .996
083 W ONY .245 0u6 .0186 <011 4099
1689.10 2972 . 166 1.299 «930 192 024 1.014
. sd96 sJud 246 0098 l»Olb nqll" -1@2
1765.30 .945 1612 1.252 .968 191 . 357 1.084
075 04l «204 +050 <016 025 Cellw
TERTL5T 1.023 o167 1.321 .911 .188 L Uus 1.138
: U887 . Oun 193 . 047 .04 .011 S111
T1917.70 372 139 2993 .815 175 .000 1.128
, : .090 047 .180 0lY .015 .00 o111
- 1993.90 .950 .079 1.358 « 965 . i96 . 004 93U
B .099, «Gb6Y 0217 .049 016 .012 .090
_ ; ZCT0.10 W975 216 1.117 . 794 2163 .4y 1.071
T . ) © T L0917 .063 T W212 J0u6 .015 © W012 .116
719830 T .985 117 1.506 L7167 . 167 . 063 1.028

«N93 « 055 « 269 048 «C1l4 0023 «105




r; O

INTERPOLATED INTERPOLATED NUCLIDED CPM RATIOS AND 1 SIGMA ERRORS
AXIAL :
CORE CE=141 CE-lu4 1-131 RY-103 cS-137 RU-1D6  (C€S-134
LocC. . ZR-95 ZR-95 ZR-95 ZR-9¢% ZR=95 ZR-95’ €s=-137
4§43
{MM) : )
222250 1.002 <129 1.253 901 181 +104 <981
.100 . 045 0265 <049 +01p .023 2104
2298.70 +999 .076 1.14p .945 179 . 167 .906
‘ ' .106 .027 239 .352 $017_ .027 <106
- 2374.90 .960 .0uB 1.102 940 L170 199 «918
a : .100 .026 2233 _+054 .017 .032 .115
- 2451.10 4 .932 .99 _e919 972 .175 .182 +95§
. . 097 .027 .239 +054 .017 .032 115
2527730 2993 L0172 J92s 2957 .193 .205 ‘682
‘ - W111 .025 $247 <057 018 <034 4085
- 26C3.50 1.020 164 863 1.012 113 .202 . 743
: .120 +028 «261 2063 .020 +036 .108
2679.70 , 1.001 L 134 1.1C1 1.007 . 185 .230 .628
« 134 2049 2224 +052 s021 +037 097
275%5.90 _.987 .0ng .950 1.009 .179 2240 . 635
.120 c02s 2235 s0eu 2921 « 034 103
- 632,10 . , 1,032 <168 %02 <916 L149 .303 P T24
‘ $122 +057 +267 »0e8 .019 +039 .120
29C8.36 A ) 1.137 <519 1.130 .698 .13y c434 <856
' $126 +2617 .298 +074 .021 .045 .185
ELEMENT TITLE: El4-01 MEAN RATIO = +965 .128 1.184 +925 .181 <114 .813
. , . WEAN 1 SIGMA = .099 Couw2 . 235 .05% .018 Nk . +105
RMS = +071 £092 +176 «066 .021 s111 .237
- TRROR < <018 <008 NIK] <010 . 007F .005 .C19.

1¢-0




INTERPOLATED

NORMA;IZED INTERPOLATED NUCLIDE CPM RATIOS AND 1 SIGMA ERRORS

AXTAL
COFE PA-233 CE-141 RU-106 CS-137 C€S-134/137 2R=95 La-140
LOC. MEAN ME AN MEAN ME AN MEAN MEAN MEAN
3
{MM)
€958.50 426 .558 .000 .922 .173 «650 <S84
.010 «056 .000 .079 <070 .023 .025%
774,70 .5:26 .611 .000 .B811 «330 .678 674
.010 $U56 . 000 + 079 « 084 .23 .025
850.902 627 654 .000 .699 «536 .105% «T64
.010 . 056 .000 .079 .108 .023 .025
927.10 W721 <668 .211 <693 . 804 2506 .857
.01l . 060 .080 .078 .126 .023 .025%
T 1003.30 «832 .829 .105 .812 8127 .883 Uy
o .012 +081 580 +078 o115 . 027 +028 —
1079.543 U0 .923 .009 .899 .910 .989 973
.312 .091 .009 .081 s116 <011 .029
1155.7C 1.013 1.000 .000 1.924 1.010 1.0u40 1.008
. +013 + 086 +000 .083 o112 033 +028
T 1231.96 1.065 1.127 248 1.120 1.008 1.028 1.062
$013 .098 2114 .093 o112 <028 .029
1306410 1.122 1.130 661 1.094 1.074 1.048 1.062
.013 096 244 «092 <117 .929 .029
1384.%0 1.182 .973 675 1.972 1.278 1.114 1.125
P ‘ .013 .100 .133 2099 14l .033 2029
NS 156T.50 1.231 1.183 CO1 i.298 1.075 1.191 i.127
o 013 .100 133 4399 106 033 .029
1536,70 1.222 1,149 .259 1,158 1.270 1.169 1.129
.013 097 .118 .1n8 +140 .033 .029
1612.90 1.238 1.264 .088 1.247 1.196 1.163 1.171
_ +013 +092 118 +GO5 113 +339 031
1669.10 1.266¢ T.141 . 259 i.206 1.218 1.136 1,168
W013 . 136 146 .G95 .121 .30 L0310
176%5.30 .25 1.100 .600 1.191 1.302 1.127 1.167
' .013 105 263 .09% 134 - 4029 .029
18“1030 10235 10228 -“95 1.211 10367 . 10162 10175
.013 .098 . 121 .086 «131 .031 .020
. 1917.70 1.24C 1.17¢ 000 1.i42 1.355 .11 1,151
JGlu . 102 .000 .098 .131 W03} .031
T 19%53.95 1.212 1.ice .04y 1,227 77T 12277 TiL1zs 1.151
. <014 109 .127 .G90 $127 .030 .029
J070.10 1.221 1.155 .428 1.034 1.287 1.147 1.090
.Gle <109 127 .090 $137 L0300 .29
2146.30C 1.216 1.168 .683 1.061 1234 7 1.147 1.141
«314 »103 e239  .086  el24 +031 +029




e e i e ——— o —
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INTERPOLATED NORMALIZED INTERPOLATED NUCLIDE CPM RATIOS AND 1 SIGMA ERROPS
AXIAL , .
. CORE _ PA-233 CE-141 RU-106 €S-137 C€S-134/137 2ZR-95 LA-140
% LOC., MEAN MEAN MEAN MEAN ME AN ME AN MEAN
- P :
X {MM)
g 2222.55 1.189 1.190 1.123 1.150 1.178 1.149 1.155
f. .14 J111 243 2094 «123 «032 .030
2298.70 ‘ 1.138 1.128 1.713 1.084 1.088 1.093 1.10%
' 2014 2113 2272 2094 «125 <031 2029
2374.90 } 1.075 1.036 1.947 984 1.103 1.0u44 1.0u?
.013 .102 $299 . .090 «135 .031 .029
2451.10 1.020 1.000 1.777 1.035 1.152 1.039 1.006
.013 0397 .300 .093 $135 .032 .028
2527.30 i 973 1.016 1.901 1.960 T .e19 7 .990 939
014 .10 0299 094 171 .02 2026
2603.50 L9105 . 965 1.735 .875% .892° 918§ .919
.014 .107 +299 094 .128 .033 .026
2679.70 - LBu8B .943 1.967 <934 . 754 .912 .923
: .013 .119 _+305 .100 J115 .030 .026
- 2755.90 ' .790 .881 1.9uu .814 . 762 .86 .857
2013 »101 2267 2097 2122 »329 +026
2832.10 : . 596 542 2.242 .653 .869 . 190 .793
«013 . +0%4 .278 .380 142 027 .026
250830 : .573 <636 2.894 .5217 1.029 L7111 .754
.013 «094 . 284 .080 +192 .027 .026
ELEMENT TITLE: Clu=01 MEAN RATIO - 1,000 1.000 1.000 1.006 1.000 1.000 1.000
" MEAN 1 SIGMA = .013 .96 219 099 124 . 029 .028
RMS ooz 206 .189 847 0192 .295 166 .161
ERROR B L002 .C18 N L016 .023 .305 .005

€¢-0
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SPECTRUM

CCRE LOCATION

FUEL ELEMENT

I.D0 PARAMETERS IeDe
GALTAG AXIAL SCAN
NOe - CORE INTERVAL
LOC.
cP
{MM)
& 8 & STRATA & 1 El4-01 TOTALS ¥ % %
MEAN = 36508 . WY MEAN CPM
RMS = 186.18 WY MEAN 1SIGHMA
MIDPT:= 339.11 WT KMS
PANGE= 656470 ¥T ERPOR
3 % % STRATA # 2 Elt~-01 TOTALS x n %
MEAN = 1816411 NT MEAN CPM
RMS - 630,49 WT MEAN 1SIGMA
MIDPT= 1833.1% WT RMS
RANGEZ 2159.25 WT ERROR
x & % STRATA 8 3 E18-01 TOTALS o % *
MEAN = 3(C91.42 WT MEAN CPM
RMS = 43,21 WT MEAN 1SIGMA
MIDPTZ  3U9t.42 WT RkMS
RANGE = 162.64 WT EPROR
b & & STRATA # 4 E14-31 TOTALS 5 & %
MEAN = 1617.31 WT MEAN CPM
RMS = 645,94 WT MEAN 1SIGMA
KIDPYTZ 1377.92 WT RMS
C RANGE=Z =2276.72 WT ERROR
ME AN = 1818,11 MT MEAN CPM
RMS = 630.49 WT MEAN 1SIGMA
MIDPT= 1833,15 %T RMS
RANGE= 21%9,25 WT ERROR

"o

"Hwiitnn

e g

CE=- 144
133 XEv

«0
«C

Ny

66640
241.8
283.8

55.6

oC
«C
o0

S89.4
8649
956
32.8

€66.0C
2u1,.8
283.8

55e86

CE-141
145 KECV

27.1
22.0

2
22,0

a24l.4%
414.7
76965
83e1

«3J
«0
]
«0

8625,.,9
177.2
47C.2

67.0

42ul.4
414.7
76945
83.1

PA-233
T12 KEV

35.8
18,1

Fe6
13.5

35792,90
" 448,.8
TuuS .2
90N

oC
o0

o

o

395660849
195.8
4%967,3
76,0

TOT AL

35093.°0
448,8
Tu45,.,2
0.0

NUCLIDE CPwm + / =

1-131
364 KEV

223.0
92.6
129.9
61.0

515649
1029.7
145C.2

2073

[RY]
«C
ol

55883
434,3
492.1
164,2

S TR

51¢¢,9
1029.7
145062

207.3

RU~-103 -

497 KEV

3056.8
199.2
573.8

3G .9

1 SIGMA COUNTING ERROR

1

56547
123,7
335.2

30.9

csS-137
661 KEV

8C1l.6
30.5
3199
10.8

78342
715
153.9
14.3

ZR=9S
T24 KEV

8.7
2.8

2.8

4377.9
1307
65545

2642

0
«J
«C
«C

47n9%9.2
5S5.0
42242
20.8

4377.9
130.7
65545

2602

CS-134
796 KtV

(3K N )
o o o o
- A

693.2
53.6
254.8
1.7

0
0
«0
.0

837.8
2“ .“
196.5
9.2

693.2
53.6
254 .8
10.7

LA~140
1596 KEV

T172.9
88 .84
519.3
31.9

72920
20643
1607.4
413
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SPECTRUM CORE LOCATION FUEL ELEMENT : NUCLIDE CPM RATIOS AND 1 SIGMA ERRORS
1.0 PARAMETERS 1.0
GA,TAG AXTAL SCAN
NO, CCRE INTERVAL CE-1u1 CE~144 I-131 RU=-1T3 cs~137 RU-1C6 CS~-134%
LOC. ’ . ZR-95% ZR=95 ZR~-95S ZR=9¢ ZR-9% ZR~-95 €CS-137
cp
(MM)

v % B STRATA # 1 E14-01 TOTALS LI
MEAN = 365,04 . WY MEAN RATIO = 000 « 000 «2CQ J.408 3.675 +«CCa »524
RMS = 186418 WY MEAN 1 SIGMA = «320 «C30 «000 3.280 24581 . C00 1,185
MIDPTZ 329.11 WY RMS = «00C «20U +0C0k +C00 «020 «000 «490
RANGE= 65¢€.C0 kT ERROR = «3CC +C0C «G0Q 3J.C8C 2.581 +«000 «537

LR STRATA » 2 E14-01 TOTALS * % B
MEAN = 1818411 WY MEAN RATIO z 96T e151 1.169 PS4 «17E w137 «859
FMS = 63C.49 WY MEAN 1 SIGMA = «130 « 357 237 + TS5 «Cl8 «C30 «10%
»10PT= 1833.15 WT RMS =4 s 085 272 e228 «C78 18 «096 2208
RANGE= 2159.25 kT EFROR = «C20 oC1 PRaL Y «C1l1 «CCy «OC7 .021

* & 0 STRATA 8 3 E14-01 TOTALS L
MEAN = 3C91.42 WT MEAN RATIO = « 300 «030 «C0C «3C0 «G0C «0CO «0C0
RMS = 43,21 WT MEAN 1 SIGMA = « 503 «CO .CCC «CCO Melcy «00C .000
MIOPTZ= 3C9l.ud WT PMS = siele « 300 «CC «CT70 « O +CC0 «0OCOD
RANGE= 162,64 T ERROR < «LCC « 350 « 200 «0C0 «00C .0CO «C0OJ

P STRATA & & El14-J1 TOTALS s % @
MEAN = 1617.31 WT MEAN RATIO z «982 e 125 1.190 « 974 «193 (62 «9C9
PMS = 6US5,.,94 WT MEAN 1 SIGMA = <040 «C19 «£95 «021 «GO7T « 009 oL !
MIDPTZ 1377.90 WT RMS = D43 . Q015 «091 «013 «C16 « 059 «127
RANGEZ =2276¢472 T ERROR = «015 e T «036 « 028 «CO3 «0D3 «016

TOT AL S TRATA £1a4-0C1

MEAN = 181€.11 W1 MEAN RATIO = «967 «151 1.169 «932 178 «137 +«859
RS = 63049 WT MEAN 1 SIGMA = +100 « 057 « 237 « 055 018 <032 «105
MIDPT= 1833,15 W7 RMS = «85 «072 «228 «078 «C16 +L96 «208
RANGE = 2159,25 WT ERROR = «02C o013 048 «Ci11 004 U327 «021



9Z-0

SPECTRUM

CORE LOCATION

FUEL ELEMENT

I.D. PARAMETERS 1.C
GA.TAG  AXIAL SCAN
NO. CORE INTERVAL

LOC.

cp

(MM)
*« * %  STRATA # 1 E1u4-01 TOTALS % % =
MEAN = 365.C4 , NT MEAN RATIO
RMS = 18¢.18 WT MEAN 1 SIGMA
MIDPT= 339.11. WT RMS
RANGE = 656430 WwT ERROR
* 2 8 STRATA & 2 El4~01 TOTALS = # =
MEAN = 1818.11 WT MEAN RATIO
RHS = 630449 WT MEAN 1 SIGMA
MIDPTZ  1833.15 WT BMS
RANGES 2159425 WT ERROR
* &« STRATA % 3 E14-01 TOTALS % % %
MEAN = 3091442 WT MEAN RATIO
PMS = 43,21 WT MEAN 1 SIGMA
MIDPT=  3091.42 wT RMS
RANGE = 16264 KT ERROR
* %%  STRATA # 4 Elu4-C1 TOTALS = & =
MEAN = 1€17.31 WT MEAN RATIO
RMS = 645,94 WT MEAN 1 SIGMA
MIDPTZ  1377.90 wT RMS
RANGEZ =-2276.72 wT ERROR
MEAN = 1818411 WT MCAN RATIO
RMS = 630449 wT MEAN 1 SIGMA
MIDPT=  1833.1% NT RMS
RANGES  2159.25 WT ERRCR

eaen

mann

PA=233

- MEAN

«CC1
«CC1L
«C0C
«CCC

l.C0C
«C13
«212
«CO03

«00C
i

«000
« 000

le.120
«J0S
«181
«J22

1.300
«013
0212
«0C3

NCRMALIZED NUCLIDE CPM RATIOS AND 1 SIGMA ERRORS

CE~la1
ME AN

«106
«005
«003
«3C5

1.05C
«C96
.181
.19

«0C0a
«500
«CCU
«C30

1.091
« 041
111
«C15

RU=-106
MEAN

«015
«C06
«0C6
«CC3

1.000
2212
2552
+0S3

1.618
«082
«Ce7
«C30

494
«37S
424
«028

1.CCO
0212
«592
+053

€s=-137
MEAN

023
«C12
«LC5
« 004

1.3093
« 389
0197
+C18

«U00
«000
«000
«CCO

1,023
«G38
408
oCl%

1.000
+089
197
«C18

CsS-134/137

MEAN

1

-

()

.609
o652
.570
NS

«000 -

120
282
o024

«G0C
«000
+C00
+COC

G057
049
148
.Cls

«C00
«120
«242
024

ZR=-9%
MEAN

-0C1
«001
«0G0
«001

1.CCC
o029
«150
«CC6

+0CC
«UCOD
«GJ0
+CCO

1,076
o012
96
o L3S

1.0CC
«C29
150
#C06

LA=-140
MEAN

+CO0
+C00
«000
«000

1.0C0
0528
2138
«C06

+ 0G0
«200
000
«300

1.068
«211
«071
« 004

1.000
+028
138
«306



LZ-D

C S C

ABSOLUTE NUCLIDE ACTIVITIES AND COMPOSITE BURNUP

FUEL IDENTIFICATION NUCLIDE C(I) +/~ 1 SIGMA EKROR COMPOSITE
GA. AXTIAL SCAN FIMA
TAG CORE INTERVAL CE=-1u4 CE~141 PA=-233 I-131 RU-103 RU-126 Cs-137 ZR= 95 CS~134 La-314C cS=-137 RU-306
NO. LOC. 133KEV 145KEYV JIZKEV I64KEY 49TKEYV S12KEV 661KEYV T24KEV TO6KEV 159&6KEV MONITOR MONITOR
* * % STRATA & 1 E14-01 TOTALS ¥ * %
wT MEAN < o b -} 2.7 el 5 3 o2 ol «0 .000 «000
WY 1 SIGMAZ G (3] 4 1e2 ol Y 2 ol o1 o0 «000 «000
WT RHS = «C o o2 1,6 o1 ol ol «C ol .0 «00¢ «000
WT ERROR = «0 5 [Y4 8 «0 1 ol ol o0 o0 <000 000
¢ % % STRATA # 2 E14-01 TOTALS x ¥ %
WT MEAN < 119.§ 83.7 8§17 .1 6241 5€.2 33.9 14.0 161.7 13.9 21S.4 8345 244332
WT 1 SIGMAZ 85,2 12.7 6.3 18,1 6ot 8.8 1.9 17.5 1.9 23.1 24594 5202
HT RMS = SCe7 16.1 173 .4 17.5 T.9 23.1 2.7 24,2 5.1 29.8 14640 18.815
wT EKROR = 10.4 245 17 .3 2.8 1.3 2.2 ol 3¢5 ol 4.6 «520 1.301
* o = STRATA » 3 E14-31 TOTALS L
WT MEAN T oG ol 0 «C «C 56,5 «Q oC «0 oN «0CC «000
WT 1 SIGMAZ ol ol ol o0 0 6.9 oC . 0 «0 -0 «0300 «Q30
wT RMS = «0 e o0 %) «0 Qe «0 oL e G «0 +CQ0 « 00D
w1l ERROR = oL 3 «C «0 «0 4.9 o0 o7 «0 .0 «000 « 000
* + 0 STRATA 5 4 E14-01 TOTALS s =
wT MEAN = 10543 96.7 923 46 67,3 6363 16.7 14.3 173.9 16.8 22%9.6 8.541 12.017
WT 1 SIGMA: 19,0 1Ce6 95 6 8.7 6.6 3.3 1.7 18.7 l.8 23.7 1.910 2.189
WT RNMS = 17.1 9.8 115.5 5.9 3eb 14,4 Se7 15.¢€ 3.9 15.3 3.809 10.328
WT ERROR = Te2 4.0 36l 3.3 2eS 1.3 ) 6.8 o7 . 9.0 «675 «827
TOT AL S TR ATA E 14 -01
WT MEAN = 119.C 88,7 817,12 62.1 5642 33.9 14.0 161.7 13.9 215.4 8.345 24,332
WT 1 SIGMA:= 8542 12,7 8643 14,1 6ol Bet 1.9 17.5 1.9 23.1 24594 5232
WT RMS < S5Ce? 16,1 173 4 17.5 7.9 20,1 2.7 24,2 Sel 29.8 1.680 18.815
Wl ERROR = 10. 4 245 17.3 2.8 1.3 2.1 ok 3.5 ol 4.6 «520 1.301



SPECTRUM

I1.0. PARAMETERS I.0s
GA.TAG AXIAL SCAN
NO. CCRE LOCe INTERVAL
CENTER PQINT ’
(MM)
* % % BEGIN STRATA # 1 % & %
108 49,21 81.66
AUTO 81 E14-C1
109 178.50 68.75
LUTO a2 Elu-T1
116 254.72 68.C5
AUTO 4% E£14-01
111 328.90 69.41
AUTO #4 E1l4-01
112 816,0C 93.91
AUTO #% El4-01
113 S07.17 .80.32
AUTO #6 El14-D1
114 £56.86 68.05
. AUTO 87 Elu-71
115 6§29.00 76422
AUTC &8 El4-01
2 % STRATA # 1 E14-01 TOTALS ® 3 %
MEAN = 365,04 WT MEAN COMP,
RMS = 186418 wT MEAN 1SIGMA
MIDPY= 339,11 WT RMS
RANGE= 656.CU w7 ERROR
® ¥ % BEGIN STRATA 8 2 ® % &
117 792.31 81.66
AUTO #10 Elu-Qi
118 879.42 81.66
AUTO 811 £1a-01
119 946.78 91419
AUTO 812 E£14-01
120 1033,.89 72.13
AUTC 813 Flu-01
121 1113.52 76422
AUTO #14 Elu=-01
122 1196.53 81.66"
_ AUTO #15 Elu=-01
123 1283464 81.66
: v AUTO $16 Ela-n1
124 137242 §3.02
AUTO %17 E14-D1
125 146C .58 84438
AUTO %18 E14-D]

O

CORE LOCATION

FUEL ELEMENT

"o i

ZR-95
MEAN
'CQ

02
«CCC
-.0C0
<03

[alel
sl

<303
<G00
«JG0
«200
«COC
.C00
«Z00
«C0D
«0C0
«C01
501

«001
«0C1
«3CC
#3201

673
#3285
« 705
oL22
" «829
«024
«8%90
N9
1.C34
332
14212
. eC27
1.810

«C28

l.084
029
1.172
36

LA14D RELDIF.
Z==1+C/¥

MEAN
"M

«CCY
«C2
«NCJ
PRedals
+CC0
«CC2
« (307
« 00
.00
«C0C
«0C0
+C00
«C00
«LCCO
«C00
+000

000
»500
«000
«CCO

.682
.023
.783
.Cc27
LB6Y4
.025
«960
. 029
.951
.027

1.025
.028

1.018
.28

1.1C3
.028

1.105
,C29

«0CC
«300
«GCO
«CCO
«CCO
«0C0
+«000
«CCT
<000
«000
«JCQ
+C00
»C30
«LCC
«0C0
«0C0

«303
«0"0
« 0030
«C0Q0

012
«Quo9
«100
«J41
«040
039
«C73
o341
G387
«Lbe
«J12
«028
+CC7
«C39
«C18
<036
«360
042

COMPARISIONS OF SELECTED VALUES & ITEMS

COMPARISON

TEST 1
0=2/54(2)

.C0C
« 000
<002
+C0O0
+ 00
«COC
+00C
«CC2
« 230
«CO0
«NCO
+C30
«CCC
+ 030
+ 030
+LCO

«CGT
+CCO
+ 0G0
«0CO

’0250
000
~2.428
«LCC
~1,326
«C2C
=1.753
«CC0
1.859
G2
-+ 326
«0CC
-,183
<50
- 494
«C0J
1.426
«030

TesT 2
D®%2

«CCO
«Q0CO0
«000
+CCO
«0C0

.Bﬂs

«C00
«C70
«070
«0300
«270
«02p0
«CCO
200
«0C0
+LCC

QGDQ
.CC0
«G50
«GU0

«063
0o
S.874
+ 300
1.053
«C00
30372
«CCO
3.607
«CCO
o106
<000
«033
«0Cp
284
«0C0
2.033
«2C3

FIMA
Cs137
ree

«C20
+«CCO
« 200
« CC2
« 200
«£C0
« CC

« 000
» 000
«C3C
«CGO
« COO
. C20
« 0GC
e CCO

« 002

« COD
«C00
«CCO
* TGO

64505
20121
5. 449
1,603
54865
1.578
Te192
24235
Totus
e 257
93351
2o ELG
94253
2.901
8.579
2.4 455
10.673
3.323

FIMA

'M'

«000
+C000
.00¢
«300
«20C
«C00
«3CC
«CC0
+000
+0CC
«0C0
«COC
«C0p
«CCC
«C3C
«C0C

+C0T
«0C3
«000
«3CO

«GOC
«COG
«C00U
.0920
5.881
1.877
«0CC
«CCO
«00¢
«20C
«C3C
«GCC
12,073
3.236
154568
3.95¢%
«200
«0CC

REL.DIF,
RU136 Z=~-1+C/¥

«CC3
» 000
+000
«7200
.N00
+COC
«C00
+f1C0
«0C3
«030C
«0G3
«0C0
«0G0
000
«2C0

«003

«000
«000
«7200
«000

«009
«030
+«0C0
«050
+0G3
.“6!
«0C0
«000
« 380
«200
.0C0
200
e234
«316
+349
«213
.NCO
«0GC

COMPARISON

TEST 1 TEST 2
D=Z/75¢2) D#»2

+«000 200
+0090 009
«0C0 «000
«000 +000
«CCO -.00C
+C00 «000
.C30 +000
«C3g «0C2
« 20 «00C
«000 «000
+C30 +«000
«G0O0 +008
«C00 003
«05¢0 000"
«000 «002
«000 efele
«000 +000
«C00 +0C0
«C0Q «000
+CO0 000
«C00 020
«030 «000
«000 «000
«200 «0C0
~+0C6 «300
« 000 «0CO
«CQC +0CO0
«C00 <009
030 +000
«000 «000
«C30 «000
«00C +C00
-e139 546
«C00 «000
~2.,109 §.8486
ODOD +0C0
«000 «000
«000 000

= D 13



62-0

C

SPECTRUM CORE LOCATICON FUEL ELEMENT
1.0 PARAMETERS IeDo
GA.TAG AXTAL SCAN
NOe GORE LOC. INTERVAL
CENTER PQINT
(MM)
126 15474668 78.94
‘ AUTO #19 E14-01
127 1630423 95427
AUTO %20 El4-01
128 173C.06 T3.49 '
AUTO 821 El14-01
129 1811.71 T8.94
] AUTO #22 E14-01
13C 1896477 8.72
AUTC 223 El4-C1
131 1985.25 83.02 °
AUTO 824 E£14-D1
132 2075.07 85.74
AUTO 825 E14-01
133 2164.90 83.02
AUTO #26 €14-01
134 2252468 81.6¢
AUTO 827 El14-~01
135 2341.14 BU .38
2UTO 428 E14=-C1
136 2430.98 8u.38
‘ AUTO 8§29 Elu4=-012
137 252%.81 B4 38
AUTO 532 E14-01
138 2611.99 87451
AUTO &31 El4-01
139 270U1.81 81466
AUYOo 832 Ele-01
1acC 2789.60 83.02
AUTO 833 £14-01
161 2873,98 77.58
AUTO 834 £14-01
. e B STRATA # 2 E14=~31 TOTALS LR
MEAN = 1818.131 WY. MEAN COMP,
RMS = 63C.09 WT MEAN 1SIGMA
MIDPT= 1813.15 WT RMS
PANGE = 2159425 WT ERROR
* 2 » BEGIN STRATA n 3 n % 2
143 3Cu8.21 85474
AUTO w35 El4-01

TRIRIRL

2ZR=-95
MEAN
e

l 01“7
229
1e143
IG!O
1397
+03C
1324
«228
l.178
.C33
1.1C8
o2
14132
0530
1.128
«G31
1.192
1.C23
028
1,034
033
«9ED
30
«892
029
«899
«J30
822
+228
735
« 025

-
Q

«CCO

.eg

LAI4T REL.DIF.

MEAN
eM

1.108
.029
1.166
.032
1.128
.G28
1.167
.029
1.127
.Cr1
1,136
+C29
1.C6%
027
1.13”
029
1.133
«029
1.C39
.029
1.C06
0923
.026
.20
026
.907
«026
.799
oC2u
«757
.Gz6

1.0C90
«L28
«138
006

«C3ag
« 200

Zz==1

+C/M

«C35
«038
«Ul9
« 037
o226
«336
«036
«034
2 046
oGl
«32%
« 336
«J61
«039
o CSCG
«037
«3C1
«033
«216
«D38
«028
« U4
«C63
«CUY
«J0¢%
M3
»CC9
JU3
« 026
sult?
.C30
LOu7

«JC1
«LG1
eC42
. 008

.JC0
«300

COMPARISIONS OF SELECTED VALUES & ITEMS

COMPARISOM

TEST 1
DzZ7S(Z}

922
000
-e521
.00
-+785
«0Cg
'1.965
«C30
1.129
« 000
~.752
«.C30
1'5“9
» 000
-s119
«CCO
“0931
«C03
~el17
«OCp
«625
«COC
1.“!8
«CCO
-.2C8
«C00
-+209
+0GC
+555
«0CTD
~-e533
.30

-.C5R
«000
l1.C18
«CCO

030
«00¢

TEST 2
D=2

«85C
«000
«271
+CCO
et 16
+«CCO
1.134
000
10276
-C20
«490
«TCo
24398
«C00
«Cla
«CCO
+C01
« GO0
o174
«C0C
«391
«GTO
24009
+L2C
L3
«0Z0
SOuy
«CCO
«378
«.0C0
o471
000

1.041
«C30
1,382

« 200

<G00
«070

FIMA
Cs 137
'c'

9,04y
24891
10. 705
24966
9,207
24892
104494
2.917
9. 186
2. 608
104 346
24566
84464
24542
€E.077
2. €06
9.873
2,666
84157
2.510

FIMA RELLDIF,
RULITE Z=-1+C/M
M
S.B854 613
2.27C « 797
.00C .0CC
+0CC «CGS
9.810 -.001
3.212 «459
15.027 -¢302
3.710 .260
«2CC .C30
» 300 .000
+3CC .Cuo
«0CC .00
8.95C ~.054
2.92% 419
14.6%6 ~e398
3J.580 231
264094 -e622
5.163 «137
4Gl.932 ~-e8(1}
6.871 770
34.2823 -e762
6,546 .088
37.809 ~sT64
6.619 783
33.881 ~e791
6,475 «382
ud,452 -.8GC3
6.9%4 «C75
37.686 -.838
5.685 «063
S1.336 ~e936
g.191 237
24,332 ~.448
£.2C02 «310
14,415 48
1.301 077
000 +200
.000 «300

©

COMPARISCN

TEST 1 TEST 2
022752} Desn2

e 769 0592
«000 »000
«07g .000
«C00 «003
-.003 «000
«000 «00D
-1.162 1,351
«003 «000
«C00 «7C"
«00Q +CGO
«C3C «0GD
«C00 «200
~+130 <017
-000 «CCO
-1.735 2.906
«C00 000
~4.,5u6 20.664
«0CQ «0CO
“11.465 131.437
«L00 .000
~8.669 75.1“7
«CCO «000
~96226 850126
«CCO .0C0
94699 9“-061
«Z200 200
-104698 114,450
«C00 «300
=13¢356 178,374
«GC00 «000
“244776 613.83¢%
«CCO «000
~6.C73 81.110
«000 .000
6.650 188,617
.00 .50p
«096 «000
«000 «000



0€-D

SPECTRUM CORE LOCATION FUEL ELEMENT E COMPARISIONS OF SELECTED VALUES & JTENMS

1.0 PARAMETEKS 1.0.
GA.TAG AXIAL SCAN ZP=-95 LAL4C REL,DIF., COMPARISON FIMA FIMA REL.DIF,. COMPARISON
NO. CORE LOCe. INTERVAL MEAN MEAN Zz=-1+C/M TEST 1 TEST 2 Cs137 RU106 Z=~1+4C/M TEST 1 TEST 2
CENTER POINT ‘cr 'we D=2/512) Dex2 *ce MY D=2/7512) D*e2
(MM
144 3134463 76422 +0C0 +«C0C «G00 000 +C00 « CGO « 000 «000 «C00 +000
AUTO #37 E14-C1 « 70 . «C0C «CGO «300 «C00 » C00 «000 «C30 «000 +CC0
* & % STRATA # 3 E18-01 TOTALS * % &
MEAN = 3091.42 WT MEAN COMP. = «303 «000 «033 «C00 «000 - 00 «CCC 000 .00 000
RMS = 43.28 WT MEAN 1SIGMAZ +C00 Y elefe) «JCC <203 «000 o C30 «000 + 000 +C00 «003
MIDPT= IC91.42 WT oMS = «LC00 «TCC « 003 «CAn +C00 «CCO +0CO «0ac «CCO 0090
RANGE= 162.64 wT ERROR = «CCC «007 +3C0 «C00 «C30 Psis]e] «0GCC «C00 «000 «000
% 2 BEGIN STRATA # g ¥ ¢
1“5 2516076 I.CD '957 0967 -.DID -0609 '371 7.:17 3609““ '.805 ‘160511 27206(}9
STAT #1 E£14-01 312 «011 «C17 «G2C «220 1.€01 4,213 o049 «000 «300
146 1804.21 1.C0 1.C273 13242 «029 1.811 3.280 9.ES54 EeBU9 o114 «359 «129
STAT #2 Elu-C1 12 011 Qis «COC «200 2.C13 l1.749 «317 «C00 «000
187 1820467 1.00 1.086 1.115 ~e027 =-1.7812 3.171 9,836 Seslgk +790 1.463 2,140
STAT 83 E£14-01 312 012 «015 « 00 »CCO 2.701 1.225 «54C «C00 «000
148 1837.16 1,00 1.068 1.C93 -«023 -1,529 2.337 10,566 5.129 1.360 1.6S5 2738
STAT a4 £14-01 012 «C12 «015 «C00 «C70 24196 1.187 YL B «CO0 000
149 1853.64 1.0C 14098 1.C59 «036 24220 4.930 10,338 10.084 «025 «087 «007
STAT a5 El4-C 12 «L12 «3J16 «CCo +G00 2.190 1.9C4 e291 «0U30 -000
1sC 1370.10 1.00 : 1.275 l.198 «J69 §.384 19.218 12.C62 9.212 ¢309 851 «725
STAT a6 Elu-01 14 +C12 «01l6 «CE0 .C3C 2.4C9 1.775 363 +CN0 «G0T
151 996.98 1,00 973 991 ~.018 -1,139 1,297 €.150 8.4Ct -.030 -¢104 «C11
. STAT &7 El4-01 011 «011 «Cl6 «0CC «CC00 16759 1e744 291 +C00 000
152 239.04 1.0C «CCD 00 o C0C «TCC | ¢ 250 «1CC .C00 «0C0 «C00 000
TRAP E1&4-C1 «5C0 «GCC «300 «GCO «000 o il8 «0CC « 003 «0C0 +«C00
% % % STRATA 8 4 E14-01 TOTALS * % %
MEAN = 1617.31 T MEAN COMP, = 1.076 1.066 008 480 4944 8.5u41 12.017 +209 =1.743 394765
RMS = 645496 WT MEAN 1SIGMAZ 12 «011 «316 «CO0 0G0 1.510 2.189 398 «C00 000
MIDPTZ= 1277.94 WT RMS = «C96 «C71 «034 2.1712 Se984 J. 409 10.324 561 6.060 95.C63
RANGE= =2276472 WY ERROR = «uCSs «0048 «3Ce6 .Cla «000 0675 827 «150 «000 «000
TOTAL STR ATA £E 14 -01
MEAN = 1818.11 WT MEAN COMP, = 1.000 1.C00 -.001 -.C58 1.C41 8¢ 345 244,332 ~ol48 -6.073 81.110
RMS = 1818.11 WT MEAN 1SIGMAS o£29 «C28 «Cul .000 «CCO 24 594 5.202 0310 +GCO .000
MIDPTZ= 1818.11 WT RMS = «15C .138 «Cl2 1,018 1.3€2 1.64C 14,415 +408 6,650 144,617
RANGE= 1818411 WT ERROR = «C36 "~ «CC6 Pyolakl .00 «G00 ¢ 320 1.3C1 <077 «i00 «3C0




LE-D

C

SPECTRUM CORE LOCATICN FUEL ELEMENT
I.D. PARAMETERS IeDe
GATAG AXTAL SCAN
NO o CCRE LOC. INTERVAL
CENTER POINT :
(MM)
® % % BEGIN STRATA ¢ 1 s u®
158 49.21 Ble66
AUTO ®l Ela-=01
169 178,50 68.4C5
AUTO #2 E14-01}
11C 254,72 68.05
AUTO 43 Elu-n1l
111 328,90 694041
' AUTO #8 F14-n})
112 416,00 93.91
AUTO #5 E1lu-01
113 S07.17 .80.3C
AUTO #6 Elu=2)
114 556486 63.05%
AUTO 87 El4-01
115 625.00 76422
AUTG &8 Elu-0%
* 5 0 STRATA # 1 E14-01 TOTALS “ o =
MEAN = 365.00 KT MEAN COMP,
RMS ' = 166416 WT MEAN 1SIGMA
MIDPT= 339.11 WT RMS
RANGE= 656,00 WY ERROR
. o % BEGIN STRATA # 2 * aw
117 792.31 81.66 '
AUTO 830 Elu-01
118 879.42 81.66
AUTO ®11 El4-01
119 946.78 91.19
AUTO ®12 El14-0!
120 1033,.89 72.13
AUTO #13 Els-01
121 1113.52 764,22
AUTO #14 El4-N1
122 1196453 81.66
AUTO &l1% Elu-01
123 1283.64 81.66
AUTO 816 Elu=01
124 1371682 83.N2
AUTO 817 £14=01
125 1860456 84.33
AUTO #le Elu-~01

€s137
MEAN
*c?

«027
«C22
06
022
«J07
213
322
«L23
«006
123
«L06
«3J18
005
«G22
.0C8

023
012
«C05
.cc“

+780
«G79
653
77
«7C3
Q77
852
.C’a
916
.C82
1.115
G863
1.109
«102
1.028
<781
14279
«115

CS4/7 REL.DIF.

ME AN
'R

.C02
.ooc
000
.009
.200
.0c0
$223
.953
.cor
.C00
0579
+080N
.Coc
«0C0
.C09
.C0?

«6C9
«652
«57C
4S5

«361
.92
612
.11C
«843
«128
«762
<106
«565
«114
«9809
¢ 105
«958
«112
1.272
«126
l.041
114

Z==1+C/M

«G0C
+CCO
+GCO
«000
000
+00C
~e989
« 020
~Uco
«L0J
-.710
« 304
.GOD
«0C0
«000
«GDO

-.839
0223
139
+163

lel62
595
«C67
022
~el66
156
0132
«168
’OCSX
o141l
I127
o107
«158
o172
--IQG
0172
'228
o174

COMPARISIONS OF SELECTED VALUES L

CCMPARISON

TEST 1 TEST 2

D=2/51(21) Du=n2
000 +CCO
«1CO «0C3
«JCC «000
«CCO «Uco
«0C0 «C20
«CC9 «C00
=50.157 2515.6°8
« 0720 «0720
«2CC «C00
000 +CCO
-24337 S.461
«0C0C «CCO
.CO0 «CC0
«000 «CT0
«C00 «0CO
.003 [Reiehy
-26,508 1169294
»C00 «0CC
23.847 1251.790
000 +C00
1.953 3.812
.C00 «CC0
293 «086
«C0D 000
~1.769 1,142
«C00 -.C30
«7C2 92
.00 «0C0
~e362 «131
«3p «.CO
«867 «751

.CCO T
«919 «8UY
«00GC 000
-1.858 J.454
«0Cn « 300
1eX12 1.720
.C00 +CCD

'c'

'".

ITEMS

REL.DIF.

Z==1+C/M

. “[:>¢

COMPARISON
TEST 1 TEST 2
B=Z/S(27) pes2



. CE-D

SPECTRU
1.0

GA.TAG
NQ o
126

127

132

138

135

137
138
139
‘1uo
141

LI
MEAN
RMS
MIDPT=
RANGE=
o x 8
143

M  CORE LOCATION

PARAMETERS 1.0
AXIAL SCAN
CORE LOC. INTERVAL
CENTER POINT
tMM)
1547.68 T894
AUTO #19 El14-01
164C,23 95427
AUTO 420 E14-01
173C.0¢6 T3.49
AUTO 821 E14-01
1811.71 T8.54
. AUTO %22 El4-G})
1896.,77 83,02
. AUTO #23 £14-01
1985.25 83,02
AUTG &2 E£14.C)
2075.07 ES.T4
AUTC 25 Elu-01
2164,90 83.22
. AUTO #26 E14-01
2252466 81,606
AUTO #27 E14-01
2341.14 84 .38
AUTO 28 El4-Gl
2439.98 84,38
AUTO %29 El4-01
252C.81 84,38
: AUTO #30 El4=-01
2611.99 87,11
AUTO a31 E14-01
2701.81 8l1.66
AUTO #32 Elu-C1
2789,.,60 83,22
AUTO #33 Elu4-C12
2873.98 77.5¢ .
CAUTO 813 E£14-C1
STRATA &% .2 £14-31 TOTALS * w ¥
1818,.,11 NT MEAN COMP,
630,49 WT MEAN 1SIGMA
1833.15 WwT RMS
2159425 WT ERROR

BEGIN STRATA # 3 %

3048421

85.74

FUEL ELEMENT

L

AUTO 836 Elu-01i

csS137
MEAN
e

1.132
« 099
1,283
«090
14126
«C99
1.258
«J89
l.1C1
«082
1.240
«093
1.014
+C8S
1.064%
«C85
l.183
«100
977
«L87
977
<092
1.C68
092
849
-
«953
«105
+718
0337
«580
«C70

1.000
.89
107
o518

.2CC

«CC0

csas7
MEAN
'H'

1.263
«133
1,127
+105
1237
.130
1,290
«129
1.397
«131
1.C72
«10%
1.259
«129
1.18°
«118
1.123
0128
«978
«116
1.219
. 149
. 789
«293
WB8TH
.131
v689
«1G6
« 760
0123
.519
«154

1.CC9
«120
o242
oC28

303
«CCO

REL.DIF.
2==1+C/M

'010“
e122
145
«134

-+089
0125

=+025
119

-e212
+ 094
«157
«143

~s19%
«107

-.C99
«115
« 054
0187

-+200
el48

~s198
0124
¢354
«198

~e29
o1E1
« 384
e262

-e379
183

'§369
#1380

« 047
o194
289
«039

«0C3
«3C0

COMPARISIONS OF SELECTED VALUES & ITEMS

CONPARISON

TEST 1
0=2/512)

~s 849
«000
1,084
+C00
=sT16
«GCO
~e213
« 000
~2e246
«C00
1.297
«C00
~1.828
+C00
-+85$%
«CCO
«365%5
«0C0
-oCC2
« 000
'1.602
« 000
1,785
«CCO0
‘0161
«7Cg
1.467
«000
-el431
«C30
-2.831
.« 0CG

~e121
«C00
1.282
+COC

« 0G0

« 000

TEST 2
One?

«721
«2C0
1.175
«CGCO
«513
«0C0
« 045
<000
S.Cl6
+«3C0
1,203
+0CQO
36327
+000
«731
+LCC
+123

P¥elale)

«000
+GCO
24567
« 0G0
Je185
«200
o226
«CCO
20151
« 00
«186
«.0C0
8.017
«CCO

1.65%9
«000
1870
«000

«CTO
«0C0

'c.

'"‘

REL.DIF.
Z==1eC/™

COMPARISON
TEST 1 TEST 2
D=2/75(2) Den2



€e€-0

SPECTRUM
I¢Ds PARAMETERS
GA.TAG AXIAL SCaN
NO. CORE LoOC, INTERVAL
CENTER POINT
(MM)

1449 3134,63 76022
AUTO
% 0 STRATA & 3 E14-01 TOT
MEAN = 3091442 wT
RMS = 43,21 wT
MIOPTZ 3C91.42 wT
RANGE = 162464 " g
* 6% BEGIN STRATA # 4 %
145 2516.76 1.00
STAY
146 1824,21 1.00
STAT
147 1820.67 1.C0
STAY
148 1837.16 1.00
STAY
149 1853,64 1.00
STAT
150 187C.1C 1.00
STAY
151 996.90 1.CO
STAT
152 239.04 1.C6
TRAP
* s @ STRATA & & El4-01 TOT
MEAN = 1617.31 wT
RMS = 645,94 wT
MIOPTZ 1377.90 WT
RANGE= -2276.72 wT
MEAN = 1818.11 wT
RMS = 1818.11 wT
MIDPTZ 1818.11 w7
RANGE= 1818,.11 w7

CORE LOCATION

FUEL ELEMEN
I.0.

837 El4-01
ALS v % ¢
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