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FOREWORD 

r' 

.' 

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 

27% root mean square deviation on an element-to-element basis and were 

within 20.7% (la) on a core average basis. The element-to-element variation 

of 27% is within the generally stated ?3% 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 20.4% (la). 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 predicted thorium absorption rates. Radial power factors and their 

time history were reasonably well modeled. This conclusion was reached 

J from activity measurements for total fuel elements at various radial core 

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

V 
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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-915 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. 

n 
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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, 2 1  fuel test elements, three reflector elements, and 

a control rod and sleeve were asially 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, 1 9 7 4 ,  to measure short-half-lived isotopes; 

the second phase was between Nay 28 and June 8, 1975, to detect long-lived 

isotopes. The elements in Phase I and I1 scanning operations are listed in 
Tables 1 and 2, respectively, and are shown in core maps in Figs. 1 and 2.k 

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 I1 measurements. 

The raw spectra of all the gamma scanning were stored on GA SIGMA I1 

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. 
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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 l o s s  

Normalized power distribution for last 50 to 

200 days* of reactor operation 

La-140 (relative) 

Zr-95 (relative) 

Cs-137 (relative) Normalized time-averaged power distribution** 

Cs-l34/Cs-137 (relative) Normalized time-averaged thermal fluence 

distribution** 

Pa-233 (relative) 

Cs-l37/Zr-95 

Ce-141 /zr-95 

Ce-144/Zr-95 

1-131/Zr-95 

Ru-103/Zr-95 

Normalized Th-232 absorption rates 

Fission product release and redistribution 

within the element 

*Three half-lives assumed. 
**Assuming fuel loadings and no cesium migration. 
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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 r a y s  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 
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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). 

2. Background measurements. 

3 .  Axial scans. 

4 .  Static scans on selected fuel locations. 

5. Trap scan. 

6. Second calibration (Cs-137, CO-60 source). 

2.2.1. Axial Scans 

For the axial scans, the element was moved at a constant speed ($70 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 11, respectively, and 
ended above the top of the fuel column in both Phase I and I1 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 ($4.3-s dead-time). The SCA-ratemeter output was continuously 

I 

n 
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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 I1 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 2a 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-~nm steel 

plate, and approximate attenuation of the fuel bodies. These corrections 

(see Table 3 )  gave a modified CPM value which i s  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 I1 tape was then translated to the UNIVAC-1110 

( R e f .  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). 

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. 

The entire 

2.3.1. Isotope CPM Table 

The first table (see Appendix C) lists the CPM of the ten selected 

isotopes and their associated l a  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: 

- 
WT MEAN CPM = 1 Wi CPMi = CPM , 

‘i 
‘i =TT~ 9 

where W. = weighting factor, 
1 

= scan interval, ‘i 

CPM. = CPM for each individual scan, 
1 
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WT MEAN CPM = mean CPM weighted w i t h  scan  i n t e r v a l ;  

WT MEAN 1 SIGMA = (c wi s;) l f 2  , 

where Si = s t a n d a r d  e r r o r  f o r  each i n d i v i d u a l  s can  (10 ) ;  

WTRMs= [z wi (CPMi - E l 2 ]  "2 ; 

WT ERROR = {(S):] ' I 2  

( 3 )  

( 4 )  

(5) 

2.3.2.  I s o t o p e  Ra t io  Table  

The i s o t o p e  r a t i o  g i v e s  t h e  c a l c u l a t e d  CPM r a t i o s  of v a r i o u s  i s o t o p e s  

f o r  each scan  from t h e  CPM t a b l e  ( S e c t i o n  2 .3 .1 ) .  The fo l lowing  s t a t i s t i c a l  

a l g o r i t h m s  app ly :  

CPM 
-A 

i (2% ' RATIO = R - 

2 2 112 

1 SIGMA ERROR = R i [(+) +- (&) ] = ' R i  ' 

- 
WT MEAN RATIO = W. Ri = Ri , 

1 /2  
WT MEAN 1 SIGMA = (x-Wi Sii) , 

WT ERROR = ( 2  Wi 2 Ri 2 ) 1 / 2  . 

( 7 )  
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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): 

CPM, 

= normalized ratio, Ni where 

CPMi = CPM for each scan (see Section 2.3.1), 

C E  = weighted mean of all fuel sections (total strata mean); 

where S = 1 SIGMA counting error of isotope i on each scan, CPMi 

= 1 SIGMA counting error on mean CPM along the fuel element sm 
(of any preselected strata) (see Eq. 5). 

The WT MEAN, RATIO, WT MEAN 1 SIGMA, WT RMS, and WT ERROR are all 

calculated from Eqs. 6 through 1 1  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: 

- x = q x i  , 
n 

1 / 2  
ERROR= ( ~ ~ S x 2 )  . 

n 

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 

This was was necessary to calibrate the scanning geometry at Peach Bottom. 

achieved for Phase I by cross-calibrating the results determined from ORNL 
on individual driver element compacts from element E14-01 (Ref. 1 2 )  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. 1 2 ) .  If 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. 

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.  

This would have caused an erroneous comparison with 

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 f o l -  

lowing equation for each particular nuclide gamma energy peak: 

CPM 
DPM * A.I. ’ CE = 
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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 . I .  = absolute intensity 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 inventors 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 1 - 1 3 1 ,  which were t o o  short-lived to be detected at 

ORNL. The counting efficiency of these two isotopes and a l l  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 I1 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 f o r  Phase I was not applicable 
for Phase I1 gamma scanning. To correct for this, several collimators used 
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on E14-02 and E03-01 w e r e  intercompared t o  de te rmine  a f a c t o r  t h a t  could 

be m u l t i p l i e d  by t h e  Phase I count ing  e f f i c i e n c i e s  t o  g i v e  a p p r o p r i a t e  

n- 

r e s u l t s  f o r  t h e  Phase I s c a n s .  Element E14-02 w a s  scanned w i t h  t h e  0.254-mm 

x 17.475-mm and 0.254-mm x 23.876-mm c o l l i m a t o r s ,  and E03-01 was scanned w i t h  

t h e  0,254-mm x 23.876-mm and 1.270-mm x 0.635-mm c o l l i m a t o r s .  The r e l a t i o n -  

s h i p  between t h e  v a r i o u s  CPM v a l u e s  s e e n  by each c o l l i m a t o r  i s  as f o l l o w s :  

- * - = - =  5.025 , 
A B A  

where A = (0.254 mm x 17.475 mm) Phase I d r i v e r  e lements ,  

B = (0.254 mm x 23.876 mm) Phase I and I1 d r i v e r  e lements ,  

C = (1.270 mm x 0.635 mm) Phase I1 d r i v e r  e lements .  

The count ing  e f f i c i e n c y  of each i s o t o p e  used i n  t h e  a n a l y s i s  of Phase 

I1 was de te rmined  by m u l t i p l y i n g  the  count ing  e f f i c i e n c y  determined f o r  the 

Phase I c o l l i m a t o r  by 5.025. 

C e r t a i n  e lements  i n  both  Phase I and Phase I1 could n o t  be c a l i b r a t e d  f o r  

q u a n t i t a t i v e  r e s u l t s .  The nonfueled components i n c l u d i n g  r e f l e c t o r s  (A18-08, 

D18-12,  and D17-12), a guide  s l e e v e  (E08-01G), and a c o n t r o l  rod (E08-01) 

had no c a l i b r a t i o n .  I n  Phase I,  JTTE-3 (E14-08) and FTE-18 (E06-01) (Ref.  9)  

were n o t  c a l i b r a t e d  because of unusual  f u e l e d  geometr ies  and can p r e s e n t l y  

o n l y  b e  e v a l u a t e d  i n  r e l a t i v e  terms. Some i s o t o p e  c a l i b r a t i o n  d a t a  may 

become a v a i l a b l e  from PIES a t  t h e  Atomic Energy Research Es tab l i shment  

(AERE), H a r w e l l ,  Great B r i t a i n ,  and Kernforschungsanlage (KFA), J z l i c h ,  

West Germany. I n  Phase 11, F01-01, F07-06, F09-08, F10-09, F14-13, and 

F12-11 d i d  n o t  y i e l d  q u a n t i t a t i v e  r e s u l t s  because of c o l l i m a t o r  o r  d e t e c t o r  

problems d u r i n g  scanning ,*  which w e r e  n o t  recognized  u n t i l  t h e  f u e l  e le-  

ments were s e a l e d  f o r  f i n a l  d i s p o s a l  i n  Idaho.  

Both c a l i b r a t i o n  c u r v e s  are shown i n  Fig.  7 .  

S e v e r a l  of t h e  d r i v e r  e lements  were scanned t w i c e  f o r  r e p r o d u c i b i l i t y .  

S p e c i f i c a l l y ,  t h e  double  scanning  of A17-11 and C02-01 (FTE-6) showed 

* 
F01-01 l o s t  c o l l i m a t o r  i d e n t i t y ;  F07-06, F09-08, F10-09, and F12-11 

had c o l l i m a t o r  o r  d e t e c t o r  problems; and F14-13 w a s  i n a d v e r t e n t l y  scanned 
w i t h  a l e a d  s h i e l d  i n  p l a c e .  
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measurements of  a l l  t h e  i s o t o p e s  t o  be  w e l l  w i t h i n  t h e  20 coun t ing  e r r o r s  

as shown below: 

Element 

A1 7-1 1 

C02-01 (FTE-6) 

Body 1 

Body 2 

Body 3 

Pa-233 A c t i v i t y  

Scan 1 

(CPM 2 20) 

4 9 , 2 2 4  t 902 

168 2 1 2  

341 2 25 

349 2 30 

Scan 2 

(CPM t 2 0 )  

49,441 2 9 0 0  

171 2 13 

302 2 23 

341 5 2 8  

The coun t ing  e f f i c i e n c y  of the  t es t  e lement  gamma scans  w a s  c a l c u l a t e d  

us ing  t h e  same methodologv a p p l i e d  t o  the  d r i v e r  e lements .  The source  t e r m s  

i n  bo th  the  s i x -  and e igh t -ho le  t e l e d i a l  c o n f i g u r a t i o n s  came from FTE-15 

(Ref.  13) and FTE-6 (Ref.  4 )  ho t  c e l l  gamma scann ing  a t  GA. By c a l c u l a t i n g  

t h e  volume pe rcen t  of each f u e l  rod scanned i n  t h e  c o l l i m a t o r  pa th  ( s e e  

Fig.  6 ) ,  t h e  t o t a l  a b s o l u t e  a c t i v i t y  of  each  o f  t h e  major i s o t o p e s  w a s  

determined from c a l i b r a t e d  GA h o t  c e l l  s cans  on i n d i v i d u a l  f u e l  r o d s .  Using 

t h e s e  c a l i b r a t e d  d i s i n t e g r a t i o n s  p e r  minute (DPM) v a l u e s  and t h e  CPM v a l u e s  

seen  i n  t h e  Peach Bottom scanning  of R E - 6  and FTE-15, t he  coun t ing  e f f i -  

c i ency  w a s  c a l c u l a t e d  u s i n g  E q .  18. The a b s o l u t e  c u r i e  v a l u e s  quoted i n  t h e  

a n a l y s i s  s e c t i o n  f o r  t h e  f u e l  tes t  e lements  are f o r  t h e  volume o f  f u e l  and 

g r a p h i t e  s e e n  by  t h e  c o l l i m a t o r  i n  F ig .  6 o v e r  t he  nominal length of  a 

s t a n d a r d  e q u i v a l e n t  f u e l  rod (49 .28  mm o r  6 3 . 5  mm f o r  t h e  e i g h t -  o r  s ix -ho le  

t e l e d i a l  c o n f i g u r a t i o n ,  r e s p e c t i v e l y )  which h a s  i t s  midpoin t  a t  t h e  c e n t e r -  

l i n e  of  each  Peach Bottom scan .  The d i f f e r e n c e  between t h e  d r i v e r  and tes t  

element  c a l i b r a t i o n  i s  t h e  co r re spond ing  f u e l  and g r a p h i t e  volume, which i s  

t h e  e q u i v a l e n t  of one f u e l  compact i n c l u s i v e  s p i n e  and sleeve s e c t i o n ,  

whereas  test element  i n v e n t o r i e s  are r e p r e s e n t a t i v e  f o r  t h e  f r a c t i o n  of f u e l  

rods  (about  3 and 3.5 f u e l  rods  f o r  s i x -  and e i g h t - h o l e  t e l e d i a l  conf igura-  

t i o n s ,  r e s p e c t i v e l y )  and g r a p h i t e  w i t h i n  t h e  c o l l i m a t o r  pa th  shown i n  

F ig .  6 .  
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3 .  RESULTS 

3.1 . FUEL STACK LENGTHS 

One of t h e  g o a l s  of  t h e  Peach Bottom EOL gamma scanning  program w a s  t o  

de te rmine  t h e  i n  s i t u  f u e l  s t a c k  l e n g t h s  of v a r i o u s  d r i v e r  and tes t  ele- 

ments from Phase I and Phase 11. Using t h e  s ing le -channe l  s t r i p  c h a r t s  of 

v a r i o u s  n u c l i d e s  and t h e  c a l i b r a t e d  Veeder-Root l o c a t i o n  sys tem,  the  f u e l  

s t a c k  l e n g t h s  were determined f o r  each  f u e l  e lement  scanned.  F igu re  8 shows 

a t y p i c a l  s t r i p  c h a r t  from d r i v e r  e lement  E14-01. I n  most cases, s e v e r a l  

n u c l i d e  s t r i p  c h a r t s  were a v a i l a b l e  f o r  each f u e l  e lement ;  t h e r e f o r e ,  t h e  

mean, x ,  and s t a n d a r d  d e v i a t i o n  on t h e  mean, S-, were c a l c u l a t e d  when 

a p p l i c a b l e .  

- 
X 

The s t a t i s t i c a l  tests used f o r  t h e  comparison of  t h e  methods w e r e  t h e  

i n d i v i d u a l  v a l u e s  agreement t e s t ,  t h e  group agreement t e s t ,  and t h e  group 

goodness-of - f i t  t e s t  (Ref .  4 ) .  The n u l l  h y p o t h e s i s ,  i . e . ,  t h a t  t h e r e  i s  

no d i f f e r e n c e ,  i s  accep ted  a t  t h e  0.05 s i g n i f i c a n c e  l e v e l  f o r  t h e  i n d i v i d u a l  

v a l u e  agreement t e s t  i f  

" 

where 2 = re lat ive d i f f e r e n c e ,  
j 

Z j  
S = e r r o r  on t h e  re la t ive d i f f e r e n c e .  

The group agreement tes t  is  passed  i f  

where m = number of  measured v a l u e s  o r  tests, 
- 
d = average  of Z . /  I S  I f o r  t h e  m va lues .  

J z j  
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The group goodness-of-f i t  t e s t  i s  accepted i f  

= upper 95 p e r c e n t i l e  p o i n t  f o r  t h e  chi-squared d i s t r i b u t i o n  
2 
0.95 where x 

w i t h  m degrees  of freedom. 

The a x i a l  v a r i a b i l i t y  i s  w i t h i n  t h e  u n c e r t a i n t y  of  t h e  measurements i f  

2 
m RMS x0.95 - < - ,  
df u2 - df  

where df = degree  of freedom ( u s u a l l y  m - l ) ,  

u2 = l/m S *  mean measurement e r r o r ,  
z j  - 2 

RMS2 = l / m  ( Z j  - Z)  r o o t  mean s q u a r e  d e v i a t i o n  ( a x i a l  E 
v a r i a D i l i t y )  . 

Comparison of f u e l  body s t a c k  l e n g t h s  from t h e  d e s t r u c t i v e  PIES and t h e  

Peach Bottom EOL gamma scanning  o f  FTE-6 (Ref.  4 )  w a s  used t o  q u a l i f y  t h e  

accuracy  of t h e  gamma scanning  method. As shown i n  Table  4 ,  t h e r e  are no 

s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  two measurements. T h i s  p e r m i t s  t h e  c o n f i d e n t  

use of s t a c k  l e n g t h s  f o r  e lements  where no d i r e c t  p o s t i r r a d i a t i o n  measure- 

ments are a v a i l a b l e .  

For t h e  Phase I e lement ,  FTE-1.8 (Ref. 9), s i n g l e - c h a n n e l  i s o t o p e  p l o t s  

w e r e  ana lyzed  f o r  f u e l  body and t o t a l  s t a c k  l e n g t h s .  A comparison of t h e  

l e n g t h s  as d e r i v e d  from metrology and gamma s c a n n i n g  is shown i n  Table  5. 

The fo l lowing  c o n c l u s i o n s  can  be drawn: 

1 .  When comparing t o t a l  f u e l  body stack l e n g t h  i n f o r m a t i o n  determined 

from gamma scanning  ana metrology,  a b i a s  of b = 8 t 2 ~~l~ll w a s  

d e t e c t e d  f o r  t h e  Peach Bottom scan l e n g t h  o v e r  a l l  s i x  f u e l  b o d i e s .  

A 
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However, t h i s  is a s m a l l  r e l a t i v e  e r r o r  of 0.4 2 0.1 ( l a )% over  

a t o t a l  l e n g t h  of 2083 mm (82.01 i n . ) .  

2 .  The a s s o c i a t e d  e r r o r  w i t h  t h e  Peach Bottom scan-derived f u e l  body 

s t r a i n  d a t a  can b e  a s  l a r g e  a s  t h e  measured e f f e c t .  Therefore ,  

f o r  s t r a i n  i n f o r m a t i o n ,  metrology d a t a  a r e  p r e f e r r e d .  On t h e  

average ,  t h e  b i a s  was b = 54 2 1 7  (10) ( r e l a t i v e  %) between t h e  

two methods of s t r a i n  measurements. 

h 

3.  The h o t  c e l l  s c a n  d a t a  g ive  an accumulat ive EOL f u e l  l e n g t h  of 

2051 mm (80.75 i n . ) ,  which r e s u l t s  i n  an accumula t ive  f u e l - f r e e  

l e n g t h  of  32 m m  (1.26 i n . ) .  T h i s  i s  a r e v i s i o n  of  t h e  i n f o r m a t i o n  

p r e s e n t e d  i n  R e f .  9 ,  which resu l t s  from t h e  r e c e n t  c a l i b r a t i o n  of 

t h e  gamma scanner  d r i v e  mechanism a t  t h e  GA h o t  c e l l  (change from 

0.04 i n . / r e v  t o  0.04167 i n . / r e v ) .  

4 .  By a p p l i c a t i o n  of t h e  metrology-derived s t a c k  s t r a i n ,  . t h e  accumu- 

l a t i v e  beginning-oE-l i fe  (BOL) f u e l  l e n g t h  was 2063 mm (81.25 i n . )  

r a t h e r  than 2036 mm (80.16 i n . )  nominal;  i . e . ,  t h e  f u e l - f r e e  zones 

a t  t h e  ends of each f u e l  body averaged 2 . 7  mm (0.11 i n . )  r a t h e r  

than  5 mm (0.2 i n . ) .  

5 .  S i g n i f i c a n t  d i f f e r e n c e s  between metrology-derived and Peach 

Bottom gamma-scan-derived l eng th  measurements w e r e  d e t e c t e d  a t  

t h e  95% conf idence  l e v e l  by a p p l i c a t i o n  of s t a t i s t i c a l  tes t  

methods. However, t h e  ab.solute  d i f f e r e n c e s  are  s m a l l  and are 

a c c e p t a b l e  f o r  l e n g t h  d e t e r m i n a t i o n .  For r e l i a b l e  s t r a i n  i n f o r -  

mat ion,  p r e c i s i o n  metrology i s  t h e  p r e f e r r e d  method. 
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R e s u l t s  of t h e  r e l a t i v e  change of i n  s i t u  s t a c k  l e n g t h s  f o r  Phase I 

and Phase I1 d r i v e r  e lements  are p r e s e n t e d  i n  Table  6.  Table  7 shows t h e  

r e s u l t s  of t h e  tes t  e lements  scanned i n  Phase I.  The d r i v e r  e lement  s t r a i n s  

are compared w i t h  mean f a s t  f l u e n c e  and time-averaged f u e l  tempera tures  i n  



Figs .  9 and 10. The f o l l o w i n g  c o n c l u s i o n s  can b e  drawn from t h e  r e s u l t s  of 

t h e  Phase I and Phase I1 gamma-scan-derived f u e l  s t a c k  l e n g t h s :  

1 .  Fue l  s t a c k  l e n g t h s  of d r i v e r  e lements  had a n  average  expansion of 

0 .7% w i t h  a s t a n d a r d  d e v i a t i o n  on t h e  mean of 20.2%. The f u e l  

s t a c k  expansion tended t o  i n c r e a s e  w i t h  b o t h  fas t  f l u e n c e  and 

temperature .  The d a t a  w e r e  found t o  b e s t  f o l l o w  t h e  computer- 

d e r i v e d  r e l a t i o n s h i p  ( s e e  F ig .  10) 

2 
where 4 = f a s t  f l u e n c e  n/cm ) ,  

T = element and time-averaged tempera ture  ("C), 

dR/R = s t r a i n  of f u e l  s t a c k  l e n g t h  (XI. 

2 .  F u e l  s t a c k  l e n g t h s  i n  t h e  t e s t  e lements  a l l  decreased .  All ele- 

ments c o n t a i n i n g  TRISO-BISO o r  TRISO-TRISO" f u e l  w i t h  t h e  excep- 

t i o n  of FTE-9 showed approximately 1% s h r i n k a g e .  Element FTE-9 

showed s h r i n k a g e  of 3.5% f o r  a TRISO-BISO f u e l ,  which i s  s i g -  

n i f i c a n t l y  more t h a n  expec ted  and is  b e l i e v e d  t o  b e  a measurement 

e r r o r .  Element FBTE-1 w i t h  BISO-BISO f u e l  s h r a n k  about  3%, and 

blended beds i n  FBTE-5 had about  2% s h r i n k a g e .  

3 . 2 .  POWER PROFILES 

Short-  and long- l ived  i s o t o p e  p r o f i l e s  w e r e  used t o  v e r i f y ,  r e s p e c t i v e l y ,  

a x i a l  and r a d i a l  EOL and time-averaged power p r o f i l e s .  Normalized p r o f i l e s  

f o r  La-140 and Zr-95 were used to  tes t  t h e  power d u r i n g  t h e  l a s t  50 t o  200 

days ,  and Cs-137 and Cs-134/Cs-137 normalized p r o f i l e s  were used i n  t h e  

comparison of c a l c u l a t e d  time-averaged power p r o f i l e s  and thermal  f l u e n c e  

p r o f i l e s ,  r e s p e c t i v e l y .  

* 
Gamma spec t roscopy o n l y  d e t e c t s  t h e  f u e l  s t a c k  envelope,  i . e . ,  t h e  

s t a c k  w i t h  t h e  least  shr inkage;  consequent ly ,  TRISO-TRISO f u e l  i s  u s u a l l y  
d e t e c t e d  . 
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3.2.1.  Axial P r o f i l e s  

I n  t h e  a x i a l  power p r o f i l e  comparison, two q u a l i f i c a t i o n s  were neces-  

s a r y  i n  t h e  use  of t h e  i s o t o p e  p r o f i l e s .  The f i r s t  w a s  t h a t  on ly  elements  

w i th  i n s i g n i f i c a n t  cesium migra t ion  could be used i n  t h e  t ime-averaged 

power p r o f i l e  comparison. The o t h e r  w a s  t h a t  t h e  l o a d i n g  of each element 

w a s  assumed t o  be  c o n s t a n t  a long  i t s  l e n g t h ;  t h i s  assumption w a s  necessa ry  

t o  a l l o w  t h e  use  of t h e  Cs-134/Cs-137 r a t i o ,  which i s  n o t  r e l a t e d  t o  t h e  

power i f  t h e  f u e l  l oad ing  changes and i s  more r e p r e s e n t a t i v e  of t h e  thermal  

f l u e n c e  d i s t r i b u t i o n  i n  any c a s e .  

I n  the  Peach Bottom s c a n s ,  Zr-95 and La-140 p r o f i l e s  showed i n s i g n i f i -  

c a n t  d i f f e r e n c e s  f o r  unper turbed  e lements  two o r  more l o c a t i o n s  away from 

c o n t r o l  rods .  This  s u g g e s t s  l i t t l e  d i f f e r e n c e  i n  t h e  r e l a t i v e  power pro- 

f i l e  f o r  t h e  l a s t  50 t o  200 days .  F igure  1 1  shows t h e  c l o s e  agreement i n  

t h e s e  two i s o t o p e  p r o f i l e s  f o r  E14-01, which w a s  no t  i n f l u e n c e d  by c o n t r o l  

rods .  I n  d r i v e r  e lements  t h a t  were nea r  c o n t r o l  rod banks which were grad-  

u a l l y  withdrawn toward EOL, t h e  i s o t o p e  p r o f i l e s  a r e  d i f f e r e n t  because of  

a s i g n i f i c a n t  change i n  the  a x i a l  power p r o f i l e  d i s t r i b u t i o n  w i t h  t i m e .  

F igu re  1 2  shows an example of t h i s  f o r  F03-01. 

E14-01 w a s  used i n  the  comparison of  FEVER-calculated i so tope -de r ived  

power p r o f i l e s .  I n  F ig .  13  t h e  E14-01 t ime-averaged p r o f i l e s  show good 

agreement between measurements and p r e d i c t i o n s  excep t  f o r  t h e  bot tom of t h e  

c o r e ,  where a p p a r e n t l y  more thermal  neu t ron  r e f l e c t i o n s  occur red  than  w a s  

p r e d i c t e d .  The E14-01 EOL power p r o f i l e s  are a l s o  compared w i t h  FEVER- 

c a l c u l a t e d  v a l u e s  i n  Fig.  14; i n  t h i s  case t h e  p r o f i l e  f l a t t e n e d  as p r e -  

d i c t e d ,  b u t  t h e  s h i f t  i n  t h e  peak t o  t h e  top  of  t h e  element  w a s  n o t  obv ious .  

When 1 4  unper turbed  e l emen t s  were grouped t o g e t h e r ,  t he  ave rage  La-140 

a c t i v i t y  w a s  found t o  fo l low t h e  same t r e n d s  as i t  d i d  i n  E14-01 when com- 

pared w i t h  t h e  FEVER EOL power ( s e e  F i g .  1 5 ) .  

3.2.2. Rad ia l  P r o f i l e s  

Using t h e  mean a c t i v i t y  of La-140, Zr-95,  and Cs-137 i n  d r i v e r  e l emen t s  

n o t  i n f l u e n c e d  by c o n t r o l  r o d s ,  t h e  r a d i a l  c o r e  d i s t r i b u t i o n  o f  t h e s e  
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i s o t o p e s  w a s  compared w i t h  t h e  GAUGE-predicted EOL and time-averaged r a d i a l  

power p r o f i l e s .  

normalized i s o t o p e  a c t i v i t i e s  of bo th  La-140 and Zr-95 f o r  Phase I from 15 

unrodded f u e l  e lements  ( a s  i d e n t i f i e d  i n  Table  8*) and Zr-95 f o r  Phase I1 

from 15 unrodded e lements  ( s e e  Table  9*). I n  bo th  cases t h e  normalized 

i s o t o p e  p r o f i l e s  appeared somewhat f l a t t e r  than  t h e  p r e d i c t e d  EOL, w i t h  t h e  

Zr-95 p r o f i l e  b e i n g  f u r t h e r  away from t h e  p r e d i c t e d  EOL power shape than  

t h e  La-140 p r o f i l e .  

F i g u r e s  16  and 1 7  show t h e  p r e d i c t e d  EOL p r o f i l e  and t h e  

The Cs-137 p r o f i l e  is  a l s o  compared w i t h  t h e  time-averaged power pro- 

f i l e  i n  F i g s .  18 and 19 f o r  Phase I and Phase 11, r e s p e c t i v e l y .  In bo th  

Phase I and Phase I1 d r i v e r  e lements ,  t h e  r e l a t i v e l y  f l a t  p r e d i c t e d  t i m e -  

averaged power p r o f i l e  w a s  s u b s t a n t i a t e d  by t h e  measured Cs-137 a c t i v i t y .  

I n  F ig .  20 ,  a summary of t h e  c a l c u l a t e d  r a d i a l  power p r o f i l e s  and 

measured i s o t o p e  p r o f i l e s  shows some i n t e r e s t i n g  t r e n d s :  

1 .  There appea r s  t o  be an area around c o r e  r a d i a l  p o s i t i o n  9 o r  10 

w i t h  no change i n  t h e  r e l a t i v e  r a d i a l  power p roduc t ion .  

2.  With i n c r e a s i n g  t i m e ,  t h e  r e l a t i v e  power p roduc t ion  became 

h i g h e r  i n  t h e  c e n t e r  and lower a t  t h e  p e r i p h e r y ,  which makes t h e  

c o n t r o l  rod removal p a t t e r n  v i s i b l e .  

3. Owing t o  t h e  f a c t  t h a t  t h e  p r e d i c t e d  EOL and time-averaged power 

d i s t r i b u t i o n s  envelope  t h e  s h o r t - ,  medium-, and l o n g - l i f e  i s o -  

t o p i c  d i s t r i b u t i o n s  on e i t h e r  s i d e ,  i t  is  concluded t h a t  t h e  

r a d i a l  power f a c t o r s  and t h e i r  t i m e  h i s t o r i e s  are reasonab ly  

w e l l  modeled. 

*Except A03-03 f o r  Phase I and E03-01, E14-02, and F05-04 f o r  Phase I1 
because  of d i f f e r e n t  i r r a d i a t i o n  exposure  (AO.3-03) o r  a r b i t r a r y  r e d u c t i o n  
toward t h e  same sample s i z e  between Phase  I and Phase I1 f o r  s ta t i s t ica l  
purposes .  
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3.3. COMPOSITE BURNUP 

Ru-106 and Cs-137 can be  used t o  e s t a b l i s h  a composi te  burnup which i s  

d e f i n e d  as t h e  number of f i s s i o n s . o c c u r r i n g  p e r  i n i t i a l  heavy metal atom 

(FIMA) . 

The burnup can be  c a l c u l a t e d  by 

D P  M 
(U + Tho)A Y ' FIWc = 

0 

where FIMA = composite burnup, 
C 

D P M  = d i s i n t e g r a t i o n s / m i n u t e  of  i s o t o p e  a t  EOL, 

x = i s o t o p e  decay c o n s t a n t  (min ) ,  

Y = f r a c t i o n a l  f i s s i o n  y i e l d  of i s o t o p e  from U-235),* 

-1 

= number of atoms of thorium a t  BOL, 

= number o f  atoms of uranium a t  BOL. 
0 

U 

A r i g o r o u s  a n a l y s i s  r e q u i r e s  t h e  c a l c u l a t i o n  of t h e  decay of t h e  

i s o t o p e  d u r i n g  the  l i f e  of  t h e  r e a c t o r .  When long- l ived  i s o t o p e s  are used ,  

t h e  power f l u c t u a t i o n s  of  t h e  r e a c t o r  become more i n s i g n i f i c a n t  and i t  can 

be  assumed i n  most cases t h a t  t h e  r e a c t o r  o p e r a t e d  a t  c o n s t a n t  power f o r  t h e  

l i f e  of t h e  c o r e .  I n  t h i s  case t h e  decay d u r i n g  l i f e  can be  approximated , 

by 

where N' = atoms of i s o t o p e  c o r r e c t e d  f o r  decay d u r i n g  l i f e ,  

N = atoms of  i s o t o p e  a t  EOL, 

X = i s o t o p e  decay c o n s t a n t  ( s  ) ,  

t = t i m e  o f  i r r a d i a t i o n  ( s ) .  

-1 

*Assume t h e  same f o r  U-233. 
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There w a s  g r o s s  r e d i s t r i b u t i o n  of  Cs-137 i n  t h e  m a j o r i t y  of t h e  ele- 

ments, as d i s c u s s e d  i n  S e c t i o n  3.4. 

monitor  i n  c a s e s  of cesium l o s s  o r  movement w a s  n o t  p o s s i b l e  because of i t s  

low y i e l d  and consequent ly  l a r g e  count ing  e r r o r .  

S u b s t i t u t i o n  o f  Ru-106 as a f i s s i o n  

I n  c a s e s  where Cs-137 w a s  r e d i s t r i b u t e d  i n  t h e  element  b u t  n o t  l o s t ,  

t h e  t o t a l  Cs-137 i n v e n t o r y  can be used i n  t h e  c a l c u l a t i o n  of a n  element  

average  FIMA and compared w i t h  GAUGE p r e d i c t i o n s .  

dimensional  d e p l e t i o n  code i n  a n  r-O geometry.) I t  i s  f e l t  t o  b e  a reason- 

a b l e  assumption i n  l i g h t  of  an  approximate l o s s  o f  65 C i  (Ref. 14)  i n t o  t h e  

primary c i r c u i t ,  which i s  2 x 10 

c o r e .  

(GAUGE i s  a two- 

-4 o f  t h e  t o t a l  Cs-137 i n v e n t o r y  of  t h e  

Table  8 summarizes t h e  FIMA comparison between a l l  t h e  d r i v e r  e lements  

and s e v e r a l  test  elements t h a t  had cons tan t  a x i a l  f u e l  loadings .  I n  all 

cases t h e  c a l c u l a t e d  and measured a b s o l u t e  FIMA were w i t h i n  +15% of  each 

o t h e r .  

T o  demonst ra te  t h e  agreement of t h e  c a l c u l a t e d  and measured FIMA on a 

c o r e  average  b a s i s ,  a l l  t h e  f u e l  d r i v e r  e lements  except  f o r  F07-06, F09-08, 

F10-09, and F12-11, which showed scanning  problems, and F01-01, which had 

no c a l i b r a t i o n ,  were averaged.  The r e s u l t s  are as fo l lows:  

FIMA (n=48) Relative D i f f e r e n c e  

Me an 

C a l c u l a t e d  Measured 
( a t .  X )  ( a t .  %) (C/M-l)=Z sz (10)  

7.53 7.59 -0.004 20.007 
RMS 21.45 21.54 +O .068 -- 
E r r o r  ( l a )  -- +O .05 +O .048 (a )  -- 

n- 

( a )  Mean r e l a t ive  measurement e r r o r  f o r  i n d i v i d u a l  d r i v e r  e lements .  
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T h i s  a n a l y s i s  shows a -0.4% i 0.7% ( l a )  h i g h e r  FIMA than  t h a t  p r e d i c t e d  

by GAUGE. Using an  i n d i v i d u a l  agreement t e s t  d i s c u s s e d  i n  S e c t i o n  3.1,  1 4  

o u t  of  48 of t h e  d r i v e r  e lements  showed d i f f e r e n c e s  between t h e  c a l c u l a t i o n s  

and t h e  measurements t h a t  could not  be a t t r i b u t e d  t o  t h e  measurement e r r o r .  

On a group b a s i s  ( E q .  2 1 ) ,  t h e  agreement showed t h a t  t h e r e  w a s  no d i f f e r e n c e  

a t  t h e  0.05 s i g n i f i c a n c e  l e v e l  between t h e  measured and c a l c u l a t e d  v a l u e s .  

Consequent ly ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c a l c u l a t e d  and 

measured burnup on a c o r e  average  w i t h i n  t h e  u n c e r t a i n t y  of  ?0.7%.  

e s t a b l i s h e d  b i a s  of -0.4% is  w e l l  w i t h i n  t h e  u n c e r t a i n t y  of +0.7% and can 

t h e r e f o r e  be ignored . )  The r o o t  mean squa re  d e v i a t i o n s ,  RMS, f o r  t h e  c a l -  

c u l a t e d  and measured FIMA v a l u e s  were w i t h i n  +5% o f  each o t h e r ,  which i s  

ev idence  t h a t  t h e  element-to-element v a r i a t i o n  w a s  w e l l  p r e d i c t e d  f o r  t h e  

c o r e .  The measured RMS i s  h i g h e r  than  the  p r e d i c t e d ,  which i s  p a r t i a l l y  due 

t o  a s u p e r p o s i t i o n  o f  coun t ing  e r r o r s  i n  a d d i t i o n  t o  t h e  t r u e  element- to-  

e lement  v a r i a b i l i t y .  

(The 

A s  mentioned above, s e v e r a l  o f  t h e  f u e l  e lements  showed s i g n i f i c a n t  

d i f f e r e n c e s  between t h e  c a l c u l a t e d  and measured FIMA v a l u e s .  Using t h e  

element-to-element v a r i a t i o n  test  ( E q .  2 0 ) ,  t h e  d i f f e r e n c e  between t h e  cal-  

c u l a t e d  and measured burnups on a c o r e  b a s i s  was found t o  be  s i g n i f i c a n t ,  

w i t h  +6.8% v e r s u s  a mean coun t ing  e r r o r  of  i4.8%. The observed  range  was 

between +14% and -15%, which cove r s  t h e  2a range  o f  t he  observed RMS de- 

v i a t i o n .  From a s t a t i s t i c a l  v iewpoin t ,  t h c  d e v i a t i o n s  f o r  a l l  t h e  48 

d r i v e r  e lements  p a r t i c i p a t i n g  i n  t h e  test  w e r e  w i t h i n  t h e  20 range  and 

t h e r e f o r e  a c c e p t a b l e  for t h e  t e s t .  

I n  summary, i t  is concluded t h a t  t h e  core average  power w a s  p r e d i c t e d  

w i t h i n  i0.7% ( l o )  and t h a t  t h e  element-to-element v a r i a t i o n  between pre-  

d i c t e d  and measured l o c a l  power w a s  w i t h i n  26.8% ( l o ) .  T h i s  is  even b e t t e r  

than  t h e  commonly s t a t e d  u n c e r t a i n t y  of  23% t o  i8% f o r  n u c l e a r  d e p l e t i o n  

c a l c u l a t i o n s  (Ref.  1 5 ) .  
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S e v e r a l  tes t  e lements  w i t h  uniform a x i a l  f u e l  l o a d i n g s  are compared 

w i t h  GAUGE-calculated v a l u e s  i n  Table  8. 

e lements  w i t h  a mean e lement  FIMA i s  shown below: 

The comparison of t h e  e i g h t  test 

FIMA ( n = 8 )  R e l a t i v e  D i f f e r e n c e  

Ca lcu la t ed  M e  as u r e d 
( a t .  X )  ( a t .  %) ( C/M-1 ) =T sz ( 1 0 )  

M e  an 7 . 8 2  9 . 1 0  - 0 . 1 2 5  t o  . 022  
RMS ? 2 . 2 2  k3.05 k 0 . 1 2 2  -- 
E r r o r  ( l a )  -- (a )  -- k 0 . 2 2  +O . 062  

( a )  Mean r e l a t i v e  measurement e r r o r  f o r  i n d i v i d u a l  f u e l  tes t  e lements  

On an i n d i v i d u a l  e lement  b a s i s ,  f o u r  o f  t h e  e i g h t  t e s t  e lements  showed 

s i g n i f i c a n t  d i f f e r e n c e s  between t h e  measured and c a l c u l a t e d  values. O n  a 

group l e v e l ,  t h e  b i a s  between t h e  c a l c u l a t e d  and measured v a l u e s  could  n o t  

be e x p l a i n e d  by measurement e r r o r s .  A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  b i a s  is  

t h e  compl ica ted  scann ing  geometry ( s e e  F ig .  6 ) .  Because Che amount of 

f u e l e d  volume can change w i t h  az imutha l  movement, t h e  conf idence  i n  t h e  

scann ing  c o n f i g u r a t i o n  of t h e  f u e l  test e l emen t s  is  less than  f o r  d r i v e r  

f u e l  e l emen t s ,  where r o t a t i o n  and o f f - a x i s  e f f e c t s  of t h e  e lement  w i t h i n  t h e  

f u e l  hand l ing  machine had less e f f e c t  on t h e  scanned geometry. The lower ing  

of \  t h e  f u e l  e lements  from t h e  f u e l  hand l ing  machine i n t o  s t o r a g e  cans  was 

o c c a s i o n a l l y  monitored w i t h  a t e l e v i s i o n  system. Very s l i g h t  r o t a t i o n  and 

pendulum e f f e c t s  were observed  d u r i n g  t h e s e  o p e r a t i o n s .  

The a l t e r n a t i v e  e x p l a n a t i o n  i s  an obvious  u n d e r p r e d i c t i o n  of t i m e -  

averaged power f o r  t h i s  group o f  t es t  e l emen t s .  Th i s  i s  n o t  n e c e s s a r i l y  

r e p r e s e n t a t i v e  f o r  t h e  t o t a l  group of 33 test e l emen t s ;  however, t h e  RMS 

d e v i a t i o n  of  + 1 2 %  between p r e d i c t e d  and o b t a i n e d  test  e lement  power may be 

i n d i c a t i v e  of t h e  a c h i e v a b l e  accuracy  i n  l a c k  o f  any o t h e r  i n fo rma t ion  

( e . g . ,  d e s t r u c t i v e  burnup measurements). The observed  d e v i a t i o n s  ranged 

between + l o %  and -24%. 
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3.4.  FISSION PRODUCT RELEASE A N D  REDISTRIBUTION 

One of t h e  major g o a l s  o f  t h e  EOL gamma scann ing  e x e r c i s e  w a s  t o  de- 

te rmine  t h e  release and r e d i s t r i b u t i o n  of  r e l a t i v e  f i s s i o n  p roduc t s  w i t h i n  

the  d r i v e r  and t e s t  e l emen t s  and p o s s i b l e  m i g r a t i o n  through t h e  s l e e v e s  i n t o  

the  primary c i r c u i t .  

The t o t a l  measured cesium inven to ry  a t  EOL i n  each  o f  t h e  d r i v e r  ele- 

ments i n  bo th  Phase I and Phase I1 i s  compared w i t h  t h e  p r e d i c t e d  Cs-137 

i n v e n t o r y  i n  Tab les  10 and 1 1 .  The p r e d i c t e d  Cs-137 i n v e n t o r y  was d e r i v e d  

from the  GAUGE FIEU and E q .  19.  Because o f  t h e  d i r e c t  r e l a t i o n s h i p  between 

FIEtA and t h e  Cs-137 i n v e n t o r y ,  t h e  b i a s  between t h e  c a l c u l a t e d  and measured 

mean Cs-137 i n v e n t o r y  was s i m i l a r  t o  t h e  FIMA b i a s e s  i n  Tab les  8 and 9 on 

both  an element-to-element b a s i s  and a c o r e  average  b a s i s .  Because of t h e  

s m a l l e r  u n c e r t a i n t y  i n  t h e  Cs-137 a c t i v i t y  compared wi th  deduced burnup 

v a l u e s ,  t h e r e  were 2 1  o u t  of 48 e lements  which showed s i g n i f i c a n t  d i f f e r e n c e s  

a t  t h e  0.05 l e v e l  between measured and c a l i b r a t e d  v a l u e s  u s i n g  t h e  i n d i v i d u a l  

agreement test  ( E q .  20)  as compared wi th  t h e  burnup comparison,  where 14  o u t  

o f  48 elements, showed d isagreement .  On a c o r e  ave rage  b a s i s ,  t h e  group 

agreement t e s t  showed no d i f f e r e n c e  between t h e  measured and c a l c u l a t e d  

v a l u e s  on t h e  0.05 s i g n i f i c a n c e  l e v e l .  

The f o l l o w i n g  v a l u e s  were ob ta ined :  

Cs-137 Inven to ry  (n=48) Relative D i f f e r e n c e  

C a l c u l a t e d  Me as u r  e d 
(C/M-1 )=z sz (10) 

(Ci )  ( C i >  

Mean 

RMS 

E r r o r  (10) 

391 

248 

39 5 -0.006 20.004 

255 10.066 -- 
t 1  20.025 ( a >  -- 

( a )  Mean re la t ive  measurement e r r o r  fo r  i n d i v i d u a l  d r i v e r  e l emen t s .  
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The numer ica l  c o n c l u s i o n s  are t h a t  on a c o r e  ave rage  b a s i s ,  t h e  cesium 

i n v e n t o r y  i s  p r e d i c t e d  w i t h i n  +0.4% ( t h e  e s t a b l i s h e d  b i a s  o f  -0.5% i s  w i t h i n  

t h e  2a l i m i t  of  t h e  p rogres sed  measurement e r r o r  and t h e r e f o r e  i s  ignored ) .  1 

The element-to-element v a r i a t i o n  was e s t a b l i s h e d  wi th  +6.6%,  which a g a i n  i s  

l a r g e r  than  t h e  mean r e l a t i v e  measurement e r r o r  of +2 .5%.  

u n c e r t a i n t y  on t h e  cesium i n v e n t o r y  represents a f r a c t i o n  of k 3 . 5 ~ 1 0  

which is a f a c t o r  of 18 l a r g e r  than  t h e  e s t i m a t e d  co re  release (Ref. 14) o f  

2 x i n t o  t h e  p r imary  c i r c u i t .  

The measurement 
' -3 , 

An assumption i n  t h e  measurement of t h e  Cs-137 a c t i v i t y  from t h e  Peach 

Bottom gamma s c a n s  i s  t h a t  t h e  Cs-137 i n v e n t o r y  i s  con ta ined  w i t h i n  t h e  

compact i n  a homogeneous manner. In r e a l i t y ,  t h i s  is  n o t  t r u e  because  t h e  

r e g i o n s  where Cs-137 i s  l o s t  from t h e  compacts o r  b u i l t  up on t h e  s l e e v e  

and s p i n e  would be d i f f e r e n t  from t h e  c a l i b r a t e d  geometry of a f u e l  compact 

w i t h  a homogeneous i s o t o p i c  d i s t r i b u t i o n .  The impact  of  t h i s  e f f e c t  i s  

shown by t h e  f u l l  element scann ing  of F03-01 a t  Peach Bottom and i n d i v i d u a l  

compact, s l e e v e ,  and s p i n e  scanning  a t  ORNL. I f  t h e  e f f e c t  were l a r g e ,  t h e  

d i f f e r e n c e  i n  the ORNL and Peach Bottom s c a n s  would be s i g n i f i c a n t .  In 

Table  1 2 ,  t h e  a c t i v i t y  of each  compact and t h e  a d j a c e n t  s l e e v e  and s p i n e  

s e c t i o n s  as de termined  a t  ORNL are compared w i t h  FISS-PROD** p r e d i c t e d  Cs-137 

i n v e n t o r i e s  and i n v e n t o r i e s  de te rmined  from t h e  Peach Bottom gamma s c a n s ,  

which were c a l i b r a t e d  w i t h  t h e  E14-01 i n v e n t o r y  measurements a t  O m .  The 

r e s u l t s  are summarized below: 
Measurement 

Cs-137 Inven to ry  E r r o r  
Method (Ci)  (Ci> 

GAUGE 383.8 ND 

FISS-PROD** 394.6 ND 

Peach Bottom 404.8 k7 .1  ( l o )  

OWL 404.2 t 3 . 2  ( l a )  

*Reference 14 assesses 65 C i  of cesium r e l e a s e d  i n t o  t h e  pr imary 
c i r c u i t ,  which r e p r e s e n t s  a f r a c t i o n  of 2 x assuming a t o t a l  c o r e  
inven to ry  of 3.2 x lo5  C i ,  based on t h e  mean i n v e n t o r y  p e r  e lement  t i m e s  
804 elements .  Some a d d i t i o n a l  cesium w a s  accumulated a t  r e f l e c t o r  and 
c o n t r o l  rod components, which w a s  n o t  accounted  f o r  i n  t h e  65-Ci estimate. 

**FISS-PROD is a one f l u x  group d e p l e t i o n  code. 
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The good agreement between t h e  ORNL and Peach Bottom de te rmina t ions  con- 

f i r m s  t h e  p r e c i s i o n  o f  t h e  E14-01 and F03-01 i nven to ry  measurements a t  

OWL. 

R e  f l e  c t o  r 

Con t ro l  rod 
guide  s l e e v e  

Con t ro l  rod 

The a x i a l  d i s t r i b u t i o n  o f  t he  C s - 1 3 7  was a l s o  found t o  be  i n  good 

agreement f o r  t h e  ORNL and Peach Bottom scans ,  as shown i n  F ig .  2 1 .  T h i s  

comparison demonst ra tes  t h a t  t h e  Peach Bottom scanning  a c c u r a t e l y  measured 

t h e  cesium a c t i v i t y  i n  elements t h a t  had s i g n i f i c a n t  cesium r e d i s t r i b u t i o n .  

13.6 

2 4 . 9  

8 . 1  

R e f l e c t o r  and c o n t r o l  rod components were a l s o  gamma scanned and 

showed low Cs-137 contaminat ion  a s  f o l l o w s :  

C s - 1 3 7  A c t i v i t y  
Above Background 

E l e  men t 
I . D .  

A1 8-08 

D18-12 

El  7-1 6 

E08-01 G 

F08-01A 

2 4 . 3  

(a)  2 5 . 2  

54.6  

25 .7  

Cs-134 A c t i v i t y  
Above Background 

E r r o r  
(CP M) 

-- c o . 1  I 

3 7 . 4  k 1 . 2  

1.8 I i0.4 

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

The c o n t r o l  rod sleeve (E08-01G) had t h e  h i g h e s t  cesium l e v e l s  above 

t h e  background. Because t h e r e  is no q u a n t i t a t i v e  c a l i b r a t i o n  f o r  t h e  scan-  

n i n g  of t h e s e  r e a c t o r  components, an assessment o f  t he  magnitude of  t h e  

cesium accumulat ion cannot  be  made u n t i l  some c a l i b r a t i o n  h a s  been done on 

r e f l e c t o r  A18-08, which w a s  sh ipped  to OFWL f o r  P I E .  On a s e m i q u a n t i t a t i v e  

b a s i s  t h e  bu i ldup  would be  small ,  because  2 0  CPM of Cs-137 cor responds  t o  

<1% of t h e  a c t i v i t y  s e e n  i n  a s t a n d a r d  d r i v e r  e lement ,  which i s  Q5 C i .  
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Low release was also evident from the scan of the fission product trap 

in each of the driver elements (see Tables 1 0  and 1 1 ) .  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 the 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 2% 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 OWL.  

The redistribution of mobile fission products in the elements is 

characterized by the predicted and measured profiles of these isotopes. In 

the case of Cs-137,  the predicted values from the FISS-PROD (Ref. 1 6 )  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. 2 2 .  

The redistribution of Cs-137 within the driver elements appears to 

correlate with core location, which is explainable by the fuel element 

temperature. 

graphically in Fig. 2 3 .  

inventory for E01-01,  E03-02, E06-02,  E09-01,  E11-01,  and E14-01,  which 

covered the radius of the core. In Tables 1 3  through 1 8 ,  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  

The difference in Cs-137 redistribution is illustrated 

These plots show the measured and predicted Cs-137 
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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-13k. 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 l o s s  is shown in Fig. 25. With few excep- 

tions, increasing Cs-137 release was found for compacts 1 5  through 22 with 

decreasing distance from the core center. 

Cs-137 redistribution data for E01-01,  E03-02, E06-02,  E09-01, E l l - 0 1 ,  

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 l o s s  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 i s  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 +3OoC for 37 driver elements 

that showed Cs-137 l o s s .  This generally corresponded to the 

location of peak fuel temperature of the elements (see Fig. 2 6 ) .  

3 .  The Cs-137 plateout occurred in regions with fuel temperatures 

of 936°C 281°C (RMS) and maximum EOL sleeve temperatures of 

652°C 246°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 t.est 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. 

n 
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The ratios chosen for the initial analysis were Ce-141fZr-95, Ru-1031 

Zr-95, and I-131fZr-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. E01-01 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 

1-131. During Phase I1 of the gamma scanning, 1-131 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 l o s s  or redistribution (see Section 3.4); it was therefore 

used to determine the relationship between fluence and isotopic ratios. 

A14-14 and E13-01 were also chosen from Phase I1 gamma scanning to add 

additional data to the Ru-103lZr-95 ratio versus thermal fluence data. 

1-131 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:l) 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 used for the non-releasing base lines of Ce-141lZr-95, I-131lZr-95, 

and Ru-103lZr-95. 

determined via algorithms described in Ref. 4. 
The 95% confidence limits on this linear regression were 

Using these ratio-fluence relationships,. 

with their 95% confidence levels are compared 
I 

the non-releasing 

with the measured 

base lines 

ratios in 
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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 

2a uncertainties of the counting errors, Ce-141, Ru-103, and 1-131 isotopes 

were not mobile in the Peach Bottom driver elements. The absolute isotopic 

profiles of 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 1-131. 

3.5. THORIUM ABSORPTION RATES 

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

dNPa-233 - 
dt - -’’ NPa-233 + ‘a NTh-232 ’ ’ 

where $ = neutron flux, 

= number of nuclei of Pa-233 formed, NPa-233 

0 = absorption rate of Th-232, CJ a NTh-232 

IJ = microscopic cross section for absorption reactions in a 
Th-232, 

A’ = A + aa ’, 
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.  

a shift in peak toward the bottom of the core. 

The measured and calculated profiles agree closely except for 

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 I1 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 

-2%.  

2. Normalized axial and radial Cs-137 profiles in the core properly 
predicted the corresponding axial and ra-dial 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. 
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5. Measured burnup from the Cs-137 inventory and GAUGE-calculated 

burnups of the driver and test elements were within 26.8% (lo) of 

each other on an element-to-element basis. This agreement is 

better than the generally stated accuracy of 210% 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% ( l o ) ] .  

6 .  Cesium inventory measurements resulted in agreement with predic- 

tions within 20.4% on a'core average basis and within 26.6% on an 

element-to-element basis. 

associated with a relative error of 23.5 x 10 , which is above 
the estimated fractional release (excluding accumulation of 

-4 cesium in reflector and control rod components) of 2 x 10 into 
the primary circuit; i.e., the cesium release was undetectable 

within the sensitivity of the measurement method. 

The measured cesium inventory was 
-3 

7. 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. 

8 .  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 <1% of total activity in one driver element, 

or <5 Ci. 
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9. The Pa-233 normalized activity profile was found to follow the 

predicted GAUGEIFEVER 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 t o  

the change in power distribution toward EOL due to control rod 

removal. 
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TABLE 1 

PEACH BOTTOM ELEMENTS GAMMA SCANNED D U R I N G  PHASE I 

E lemen t  
I . D .  

A17-11 
E14-01 
co2-01 
E01-01 
E02-02 
E06-01 
E09-0 1 
E l  1-01 
E15-01 
D 14-08 
E10-01 
EO 7-0 1 
E06-02 
E05-01 
E15-02 
D 10-06 
B13-01 
A03-03 
D06-0 1 
802-02 
E02-0 1 
C 10-06 
El  1-02 
A05-05 
C14-08 
A02-01 
B03-01 
C05-04 
B14-02 
D09-04 
F10-06 
A1 1-1 1 
B06-01 
B 14-08 
B03-03 
B05-0 1 
F03-0 1 
F06-01 
F05-05 
A1 7-08 
F l l - 0 3  
A14-08 
E 14-08 
C17-08 
E 10-06 
F14-08 

D 
I D  
FTE-6 
I D  
I D  
FTE- 1 8  
I D  
I D  
I D  
FTE-8 
FTE- 1 3 
I D  
D 
I D  
D 
RTE-6 
I D  
D 
FTE-9 
I D  
FTE- 10  
RTE-5 
D 
D 
FTE-5 
FTE- 17 
D 
FBTE- 1 
D 
FBTE-5 
RTE-8 
FBTE- 2 
FTE-12 
FBTE- 3 
D 
D 
D 
FTE- 1 6  
D 
D 
D 
FTE- 1 5  
FPTE-3 
D 
FTE- 1 1 
FTE-7 

- d r i v e r  

Date 
Scanned  

1 1  1 2 4 1  74 
1 1  124  / 74 
11 125174  
1 11261  74 
111271  74 
1 1  1 2 7 1  74 
11/29/71, 
1 1 / 2 9 / 7 4  
1 1  129174 
11 1 3 0 1  74 
11 130174  
1 1 / 3 0 / 7 4  
1 2 / 1 / 7 4  
1 2 / 1 1  76 

1 2 / 2 / 7 6  
1 2 / 2 / 7 4  
1 2 1  2 / 7 4  
121  3 /74  
1 2 / 3 / 7 4  
12/3/71, 
1 2 / 3 / 7 4  
1 2 / 4 / 7 4  
1 2 / 4 1  74 
1 2 / 5 / 7 4  
1 2 / 5 / 7 4  
1 2 / 5 / 7 4  
1 2 / 5 / 7 4  
1 2 / 5 / 7 4  
1 2 / 6 1  74 
1 2 / 6 / 7 4  
1 2 / 7 / 7 4  
1 2 / 7 / 7 4  
1 2 / 7 / 7 4  
1 2 / 7 / 7 4  
1 2 / 7 1  74 
1 2 / 8 / 7 4  
1 2 / 8 1  74 
1 2 / 8 / 7 4  
1 2 / 8 / 7 4  
1 2 / 8 / 7 4  
1 2 / 9 / 7 4  
1 2 / 1 8 / 7 4  
1 2 / 6 / 7 4  
1 2 / 6 / 7 4  
1 2 / 6 / 7 4  

1 2 / 2 / 7 5  

I D  - i n s t r u m e n t e d  d r i v e r  
FTE - f i n a l  test e l e m e n t  
RTE - r e c y c l e  test  e l e m e n t  
FBTE - f u e l  b e d  test  e l e m e n t  
FPTE - f u e l  p i n  test  e l e m e n t  

(b)Cross s e c t i o n  d i m e n s i o n s .  

17 .475  ; 0 . 2 5 4  

1 7 . 4 7 5  x 0 .254-  
22 .86  x 0 . 2 5 4  

1 7 . 4 7 5  x 0 .254  

t 
1 7 . 4 7 5  x 0 . 2 5 4  

S c a n s  
(GATagNo.  1 5 )  

1-105 
106-191 
192-267 
268-343 
344-386 
387-468 
469-51 5 
5 1 6-5 74 
575-621 
622-668 
669-7 17 
718-764 
765-81 1 
8 12-859 
860-907 
908-957 
958- 1 0  10 

101 1-1056 
1057-1102 
1103-1148 
1149-1195 
1196- 1257 
1258- 1306 
1307-1353 
1354-1407 
1408- 1462 
1463- 1507 
1508- 1555  
1556-1605 
1606-1652 
1655- 170  7 
1 708- 1 7 59  
1760- 1809 
1 8 10- 1857 
1858-1904 
1905-1955 
1958-2004 
2005-2054 
2055-2101 
2 102-2169 
21 70-2231 
2232-2303 
2304-2432 
2433-2450 
2451-2508 
2509-2559 

U N I V A C  T a p e  S t o r a g e  

T a p e  No. 

2 0 

2530  
2555  

2555  

F i l e  No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
12  
1 3  
14 
1 5  
1 6  
17 
1 8  
19 
20  
21 
22  
2 3  
24 
25  
26  
27 
2 8  
29 
30 
31 
32 
3 3  
34 
35 
36  

1 
2 
3 
4 
5 
6 
7 
8 
8 
9 

- 
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Element 
I.D. 

E03-0 1 
E03-01 
El 4-02 
E14-02 
F01-01 
E03-02 
E09-02 
E04-02 
El 3-02 
E05-02 
E 12-02 
E07-02 
E07-02 
E10-02 
E13-01 
E08-02 
A04-03 
A04-04 
A14-14 
B05-02 
F03-02 
F04-03 
F15-14 
F16-15 
Bll-03 
Bll-03 
F02-01 
D18-08 
D18-12 
E17-16 
F05-04 
F07-06 
F09-08 
F10-09 
F14-13 
F14-13 
B02-01 
E08-01G 
F08-0 1 A 

- driver 

Element. 
Type(a 

ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
D 
D 
ID 
D 
D 
D 
D 
D 
D 
D 
D 

Ref lector 
Ref lector 
Reflector 

D 
D 
D 
D 
D 
D 
D 

uide sleevi 
mtrol rod 

TABLE 2 
PEACH BOTTOM ELEMENTS GAMMA SCANNED DURING PHASE I1 

Date 
Scanned 

5/28/75 
5/29/75 
5/27/75 
5/27/75 
5/27/75 
5/29/75 
5130175 
5130175 
5/31/75 
5/31/75 
5/31/75 
6/1/75 
6/1/75 
6/2/75 
6/2/75 
6/2/75 
6/3/75 
6/4/75 
6/41 75 
6/4/75 
6/6/75 
6/6/75 
6/91 75 
61101 75 
6/5/75 
6/51 75 
6/5/75 
6/12/75 
611 3/75 
6/13/75 
6/7/75 
6/7/75 
6/7/75 
6/8/75 
6/9/75 
6/9/75 
6/10/75 
6/16/75 
611 91 75 

(b 1 Collimator 
(mm) 

17.475 x 0.254 
1.27 x 6.35 

17.475’ x 0.254 
23.876 x 0.254 
23.876 x 0.254 
1.27 6.35 

1.27 x 6.35 
Lead 
Shield 
1.27 x 6.35 
1.27 x i 6.35 

Scans 
(GATagNo. 15) 

1-83, 480-510 
84-1 70 
171-277 
2 7 8- 369 
371-4 79 
51 5-602 
603-695 
696- 789 
801-888 
890-975 
976-1 106 
1108-1 194 
1195-1272 
1273-1 362 
1 364- 1448 
1449- 1 548 
1549-1647 
1648- 17 38 
1739- 1828 
1829-1956 
1957-2051 
2052-21 55 
2156-2301 
2303-2398 
2399-2506 
2 50 7- 256 3 
2564-2699 
2700-2 766 
2 767-2820 
2821-2871 
2872-2971 
29 72-3086 
3087-3189 
3190-3295 
3296-3398 
3399-3499 
3520-3540 
359 1-364 7 
3648-3800 

UNIVAC Tape Storage 

Tape No. 

14 

1784 

File No. 

1 
2 
3 
37 
4 
5 
6 
7 
38 
8 
39 
9 
10 
1 1  
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
40 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

ID - instrumented driver 
(b)Cross section dimensions. 

B -4 



, 

0.961 

I so tope  
I . D .  

Ce- 144 

Ct-141 

Pa-233 

1-1 31 

Ru-103 

td Ku- 106 

cs- 137 

Zr-95 

I 
VI 

Xe-133 cs- 134 

La- 140 0.956 

Gamma 
Energy 

Peak 
(keW 

133 

145 

31 2 

364 

497 

512 

662 

1 2 4  

796 

1596 Ba- 140 

TABLE 3 
NUCLEAR CONSTANTS FOR ISOTOPES USED I N  PEACH BOTTOM EOL GAMMA SCANNING 

Decay Fntjistant 

(sec- l )  
A 

2.821 x 

2.466 x 

2.961 x lo-’ 

6.723 x 

2.026 x lo-‘ 

2.174 x 

7.302 x 10 -10 

1.225 x lo-‘ 

1.067 x 

6.268 x lo-’ 

H a l f  - L i f  e ( a )  

284 .4  days 

32.5 days 

27.5 days 

8.1 days 

39.6 days 

369.0 days 

30.1 years  

65.5 days 

162.9 days 

1 2 . 8  days 

Thermal (b)  Fis s ion  Yield 
U-233 

(73) 

4.64 

6.58 
-- 
-- 

1.70 

0.257 

6.80 

6.25 

1.36 x lo-’ 

6.43 

U-235 
( % I  

5.46 

5.89 
-- 
-- 

3.14 

0.392 

6.27 

6.46 

4.5 x 

6.32 

Absolute ( b )  
I n t e n s i t y  

0.030 

0.480 

0.0033 

0 .  820 

0.890 

0.210 

0.846 

0.436 

Precussor (C) 
PBGST 

Fac to r s  

5.1 

0.536 

0.446 

0.215 

0.220 

0.933 

0.252 

0.518 

0.279 

0.291 

(a)Data taken from R e f .  5. 

(b)Data taken from R e f .  6 

(C)Corrected t o  CPM f o r  r e l a t i v e  de t ec to r  e f f i c i e n c y ,  a t t e n u a t i o n ,  and a b s o l u t e  i n t e n s i t y  (Ref. 7).  

(d)Precursor  Ba-140 is  t h e  d i r e c t  f i s s i o n  y i e l d  i so tope ,  measured through i t s  daughter La-140. Direct  y i e l d  La-140 i s  decayed’ 
a t  t i m e  of gamma scan because of a s h o r t  h a l f - l i f e  oE‘40.2 h r .  



td 
I m 

TABLE 4 
FTE-6 COMPARISON OF FUEL STACK LENGTH 

EOL Fuel Stack Length 

I Peach Bottom 

Body 

679.8 

611 .0  

676.5 

Mean F, s- 677.8 

ms, s= 21.4  

Test results 

Gamma Scan * 
22.7 

23 .0  

23.1 

from three single-channel analyzer strip charts. 
j z  

Relative Difference 

Test 1 
D = Z/Sz 

-0.35 

M . 2 8  

H.07 

0.0 

0.0 

20.63  

?O. 60 

20 .60  

20 .34  

-0.56 

j :::: 
0.01 

0 .011  < 1.96  
Insignificant 1 

Test 1 
Results 

___ 

0 .56  < 1.96 Insignificant 

0.47 < 1.96 Insignificant 

0.12  < 1.96 Insignificant 

Test 2 
D2 

0.31 

0 . 2 2  

0.02 

0 .18  

0 .18  < 2 .6  
Insignificant 

, 



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

Hot Cell 
EOL y Scan 

Relative 
Change 
from 

Peach Bottom 
y Scan 

(Method 2 )  

Re La t ive 
Difference 
Between 

Methods 2 and 1 

Peach Bottom 
EOL y Scan 
Body 

Relative Change 
from Metrology 

(Method 1) 
Fue 1 

Length 
Unfueled 
Length 

BOL 
Body Length 

EOL PIE 
Body Length 

- 
u 2 3 -  

( y . )  

-0.480 

-1.429 

-1.252 

+l. 234 

+0.157 

+O. 314 

- 0 . 2 4 3  -_- 
- 0 . 2 4 3  

t0.925 

- (b 

(In.) 
x 4  

-_ ._ 
13.50 

18.50  

13.42 

13.58 

13.29 

13.46 
80.75(') 

S 
u 1  

( X )  

t0.0210 

20.0226 

20.  0300 

20.0284 

20 .0283  

t o .  0275 

20.0261 

S 

2 
( X )  

20.117 

t o .  204 

t o .  190 

I1  

. 

20.106 

t0.295 

20. 190 

t0.267 

t0.267 

20.093 

-- 

u2 
"1 

z = - -  1 

-0.24 

+1.74 

+1.41 

-3.53 

-1.21 

-1.39 
-0.61 

.- ~ 

-0.54 

21.79 

- 
x1 

(in.) 

- 
x 2  

(in.) 
s2 
(in.) 

- 
'3 
(in.) 

~ -- 
13.71 

13.58 

13.61 

13.95 

13.65 

13.82 
82.32 

- -  x - x  2 4  
(in.) 

0.19 
_ _ _  .- ~- 

n.?n 

0.29 

0.13 

0.24 

0.21 

1.26 

'3 
(in.) 

s1 
( i n . )  sZ  

20.19 

20.41 

20.39 

20.64 

20.40 

2 0 . 2 4  

2 0 . 4 3  

Body l . D .  

13.6886 

13.7051 

13.7109 

13.7128 

13.5284 

13.6654 

82.0112 

13.6685 

0.0647 

-- 

-0.6349 

-0.521 5 

-0.5204 

-0. ( $ 8 ~  I 

-0.7353 

-0.8079 

-0.6177 

-0.6 I80 

to. 1196 

__ ____ 

20.0020 

t o .  0020 

f0.0020 

20.0020 

to.0020 

t0.0020 

20.0049 

20.016 

t0.028 

20.026 

20.042 

t n  .040 

to .  026 

20.076 

20.031 

20.013 

-~ 

13.7761 

13.7769 

13.7826 

13.7800 

13.6286 

13.7767 

82.5209 

13.7535 

0.0559 

to .  002 1 

20. 0024 

20.0036 

t0.0034 

to.0033 

t0.0032 

t0.0075 

+0.0030 

to .  001 2 

m y  1 

Body 2 
m 
~ I Body 3 

, Body 4 

Undy 5 

Body 6 

Total stack 

Mean x, - 
% 

RMS, S- 

~ 

20.0020 

20. 0008 

13.72 

0.13 

13.46 

0.09 

0.21 

0.05 

20.0265 

to. 0108 

t0.41 

20.17 
-- 

(a)Determined from five strip chart examinations. 

(b)Measurement error assumed to be 20.04 in. 

("BOL composite fuel length of 81.25 in. concluded. 



n 

Preirradiati n Postirradiation 
Element Stack Lengthra) Stack Length, 
I.D. x1 (mm) x2 (mm) 

(b) 
F u e l  

( m m )  fmm)' ?%)' ( X )  (10 n/m ) ("C) 

Fast 
S- Difference z = i  /x - Sz Fluenee x2 P - x  25 Temp. 

2289.3 
2304.6 
2303.9 
2300.0 
2311.2 
2296.1 
2306.6 
2286.4 
2293.9 
2306.6 
2295.2 
2294.8 
2267.6 
2289.5 
2307.4 
2300.5 
2296.0 
2289.2 
2289.5 
2318.9 

t2.3 
t2.h 
t 3 . b  
t0.9 
$2.6 
t2.3 
? 0  
t2.6 
to. 7 
- + O  
f 5 . 8  
fl.8 
22.8 
!l.& 
f0 .5  
fO.3 
tl.3 
to. 7 
f0. 7 
21.6 

TABLE 6 
PHASE I AND PHASE I1 FUEL STACK LENGTH COMPARISON FOR DRIVER ELEMENTS 

t0.17 
t o .  18 
to.21 
to .  1 1  
20.18 
t o .  17 
t o .  14 
20.18 
20.  14 
t0.14 
20.29 
t o .  16 
t o .  19 
f0.16 
t o .  14 
t0.15 
t0.15 
t o .  14 
t o .  15 
f0.  16 
t0.14 
t0.14 

2.3 
3.2 
3.1 
3.1 
3.2 
3.1 
3.1 
1.6 
3.1 
3.1 
2.0 
2.8 
0.8 
3.2 
3.1 
3.1 
3.1 
3.1 
2.7 
3.1 
1.8 
3.3 

945 
1024 
940 
969 
1007 
950 
101 1 
827 
949 
958 
828 
1011 
N.D. 
1010 
1007 
949 
9 50 
999 
987 
9 39 
861 
1024 

El 4-01 (') 
EO 1-01 (') 
F03-01(c) 
FO5-05 
E02-02 
E09-0 1 
Ell-01 
E15-01 
E07-01 
E05-01 
E15-02 
B13-01 
A03-03 
802-02 
El 1-02 
A05-05 
BO 3-0 1 
B14-02 
B03-03 
B05-01 
A1 7-08 
Fll-03 

- 1.5 
+28.1 
+14.7 
+23.5 
+15.7 
- 1.0 
+19.0 
- 2.8 
+ 3.1 
+ 9.5 
+ 2.8 
+ 5.6 
+ 3.8 
+?4.1 
+19.8 
+22.4 
+13.2 
+14.3 
+28.9 
+25.0 
+ 2.7 
+22 .5  -~ 

-0.06 
+1.23 
+0.64 
+1.03 
+O. 68 
-0.04 
+0.83 
-0.12 
+0.14 
+0.41 
+o. 12 
+0.24 
+0.17 
+1.06 
+O. 87 
+ O f  98 
+O. 58 
+0.63 
+l .28 
+1.09 
+o. 12 
+O. 98 

2290.8 
2276.5 
2289.2 
2276.5 
2295.5 
2297.1 
2287.6 
2289.2 
2290.8 
2297.1 
2292.4 
2289.2 
2263.8 
2265.4 
2287.6 
2278.1 
2282.8 
2274.9 
2260.6 
2293.9 
2279.7 
2293.1 

2282.4 f0.6 
2315.6 +O. 5 

PHASE I1 

2308.9 
2307.7 
2282.8 
2309.4 
2300.3 
2304.5 
2307.8 
2313.3 
2290.1 
2299.9 
2307.8 
2304.2 
2307.8 
2302.4 
2306.6 
2306.5 
2306.5 
2306.6 
2308.0 
2306.6 
2286.2 
2293.7 
2298.9 
2298.2 
2303.7 
2309.4 
2304.5 
2311.5 

t3.4 
t1.9 
t8.1 
t3.2 
f6.3 
21.2 
t0.6 
t1.9 
.10.5 
t1.4 
22.0 
t2.9 
$1.2 
t3.3 
f 0  
t o .  1 
i o  
2 0  
t0.9 
20.1 
f2.2 
f1.3 
f2.7 
t4.6 
tl.4 
20.5 
t6.7 
tl.4 

+21.3 
+26.5 
+11.1 
+21.8 
+17.5 
- 2.1 
+17.0 
+14.6 
+ 5.7 
+ 7.5 
+15.4 
+13.4 
+15.4 
+22.7 
+23.8 
+15.7 
+28.4 
+33.3 
+18.8 
+23.8 
+25.6 
+ 9.3 
+14.5 
+ 7.4 
+24.6 
+20.2 
+ 5.8 
+25.5 

+0.93 
+l. 16 
+0.49 
+0.95 
+0.77 
-0.09 
+O. 74 
+0.64 
+0.25 
+O. 33 
+0.67 
+0.58 
+0.67 
+1 .oo 
+1.04 
+0.69 
+1.25 
+1.46 
+0.82 
+1.04 
+1.13 
+0.41 
+O. 63 
+0.32 
+1.08 
+0.88 
+0.25 
+1.12 

t0.20 
t0.16 
20.38 
20.20 
20.31 
f 0 .  15 
t o .  14 
t0.16 
t0.48 
t0.15 
t o .  16 
t0.19 
t o .  15 
50.20 
20.14 
20.14 
t o .  14 
f0.14 
t0.15 
t0.14 
20.  17 
t0.15 
20.18 
t0.24 
t0.15 
f0.14 
t0.32 
t o .  15 

2.6 
3.1 
3.1 
3.1 
3.1 
3.1 
2.9 
3.1 
3 . 0  
3.2 
3.2 
2.7 
3.1 
3.2 
3.1 
2.7 
3.1 
3.3 
3.2 
3.1 
3.2 
3.2 
3.3 
3.3 
2.9 
2.4 
1.6 
3.2 

951 
1023 
960 
986 
947 
957 
980 
963 
1000 
993 
995 
967 
948 
987 
948 
995 
950 
1029 
997 
986 
984 
994 
1018 
1020 
1002 
992 
860 
1004 

2287.6 
2281.2 
2271.7 
2287.6 
2282.8 
2282.8 
2290.8 
2298.7 
2284.4 
2292.4 
2292.4 
2290.8 
2292.4 
2279.7 
2282.8 
2290.8 
2278.1 
2273.3 
2289.2 
2282.8 
2260.6 
2284.4 
2284.4 
2290.8 
2279.1 
2308.4 
2304.3 
2310.0 

2285.7 

E14-02 
F01-01 
E03-01 
E03-02 
E09-02 
E04-02 
El 3-02 
E05-02 
E12-02 
E07-02 
E10-02 
El 3-01 
E08-02 
A04-03 
A04-04 
A14-14 
805-02 
Bll-03(c) 
FO2-01 
FO3-02 
F04-03 
F05-04 
FO9-08 
F10-09 
F14-13 
F15-14 
F16-15 
B02-01 

b a n  Y, TX, 

RMS, s= 
% 

2300.8. 
23.0 

t0.4 

+15.6 

t 9.2 

W.68 

t0.40 

to. 19 

fO. 03 

2.9 

20.5 

971 

f4 6 210.6 29.8 

(a)An S- 

(b)Time and volume averaged. 

(C)Scanned at OWL. 

of 3.2 nun is assumed for preirradiation stack lengths. 
x1 

B-8 



Element  
I.D. 

FO6-01. FIE-18'b' 
D14-08, FTE-8 
E10-01, FTE-13 
D06-01, R E - 9  
E02-01, R E - 1 0  
C14-08, FTE-5 
A02-0 1 ,  FTE- 1 7 
F06-01, FTE-16 
A14-08, FTE-15 

td D10-06, RTE-6 
C10-06, RTE-5 I 

\D 
F10-06, RTE-8 
C05-06, FBTE-1 
D09-04, FBTE-5 
A l l - 1  1 ,  FETE-2 
814-08, FBTE-3 
E14-08. FPTE-3(b) 
Mean R 
RMS, S- 

X 

P r e i r r a d i a t i  n 
S t a c k  Length ,  Pa) 

x1 (nun) 

2063.8 
2275.8 
2290.8 
2337.5 
2273.3 
2287.6 
2279.7 
2275.6 
2287.5 
2296.7 
2290.3 
2300.1 
2298.7 
2277.7 
2281.2 
2276 .O 
2234.7 
2284.9 

219.35 

TABLE 7 
COMPARISON OF STACK LENGTH OF TEST ELEMENTS 

P o s t i r r a d i n t  i o n  
S t a c k  L e n g t h ,  

x2 (mm) 

2051.1 
2257.7 
2269.5 
2257.0 
2253.4 
2269.5 
2269.5 
2262.6 
2269.1 
2274.4 
2275.5 
2287.5 
2227.7 
2236.6 
2263.2 
2252.3 
2226.9 
2248.5 
246.83 

S- 

(mm) 
x2 

20.2 
2 0 . 8  
*O 
to .  1 
20 .6  

2 1 . 2  
20.3 
22.4 
20.9 
20 .6  
28.0 
20.9 
20.7 
22.4 
2 1 . 3  
21.4 
22 .3  
20.57 

-- 

D i f f e r e n c e  
ic - x  
?mm$ 

-210.3 
- 18.1 
- 2 1 . 3  
- 8 0 . 5  - 19.9 
- 18.1 
- 10.5  
- 13.0  
- 18.4 - 20.3  
- 1 4 . 8  
- 12.6  
- 71.0 
- 61.1  
- 22.4  
- 23.7 
- 7.8 
- 36.7 

247.64 

z = i c  / x  - 1 2 1  
( X )  

-0 .62 
-0 .80  
-0.93 
-3.44 
-0.88 
-0 .79 
-0.46 
-0.57 
-0.80 
-0.88 
-0.65 
-0 .55  
-3 .09  
-1 .80  
-0 .98  
-1.04 
-0 .35  

22 .08  
-29.2 

20.03 
20.14 
20.14 
20 .13  
20.14 
20.14 
20.15 
20.14 
+ O .  17 
20. 14 
20. 14 
20 .37  
2 0 .  14 
20.  14 
20 .17  
20.  15 

2 0 .  17 
20.041 

20. 16 

("A p r e i r r a d i a t l o n  S- 

( b ) E l e m e n t  t ime-weighed a v e r a g e  f u e l  t e m p e r a t u r e .  

("Scanned a t  GA h o t  ce l l .  

of 3 . 2  mm is assumed,  e x c e p t  fo r  FTE-18 w i t h  S = tO.1  mm (see T a b l e  6 )  
x1  x l  

F a s t  
F l u e n c e  

( 1 0 ~ ~ ~ / ~ ~ )  

1 .9  
2 . 1  
1.8 
2 . 3  
3.2 
3 . 0  
1.8 
1.8 
1 .7  
3 . 3  
3 .3  
3 .3  
3.1 
3.3 
3.1 
3.1 
2 . 2  
2.6 

20 .6  

NA 
NA 
NA 
9 39 
NA 
965 
NA 
NA 

1064 
1010 
1005 
99 1 
NA 
NA 
NA 
NA 
NA 
996 
2 39 

F u e l  Geometry 

Molded bed 
Rods 
Rods 
Rods 
Rods 
Rods 
Rods 
Rods 
Rods 
Rods 
Rods 
Rods 

Blended bed 
Rods 
Rods 
Compacts 

Rod5 



~ 

Total FLMA 

GAUGE GAUGE. Meas. , 
SM(’0) Element Posit ion C M 

I.D. (PatchIHex.) - (%) ( X )  ( X )  

m 
I 

0 
-L 

Relative 
Difference, Comparison 

, Test 1 Test 2 cs- 137 (CIM-1 )=Z 

4 D2 Movement Remarks(a) Sz(l0) D=ZlS, Z 

A1 7-1 1 
E14-01 
E01-01 
E02-02 
E09-01 
El 1-01 
E15-01 
E07-01 
E06-02 
E05-01 
F15-02 

813-01 
A03-03 

802-02 
El 1-02 
A05-05 
B03-01 
814-02 
803-03 
B05-01 
F03-01 
F05-05 
A1 7-08 
Fll-03 

!lean i7, - 

Test 

s x  RMS. sp 

CO2-01 (FTE-6) 
D14-08 (FTE-8) 
C14-08 (FTE-5) 
A02-01 (FTE-17) 
E05-04 (FBTE-1) 
F14-08 (FTE-7) 
A1 1-1 1 (FBTE-2) 
F06-01 (FTE-12) 
Mean ?, 3, 

Test 
RMS, s- 

10617 
1261 1 
117 
214 
6116 
9014 
12612 
3711 
816 
1913 
12613 

10815 
413 

514 
61 I2 
1311 
516 
10814 
513 
1313 
316 
1 1 / 1  
10516 
4113 

4.06 
7.80 
8.58 
8.39 
7.87 
8.52 
4.07 
7.84 
8.25 
7.77 
3.96 

8.29 
2.69 

8.39 
7.87 
7.69 
7.63 
8.16 
8.16 
7.59 
7.63 
7.87 
4.06 
8.46 

7.150 
t1.776 

4.00 
8.35 
8.89 
8.70 
7.60 
9.03 
4.00 
8.19 
7.94 
8.52 
3.94 

8.37 
2.88 

9.90 
8.92 
7.98 
8.46 
8.13 
8.14 
8.41 
8.11 
7.87 
4.02 
4.07 
7.476 
21.969 

4.11 
10.22 
5.82 

3415 10.17 
2215 5.39 

7.824 
22.225 

7.48 
10.42 
11.01 
5.44 
10.91 
7.12 
14.87 
5.57 
9.103 
t3.049 

PHASE I DRI 

20.19 
to. 52 
20.43 
f0. 60 
f0. 49 
20.54 
20.25 
f0. 54 
to. 54 
f0.55 
f0.25 

20.50 
io. 33 

t0.63 
to. 52 
20.50 
f0.58 
f0.47 
20.55 
to. 52 
t0.51 
t0.49 
20.23 
t0.53 

f0.485 
to.099 

20.57 
to. 71 
f0.66 
t0.43 
20.74 
20.46 
fO. 89 
f0.40 
i0.629 
io. 222 

+0.015 
-0.066 
-0.035 
-0.036 
+0.036 
-0.056 
+0.018 
-0.043 

-0.088 
+0.005 

-0.010 
-0.066 

-0.153 
-0.118 
-0.036 
-0.098 
+O. 004 
+0.002 
-0.098 
-0.059 
0.000 
+0.010 
-0.067 

+n.o39 

-0.0375 
to. 0498 
0.67<1.5 
insigni f 
icant 

R ELEMENTS 

t0. 048 
t0.058 
i0.047 
to. 066 
t0.067 
t0.056 
f0. 064 
i0.063 

t0.059 
io. 064 

i0.059 
i0.107 

i0.054 
t0.051 
20.060 
20.062 
t o .  058 
t0.068 
t0.056 
io. 059 
20.062 
t o .  058 
f0.055 
t0.0623 
f0.0127 

tn.071 

PHASE I TEST ELEMENTS 

0.311 
-1.132 
-0.147 
-0.536 
0.532 
-1.001 
0.275 
-0.677 
0.553 
-1.695 
0.080 

-0.162 
-0.616 

-2  .828 
-2.2R9 
-0.602 
-1.587 
0.064 
0.036 
-1.747 
-1 .ooo 
0.000 
0.172 
-1.234 
-0.651 
f0.879 
3.19>1.96 
s igni f i- 
cant 

0.097 
1.282 
0.558 
0.287 
0.283 
1.002 
0.076 
0.458 
0.305 
2.236 
0.006 

0.026 
0.380 

8.000 
5.238 
0.362 
2.51R 
0.004 
0.001 
3.053 
1.001 
0.000 
0.030 
1.523 
1.197 

fl.879 
1.20<1.52 
i n s  ignif - 
icant 

No 
No 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 

Yes (Small) 
N.D. 

Yes 
Yes 
Yes 
Yes 
Yes (Small) 
Yes 
Yes 
Yes 
Yes 
No 
Yes 

High Th loading. 

Next to control rod. 

High Th loading. 
Next to control rod. 

High Th loading, 
next to control rod. 

No temp. avail., low 
Th and U loading. 

Next to control rod. 
Next to control rod. 

Next to control rod. 
Next to control rod. 
Next to control rod. 
High Th loading. 

+0.103 
-0.106 
-0.155 
-0.244 
-0.063 
-0.183 
-0.316 
-0.032 
-0.125 
f0.122 

t0.084 
f0.061 
i0.051 
20.060 
fO. 064 
t0.053 
t0.041 
t0.070 
fO .062 ! t0.022 

1.220 
-1.732 
-3.057 
-4.094 
-1 .ooo 
-3.474 
-7.714 
-0.460 
-2.539 
t2.545 

1.490 
3.000 
9.343 
16.760 
1 .ooo 
12.066 
59.509 
0.211 
12.922 

t18.479 

(a)All elements are unperturbed except where noted. 
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c 

GAUGE 
Position 
(Patch/ 
Hex. ) 

Element 
I . D .  

Cs- 137 Inventory Relative Fission Product 
~ Difference Compar ison Trap Activity 

GAUGE, Meas. , 

(Ci) (Ci) (Ci) (CIM-1) = Z Sz(la) D - Z / S z  D2 (Ci 2 lo) (Ci 2 la) ?lovement 
C SM(1O) CS- 1 37 cs- 1 34 CS-1 37 

td 
I 

$0.0249 
20.0036 

A 

w 

I 
-0.28 7.89 0.92 t 0.076 2 0 . 7 2 3  2 0 . 2 2  
22.80 29.84 2 1.73 2 0.033 $2 .00  2 0.0331 
1.94< 1.96 7.89> 1.35 

Insignificant Significant 

E03-01 
E14-01 
F01-01 
E03-02 
E09-02 
E04-02 
El 3-02 
E05-02 
E12-02 
E07-02 
E10-02 
E13-01 
E08-02 
A04-03 ' 

A04-04 
A14-14 
805-02 
F03-02 
F04-03 
F15-14 
F16-15 
811-03 
F02-01 
'F05-04 
F07-06 
F09-08 
F10-09 
F14-13 
802-01 
F12-11 

Mean I, S, 
RMS. s- 
Test 

- 

Test 

TABLE 1 1  
CS-137 INVENTORY COMPARISON OF PHASE I AND I1 DRIVER ELEMENTS 

7.05 > 1.35 
Significant 

216 
12614 
112 
211 
6115 
217 ' 

9117 
815 
9116 
37t4 I 
6111 
12613 
3713 
412 
1315 
10816 
514 
31 1 
312 
10113 
13915 
4913 ' 

315 ' 
1116 
2414 
44t5 
4411 
10114 
515 
7016 

394.6 411.0 
407.8 I441.0 
Not Determined 
410.3 
395.2 
392.1 
417.9 
395.7 
424.3 
414.8 
416.8 
414.3 
395.2' 
405.3 
383.6 
410.3 
386.6 
404.7 
405.3 
408.8 
343.9 
425.4 
387.7 
373.8 

411.0 
357.0 
378.0 
387.0 
351.0 
405.0 
429.0 
393.0 
411.0 
3 4 8 . 0  
393.0 
405.0 
408.0 
393.0 
381 .O 
372.0 
453.0 
354.0 
384.0 
387.0 
348.1 

Not Determined 
Not Determined 
Not Determined 
Not Determined 
413.8 1432.0 
Not Determined 

401.2 393.5 -r 217.6 228.0 

1 

29.3 
29.6 

28.8  
27.7 
28.2 
27.7 
27.7 
28.2 
29.3 
28.2 
28.2 
27.7 

28.8  
t8.2 
t8.2 
t8.2 
28.8 
28.0 
27.1 
27.7 
28 .8  
27.7 

28.2 

2 8 . 8  

5 3 . 4  
21.7 

-0.040 
-0.075 

-0.002 
0.107 
0.037 
0.080 
0. 127 
0.048 

0. o o ~  

-0.033 
0.061 

0.136 
0.031 
-0.053 
0. 006 
-0.016 
0.062 
0.090 
-0.098 
-0.031 
0.108 
0.002 
0.074 

-0.042 

t0.024 
20.064 
8.83 > 1.52 
Sign I f  icant 

20.022 
2 0 .  020 

20.021 
20.024 
20.023 
20.021 
t0.025 
20.021 
20.021 
20.022 
+n.ozn 
$0.022 

tn.021 
20.023 

t n . 02 5 

2 0 . 0 2 1  
to.020 

20. 026 
20.018 
20.019 
20.022 
20.023 
'0.024 

to. 020 

20.022 
20.045 

-1.84 
-7.14 

-0. OR 
4 . 4 8  
1.66 
3.72 
5.15 
2.25 

-1.58 
2.74 

5 . 4 0  
1.45 

-2.57 
0.28 
-0.19 
2.12 
3.47 

-5.57 
-1.60 
4.85 
0.08 
3.11 

n.40 

-2.16 

0.91 
2 2  .93 

S1 gn L f  1 cant 
4.46 :. 1.96 

PHASE I S I1 DRIVER ELEMENTS 

Total I 
RMS, f ' S x x  s- I 1 391.3 1395.4 1 ;;:; I -0.0064 

t48.3 254.9 20.0657 

3 .  '37 
13.99 

0.01 
20.08 
2.75 
13.81 
26.52 
5.05 
2.49 
7.49 
0.16 
29.14 
2.12 
6.59 
0.08 
0.63 
7.40 
12.06 
30.98 
2.56 
23.56 

9.66 
0.01 

4.66 

9.38 
29.62 
9.38 > 1.52 
S 1 gni f I cant  

0.2 2 co.1 
0.7 2 0.1 

1.6 2 0.2 
9.7 t 1.0 
7 . 1  2 0.7 

NA 
0.3 2 cO.1 

NA 
2.2 2 0.2 
0.2 2 co.1 
0.2 2 (0.1 
0.9 2 0.1 
0.2 2 co.1 
0.6 2 0.1 
0.2 2 (0.1 
0.2 t co.1 
0.5 t cO.1 
0.2 2 (0.1 
0.1 2 (0.1 

NA 
0.5 2 0.1 
0.2 2 co.1 
2.6 2 0 . 3  

1 . 1  2 0.1 

1.40 2 0.29 
t2.40 2 0.062 

0.1 2 (0.1 
0.1 2 co.1 

1.9 2 0.2 
9.8 2 1.0 
8.8 2 (0.1 

NA 
0.2 2 co.1 

NA 
2.9 2 0.3 
0.1 t co.1 

(0.1 
0.9 2 0.1 

(0.1 
0.7 2 0.1 
0.1 i (0.1 
0.1 t <o. 
0.5 2 0. 

<O. 
<O. 

0 . 5  2 0.1 
0.1 2 co. 
3.2 2 0.3 

NA 

1.0 2 0.1 

1.48 2 0.313 
t0.70 2 0.068 

YCS 
No 
Yes 
Yes 
Yes 
Yes 
NO 
Y C S  

Y eu 
Yes 
Yes 
NO 
YCS 
Y CS 

Yes 
No 
Y CH 
Y ex 
Yes 
No 
No 
Yes 
Y es 
Y es 

Yes 
Yes 

Yes 



TABLE 12 
F03-01 CS-137 INVENTORY COMPARISON 

FISS-PROD 
Calc .  
cs-137 

Inventory  
(Ci) 

ORNL Scans Peach 
Bottom S c a n  

S leeve  
Meas. 

Compact 
I . D .  

Spine 
Meas. 

( T o t a l  
Meas. 

9.50 
9.23 
10.43 
14.47 
16.84 
17.62 
20.39 
23.84 
27.03 
27.44 
26.99 
23.11 
20.43 
16.63 
12.52 
10.77 
9.72 
8.71 
9.35 
10.96 
10.28 
5.64 
4.16 
4.06 
6.79 
10.13 
9.77 
9.17 
9.61 
9.20 

Compac 
Meas. 

T o t a l  
Meas. 

1 
210 

1.30 
0.87 
1.01 
1 .26 
1.29 
1.31 
1.45 
1.51 
1.53 
1.57 
1.48 
1 .48 
1.38 
1.46 
1.38 
1.24 
1.30 
1.42 
1.51 
1.45 
1 .23 
1.25 
1.12 
1.11 
1 .09 
1.18 
1.09 
1.01 
1 .07 
1 .40 

27.14 
21 .30 
50.24 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 

td 14 
1 15 

16 P 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

-. 

0.21 
0.24 
0.62 
0.28 
0.35 
0.80 
0.69 
0.86 
0.21 
1.02 
0.43 
0.31 
1.06 
0.62 
0.46 
0.88 
0.46 
0.21 
0.09 
0.46 
0.09 
0.16 
0.22 
0.42 
0.30 
0.26 
0.45 
0.13 
0.38 
0.13 

0.0032 
0.0066 
0.0108 
0.0233 
0.0352 
0.0811 
0.2653 
0.9841 
2.195 
1.753 
2.222 
3.308 
2.536 
2.032 
2.253 
2.328 
2.930 
3.003 
1.987 
2.518 
1.985 
1 .lo6 
0.787 
0.803 
0.703 
0.378 
0.130 
0.047 
0.011 
0.0078 

8.21 
9.50 
10.86 
12.72 
15.19 
16.73 
17.92 
23.56 
23.52 
26.23 
25.61 
21.70 
22.23 
16.18 
14.11 
13.25 
11.94 
9.36 
7.05 
10.87 
8.24 
6.06 
6.41 
8.19 
9.58 
9.75 
10.23 
9.84 
9.90 
9.24 

0.21 
0.24 
0.63 
0.28 
0.36 
0.82 
0.71 
0.91 
0.24 
1.13 
0.49 
0.38 
1 .24 
0.74 
0.57 
1 .13 
0.66 
0.33 
0.13 
0.63 
0.13 
0.21 
0.26 
0.47 
0.33 
0.27 
0.46 
0.13 
0.38 
0.13 

6.4 
7.7 
8.8 
10.0 
11.2 
12.2 
13.0 
13.6 
14.0 
14.4 
14.6 
14.9 
15.2 
15.4 
15.4 
15.6 
15.6 
15.6 
15.4 
15.3 
15.1 
14.7 
14.3 
13.9 
13.4 
12.9 
12.3 
11.7 
11.2 
10.8 

394.60 
13.15 
22.43 

8.20 
9.43 
10.70 
12.50 
14.90 
16.40 
17.40 
22.20 
20.70 
23.70 
22.50 
17.50 
18.90 
13.50 
11.30 
10.30 
8.26 
5.99 
4.88 
7.92 
5.77 
4.73 
5.50 
7.35 
8.82 
9.35 
10.10 
9.79 
9.89 
9.23 

357.71 
11.91 
25.48 

0.00008 
0.00017 
0.0006 
0.0005 
0.0008 
0.0040 
0.01 1 
0.038 
0.022 
0.075 
0.042 
0.058 
0.142 
0.093 
0.092 
0.199 
0.163 
0.105 
0.037 
0.146 
0.031 
0.037 
0.031 
0.046 
0.024 
0.01 1 
0.006 
0.0006 
0.0004 
0.0001 

20.40 
20.07 
20.013 

0.0080 
0.067 
0.154 
0.201 
0.223 
0.250 
0.257 
0.378 
0.622 
0.774 
0.887 
0.887 
0.793 
0.646 
0.553 
0.618 
0.745 
0.370 
0.178 
0.429 
0.480 
0.220 
0.119 
0.037 
0.052 
0.026 
0.0035 
0.0010 
0.0005 
0.0004 

9.98 
0.33 

20. 29 

0.0002 
0.001 7 
0.0089 
0.0045 
0.0052 
0.01 2 
0.010 
0.015 
0.006 
0.033 
0.017 
0.016 
0.044 
0.030 
0.023 
0.053 
0.041 
0.013 
0.003 
0.025 
0.007 
0.007 
0.004 
0.002 
0.002 
0.0007 
0.0002 
0.0000 1 
0.00002 
0.000006 

20.11 
20.019 
20.004 

22.77 
20.51 
i0.09 

36.43 
1.21 
21.10 

404.18 
13.47 
25.94 

23.16 
20.58 
20.11 

404.79 
21 3.49 
26.78 

Total- - 
Mean X. S, 
RMS, s,- 

(a)Standard  d e v i a t i o n l g ,  where 6 i s  t h e  number o f  s cans  taken  on each compact. 

(b )Er ro r  assumed t o  be the  same f r a c t i o n a l  e r r o r  r epor t ed  on compact s c a n s .  

, 
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I M e a n  

20 

22 

24 

26 

28 

30 

(a) 
C o r e  

I .D. 

2146 

2299 

2451 

2604 

2756 

2908 

1080 

10 1384 

12  1537 

14 

16 td 
1 

m 18 
--L 

1689 

1842 

1994 

Meany, S x 

RMS I 

E03-02 COMPARISON O F  CALCUL 

Cs-137 Inventory 
P e r  C o m p a c t  

C a l c .  , 
C 

(%) 

8.7  

11.7 

14.2 

15 .9  

16 .6  

17.0 

17.2 

17 .2  

,17.0 

16.2 

15 .2  

13.9 

12 .2  

10.4 

9.1 

14 .17  

22 .93  

M e a s . ,  
M 
( X )  

12.3  

19.9 

20.2 

22.3 

21.5 

25.4 

9 .9  

9 .6  

9 . 8  

5 .8  

6 . 4  

6 . 4  

11.8 

10.4 

10.7 

13.49 

26.29 

(a) From "0" R e f .  , D r a w i n g  33-FT-2. 

SM (10)  
( X )  

21.3  

22.1 

22.1 

22.4 

22 .3  

22 7 

21.1 

21.1 

21.1 

20.7 

20.8 

to .  8 

21 .3  

21.2 

21.2 

20 .42(b)  

TABLE 14 
ED AND MEASURED AXIAL 

R e l a t i v e  D i f f e r e n c e  

(C/M-1) = 2 

2 

-0 .293  

-0.412 

-0.297 

-0 .213  

-0.228 

-0.331 

0.737 

0 .792  

0 .735  

1 .793  

1.375 

1.172 

0.034 

0 .ooo 
-0.150 

20.075 

20.062 

20.084 

20.082 

20.083 

20.071 

20.193 

20 .205 

20.195 

20.337 

t o .  297 

20.271 

t0 .114 

20.115 

20.095 

CS-1 37 INVENTORY 

C o m p a r i s o n  

Test 1 
D = Z f S z  

~ 

-3.92 

-6.64 

-3.56 

-2.60 

-2.76 

-4 .65  

3.82 

3.86 

3.77 

5.32 

4 . 6 3  

4 . 3 2  

0 . 3 0  

1 .oo 
-1.57 

Test 2 
D2 

15 .33  

44.11 

12.65 

6.77 

7.61 

21.61 

14.59 

14.87 

14.24 

28.29 

21.45 

1 8 . 6 3  

0 .09  

0.00 

2.46 

GAUGE/ FEVER 
T h e r m a l  
Fluence 

( n / m 2  x 1025) 
(E < 0 . 3 8 a J )  

1 .90  

2.75 

3.57 

4.15 

4.44 

4.59 

4.66 

4.66 

4.54 

4.29 

3.91 

3.46 

2.91 

2.39 

2.01 

T i m e -  
A v g  . 

SURVEY 
Fuel 
T e m p .  
("0 

619.3  

766.9 

873.4 

956.1 

101 3.4 

1052.6 

1081.3 

1099.6 

1106.7 

1106.1 

1092.4 

1066.1 

1027.6 

976 .3  

947.0 

, 
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Compact 
I.D. 

2 
4 
6 
8 
10 
12 

-. I 14 
16 

W 

03 

18 

20 
22 
24 
26 
28 
30 
e 

Mean x, Sx 

RMS 

(a Core 
[eight 

(mm) 

7 75 
927 
1080 
1232 
1384 
1537 
1689 
1842 
1994 
2149 
2299 
2451 
2604 
2756 
2908 

TABLE 16 
E09-01 COMPARISON OF MEASURED AND CALCULATED CS-137 AXIAL INVENTORY 

Cs-137 Inventory 
Per Compact 

Calc . , 
C 

(%) 

8.0 
10.3 
12.3 
13.8 
14.6 
15.2 
15.8 
16.2 
16.2 
16.0 
15.6 
15.1 
14.6 
13.6 
12.9 

14.01 

22.26 

Meas. , 
M 
(XI 

9.5 
12.9 
20.1 
24.6 
18.8 
18.3 
13.1 
13.2 
10.5 
6.9 
8.1 

6.4 
10.1 

8.8 
8.7 

12.67 

25.25 

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

~ 

21.4 
21.7 

22.5 
22.9 
22.3 
22.4 
21.9 
21.9 
21.7 
21.3 
t1.7 
t1.5 
21.7 
21.5 
21.7 

Relative Difference 
(C/M-l) = Z 

z 

-0.158 
-0.202 
-0.388 
-0.439 
-0.223 
-0.169 
0.206 
0.227 
0.543 
1.319 
0.926 
1.360 
0.446 
0.545 
0.483 

SZ(1U) 

20.124 
?0.105 
20.076 
20.066 
20.095 
20.109 
20.175 
20.177 
20.250 
20.437 
20 .404 
20.553 
20.243 
50.263 
20.290 

Comparison 

Test 1 
D = ZISZ 

-1.27 
-1.92 
-5.10 
-6.64 
-2.35 
-1.56 
1.18 
1.29 
2.17 
3.02 
2.29 
2.46 
1.83 
2.07 
1.07 

Test 2 
D2 

1.62 
3.67 
26.00 
44.07 
5.53 
2.42 
1.39 
1.66 
4.72 
9.11 
5.25 
6.04 
3.35 
4.29 
2.78 

GAUGE/FEVER 
Thermal 
Fluence 

(n/m2 x 1025) 
(E <0.38aJ) 

1.72 
2.34 
2.94 
3.42 
3.69 
3.92 
4.12 
4.25 
4.27 
4.20 
4.05 
3.87 
3.71 
3.39 
3.16 

Time 
Avg . 
SURVEY 
Fuel 
Temp. 
("C) 

579.4 
669.0 
739.7 
803.3 
856.3 
912.0 
970.1 
1014.0 
1049.8 
1076.2 
1102.6 
1119.4 
1099.3 
1120.9 
1103.8 



Compact 
I.D. 

~~ 

2 

4 

6 

8 
10 

t3 12 1 

\D 14 

1 6 .  . 

18 

20 

22 

24 

26 

28  

30 - 
sii Mean X ,  

RMS 

(a) 
Core 

H e i g h t  
(mm) 

775 

927 

1080 

1232 

1384 

1537 

1689 

1842 

1994 

2146 

2299 

2451 

2604 

2756 

2908 

TABLE 17 
El l -01  COMPARISON OF CS-137 A X I A L  INVENTORY 

Cs-137 I n v e n t o r y  
P e r  Compact  

Calc., 
C 

( X I  
~~ 

9.2 

12 .5  

15 .2  

16 .9  

17.8 

17 .9  

1 8 . 3  

1 8 . 3  

17.9 

17.4 

16.2 

14.8 

13 .2  

11.2 

9 . 8 '  

15.11 

23.07 

I 
11.9 

16.4 

18.4 

25.3 

19.6 

21.3 

14.7 

14.6 

11.4 

13.3 

11.5 

12.1 

15.6 

13.2 

10.1 

21.7 

22.1 

22 .3  

23.1 

22 .5  

t 2 . 7  

21.9 

22.0 

21.8 

21.8 

21.9 

21.8 

22 .6  

22.1 

21.5 

15.29 I 20.56(b) 

+4.11 

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

R e l a t i v e  D i f f e r e n c e  

(C/M-1) = Z 

Z 

-0 .227 

-0.2 38 

-0.174 

-0.332 

-0.092 

-0.160 

0 . 2 4 5  

0 . 2 5 3  

0 . 5 7 0  

0 . 3 0 8  

0 .409  

0 .223  

-0.154 

-0.152 

-0 .030  

SZ(10)  

20 .  110 

20 .  098 

20 .103  

20.082 

20.116 

20.107 

20.161 

20.172 

20.248 

20.177 

20 .233  

20,  182 

20.141 

20.135 

20.144 

Comparison 

Test 1 
D = Z / S z  

-2 .03  

-2.44 

-1 .68  

-4.06 

-0.79 

-1.50 

1.52 

1 . 4 8  

2.30 

1 .74  

1.756 

1 .226  

-1.09 

-1 .12  

-0.20 

T e s t  2 
D2 

4 .22 

5 .94  

2.84 

1 6 . 4 6  

0 . 6 3  

2.25 

2 .32  

2 .18  

5 . 2 9  

3.03 

3.08 

1 .50  

1 .19  

1 . 2 6  

0 . 0 4  

GAUGEIFEVER 
Thermal  
F l u e n c e  

(n/m2 x 1025) 
( E  ~ 0 . 3 8 a . J )  

2.08 

3.02 

3.92 

4 . 5 6  

4 .88  

5.04 

5 .12  

5 .12  

4 . 9 9  

4 .71  

4 .29  

3.80 

3 .20  

2.62 

2.21 

Time- 
Avg . 
SURVEY 

F u e l  
Temp. 
("0 

627.2 

782.4 

895.4 

982 .7  

1042.9 

1083.9 

1114.0 

1132.9 

1139.3  

1130.7 

1122.1 

1093.4 '  

1052.0 

998.0 

968 .1  
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TAR1.E 19 
SURVEY TEMPERATURE PREDICTIONS FOR PEACH ROTTOM DRIVER ELEMENTS 

GAUGE 
o c a t i o n  
Pa tch1  
Column) 

1 1 2  
1 I7 
211 

216 
2 /7  
31 1 
3 1 2  
31 5 
316 
I t  I 2 
513 
514 
5 1 5  
516 

MI6 
1111 
11/6 
1311 
1 3 / 3  
1315 
14 /5  
I913 
37/1 
3 7 / 3  
3714 
4 1 / 3  
4411 
4415 
4913 
6111 
6112 
6115 
6116 
7016 
9014 
9116 
9117 
10113 
10114 
10516 
106/7 
10814 
I0815 
l(lR16 
1261 1 
12612 
12613 
12614 
12615 
13915 

214 

n15 

vcrap 

I 6  

- Temncrnturen f o r  en-Nun - 
22 

r e d  F 

24 

- s ("C 

2R 

- 

- 
010 
01 1 
976 
995 
950 
952 
972 
973 

99 2 
976 
977 
996 
990 
99Y 
9 611 

Vh4 
985 

I000 
99 1 

9n7 

On<) 

o y n  
l o o t  
957 

1 1 1 7  
1115 
989 

l 0 O R  
1009 
1012 
986 
994 

111:  
1 1 2 0  
1004 
398 

939 
976 

A55 
851 
9 80 
99 1 
976 
935 
862 
822 
9 38 
953 

1 no9 

9115 

9n3 

I i c t e d  

10 

- m e -  ai 

1 2  

- Volum, 

I 4  

___ - 
18 - 

152 
152 

133 
075 

, 1 0 R  

I 1 2 2  
IOl ,L  

I109 
I 1 '3b 

1070 
1 0 7 7  
I l l l r  
I O H I ~  
I 1 1 6  
IO6Y 
inso 
i o h n  

i n 4 n  

106 

807n  

I 105 

I 109 

I 1 :in 

If110 
107 1 

1 0 4  0 
1113 
1155 

I I46 
I I61 
1 1 1 7  
1 1 3 3  

I i i ,n  

1046 
1049 
1152 
1 139 
I 1 2 6  
1105 
1 1 2 1  
1132 
96 1 
957 

1129 
1142 
1124 
1062 
919 
9 22 

1070 
1088 
961 __ 

F 
30 - 

980 
980 
94 7 
965 
927 
924 
94 2 
943 
95)  
97 I 
946 
947 
966 
959 
977 
911 
9 h 0 
1% 
C) 5 5 

970 
976 
079 

97n 

o2n 
I on 
098 
959 
977 
976 
978 
980 
956 
964 
09R 

973 
968 
956 
938 
951 
954 
837 
8 33 
951 
962 
948 
91 1 
81 1 

912 
925 

I  103 

803 

840 

loetOm 
2 

- 
X 

- 
I O 2 3  
I023 
985 

1007 
960 
956 
985 
9814 
997 

987 

1010 

9/49 
[J h 2 
99 3 
9hn 
994 
949 
979 

9 SO 
9 5 7  
949 
947 
993 

1024 
1019 

1029 
995 

1006 
9 4 6  
950 

1021 

999 
979 
99 2 

940 

987 

1 004 

w n  

in18 

in1 1 

1002 
n6 1 
85R 
999 

101 1 
995 
944 
826 
828 
950 
966 
859 

t4S(a) - 
126 
1 2 7  

123 
1 1 1  
110 
119 

1 2 2  

124 

1 2 4  
1 2 3  
129 
I l l  
1 1 R  
1 1 1  
119 
129 
1 2 7  
129 

1 in 

1 i n  

1 zn 

1 i n  

I 'io 
1 i n  
15R 
158 
1 1 R  
127 
125 
1 2 4  

118 
1 2 3  
157 
159 
126 
124 
1 2 2  
119 
121. 
126 
91 
92 

125 
127 
124 
1 1 1  

85 
85 

1 1 3  
117 

1 xi 

94 

4 - 
190 
190 
167 
780 
752 
7 50 
764 
765 
7 7 2  
5 Y  3 
167 
768 

777 
697 
755 
774 
758 
773 
697 
692 
696 
697 
752 
669 
668 
7 74 
792 
79 1 

795 
7R9 
780 
667 
669 
790 
782 
774 
7.60 
761 
7 7 2  
679 
677 
7 68 
777 
765 
734 
65R 
661 
7 39 
750 
677 

7n1 

790 

- 

6 8 20 
Element 

I . D .  

FOI-01  
E01-01 
E03-02 
E02-02 
E03-01 
E04-02 
F03-02 
FOL-03 

F03-01 
~ 0 2 - 0 1  

~ n i ~  - 0 3 
no)-03 
002-02 
002-01 
H03-01 
E05-02 
E06-02 
F05-05 
FO5-04 
A05-05 
H05-0 I 
AO4-04 
1305-02 
K05-0 1 

E08-02 
E07-02 
FII-03 
FIO-09 
F09-08 
011-03 
E10-02 
E l  1-02 
E09-02 
E09-01 
F12-11 
E l  1-01 
E 12-02 
E1'1-02 
F15-14 
F14-13 
All-08 
A l 7 - 1 1  
814-02 
813-01 
1\14-14 

E15-OI 
E15-02 
E14-02 
E13-01 
F16-15 

~ n 7 - 0 1  

1:. 1 4 - 0  1 

)32 
j32 
) I 9  
526 
j l l  
> I O  
;I6 
3 1 7  
52 1 
576 
518 
619 
527 
624 
579 
613 
624 
615 
623 
579 
576 
578 
579 
612 
578 
577 
624 
632 ' 

632 
633  
634 
623 
626 
577 
578 
6 3  1 
627 
622 
613 
613 
619 
564 
562 
616 
622 
615 
598 
550 
550 
600 
607 
562 __ 

305 
305 
373 
392 
351  
948 
373 
9 7 2  
983 
7 86 
R74 
R75 
R94 
889 
791 
853 
879 
858 
88 1 
790 
703 
790 
791 
848 
7 39 
738 
878 
909 
904 
903  
913  
880 
892 
737 
739 
907 
895 
885 
869 
873  
887 
761 
758 
8R2 
a94 
a79 
833 
733 
737 
840 
855 
759 

394 
394 
356 
379 
328 
924 
958 
9 5 5  
970 
866 
95R 

981 
976  
873 
929 
960  
9 3 5  
964 
872 
862 

873  
922  
802 
80 1 
959 
998  
991 
989 
003 
963  
978 
MOO 
803  
997 
982 
972 
954 
9 6 3  
977 
828 
825 
973  
986 
969 
9 1 3  
794 
799 
922  
939 
826 

95n 

a71  

- 

0 5 5  
055 
013  
038 
982 
97R 
0 1 h 
01 3 
02') 
926 
O l h  

014 1 
03h 
9 3 3  

0 I 7  
990 
1122 
Y27 
9 2  I 
931 
9 3 3  
976 
R55 

1015 
1059 
1051 

1065 
1021 

016 

9n3 

n53 

104n 

1037 
85:) 
856 

1057 
1042 
1031 
1013 
1025 
1039 
A77 
874 

1036 

1031 
9 7 0 
839 
84 5 
979 
997 
A76 

1049 

- 

n97 

052 

n2n 

056 

096 

07') 

015 

052 
M Y  
0 14 
055 
055 
on2 

I076 
982 

I O 2 0  
I056 
I028 
IOhl 
9RO 
909 
980 
982 

910 
909 

1055 
I100 
1092 
1089 
I106 
1061 
1077 
908 
912 

1098 

1072 

1067 
IO80 
912 

1078 
1091 
1073 

8 7 2  
877 

1018 
1036 
911 

ini:i 

i n n 3  

1053 

908 

1009 

~ 

1 2 7  
127 
on 1 
in8 
0 4  R 
044 
OH4 
on I 
ow 
0 IO 
OR4 
O R 4  

, 1 1 1  
I1115 
I023 
1049 
l O R h  
1 0 5 7  
1090 
1022 
i o i o  
1 0 2 1  
10'3 
IOI, 2 

967 
IO85 
1130 
1 1 2 2  
1119 
1136 
1090 
1107 
966 
970 

1 1 2 8  
1 1 1 4  

1082 
1098 
1 1  1 0  
9 38 
934 

1 I O 7  
1120 
1102 

897 

1046 
1065 

Y6n 

1 in1 

10x1 

90 I 

9 in - 

146 
145 
09 9 
1 26 
Oh6 
Oh2 
lo:! 

1 1 6  
l d l 4 l d  
I IO2 

I I Z Y  
I 1 2 4  
Ill52 
ioon 
1105 
i n x  
I I0Y 
io51 
1039 
I11 3 1  
1052 
100 I 
1 0 1 2  
1 0 1  1 
1 I O 6  
1148 
I 1 4 1  
1139 
1155 
1 IO9 
1126 
IO 1 0  

1 I 4 6  
1132 
1119 
I100 
I l l 6  
1 1 2 7  
955 
950 

1124 
1138 
1119 
1056 
913 
916 

o w  

I in? 

1014  

1064 
1082 
954 - 

136 
135 
0Y 2 
117 
064 
059 
of) I 
nqn 

I in; 

1094 

in79 
in(,7 
I 102 
107.1 

107n 

1 0 7 7  
inno 

i i n i  
in99 

107 I 
1093 

I l l y  
1113 

I 1 0 2  

1 0 6 7  

1062 

1 1 0 2  
1136 
1132 
1131 
1 I42 

1 1 1 7  
lOY8 

1 1 3 3  
1 1 2 2  
l l O R  

I 1n.i 

1102 

i n n 8  
I in1 
1 1 1 1  
949 
944 

1108 
1121 
1103 
1047 

91 1 
910 

1053 
1071 
949 

1 nh 
1 0 7  

nn9 
Oh6 

IO40 
lO'J6 
I064 

1077 

IO6h 
1067 

1063 

105s  

1091 
1084 
IOh'J 
I 0 4  'I 
1 0 7 7  
1n41 

I O O ' I  

l O h Z  
lIlh5 
1 O:llJ 
1 1 1 7  
1115 
1 0 7 7  

1103 
1 1 0 3  
1 1 1 1  
107x 
l O H R  
1 1 1 4  
1119 
I103 

1076 

105:: 

I 1 0 7  

1093 
1 oan 

107 I 
inm 

1059 

927 
9 2 2 

1077 

1072 
1020 
89 1 
890 

1025 
1043 

927 

1090 

_ _  



TABLE 20 
POSITION AND MAGNITUDE OF MAXIMUM CS-137 RELEASE IN DRIVER ELEMENTS 

1998 
1979 
2236 
1963 
2204 
1914 
1984 
2384 
1730 

Elemen t 
I.D. 

17.5 
17.7 
15.4 
15.7 
17.1 
17.1 
15.4 
14.3 
16.6 

E03-01 
E 14-02 
E03-02 
E09-02 
E04-02 
El 3-02 
E05-02 
El 2-02 
E07-02 
E10-02 
E13-01 
€08-02 
A04-03 
A04-04 
A 1 4- 1 4 
805-02 
F03-02 
F04-03 
F15-14 
81 1-03 
F02-81 
F05-04 
802-01 
A17-11 

, E14-01 
E01-01 
E02-02 
€09-0 1 
Fll-01 
F15-01 
E07-01 
E06-02 
E05-01 
El 5-02 
B13-01 
A03-03 
B02-02 
Fll-02 
A05-05 
803-01 
B14-02 
803-03 
B05-01 
F03-01 
F05-05 
A1 7-08 
Fll-03 
Mean 51 
RMS 

Axial 
.ocatior 

(mm) 

1991 
Smooth 
2109 
2000 
1660 
Smoo t t i  
2266 
2236 
2248 
2333 
2192 
251 1 
2415 
2070 
Smooth 
2106 
2028 
1971 
Smooth 
221 1 
2470 
2014 
1996 
Smooth 

Maximum 
CS-137 LOSS 

16.1 
Profile 
16.2 
16.0 
16.4 

Profile 
14.8 
16.7 
16.2 
16.2 
16.7 
14.8 
13.9 
15.6 

'rof ile 
16.8 
16.4 
16.7 

'rofile 
16.7 
14.1 
16.8 
17.3 

'rofile 

- 
Meas. 

M 
(%)  

7.3 

5.8 
6.4 
9.5 

5.1 
10.7 
5.8 
7.4 
11.8 
5.4 
5.3 
4.6 

5.3 
6.1 
5.1 

7.2 
5.0 
5.5 
6.3 

5.8 
4.6 
5.2 
11.4 

6.3 
7.4 
8.2 

11.4 

4.6 
8.0 
5.9 
7.9 

11.1 
2.7 
5.5 
4.0 
7.5 

9.0 

- 

;M (lo 
(%)  

f0.9 

to. 7 
20.7 
51 .o 

t0.6 
t1.2 
'0.7 
t0.8 
21.3 
to. 6 
to. 6 
?O. 5 

t0.6 
+O. 7 
t0.6 

20.8 
20.6 
20.6 
50.7 

__ 

tl.2 
t1.5 
t1.2 
t1.8 

t1.3 
t1.5 
t1.6 

22.2 

t1.1 
t1.3 
t1.3 
t1.7 
t1.7 
21.0 
21.2 
21.2 
t1.4 

t1.3 - 

lelative Differenc 

(C/M-1) = Z 
Z 

1.205 

1.793 
1.500 
0.726 

1.902 
0.561 
1.793 
1.189 
0.415 
1.741 
1.627 
2.391 

2.170 
1.688 
2.275 

1.319 
1.820 
2.055 
1.746 

2.138 
2.565 
1.962 
0.553 

1.540 
1.284 
0.951 

0.570 

2.804 
1.213 
1.610 
0.987 
0.541 
5.333 
1.800 
2.575 
1.213 

1.022 

t0.272 

to .  337 
t0.273 
tn. 182 

t0.341 
20.175 
20.337 
t0.237 
t0.156 
to. 304 
t0.297 
t 0 .  368 

to .  359 
+O. 309 
zo. 385 

fO. 258 
t o .  338 
f0.333 
t o .  305 

f0.649 
tl. 163 
f0.683 
t0.245 

f0.524 
t0.463 
50.381 

t0.303 

t0.910 
to. 360 
to. 575 
t0.428 
t0.236 
t2.346 
t0.610 
t0.107 
t0.413 

:O. 292 

Comparison 

Test 1 
D=Z/Sz 

4.43 

5.32 
5.49 
4.00 

5.57 
3.21 
5.32 
5.02 
2.66 
5 . 7 2  
5.47 
6.49 

6.05 
5.47 
5.91 

5.12 
5.38 
6.17 
5.72 

3.29 
2.21 
2.87 
2.25 

2.94 
2.77 
2.50 

1.88 

3.08 
3.37 
2.80. 
2.31 
2.29 
2.27 
2.95 
2.40 
2.94 

3.50 

Test 2 
D2 

19.66 

28.29 
30.01 
15.98 

31.04 
10.26 
28.29 
25.25 
7.09 
32.68 
29.87 
42.08 

36.56 
29.96 
34.86 

26.21 
28.93 
38.02 
32.75 

10.84 
4.87 
8.24 
5.08 

8.63 
7.69 
6.24 

3.54 

9.50 
11.37 
7.84 
5.33 
5.25 
5.16 
8.68 
5.76 
8.62 

2.24 

Compact 
I.D. 

____ 
18 

20 
18 
15 

21-22 
21 
21 
21 
20-21 
25 
24 
19 

20 
19 
18 

21 
24 
19 
18 

27 
21 
23 
19 

19 
19 
18 

19 

18 
18 
21 
18 
21 
17 
18 
23 
15 

15 

GAUGE/FEVER 
Thermal 
Fluence 

(n/m2 x 1025) 
(E <0.38aJ) 

4.26 

4.29 
4.22 
4.34 

3.78 
4.45 
4.25 
4.29 
4.46 
'3.80 
3.44 
4.04 

4.51 
4.37 
4.48 

4.47 
3.53 
4.47 
4.68 

5.05 
4.33 
3.95 
4.85 

4.22 
4.54 
4.22 

4.94 

4.77 
4.88 
3.91 
4.09 
4.62 
4.62 
3.99 
3.60 
4.44 

5.06 

Time- 
Avg . 
SURVEY 
Fuel 
Temp. 
( " C )  

1075 

1106 
1046 
1053 

1067 
1113 
1109 
1107 
1080 
1125 
1067 
1074 

1083 
1108 
1106 

1147 
1077 
1117 
1130 

1149 
1125 
1 1 1 1  
1135 

1064 
1114 
1071 

1137 

1136 
1133 
1080 
1070 
1131 
1106 
1057 
1063 
1066 

113 
110 
229 

B-22 



938 
935 
902 
982 
1078 
917 
863 
897 
936 

654 
568 
721 
682 
563 
694 
704 

680 

1144 
1176 
1303 
1505 
1500 
1154 
1229 
1375 
1227 

15.8 42.3 
16.0 28.2 
14.2 24.9 
15.0- 36.0 
18.4 19.8 
15.2 43.8 
13.4 3 3 . 3  
14.2 27.5 
15.3 29.4 

TABLE 21 
POSITION AND WG?fITUDE OF K4XIHIJM CS-137 PLATEOLJT IN DRIVER ELEHENTS 

Time-Averaged 
SURVEY 

Temperatures I Laximum Cs-137 I ZAUCEIFEVER 
Thermal 
Fluence 

(nlm2 x 1025) 
(E <0.38aJ) 

I t Plateout IRelative Difference1 Comparison I 

E 1 emen c 
1.0. 

E03-01 
E14-02 
E03-02 
E09-02 

El 3-02 
E05-02 
E12-02 
E07-02 
E10-02 
El 3-01 
E08-02 
AO4-03 
A04-04 
Alb-14 
605-02 
F03-02 
F04-03 
F15-14 
61 1-03 
F02-01 
FO5-C4 
602-01 
Aj7-11 
E14-01 
EOl-Ol 
E02-02 
E09-01 
El 1-01 
E15-01 
E07-01 . 
E06-02 
E05-01 
E15-02 
813-01 
A03-03 
902-02 
El 1-02 
A05-05 
903-01 
814-02 
903-03 
805-01 
FO3-01 
F05-05 
A I  7-08 
Fll-03 

~n4-n? 

1 I I I I I 

1266 I 1 5 . 2 1  28.7 I $3.0 ! -0.673 ! t0.055 I -8.50 1 12.19 I 8 3.90 928 I 690 
Smooth Profile 
1494 ! 17.0: 29.5 
1361 1 14.4; 24.8 
1327 i 15.4! 24.8 
Smooth Profilq 
1250 15.2 8 25.7 
1329 1 1 7 . 3 :  22.4 
1237 1 16.2 I 2 5 . 5  
1492 j 17.4 24.4 

1090 1 1 3 . h :  2 1 . 7  
1195 1 15.4: 27.0 
1334 . 14.2: 32.7 
Smooth Profile 
1392 ? 17.2, 24.1 
1196 ; 15.0s 32.3 
1075 ! 14.1 37.0 
Smooth Profile 
I425 21.6 

IO06 24.8 
1084 I 14.5 1 25.6 
Smooth Profile 
Smooth Profile 

1550 i 17.7 18.0 

1216 23.0 
Smooth Profile 
1393 14.5 26.7 
1280 I 16.4 1 27.7 
1042 13.4 26.9 

2 3 . 1  4:;;; 
22.6 -0.419 
$2.6 

$ 2 . 7  I -0.609 

22.7 I 10.365 
2Z.6 I -0.287 
2 2 . 3  -0.382 
-2.8 0.429 
2 3 . L  I 10.566 

'2.4 I 0.228 

~ 1 . 9  , - 0 . ~ 1 7  

t0.061 
t0.061 
20.065 

20.062 
-0.083 

$0.076 
20. IO6 
$0.065 
20.059 
t0.045 

$0.077 
t0.067 
20.039 

20.088 
10.053 
20.056 
t0.060 

20.067 

20.051 
'0.059 
~0.065 
$0.090 

t0.069 
20.071 
t0.059 

11-12 
10 
9 

8 
9 
8 

I 1  
12  
6 
7-8 
9 

IO 
7 
6 .  

I 1  
7 
5 
6 

5 
7 
7-8 
8 

10 
8-9 
6 

4.56 
8.65 
4.01 

3.92 
4.66 
L .28 
4.72 
L.87 
3.28 
3.98 
3.54 

4.67 
3.86 
3.53 

6.91 
3.98 
3.23 
3.68 

740 
668 
706 

683 
575 
652 
64 6 
578 
614 
668 
727 

709 
662 
637 

622 
658 
650 
638 

612 
655 
630 
572 

695 
664 
645 

-7.00 
-6.89 
-5.82 

-6.58 
-2.15 
-5.42 
-3.78 
-0.16 
-5.84 
-7.26 
12.53 

68.96 
47.46 
33.90 

43.23 
7.57 
29.4 
16.25 
0.26 
34.15 
52.76 
157.00 

13.83 
127.43 
250.07 

L.02 
84.18 
70.26 
52.68 

1053 
853 
952 

929 
1002 
959 
1041 
1037 
7 38 
959 
902 

934 
916 
872 

1086 
927 
828 
889 

848 
936 
803 
983 

855 
960 
849 

-0.286 
-0.536 
-0.619 

-0.176 
-0.687 
-0.663 
-0.632 

-0.567 
-0.492 
-0.651 
-0.261 

- 0 . 6 5 7  
-0.208 
-0.502 

$2.6 
t3.3 
Z 1 . 8  

Z2.3 
23.1 
22.6 
22.7 

23.5 
23.6 
'2.9 
22.8 

$3.4 
$ 3 . 3  
$3.2 

ij -3.72 
'-11.29 
1-15.81 

-10.66 
-8.31 
-6.97 
-2.90 

113.58 
69.06 
48.65 
8.41 

3.49 
4.10 

4.56 

3.67 
4.34 
3.32 

3.32 
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158.0 

>-,u.9 
178.2 

5 2 2 6 .  I 
181.1 

3921.6 
1 2 5 . 2  

.a 
e o  

C " 7 r .  

35393.c  
4 4 8 . 8  

7u4of.Z 
9z.c  

19692.6 
? 4  I .6 

.r 

.O 
a[: 

.C 

.a 

.@ 

.C 

.c 

32374.7 
195 .3  

41C73.2 
196.2 

41587.5 
195 .5  

4 1714.3 
2C.3.4 

hlZZ6.0 
1 C 6 . 5  

47155.7 
21r .2  

32543 .2  
17e .7  

. 3  

.5 

5158.9 
1029.7 
1952.2 
207.3 

9653.9 
E78.3 

.o 

.J 

.C  

.D 

. 3  

.c 

.C 

.o 

4994.7 
495.9 

5116.3 
393.7 

6114.3 
437.5 

6136.1 
4 0 8 . 1  

52'22.9 
397.5 

617ti.8 
393.8 

5375.3 
409.6 

.o 

.o 

4056.E 
199.2 
573.8 

39.9 
3614.6 

150.3 

c .. 
.O 
.r? 
.C  

.c 
CI . J  

.r 
r 

.O 

4185.1 
82.9 

4 4 7 E . 9  
63.4 

4642.7 
83.8 

4596 8 
89.4 

4713.5 
79.9 

5262.5 

4337.2 
77.2 

.c 

8e.3 

.r 

5 6 5  a 1  
1 2 3  07 
335.2 

30.9 
1CA'C - 7  

1 2 3  e6 

9 5 1  - 2  
7 1  - 6  

b 7 5  .2 
6 3  e 1  

91 5 -4 
6 6  e 5  
38 03 
47.3 

e 5 9  .c 
5 0  e6 

235 e 6  
4iJ .9 

1 2 7  -7 
32 .7 

1 1 9  e 3  
33 .o 

234 e5 
9 2  - 3  

214 - 2  
4; .4 

195 04 
43 e 1  

.o 
1 ." 

783.2 
71.5 

153.9 
14.3 

652.6 
58.1 

.o 

.O 

.O 

.C 

.C 

.U 

.c 
* c  

677.4 
2 3 . 3  

925.0 
31 - 2  

9 2 3  3 
5 C . 8  

F91 e7 
35 -0 

97c.9 
3 6 . 5  

1132.2 
36.9 

765.0 
30.2 
2 P . l  

3.6 

43'7.9 
130.7 
655.5 

26.2 
SG2C.5 

175.3 

00 
e 3  

.G 

00 
.I 
.o 
.o, 

419Li.3 
53.3 

4696 1 
5 5 . 2  

4753.8 
54 - 2  

4674 0 6  
5 4 . 8  

4874.9 
5 5 . 2  

5533.9 
61.6 

4261.4  
49.9 

-0 
.a 

- 
.C  

6 9 3  - 2  
53.6 

254 0 8  
1 C  e7 

221.2 
48.3 

.o 

.o 

. 3  
e 3  

00 
.o 
.o 
r .u' 

540.4  
21.6 

961.1 
26.9 

9 9 8  3 
24 - 7  

9 4 0 . 1  
2 " * 5  

9 5 3 . 3  
2 5  0 0  

29  - 7  
5 2 1  - 7  
22.4 

.Q 

.O 

999.8 

7292.0 
205.3 

1C07.4 
Q l . 3  

5697.7 
180.7 

- 0  
.a 
.O 
.G 

.C 

.O 

.O 

.O 

7050.2 
80.6 

1599.1 
82 .9  

8134.0 
86.5 

7971.2 
8 5 . 2  

85.7 
8703.1 

89.3 
7227.1 

80.4 .@ 
.o 

7725.a 
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M I ' S C E L L A K E O U S  S C A N S  

SPECTRUM COQE LOCATION F U E L  ELEMENT 
1.0. FARAHETEQ 5 I .De 

G A - T A G  A X I A L  
YO. CORE 

LOC. 
CP 

t " )  
1 0 6  30 

1 0 7  .50  

1 5 3  *!la 

1 9 3  .oo 

191 .OO 

SCAN 
I HTERVAL 

cc 

. E @  . zr 

CAL.: ST E l 4 - C l  

B A C V G R O U N D  

CAL.: hD E I Q - 0 1  

C A L .  :EkD F 1 4 - 0 1  
cc 

20 
BACKt9 OUND 

NUCLIDE CPM + I - 1 SIGVA COUKTINC ERROR 

C E - I 4 4  CE-141 PA-233 1 - 1 3 1  RU-103 R U - l C 6  C S - I 3 7  2R-95 CS-139 LA-190 
1 3 3  K E Y  1 4 5  KEV 3 1 2  KEV 364 KEV 4 9 7  KEV 5 1 2  KEV 6 6 1  K C V  72Y K E Y  7 9 6  K E V  1 5 9 6  KEY 

1 2  29 C. 1 
7 6 . 9  

.D 

.i! 
13158.5 

87.7 
12989.7 

79.5 
.O 
.c 

.c 
-0 
.O 
.O 
.C 
.o 
.o 
.c; 
. 3  
.C 

343.6 
65.3 

.E 

.C 
t e 5 . 5  
63.1 

3 Y S . C  
47.1 

.Q 

.O 

.D 

.c 

.a 

.O 

.O 

.O 

.o 

.C 
* O  
00 

.C 521.6 ." 38.4 
3 . 8  2 -6  
3.7 2 - 5  

.c 5 8 9 . 9  

.S 45.4 

.? 5 9 2 . 2  

.c 34.5 

.G  ?b .7 

.L? 5 . 5  

c 
3 5 7 7 . 9  973.4 

36.4 30.9  
32.1 .o 

4 . 1  00 

Y3.9 39.Y 
3693.8 932.5 

36.5 27.1 
71.7 .a 

5.6 .o 

3883.9 9 9 6 . 4  

782.9 
23.3 

.O 
* g  

831.3 
3 3 . 6  

865.7 
2 4 . 8  
13.3 
4.4 

- 0  
.O 

2-3 
1.4 
.O 
.E 
.O 
.O 
.O 
.O 



SPECTRUW C O R E  L O C A T I O N  FL'EL E L E M E N T  
1.0. PAHAMETERS I .O 

GAeTAG A X I A L  SCAN 
N O  COQE I N T E R V A L  

L O C .  
CP 

(MCI 1 
+ * B E G I N  STRATA 0 1 ' 0 0 + 

108 49.21 81.66 A U T O  a i  ~ r u - i i i  

1C9 i7e.50 68.05 AUTO 02 El4-01  

110 2 5 4 . 7 2  68.~5 r u T c  a 3  ~ i 4 - c i  

111 328.96 69.41 A U T O  a q  Ei4-01 

112 416.E)O 93.91 AUTO 05 E l 4 - C . i  

113 5C7.17 80.3C AUTO a b  €14-01 

N U C L I D E  CPM R A T I O S  AN0 1 S I G M A  E R R O R S  

CE-141 
ZR-95 

C E - 1 4 4  1-131 R U - I C 3  CS-137 RU-lT6 
ZR-95 Zli-95 ZR-95 ZR-95 zw-95 

CS-134 
CS-137 

. G C O  

. 3 3 3  

.3CO . cr)3 

.coo 

.7co 

.55c 

.3C@ 

.CC3 

.coo 
COD 
3co 

. 5 f O  

.C3J 

.coo 

.DOC 

. G G O  

.zcc 

.?!?E . OPC 

.E70 

.ZCU 

.CCJ 

.I:co . Cloc . ocu 

.c:o . : zo  
335 

*GC3 
.Or)(! 
.3cc 
.ccg 

.coo 

.3oc . PSC 

.cc;! . CC!O . CCC . c 20 
?GO 

. Fcco 

.GO3 

.CJ3 

.2C9 

.czo 

. C R 3  
e0OJ 
.3'0 
.O?O . E 3 9  
.JCO 

.a30 

.3OC 

.DOC 

.!lo5 

.ticIc 

.ooo 
,303 
-2JG 
.9GG 
* t a u  
.coo 
.lit:! 
.LOG 
.GOO 

3.675 
2 -581 

.ooo 

.cco 

.C03 
0 C P O  
.G20 
. G O O  
.CCC 
.CCO 
. zzo  
.L39  . s2c  
.C?J 
.C03 
.tCO 
.030 
.003 

.coo 

.cco 

.ouo 

.030 

.ooo 

.ooo 
1.051 
1.739 
.030 
.000 
.Cb8 
,072 
.030 
.coo 
.Q33 
.coo 

. u 3 5  

.2?0 
1 1 4  

11 5 

556.eb 68.35 AttTO a 7  E l 4 - C l  

629.00 76.22 AUTO fl8 E14-Cl 

."? 

.c:o 
3 . U T 8  
3.080 

L"73 . "U 
.?la9 
.CEO 
.@DO 

n 
I 

rD 

+ + *  
MEAN = 
RkS = 
RANGE= 

117 

118 

n x o P T =  

b o +  

S T R A T d  81 1 E l 4 - 0 1  T O T A L S  0 0 I 
565.34 U T  MEAN R A T I O  = 
ie6.18 UT MCAk 1 SIGMA 2 

6 5 6 . 0 0  - 339.11 U T  RHS - - 
b T  C R R O Q  - 

B E G l N  STRATA R 2 * 4 

792.51 81.66 AUTO S l C  E l U - I l l  

819.42 81.66 AUTO 011 EIU-Cl 

9 9 6 . 1 8  91.19 4UTO R l t  E l 4 - f l  

J C U  . JCD 
.:30 . G 3 C  

. s;c . ;c3 3.UC8 3 e675 . C 9 O  

. t C O  .CCG 3.080 2 e581 .Z30 . oco .GCG .coo .DOC .GOO 

.mi . C r  nrrC 3 . C F 3  2.581 .000 

- 5 2 4  
1.185 

.49; 
-807 

.881 

.Uh3 
e924 
.084 
. l b O  
. s 7 s  
-984 
-114  
e851 

1 J39  
0 0 9 1  

1.135 
e 1 0 6  
.82U 
. c e1  
e961 

598 

394 
- 3 6 0  . ooc . ;co 
~ 1 6 9  

276 
*C20 . T C O  
.171 
.?47 
e Z 6 7  

366 . c c 3  
. C C U  
a260 
.CQZ 
. E 5 4  
.D37 

1.311 
-230 

1.127 
. 2 ? C  

1 .ocz 
.257 

1.245 
-217  

1.433 
.2Al 

1 ,136  
a219 

l .Ul3  
e217 

1.918 
0189 

1.294 
. 2 4 4  

.9:7 

.C63 
1.031 

. C 6 2  
e922 
.ti62 

1.027 
."8 
,051  
.os1 
.€ 2 8  
. 3 E Z  
. 9 i s  
* E 5 2  

1.C34 
.OS2 
-9 36 
.sua 

e207 
- 3 2 5  
.16 t  
.020 
-152 
.C17 
e173 
.C17 
-159 
-21 5 
-191  
e t16  
a196 
e019 
.17Li 
. U l 4  
e195 
eG19 

. t iOC 

.C30 . cnc . OPO 

.C38 
. C t O  
.COO . co3 
.COO 

cco 
.COO 
.CCO 
-663  
-624 
mG76 
mC26 . o c 3  
.CCU 

e310 
. C E O  
a 5 2 6  
.E96 
e725 
.112 
0 6 5 5  
a992 
-829  
,130  
-850  
. C Y 2  
. e23  
a098 

1.091 
. I11  
.E95 
.loo 

119 

12C 1033.69 72.13 A U T O  a i 3  € 1 4 - 0 1  

121 1113.52 76.22 AUTO 814 E l Q - C l  

122 1196.53 81.66 A U T O  p i 5  E i u - r i  

123  1285.64 81.66 A U T O  a i 6  Eis-ci 

124 1371.42 83.C2 AUTO 817 Fl4-31 

125 1Q60.58 8 4 . 3 8  A U T O  nic ~ i ~ - l = i  



S P E C T R U M  C O R E  L O C A T I O N  
1.0. P A h ' A M E T E R S  

G A o T A G  A X I A L  
NO 

126 

127 

126 

129 

130 

1 3 1  

132 

133 

" 134 

0 135 
I 
--L 

136 

137 

138 

139 

1 4  3 

1 4  1 

* + *  
H E I N  = 
RkS = 
M I O P T =  
R A N G E =  
* * *  

143 

C3EE 
L O C .  

CP  
(MH) 

1547.66 

1642.23 

1733sC6 

1831.71 

1896.77 

1935.25 

2075.07 

216409C 

2252 -68  

2341.14 

243c.9a 

2523.81 

2611 .?9 

27t1 .81  

2789.60 

2873.92 

S C A N  
I N T E R V A L  

78.94 

95.27 

73.49 

78.94 

83  .c2 

.83.02 

8 5  .?U 

83.02 

8 1  a66 

84.38 

8 4 . 3 6  

8 4 . 3 6  

87.11 

81  0 5 6  

8 3 . C t  

77.5a 

FUEL E L E M E N T  
1.0 

AUTO a 1 9  E14-71 

A U T O  U t 2  € 1 4 - 2 1  

A U T O  1 2 1  €14-21 

A U T O  * Z L  El4-01  

A U T O  U 2 5  E 1 4 - C l  

A U T O  +24 €14-21 

A U T O  a 2 5  E l 4 - C l  

A U T O  8 2 6  ' F l q - D l  

A U T O  e27  F l U - Z l  

PUT0 a 2 8  E l Q - O l  

A U T O  8 2 9  E14-01 

A U T O  83:  ClO-51 

A U T O  !I31 E l 4 - S l  

A U T O  8 3 2  El4-ill 

A U T O  # 3 3  F l U - C l  

AUT(! n3r; ~ i q - ? i  

C E - 1 4 1  
IR-95 

-950  
. J7?  

1 594 
. C Q Z  
. R C 5  . 1CI 

1.347 
.2?G 
. 9 6 C  
0084 
.947 
.c99 
-976  
.397 
.?e7 . r e 9  

l .C!3 
0111 
.987 
0 l U U  
0016 
. l C C  
-990  

097 
1 E24 

136 
.993 - 132 

982 . l C 4  
1.387 

. I 9 1  

a967 
.lGC 
.?a5 
.32c 

.coo 
000 

CE-144 
2R-95 

.?93 

.!!a2 
176 

,346 
9157 
. ? 3 3  
- 1 7 1  
.:47 
- 1 6 1  
.CL)L' 
e C 6 4  
oC56 
. 2 2 5  
0 2 7 1  
. 2 9 9  
0238  

15C 
. * S l  
.7co . ?C? 

126 
0252  
.?3C 
. 2CC 
o l e 3  
.E56 . 1:a 
.043 
.7cc 
.?CO 
.352 . 1?2  

.151 
or57  
.e72 
e313 

."PO 

.goo 

biI:CLIDE CPW R A T I O S  A N D  1 SIGMa E f i R O R S  

I - l I l  
71;-95 

1.C9b . i es  
1.555 . I D 5  
1.C7'i 

. I 8 4  
1.571 
.?23 
,679 
0162 

1.306 
.:c7 

l.lC2 
.zz2  

1.612 
- 3 1 5  

1eGb6 
0215 

1.215 
265 

e916 
0109 
0933 
. Z P 8  
. e 5 5  
02-23 

l .1El 
. ? t S  
. 793  
.240 

1.321 
e t 9 7  

1.169 
e237 
. 2 2 8  
.csa 

. oi?c . O@O 

RU-103 
ZR-95 

e 8 6 8  
. O S 8  
.8?7 
.C45 
.959 
.C51 
0979 
- 0 5 0  
- 7 9 1  
.a43 
0905  
.Cia8 
. 7€3  
. Z Q 8  
e763 
. 248  
0973 
.C55 
0917 
0 3 5 5  
.977 
.I253 
. Y 5 3  
ma57 

1oG19 
.DC4 

1sUC4 
.C61 

1.C13 
oG66 
.935 
0970 

e932 
.O55 
mG78 
. O l l  

.cco 

.e00 

CS-137 
Z R  -95 

-177 
.C16 
.201 
.315 
. l a 4  
-01 7 
.20c 
e015 
-167 
.GI 3 
. Z O O  
.C16 
,161 
. L l 4  
-169 
. C l 4  
-167 
.Dl7 
-171  
-01 b 
-169 
-217 
-195 
mS18 
.17C 
.02C 
.:?? 
.c22 
-157 
.c23 
.1q 1 
.318 

. I 7 8  

.918 

.ill8 
e004 

e J 3 D  
.COO 

RU-lt6 
Z R - 9 5  

.CZ7 
0022  
.LOO 
.E32 
.ti46 
. C t 8  
. E 7 1  
- 0 2 3  
.G33 
.OC3 
.COO 

. T U 2  

. G 2 Q  
C69 

0 0 2 1  
.1;2 
.025 
0213 
. 33c  
e176 
.G33 
e 2 C 5  . c 3 2  
.202 
.C38 
.239 
0037 
0245 
eC31 
e 3 7 1  
. E 4 8  

. coo 

-137 . c33  
C96 

.cn7 

.CTO 

. P O 3  

c s -13s  
CS-137 

1.085 
e117 
-965 
eC91 

1.365 
e114 

1.1C9 
0 1 1 3  

1.2c0 
0115 
0921  
- 3 9 1  

e113 
1.c14 

1P3 
m965 

109 
me40 
.101 

1 .C47 
0132  
0678 
0c61 
0751  
0115 
e592 
e092 
06  711 
.1c8 
e790 
0136  

-859  
105 

-236 
0021 

.SOD 

.ooo 

1.ca2 

. Q., 



SPECTRUM COQE LOCATION FUEL ELEMENT 
1.0. PARAMETERS I .u 

G A e T A G  AXIAL  SCAN 
NO. . CORE INTERVAL 

L O C  
CP 

t n n ,  
144  3134.63 76.22 AUTO US7 EfQ-D l  

* e +  
WEAN = 
R h S  = 
HXDPTZ 
RANGE= 
* * e  

1 4 5  

1 4 6  

l ( t 7  

1 4 8  

1 4 9  
? 
I 

1 5 0  

1 5 1  

d 

S T R A T A  0 3 € 1 4 - 0 1  TOTALS 8 0 0 

3F91'.42 UT MEAN R A T I O  = 
43.21 U T  IvlEAhc 1 SIGMA = 

3091.92 U T  R N S  

2516.76 1.m S T A T  a i  ~ 1 9 - 0 1  

18Ou.ZI 1.m S T A T  a 2  E ~ Q - O ~  

1820.67 . i . o o  S T A T  a 3  E i c c - c i  

i n s 7 . 1 6  1 . o ~  S T A T  a 4  E l r c - o i  

- - 
UT E R R O R  - 162.64 - 

BEG'IN STRATA I 4 0 0 0 

1 8 5 3  64' 1.50 STAT a 5  E 1 9 - C l  

1873.1C l o t 7 0  STAT 8 6  E I S - C l  

152  239.JY 1.90 T R A P  E 1 4 - 0 1  

* S T R A T ;  1 4 E14-02 TOTALS 0 0 9 
MEAN = 1617.31 UT MEAN RATIO = 
RHS = 64S.94 UT HEAN 1 SIGMA 
MIOPT= l Z 7 7 . 9 0  U T  RMS - - 

Y T  ERROR - RANGE -2276  7 2  - 

MEAN l e 1 8 0 1 1  
R H S  = 635.49 
wIOPT= 183S.15 
RANGE: 2159.2S 

CE-141 
ZR-95 

.cco . OCO 

. ?CO . so0 . c20 . ccc 

. 9 5 7  

.os4 
1.328 

.Cub 
1.9c5 

"4 
- 9 6 8  . G S t  

1.C47 
O S 9  

.947 

.?34 

.9zc 

. C S l  . iJcc 

.COG 

. 9 8 2  

.:9c 

. 9 4 3  

.015 

e967 
. l O C  

C B 5  . c20 

NUCLIOE CPM R A T I O S  AND 1 S I C H A  ERRORS 

QU-193 CS-137 RU-196 CE-144 1 - 1 3 1  
Z R - 9 5  ZR-95 ZR-95 ZR -95  Z P - 9 5  

.?GO 8903 .cco .COG .coo 

.C?O . OGO .or0 ,300 CCO 

. c30 .ccc at70 .OCD 8030 . noc .oo!J .3CO .COD . N O  

.cco . CCO . cco .coo .LGO 
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0 1 1 5  . 7;zC 
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. 0 ? 8  
. I 9 0  
.F27 
.llt 
* C l 3  

1 5 4  
0 0 1 7  

1 2 2  
oC16 
.118 
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.no0 . C C 3  

1.192 
- 1 1 9  

1.069 
. 985  

1.286 
,093 

1 0 3 1 5  
. I F 8  

i.nAs 
.384 
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1.261 . c 9 7  . r n o  
.cco 
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.323 

.9c4 

.cz1  

.977 
a071  
. p e s  
e L i 2  
. 9 @ 1  
.020 
.9C7 
.P19 

1.218 
. C Z Z  
.Ct?C 
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- 1 6 2  
.tr17 
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.c37 

194  
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.212 
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.232 
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.233 
e t 0 7  
.183 
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- 2 G 5  
8012  
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e0z7 
.d07 
.C26  

307 
e t 4 9  
*g09 
0038 
.La? 
.04 6 
. C 1 @  
.0n0 
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It5 1.190 .974 e l 9 3  - 0 6 2  
. C l 9  . c 9 5  .0'1 .@!! 7 .COP 
.015 mC9l .CS3 -016  - 0 5 9  
C07 .C36 .3C8 .oc3 . C O S  

T O T A L  S T R A T A  E 1 4 - 0 1  

- 1 5 1  1.169 - 9 3 2  e178 - 1 3 7  
. C 5 7  - 2 3 7  - 0 5 5  - 0 1 8  .1230 

0 7 2  . z t e  - 0 7 8  .018 .C96 
. c13  048 .011 .CC4 . C 9 - l  

c s - 1 3 4  
c s - 1 3 7  

.030 

.oco 
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0.G 0 
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.c03 

.798  
a 0 4 6  
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.055 
8948 
0c42 
- 9 3 1  
.!144 
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SPECTRUM CORE L O C A T I O N  F U E L  E L E M E N T  
1.0. PARAWETERS 1.0 

G A - T A G  A X I A L  S C A N  
NO. CORE I N T E R V A L  

L O C  
C P  

( M H )  
l U 4  3134.61 76.22 AUTO #37 El4-Cl 

8 * 8 S T R A T A  # 3 E 1 @ - 3 1  T O T A L S  * * * 
K € A N  z 3P91.42 U T  K E A N  R A T I O  = 
P M S  = Q 3 . 2 1  L T  M E A N  1 S I b t l A  = 
f l I O P T =  3091.42 U T  R f l S  
RANGE= 162.64 L T  E R R O R  - - 

- - 
* 8 * BEGIN S T R A T A  a 4 * 

145 2516.76 I.GC S T A T  t l l  EIU-Cl 

l ‘ t b  l e C 4 . 2 1  1.03 S T A T  0 2  E 1 4 - G l  

i47 le2C.67 l.@O S T A T  8 3  E I 4 - C I  

148 1837.16 !.OC S T A T  U4 E 1 4 - U l  

C) 149 1853.64 1.30 S T I T  1 5  E14-61 
I 

c 159 187C.13 1.SG S T A T  * 6  € 1 4 - 5 ;  
-L 

151 99b.9G 1.CD S T A T  a7 E l 4 - G l  

152 239.04 I.PO TRAP E 1 4 - 3 1  

8 9 8 S T R A T A  rl 4 E 1 4 - 0 1  T O T A L S  4 8 8 

MEAN = 1617.31 UT M E A N  R A T I O  Z 

RnS = 645.94 UT M E L N  I S I G M A  = 
M I O P T =  1377e9G UT R!:S 
R A NGt = -2  2 7 6  7 2 UT ESROR 

- - - - 

MEAN = 1818.11 
QMS = 630 .49  

RANGE: 2159.25 
M I D P T Z  1633.15 

N O R H A L I Z E D  N U C L I D E  C P M  R A T I O S  AM0 1 S I G M A  fRR0QS 

P A - 2 3 3  CE-141 RU-IC6 CS-137 CS-l34/137 Z R - 9 5  LA-140 
MEAN MEAN H E A N  M E A N  MEAN MEAN MEAN 

.uno .?SO 1 547 .350 .COS 530 .d00 

.7uo .COS o z 3 1  .CCO .CGD mGC0 .500 

. cc3 “0 1.618 .COO .coo 0 coo .093 

.,CJ .:20 .042 .9GC .a03 .c30 .“,u 

.3co * - ? a  e067 .cro .ucc 0 oco .000 

.590 3co .33G .C?3 .00C .COD .OOG 

. 9 2 3  

.3cs 
1 17G 

.cc5 
1.185 

.3c5 
1 189 

? t 6  
1.174 

. css  
1 . 3 4 4  

3 C b  
e027 
.tC5 
0 CCG . JCC 

1.!30 
0 cc5 
0 141 
oCG2 

e946 
- 2 4 6  

1.139 
a346 

1.126 
,037 

lo567 
.C37 

1.186 
.C41 

1.246 
.c42 
.925 
. C 3 1  
.a03 
.oL!o 

l . C F 1  
. 5 4 1  
0111 
. C I S  

1.518 
107 
3 6 4  

.C71 
- 2 2 6  
. 5 5 7  
- 2 1 1  

c s e  
a 4 1 4  
074 
379 

.073 

.34s 

. C I S  

.!IC:: 

.CEO 

.494 

. 975  

.&24 
-326 

e 8 6 5  
-036 

.c40 
1.179 

.c59 
1.266 

o c 4 4  
lo239 

. C U O  
1 . 4 4 6  

.ous 

.977 

.3?8 
e036 
O C C S  

1.023 
. 0 5 8  
.4?C 
ea14 

1.181 

e928 
.351 

1 r2G9 
.@Si 

e C 5 2  
1 e 1 3 3  

1.083 
.os3 

1 .c2e 
. c 4 3  
.79 3 
.C45 
.CDC . 
- 3 i J G  

1 .;se 

. m e  

1 e t 5 7  
.049 
-198 
e C 1 6  

T O T A L  S T R A T A  E l 4 - 0 1  

.957 -967  

.ClZ *911 
1.C7J 1.342 . c12 .011 
1 G66 1.115 
.SI2 ,012 

1.068 1 et9 3 
.c12 .e12 

1.098 1 .259  

1.275 1 1 9 4  
.D19  .012 
.F73 -991 
.Cll .Cll 
. @ 2 3  .C30 
.LC3 ,063 

IoO7b 1.566 
.or2 *@ll 
. C 9 5  a071 
.COS .004 

oC12 .a12 

1. c100 l.:?o l . i r O O  1.000 A .c!33 1 .em 1.jc0 
-013 Z9b .212 . @89 .120 .cz9 .C28 
.212 8 1 8 1  592 a197 . Z 4 i  150 0138 
.303 mC19 . z 5 3  0 3 1 8  e224 2 9 6  -006 
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A B S O L U T E  NUCLIDE A C T I V I T I E S  AM2 COMPOSITE BURNUP 

NUCLIDE C ( 1 )  * / -  1 S I G M A  E R R O R  F b,EL ID€ NT IF1 C A  T I  O N  
G A  AXIAL SCAN 
T A G  C O R E  X N T E R V P L  
NO. LQC. 

1 2 6  1547.68  76.94 
AUTO 8 1 9  E l 4 - 0 1  

AUTO a 2 0  E l 9 - C l  

AUTO Z 2 1  E l q - D l  

AUTO a 2 2  E 1 4 - C l  

AUTO b 2 3  El4-Gl 

1 2 7  1 6 4 9 . 2 3  9 5 . 2 7  

128 173C.Cb 73.49 

1 2 9  i a i i . 7 1  78.94 

130  i 8 9 6 . 7 7  8 3 - 5 2  

1 3 1  1965.25 e 3 e C 2  
AUTO a 2 u  f l u - 2 1  . 
AUTC 6 2 5  E 1 9 - 3 1  

AUTO 8 2 6  € 1 4 - 0 1  

~3 AUTO r27 E 1 4 - C ?  

AUTO S2S f l 4 - 0 1  

A U T O  $ 2 9  E ? % - 3 1  

132 2@75.97  8 5 . 7 4  

1 3 3  2164.90 8 3 . 0 2  

134 2 2 5 2 . 6 8  81.66 

I 1 3 5  2301.14  84.38 -. 

136 2450.?8  84 .36  

137 2 5 2 c . 8 1  84-31) 
AUTO a 3 5  €14-61 

138 2611.09 8 7 . 1 1  
AUTO u 3 1  E14-Sl  

1 3 9  z ? c : . ~ z  61.66 
AUTO a 3 2  f 1 4 - 2 1  

AUTO 8 3 3  E14-!21 

A U T O  a34 E 1 4 - D l  

140 9 7 8 9 . 6 0  83.02 

 si 2873.98  77.58 

CE-144 
133KEV 

E 3 . 1  
33.7 

1 5 7 . 1  
44.1 

134.9 
51.7 

1st. 6 
0 4 . 3  
148.2 

39.9 
55.1 
48.7 

199 .3  
65.9 
78.4 
34.6 

1 3 3 . 2  
97.3 

0 s  

. a 0  
13:. 8 
43.4 

.G 

.O 
127.4 

43.9 
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. O l 4  1 0 7  0299  094  .128 . OJ3 Oi? 

2679.70 .6k8 .94 3 1.967 .9 3 4  .754 .912  .923 

7 - r m  7 90  .881  1.944 .E14 762  864  , 8 5 7  

2 8 3 2 .  i o  . e596 e 6 0 2  2 .242  -65.3 e 8 6 9  m790 .793 

2908.30 .573 (3-6 2 . 8 9 4  e527 1.029 .711  ,754 

__--__. - 0 3 2  .990  ,028 .093 * I 3 5  
7 . m 3 - 0  ' .973 1.016 1.901 1.3&0----'. e 1 9  

.074 . 1 9 1  .O?O . e026 

-O!?L----... .a97 -L!DO.--.- 

. --_ . , , .. . I..-- ,014 1C6 2 9 9  . ... -_.-L_---- ..A- 

,013 4 1 9  t.?P5.--.? 0.0 1 5  ..--.03.!! -! 0*6---.- 

0 1.2 .'" 1 0 1  - 2 6 7  , _ _  ____ ?Y.' .-.! 1?2  -_--. w3.29 * O f 6  

. 0 1, .094 - 2 7 8  ~ . B A O  ...- 1'2- so27  - 0 2 6  

--- .015 - ,074 - .-._._-_ . 2 8 b  .O-RO---.. a 1 9 2  . e027 - 0 2 6  

--I--- ------ , 

-- 

- 
R H S  < -  .246 1 8 9  .84 1 1 9 2  2 0 5  166  - 1 6 1  - c, E R R O R  - UD2 .C18 . G T S  - 0 1 6  e023  .a05 .005 
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SPECTRUM CGRE LOCATION FUEL ELEKENT 
1.D. PARhMETERS 1.0. 

GA.TAG A X I A L  
NO. . CORE 

LOC. 
CP 

I V H )  
* * * STPATA o 
BEAN = 365mC4 
Rns = 166.18 

* * * S T R A T A  a 

R ~ S  = 630.49 

HXOPT= 339.11 
PANGEZ 656.C3 

MEAN = 1S16.11 

HIOPT= 1633.15 
R I Y G E Z  2159.25 
rt 9 9 STRATA d 
HEAN = 3C91.92 
R k S  = 43.21 
MIOPT= 3i!91.42 
RANGE= 162.64 
8 * 0 STRATA 11 

C3 B t A N  = 1b17.31 
RMS = 645.04 * MXDPTZ 1377 .93  
RANGE= -2276.72 

SCAN 
INTERVAL 

1 E l 4 - 0 1  TOTALS * * 
U T  MEAN CPH = 
UT MEAN l S I G H A =  
U T  kHS - 
UT E'POH 

UT MEAN CPM = 
UT h E 4 N  lS IGMA= 
UT U Y S  
UT ERROR - 

3 € 1 4 - 0 1  TOTALS 9 9 
U T  MF4Y CPY = 
U T  HEAN l S I G n A =  
UT l ips - 
UT t p Q O R  - 
UT nrnN CPH = 
U T  MEAN l S I G H A =  
U T  R Y S  
UT ERROR - 

- - - 
2 E 1 4 - S l   TOTAL^ * * * 

- - - 

- - 
4 E 1 4 - 3 1  TOTALS * * * 

- - - 

CE-144 
1 3 3  Y E V  

.o 

.U 

.O .@ 
66 6.C 
24 1.8 
28 3.8 

55 .6  

.c 

.c 

.(! 

.o 

589.4 
86.9 
95.6 
32.0 

CE-141 
1 4 5  K E V  

27.1 
22.c 

.O 
22.0 

4241.9 
414.7 
769.5 

83 .1  

. 3  

.U 

.O 

.o 

P 6 2 5 . 9  
177.2 
Q7C.2 

67.0 

NUCLIDE Cpt! + / - 1 SXGPA COUNTING ERROR 

PA-233  1 -131  RU-103 . RU-lCC CS-137 ZR-95 CS-134 L A - 1 4 0  
3 1 2  K E V  364 K E V  9 9 7  K E V  5 1 2  K E V  6 6 1  K E V  7 2 4  K E V  7 9 6  K E V  1506 K E V  

35.8 223.2 9.1 & .2 18.2 4.7 5.8 .O 
18.1 92.6 5.7 3.3 9.7 2.8 2.7 e o  
9.6 129.9 4.3  3 .Z 4 .(I .G 4.9 .U 

13.5 61.0 2.4 1.9 3.5 2.8 1.9 .O 

35"93.c) 5156.9 4C56.8 565.7 7 8 3 0 2  4377.9 693.2 7292.0 
458 .8  lC29.7 199.2 1 2 3  - 7  71.5 135.7 53.6 206.3 

7445.2 14SF.2 573.8 335.2 153.9 655.5 254.8 1007.Q 
90.9 2C7.3 39.9 33.9 14.3 2 6 . 2  lG.7 41.3 

.O 

.G 

.? .(! 
39564.9 

195.8 
u9a9.3 

7Q.C 

.o 

.c 

.G 
e 0  

5588 3 
434.3 
492.1 
164 .2 

.O 

.C 
.O 
.G 

8 C l . 6  
30.5 

339.9 
10.8 

80 
.a 
.G 
.Ki 

4779.2 
55.0 

422.2 
20.8 

.u 

.O 

.a 

.a 
837.8 

29  .O 
196.5 

9.2 

.O 

.O 

.C 

7772.9 
84.4 

519.3 
31.9 

.a 

T O T A L  S T R A T A  ~ 1 4 - 0 1  

r E A h  = 1818 .11  UT MEAN CPM = 666.C OZu1.4 35003.Q 5158.9 4056.8 565.7 783.2 4377.9 693.2 7292.0 
71.5 130.7 53.6 2C6.3 

H I O P T =  1833.15 U T  R M S  = 283.8 769.5 7445.2 1450.2 573.8 335.2 153.9 655.5 2 5 4 . 8  lG07.4 
R M S  = 630.49 U T  KEAN I S I G H A =  24r.8 414.7 448.8 1C29.7 199.2 123.7 

RANGE= 2159.25 UT E R G O R  = 55.6 83.1 90.0 207.3 39.9 30 -9 14.3 26.2 10.7 41.3 

. 
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s w c i u u n  CORE L O C A T  I O N  F U E L  ELEMENT 
1.D. PARAMETERS 1.c 

N C R f l A L I Z E D  N U C L I D E  CPM R A T I O S  AND 1 S I G M A  E R R O R S  

GAeTAG A X I A L  
NO. CORE 

L O C .  
CP 

tnni  * * * STRATA U 1 
REAN = 365.t.4 

H I O P T =  359.11, 
R A N G E =  656.3G 
* 8 STRATA 81 2 

R M S  = i e t . 1 8  

M E A h  1818.11 
R R S  = 63C.49 

' R k r J G E =  2159.25 
r I o P i =  1833. is 
* 9 * S T R A T 4  8 3 
F'EAN 3C91.42 
pns = 43.21 
P I O P T =  3C91.42 
PAVGEZ 162.64 
* * * S T R C T P  t( 4 
MEAN = 1L17.31 
RHS = 645.94 

a\ H I O P T =  1377.90 
RANGE= -2276 e 7 2  

SCAN 
I N T E R V A L  PA-233 

MEAN 
CE-141 

MEAN 
RU-106 

HEAN 
CS-137 CS-134/137 Z R - 9 5  

MEAN ME4N MEAN 
LA-140 

MEAN 

El4-01 T O T A L S  * * * 
UT MEAN R A T I O  = 
IrT MEAN 1 S I G M A  
UT R M S  - 
wT EqROR 

- 
- - 

El4-01 T O T A L S  * * * 
LiT V E A h  R A T I O  = 
hT Y E A h  1 S I G M A  
U T  PHS 
U T  ERROR - 
U T  MEAN R A T I O  = 
U T  UCAN 1 S I G H A  = 
L T  R V S  - 
L;T E R R O R  

UT MEAN R A T I O  = 
L T  r)EAN 1 S I G H A  = 
wT R H S  
b T  E R R O R  - - 

- - 
El4-01 T O T A L S  * * * 

- - - 
El4-GI T O T A L S  * * * 

- - 

.Otl 

.Gel  

.roc 
CGC 

e015 
.C06 
.OC6 
.CC3  

e023 a609 .OCl 
.ClZ * 6 5 2  .OD1 
.UPS e570 .UGO 
.or4 e445 .001 

eC D O  
.CDO 
.OJO 
.DO0 

1.coc 
.013 
0212 
C03 

I. 200 
et12 
, 5 9 2  
,253 

l.JC9 1 .OUf - 1 .tCO 

.I97 .ZPZ 0150 
oC18 .a24 GC6 

.3P9 .120 .c29 
1.oco 

.9zg 

.138 
sCO6 

.ooG 
Z ' j J  
,029 
.coo 

1.130 
.3c5 
-141 . ai22 

. or0 

. S O 0  

.CCU . c30 
1.091 
eP41 
.111 
.C15 

1.618 
a042 
.cc7 
.c3n 

.;go .GOC .000 
eo30 .003 .UCO 
.033 .COG .G30 
.cco .roc .CCO 

. OGO 

.a00 

.ooo 
,300 

.494 
,575 
a424 
028 

1 923 1 e G 5 7  let76 
.e38 -049 .O?2 
e408 el48 .C96 
.c14 .Clg .c!35 

1.066 
.011 
.C71 
.009 

T O T A L  S T R A T A  E l 4 - 0 1  

MEAN 1818.11 
RMS = 632.49 
H I O P T =  1833.15 
RANGE= 2159.25 

UT MEAN R A T I O  = 1.000 1.ooo 1.CCO 1.000 1.000 1. ozc  1.000 
U T  MEAN 1 S I G w A  = 0013 .?96 .212 .089 .120 eC29 .028 
U T  QMS - e212 . 1 ¶ 1  . 5 9 2  s 197 -242 a150 -138 
U T  E R R c R  - . 5 c 3  e 2 1 9  e 0 5 3  ."8 .024 .CC6 006 

- - 

. . 
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000' 
000' 
000' 
9Cb.b 
GCO' 
9hS. 
000' 
GOO' 
COO' 
000' 
GOO' 

000' 
000' 
000' 
000' 
COO' 
OCD' 

COO' 
000' 
000' 
000. 

000' 
COG' 
,000' 

COO' 
GOO* 
000' 
000* 
300. 
t30' 
000' 
000' 
mae 
000. 
OCO' 
GOO. 
OOC' 

000. 

Z4*O 

COO' 
000 
CC3' 
601'2- 
CG?' 
6fL'- 
000' 
oc3 ' 
000' 
OCO' 
000' 
000. 
000' 
930'- 
000' 
000' 
CCO' 
000 ' 

003' 
003 ' 
003. 
000' 

CG0' 
CC0' 
050' 
000' 
000' 
Ot3. 
000' 
OL!!' 
OC3' 
000' 
OC3' 
033' 
OGJ' 
000' 
GCO' 
000' 

0T)O' 
039' 
LIZb 
666.- 
91s' 
hfZ'- 
JOE' 
020' 
OOi' 
000' 
000' 
030' 
19h' 
f00'- 

000' 
003' 
GOO' 

000' 
OOG' 
000. 
000' 

COG' 
03C. 
GSO' 
020. 
000' 
C30' 
3CO' 
C30. 
GSU' 

000' 
000" 
GCC' 
000' 
000 a 

C33 

om* 

003. 

9OC' 
OPD' 
6S6'C 
89S*S1 
9EZ'f 
fLO'Z1 
30c)' 
3C3' 
3Oii' 
300' 
000' 
9JU * 
118'1 
188's 
OCO' 
003' 
003' 
300' 

OOC' 
000' 
COO' 
JOJ' 

305' 
3CJ ' 
303. 
OOS' 
300' 
rJ%O. 
OJO' 
000. 
000' 
OJC. 
009. 
90t' 
000' 
000' 
000' 
000' 

CZE *f 
CL9 '01 
SSh 'Z 
61s '6 

SSZ'6 
Bh3 'Z 
ICE '6 
Ls;*Z 
ShJ L 
SEZ '2 
i61 '1 
01s 1 
S38 'S 
fC6.1 
6Bb '5 
121 'Z 
so5 *9 

003 
033 
005 
003 

cog 
053 
090 
G03 
003 
003 ' 
OC? ' 
0GO0 
OG3. 
GC> ' 
035 ' 
00: 
C35 
00; 
035 ' 
023 

106 92 

b3 6 

Lf1 s3 
VHIA 

OCU. 
9Zh'I 
COJ' 
b6h.- 
320' 
f81'- 
ail0 * 
922.- 
ZZJ' 
658'1 
003' 
fSL.1- 
ilO3' 
9ZC.I- 
003' 
bZh.2- 
000' 
0529- 

335' 
00s' 
003' 
0r)J' 

035' 
SCJ' 
OCO' 
35O* 
OC3* 
034' 
003' 
OCO' 
OCIJ' 
300' 
253' 
305' 
OOJ. 
COO' 
t0G' 
DOG' 

623' 
S91.1 
8ZC. 
L21'1 
623' 
810'1 
6ZJ' 
Si3.I 
LZG' 
1S6' 
625 ' 
096. 
SZO' 

123' 
f8L9 
LZO' 
289' 

033 
COO' 
tCS' 
COO' 

OG3' 
CG3' 
C33' 
002 
C03' 
GJi! ' 
003' 
003. 
OOJ. 
coo 
LJ3' 
003' 
603' 
C30' 
C33' 
c30 

h9a. 

SIC1321 3 S3nlVA (33133135 30 SNOISItlWdW03 

9EC' 
ZLI' 1 
62s' 
h37' 1 
823. 
c1n.1 
LZ2' 
ZlC'T 
ZEO' 
hf 3' 1 
6Lu' 
066' 
hZO' 
6i6' 
227' 
SJL' 
SZC' 
f 19' 

1 OC' 
33C' 
7 30' 
1OJ' 

1dZ* 
103' 
03C. 
GO?' 
00."' 
003' 
303' 
OUC' 
00C' 
CJt' 
COL' 
C.22. 
COO' 
025' 
302' 
CJ3' 

b '3. 
NV3H 

S6-tlZ 

SL1 

hZ1 

CZ1 

221 

1 z1 

021 

611 

81 1 

st1 

hI1 

16'S6 3Ce9ib 211 

1h.69 06'8LS 111 

53.89 ZL'BSZ 311 

SU'S9 flS'8LI 6C1 

99'18 TZ*6h 891 
9 9 * 1 0 VlVYlS NI938 4 4 

1;3-h13 BO oinw 

IG-~I~ LU oinw 

1~-b13 za oinv 

13-tr13 tu oinv 

(HA) 
lNIOd Y31N33 

lVAtl31NI '307 3tlJ33 'ON 
1WIXV 9Vl'V9 NV3S 
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SPECTRUM CORE LOCATION FUEL ELEMENT 
1.0. PARA METE R S  1.0. 

COMPARISIONS OF SELECTED VALUES & I T E X S  

G A e T A G  A X I A L  SCAN 

C E R T E R  P O I N T  
NO. C O R E  L O C O  INTERVAL 

t r n )  
1 4 4  3134.63 76.22 

AUTO a 3 7  E l 4 - 3 1  * * * STRATA 1 3 E l 4 - 0 1  T O T A L S  * Q * 
MEAN = 3g91.42 U T  YEAN COMP.  
wns = 43.21 UT KEAN l S I G # A =  
r l O P T =  3C91.42 UT W M S  
RANGE= 162.64 L T  E R R O R  - - 
* * * BEGIN STRATA 0 4 * * * 

1 4 5  2516.76 1 .cu 

- - 

STAT 11 E14-Gf  

S T A T  1 2  E l Q - ? l  

STAT 0 3  € 1 9 - 0 1  

STAT 84 E:U-El 

0 S T A T  o f  E l 4 - 3 1  

S T A T  a 6  € 1 4 - 3 1  

STPT 87 E l 4 - 0 1  

TRAP E l 4 - 0 1  

146  1804.21 1 .ca 

1 4 7  1820.67 1 .DL 

1 4 6  1837.16 1 .?S 

1 4 9  1853.64 1 .cc 

I 15C 187Ce10  1 .nG 

1 5 1  996.90 1.00 

1 5 2  239.D4 1.25 

w 
0 

* * * S T R A T A  n 4 ~ 1 4 - 0 1  TOTALS IL. o o 
MLAN = 1617.31 UT U E & N  C O M P O  = 
RflS = 645.94 k T  YEAU lSIE?!A= 
f l IDPT= 1377.96 UT R M S  
RANGE - 2 2 7 6  ~ 7 2  UT E R R O R  

- - - - 

ZQ-95 
n EAN 

.C . 

.000 

.C?O 

.SO3 

.GOO 

.ccs 

.CCC 

.957 
,312 

1.373 
.TlZ 

1 aC86 
.012 

1 en68 
.c12 

1 .GO8 
.c12 

1.275 

,973 

.?E3 

.L90 

1 e076 
.c12 
.C96 
. i iCS 

.niq 

.e11 

EEAN 1818.11 
RMS : i f t i e . 1 1  
MIOPT= 18:8.11 
RANGE= 1818.11 

UT YEQN C O M P O  =’ 1.000 
UT MEAN l S I G H A =  e f t 9  - . 1 S G  - .C36 
UT R M S  
U T  E R P O R  

- - 

LA14C RELOOIF. COMPARISON F I F A  FIMP RELsOIF. COYPIRXSON 
M E A N  z = - i + c / n  T E S T  1 T E S T  2 c s i 3 7  ~ ~ 1 0 6  z = - i + c / ~  TEST 1 TEST z 

.coo .3@0 .coo . coo . coo * C O G  .ooo . coo .ooo 

.CO:: .GSO .300 .cno . coo .ooo .coo .a00 .COO 

.000 . ti39 .COG .OC!il .coo . G Z C  .”C .coo .coo 

.nco .DCC .3c3 .a00 c’J3 .PO0 . o m  . 0130 0003 . r - p  ,u.J @03 . t a g  . G 3 i l  . i o 0  .oco .DOC . C E O  .029 

.COT . a t0  .COO .c3n . c2g *OGG .coo .0@0 .ooo 

* C. * n *  o=z/s  I 2  1 0-2 * 0 = 2 / 5 ( 2 )  O**Z 

- 9 6 7  
.E11 

1.242 
.011 

1.115 
.OlZ 

1.C93 
. E l 2  

1mC59 
.C lZ  

1.194 
.012 
.99? 
0011 
. C C 3  
.GOO 

-e609 
.COC 

1.811 
.COD 

-1.761 
.:GO 

-1.529 
.C30 

2.220 
.@GO 

9.389 
. C t O  

-1.139 
.PCC . CCC 
. t C O  

e 3 7 1  
320 

3.260 
.3PO 

3 .171  
.CSO 

2.337 
.“,O 

4.930 
.G@O 

19.218 
.c3c 

1.297 
.C50 

350  
.DO0 

i. 217 
I .  t o 1  

2.C13 
9.836 
2.501 

10.566 
2.196 

1 G o  338 
2.190 

12. C62 
2. u c 9  
e. 150 
1 7 5 9  . :cc 

1C8 

9.es4 

36.944 
4.213 
6.849 
1.749 
5.494 
1.225 
5.129 
1.187 

10.C84 

9.212 
1.775 
8.4Cb 
1.744 

.coo 

.occ 

1 . 9 0 4  

- .BE5 
. O r ?  
.114 
e317  
e 7 9 0  
.54C 

1 e 3 6 0  
e 6 4 1  
8925 
- 2 9 1  

3 0 9  
. 3 5 3  

-e030 
029 1 
.OCO 
.DO3 

-16 a 5 1 1  . 030 . 359 
GOO 

1.463 
.COO 

1.655 . coo 
0 0 8 7  . L30 
8 8 5 1  
.CDO 

- 0  104 
.coo . coo 
.ooo 

272.609 
.300 
e 1 2 9  
.0d0 

2.140 
.000 

2.738 
.030 
8007 

e 2 0 9  -1.745 39.765 ,480 4.9U4 8.541 12.017 
.398 .GOO .@OO * C l l  .a16 .ca9 .OtO 1.910 2.189 

. C l l  - 0 3 4  2.171 5.984 3.Uc9 lC.324 eSb1 6 . 0 6 0  95.C63 

.0@4 .3Cb .COO .200 675 8827  - 1 5 9  . G30 .OGO 

l a c 6 6  .008 

T O T A L  S T R A T A  € 1 4 - 0 1  

l.COO - . O G l  - e t 5 8  l o C Q 1  8.345 24.332 -e448  -6.073 81.119 
.C28 e G 4 l  .ROO .sco 2.599 5.202 .310 . GCO .000 

eC C 6  .302 , :co . GPO .52G 1.3Cl .077 . i s 0  .329 
e 1 3 8  oC42 1eC16 1.3F2 1.640 14.415 a408 6.650 144.617 



8 . 

SPECTRUM COPE L O C A T X C N  FUEL ELEMENT 
1.0. PACAMETERS I .D. 

G A m T A G  AXIAL  SCAN 
NO 

8 + 9  

1 3 8  

1 0 9  

11C 

111 

I 1 2  

1 1 3  

119  

115  

9 9 0  

7 MkAN = 
W RMS ' = 

HXOPT= 
RANGE= 
9 0 0  

1 1 7  

1 1 8  

119 

1 2 0  

12 1 

122  

1 2  3 

124 

155  

a 

CCRE LOC. INTERVAL 
CENTER POINT 

R E G I N  STRATA (I 1 * 9 9 

tnn, 

49.21 81 .66  

178.55 68 .CS 

254.72 68 o C 5  

328.90 69.41 

AUTO a 1  E l U - P l  

A U T O  n2 E 1 4 - 0 1  

AUTO W3 E 1 4 - C l  

AUTO 110 F 1 4 - 5 1  

A U T O  U S  E 1 4 - C I l  

AUTO 8 6  E l 4 - C l  

AUTO R 7  L l U - @ l  

AUTO & E  E l Q - U l  

u 1 t . 0 0  93.91 

507.17 .eo. 3c 

5 5 6 . 8 6  63 0 0 5  

629.00 7b 0 2 2  

S T R A T A  u i €14-01 T o T a L s  * 8 

365.09 UT HEAH COtlP. = 
1E6.16 U T  MEAN lSIGMA= 
339.11 UT RUS 
6 5 6 . C O  UT E R R O R  - 
792 .31  8 1  0 6 6  

879.42 8 1  - 6 6  

916.76 91 0 1 9  

- - 
REGIN STRATA W 2 0 9 8 

AUTO & I C  E I Q - 0 1  

AUTO ~ 1 1  E l 4 - 0 1  

AUTO 8 1 2  E l4 -0 :  

AUTO ( 1 1 3  E l k - 0 1  

A U T O  a i 4  ~l4-01 

1'233.89 72.13 

11 13.52 7h.22 

1 1 9 6  5 3  8 1  - 6 6  
AUTO a 1 5  E l k - 0 1  

AUTO cllt E l k - 0 1  

A U T O  tr17 5 1 4 - 0 1  

1283.64 8 1  - 6 6  

1371.42 83.02 

1965.5Lt 84.3d 
A U T O  t r i e  ~ i r - 0 1  

C 5 1  3 7  
n CAN 

'C ' 

.c27 

.c2z 
- 2 2 6  
.C@6 
.3?2 
.3c 7 
- 5 1  3 
.3i2 
.c2 3 
.Gab 
.3? 3 
.C?6 
0318 
.OF5 
e t 2 2  
.OC8 

.C2 3 
0012 
.c05 
.ccu 

- 7 8 0  
e t 7 9  
.hS 3 
.c77 
.7c 3 
.077 
- 8 4 2  
.c7a 
e91 b 
.CR2 

1.115 
e063 

1.109 
. I O 2  

1 .C28 
.?S 1 

i e279 
- 1 1 5  

' H *  

.CO2 

.SOC 

. P O 0  

.DO3 
200 

.@CO 
1.223 

.954 

.COT 

.',OD 

.C79 

.38fl 

.coo 

.?io 

. G O 9  

.COT 

bC9 
o b 5 1  
. 57c  
.ICY5 

- 3 6 1  
.e9z 
- 6 1 2  
. l I C  
.a43 
0128 
e762  
-1Oh 
e 7 6 5  

114  
.98Q 
. I C 5  
.95R 
.112 

1.27: 
- 1 2 6  

1.c.41 
.114 

COMPARISIONS OF SELECTED VALUES t ITEH5 

COMPARISON CS4/7 9)EL.DXF. C C H P P R  I SON R E L  . D T F .  
K E A N  Z = - ! * C / l '  TEST 1 TEST i Z = - l * C / M ,  TEST 1 T E S T  2 

D = Z / S  !Z ) D**  2 * C *  ' M *  o = Z / S ( Z )  D**2 

.GOC 

.CC3 

.GPO . 000 

.!-loo 

.O@G 
-.989 

. 52c  . oco 

. to i l  
- e 7 1 0  
.354 
.GOO 
.OGO 
.uoo 
et30 

-.a39 
e123  

1 3 3  
e l 6 3  

1.162 
. 5 9 5  

C67 
e229  

- e 1 6 6  
e156  
e l 3 2  

1 6 8  
-.C51 

. I C 1  
1 2 7  

0 1 4 7  
158  

0 1 7 2  -. 19c 
.It2 
. 2 2 R  
- 1 7 4  

.oc3 .cco 

.rcu .0c3 

.SCC .oco . DCO . uco . oco .c90 

.GO3 .coo 
-50.157 2515.6P8 

.09D .a30 
? C G  .23J 

.coo eCC0 
-2.337 5.461 . ncc .oco 

.coo .CtO 

.coo . CfO 

.coo .OCO 

.003 . SC? 

- 2 9 . ~ 0 8  1 1 6 9 . 2 ~  
.coo .OCG 

23.8Q7 1251.790 
. D O 3  .c30 

1.953 
. C O O  
. 2 9 3  
.cog 

- 1  e-69 . c o o  
7C2 

.roo 
- e 3 6 2  

.c3L' 
e867 
.cco 
- 9 1 9  
. O O G  

-1.e58 . r s 3  
1.312 

.coo 

3.e 12  
.cco 
- 0 8 6  
.a00 

1 .1 r2  
.C33 
- 9 9 2  
.0r0 
.131 
.CCO 
0 7 5 1  
.rr0 
.844 
0030 

3.454 
.3CG 

1.720 
.cro 



S P E C T R U M  C O R E  L O C A T I O N  F U E L  C L E M E N T  
1.D. P A R A t ? E T E Q S  1.0. 

COHPARISIONS OF S E L E C T E D  V A L U E S  c x x n s  

G A o T A C  A X I A L  S C A N  
NO. CORE L O C .  I N T E R V A L  

C E N T E R  P O I N T  
tY,M 1 

1 2 6  1597 .66  7 8 . 9 4  

1 2 7  164C.23  9 5  e 2 7  

1 2 8  113C.Ob 7 3  .49 

1 2 9  1 8 1 1 . 7 1  7 8 . 9 4  

1 3 0  1 8 9 6 . 7 7  83.CZ 

P U T 0  1119 E l 4 - 0 1  

A U T O  a 2 S  E l 4 - 0 1  

A U T O  8 2 1  E l 4 - 0 1  

A U T O  0 2 2  E14-S l  

A U T O  o t s  E l 4 - 0 1  
1 3 1  1 9 8 5 0 2 5  8 3  - 0 2  

1 3 2  2 0 7 5 . 0 7  6 5  0 7 4  

1 3 3  2 1 6 8 . 9 0  83.32 

A U T O  R24 El4 -Cl  

A U T G  a 2 5  E l 4 - 0 1  

A U T O  026 E l 4 - 0 1  
1 3 9  2 2 5 2 . 6 3  6 1 . 6 6  

A U T O  a 2 7   is-01 
1 3 5  2 3 4 1 . 1 4  84.36 

1 3 6  2 4 3 9 . 9 8  8 4 . 3 8  

1 3 7  2 5 2 0 . 8 1  8 4  e38 

A U T O  o 2 8  E l 4 4 1  

A U T O  1129 E l & - 0 1  

A U T O  0 ? 3  E14-01 

A U T O  a 3 1  E l 4 - 0 1  
1 3 8  2 6 1 1 . 9 9  8 7 . 1 1  

1 3 9  2 7 0 1 . 8 1  8 1 . 6 6  

140  2 7 8 9 . 6 2  63-22 
A U T O  n 3 2  E I ~ - C I  

4 U T O  (133 E l&-C?  

A U T O  (1?7 E:4-C1 
1 4 1  2E73 .98  7 7 . 5 e  

9 0 L S T R A T A  tc.2 € 1 4 - 0 1  T O T A L S  li * 8 

RHS = 6 3 0 . 4 9  U T  M E A S  lSI tNA=.  
\rT R M S  M I O P T =  1 8 3 3 . 1 5  - 

R A N G E =  2 1 5 9 . 2 5  UT E Q R O R  - - 
9 9 d B E G I N  S T R A T A  0 3 9 * 8 

M E A N  = 1 8 1 8 . 1 1  c i ~  M E A N  conp. = 
- 

143 3 0 4 8 . 2 1  8 5 . 7 4  
A U T O  P 3 6  Err-ti 

CS137 
M EAF; 

* C  

1 . 1 3 2  
.099  

1 m283 
.a90 

1 . 1 2 6  
.:99 

1 e 2 5 8  
e 3 8 9  

1.1C1 
.082  

1 e240 
- 0 9 3  

1 .OlU 
.G85 

1.064 
.C65 

1 e l f  3 
. l C O  
. 9 7 7  
.C87 
- 9 1 7  
.C?2 

1 .C68 
- 9 9 2  

.EO4 

.95 3 

. :05 
e718  
.?fJ 7 
.580 
.C70 

.e49 

1 .oco 
.G89 
, 1 0 7  
.518  

.3cc 

.C50 

C S 9 / 7  R E L e D I F .  C O E P A R I S O N  R E L e D I F .  C C H P A W I S O N  
M E A N  Z = - l * C / M  T E S T  1 T E S T  2 Z = - l * C / *  T E S T  1 T E S T  2 

” *  c=z /s  f z 1 D*+2 * C’ *ne o=z/s t z 1 D*+2 

1 . 2 6 3  
1 3 3  

l . l Z ?  
.lo5 

1 . 2 3 7  
. 1 3 0  

1 . 2 9 0  
- 1 2 9  

1 . 3 9 7  
e 1 3 1  

1 . t 7 2  
. l o 5  

1 . 2 5 9  
1 2 9  

1 . 1 8 5  
0 1 1 8  

1 . 1 2 3  
. l t 9  
e 9 7 0  
0 1 1 6  

1 . 2 1 9  
1 4 9  

.78? 

. 3 9 3  
e 8 7 4  
- 1 3 1  
06.89 
elf6 
,760 
e 1 2 3  

19  
- 1 5 4  

-. 1‘24 
. 1 2 2  
-145 
e 1 3 4  

- . 0 8 9  
1 2 5  

-.C2S 
- 1 1 9  

- . 2 1 2  . D O 0  
1 5 7  

. I S 3  -. 1 9 5  
m107 

- . c o g  
0 1 1 5  
0054 

1 4 7  
-.coo 

0 1 4 8  
- . l o 8  

. 1 2 4  

.I54 
1 9 8  

- .a29 
LE1 

.394 
e 2 6 2  

- . a 7 9  
e 1 8 3  

- e 3 6 9  
. 1 3 3  

-.a47 
.0op 

1 .38S  . co3 
- e 7 1 6  

.GCG 
- . 2 1 3  

.coo 
-2 2 4 6  . coo 

1 . 7 9 7  
. too  

-1 .829  
.CGO 

- . e 5 5  
.OtC 
0365  . UCO - . cc2 
. t c c  

- 1 . 6 9 2  
.”C 

1 . 7 3 5  
.3C@ 

- 0 1 6 1  
.?GO 

1 . 4 6 7  
0000 

- . 4 3 1  
.c3c 

- 2 . 8 3 1  
OCt 

0 7 2 1  
.3c0 

1 . 1 7 5  
.COO 
0 5 1 3  
.oca 
-045 
.Of;O 

5 . C 4 6  
.azo 

1 . 2 2 3  
.0cu 

3 3 2 7  
.000 
e 7 3 1  
.LCO 
.1TS 
.zt,i! 
.000 . GOC 

2 . 5 6 7  
. O G O  

3 . 1 8 5  . CD3 
o i i i 6  
.CCO 

2 . 1 5 1  
. C O O  
0 1 8 6  
.Of0 

8 0 C 1 7  
. C D 3  

1.CC3 ,047 - . 1 2 1  1 . 6 5 9  
. I 2 0  194  .COD .Ut20 
a 2 4 2  m289 1 . 2 8 2  1 . 8 7 0  
.CZQ . a 3 9  .cnc .ooo 

. O C 3  .oca . OCC . cso  . cco .3CC .COG .OCO 

c 
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