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Abstract

Non-destructive gamma-ray spectrometry was carried out on the spent fuel assemblies of
the whole core of JPDR-I which was a BWR. These data were analyzed by considering power
distribution, spatial variation of neutron spectrum, and history of reactor operation. The
burnup and the Pu/U atom ratio in each assembly were derived from the non-destructively
measured distributions of 37Cs activity and !3*Cs/!37Cs activity ratio, respectively, by using
calibration curves established for fuel specimens of a standard assembly of the core. The results
were compared with calculational ones based on the operational data, and good correlations
were found between them. The total amount of plutonium build-up in the core estimated from
the non-destructive measurements agreed quite well with the amount obtained from reprocess-
ing.

Keywords: Non-destructive Measurement, Gamma-ray Spectrometry, JPDR, BWR, Cesium-137,
Cesium-134, Whole Core, Burnup, Plutonium Build-up, Burnup Calculation,
Reprocessing, Fuel assembly
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1. Introduction

Sufficiently accurate and rapid methods for determining the amount of plutonium
accumulated in spent fuels are indispensable for safeguarding of nuclear materials at repro-
cessing plants and reactor sites. Burnup is also interesting from the viewpoint of reactor fuel
management. Measurements of these parameters are usually performed by chemical analysis.
Such destructive assay (DA) techniques, however, are practically inapplicable to the measure-
ment of burnup distribution over a reactor core or to following the burnup history of a
specified fuel element.

Techniques usable for the purpose are limited”. Among several non-destructive assay
(NDA) techniques applicable to the purpose, the spectrometry of gamma-rays from fission
products (FP) is so far the most experienced and reliable, and the accent will remain on the
use of gamma-ray spectrometry for the immediate future. Efforts to demonstrate the effec-
tiveness have been continued on fuels irradiated in various types of reactors?). In many
experiments with spent fuels from light water reactors, '37Cs activities and '3*Cs/!3"Cs activity
ratios are often correlated with either burnups or Pu/U atom ratios. The correlations are
generally superior in the cases of PWR fuels®* to those in the cases of BWR fuels®:®) which
may be attributed to the fact that the spatial distributions of power and neutron spectrum in
PWR cores are simpler than those in BWR cores.

In a previous study, gamma-ray spectrometry were carried out on 8 separate fuel rods
from one selected assembly (A20) of the Japan Power Demonstration Reactor (JPDR-I)
which is a BWR7:®). Chemical analysis was performed on 24 representative points of the rods
measured by the NDA for heavy nuclides and fission products®). The conclusions are as
follows.

The '34Cs/'37Cs or '54Eu/!37Cs activity ratio corresponding to a given burnup varies
with the position in the assembly. This is understood in connection with spatial variations of
neutron spectrum. The same understanding applies to the correspondence between the Pu/U
atom ratio and the burnup. The non-destructively measurable ratios of FPs can be used as
a better indicator of Pu/U atom ratio than the burnup.

Gamma-ray spectra of spent fuel assemblies of the JPDR-I were measured prior to ship-
ment to the Tokai Reprocessing Plant of Power Reactor and Nuclear Fuel Development
Corporation (PNC). This article deals with the results of measurement and the analysis. It is
tried to obtain average values of FP activity and activity ratio in each assembly from a set
of data of point-wise measurements on the assembly. The burnup and the Pu/U atom ratio
derived from the assembly-averaged FP activity and activity ratio are compared with a cal-
culational result based on the operational data of the reactor. The correlation between the
FP activity and the activity ratio is also discussed in consideration of the spatial variation of
neutron energy spectrum in the core. In addition, more than seven hundred data of gamma-
ray spectrometry are supplied in the appendix for convenience of further investigation of
the non-destructive gamma-ray spectrometry on fuel assembly.



2 Non-destructive y-ray Spectrometry and Analysis on Spent Fuel Assemblies of the JPDR-I JAERI 1296

2. Core and Fuel

The reactor was a natural circulation BWR of 45 MW thermal output, loaded with 2.6
wt.% enriched UO, fuels. The core consisted of 72 fuel assemblies, 16 cruciform control rods
and 24 burnable poison curtains. The plan of the core and the identification numbers of
assemblies are shown in Fig. 1. An assembly consisted of 36 fuel rods arrayed in 6 X 6 square
lattice in a channel box with a lattice pitch of 19.56 mm. Each rod was formed of two seg-
ments — upper and lower — having the same active length of 721 mm. The fuel pellet was
12.5 mm in diameter and clad in Zircaloy-2 sheath of 0.76 mm thick.

61|66
50 55 11{ 32 33-'|-29 (18) | 62
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-37 118 530529 51 ()56 F13 | 34
174 ey '
21| 42 [(20)p 10 17634 47 U 9 o 67 [(14) | 46
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38 22 [ 40 65] s+
59 P~ Y
70 |20} 69) 27
s 77
454/
A
///QA//Z;%'
7
%M
l_—'ﬂ:.‘control rod, +;follower, . poison curtain,

No. | ; assembly measured on one side marked with a dot,

7
A . assembly measured on four sides,

f4

(No)| ; assembly not measured .

Fig. 1 Plan of JRDR-I core and identification numbers of assemblies.

The assemblies were named as Axx, where xx denotes the identifica-
tion number, except those named as T-xx, Tx-x and IFA-x which were
loaded for special purposes. More than one numbers in one box imply
that plural assemblies had occupied the same position during the total
operational history.
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The core was operated from October 1963 to August 1969, but there was a long shut-
down from June 1968 to June 1969. The operation history of the core is illustrated in Fig. 2.
Most assemblies were kept at the positions where they were loaded initially. The burnups of
individual assemblies ranged from 110 to 5640 MWd/t which were calculated using operation
data®). The cooling times were in the range of 8 to 13 years.

The reactor power was regulated with the four control rods located at the inner region
of the core, while the peripheral control rods except one control rod were fully withdrawn.
The one peripheral control rod had been fully withdrawn before September 1965, but the
position had been kept at a height of about 40% of full insertion since then.

The fuel specifications and the reactor characteristics are summarized in Table 1 and 2.

50

40

30

Power (MW)

20

10

1964

1965 1966 1967

1968 1969 1970

Running time (year)

Fig. 2 Operational history of JPDR-I reactor.

Table 1 Specifications of fuel rod and assembly

1971

Fuel material

UO, sintered pellet

B35y enrichment 2.60 w/o
Pellet diameter 12.5 mm
Pellet height 12.7 mm
Pellet density 10.4 g,f’cm3
Cladding material Zircaloy-2
Cladding thickness 0.76 mm
Cladding outer diameter 14.12 mm
Active fuel length in a segment 721 £3 mm
Weight of UO; in a segment 921+25¢g

Number of rods in an assembly
Lattice pitch

Volume ratio of moderator to
fuel in lattice

Channel box material

36 (=6 X6) in square
19.56 mm

1.84
Zircaloy-4
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Table 2 Reactor characteristics and operating condition

of the JPDR-I

Reactor type
Thermal power

Naturally circulated BWR
45 MW

Equivalent diameter 127 cm
Effective height 147 cm
Number of fuel assemblies 72
Core-averaged volume ratio of 27
moderator to fuel :
Operating pressure 6.03 MPa
Temperature of coolant 277°C
Maximum temperature of fuel center 1,610 °C
Average power density 22.5 kW/I
Radial power peaking factor 14

Axial power peaking factor 1.5

Average thermal neutron flux
Maximum heat flux

Average heat flux

Average void fraction
Core-exit steam quality

1.42X10" njcm? s
823,000 kcal/m?-h
226,100 kcal/m?-h
19%

47%

JAERI 1296
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3. Experimental Apparatus and Measurements

Gamma-ray spectra of 72 assemblies were measured with a gamma-scanning apparatus
which was installed temporarily at a spent fuel pool of the JPDR. The apparatus consisted of
a reclining fuel bed, a collimator set, a two-dimensional scanning mechanism, and a gamma-ray
spectrometer. The arrangement is depicted in Fig. 3.

An assembly was held horizontally on the bed. Gamma-rays were collimated by a vertical
beam guide of 20 mm in inner diameter and 5.5 m long, and measured with a co-axial type
Ge(Li) detector (88 cm?®). The gamma-rays were measured over an energy range from 200 to
2200 keV. The gamma-ray spectra obtained were recorded on cassette magnetic tapes and
analyzed with the computor code BOB-73'9). Overall energy resolution was 2.1 keV in FWHM
for the 662 keV gamma-ray. Counting rate was less than 13,000 cps and spectrum distortion
was negligible. A typical gamma-ray spectrum is shown in Fig. 4. Photopeaks of 37Cs(662
keV), 13*Cs(sum of 796 keV and 802 keV peaks) and *Eu(1,275 keV) were identified with
sufficient statistics by 400 s counting. But, those of ®Ru-Rh and **Ce-Pr were too small
for use except for a small number of cases of 40,000 s counting. The migration of cesium was
neglected because no anomaly was observed among the axial distributions of '3*Cs, '37Cs and

JPDR SPENT FUEL POOL

to PHA

H.V.
< .
kg}\ Ge(Li) DETECTOR

g 55m BEAM GUIDE
P CK (20mml¢ PVC. TUBE)
WEIGHT
]> FUEL
@ ASSEMBLY
l

I><@> e N FUEL BED
S /\" 2PN ack

Fig. 3 Arrangement of gamma-scanning apparatus at JPDR spent fuel
storage pool.
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Measurement positions are shown in Fig. 5. Twelve assemblies were measured at ten
positions on every side, while the rest were at four positions (No. 2, 3, 4 and 5 in Fig. 5) on
one side only as specified in Fig. 1. Among the twelve assemblies, eleven were selected from
one octant of the core and the rest one, A8, was the reference assembly. The assembly A8 had
the same irradiation history as A20 which was previously examined by destructive and non-

destructive measurements.

Fuel rods in an assembly were covered with a channel box and not visible from the
outside. Therefore, the positions of the fuel rods were determined from the distributions of
gamma-ray intensities. Both axial and radial distributions of gamma-ray intensities were

10°® i —
N
©
©
o |
0 = _
10 212 2 53
O~ ~ ]
< — - —
(32} <t - -~
% NN 0o [
o (\‘\—\ S| =8 8 Rg i
% 10% 92 S—<o
g B 218
=3 )7 2|®
3 © ] 3|5
"g‘ 103 ] f S'_; — 3
g 3 g |
| ]
10% ¥ | 3
a
bl |
0 —
0 500 1000 1500 2000
Channel number
Fig. 4 Typical gamma-ray spectrum of JPDR-I fuel cooled for 8 years.
4
Identification No. Distance from
of measured pt. assy center(mm)
20mmle® 3,4 61
beam guide —» 25 428
tube 6 650
1 672
(Connector)
12.4
(Active fuel)
2
Wide-wide
gap corner s ow
T il pping b-Suy . >4
0076 5 _ % \5_‘ 2q _%____
PL-2 0] 5N 1 I' 2N JPDR-1
A J ' 1 fuel ass'y
P j\‘ N
33 ~
Upper Center Lower

Fig. 5 Measurement positions for gamma spectrometry.
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obtained by scanning the fuel assembly. Some examples of the distribution are shown in
Figs. 6 and 7. The axial center was determined by a sharp dip due to a fuel vacancy at the
connector of a fuel rod and the radial positions were determined as referring to the leading
edges of the distribution at the both ends of the fuel assembly.

Relative intensity of ]37Cs

110 T 1 1 I 1 T T
connector

—
~N
¥

lower active fuel upper active fuel —

X

/P
ama2

¥

S

(s ]

1 L 1 1 Il | 1
980 -60 -40 =20 0 20 40 60 80

Axial distance from assembly center (cm)

Fig. 6 Axial distribution of gamma-ray intensity of fuel assembly A8.

Relative intensity of Weq

Fig. 7

10 T T T T T T T
9 r o ° 7
‘?5’0@6”@% = S
8 r 7
7 - -
6 - -
5 - =
A8
4 F Z=+428mm n
plane 1
3 -
Channel box wall
Zr F'uel rod
1 F .
| ! E
0 I |
-80 -60 -40 -20 20 loO 60 80

Radial distance from cssembly center (mm)

Radial distribution of gamma-ray intensity of fuel assembly
A8 measured at axial position of +428 mm. The right hand
side faced to the wide water gap.
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4. Analysis of Measured Data

Several corrections were applied to the measured pointwise gamma-ray intensities of the
fission products concerning gamma-ray shielding, counting loss, cooling time, and background
activities in pool water. The corrected data were used to obtain the pointwise intensity ratios
of 134Cs/'37Cs and '5*Eu/"¥7Cs.

For the purpose of making comparisons among results of NDA, calculation, and destruc-
tive assay, it was required to derive the averaged value over each assembly from the point-wise
data. A method was examined to obtain properly the assembly-averaged FP activity and
activity ratio.

4.1 Corrections for Measured Gamma-Ray Intensities

(1) There existed a water layer between the end of beam guide tube and the surface of
channel box of the fuel assembly. The thickness of the water layer varied from 1 to 36 mm for
the measurement positions from No.l to 6 in Fig. 5, because the fuel assembly was slightly
out of the horizontal when it was reclined on the fuel bed. The correction was made for the
gamma-ray absorption in the water layer of different thickness by using the linear absorption
coefficient of water!!).

(2) The intensity of gamma-ray beam was rather high in this experiment. Similar experi-
mental condition is inevitable in cases requiring a large number of measurements in a limited
period. The counting loss mainly due to pile-up effect was corrected by

A

AS T oA o
where

A, Ao ; measured and corrected count rates of specified gamma-ray,

4! ; loss time due to pile-up effect. This was determined by means of the two-
source method using *7Cs sources and found to be 6.75%0.75 us for this
counting system,

Ay ; total count rate of the whole energy range. This was evaluated by using the
relation,

At - <% —1 )/fr ’
with

T:, Ty; live and true counting time of PHA,

Tr ; average resolution time of PHA. This was found as 20.0£0.5 us for the present
gamma-ray spectra.

(3) The cooling time of each assembly was different because of the variety of period
between the unloaded date from the core and the measurement date. The count rate of each
assembly was normalized so as to have the same cooling time, from September 1, 1969 to
June 1, 1977, that is, the correction on radioactive decay was made for a difference in period
between the real and the normalized cooling times.

(4) The gamma-rays of !3’Cs were observed in the background activity of the pool
water. The count rate, 1.6 cps, was subtracted from those of fuel assemblies. No other back-
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ground gamma-rays disturbed the measured spectrum on fuel.

The corrected intensities of 137Cs, 134Cs, *Eu and '*4Ce-Pr at each measurement position
are listed in table of Appendix 1, accompanying the intensity ratios of 3*Cs/'3"Cs, '54Eu/'*Cs,
(134Cs/137Cs)/137Cs, and (***Eu/!37Cs)/137Cs. The axial and radial distributions of 37Cs, 134Cs,
154Fy, 134Cs/137Cs, and '5*Eu/!37Cs are shown in figures in Appendix 2 for the twelve assem-
blies measured in detail.

4.2 Derivation of Average Gamma-Ray Intensity and Intensity Ratio in an Assembly

Forty count rate and count-rate ratio data were obtained for each of the twelve assem-
blies. Ten data measured on a side of an assembly are illustrated in Fig. 8. An average of the
count rate or the count-rate ratio in each assembly, ( A), was defined by the following equa-
tion using the forty data.

(A) :% IZ {A;(2)/P(2)+ /T,(s)/P,(s)}f—;— kZZ SZUe)/P(E), (2)

where A;(k) and P;(k) are the radial average of three data and the axial peaking factor at 2-th
axial position on /-th side, respectively. A(k) and P(k) are their averages on four sides.
They are given as

AiR) = w A (1, B)+w A3, k) +twsAi(6, k), (3)

Pi(k) = A;(3, k) /{W,A;(3, 3)+ W,A,(3,2)+WsA,(3, 1)} (<3)
= A3, )/ {WiA,(3, 4)+W>A,(3,5)+W3A4,(3,6)}(k=>4), 4)

Alk) = E Aik), (5)

»J>|r-‘

P(k) = AR)/ X Aik)/Pi(R), (6)

1
4 /5

Ai/(m, k); count rate or count-rate ratio of specified gamma-ray obtained at the posi-
tion on / -th side (/=1~4), at £-th axial position (£=1~6), assigned to
m -th row of fuel rods from wide-gap side of assembly (m =1~6), as shown

in Fig. 8,
w ; weight for radial average,
W, W’ ; weights for axial average.

The values of weights were determined so that the distribution of A;(m, &) (=y) was expressed
by a quadratic function as y—=ax’+bx+c, in the radial direction, and by a trigonometric
function as

y=a'cos Bx +b" cos2Bx+ ¢'sin2Bx (B=0.022cm™), (7

in the axial direction with three unknowns, where x denotes a distance from an origin in each
direction, and B the square root of axial geometric buckling of the core. The resultant values
of weights are as follows.

w, = 0.17500, w: = 0.54167, ws = 0.28333,
W, = 0.27483, W, = 0.55745, W, = 0.13898,
W, = 0.27696, W3 = 0.53991, W3 = 0.14997.

In order to examine the availability of the function (7), it was applied to the axial
distribution of calculated burnup® on some typical assemblies. As shown in Fig. 9, the fitted
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000000
Widelo Narrow
gap |0 gap
side |© side

(o]

0

Fig. 8 Gamma-ray intensities or intensity ratios measured at ten
positions on /-th side.

8 T T T T T T T
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< st Q .
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Fig. 9 Axial distribution of calculated burnup in assemblies A69 and
A45. Solid lines represent the fitted functions expressed by
Eq. (7), which pass through the three data at 61, 428, and 672
mm from the assembly center.
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function reproduced the distribution fairly well and consequently the axial averages of
calculated and fitted functions agreed within 1% for all of the examined assemblies. The
fitted functions to the measured data of '37Cs, 3*Cs/*37Cs, and '54Eu/!37Cs are also shown in
Appendix 2 for the twelve assemblies.

For the assemblies which were measured at four axial positions on one side only, the
assembly-average (A) was defined as

(A) =(A), kZ_zA/(S,k) :ézAf(&k). (8)

where the value suffixed by g corresponds to the assembly which was measured at the forty
positions and belonged to the same (g-th) group of location in the core as the assembly of
concern. The group numbers assigned to eleven locations in the core are shown in Fig. 10.

Thus obtained assembly-averages of count rates of 37Cs ( (A4'**)) and '**Cs ( (4%")),
and count-rate ratios of !3#Cs/137Cs ( (A'**'3") ) and 'S*Eu/7Cs ( (A'°*'*7)) are shown
in Table 3. They are the values at the date on June 1, 1977, and the correction on different
irradiation history is not made.

Table 3 Summary of calculational and experimental burnup and Pu build-up
on the JPDR-I fuel assemblies

FLARE Calculation NDA Assembly Avemges"2 Estimated from NDA
Ass’y  Pos. Date of Initial - Repr.
Name in Load./Unload. Wt.of U Integral «3 134 154 3 3 Batch
Core*! pu Pw/U 137 134 37 37 BU RUTT R U )
(Year-Month) ® MWA/tU) (X107%)  (cps) (eps) (X107Y) (X1073%) (%) (X107%) (@) (8)
A74 1 63-9/64-1 58048 133 0.072 20.0 - - - 0.011 - — 58042 1
A75 1 63-9/64-1 57999 110 0.060 18.3 - — — 0.010 - - 57993 1
Al6 5 63-9/65-9 58155 1282 0.690 214.1 052 0.225 0.52 0.113 032 19 58070 2
5 63-6 [ 65-9 1240
A59 10 696 1 69-9 58117 1469 0.760 2606 1.03 0.363 0.56 0.138 0.51 30 58007 2
6 66-8 [ 67-7 1274
AT2 6 681/ 696 58049 1567 0.744 313.1 1.83 0.539 0.84 0.166 0.74 43 57910 2
9 64-1 /659 802
A76 4 681/ 696 56364 1130 0.553 2004 0.79 0.366 0.57 0.106 0.51 29 56275 2
AS50 10 63-9/69-9 58061 2526 1.083 586.2 524 0.785 1.19 0310 1.06 61 57820 3
A62 10 » 58116 2660 1.140 651.7 5.86 0.800 1.17 0345 1.08 62 57853 3
A30 10 » 57976 2784 1.187 619.7 5.81 0.831 1.17 0328 1.11 65 57721 3
ASS 9 » 57997 3433 1.514 670.6 8.03 1.084 1.53 0355 142 82 57709 3
A61 11 63-9/699 57970 2769 1.144 650.0 6.75 0.903 130 0.344 1.20 70 57701 4
A66 11 » 57985 2872 1.185 678.0 7.38 0.956 142 0359 1.27 73 57704 4
A4 11 » 58166 3231 1.334 693.1 8.15 1.047 145 0367 137 80 57873 4
A3 11 ” 57933 3249 1.336 7412 872 1.051 145 0392 1.38 80 57626 4
A44 10 63-9/696 57888 2460 1.060 580.5 3.99 0.609 1.04 0307 0.83 48 57662 5
9 63-9 / 64-1 104
A27 9 659 / 69-9 58015 2957 1.350 626.2 7.08 1.040 1.31 0331 137 79 57744 5
A39 9 63-9/68-1 57861 3379 1.513 6819 6.18 0.834 1.34 0361 1.12 65 57588 5
5 65-9 /68-1 3175
T1-1 1 681/699 58494 3811 1.792 743,:{ 12.25 1.477 1.92 0393 1.86 109 58155 5
Ad6 11 63-9/69-9 58058 3181 1.313 823.7 9.56 1.036 149 0436 1.36 79 57726 6
ATl 11 ” 58041 3188 1.315 7439 844 1.013 138 0394 1.33 77 57735 6
A21 11 » 57977 3223 1.326 7553 8.88 1.047 1.47 0400 1.37 80 57666 6
AT3 9 63-9/69-9 58080 3643 1.608 817.9 10.82 1.213 1.68 0433 1.57 91 57738 7
A35 9 » 57870 3769 1.659 782.1 10.06 1.183 1.62 0414 1.53 89 57542 7
AS54 9 » 58330 3789 1.679 8316 11.19 1.240 1.72 0440 1.60 93 57980 7
A24 9 » 58108 3898 1.718 826.3 11.06 1.235 1.71 0437 1.59 92 57761 7
1 63-9 / 66-8
A47 1 66-8 | 699 57998 4252 1.878 855.7 1744 1.679 2.26 0453 207 120 57615 8
A63 1 63-9/69-9 58073 4328 1.952 886.7 18.43 1.708 231 0469 210 122 57679 8
AS1 2 » 58004 4424 1.958 864.5 17.69 1.746 230 0458 2.14 124 57615 8
A9 2 » 58066 4505 2.008 867.0 17.59 1.764 233 0459 216 125 57674 8
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Table 3 continued

FLARE Calculation NDA Assembly A\t'erages"‘2 Estimated from NDA
Ass’y  Pos. Date of Initial Repr.
Name in Load./Unload. Wt. of U Integral «3 134 154 »3 3 Batch
Core*! py PWU* 137 134 437 g3y BU R/UY P U T
(Year-Month)  (g)  (MWd/tU) (X107%) (cps) (cps) (X107%) (X107%) (%) (X107%) (g) (g)

All 8 63-9 / 69-9 58095 3831 1.650 8486 12.87 1.328 1.86 0449 1.70 98 57736 9
A29 8 » 58208 4390 1.893 971.2 1580 1475 2.04 0514 1.86 108 57801 9
A37 8 » 57918 4569 1.960 9779 1594 1.482 2.02 0518 1.86 108 57510 9
A34 8 » 57851 4599 1.971 964.1 16.17 1,533 1.99 0.510 1.92 111 57445 9
A65 2 63-9 /] 69-9 58039 4611 2.047 952.6 20.17 1.839 236 0.504 223 129 57617 10
A2 2 » 57934 4616 2.050 887.7 18.04 1.769 240 0470 216 125 57537 10
Al0 2 » 58067 4625 2.074 938.8 20.05 1.838 237 0497 2.23 129 57649 10
A60 2 » 58035 4633 2.090 9133 19.34 1.837 229 0483 223 129 57625 10
A32 7 63-9 / 69-9 58168 4208 1.801 932.2 15.41 1459 2.04 0493 184 107 57774 11
A33 7 » 57821 4616 1.960 1008.5 18.21 1.643 2.20 0.534 2.03 117 57395 11
AlS 7 » 57937 5045 2.161 1051.2 19.41 1.697 230 0.556 2.09 121 57494 11
A48 4 » 57933 4815 2.122 1053.8 2130 1.782 232 0.558 2.18 126 57484 11
A64 6 63-9 / 69-9 58093 4619 2.101 942.1 16.87 1.647 2.22 0499 2.04 118 57685 12
A6 5 » 58133 4649 2.067 977.3 18.48 1.681 2.16 0517 2.07 120 57712 12
A28 6 » 58096 4856 2.209 9664 16.88 1615 2.18 0512 2.00 116 57682 12
A45 6 » 58221 5074 2.306 9723 17.61 1.679 233 0515 207 120 57801 12
A42 7 63-9 / 69-9 57819 5085 2.159  1035.1 1993 1.772 243 0548 217 125 §7377 13
A22 7 » 57986 5133 2.180 1059.3 1945 1.691 2.55 0.561 2.08 120 57540 13
A41 7 » 58029 5109 2.180 1052.0 1940 1.699 233 0557 2.09 121 57585 13
Ad43 7 » 57875 5154 2.184 10483 19.52 1.711 236 0.555 2.10 121 57432 13
Al3 5 63-9 / 699 57953 5314 2.367 1078.7 20.85 1.781 245 0571 2.18 126 57496 14
Al2 5 » 57982 5403 2414 1067.9 2143 1.849 2.54 0565 224 130 57524 14
AS7 5 » 58140 5418 2.426 1045.8 2047 1.801 2.54 0554 220 127 57691 14
A3l 5 » 58132 5173 2307 1047.0 2037 1.777 246 0554 217 126 57684 14
A23 5 63-9 /69-9 _58096 5486 2.442 1077.5 21.70 1.857 2.56 0570 2.25 130 57634 15
A67 4 » 57922 5519 2.451 1069.8 22.04 1.892 2.75 0.566 2.29 132 57462 15
A26 4 » 57993 5639 2.500 11054 2343 1.951 271 0.585 234 135 57518 15
A40 4 » 58043 5641 2.500 1175.7 2598 2.030 274 0622 242 140 57541 15
AS56 3 63-9 / 69-9 57806 4604 2.049 961.3 18.14 1.660 2.13 0509 2.05 118 57393 16
A53 3 » 58315 4600 2.073 921.2 1839 1.711 237 0488 2.10 122 57908 16
A7 3 » 58141 4804 2.180 911.8 1845 1.791 249 0483 2.19 127 57733 16
A69 3 » 57861 4786 2.130 9274 1858 1.777 246 0491 2.17 125 57451 16
A25 8 63-9/69-9 57804 4628 1.986 987.8 16.66 1.539 2.13 0523 192 111 57391 17
Al9 8 » 58147 4655 2.007 952.0 1495 1.434 191 0.504 1.81 105 57749 17
A49 8 » 57964 4736 2.025 9594 1582 1.501 2.04 0.508 1.88 109 57561 17
A70 8 » 57801 4765 2.032 10143 17.81 1.604 2.12 0.537 1.99 115 57376 17

6 63-9 / 66-8 2587

1 67-3 /67-7 2880
A68 1 67-7 ] 68-1 57811 3453 1.852 8319 1193 1.323 169 0440 1.69 97 57459 18

6 696 / 69-9 3888

4 63-9 [ 67-7 3818
AS 6 67-7 ] 68-1 58098 4392 2.204 969.5 18.04 1.691 247 0513 2.08 121 57679 18

4 696 [ 69-9 4882

4 63-9 / 68-1 4822
A36 9 68-1 /699 57917 5354 2.377 10484 19.50 1.719 235 0.555 2.11 122 57473 18
A52 2 63-9 /699 58282 4427 1.981 916.7 18.80 1.739 226 0.485 2.13 124 57875 19
A38 11 » 57878 3224 1.332 827.9 10.05 1.085 1.59 0438 142 82 57542 19
Al 2 » 57820 4680 2.101 927.2 20.01 1.880 245 0491 227 131 57405 19
A8 4 63-9 /699 58150 5551 2478 1098.2 2341 1.961 270 0.581 235§ 136 57675 —
A20 4 63-9/69-9 58067 §573 2.47S5 - — — — — — — — —

*1) Group No. shown in Fig. 10.
*2) asof June 1, 1977.
*3) asof March 1, 1973,

Symbols of 137, 134, 134/137, 154/137, Pu/U, Pu, and U represent gamma-ray intensities of 137Cs and '34Cs, intensity ratios of
134Cs/137Cs and ' Eu/'"Cs, atom ratio of Pu/U, and final weights of Pu and U, respectively.
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Fig. 10 Group number assigned to representative location of
assembly in JPDR-I core.

4.3 Estimation of Errors in Average Gamma-Ray Intensity and Intensity Ratio

Since fuel rods have large absorption coefficients for gamma-rays, most of the measured
gamma-ray intensity comes from the outer rods of an assembly. The assembly-averaged count
rate and count-rate ratio derived in the last section (which are called apparent assembly-
averages, hereafter) are not always proportional to the real assembly-averages of the FP activity
and the activity ratio. The apparent average should be compared to the real one by taking into
account the three-dimensional distribution of gamma-ray sources inside an assembly. Let
S(4,7, k) be the source distribution function where / and s denote the position in the radial
plane of k& -th axial position, as shown in Fig. 11. Then the measured count rate A,(m, &) is
expressed as

6

A(m k) =K eris(i, m, k),
6

Ay (m, k) :K]Z] 7iS(m, j, k),

6 )
AsCm, k) =K L 1:8(T—i,m, k),

6
A4(m9 k) =K Z r]S(m’ 77]9 k)!
j=1
where K is the detecting efficiency and 7, is the penetration rate of gamma-rays which are
emitted in the direction to the detector from the fuel rod located at the ¢ -th position from
an assembly surface and finally arrive at the surface. The 7; was calculated by the following
equation assuming the flat distribution of gamma-ray source in a fuel rod.

ri— e—um(u-nmh){qi— —qi), (10)

oM
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where
qf = fldl‘e’ fzi-1)ug=ppheug) pli-12 ,
0

ts s #m ; linear absorption coefficients!!) of fuel meat and medium,

0 ; radius of fuel meat,
a ; interval between fuel rods,
h ; distance from an assembly surface to the center of the peripheral rod.

The calculated results for gamma-rays from !37Cs(662 keV), '3*Cs(796 and 802 keV) and

154Eu(1275 keV) are shown in Table 4. The availability of Eq.(10) was examined through

comparing the calculated penetration rates with measured ones as described in- Appendix 3.
Now, assuming the separation of variables, S(i 7, k) is written as

S, j, k)= Np<(Dp, () p.(k), (1)
where
N ; normalization factor,
p ; real peaking factor in the formas p=1+4.

It is clear that the assembly-average of S, (S), is equal to N, since ( p)=1 or (4)=0 in
each direction. Using the expressions of Eqs.(9) and (11), the axial peaking factors of

Wide-wide A, (1,k) A, (3,k) A, (6,k)
gap corner
P —J
A, (1,k)=—]|S{1.1k) S(1.3.k) S(1,6.k) | —=Aq (1,k)
J
i Az (3. k)=—|S(3.1k) S(3.3.k) S(3.6.k)| — As (3.k)
A, (6,k)=—1s(6,1,k) S(6.3,k) S(6,6.k)| —=A4 (6,k)
|
v Az (1.k) Az (3.k) Az (6,k)

1

Fig. 11 Relation between measured count rate A; (m, k) and internal gamma-ray
source distribution S (i, j, k).

Table 4 Calculated 7; and fi

154 134/ 137 - 154/ 137
717 PRl 7i £ fi

0515 0.569 0673 0.702 0.570
0.149 0.199 0.329 0.297 0.530
0.046 0.073 0.167 0.123 0.342
0.016 0.029 0.084 0.052 0.189
0.006 0.012 0.046 0.023 0.111
0.003 0.006 0.024 0.011 0.058

N AW~
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measured data defined by Eq.(4) are expressed as

Pi(k)=p.(k)/p: s (12)
where
b = Wip.(3)+Wap,(2) +Wsp,(1) ,in the lower half,

= Wip.(4) +W3p.(5) + W3p,(6) , in the upper half.

Equation (12) shows that P,(k) is independent of / under the assumption of seperation
of variables, and therefore, P (k) in Eq.(6) is equal to the real peaking factors of source dis-
tribution in the axial direction of an assembly, because W and W’ are chosen sufficiently
correctly as discussed previously.

As for the apparent assembly-average of measured count rate, the following equation
is obtained by neglecting multiple products of 4.

(A _ o 14b oy s 3
v K 5 (1+4,) Zr (13)

where

br = wip(1) py,(1)+ w2px(3) py(3) +wspx(6) p,(6),

B= X 1ilps) 00+ 5:(T=) py(T-D)=2) /201 +5,) 3 7.,

In the case that A;(m, k) is the measured count-rate ratio of '3*Cs/!37Cs on the first
side, for example, it is expressed as follows by utilizing the fact that S*** is approximately
proportional to the square of $'*" and |4|< 1 in radial directions.

K134 627’_1348134(1-, m, k)
A3 b)) = i1

6

K137 27’,'1373137(i,m k)

=1

— ]{134/137%f,_134/137$134/137(z- m, k) (14)
=1
where
K134/18T — [134 g 137

SUHT(, 5, k)=8"(d, 7, R)/SYT L 7, k),

7,jl:m
" 2]’.134 7_137
_. 1= ¢ '
ﬁ134/137___ - _ - (15)
le37 Z 7}134 Z r.187
j
j=1

Mm

Mm

=1

.

The value of fi given by Eq.(15) is shown in Table 4 for **Cs/!*’Cs and !5*Eu/"*7Cs. The
approximate value of Eq.(14) with f; given by Eq.(15) agrees with the correct one within
a few percent in both cases of **Cs/!37Cs and %*Eu/!3"Cs, if maximum values of |4| are
less than 0.3 in the radial distribution of '37Cs. Since Eq.(14) and the other equations for
!/ = 2, 3, and 4 have the similar form to Eq.(9), the similar result to Eq.(13) can be derived
for the apparent assembly-average of measured count-rate ratio.

In order to estimate the difference between (A) and (S?, the applicability of separation
of variables and the constancy of p, and 4, in Eq.(13) were examined as follows.

The variation of P, in Eq.(4) among four sides of the same assembly is considered to be
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one of the measures of separability of variables. The calculated standard deviation of P, was
less than 1.5% for the assemblies not adjacent to the control rod, while it amounted to 10%
for those adjacent to the control rod. This fact shows that the assumption is acceptable for
the most assemblies not adjacent to the control rod.

The values of p, and 4, were examined by using measured results of radial power dis-
tributions in the JPDR-I type fuel assemblies loaded in a critical facility'?). The results showed
that the values of p, were 1.009 and 1.005 corresponding to the cases with and without the
control rod, respectively, and the difference between the two cases was negligibly small.
The value of 4, is affected by r or / as seen in the defining equation. The largest difference
between the two cases was found for the gamma-rays of '37Cs, that is, 4, in the case without
the control rod was 0.05, while that in the case with the control rod was —0.01. This differ-
ence in 4, was caused by the marked change in shape of the radial power distribution from
concave to convex according to the insertion of the control rod. It may be worthy to point out
that these results were obtained for fresh fuels in the small critical facility, and the power
distributions were considerably steep compared with those in power reactors.

After all, (A) derived from the data measured at the forty positions is considered to be
proportional to the real assembly-average within the error of 6%, which is attributed to the
change in 4, between the two extreme cases with and without the control rod sorrounding
the assembly. It is difficult to clarify the difference between (A4) and (S} for the assemblies
adjacent to the control rod, because the simple assumption of separation of variables adopted
here hardly holds in such assemblies. In the evaluation of ( A), however, the change in axial
peaking factors on four sides was taken into account as seen in Eq.(6). Therefore, the above
conclusion may not fail widely for the assemblies including those adjacent to the control rod.

4.4 Effect of Averaging Method on Determination of Pu/U Atom Ratio in an Assembly

The gamma-ray intensity ratio of 3*Cs/!37Cs or '5*Eu/!37Cs from NDA is often used
to correlate with the Pu/U atom ratio. In order to correlate with the assembly-averaged value
(Pw/U) , two kinds of the measured intensity ratios of 1*Cs/!37Cs were investigated. They
were (A" /{A"™") and (A'*'*"), which were approximately proportional to (S'3*)/(S'%7)
and (S'**'%7) | respectively, as discussed in the last section. The results of our measurement
showed that (A'**)/({A'*") was larger than (A!3+'3") by about 9% for the assembly not
adjacent to the control rod and the reflector, and by about 12~20% for the rest. This fact
is understood by utilizing the following relations as

(BUSY Py
1340137y . N/ A 7~ SR (16)
(S = (s v

where C is a constant, and ¢ is the distribution of thermal neutron flux under which the
assembly was irradiated. The factor (¢)*/(¢°) is considerably sensitive to the change of the
flux-distribution mode. The factor decreases from unity as the distribution becomes steeper
compared to the flat distribution. This is the reason why (A'**)/(A'*") was larger than
(A™?*1%7)  especially for the assembly which was irradiated in the steeper flux-distribution
near the control rod and the reflector.

It is concluded that (A'**'%") is a better indicator of (Pu/U) than (A'**)/{A"*") when
the distributions of thermal neutron flux are significantly different among assemblies for
measurement. Particular attention should be required for the measurement with a wide col-
limator, through which a whole assembly could be viewed, because the intensity ratio of
134Cs/137Cs obtained in such measurements corresponds to (A'**) /(A7)
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5. Results and Discussion

5.1 Distributions of FP Intensity and Intensity Ratio in the Core

Figure 12 shows the distributions of A'®", A'3*'3" "and A'**"*" in fuel assemblies A69
and A45. The fuel assembly A69 had been adjacent to a control rod inserted partially. On the
contrary, the control rod adjacent to the fuel assembly A45 had been fully withdrawn during
the reactor operation. The distributions of A!%7, A'**'37 and A'**'*" in A69 have maxima
in the upper part of fuel assembly, while those in A45 have rather symmetrical shape. These
differences in the distributions were mainly caused by the different insertion of control rods
which were adjacent to those fuel assemblies. Another point to be noted is the difference in
axial distribution between A'*”and A'**"*3" or A'**'*" | This point will be discussed in detail
in the next section.

Figure 13 and 14 show the radial distributions of A'®" in a quarter of the core at two
different axial heights, 428 mm above and below the mid-plane of the core. They are indicated
as +428 mm and —428 mm, respectively. The central four control rods were gradually with-
drawn downwards in order to compensate the reactivity loss due to burnup of fissile materials.
This fact strongly affected the radial distributions of A'*". The distribution of A'*" shows
a concial convex as a whole in the upper part, while a sharp depression can be seen near the
inserted control rod in the lower part of the core. The repetitions of sharp increases and
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Fig. 12 Axial distributions of Gamma-ray intensity of '3’Cs, and intensity ratios of "**Cs/**’Cs
and ' Eu/"Cs in assemblies A45 and A69 measured at radial position indicated by
arrows. Solid and broken lines represent the fitted functions.



18 Non-destructive v-ray Spectrometry and Analysis on Spent Fuel Assemblies of the JPDR-I JAERI 1296

decreases seen in the radial distributions are understood in accordance with wide water gaps
and narrow water gaps with poison curtains existing between fuel assemblies.

As a whole, the measured results revealed that the distributions of fission products in
the BWR core are considerably complicated owing to existence of control rods, water gaps,
poison curtains, and so on. This fact should be taken into account when assembly-averaged
burnups and Pu/U atom ratios are evaluated on fuel assemblies of BWRs from non-destruc-
tively measured gamma-ray intensities and intensity ratios at a limited number of points on
assembly surfaces.

5.2 Correlation between '¥’Cs Intensity and 34Cs/'*Cs Intensity Ratio

In the study on fuel rods of the assembly A20, the correlations between the !37Cs inten-
sity and the '34Cs/!37Cs or the 5*Eu/!37Cs intensity ratios were examined in connection with
the spatial variation of neutron spectrum in the reactor core”). The neutron spectrum depends
fundamentally on the neutron absorption, leakage, and slowing down in a fuel assembly, and
is locally affected by control rods, poison curtains, water gaps, and reflector surrounding
the assembly. When the correlation between '37Cs intensity and 3*Cs/!37Cs or !5*Eu/!¥7Cs
intensity ratio is studied on the measured results of fuel assemblies, the above mentioned
effect should be taken into account. Figure 15 shows the correlation between A'*” and A'**"* %
which are collected from the measured results on particular sides of fuel assemblies. The
assemblies had not been located adjacent to both of partially inserted control rods and reflec-
tor. The sides had faced to the poison curtains. As illustrated by open and closed circles,
the measured results which belong to the same axial position form a consistent correlation.
The change of the correlations with the axial positions corresponds to the change of the steam
void fraction in moderator. The gradient of A'****" to A'®" increases with the axial height,
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because the neutron spectrum becomes harder at the position of larger void fraction.

The increase of the gradient A'**'®"/A'*" with the axial position is not monotonic in
general. Some examples of changes of A'**'*"/A'" are indicated with axial positions in
Fig. 16. The assemblies A45 and A30 had not been adjacent to partially inserted control rods,
and the measured data from those assemblies were not affected with control rods. The values
of A'*'*7/A**" are higher in the upper part than those in the lower part, and have maximum
arround the middle position of the upper segment of fuel. The changes of A'**'*"/A'* with
axial position should correspond to the change of void fraction which should be largest at the
top of fuel assembly. The reason for the decrease of A'**'*"/A'*" at the top has not been
clearly understood yet. A further investigation is needed on this point. The neutron-spectrum
hardening due to void formation can be observed more clearly on narrow gap sides than wide
gap sides as shown in curves (1) and (2) of the assembly A45. The lower values of A30 compar-
ing with those of A45 were caused by the lower void fraction and the effect of soft neutron
spectrum in reflector.

The assembly A69 had been adjacent to a partially inserted control rod. The larger
value of A'3*137/A'®" at the lower part was brought by the control rod. Thermal neutrons
arround the control rod were strongly absorbed, and the neutron spectrum was apparently
hardened by the lack of thermal neutrons. The value of A'**'*"/A"™" is maintained rather
high at the upper part of A69 because of the void formation. Consequently, the change of
API3T /AT i A69 became quite particular as to have a minimum arround the middle
height.

The results shown in Fig. 16 implies that the correlation between the assembly-averages
of AM341137 (A'341%7) " and those of A'*", (A'*"), should be different depending on the
location of the fuel assembly. In other words, the correlations should be separated into several
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axial direction. The measured sides of
the cases (1), (2), (3), and (4) face to
the narrow gap with a poison curtain,
the wide gap with a control rod follower,
the partially inserted control rod, and
the reflector, respectively.
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groups in accordance with the locations of fuel assemblies. This is clearly shown in Fig. 17.
The diverse effects of control rods and reflector are evidently recognized in the figure.

One reason forming the difference in the correlation will be attributed to the difference
in average void fraction of each assembly. The correlation between (A'°*"*") /(A'*") and
the calculated void fraction® at the top of assembly is shown in Fig. 18. A simple relation
is observed among the values of fuel assemblies except only those adjacent control rods.

The correlations between A'°*'*" and A'*" were similar to those between A'**"**" and
A'"_ though they are not indicated explicitly here. The values with !54Eu can be used more
positively than those with '**Cs, when fuel assemblies have different irradiation histories,
because the half-life of '5*Eu is much longer than that of !3Cs.

5.3 Derivation of Assembly-Averaged Burnup and Pu/U Atom Ratio from NDA

From the results of the previous measurements on the fuels of the assembly A208),
it is concluded that A'*" and A"**'*" are good measures of the burnup and the Pu/U atom_
ratio, respectively, as shown in Figs. 19 and 20. The correlations are expressed as

burnup = a1 ¢ A", a7
Pu/U atom ratio = a,-¢-A"**""" -exp(—as ¢~ A7), (18)

where a,, a», and a, are constants, and ¢ and ¢  are coefficients which depend on measure-
ment conditions in NDA such as cooling times and detection efficiencies of gamma-rays.
The ratio of @;/a, was found as 67.2111.0 for the JPDR-I fuels at the date on March 1, 1973.
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Furthermore, the average burnup and Pu/U atom ratio in the assembly A20 were deter-
mined by using the combined data from DA and NDA. The results are shown in Fig. 21.
Since the measurements were performed with only 8 rods selected from typical positions in
A20, the values of the other rods were interpolated assuming their quadratic distributions
and diagonal symmetries in the assembly. The burnups in the unit of atom percent shown in
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Fig. 19 Correlation between non-destructively measured gamma-ray intensities of
B7¢s on fuel rods in assembly A20 and burnups determined by corre-
sponding destructive analysis on heavy elements and **8Nd.
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Follower
Corner
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2.28 2.27 2.28 233 ** . Average of two
values at the diag-
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Fig. 21 Distributions of burnup and Pu/U atom ratio in the assembly A20.

the figure were obtained by the Nd-method®) in which the cumulative fission yield of 1#8Nd,
0.01675'%), was used. The burnup in atom percent can be converted to that in MWd/tU with
a conversion factor 9500 MWd/tU/%, which corresponds to the fission energy of 200 MeV.

The average burnup and Pu/U atom ratio in each assembly were derived from the (A'*")
and (A'**"'%7) | respectively, by using the following equations.

(BU) (atom %)=529 X 107 A"*") (cps), 19)
(Pu/U)=0.1453 (A**137) exp(—9.7T( A'3*137)), 20)

in which the three constants were determined by using the above ratio of @s;/a; and assuming
that (BU) and { Pu/U) in the reference assembly A8 were the same as those in A20. The
results are listed in Table 3. Masses of Pu and U in each irradiated fuel assembly evaluated by
the following equations are also listed in the table.

Mass of U =(1—(BU)—(Pu/U)) X Initial mass of U, (1)
Mass of Pu =(Pu/U) X 239/238 X Mass of U, (22)

where 239/238 is a factor used to convert the atom ratio to the mass ratio of Pu/U.
5.4 Comparison between Burnup Calculation and NDA

The burnup and the nuclear material balance of the JPDR core has been calculated by
a combined code which consisted of FLARE and TERA?). The FLARE code'® and a few
subordinate codes were used to calculate the thermo-hydraulic and neutronic situation of the
operated reactor through the irradiation history in a three-dimensional model with coarse
meshes. The TERA code estimated the depletion and the production of fuel material by
solving the simultaneous equations for nuclear transmutations. The neutron flux distribution
and the flux level for TERA were supplied from the results of FLARE. The variation of the
nuclear constants were taken into account according to the changes of irradiation, void dis-
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tribution, and power distribution. The calculated results of assembly-averaged burnup and
Pu/U atom ratio are presented in Table 3.

The calculated results were compared with the measured ones from NDA as shown in
Figs. 22 and 23. As a whole, reasonable correlations are observed in the figures. However,
small systematic deviations remain among different groups of fuel assemblies. The burnups
calculated for assemblies located in the core periphery are consistently smaller than those
from the NDA as seen in Fig. 22. The calculated atom ratios of Pu/U show larger values for
assemblies belonging to the groups 4 to 6, while they are smaller for those of the groups 1
and 2, compared with the results from NDA as seen in Fig. 23.

In the calculation, the assembly burnup was determined by distributing the thermo-
hydraulically measured integral power to each assembly, according to the power peaking
factor evaluated by a one-group neutron-balance equation like
kRo—1

M?

Vg + ¢ =0, 23)

¢ ; neutron flux which produces power by multiplying a fission cross-section and
a fission energy,

k~ ; neutron multiplication factor in an infinite medium,

M? ; migration area of neutrons.

The effect of reflector on the peripheral assembly was taken into account by using an albedo
(or reflection rate of neutrons) of reflector. The amounts of Pu and the other heavy elements
were calculated by the transmutation equations with suitable one-group cross-sections of
corresponding reactions.

The discrepancies observed in the comparison between the results from calculation and
NDA suggest the following explanations to be acceptable.
(1) The fairly good agreement in burnups of almost all assemblies implies that the calculated
power peaking factors were reasonable, and therefore, the values of k- and M?, and their
changes with burnup were properly given in the calculation. However, there remains a place
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for further improvement of input values such as the albedo for assemblies faced to the re-
flector.

(2) Combining the results of comparison on burnups and Pu/U atom ratios, the one-group
cross-section for production of Pu might be slightly overestimated for almost all assemblies
except for those adjacent to control rods. It is difficult, in general, to evaluate the amount of
accumulated Pu with a one-group cross-section, because the reaction concerned depends
mostly on neutrons of resonance energy, and the ratio of resonance neutron flux to thermal
neutron flux varies with positions in the core and degrees of burnup, especially in a BWR.

The total amount of Pu in the reprocessed assemblies determined by chemical and
volumetric measurements on dissolved solutions!S) is considered to be a good reference for
the above comparison. Among the 72 assemblies submitted to the NDA, 71 assemblies except
A8 were shipped to the Tokai Reprocessing Plant and dissolved into 19 batches which consist
of 2 to 4 assemblies of similar irradiation condition. The amount of Pu in each batch was
determined at the accountability vessel of input solutions for the following extraction process.
Since there were indefinite contaminations among different batches due to tank-heels, only
the total amount of Pu in all batches was usable as the reference. The value was 6.98 kg,
while the corresponding values from NDA and calculation were 7.11 kg and 7.25 kg, respec-
tively. It should be taken into consideration that a small amount of Pu is accompanied by
hulls in the disolving process, and not accounted in the measurement at the accountability
vessel. The amount is, usually, less than 1% of the total amount. Therefore, it could be con-
cluded that the NDA made better estimation of Pu-build-up compared to the calculation.
Thus the non-destructive gamma-ray spectrometry is usable to assure an accuracy of burnup
calculation, in a good combination with destructive analyses.

Other than the measurement at the accountability vessel, solution samples were taken out
of the dissolver vessel for the individual batches and submitted to precise chemical analyses.
As the contaminations among different batches hardly occur in the dissolver vessel, the results
from chemical analyses will provide the best reference for further examination on the
accuracies of NDA and burnup calculation. The results on dissolver samples will be reported
elsewhere in near future.
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6. Conclusions

Non-destructive gamma-ray spectrometry was carried out on the whole-core assemblies
of the JPDR-I, a BWR, using the gamma-scanning spparatus installed temporarily in the fuel
storage pool. Gamma-ray intensities of fission-product nuclides such as ¥’Cs, 13*Cs, and '*Eu
were identified in the measured spectrum at several points on each assembly surface, and
average values of the intensity of *7Cs and the intensity ratios of !3*Cs/!3’Cs and **Eu/"3"Cs
were obtained for individual assemblies.

The effect of gamma-ray shielding inside an assembly upon the assembly-averages of
the intensity and the intensity ratio was investigated in consideration of the difference in
radial power distributions. It was found that the four-sides measurement for each assembly
gave a difference of only about 6% in the assembly-averages between the cases with and
without the control rod sorrounding the assembly, in which the radial power distribution
changed from concave to convex owing to the control rod insertion.

The point-wise '3*Cs/!¥7Cs intensity ratio was correlated with the 37Cs intensity. The
correlation showed a marked dependence on the neutron spectrum, that is, the gradient of
the correlated line increased at the position of harder neutron spectrum owing to the effects
of steam void and control rod, while it decreased near the reflector where the neutron spec-
trum was softened by the reflecting-back of well-thermalized neutrons.

The average burnup and Pu/U atom ratio in each assembly were derived from the
assembly-averages of 137Cs intensity and the '3*Cs/!37Cs intensity ratio, respectively, utilizing
the correlations established in the previous experiment on a standard assembly of the JPDR-I.
The non-destructively determined burnup and Pu/U atom ratio were compared with the
calculational results. Although some discrepancies were pointed out for further investigations,
good agreements were found between the experimental and the calculational results.

The amount of Pu build-up in each assembly was calculated by using the initial weight
of U and the experimental burnup and Pu/U atom ratio. The calculated amount of total Pu
for the assemblies subjected to reprocessing agreed quite well with the amount reported from
the reprocessing plant.

Thus, the non-destructive gamma-ray spectrometry technique was satisfactorily applied
to the spent fuel assemblies from the BWR, in which the spatial variations of power and
neutron spectrum were considerably complicated owing to the effects of control rods, water
gaps, steam void formation and reflector. The effects were minimized by averaging the mea-
sured data on every four sides, and by taking correlations between the values of the same
dependence on neutron spectrum.

Measurement capability of burnup and fissile contents of irradiated fuels is one of the
most important measures in accomplishing the effectiveness of nuclear safeguards and the
performance of nuclear facilities. A good combination of NDA and DA provides substantial
information on burnup and Pu build-up with a relatively little experimental effort. It is re-
commended that each facility concerning nuclear material accounting of irradiated fuels
should be equipped with a built-in apparatus for NDA measurements with a sufficient preci-
sion in order to accumulate the further information and to demonstrate the applicability
of NDA to various fuels.
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Appendix 1

Non-Destructively Measured Gamma-Ray Intensities and
Intensity Ratios on the JPDR-I Fuel Assemblies

27

The measured gamma-ray intensities of 37Cs(662 keV), '3*Cs(796+802 keV), 'S*Eu
(1275 keV), and '*#Ce-Pr(2186 keV) were corrected for several items described in Section
4.1. The corrected data were used to obtain the intensity ratios of !34Cs/!37Cs, 54Eu/!37Cs,
(134Cs/137Cs)/137Cs, and (Y5*Eu/137Cs)/!37Cs. These data are listed in the following table.
The measurement position is expressed by three parameters explained below.

PLANE ;

Z
X

3

b

measured side of an assembly shown in Fig. 5.
axial distance from the assembly center.
radial position. X = 0, 1, and 2 correspond to the center axes of fuel rods
located at the positions of ¢ (orj ) = 3, 6, and 1 in Fig. 11, respectively.

Symbols of 134/137 and 154/137 denotes the intensity ratios of '*Cs/¥"Cs and
154Ey/137Cs, and those of 134/137/137 and 154/137/137 the ratios of 134/137 and 154/137
to the intensity of ¥7Cs (cps), respectively.

ASSEMBLY PLANE  Z(MM) X RUN NQ, CS137(CPS) (CS134(CPS) tU154(CPS) PR144(CPS)  134/137 1547137 13471377137 3156/137/337
Als 3 =428.0 O 18 0.20202E+02
3 =61.0 0 19 0.29441E+02
3 61,0 ¢© 20 0,29922e+02
3 428,00 C 21 0.23232E+02
ATS 3 -428,0 23 0.20583€+0¢
3 =-61,0 © 24 0.26450E+02
61.0 0 25 0,26137€+02
3 428.0 0 26 0.20411E+02
Als 3 ~428,0 O 27  0,24928E+03 0,2122E+01 0,1971E+00 0,8514E-02 0,7907E-03 0.2416E-04 0,3172€-~05
3 ~61,0 ¢ 28 0.,27267E+U)  0,2504E+01 U, 2240E+00 0,9163€-02 0,8215E-03 0,3368E-04 0,3013E-05
3 61,0 0 29 0.26009E+03 0,2502E+01 0,2130€+00 0,9621E-02 0,8192€~03 0,3700E=04 0,3150€-05
3 _428.0 30 0,19453E+03 0.1688E+01 C.1076€+00 0,8677€-02 0,5529E-03 0,4461E-04 0,2842E-05
A59 4 =428,0 0 32 0,27570€+03 0.9842E+00 U,1805E+00 0,35706=02 0,6548E=03 0,1295€-04 0,2373€-05
A =61.0 0 34 0.29722E+03 0.1372€+01 0,2070€+00 0,46166-02 0,6966E=03 0,1553E~04 0,2344E-05
4 61,0 v 35  0,28831E+03  0,1393k+01 U,1822€+00 0.,4831E=02 0,6319E=03 0,1676E-04 0,2192E~0%
4 428,00 G 36 0,22279€+03 0, 7943E+00 0.1354E+00 0,3565E-02 0,6078E-03 0,1600E~04 0,2728E-05
AT2 3 ~428,0 O 37 0.30566E+03 0,1771E+01 0,2351E+00 U, 2T95E=02 0,7691E~03 0,1896E=-04 0,2516€-0%
3 ~=61.0 © 38 0,36331E+0) 0,2837E+01 0,3952E+00 0,78)0€-02 0,1088E~02 0,2150E~04 0.2994£-05
3 61.0 © 39 0,36456E+03 ,2530£+01 U,3515€+00 0.6941E-02 0,9642E-03 0,1904E=04 0,2645€-05
3 428,0 © 40  0.30746E+03 0,1692E¢01 0,34HTE+L0 0,5503E-02 0,1134E-02 0,17906-04 0,3689€-05
Ale 3 =428,0 0 41 0,22176E+03 0,8871E+00 0.115TE+0U 0,4000£-02 0,52176~03 0,1804E-04 0.2353E-05
3 -61.0 0 42 0.24765E+U3  0.9179E+00 U, 1644£+00 0,37TU3E-02 0,6635E-03 0,1694E-04 072677E-05
3 61,0 o 43 0,2392z6E+U3  0,9461E+00 U, 1394E+00 0,3954E-02 0,5825E-03 0,1653E-04 0,2435€=-0%
3 428.,0 O 44  0,18656E+03 0,3919+00 0.9192E-01 0,3173E-02 0,4927E-03 0,1701E~04 0,2641E-05
AS0 4 =428,0 0 50 0,46488E+03 0,2681E+01 U,4015E+00 0.,5767€=02 0,8638E-03 0,1241E-04 0,1858E-05
4 =61.0 O 51 U,60333E+03 0,5108€+01 0,7261E+00 0.8467E=02 0,1204E-02 0,1403E-04 0.1995€-05
4 61,0 0 52 0,63000€+03 0,5009E+01 C,8812€+00 0,8079g-02 0,1399€-02 0,1282E-04 0.2220£-0%
4 420.0 O 53 0,53554E+03 0,4UT2E+01 0,6178E+00 0,7604E-02 0,1154E-02 0,1420€-04 0.2154£-0%
Ab2 4 -428,0 O 57 0,6456TE+03  0.4078E+01 U,5951E+00 0.2534e-01 O0,03}6E=02 0,9217€E-03 0,9782E-05 0,1427E-05
4 =61,0 0 56  0.64326E+03 (.538TE+Gl  U,8572€+00 0,8373g=-02 0,1333E-02 0,1302E-04 0,2072€-05
4 61,0 O 5%  0.,63R50E+U3  0.5588E+U1 U.8060E+00 0.8752E-02 0,1262E-02 0.1371€-04 0.1977€-095
4 4286,0 O 54 0,5%60T€E+0U3  0,3905k+01 U.5526E+00 0,7023€E=-02 0,9937€-03 0,1263E~04 0.1787E~05
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ASSEMBLY PLANE Z(MM) X RUN NG. (C5137(CPS) (51341CPS) LU154(CPS) PR144(CPS) 1347137 1547137 134/137/137 154/131/137

A3 1 -672,0 © 69  0,32798k+03 0.1706£+01 U,2222E+00 0,5200€-02 0,67756-03 0,158%€-04 0.2066€-0%
1 =428.0 © 70 0.73817E403 0.76166+01 .1005E+01 0,10326-01 0,1362E-02 0,1398€-04 0,1845E-0%

1 -420.0 1 72 0,77590E+03 (.0836k«01l U,9012E+00 0.8811E=-02 0,1161E-02 0,1136E-04 0,1497€-05

1 ~420,0 ¢ Tl 0,93025E+03 0,1257€+0¢ 0.1858E+01 0,13526<01 0.1997€-02 0,1453E-04 0.2147€-05

1 =61,0 © 73 0,824526+03 0,9850E+01 U,1300E+0L 0,1195€~01 G,1577€-02 0.1449€-08 0.1913E-05

1 61,0 © T4 0.80448E+C3 0.1022E+02 0,1314+01 0,127G£-01 0,1633€E-02 0,1578E-04 0,2030€-05

1 428.,0 0 75 0.63505€+03 (,b928E+0) 0,8557E+00 0.1091€-01 0,1348E=02 0,1718€-04 0.2122E-0%

1 428.0 12 TT  U.75014E+03  0,6594E+0) U, 8623£+00 0,8790E-02 0,1149€-02 0,1172E-04 0,1532€-0%

1 428.0 & 76 0.B1794E+U3 0,1094E«02 0,1273E+01 0,1338€-01 0,1556E=02 0,1635E-04 0,1903E-03

1 650.0 0 T8 0.36925E+03 (.2026E+01  0.2292E+00 0,5486E=02 0,6207E-03 0,1486€~04 0,1681E-05

2 -672.0 © 87  0.34529E+03 G.l697E+0L 0,2449E+00 G.4916E-02 0,7091E-03 0.1424E-04 0,2054E=0S

2 -428,0 0 88  0,75991E+03 0,T931E¢01 0,1033t+01 0,3205€=01 0,1044E-01 0,1359E~02 0,1373E-04 0.1788E-05

2 -428,0 ) 86  0.,77886E+03 0,6558E+01 0U,9754E«00 0.8420€-02 0,1252€=02 0,1081E-04 0,1608E~05

2 «428,0 2 85  0.97160E+03 0.1275E+02 0.1791E+01 0.13126-01 0.1844E-02 0,1330E~-04 0.1897E-05

2 =-61.0 0© 84 0,83556E+03 0,1013E+02 0,1424E+0] 0,1212€-01 0,1704E-02 0,1451E-04 0,2039E-05

2 61,0 0 83 0.82283k+03 0.1032E+02 U,1343E+01 0,1254g~01 0,1632E-02 0,1524E~04 0.1984E-05

2 a28,0 O 80  0.65753E+0) 0.6819E+01 0.7492E+00 0,1037€~01 0,1139€-02 0,1577E=-0% 0.1733E-0%

428,0 ) 82  0,70509E403 0,5845E+01 0,9021E+00 0.8289E~02 0,1279E-02 0,1376E-04 0.1815€-05

2 a28,0 2 81  0,83700E+03 0,1097€+02 0,1360+01 0,13106-01 0,1625E=02 0,1565€-08 0,1941€-0%

2 650.,0 0 719  0,37961E+03 0,1961E+01 0,2370£+00 0,5166E=02 0,6243E=03 0.1361E-04 0,1643E=0%

3 672,0 © 89  0,25265E+03 0,73856+00 0,9322€-01 0,2923£-02 0,3690E~03 0,1157€-04 0.1460€-03

3 -428,0 O 90  0.57740E+03 0,4096E+01 0.,5795€+00 0,7043€-02 0,1004E~02 0,1228E-04¢ 0.1738E-05

3 ~428,0 ) 92 0.46495E+03 0,2263E+0) U,4116E+00 0,4868E=C2 0,8852E~03 0,1047E~04 0,1904E=-03

3 -420,0 2 91  0,81568E+03 0,71957E+01 0,1177k+01 0.9755€=02 0,1443E=02 0,1196E=04 0.1769€-05

3 =61.0 0O 93 0.64292E+03 0,5493E+01 U, 88026+00 0,8543€-02 0,1369E~02 0,1329E-04 0.2129€-0%

3 61,0 0 94 0.,64851E+03 0.5379E+01 0, 7350£+00 0,8294E-02 0,1133£-02 0,1279€-04 0.,1748E-05

3 428,0 O 95  0.51335E+03 (.3619E+01 U, 5664E+00 0,7050€~02 O0,1103E-02 0,1373E<04 0,2149€-05

3 428,0 1 97  0.456TZE+03 (.Z855E+01 0,4612E+00 0,6260E-02 0,1010E=02 0,1371€-04 0,2211€-05

3 428,0 2 96 0.733G9E+03 0.6813E+01 0,1146€+01 0.9296€-02 0,1563E-02 0,1268€-04 0,2132E-0%5

3 $50.0 G 95  0,28890E+03 0.106BE+UL 0,1596E+0C 0.3689€-02 0,5525€-03 0,1277€-04 0,1912E-05

4 ~672,0 0 107 0,24798E+03 0.7352E+CO 0, 1085E+00 L.12969€-02 0.4377€=03 0,1196€-04 0.1765E-0%

4 -420,0 0O 108 0,56396E+03 G,3865E+01 U,5849E+00 0.2496E-01 0,6853£-02 0,1037E-02 0.1215£-04 0.1839€-05

4 -428,0 1 105  0.474826+03 0,2613E401 0,457TE+00 0,55026-02 0,9640€=03 0,1159E-08 0,2030E-05

4 -420,0 2 106 0.7633TE+03 0.6993€+C1 0.1137E+01 0,91606-02 0,1489E~02 0,1200E-04 ©0,1950€~0%

4 =61,0 0 104  0,63781€+U3 0,533BE+0L U, 7549€+00 0.6370E~02 0,1184€=02 0,13126-04 0.1856E=03

4 61,0 0 103 0.63674E+03 0,95520E+01 0,8419E+00 0,8681E~02 0,13226-02 0.1363E-04 0,2077E~05

4 428,0 O 100 0.,52300E+03 0,4060E+01 ©,5213E+00 0.7763E-02 0,9967E-03 0,1484E-04 0.1906E-05

4 428,0 1 102 0,4B045E+03 0,3146E+01 U, 4736E+00 0.6548E-G2 0.9856E-03 0,1363€-04 0.2051€-05

4 428.0 2 101 0,74322€+03 0.7076E+01 0.9784E+00 0,9521€=02 0,1316E-02 0©,1201E«04 0,1771E-05

4 6500 0 99  0,28461E+03 0.1131E+01 0,1481E+00 0,39726-02 0,52026-03 0,1396E-04 0,1828E-0%

ASS 4 ~428,0 © 110 0,57953E+03 0,4076E+0)  0,6552€+00 0,7036€=02 0,1131€-02 0,1214E~04 0,1951E-05
4 =61.0 © 111 0.78864E+03 0,8523E+01 U,1215E+01 0,1081¢=01 0,1%40E-02 0,13706-04 0.1953E-03

4 610 0 112 0,85744E+U3  0,1035E+02 U,1406E+01 0,1207E-01 0,1640E-02 0,1407€=04 0,1912€-05

4 420.0 O 113 0,75316€+03 (C.8116E+01 U,1246E+01 0,10786-01 0,1654E-02 0,1431E=04¢ 0,2196€~0%

A6) 1 -428,0 © 118 0,45351E+03 0,2302E+01 0U,3617E+00 0,1816E~01 0,5077€=02 0,79T5E-03 0,1119€-04 0,1759E-05
1 -61,0 0 116 0,63928E+03 0,5426E+01 U, 8492E+00 0,8231E-02 0,1288E=02 0,1248E-04 0,1934E=03

1 61,0 0 115 0,71018E+03 0.6791E+01 U,9494E+00 0,9563E=02 0,1337E-02 0,1347E=04 0,1882E-05

1 428.0 O 114 0,6427BE+03 0.9862k+01 0,9667E+00 0,9120€-02 0,1504E=02 0,1419E-04 0.2340E-0%

AbS 1 -420,0 O 119 0.51671E+03 0,3351E.01 0.3150€400 0,6486E~02 0,9967/E-03 0,1293£-04 0,1929€-05
1 -61,0 © 120 0.74261€+G3 0,7021E+01 0,1063E+01 0,9454¢-02 0,1431E-02 0.1273E~-04 0,1927E-05

1 61,0 ¢ 121 0,73732E+U3 0,81UBE«01 0,1146E+01 0,1100E-01 0,1555E=02 0,1491E-04 0,2109E-0%

1 428,0 O 122 0,67876E+03 0,7143k+01 U,1041E+01 0,10526-01 0,1534E-02 0,1550E-04 0,2260€-05%

A 1 =420,0 © 128 0.61267E+03  0,5091E+01 0.7631E+00 0,2742€-01 0,8312<02 0,1249E-02 0,1357E-04 0,2040E-0%
1 =610 0 126 9.11a7ozo03 0.7U92E+01 U, 1042E+01 0,99236-02 0,14%8E~02 0,1388E-04 0,2040€-0%

1 61,0 0 125  0.,71425€+63  0,7531k+C1l  U,1133E+01 0,1054E=01 0,1586E-02 0,1476E-04 0,2220€-05

1 420,0 © 123 0,58773E+03 0.4897k+01 0,7144£+00 0.,8332E~02 0,1216E~02 0,1418E-04 0,2068E-09
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ASSEMBLY PLANE 2(MM) X RUN NO, CS137(CPS) (CS134(CP5) EUL54(CPS) PRL44(CPS)  134/137 156/137 13471377137 15%/131/137
A3 1 -672.0 © 129 0,32826E+L3 0,1396E+0) (.2140E¢00 0,4253E-02 0,6514E-03 (,1296E-04 0,1986E-0%
1 -428,0 0 130 0.70728E+03 (,6224E+0L U, 9064E+00 0.8800E-02 0,1282E=02 0,1244E-04 0.1812E-05

1 -420,0 1 132 0,1039%€+04 0,1380E+02 0,1949¢+01 0,1327e-01 0,1875€=02 0,1276E-04 0.1803£-05

1 -420,0 2 131 0.,67709E+03 0,5623E+01 U, 8160£+00 0,8304€-02 0,1205€-02 0.1226€-04 0,1780E-0%

1 ~61.,0 © 133 0. TS085E+U3 0,8658€+0)1 0,1203E+01 0,1109€-01 0,15¢1E-02 0,1420€-04 0,1973E-0%

1 61,0 0 134 0. 77442E+03 0,8666L+01 U, 1175E+0L 0.11196-01 0,1517€-02 0,1445E=04 0,1939€-05

1 28,0 O 135 0,66245E+03 0,6711Ev0) U, 8687E+00 0,1013€-01 0.1311€=02 0,1529E-04 0,1980£-05

1 428,0 ) 137 0.97214EeuUd  0,1452E+02 0,2027€+01 0.1493€-01 0,2085E=02 0,1536E-04 0,2143E-0%

1 420,0 2 136 0.69703E+03 0,60T74E+01  0,8310F+00 0,8714g-02 0,1192E~02 0,12506-04 0,1710€-05

1 65%0.,0 0 138 0.33736E+0) 0,1423E+01  G,1958£+00 0,4220€-02 0,5808E-03 0,1252E-04 0.1723E-05

2 -672,0 0 147 0,31226€+03 0,1163E+0} 0,2085E+00 0,3726E-02 0,66785-03 0,1193€=-04 0,2139E-05

2 -420,0 0 150  0,b6288E+03 0,544 -0l 0.82156€+00 0.30706~01 0©,82126-02 0,1239€-02 0,1239E-04 O0.18T0E-0%

2 =428.0 1 146 0.75407€+G3 ©,7296E+01 0.1169e+01 0.9676E-02 0,1550E-02 0,1283E-04 0,2033E~0%

2 =428,0 2 145 0,78063E+03 0,64456+01 0,1007E+01 0,8257€-02 0,1290€-02 0,1050E-04 0,1653E-0%

2 -61.,0 0O 144 0.,75703E+03 0,7232E+01 0,1220€+01 0,9554€-02 0,1611E~02 0,1262€-04 0,2128E-03

2 6.0 O 143 0.76552E403 0,7956E+01 U,1134E+01 0,1039€-01 0,1482E=02 0,1358E-04 0,1936E=0%

2 A20,0 0O 140  0.62640E+C) 0,5706E+01 0,7428E+00 0.9109€-02 0,1186E-02 0,14%4E-04 0,1893€-05

2 420,01 142 0,73842E+03 0,8016E+01 0,9483E+00 0,1086E-01 0,1284E~02 0,1470E-04 0,1739E-03

2 4200 2 141 0,74761E¢03 0,73326+01 0,1060£+01 0,9804€~02 0,1417€-02 0,1311E-04 0,1095E-03

2_65%0.0 o 139 0.33683E+03 0,1502E+01 0,2456E+00 0,4460E=02 0,7291E-03 0,1324€=-04 0:2164E-05

3 -672,0 O 151 0,33968€+03 0,1508E¢01 0,2338E4+00 0,4439€-02 0,6883E-0) 0,1307€-04 0,2026£-05

3 ~a28,0 O 152 0,T71949E¢03 0,7235E+01 0,1054E+01 0,1006g-01 0,1465E=02 0,1398E-04 0,2030E-0%

3 ~428,0 1 154 0+99991E+03 0,1524E+02 0,2275E+01 0.1524€-01 0,2276E=02 0,1524E-04 0,2276€-03

3 ~428,0 2 153 0,75759k+03 0,6461E+01 U,9TTOE«OL 0,85206-02 0,1290E~02 0,1126E-04 0.1702£-03

3 61,0 0 15% 0, 77160E+03 0,911TE+01 0,1287E+0L 0.1182E~01 0,1668€~02 0,1931E-04 0,2162E-03

3 6.0 © 1%  0.T7616E+03 0,9766E+01 0,1364E+01 0.1258E-01 0,1758€-02 0,1621E-04 0,2265€-03

3 28,0 O 157 0.63471E+03 0,6619E+01 0,9095E+00 0.1043E-01 0,1433E=02 0.1643E-04 0.2257€-05

3 428,0 '} 159  0,87947E+03 0,1296E+02 ©.1804E+0) 0,14T4E-01 0,2051E-02 0,16T6E~GA 0,2332€-05

3 A28.0 2 158 0.75666E+03 0, T3T8E«0L  U,1004E+0L 0.,9751E-02 0,1327€=02 0,1209£-04 0.1753E-0%

3 6350.0 0 160 043337T3Ee03 0,1568E+01 ©,2282E+0u 0,4698E-02 0.6838E-03 0,1408E-04 0.2049€-05

4 -672,0 © 169  0.41979E+03 0.2361E+01 0©,3219€+00 U.5624E=02 0,7668E~03 0,1340E~04 0.1827E-05

4 =420,0 0 171 0.91501€+03 0©,1120€+02 ©,1454£+01 0.3478E~01 0.1224€-01 0,1589E~02 0,1337€-04 0.1737€-0%

4 -420,0 1 168  0.10123E+04 0,1479E+02 0,1829€+01 0,1461E=-01 0.1806E-02 0.1444E-04 0,1785€-05

4 -420,0 2 167  0,10799E+04 0,1464E+02 U,1874E+01 0,1356€-01 0,1733E-02 0,1256£-04 0.1607E~05

4 -41.0 O 166 0,10012E+U4 0.16477E+02 0,1893E+01 0,1476€=01 0,1890E=02 0,1474£-04 0.1880E-0%

4 61,0 © 165 0.,98627E+03 (0,1510€+02 0,1923e+01 0,1531E-G1 0,1949€=02 0,1553E-04 0,1977€-05

4 428,0 O 162 0,79828E+03 G.9663E+01 0,138%E+01 0,1236E-01 0,1735€=02 0,15486-04 0,2173€E~0%

4 428,0 1) 164 0.91732€+03 0.1366€+02 0,1615E+01 0,1511E-01 0,1761€=02 0,1648E~04 0.1919E-03

A 420,02 163 0,10194E+04 0,1458E+02 0,1906€+01 0,1430€-01 0,1870E-02 0,1403E~08 0,1034E-053

A 630.0 O 161 0.6190}[*0) 0.30038+01 0,3894E+00 0, T171€=02 0,9297E-03 0.1712€-04 0.2220E~0%

LYY 4 ~428,0 0 172 0.518T1E+GY  0,2988E+01 0,4517E+400 0,5761€-02 0,8708€-03 0,1111E-04 0.1679E-0%
4 «61,0 0O 173 0,59338E+03 0.4001€+01 U, 7348E+00 0,6743-02 0,1238E-02 0,1136£-04 0,2087E-05

4 81,0 o 174 0.,62115E+0) 0,4200E+01 U, 66B8E+00 0,67626-02 0,1077E-02 0,1089€~04 0,1733€-03

4 428.0 O 175 0.491T0E«03 0,2857E+0L 0, 4493E+00 0,5810E-02 0,9137€-03 0,1102E~0s 6.1lsli-oi

A27 2 -420,0 0O 130 0,62559E+03 0.6402E+01 0,8442€+00 0,3477E-01 0,1023E~01 0,1349E-02 0.1636E-04 0.215TE-03
2 =61,0 O 178 0,72284E+03 0,8387E+01 0,1095E+01 0,1160e-01 0,1514E-02 0,1605E-04 U.2095E-03

2 6.0 0 177 0,72980E+03 0,9054E+01 U,1107E+01 0,1241E=01 0,1517€-02 0,1700E-04 0,2079£-05

2 4200 0 176 0,37345E+03 0.5902E+01 U, 7362400 0.,1029£-01 0.1284-02 0,17956-04¢ 0,2239€-05

A39 4 =428,0 0 101 0.79741E+03 0,9255E+01 U,1041E+01 0,1222e-01 0,13756-02 0,1613E-04 0,1815E-0%
4 =61.0 0 182 0,85076E+03 0,1206E+02 U,1361E+01 0,1406E=01 0,1585E-02 0,1638E=04 0,1886€=03

4 61,0 0 183 0.84920E+03 0,1268E+02 U,1345E+01 0,1493g-01 0,1584£-02 0,1758E-04 0,1865E~0%

4 428,0 O 184 0,68207€+03 0,T89VE+UL U, 8240£+00 0,11576-01 0,1208E-02 0,1698E-04 0,1771E-05

T 3 -428,0 0 189 0,55086£403 (,58256+01 0,7704€+00 0,31156~01 0,1057€-31 0,1399E-02 0.1919€-0¢ 0,2539E-05
3 «61,0 O 187 0.B1401E+03 0,1403e402 U.1905E+0l 0,1724£-01 0,2340€-02 0,2118€-04 0,2075€=05

3 610 0 186 0.87726E+03 0,1729E+02 U, 2230€+01 0,1971E~01 0,2542E=02 0,2246E-04 0,2897€-05

3 428,0 185  0.64996E+ud  0,1701E+02 U,2160E+01 0,2001E-01 0,2541E-02 0,2354E-04 0,2949E-05

Adg 2 -428,0 0 190  0.,76T71TE+03 0,6921E+C) U,1087€+01 0,9021¢=02 0,1417€~02 0,1176E~04 0O,1847E-03%
2 -61,0 0 191 0,8T7196E+03 (0,9%86E+0) UL,1359E+01 0,1099€-01 0,1558€=02 0,1261E-04 O0,1787€-05

2 61,0 0 192 0,88349E+03 0,9743F+01 U,1313E+01 0,11036-01  0,1486E-02 0,1248E~04 0,1682E-0%

2 420,0 0 193 0,727026403 0,6947/E+01 0,9626€+00 0,95645€=02 0,13236-02 0,1311£-04 0,1818€-05
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ASSEMBLY PLANE 2(MM) X RUN NO. CS137(CP3)  (S134(CPS) tULS54(CPS) PR144(CPS)  134/137 194/137 13471377137 134/131/137
ATl 2 -428,0 0 198  0,66782E+03 0.952B4E+G) U, 8502F+00 0.2757E~01 0.7912€-02 0©,1273E-02 0,1185€-04 0.1906£-03
2 -61,0 © 196  0,76078€¢U3  0.7260E+01 U, 1091E+01 0,9543E-02 0,1434E-02 0,1254E~04 0,1885£-05

2 61,0 0 195 0.76241E+03 0,7493t+01 0,1074E+01 0,98286-02 0,1408E-02 0,1209t-04 0,1047E-05

2 428,0 © 196 0,63096E+03 0.5448E+01 0,7162€+00 0.8635€-02 0,113%€-02 0,1369€-04 0.1799E-03

A21 2 ~428,0 O© 199  0,65195E+03 0,5103E+01 0U.8116E+00 0,7828E-02 0,1245€-02 0,1201E-04 0,1909€~05
2 -61,0 © 200 0,78310E+03 0,8U92E+01 U.1276E+01 0,10336-01 0,1629€-02 0,1319€-04 0,20806-03

2 61,0 o 201 0,77555E+03 0Q,1911E+01 0,1122€+01 0,1020E=01 0.1447€-02 0.13156~08 0,1866€-03

2 428,0 0 202 0,65464E+03 0,5TL/E+OLl  0.8194E+00 0,8733€=02 0,1252E-02 0,.1334E-04 0,1912E-05

Adg 2 -428.0 0 207 0,79223E+03 0,7425E+01 U,1054E+0} 0,35456=01 0,9372E-02 0,1330E-02 0,118)E-04 0.1679€-05
2 =61,0 © 205  0.88502E+C3 0,1008E+02 U,1552E+01 0,1139€-01 0,17546-02 0,12876-04 0.1962E-03

2 61,0 0O 204  0,87794E¢03 0,1004E+02 V,1377E€+01 0,1144E-01 0,1568E=02 0,1303€-04 0,1786E-03

2 420.0 0O 203 0.71192E+03 0,T351E+01 0,1073E+01 0,1033€-01 0,1507E-02 0,1450E-04 0,2117E-05

AT3 4 ~420,0 0 208 0,68080:+03 0,756UE+01 0,1073E+01 0,1110E=01 ©,1575E~02 0,1631E-04 0,2314E-03
4 -61,0 0 209  0,04620E+03 0,1267E+02 ©,1877€+01 0,14976-01 0,2210E-02 0,1769£-04 0,2621£-05

4 61,0 0 210  0,88003€+03 0,1383E+02 0,1938€+01 0,1571g=01 0,2202E=02 0,1785E~04 0,2302€-03

4 420,0 0O 211 0,71492€¢03 0,1009€+02 0,1255E+01 0,1411E-01 0,1755£=02 0,1974E-04 0,2453E=-03

A33 1 -428,0 0O 216 0,T7039E+03 0,8440E+01 0.1218€+01 0,3164E-01 0,1096E-01 0,1581E-02 0,14226-04 0.,2052E~03
1 =61,0 0 214 0.,894B0E«03 0,1247E+02 0.1639E+01 0.1394£-01 0,1831E-02 0,1530E~-04 0.2046E-0%

1 61,0 0 213 0,90795E¢03 0.1243€+02 0.1782€+01 0,1371€=01 0,1963E-02 0,1510€-04 0.2162E~0%

1 420,0 0 212 0.73876E«03 0,8908E+01 0,1209€+01 0,12066-01 0,1636E-02 0,1632E-08 0,2215€-05

AS4 3 -420,0 O 218 0,79319E+03 0,1018E+02 U,1436E+01 0,1283€-01 0,1810E-02 0,1610E-04 0,2282€-05
3 =61,0 © 217 P.B6LIDESGI  0,1333k402 UL 1TTIEOL 0,15506-01 0,2066€=02 0,1800E~04 0.2399E-03

3 61,0 0O 219 0.B5274E«G3  0.3320E+02 U,1977€+01 0,1548€~01 0,2319€-02 0,1815g-04 0,2719€-05

3 428,0 O 220  0,66TUVE+CY 0.889VE+U1 U, 1156E+01 0,13336-01 0,1733E-02 0.1998£-04 0,2599E~05

A24 1 -672,0 © 229  0,4231TE+03  0,2820E+01 0, 3759E+00 0,6664€-02 0,8863E~03 0,1575E-04 0,2099E-05
1 -428,0 0 231 0,96633E+03 0,1371E+02 U, 1777E+01 0,3824E=01 0,1419E-01 0,1839E~02 0,1469E-04 0.1903E~03

1 -420.0 ) 228 0,98626£+03 0.1530E+C2 U,2118E+01 0,1571E=-01 0,2148€-02 0,1993E-04 0.2178E-05

1 -428.0 2 227  0,10490E+04 0,1617E+02 0,2123E+01 0,1541E=01 0,2024E-02 0,1469E-04 0.1929E~05

1 -61.0 ¢ 226 0,10279E+04 0.1TObE+02 0,2325€+01 0,16606-01 0,2262E-02 0.1615€~-04 0,2200E-03

1 61,0 0 225  0.10322€+04 0.,17656+402 0,2499E+01 0,1710E-01 0,2421£-02 0,1656E-04 0,2343E~03

1 28,0 © 222 0.82872E+03 (,1196E+02 U,1642E+01 0,1443£=01 0,1962E-02 0,1T742E-04 0,2391E-05

1 420,0 1 226 0.91176E+03 0.1540E+02 0,1987£+01 0,1689€-01 0,2179€-02 G,1852€-04 0,2390E-05

1 420,00 2 223 0,89424E+03 0.1289E+02 0,1631E+U1 0,1442E-01 0,1823E-02 0,1612€-04 0.2039E-0%

1 65,0 0 221 0.49003€+03 0,4417E+01 0.4826E+00 0,9014€=02 0,9848£=03 0,1839E-04 0.2010E-05

2 ~672,0 © 240 0,41394E+03 0.,243TE+OL 0,3379E+00 0,5888€-02 0,8163E-03 0.1422£-04 0.1972E-05

2 =428,0 0 242 0,80247E+03 0,1072E+02 U,1500E+0l 0,3708E-01 0,12156~01 0,1700E-02 0,)376E-04 0,1927€<0%

2 -428.0 1 239 0.89831£+03 0.9403E+01 0.1300E+01 0,1047E-01 0,1448E~02 0,1165£-04 0,1611E-05

2 «428,0 2 238 0.11600E+04 (,1821E+02 0,2534E+01 0,1569€-01 0,2185€-02 0,1353E-04 0,1883€-03

2 =61,0 © 237 0.92298E+03 0.1296E+02 0,1833E+0) 0,1404E~01 0,1986E-02 0.1322€-04 0,2151E-0%

2 61,0 © 236 0,93526E+0) 0,1346E+02 0,1923E+01 0,1439€-01 0,1949€-02 0,1539E-04 0,2084€-0%

2 428,0 0 233 0.75017€+03 0,9339e+01 0,1325E+01 0,3232E-01 0,1747€=02 o.xbzas-bo 0,2305€~03

2 420.0 1 .23%  0,80524E+03 0,953TE«01l 0.1411E+0) 0,1077E=01 0,1594E~02 0,1217E-04 «0.1800E~03

2 20,0 2 234 0,99675E+03 (.1582€+02 0,2204E+01 0,1588E-01 0,2211E-02 0,1593E-04 0,2218€-05

2 6%0.0 0 232 0,44443E+403 0.3305E+01 0,4312E+00 0,7436E-02 0,97026=03 0.1673E-04 0,2183E~05

3 ~672,0 0 248 0,40587€+0) 0.1874E+01 0,3133E+00 0.4606€-02 O,7701E-03 0,11326-04 0.1893E-05

3 ~428,0 0 247 0.867TOE+03 0,8986E+01 0,1294E+0l 0,1036E-01 0.1492€E~02 0,1194E-04 0.1T719E-0%

3 =428,0 1 246 0,88839E+03 0,1027£+02 U, 1604E+01 0,1156g-01 0,1806€E-02 0,1301E-04 0,2033€-05

3 -428.0 2 24%  0.987206+03 0,1132E+02 U, 1686E+0L 0.1147g-01 0,1708E-02 0,1162€-04 0,1730€-05

3 -61,0 0 249 0,98436E+03 0.1234€+02 U,1680E+01 0,1254E-01 0,1707E-02 0,1274€-04 0,1734E-03

3 61,0 © 250  0.98883E+U) 0,1264E+0L2 U, 1886E+UL 0,1278E-01 0,1907E-02 0.1293€-04 0.1929€-03

3 428,0 0 251 0.82947E+03 0,8351E+01 U,1291E+0) 0.1067E-01 0,1556E-02 0,1286E-04 0,1876E-05

3 428,0 1) 244 0,BB934E+03 (.1096E+02 0,1502E+01 0,12336-01 0,1689€=02 0,1386E-04 0,1039E~-05

3 420.0 2 243 0.94061E+03 (,108lE+U2 0,1423E+01 0,1149€-01 0,15126=02 0,1221E-04 0,1600E£-03

3 650.0 O 252  0.46373E+03 0,3089E+01 U, 3789F+00 0,6661E-02 0,8170E-03 0,14366-04 0,1762€-05
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Appendix 1 Non-Destructively Measured Gamma-Ray Intensities and

Intensity Ratios on the JPDR-I Fuel Assemblies 31

ASSEMBLY PLANE 2(MM) X RUN NO, CS137(CPS) (S5134(CPS) EULIS4(CPS) PR144(CPS) 1347137 1547137 13471377137 154/131/137
4 =672,0 © 259 0,34836E+C3  0.1999€+01 u.276~£~uo 0,9737€-02 O0,7T62E-03 0,1647E-0¢ 0.2228E-05
4 ~420,0 0O 263 0,77028E+03 0,9910E+01 0,1390E+01 0,35126-01 0,1287g-01 0,1804E-02 0,1670£-04 0,2342E-03
4 =420,0 ) 261 0,89548E+03 0.1021E+02 0,1381E+01 0,1140g=01 0,15426-02 0,1274E-04 0.1722€-0%
4 -428,0 2 260 0,10096E+04 0,1695E+02 0,2533E+01 0,1679€-01 0,2509€-02 0,1663E-06¢ 0,2485E-05
4 ~61,0 0 258 0.84749€403 (0,1303E+02 0.1856E+0i 0.15386-01 0,2190E-02 0,1815E-04 0.2383E-03
4 61,0 0 257 0.84643E+U3 0.1303E+02 0,1739E+0l 0.1539€-01 0,2054E-02 0,1818E-04¢ 0,2427E-0%
4 428,0 0O 254 0,689728+03 0,9150E+01 0,1250E+01 0,1327€-01 0,1813£~02 0,1923E-04 0,2629€-03
4 420,01 2%  0,92357E+03 0,1178E+02 0,1477E+0) 0,1216E~01 0,1599E~02 0,1382E-08 0.17326-05
o 428,0 2 255  0.91480E+03 0.16456+402 0,2359€+01 0.1790€-01 0.2568E=02 0,1949€~04 0,2793E£-03
4 650.0 0 253 0.37489E+03 0,2411E+01 0.3821E+00 0.64306-02 O0,1019E-02 0,171%6-0¢ 0,2719E=05
A4y 3 -428,0 0O 264  0,59831E+03 0,6539E+01 U,8753E+00 0.1093£-01 0,1463E-02 0.1827E-04 0,2445E-03
3 =61,0 0 265  0,10294E+04 0,2015E+02 U, 2648E+01 0,1957€-01 0©,2573€-02 0,1901E-04 0,2499€-03
3 61.0 O 266 0,11000€+04 0,24T4E+0z 0,3333€+01 0,2249E-01 0,3030E-02 0,2044E«06¢ 0,2753E-03
3 4200 O 267 0,11308E+04 G,2780€+02 0,3752€+01 G.2450E-01 0,3318€=02 0,2174E-04 0,2934€-~03
A8 1 =672,0 © 276 0.14966E+03 0.5117E+00 0,5848F-01 0.3419g-02 0,3908E=03 0,2284E~04 0-26115405
1 -428,0 © 278 0,41645E+ud  0,3740E+01 U,5395E+00 0,2321€-01 ©,8980£-02 0,1293E-02 0,21%6€-04 0,3111E-0%
1 =428,0 1 275  0,58088E+ud  0,5921k+01 0,9055E+0C 0,10196-01 0,1559€-02 0,175%€-04 0.2604E-05
1 -428,0 2 274 0.31091ke0d 0,1057E+C1  0,3259E+0C 0,5974g=02 0,1048E-02 0,1921E-04 0.3371€-03
1 =61,0 0 273 0,10550E+04 0,2083E+02 0,2862E+01 0.,1973€-01 0,2711E-02 0,1869E-04 0,2367E-03
1 61.0 0© 272 0.11228E+04 0,2535E+C2 0,3389E+01 0,2298€=01 0,3018E~02 0,2011E-04 0,2688E-05
1 28,0 0 269 04130841E+us  0,3300k+0z U, 4245E+01 0,2530E=01 0,3255€-02 0,1940E-04 0,2496E-05
1 428,0 2 271 0,14616E+04 (,3920E+G2 0,5383E+01 0.2682E-01 0,3683E-02 0.18356-04 0.2520E-0%
420,0 2 270 0,142%9E+U4 0,3B69€+Cc¢ 0,5182F+01 0,2713€-01 0,3634E=02 0,1903E-064 0,2548E-05

1 650.0 0 268 0,78167E+03 0,1140E+02 0,1550E+01 0,1450E-01 0,1982E-02 0.1866E-04 0.2536E-05
2 ~672,0 0 288 0,15159E+03 0.4230E+00 0.9880E-01 0,2790€-02 0,6518E~03 0.1841E-04 0,4300€~05
2 -428,0 © 285  0,40109E+03 0,3963E+01 0,4961F+00 0,9881€-02 0.1237E-02 0.2463E-04 0,3084E-03
2 ~428,0 1 287  0,57530E¢03 0.6133E+UL 0,9182€+00 0,1066E-01 0,1596E-02 0,1853E-08 0,2774€=03
2 ~428.0 2 286  0,338G4E+03 0,2912E+01 U,3562F+00 0.8614E-02 0,1054E-02 0,2548E-04 0,3117€-05
2 =610 O 286  0,10656E+04 0,2059E+02 ©,2839E+01 0.,19326-01 (,2664E=02 0,1813E-04 0,2500€~05
2 61,0 0 283  0,11519E+04 0,2535E¢02 ©,3440E+01 0.2201€-01 0,2986E-02 0,1910E-04 0.2393€-03
2 428,0 O 280  0,13452E+04 0,338BE+02 0,4343E401 0,2519€-01 0,3228E-02 0,1872€-04 0,2400€-05
2 420,01 282 0,13005E+04 0.3360E+02 0,4838E+01 0,2583£-01 0,3720E-02 0,1987€-04 0.2860E-03
428,0 2 281 0,15542E+04 0.4164£+02 0,55TeE+0l 0,2679E-01 0,3587E-02 0,1724E~04 0,2308€-05

2 650,0 0 279 0,795642E+03 0.1193E+02 U.1382E+01 0,15006-01 0,173TE=02 0,1886E-04 0,2134E-05
3 -672,0 0 289  0,22340E+03 0.8051E+00 0,8468E-0) 0.3604-02 0,3T90E=03 0,1613g-04 0,169TE-03
3 -420.0 O 290 0,60907E+03 0,6531E+01 0,8633E+00 0,10726-01 0,1417€-02 0,1761E-04 0,2327E-03
3 -428,0 ) 292  0,6601TE+03 0,7468E+01 0,1008E+0L 0,1131€-01 0.1527E=02 O0,1714E-04 0.2313€-03
3 -420,0 2 291 0,53910E+03 0.5125E+01 0,7377£+00 0,9%06E-02 0,1368E-02 0,1763E-04 0.2338E-03
3 =610 O r32] 0.10740E+04 0,2203E+02 0,2768E+01 0,20516~01 0,2578E-02 0,1910€-04 0.2400€-05%
3 61,0 0 294 0,11432E+0% 0,2630£402 0,3638€+01 0,2300g-01 0,3183E=02 0,2012E~04 0.2784€-0%
3 4280 O 29 0.11724E+04 0,2890E+02 0.3999€+01 0,246%€=01 0,34116-02 0,21026-04 0,2910€-05
3 420,00 1 297  0,12468E+04 0,3201E+02 0,4100E+01 0,2567E=01 0,3288E-02 0.2059£-o~' 0,2637E-03
3 428,0 2 296 0.13471€+04 0.3585%E+02 0,4690E+01 0,26626-01 0,3482E=02 0,1976E~04 0,2585€-05
3 650,00 298 0.6T06BE+03 0,9770E+01 0.1309€+01 0,1437E-01 0,1953€-02 0,2173E-04 0.2913E-03
4 =672,0 © 307  0,2156TE£+03 G.7963E+00 0.1753E+0C 0.3692€=07 0,8126€-03 0,1712E-04 0,3T64E-05
4 ~-420,0 O 309  0.58336E+03 0,6104E+01 0.8176E+00 0,2475E-01 0.1046E-01 0,1402€-02 0,1794E-04 0.2403E-03
s -420,0 1 305  0.65214E+03 0,7921E+01 0,1077€+01 0.1215€-01 0,1652€=02 0.1863E-04 0.2533E-0%
4 =420.0 2 306 0.51201E+03 0,4912E+01 0, 5482€+00 U,9593E-02 0,106TE-C2Z 0,1874€-04 0.2084E-05
4 -b1.0 O 304 0.10960E+04 0.2307€+02 U,3118E+01 0.2105€-01 0.2845E-02 0,1920€-04 0,2596E=0%
4 61,0 © 303 0,11869E+0¢ 0.2T18E+02 U,348T€+01 0.2290£-01 0.2938€-G2 0,1930E-04 0,2475E-05
4 428,0 0 300 0.12212E+0% 0,3113E+02 0.4164E+01 0.2549E-01 0,3410E-02 0,2087€-04 0,2792E-05
4 428.0 1) 301 0,123856+04 0.3196E+02 0, 4293e+01 0,2580€-01 0,3466€-02 0,2083E-04 0,2798E-0%
4 428,0 2 302 0.,13844E+04 ©,3782E+02 0,5022E+01 0,2732E-01 0.3627€~02 0,1973E-04 0,2620€-05
4 650.0 O 299  0.,68933E+03 0,1005€¢02 U.1299E+01 0.1457E-01 0.1884E-02 0,2113€-04 0.2732E-05
AS1 3 -428,0 0 310 0,T2805E+03 0,933%€+C1 U,1259E+01 0.1202g=01 0,1729E=02 O,1T61E~04 0.2374€-05
3 61,0 0 311 0,11002E+G4 0,2378E+02 U,3123£+01 0,21626-01 0,2838E-02 0,1965£-04 0.,2580€-03
3 61,0 0 312 0.11859E+U4 0,2719E+02 U,3717€+01 0,22926-01  0,3134€=02 0,1933€~04 0,2643E-05
3 428,0 © 313 0.i1435E+G4 0,2643E+0¢ 0,3618E+01 0,2311€-01 0,3164E-02 C,2021E-04 0,2767E-05
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ASSEMBLY PLANE 2(MM) X RUN NO, CS)137(CPS) CS134(CPS) EULS4(CPS) PR14&(CPS)  134/137 158/137  134/137/137 154/137/1317
A9 4 -428,0 0 314  0,841C2E+03 0,1251€+02 U,1481€+01 0,1487€-01 0,1761€-02 0.1768E=04 0,2094E£-09
4 61,0 0 315 0.11212E+04  0,2346E+02 0,3221E€+01 0,2093€-01 0,2873€-02 0,1866E-06 0,2562E-0%
4 61,0 O 316 0,11471E+04 0,2626E+02 0,3523E+01 0.2290E-01 0,3071E~02 0,1996E~0¢ 0,2677E-~05
4 420,0 0 317 0.10603E+04 0,2398E¢02 U.3522E+01 0,22626-01 0,3321€=02 0,2133E-04 0,3132€-05
AL} 4 -420,0 © 318 0,51023E+03 0,4159E+01 0,6170E+00 0,61526-02 0,1209€-02 0,1598E-04 0,2370E-03
4 <61,0 0 319  0.61616E+G3 0,1173E+02 U, 1501€+01 0,1437€-01 0,1839E-02 0,1761E-04 0,2293E-05
A4 61,0 0 320  0,90958E+03 0,1530E+02 U, 2401E+0) 0,1689€-01 0,2640E-02 0,185TE-04 0,2902€-05
A 420,0 O 321 0,81762€+03 0,1237€+02 0,1805€+01 0.1513£-01 0.2208E-02 0,1850€-04 0,2700E-03
A29 4 -420,0 O 322 0.92003€+03 0,1058E+02 0,1563€+01 0,1150E=01 0,1699E=02 0,1250E-04 0,1846E~03
4 -61.0 0 323 0,11242E+04 0,1667E+02 U, 2383E+01 0,1482E-01 0,2119€~02 0,1)19E~04 0.1883E<03
¢ 61,0 O 324 0,11512E+04 0,1961£+02 0,2762€+01 0,1T03E-01 0,2000E-02 0,1479E=04 0,2004E-03
4 420,0 0O 325 0.10404E+0& 0,1655E+02 0,2260E+01 0,1590E-01 0,2172E-02 0,1329E=04 0.2088£-05
A37 4 =428.0 0 330  0,97796E+03 0.1227E+02 U,173TE+01 0,4653E-01 0,1254€-01 O0,1776E=02 0,1282€-04 0,1016£-03
4 =610 C 320 0,11495E+0% 0.1917k+02 0.2692E+01 0,1668€-01 0,2342E-02 0,1451E-04 0,2037€-035
4 61.0 O 321 0,11%69€+u4  0.1348EeU2 U, 2625E+01 0,1597€-01 0,2269€-02 0,1380E=04 0.1961E-05
4 420.0 O 326 0.98G98E«03 (.140TE+02 U.1885E+01 0,1434E=01 0,1921€-02 0,1462E-04 0,1930E-0%
Ad4 4 =428.0 O 331 0.81685E+03 0.1189E+C2 G,1581E+01 0.1456€-01 0,193%€=-02 0,17826~04 0,2)69E=0%
4 -61,0 0 332 0.90992E+03 0,1523E+02 0,1932E+01 0.1673E-01 0,2124E~02 0.1839E-04 0,2334E~05
4 61,0 0© 333 0.97188E+U3 0,1530E+02 0,2291E+01 0.1626E-U1 0,235TE~02 0,1673E-04 0.2423E~05
4 428,00 334 0.77G49E+03 (©,118BE+02 0,1565E+01 G,1542€-01 0,2032E-02 0,20026-04 0.2637€-05
A6S 3 -428,0 O 335  0.756156+03 0,10062E+02 U,1299E+01 0,140%€-01 0,1717€~02 0,1857€-04 0,2271E-0%
3 «61,0 O 336 0,11582E+04 0,2544E+02 ©,3568E+01 0,2197€-01 0,2080E=02 0,1897€-04 0,2660€-09
3y 61,0 0 337 0,11865E+uk  0,2T64€+402 0,3669E+01 0.2329€-01 0,3092E~02 0,1963€E=04 0.2606E-05
3 420,0 © 338 0.12079E+04 0.28U2E+02 U,4121€+01 0.2386E=01 0,3¢12E-02 0,1975E-04 0,282%€-03
A2 1 -672.0 ¢ 339 0.19154E+03 0,8914E+00 U, 1301E+00 0,4654E-02 0,6790E=03 0,2430£-04 0,3545E-05
1 ~420,0 © 340 0,51597E+03 (,5732E+01 0U,8161E+00 0,1111E=01 0,1582E-02 0.2153E-04 0,3063E€-03
1 -428.0 1 341 0,67918E+03 0,8833E+01 0,1212E+01 0.1300E=01 0,1784E=02 0,1915E-04 0,2627€=-0%
1 -428,0 2 342 0,34916E+03 0,3531E+01 0,4947E+00 0,1011E=01 0,1417E=02 0,2896E-04 0,4058E-05
1 -61.0 0 343 0,77351E+03 0.1527€+02 0,2213E+01 0,1974E=01 0,2061E=02 0,2552E-04 0,3699E€03
1 61,0 0 344 0,82786E+03 0,1B804E+02 0,2632E+01 0,2179g-01 0,3180€-02 0,2632E-04 0,3841E=09
1 420,0 0O 345 0.12628E+0¢ 0,3219E+02 0,4132E+01 0,2549e-01 0,3272€-02 0,2019g~04 0.2591E-05
1 428,0 1 346 0.13324E+Ué  0.33T9E+02 0, 428B6E+0L 0,2536E=01 0,3217€~02 0,1903E=04 0.2814€-03
1 28,0 2 34T 0,14164E+0% 0,3675€+02 0,4678E+0L 0.2595€=01 0,3303E=-02 0,18326-04 0,23326-0%
630,0 © 348 0.81660E+03 (,1206k+02 0,1382£+01 0,1477€-01 0,1693E~02 0,1809E-04 0.2073E-05
2 =672,0 © 355  0,19694E+03 0,9883E+00 0,1063E+00 0,50186-02 0,5396E~03 0,2548E~04 0,2740E-03
2 -428,0 O 359 0.49711E+03 0,5621E+01 U,8533E400 0.2624£-01 0,1131E-01 0,1717E=02 0,2275E-04 0,3433E=09
2 -428,0 1 357  0,83320E+03 0,1261E+02 U,1760+01 0.1510E-01 0,2107€=02 0,1808€-04 0,2522E=0%
2 ~428.0 2 350  Ce39730E+03  0,3165€+01 0,5204t+00 0,7968E=02 0,1310E-02 0.2005E~0s 0.3297E-03
2 -61.0 0 3% 0,10287E+04 0,2061E+02 0,2935E+01 0,2009€-01 0,2853E-02 0,1948E~04 0,2773E=0%
2 61,0 v 353 0,10809E+C4 0.2309E+02 0.3263t+01 0,2136E-01 0.3018E-02 0,1976E-04 0.,2792E-03
2 428,0 0 350  04123T1E+04 0,2949E+02 0,3895E+01 0,2304€-01 0,3148E~02 0,1927E-04 0,2545E=05
2 420,0 1 392 0.12524E+04 0.3127€+02 0,39026+01 0,2497€=01 0.3115€-02 0,1994E-04 ©0.2488E-05
2 428,0 2 351 0.14416E+0U4 0.3616E+02 U.4685€+01 G.25G8E~01 0,3250E=02 0,1740€-04 0.2254E-~0%
2 6%0,0 © 349 0,7694BE+03 0,1104E+02 0,1420E+01 0,1434g-01 0,1845E<02 0,1064£-04 0,2398E=05%
3 -672,0 © 360  0.364B0E+03 0.2398E+0)  G,2953E+00 0.6573£-07 0,8095E-03 0,1002€~04 0,2219E=0%
3 -420,0 © 361  0,86043E+03. 0,1288E+02 0,1699E+01 0,1496€=01 0.1975€-02 0,1739€-04 0,2293E-05
3 ~428,0 1 363 0.87275€+03 0.1387€+02 0,1743E+01 0.1589€=01 0,199TE-02 0.1821E-04 0.2288€-03
3 -420,0 2 362 0.79854E+03 0,1076E+02 0U,15T6F+01 0,1348E-01 0.1973€-02 0.1680E-04 0.2471E-05
3 ~61,0 © 364 0,11458E+04 0,2428E+02 U.3581E+01 0,2119€-01 0.3108E-02 0,1850£-04 0,2713E-0%
3 61,0 0 365 0,11653E+v4 0,2576E+02 u.)eeusobl 0,2210€-01 0,3143E-02 0.189T7E-04 0,2701E-03
3 428.0 O 366  0.10974E+04 0,2552E+02 0,3422E+01 0,2346E-01 0.3118€-02 0,2120E-04 0,2842E~03
3 420,00 3 368  0,11103E+04 0.2707E+02 0,3320£+01 0,2438E-01 0,2990E-02 0,2196E-04 0,2693E=03
3 428,0 2 367  0.13339E+04 0.3357E«02 0,84298F+01 0,2516E=01 0,32226-02 0,1886E-0% 0,2415€-09%
3 63%0.0 © 369  0,63342E+03 0.8629E+01 0,1007€+01 0.13626-01 ©0,15896-02 0.,2151E-04 0.2509E-05
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Appendix 1 Non-Destructively Measured Gamma-Ray Intensities and
Intensity Ratios on the JPDR-I Fuel Assemblies

ASSEMBLY PLANE Z(MM) X RUN NO, (CS137(CPS) (S134(CP5) LUIS4(CPS)  PR14a(CPS)  134/137 1547137 134/137/137 154/131/131
4 ~672,0 © 370 0.29615€+03 0.1742E+01 0,2239€+00 0,5883E-02 0,7560€-03 0,1907€=04 0,2393€-03

4 -420,0 O 371 0.72089E+03 0,9701E+401 C,1388E+01 0,1346E-01 0,1925€-02 0,1867€-06 0.2670€~0%

4 ~420,0 1) 372 0,8T759E+03 (,1399E+02 0,1982€+01 0,1594€-01 0,2259E-02 0,1816E-04 0,2574E-0%

4 -02800 2 373 0,56010€+03 0.6467E+01 0,9003E+00 0,11556-01 0,1607E~02 0,2061E-08 0,2870E-05

4 -61.0 0 374 0,10764E+04 (,2199E+402 0,3312E+01 0,2043€-01 0.3077E-02 0,1898E-04 0,2030E-05

4 61.0 O 379 0,112%3€+04 0,2%28£+02 0,3631E+01 0,2247€-01 0,3227€-02 0,1997E-04 0,2867E€-03

4 A28,0 O 376 0,10925E+08 0,2580E+U2 0,3564F+01 0,23626-01 0,3262€-02 0,21626-04 0.2906E-03

4 428,0 1 377 0,11211E+04 0.265TE+02 0,3545E+01 0,2370g-01 0,3162€-02 0,2114¢-04 0,2021E=-0%

4 420,00 2 370 0,13250E+04 0.3550E+02 0,4713F+01 0.2680E-01 0,3557E-02 0,2022E-0¢ 0.2683E-05

4 6%0.0 0 379  0.64264E403 0,9112£+01 0,1117€+01 0.1418€-01  0,1738E~02 0,2206E-04 0,2704E=03

Al0 3 ~428,0 © 384 D.84366E+03 0.1214E+02 0,1565E+01 0,3991E-01L 0,143%€-01 0,1850E-02 0,1697E-04 0,2188E~03
3 -61,0 0 302 0.12273E+04 0.2829€+02 U.3634E+01 0,2305€-01 0,2961E=02 0,18T7E-04 0.2412£-0%

3 1.0 O 361 0,12547E+04 Q,3036E8+02 U,4094E+01 0.2420€~01 0,3263E-02 0,1929€-04 0.2600€-05

3 28,0 © 380 0,11871E+04 0,2747E+0c¢ 0,3720E+01 0,2314g-01 0.3133€-02 0,1949E~04 0,2639£-05

A60 4 =428,0 0O 385  0.72918E+0U3 0.9792E+01 U,1325E+01 G,13436-01 0,1817E=02 0,1842£-04 0,2692€-05%
4 =61.0 0 386 0.116414E+04 0,2552t+02 0,3295€+01 0,22356-0U1 0,2887€=02 0,19%8E~04 0,2529€-0%

4 61,0 0 387 0i11526E+04 0,2697€+02 U.3679E+01 0,2340E-01  0,3192€-02 0,2030£-04 0,2769€-0%

4 28,0 O 388 0.11081E+C4 0.2645E+02 0.3367E+01 0,23876-01 0,3038€-02 0,2154€-04 0,2742E~05

AbS 3 -420.0 0 389 0.78899E+0U3 0.9162E+01 0,1327+01 0,1161E-U1 0,16826-02 0,1472¢-04 0,2132€-0%
3 =61,0 © 390  0.95817E+03 0.1520E+02 0,1987€+01 0.1586€-01 U,2074€=02 0,1656E-04 0,2164£-05

3 61,0 0 391 0.96216E+03 0,1593E+02 U,2010E+01 0,1656E-01 0,2089€-02 0,1721E~-08 0,2171€=-05

3 428,0 O 392 0,83336E+03 0,125TEeC2 U, 1646E+0L 0,1509€-01 0,1976k-02 0,1811E-04 0.2371€-05

AS 3 =428,0 O 393 0.80958E+03 0,1143E+02 0,1686E+01 0.14126-01 0,2083€-02 0,1744E=04 0,2573£-0%
3 «61,0 © 394 0.11205be04 0,2265E+02 0,3331E+01 0.2039€-01 0,2973€-02 0,1820E~04 0.2633€-03

3 61,0 0 395  0,11768E+04 0,2515€+02 0,3559€+01 0,2137€-01 0,3025€-02 0,1816E~0¢ 0,2570E=0%

3 428,0 0 396  0,10187E+0% 0.2002E+C2 0, 2806E+01 0,19666=01 0,2737E=02 0,19296-06 0.2706E=05

A 3 ~420,0 © 397 0.95092€+03 0,1646E+02 U,2183E+01 0,1731E~01 0,2296E-02 0,1821F-04 0,2414E-05
3 -61,0 0 358 0.11311E+04 (,2290E+02 U, 3328E+01 0,20256-01 0,2942E-02 (,1790E=-04 0,2601E=0%

3 61,0 0O 399 0.1146T€+04 0,2323E+02 U, 3350E+01 0,2025£-01 0,2922€-02 0,1766£-04 0,2548E-0%

3 A20,0 O 400  0,98933E+03 0,1847E+02 U,2559E01 0,1867€=01 0.2386E=02 0,1887£-04 0,2614£-0%

AS2 3 -428,0 O 405  0,66710E+03 0.7033E401 0U,9305€+00 0,2983E-01 0,1055€-01 0,1395E-02 0,1581E~04 U, 2091E-08
3 -61,0 0 402  0,11077€+04 0,2216E+02 U,3250E+01 0,2001E=01 0,2934E-02 0,1306E-04 0,2649E-0%

3 61,0 o0 403 0,11796E+U4 0,2769E+0z U,3723E+01 0,2347€-01 0,3136E-02 0,1989£~04 0.2675E-03

3 420,0 O 404 0,11917E+04 0,2935E+402 U,3960E+01 0,2463E-01 0,3323E-02 0,2067E-04 0,2788E-05

A32 4 ~420,0 0O 406 0,64001E+03 0,5447E«01 0.8024E+00 0, 8511€-02 0.1254E-02 0,1330€-04 0,1959€-05
4 =61,0 O 407 0,9887TE+03 0,1592E+02 0,2226€+01 0,1610E-01 0,2251E-02 0,1628E~04 0,2277E=05

A 41,0 O 408 0,11078E+0% 0,2040E+02 0,2817E+01 0,1842E-01 0,2%43E-02 0,1662E=04 0,2295E~05

A 420,00 409  0,10029E+04 0,1672£+02 U,2500E+01 0,1667E~01 0,2493E~02 0,1663E-04 0,2486E-03

A3} 2 ~428,0 0O 410 0,98444E+U3  0,1341E+02 U.1744E+0L G,1362E-01 0,17726-02 0,1383E-04 0.1800E-05%
2 =610 C 411 0,12653E+04 0,2525t+02 U.3557E+01 V.1995£-01 .2811€-02 0,15776-04 0,2221€-03

2 61,0 0 412 0.13431Ee04  (.2664E+02 U, 363%E+01 0,21326=01 0,2706E-02 0,1588E-04 U,2015€-03

2 428,0 0 413 0.114TUE+U4 0.2313E«02 (,2981Ek+01 0,2017€~01 0,2599€=02 0.,1758€=0¢ 0,2266E-05

AlS 4 -428.0 0 414  0,10168E+C4 0,1701E+02 U, 2612E+01 0.1673E-01 0,2569E-02 0,1646E-04 0,252TE-05
A ~61,0 O 415  0.1180TEeU4  0.2409E+0L2 L, 3305E+01 0,2037E-C1 0,2798E-02 0.1722E~04 U.2366E-05

A 61,0 O 416 0,114726+U4 0,2361E¢C2 0,3252E+01 U,2058E-01 0,2835E-02 0,1794E-04 0,2471E-09

4 428,0 O 417 0.92536E+03 0.1675€e02 U, 22756401 0.1810E-01 0,2459€-02 0,1956€-04 0,2657E=03

A4 3 -428.0 0 418  0.68149E+03 0, 7TT6E+0) U.982TE+00 U, 1141E-01 U,14426-02 0,1674E-04 O0.2116E-0%
3 -61.0 ¢ 419 0,11094E+L4 0,2242€+02 U,30756+01 0,2021g-01 0,2772E-02 0,1822-04 0,2499€-05

3 610 0 420 0,12741EeUA 0,3044E+02 U,41926+01 0,2389E-01 0,3290E-02 0,1875€-04 0,2582E-05

3 428.0 O 421 U.117%6k+0& 0, ¢792E+02 U, 3633E+01 0,2377E-01 0,3093E-02 0,2023E-04 0,2633E-0%

A23 3 «428,0 © 426 0,91029E+U3  0,1284E+02 U.1898E+01 0,4234E~01 0,1411€-01 0,2085E<02 0,1550£-04 0.2291E-05
3 -81,0 0O 428 0,95564E+03  0,1664E«02 U, 2481E+01 0,17426-01 0,2596E-02 0,1823£-04 0,2716E-0%

3 61,0 0 423 0.93791E«03 0,1586E¢02 G, 227IE+01 0,1691E-01 0,2423E-02 0,1803E-04 0,2304E-05

3 A20.0 ¢ 422 0,75066k+03 0,1110E4G2 U, 1444E+0L 0.14796-01 0,1924E=02 0,1970E-04 0,2563€=03

Al9 2 -428,0 0 A27 041115264064 0,180%+02z 0,2475£+01 0,1637€=01 ©,2220E-02 0,14506-04 0,1990E-03
2 =61,0 ¢ 429 0,12130E+04 0,2300E+02 U,3274Fed1 0,1895€-01 0,2698E-02 0,1561E-04 0,2222E-0%

2 61,0 0 430 0,12129E«U%  0,233%E+02 U,3099t+01 0,1925£-01 0,255%€-02 0,1387E-04 0,2107€-03

2 420,0 © 431 0,99363E+403 0,1716E+02 0,2125E+401 0,1727€-01  0,2138E-02 0,1738E-04 0,2152E-09
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ASSEMBLY PLANE 2(MM) X RUN NO. CS5137(CPS) (CS134(CPS) LU154(CPS) PR144(CPS)  134/137 1567137 134/)1377137 }1344337/137
A4g 1 -672,0 0 432 0.41191E+03 0.2533E+01 0U,3056E+00 0,6150€-02 0,7416E-03 0,1493E-04 0.1801£-03
1 ~420,0 O 433 0,10818E+04 0.1TB9E+0Z U, 2479E0L 0,1654E=01 0,2292E-02 0,1529E-04 ©0,2119€-03

} =420,0 1 434 0,12096k«04 (,1789€+02 0,2417E+01 U.1479€-01 0,1998E-02 0,1223¢-04 0,1652E-05

1 =420,0 2 43%  0.129T0E+04 0,2444E¢02 0,3594E+01 0,18846=01 0,2771E=02 0.1453E-04 0.,2136E~0%

1 =61.0 0 436 0.1233%E«04 0,2489E+02 0.3471E+01 0,2018E-01 0,2814E~02 0.1636E-04 0.2281€-05

1 61,0 0 437 0.12353E+04 0.2548E+02 0,3329€+01 0.2063E-01 0,2695E-02 0,1670£-04 0.2182E-03

1 420,0 O 438 0.10203E+04 0,18026+02 0,2529E+01 0.1766E-01 0,2479€E-02 0,1731E-04 0.,2429€-03

1 420.0 1 439 0.11047€+0¢ 0,1986E+02 0,2520€+01 0,1676€-01 0,2127€-02 0,1415¢-04 0.1T95€~03

1 28,0 2 440  0,12C18E+04 0.2549E¢02 0,3249€+01 0,2121€-01 0,2704E=02 0,1765E-04 0,2250€-0%

1 650.0 © 441 0,59080E+03 0.5623E+U1 0,7274E+00 0,9517€=02 0.1231E-02 0,1611E-04 0.2084E-03

2 -672,0 © 451  0.51010€+33 0,3822E+01 0,5427E+00 0,74926-02 0,1064€-02 0,1469E-04 0,2006E-05

2 -428,0 O 448  0.11318E+04 0,1917E+02 U,2521E+01 0,1693E-01 0,2228E~02 0,1496E-04 0.1968E-05

2 -428,0 1} 450  0.97960E+03 0.1588E+G2 0.2235E€+ul 0.1621E-01 0,2281E=-02 0,1654E-04 0.2329€-05

2 ~420,0 2 449 0,1333YE+0%  0,2633E+02 U.3423E+01 U.197%€-01 0,2566E-02 0,1480E-08 0.1924£-05

2 -61,0 © 447 0.12649E+U4  0.2553E+02 U.3397E+0L 0,2019€-01 0,2686E-02 0,1596€-04 0,2123E-0%

2 61,0 ¢ 446 0.12598E«U4 0.2681E+02 U.3379E+01 0,21286-01 0.2682E-02 0,1689E-04 0,2129E~05

2 428.0 0 443 0,10402E+U4 0.1885E+02 0,2552€+01 0,18128=01 0,2454E=02 0,1742E-04 0.,2359€-0%

2 420,01 445  0,91518E+03 0.1016E+02 U.1883E+U1 0.1765€=01 0,2057E-02 0,1929E=04 0,2249€-05

2 428,0 444 0,12164E+04 0,2493E+02 U,3169E+01 0,2049€-01 0,2605€=02 0.1605E~04 0,2142E~0)

2 6%.0 0 442  0,60763E+03 0.6300€+01 0.7360€+00 0.1037g-01 0.12311E-02 0.1706E-0¢ 0,1994£-03

3 -672,0 0 460  0,34970E+03 0,2282E+01 0,3138E+00 0,6526E=02 0,8973€-03 0,1866E~04 0,2566E-03

3 -420,0 O 462 0,81099€+03 0,11226+02 0,1662€+01 0,3872E-01 0,1383E-01 0,2049€-02 0,170%€-04 0.2527€-05

3 -428,0 1 459 0,91820E+03  (.,1071E+02 0,1534E+0L 0.1166€-01 0,16706-02 0,1270E~04 0,1819€~05

3 ~428,0 2 458  C.10627E+U4 0,1813£402 0,2769E+01 0,1706€=01 0,2606E=02 0,1605E-04 0.2452€-05

3 -61,0 ¢ 451  0,93142E+03 0,15006+02 0,2241E+01 0,1610£-01 0,2406E-02 0.1729E-04 0.2583E~05

3 61,0 O 456  0,94366E+03 0,1641E+02 0,2209E+01 0,1739E-01 0,2341E~02 0,1842€-0¢ 0.2481£-03

3 28,0 O 453 0.76637E+03 0,10996+02 0,1425€+01 0,1434E=01 0,1859E=02 0.1871E-04 0:2426€-05

3 4200 1 455  0,87679E+03 0,123Ev02 0,1731E+01 0,14126-01 0,1974E=02 0,1611E-04 0.2252E-05

3 a20.0 2 456  0.10085E+04 0,1812E+02 0,2585E+01 0,1796E-01 0,2564E=02 0,1701E-04 0,2342E-03

3 650,0 0O 452  0.,40111E+03 0.3290E+0l 0,4715€+00 0.82036=02 0,11756=02 0.2043£-04 0.2330E~-05

& «672,0 0 463 0,45136E+03 0,2831E+01 0,3960E+00 0,6273E=02 0,8713E=03 0,1390£-04 0,1944E-05

4 =420,0 O 464  0.98753E+03 0.1273E+02 U,2066E+01 0.1289€-01 0,2092E-02 0,1305E-C4 0-21}0E-05

4 -420,0 ) 465  0,91523€+03 0,1103E+02 U,1609€+01 0,1205€-01 0,1758€=02 0.1316E-04 U.1921E-05

4 =428,0 2 466 0,12673E+04 0.1982E+02 0,2858E+Ul 0,1564€-01 0.,2256E-02 0,1234E=04 U.1T80E-05

4 -61.0 © 461  0.11427€+04 0,1871E+02 U,2410€+01 0,1638£-01 0,2109E-02 0,1433€-04 0,1843E-05

4 61,0 U 468  0,1100TE+04 0,1808E+02 U,2473E+01 0,16436-01 0,2246E-02 0,1492E-04 0.2041E-05

4 428,0 0 469 0,95383€+03 0.1394E+02 0,1834E+01 0,1462¢~U1 0,1923€-02 0,1533E-04 0,2016£-05

4 420.0 1} 470  0.92791E+03 0.,1243E+02 0.1618E+0L 0.134UE=01 0.1744E-02 0,1444E=04 0,1880€-05

4 420.0 2 471 0,11869E+04 (0,2082E+02 U,2871€+01 0.1754E-01 0,2619€-02 0,1478£-04 0,2038£-05

4 65,0 0 472 0.49416E+03 0,3IT72E¢0) 0,5149€+00 0,68236-02 0,1042E-02 0.1381E-04 0,2109€-05

AT0 4 -428,0 U 473 0,877626+03 0,1356E+02 0,1816E+01 0,1545€-01 0,2069E-02 0,1761€-04 0,2357E-03
4 -61,0 0 474 0,98734Ee0L3  0,1E45E+CZ C,247TE+01 0,1666E-01 0,2509E-02 G.1687€-04 o.§2~1£-05

4 61,0 © 475  0,98655E+03 0,1775E+02 U, 2404E+01 0,1800E-01 0,2437E=02 0,1824E-04 0,2470€-03

4 428,0 U 476 0,79834E+03  0,1259E+02 0U,1593E+01 0,1578E-01 0,1995€-02 0.1976E~04 0.2499E-03

ASe A -428,0 O 477 0,80174E+03 0,1100E+02 0,1357k+0) 0,1374g-01 0,1692E-02 0,1713E-04 0.2111£-03
4 =61,0 0 478  0.10953E+04 0.2184E+02 0,2958E+01 0.1994E-01 0,2701E~C2 0,1021E~04 0.2466E-05

4 61,0 0 679  0,11613E+04 0,2486E+02 0.3550E+01 0.2141€-01 0.3056E=02 0,1043€-04 0,2632€-05

4 420,0 0 480 0,11159E+084 0,2440£+02 ©,3081E+01 0,2166€-01 0©0,2761E=02 0,1959£-04 0,2474£~05

AS3 3 ~428,0 © 485 0.69594E+03 0,790UE+Cl G,1081E+0} 0.30356=01 G,11356-01 0,1533E-02 0,1631£-04 0.2232€-0%
3 «61.0 © 483 0,11111EeL4 (,2426E402 L,3156E+C1 0,2184€=01 0,20406=02 0,1963E~04 0,2336E-03

3 1.0 0 482  0.1204UEeLa 0,279TE+02 U,3912E+01 0,23236-01 0,32649E-02 0,1930E-04 0.2699E-03

3 428,0 ¢ «81  0.11795%E+C4  §,2691E+0z U,3659E+G1 0,22826-01 0,31026-02 0,1934E-04 0,2630E-05

A7 3 ~428.0 © 489  0,83740E+(3 0,1352E+02 U,1774E401 0,1614€=01 0,2119€=02 0,1927E-04 0,2531E=03
3 -61,0 © AB8  0,11253E+0% (,24826+L2 0,33e5E+01 0,2206€-01 0,2990£-02 0,1960E-04 0,2637€-05

3 61,0 O 487 0.11492E+04  ,26T6EvC2 U.IT6TE+CL 0,23286-01 0,3278E-02 0,2026E-04 0,2852E+05

3 428,0 0 486  0,10362E+04 0,2224E+02 0,3013E+01 0,2147€-01 0,2907E=02 0,2072E-04 0.2806E-03
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ASSEMBLY PLANE Z(MM) X RUN NO, CS137(CPS) (5134(CPS) EUIS4(CPS) PR144(CPS)  134/137 154/137  134/137/137 154/131/137
A9 1 ~672,0 0 499 0,25403E403 0.1347E+01 0,1558E+00 C,53026-02 0,6133€-03 0,2087E-04 0,2414E-05
1 -420,0 0O 496 0.61435E40) 0, T646E+0l 0,1129€+01 0.1245£-01 0,18386-02 0,2026€-04 0,2992E-09
1 -420.0 1 4971 0,93290E+03 0,143TE+02 0,1912€+01 0,1540€-01 ©.2049E-02 0,1651t-04 0,2196E=05
1 -428.0 2 498 0,45067E+0U3 0,3148E+01 0,7747E+00 0,11426-01 0,1719€-02 0,2534E-04 0,3814E-0%
1 -61.0 © 495  0.10939E+04 0,2140E+02 0.3092£+01 0.1957€~01 0.2826E~02 0,1789E~04 0,2384E-05
1 6,0 © 494 0,11518E¢04 0,2843E402 0,3336E+01 0,2121€-01 0,2896E=02 0,1841E-04 0.2514E-0%
1 #28,0 0 491  0.12583E+G4  (,2927€+02 0, 3845E+0L 0.2326E-01 0,3055E=02 0,1849E-04 0,2428E-05
1 428.0 1 492 0,13691E+0¢  ©,3316€+02 0,4308E+01 0.2422E~01 0,3144E=02 0,1769%-04 0,2296E=0%
1 A28.0 2 693 0,14222E+04 (,3628E+02 U,4T71TE+OL 0,2551E=01 0,3317E=02 0,1794E-04 0,2332€-09
1 650.0 0 490 © 0,79026E+03 0.1080£¢02 U,1444E+0L 0,1367€-01 0.1827E-02 0,3729£-04 0,2311€-05
2 -672,0 © 500 0,21983E+03 (.9472E+00 0,2139E+00 0,4309€«02 0,9730E~03 0,1960E=04 0,4426E~05
2 -428,0 0 501  0.49390€+03 0,6229L+01 0,9159€+00 0,1261€=01 0,1854E=02 0,2354E=04 0,3755E~0%
2 -428.0 1 503  0,85598E+03 C.138TE+02 0.1965E+01 0.1620E-01 0.2296E-02 0,1892E-04 0,2682E~03
2 -428,0 2 502 0.39996E+03 (,4044E¢0Ll 0,6492E400 0.1011€=01 0,1623E~02 0,252BE~04 0,4058E~0%
2 -61,0 ¢ 504  0,10359E+04 C,1936E+02 0,2910E+01 0,1869€-01 0,2809E~02 0,1804E-G4 0,2712€-0%
2 61,0 © 505  0.10876E+04 0.2203E+02 0,3271gs+cl 0,2026E~01 0,300G8E=02 0.1862E-04 0,2766E-05
2 428.0 0 506  0.12415E+0% (C.3029€+02 U,3667E+CL 0,2440E~01 0,2954E-02 0,1965E-04 0,2379E=05
2 428.0 1 508  0,12706E+04 0,3138E+02 0,4291E+01 0.,26470€-01 0,3377E-G2 0,1944E-04 0.2637E-05
2 a28,0 2 507  0.14092E+04 0.3452E+02 0,4800€+01 0,2450€-01 0,3406E-02 0.1738E-04 0.2417€-0%
2 6%.0 0 509 0,77103E+03 (,1086E+02 0,13026+01 0.1409€-01 0,1689E-02 0,1827€-04 0.2190£-05
3 =672,0 0 518  0,38064E+03 C,2578E«0L 0,305CE+00 0,6773£-02 0,00126-03 0,1779€-04 0,2105€-05
3 ~420,0 © 520 0,86570E403 0,1376E+02 0,1836E+0)1 0,4056E~01 0,1509E-01 0,2121E-02 0,18)5E-04 0,2449€-05
3 =428,0 1 517 06.90325E403 0,1592E+402 0,2116E+01 0,1T63£-01 0,2343E~02 0,1951E-04 0,2594E-05
3 -428.0 2 516  0.83180E+03 0,1301E+02 0,1649€+01 0,15646-01 0,19826=02 0,1881E-04 0,2383E-03
-61.0 0 5135  0,11040£+04 0,238lE+02 0,327BE+0L 0,2157g=03 0,2969E-02 0,1954E~04 0,2689E-03
3 61,0 0 514 0.,11392E+04 0,2618E+02 0,3514E+0L 0,2258E-01 0.3032E-02 0,1948E-04 0,2615€=05
3 428,0 O 811  0,10899E+U4 0,2423E+02 0,3274E+01 0,2223£-01 0,3004E-02 0,20396-04 0.2756E=05
3 4200 3 512  0,10307E+04 (,2352E+402 0,3396E+01 0,22826-01 0,3295E~02 0,2214E=04 0.3197€-05
3 428,00 2 513 0,13299E+04 0,3237E«02 0,4529€401 0,2434£-01 0,3406E=02 0,1830E-04 0.2561€-03
3 650.0 0 510  0,64960E+03 (,8363E+01 0,1148E401 0,128TE=01  0,1767E=02 0,1982E=04 0.2720€~05
4 =672.0 0 521 0,35644E+ud  0,2056E+01 U,3121E+00 0.5767E-02 0,8756E-03 0,1618E-04 0,2457E=09
4 -420,0 0 522  0,8054lE+03 0.1301E+02 0,1764£+01 0,161%€=01 0,2190E-02 0.2006E-04 0,2720E=05
A -420,0 ) 523 0,91938£+03 0.1603E+02 0,2109€+01 G.1746£-01 0,2294E=02 0,18996-04 0.2495E-05
4 =428,0 2 524 0,75207E+03 0,1066E+02 0,1390€+01 0,1417¢-01 0,1849E«02 0,1884E-04 0,2458€-0%
4 =51,0 O 525  0,10705E+D4 0,2266E¢02 0.3351E+01 0,21166-01 0,3130E-02 0.1977TE-04 0,2924£-03
4 61,0 © 526 0.11112E+04 0,2518E+02 0.3586E+ul 0,22666-01 0,3227E-02 0,2039E-0% 0,2304E=05
4 420,0 O 527 6.10399£ouh 0.2326E+02 U, 3340E+GL 0.2237€-01 0,3212€-02 0,2151E-Cé . 3089E-05
4 4200 1 520  0,10413E+04 C.23026+02 0,3162E+01 0,2211E-01 0,3036E-02 0,2123£-04 0.2916E-05
4 428,02 529  0,12698E+04 0,3082E+402 0,4069E+01 2,2427€-01 0,3205E~02 0,1912E-04 0,2524E=03
A 6%0.0 0 530 0,61823E+03 0,7870E+C1 0,1132€+01 0,1273E-01 0,1832E-02 0,2059E-04 0,2963E-05
A6y 3 -420,0 © 531  0,05660E+03 0,1224E+402 UL,17326+01 0,1428E-01 0.2022E=02 0,166TE~04 0,2360E-05
3 =61,0 O 532 0,10798E+04 0,2160£+02 U,2935€+01 0,2001E-01 0,2718E=02 0,1853E-04 0,2517E-05
3 61,0 0 $33  0,11358E+0% 0,2307€+02 0,3414E+01 0,2031€-01 0.3006E-02 0,1788E~04 0,2646E~05
3 20,0 0O 534  0,93927E+03 0,17H4E+02 0,2339E+01 0,1899€-01 0,2491E~02 0,2022E-04 0,2632€-03
Ab 3 =428,0 0 535  0,70105t+03 0,7777E+01 U,1011E+0) 0,1109€-01 0,1442E=~02 0,1382E-04 0,2057£-05
3 =61,0 0 536  0,10630E+04 0,2010£¢02 0©,2650€+01 0,1891E-01 0,2493E-02 0,1779E-04 0.,2345€-05
3 61,0 0 537  0,11974E+04 0,2623k+02 0,3583E+01 0,2191£-01 0,2993E-02 0,18308-04 0,2499€-05
3 A20.0 O 538  0,10165E+04 0,2123E+02 0,2627¢+01 0,2089E-01 0,258%E-02 0,2055E-04 0.2342E-05
A28 A -428,0 O 543 0.91731E+03 0,1369E+02 U,1947E+01 0,3950E-01 0,1492E-01 0,2122E-02 0,1626E=04 0,2313E-05
A =610 0 541  0,10555E+04 0,2108E+02 0,2988K+01 0,1997€-01 0,2831E-02 0,1892E-04 0,2682€-03
4 61,0 0O 540  0,10797E+0+ G, 2170E+02 U, 2776E+01 0,2009€~01 0,2573E=02 0,1861E-04 0,2383€-03
A A20,0 0 539 0,92223E+03 0,1687E+02 0,2316€+01 0,1830€-01 0,2511E-02 0,1984E-04 0,2723E-03




36 Non-destructive -ray Spectrometry and Analysis on Spent Fuel Assemblies of the JPDR-I JAERI 1296
ASSEMBLY PLANE  2(MM) X RUN NO, CS137(CPS) (5134(CPS) EUL54(CPS) PR144(CPS) 1347137 1547137 136/137/137 154/137/137
YT 1 -672,0 © 544 0.4T5676+03 0,349TE+0l U, 4970E+00 0.7356E-02 0,1045E-02 0,154TE-C4 0,2199E-03
1 -428,0 0O 543 0,10846E+04 0,1839E+02 V,2614E+0) 0,1696E=01 0,2410E=02 0,1564E=04 0,2222€-0%
1 -428.0 1 546 0,11533k+G4 0,2014E+02 0,2739E+01 0,1746E-01 0,2375E~02 0,1514E=-04 0,2059€-0%
1 -428,0 2 547  0,1165TkeUd  0,1969E+02 0, 28G7E+0) 0,1690E-01 0,2408E=02 0,1449E-04 0,2066€-03
1 =61.0 0 548 0,12032E+04 ©,2302E+02 0,3313E+01 0,1913€-01 0.2794E<02 0,1590€-04 0,2289€-05
1 6l,0 0 549  0,12105t+06 (,2%31E+02 0,3267€+01 0,20086-01 0,2699E-02 0,1659E-04 0,2230E~05
1 «28,0 0 550  0,99070E+U3 0,1687te02 0,2278E+01 0.1703€~01 0,2299€~02 0,1719€-G4 0.2321€-0%
1 428,00 1) 551  0.104UYE+D4 0,1982e+02 0,2632E+01 0.1904E-01 0,2528E=02 0,1829E-04 0,2429€-0%
1 428,0 2 552 0.10344E+04 0,1054E+02 0,2472E+01 0,1793E-01 0,2390E-02 0,1733£-04 0.2311€~0%
1 650.0 O 553  0,58661E+03 0.3761E+01 0.6726E+00 0,9821£-02 0,1147E-02 0,1674£-0% 0,1955E-05
2 -672,0 0 554  0.5562BE+03 0,4245E+01 U.6487E+00 0,7631€-02 0,1166€=02 0,1372E-04 0,2096€-05
2 ~420.0 O 555  0.1119TE+04 0,1820E+02 U,255TE+0) 0,1626E-01 0.2283E-02 0.1452E-C4 0,2039E=-03
2 ~420,0 1 557  0.11478E+0¢ 0,205TE+02 0, 290BE+QL 0,17926=01 0,2534E-02 0,1561£-04 0,2208E-03
2 ~420,0 2 556  0,11913E+04 0.1971E+02 U,2941E+01 0,1654E-01 0.2469E-02 0,1389E-04 0,2073E-05
2 -61.0 0 558 0,12203E+0¢ 0,2370E+02 0,3316E+01 0.1942€-01 0.2718E=02 0,1392€-04 0.,2227E-0%
2 61,0 0 559  0,12172E+0% (.246ZE+02 0,3548E+01 0.2023€-01 0,2915E~02 0,1662E-04 0.2393E-05
2 428,0 0O 560  0,10337E+0% 0,1751E+02 0,2345g+01 0,1694§-01 0,2269E=02 0,1639¢-04 0.2193€-05
2 428,0 1) 562  0,10632E+04 0.2098E+02 0,2845E+01 0,19736-01 0.2676E-02 0,1856€-04 0,2517E-05
2 42000 2 561  0,10875E¢0% 0.1899E+02 0,2463E+01 0.,1747€-01 0,2264E~02 0,1606€-04 0.2082€-05
2 650.0 0 563 0.59256E+03 0.596BE«01 U, T7867€+00 0,1007€-01 0,1328E-02 0,1699E-04 0,2240E-03
3 -672,0 0 570  0,42375E¢U3 0,2841E+01 0,3853E+00 0,6705€=02 0,9091E-0) ' 0,1582E=04 0,2143E€=05
3 «420,0 © 874  0,992426+03 0,1665E+02 0,2363E+01 0,4317E~01 0.1677E~01 0.2381E-02 0,1690E-04 0,2399E-~03
3 =428.0 1 572 0,103556+04 0,1956E+02 0,2923E+01 0,1889E-01 0,2023E=02 0,1824E~04 0.2726E-05
3 -428,0 2 511  0,12084E+0% 0,2208E+02 0,3077E+01 0,1827€=01 0,2547€=02 0,1312E-C4 0,2107E~05
3 ~61.0 0 569  0,11016E+04 0,2176E+G2 0,3058€+01 0.1976E~01 0,2776E=02 0,1794€=G4 0,2520E~05
3 61,0 0 568 0.11103E+04 G.2237€+02 0,3320E+01 0,2014E=01 0,2991E-02 0,1814E-04 0,2693E-03
420,0 © 565  0,93985E+03 0,1725€+02 U,2465E+01 0,18356-01 0,2622E=02 0,1953£-04 0,2790E-03
3 428,0 1 567  0.,92140E+03 0,1861E402 0.2404E+0L 0,20196~01 0,2609E-02 0,2192E~04 0,2031€-03
3 428.0 2 566 0,1115UE+04 0,2009E+0z U,2802€+01 0,18026~01 0,2513E-02 0.1616€=-04 0,2254E03
3 6%0.0 0 564  0,51698E+03 0.5081E+01 0, 7353E+00 0,9829€-02 0,1422E-02 0,1901E-04 0.2751E-0%
4 =672,0 © 584  0,42941E+03 0.3263E+01 0,4722€+00 0,7398g-02 0,1100E-02 0,1770E=04¢ 0,2561E-05
4 -428,0 O 581  0,96487E+03 (,1616E+02 0,2347E+01 0,1675€-01 0,24326-02 0,1736E-0¢ 0,2521E-05
4 -428.0 1 582  0,10433E+04 0,1932E+02 0,2580E+01 0,1850E-01 0,2473E-02 0,1774E=-04 0.2370E-0%
4 -428,0 2 583  0,11182E+04 0,2042b+402 0,2694E+01 C.18.6€-01 0,2409E-02 0,1633E-04 0.2155€-05
4 -61.0 0O 560 0,10663E+0& G.2139E+02 0,324TE+01 0,2006g-01 0,3045E~02 0,1881E-04 0,2855E-05
4 61,0 0 579  0.10781E+0% 0,221BE+02 0,3084E+0L 0,2058€=01 U,2860E~02 0.1909E~04 0.2653E-05
4 28,0 0O 576 0,693556+03 0.1680E+02 0,2127€+0l 0,1860€-01 0,2380E-02 0,2104E-04 0,2664E-03
4 420,01 577  0.96490E+03 0,20826+02 0,2641E+01 0,2114E~01 0,2682€-02 0,2147€-04 0,2723E-05
4 428,02 578 0.,10403E+04 0,1949€¢02 0,2689€+01 0,1873E-01 0,2585E-02 0,1801E-04 0.2483E=05
4 650.0 © 575  0,486U2E+03 (. 4UB0E+0L U,6768E+00 0,1004€-01 0,1393€=02 0,2066E-04 0,2865E-05
A2 4 -428,0 0O 585  0,10028E+04 0,1688E+02 U,2567E+01 0,1684€-01 0,2560E-02 0,1679E-04 0.2533E-03
4 =610 0 586 0,1117BE+04 0.243VE+02 0U.3391E+Cl 0,2174g=01 (.3034E=02 0,1945E=06 0,2714E=05
4 61,0 0 587  0.11410E+04 0,2407E+02 0,3341E+01 0,2110£+01 0,2926€-02 0,1849g-04 0.2566E-05
4 428,0 0 588  0,94307TEs03 0,1838E«02 0,2595E+01 0,1965€~01 0,2746E=02 0,2058F-04 0,2906E-05
A22 4 -420,0 0 589  0.10417E+0& 0,1638E+02 0,2576E+0L 0,1572E-01 0,2473E-02 0,1309E-04 0.2374E-03
4 -61,0 O 590 0.11444E+04 0,2061E+Ce¢ U,3300E+01 0.1801€-01 0,2884E=02 0,1574E-04 0.2520€+05
A 61,0 0 891  0.11363E+04 0.2150E+C2 0.3436E+01 0,1892E~01 0,3024E~02 0,1665£~04 0.2661E-05
A 428.0 0 592  0.92700€+063 0.1536€+02 U,2107E+0L 0.1657€=01 0,2273E-02 0,1787E~04 0.2432E-0%
Aby 3 -428,0 O 597  0.10323E+04 0.17C9E+C2 0,2523E+01 0.4779£-01 G,1718E=01 0,2444E-02 0,1660E=04 0.2368€-03
3 -61,0 © 595  0.11262E«U4 0,2300E¢G2 U,3412E+01 0,20426-01 0,3030E-02 (,1814E~084 0,2690€-03
3 6,0 O 594  0.114T0E+C% 0,23)14E¢02 G,3295E+01 G,20186~01 0,2872€-02 0,1759E-04 0,2504E=-03
3 428.0 O 593 0,97G01E+U3  0,1759E+02 ,2399E+01 0,18146-01 0,2473€-02 0,1870E-04 0,2549E-05
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ASSEMBLY PLANE Z(MM) X RUN NO, CS)37(CPS) (5134(CPS) EtULS4(CPS) PR144(CPS)  134/137 154137 134/137/137 154/131/107
A43 1 ~672.0 © 598  0,52545£¢03 0,4120€+01 0,5298£400 0.7842€-02 0©,1008E-02 0,14926~06¢ 0,1919€-0%
1 -428.0 O 599  0.12396E«04 0,2280E+02 0,3163€+01 0,18406~01 0,2551E-02 0,1485E-04 0,2058E-05

1 «420,0 1 600  0,12040E+04 (,2311€+02 0,3331E+01 0,1920E-01 0,2766E-02 0,1594E-04 0,2298£-05

1 -428.0 2 601  C.13073Ee04 (,2683E+02 U,3540E+01 0,20%52g-01 0,2708€-02 0,1570E~0% 0,2071E-05

1 ~61,0 0 602  0,13530k+04 0,3046E+02 0.4193E+ul 0.22526-01 0,3099€-02 U,1664E-04 0.2290E-05

1 61,0 0O 603 0.13716E+04 0,3174E+02 U, 4249E+0LL 0.2314E-01 0,3098E-02 0,1687€-04 0,2259€-05

1 428,0 © 604 0.1134TE+U4  0,2158E402 0,3153E+01 0,19G1€=01 O, 2778E-02 0,16T6E-04 0.2444E-05

1 420,01 605  0,11377E+04 (,2314E+02 0,3031E«0l 0,2034E=01 0.2664E=02 0,1788E-04 0.2342E-0%

1 e20.0 2 606  0,12208E+04 0,2656E+C2 U,3469E+01 0.2L76E~01 0,2842E-02 0,17826-04 0,2328£-05

1 650,0 0 607  0.67400k+03 0, 7690E+U1l  (,9593E+00 0,1141E-01 0,1423€-02 0,1693E-04 0.2112E-0%

2 =672,0 © 608  0,49736E+03 0,3693E¢01 0,4288E+00 0,7426E-02 0,8621€-03 0,1493E-04 0,1733E-03

2 ~428,0 © [3%) O.11T64E+04 0,20326+02 0,2821E+0)1 0.4877E=01 0.1727¢-01 0,2398E-02 0,1468E~04 0,2030E-0%

2 =420.0 1 611 0,12170E+04 0.1988E+02 U,2800€+01 0,1634E=01 0,2301€-02 0,1342E-04 0,1891E-05

2 -420,0 2 610  0.13944E+04 0,2721E+UZ U, 4G26E+0} U.1951E-01 0,2889E-02 0,1399E-04 0,20726-05

2 =61,0 ¢ 612 0.13244Eeu4  0,2B37E+02 0,3717E+0L 0,2142€-01 0,2806E-02 0.1617€-04 0,2119E-03

2 61.0 0 613 0.13403E+04 0,2831E+02 0,4043E+01 0.,21126-01 ©0,3017€=02 0,1576E-04 0,2251E-05

2 420,0 0 614  O.1CB58E+04 0,1992b+02 0,2592€+01 0.,1835€~01 0.2388E-02 0,1690£-04 0,2199€-0%

2 428,0 1 616  0,11512E+0% (,1993E+0z 0.2722E+01 0.1731€=01 0.2364E-02 G,1504E-04 0,2054£-05

2 420,0 2 615 0.13560F+04 0,2920E+02 0,3714E+01 0.2154E=01 0.,2739€=02 0,1580E=-04 0,2020£-0%

2 6%0.0 0 617  0,63508€+03 0,6261€+01 0,8311E+00 0,9859g-02 0,1309€-02 0,15526~04 0,2061-03

3 ~672,0 0 619  0,44252E+03 (,3162E+01 0,5225E+00 0,7146E-02 0,1181E~02 0,16156~04 0.2668E-05

3 ~428.0 0 620 0,10175€+04 0,1682E+02 0,2275E+C1 0.1653E~01 0,2236€=02 0,1624E-04 0,2197€-0%

3 =~428,0 1 622 0.10796t+04 0.1832E+02 0©,2460E+01 0.1697€-01 0,2278E-02 0,1572€-04 0.2110£-05

3 =428,0 2 621  0.12704t+04 0.2137E+02 U,3376E+Cl 0.,16826-01 0,2638€~02 0,1324€-04 0.2092€-05

3 =-61.0 O 823 0,11594E+04 0,2088E+02 0,3143€+01 0.1801€-01 0,2711€~02 0,1553E-04 0,2338E-03

3 610 0 624  0,11324E+04 0,2200E+C2 0.3128E+01 0.,1943E~01 0,27626~02 0,1715E~04 0.2439E-03

3 A28,0 0O 625 0,89576E+03 0.1439€+02 0,1946E+C1 0.1606E=01 0,2172€-02 0,1793E-04 0,2423E-05

3 A20.0 ) 627  0,93181E+03 0,1614E+02 0,2037€+C1 0.17326-01 0,2186E=02 0,18596=04 0.2346E-05

3 a20,0 2 626 0.11646E+08 0,2126E+02 0,2850E+01 0,1826E-01 0,2447€-02 0,1968E-04 0.2101€-05

3 650.0 © 628 0,490G8k+03 0,4702E+01 0,6781E+0C 0,9439€-02 0,1361€=02 0,1095E-04 0.2733E-0%

4 -672.0 © 629 0,45749E+03 0.341TE+01 0,4854E+00 G.7469€=02 0,1061E-02 0,1633E-04 0.2319E-05

4 -428,0 O 630 0,10143E+04 0,1771€+02 0,24C0E+01 0,1746E-01 0,2366E=02 0,.1721€-04 0.2333E~-03

A =428,0 1 631  0.,10743E+04 0,27TBE+02 0,2432€+01 0,1655E-01 0,2264E-02 0,1341E-04 0,2107€-0%

4 -428.0 2 632 0,12238t+04 0,2387E+02 0.3323E+01 0.1951E-01 0.2713E=-02 0,1594E-04 0,2218€-0%

4 =61,0 0 633 0.11616E+04 0,241TE+02 U,3394E+01 0,2080€=01 0,2922€-02 (,1791E-04 U,2513£-05

4 61,0 O 636 Q.116T9E+0A (,22359E+02 0,3396E+01 0,2020E-G1 0,2908E~02 0,1729€=04 0,2490€-05

4 428,0 © 63% 0.;1633t'0) 0,1645E+402 0,2524E+01 0. 179%€-01 0,2754E-02 0,1959E-04 0,3003E~03

4 428,0 1 636  0,96996E+03 0.1718£+02 0,2199€+01 0.1771E-01 0,2267€-02 0,1826E-04 0,2337€-03

4 A280,0 2 637 Us1192TE+04 0,2580€+02 ©,3832€6+01 0,2163E-01 0,3213E~02 0.1014E-04 0,2694E-05

4 650,0 0 638 0,512796+403 0,5097E+01 0. T7320€+00 0,9941E-02 0,1427€~02 0,1939E-04 0,2704€-05

Al3 4 ~420.0 O 639 0,982)3E+03 0.154TEsG2 U,2222E+01 0,1575€-01 0,2262€=02 0,1604E-04 0,2303E-05
4 -61,0 © 640  0,12154E+04 0,2633E402 0,3903E+01 0,2166E-01 0,3212E-02 0,1782E-04 0,2642E-05

4 61,0 © 681  0.12312E+0% 0,2763€402 0.3625E+01 0.2244E-01 0,2944€-02 0,18226-04 0,2391E-05

4 420,0 O 642  0.10582E+0% 0,2260E+02 U,3005E+01 0,2155€-01 0,2039E-02 0.2036E-04 0,2683E-05

Al2 3 -420,0 0 643 0,9T781E+03 0,1676€+02 0,2356E+01 0,1714€=01 0,2410E-02 0,1753E-04 0,2464€-05
3 -61,0 0 644 0,12033E+04 0.2753E+02 0.3776E+01 0,22086-01 0,3138£-02 0,1901E-04 0,2608€-05

3 61.0 0 645  0,12)367E+0% 0.283TE+U2 0,4020€+01 0.,2331€-01 0,3304E-02 0,1916E-04 0,2713€-03

3 428,0 0 646  0,10441E+08 0,2213€+02 0,2926E+01 0,2120E-01 0,2802E-02 0,2030E-04 0.2684E~03

AS7 3 -420,0 O 651 0,10122E+04 0,1716E+02 U,24T1E+01 0.4337E=01 0,1693€-01 0,2441E-02 0,1674E=06 0,2412E-05
3 =63,0 0O 649  0,11273E+04 0,2806£+02 0,3539E+01 0,2134€-01 0.3140:-62 0,10936~04 0,2705%€-0%

3 61,0 0 (11] 0,11340E+048 0,2418E+02 U,3528£+01 0.21306-01 0,3109€=-02 0,1877E~04 0,2740E-05

3 42,0 O 647  0,98256E+03 0,1809E+02 0,2498E+01 0,1041E-01 0,2542E-02  0,1874€-04 0.2387¢-03

A3L 4 ~428,0 O 632  0,91034E+03 0,1379€+402 0,1956E+01 0,15156~01 0,2149€-02 0,1664E-04 0,2360£-03
4 ~61,0 O 633 0.11616E+04 0,2830E+02 0,3573E+01 0,20926-01 0,30T8E-02 0,1001E-0¢ 0,2630E403

4 61,0 0O 654  0,117TOE+D6 Q,2537€+02 0,3546E01 0,2155€-01 0,3013E~02 0,1831E-04 0,2560E-03

4 4280,0 0 655 0.1012BE+06 0,1960E¢02 0,2636E+01 0,1935€-01 0,2602E=02 0,1911£-04 0,2570€-03
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ASSEMBLY PLANE Z(MM) X RUN NO, (S137(CPS) CS134(CPS) E£U15a(CPS) PRL44(CPS) 1347137 1547137 134/137/137 154/131/131
A23 1 -872.0 © 656 0,50719E+03 0,3925E¢01 0U,5041E+00 0,7739€-02 0,9939E=03 0,1526E-04 0.1960£=05
1 ~A28,0 O 657  0,12420E+04 0,2185€+02 0,3086E+01 0,1759€-01 0,2485€-02 0,1416E-04 0,2001E-0%
1 -420,0 1 658  0,11529€+04 0,2071E+02 U,2809€E+01 0,1797€=01 0,2437E-02 0,1350E-04 0,2113E-03
1 -428,0 2 659 0,14078E+04 0,2830E+02 0,4046E+01 0,2010€-01 0,28074E=02 0,1428E-04 0.2002€=0%
1 -61.0 © 660 0,136BTE+04 0,3013E+02 0.4145£+01 0,2201€-01 0,30286=02 0,1608E-04 0.2212E-05
1 61,0 0 661  0,13872E+04 0,3218E+402 0,4224E401 0.2320€-01 0,3045€-02 0,1672E~04 0,2173£-05
1 428,0 O 662 0.11674E+08 (,2612E+02 0,3111E+01 0,2066E-01 0,2665E=02 0,1769E-04 0,2203E-05
1 a28,0 1 663  0.,10863E+04 0,2094E+02 0.298%E+01 0,1927E-01 0.2748E-02 0.17T4£-04 0.2530£-05
1 e20,0 2 664  0.,13T24E+04 0,3021k+02 0,431TE+01 0.22026-01 0,3145E-02 0,1604E-04 0,2292E-03
1 650.0 665 - 0,70304E+03 0.B80UT4E+0) 0,1023E+01 0.1149E-01 0,1455E=02 0,1634E-04 0.2069E-05
2 ~672.0 © 666  0:56606E+403 0.4397E+01 0,6068E+00 0,7795€-02 0,1076€E=02 0,1382€~04 0,1907E-03
2 -420.0 0 667  0.13490E+04 (.2561E+02 0,3434E+01 0.1898£-01 0,2545E-02 0,1407E-08 0,1807E~03
2 -428,0 1 669 0.10703£+08 0.1861€+02 0,2688E+01 0.1739€-01 0,2511€-02 0,1624E=04 0,2346E-05
2 -428,0 2 668  0.14028E+04 0,2820E+02 U.1936E+(L 0,20106-01 0,2006E-02 0.1433E=04 0,2000€-05
2 -61.0 0O 670  0.14623E+04 0,3309€+402 0,4859€+01 0.2263E-01 0,3323E-02 0,1547E~04 0,2273E-05
2 61,0.0 671 0.18439E+04 (,3518€+02 0,4478E+01 0,2430E-01 0,3097E~02 0,1681E-04 0,2142E-03
2 428,06 0 672 0,11922E+04 0.25%BE+02 0,3378E+01 0.2146E=01 0,2833E-02 0,1800€-04 0,2376E=03
2 420,0 1 676  0.12272E+04 0,2883E402 0.3870E+01 0,2349€-01 0.3154£-02 0,1914E=04 0,2570€-05
2 420,0 2 673 0,1352bE+04 0,2914E+02 0,3985E+01 0,2154£-01 0,2946€=02 0,1392E-04 0,2178E-03
2 650.0 O 675  0.73118E+03 0,9453E+01 0,1155€+01 0.1293g-01 0,1379E-02 0,1768€-04 0,2160E-03
3 ~672.0 0 682 0,41962E403 0,3175E401 0,3910£+00 0.796TE-02 0,9317€-03 0,1803E-04 0,2220E~03
3 -a20,0 O 686  0,98472E4U3 0.1695E+02 0,2440E+01 0,4534E-01 0,1721E-01 0,2478E=-02 0,1748E-04 0,2316E~03
3 -420,0 1 684 0,10129€+04 0.1845E¢02 0,2565E+01 0,18226-01 0,2332E~02 0,1798€-04 0.2300€-03
3 -428,0 2 683  0.11619E¢04 0,2184E+02 0,3268€+01 0.1880F=01 0,2813E=02 0,16186-04 0,2421€-05
3 -61,0 0 681  0,11993E+04 0,26026402 0,3709E+01 0,2236€-01 0,3092€-02 0,1065E-04 0,2579€-03
3 61,0 © 680  0.12384E€+08 0,2887E+02 0, 4012E+02 0.2339F-01 0,3230E-02 0,1893£~04 0,2633E~03
3 420,0 0 677  0.10638E+0% 0,2333E+02 U.3096E+0) 0,2193E-01 0,2910E-02 0,2061E-08 0.2736E-0%
428,0 1 679  0,10143E+04 0,2212E+02 0,2751E+01 0,2181E=01 0,27126~02 0,2150€-04 0,2674E~05
3 A28,0 2 678 0.13426E+04 0,3177E+02 0.4233E+01 0,2367E-01 0,3153E~02 0,1763E-04 0,2340E-03
3 650.0 © 676 0,59280E+03 0,7067E+01 0,9142E+00 0,11926-01 0.1542E-02 0,2011€-04 0,2601E-05
4 =672,0 0 687  0,46388E+03 0.3354E+Ul  0,3486E+00 0,7229€-02 0,1183E-02 0,1358E-04 0,2549E-05
4 -428,0 0O 683 0,10776E«0%4 0,1888E+02 0,2681E+01 0.17%2€-01 0,2451E-02 0,1626E-04 0,2274€-03
A ~428,0 1 689  0,10804E+04 0,1955€+02 0,2762E+01 0,1809g-01 0,2538E-02 0.16739E-04 0,2350E-08
6 -420,0 2 690  0,11696E+04 0,2203E+02 0.3420£+01 0.1852€~01 0,287%€=02 0,155TE-04 0,2417€-0%
4 -61.0 0 691  0.11825E«04 0,2599€+02 0,3328E+01 0.2198£-01 0,2984€-02 0,1059E~04 0,2323E-0%
& 61,0 © 692 0,11774E+04 (,2858E+02 U, 3493E+01 0,2087€-01 0,2966E-02 0,1773E-04 0.2519€-05
A 428,0 © 693 0,9465TE+03 0,1903E+402 0,2736E+01 0.2006€-01 0,288%€=02 0,2115E-04 0,3041E-03
A20,0 1 696  0,10479E+04 0,2242E+02 0,3135£+01 0,2139€-01 0,2992€-02 0,2042E-04 0,2855€-03
4 420,00 2 695  0,10865E+04 0,2249E+02 0,3136E+01 0,20706-01 0,2886£-02 0,1903E~04 0,2657E-03
4 630,00 696  0,51065E+03 0.5457E+01 0,7638E+00 T0,1069€-01 0,1496E~02 0,2093E-04 0,2929€-03
A67 4 ~420.0 0O 697  0,10321E+04 0,1785€402 U,2502E+01 0,1729E=01 0,2424E-02 0,1675E-04 0,2349E~05
4 -61,0 O 698  0,12165E+04 0,2781€402 0,3951E+01 0,2266E-01 0,)248E-02 0,18806-04 0,26JOE-05
4 81,0 0 699  0.1229TE+08  0.2975E+02 0,4241E+0) 0,2919E-01 0,3449E~02 0,1967E-04 0,2005£~05
A 420,0 O 700 0.10741€+04 0,2168E+02 0,3163€+01 0,2010E-01 0,2945E-02 0.1879E-04 0,2742E-03
A26 1 -672,0 0 701 0,53529E+03 0,4028E401 ©.5619E+00 0.7525€-02 0,1050€-02 0,1406€=04 0,1961E~03
1 -420,0 O 703 0.12723E+08 0,2443€402 0U.3272E+01 0.1920E-01 0,2572E-02 0,1509€=0% 0,2021€-09
1 -420,0 1} 702 0,10910€+04 0,1908€402 0,2512E+01 0,1748E-01 0.23026-02 0,1602€-04 0,2110€E-05
1 -428.0 2 7064 0,13993E+06 0,2893£+402 0,422%5€+01 0.2060€-01 0,3020€-02 0,14T2E~-04 0,2138E-03
1 -61,0 © 705  0,14384E+0& 0,3423E402 0,4842E401 0,23796-01 0,3366E~02 0,1654E=04 0,2340€-03
1 61,0 O 706 0.14630Es04 0,3583E+02 0,3270E+01 0.2446E-01 0,359TE=02 0,1669£-0¢ 0,2436£-08
1 420.0 0 707  0.1223%E+04 0,2821E+02 U,3839E+01 0.2306E-01 0,31386-02 0,1885E-08 0,2365E-03
1 428,0 1 700 0,12000€+04 0,3007E+02 0,3898E+01 U.2010€-01 0,3043E-02 0.1082E-04 0,2376E-05
420,0 2 709  0.13391E+04 0,324TE+02 0,4341E+01 0,2350€-01 0,32602E-02 0,17355E-06 o.znztg-&s
1 6%.0 0 710  0.73501E+U3 0.9617E+01 0,1249£+01 0.1308€-01 0,1700E=02 0,1780E-04 0,2312E-03
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ASSEMBLY PLANE 2(MM) X RUN NO, CS13T(CPS) (CS134(CPS) EULS4(CPS) PR1as(CPS)  134/137 1547137 13471377137 154/131/137
2 =672,0 O 711 0.92490E+03 0.3921E+01 0,%959E+00 O.T4T0E=02 0.1133E-02 0,1423E~-04 0,216)E-05
2 ~420,0 © 712 0.12491E+04 ©.2459E+402 0,3493E401 0.1968E-01 0,2798E=02 0.1576E=04 0,2240€-0%
2 ~428,0 1 714 0.12805E+404 0,2501E+02 0.3932€+01 0,1994E=01 0,27%8€-02 0,1350E-04 0.2134E-0%
2 -420,0 2 713 0.14A03E+04 0.2952E+02 0,4106E+01 0,20496-01 0,2851E-02 0,1423E~04 0.,19/9€-0%
2 =61.0 © 715 0.14756E+04 ©0,3%19E+02 0,4934E+01 Gi231TE=01 0,3344E-02 0,1370E-04 0,2266E~05
2 61,0 © 716 0,14651E4+U4 0,3627E402 0,477%5€401 0.2676-01 0,3299€~02 0,16906-08 0,2225€-0%
2 42,0 O 717 0,11430E+06 0.2716E+02 0,3822E+0) 0,2376E-01 0.3)44€-02 0,2079€-04 0.2926E=05
2 420,0 1 719  0.12086E+04 O.2701E+02 0, 3TTSE¢0L 0.22356-01 0,3124E-02 0,1849E~04 0,2584€-05
2 428,0 2 718 0.13786E+04 (0.3233E402 0,4140E+01 0.2345E-01 0.3003E~02 0,1701€-04 0,2178E=05
2 630.,0 © 720 - 0.71134E+03 0.8871E+01 0.1163€+01 0.1247E-01 0.1634E-02 0,1753E-04 0.2298E-03
3 -672,0 0 727 0.46671E+03 0.3689€+01 0,4803E+00 0,7905€-02 0,1029E=02 0,1694E-04 0,2200€=0%
3 -420,0 © 731 0,10937E+064 0.1988€+02 0,2850E+01 0,5101E-01 ©0,1818E-01 0,2606E-02 0,1662E~-04 0,2302E-03
3 ~428.0 1 729  0.94986E+(3 0.1590k+02 C.2293€+01 0,1674E-01 0,2414E=02 0.,1763E-04 0.2541E=05
3 -428.0 2 728  D.12B82E+04 0,2690£402 U, 3614E+UY 0.2088g-01 0,2806E-02 0,1621E-04 0.2174E-0%
3 -61.0 © 726 0,12633E+04 (.2949€+02 U,3785E+01 0,2334E=01 0,2996E~02 0.1848E-04 0.2371€-05
3 61.0 0O 72%  0.12043E+08 0,3111E+02 0.4293E+01 0,26423E-01 (.3342€-02 0,1886E=04 0,2603E=05
3 a28.0 O 722  0.10624E+08 0.2275E+02 U.3088E+01 0.2141€=01 0,2906€-02 0,2016E-04 0,2736€-05
3 428,0 ) 724  0.10775E+04 0.2517E+02 UL,I415E+01 0,2336E-01 0.3169E-02 0,2168E~04 0,2941E-03
3 420,0 2 723 0,12646E+04 0.2841€402 U,379%E+01 0,2247E-01 0,3001€-02 0,17T7E-04 0.,2373€-05
3 6%.0 0 721 0.58766E+03 0.7101E+0L1  U,B893BE+GY 0,1209€-01 0,1522€~02 0,2058E-04 0:2590E-03
. -$72,0 O 732 0,41242E403 0.2%3TE+01 0,4658E+00 0,6879g-02 0,1129€-02 0,1668E-04 0,2738£-05
4 -428,0 O 733 0.96897E403 0.170TE+02 0,2568E401 0.1T6lE=01 0,2650€=02 0,1818E-04 0,2733€~03
4 -420,0 ) 734 0,970396+03 0.1773€+402 V,2701E+01 0.18296-01 0,2784E-02 0,1883E-04 0,2069E-05
4 -420,0 2 735  0,11568E+04 0,2130E402 0,3127E+01 0,1849€-01 0,2703€=02 0,1398E~04 0,2337€-05
4 -61,0 © 736  0.12074E+04 0,2809E+02 0,3865E+01 0.2326£-01 0,3201E=02 0,1927E-04 0.26351E-05
4 61,0 0 737 0,121006+04 0.2896E+02 0,4125€+01 0.2393E-01" 0,3409€-02 0,1978£-04 0,2018€-05
4 420,0 0O 738 0,10608E+04 0.2330€+02 0,3308E+01 0,21966~01 0,3118E=02 0,2070E=084 0,2939E-05
4 A28.0 1 739  0.11385E+04 0,2527€402 0,370%E+01 0.2220E-01 0,3254E=02 0.1930E-04 0,/2058E=03
A a28,0 2 780  0.12121E+04 0,2892E+02 0,4101E+01 0,2386€-01 0,3383E=02 0,1968£-04 0,2791E-05
4 650.0 © 781 0.60387E+03 0,TT42E+01 0.9741£+00 0,1282E-01 0,1613E-02 0.2123£=04 0,2671E-03
A80 3 -a20,0 © 742 0.10031F+04 0,1834E¢02 0,2656E+01 0.1829g=01 0,2648E=02 0,1823-04 0,2640E-05
3 -61.0 0 763 0.12676k+U8 0,3124E+02 0, 3984E+0L 0,2465£=01 0,3143E-02 0,1944E-04 0,2479E-05
3 61,0 © T84 0.12949E+04  0.3224E+02 0,4498E+0L 0,289UE=01 0,3474E-02 0,1923E-04 0,2683E-05
3 a28.0 0 785  0.11446E+04 0.2619€402 U, 3914E+0) 0,22496-01 0,3275t-02 0,1931E-04 0,2812E-03
Al 4 =428,0 © 746 0,92529E+03 0,14T4E+02 U,1892E+01 0,1593€-03 0,2045E-02 0,1722E-04 0,2210€-0%
4 -61.0 0 787 0.12115€404 (,2/38E+02 U.3810E+01 0.22¢0€-01 0,3145E-02 ©0,1865E-04 0.2596€-05
A 61.0 © 748 0.12293E+0U4 G.3031E+UZ2 U,40TUE+O] 0,24¢6€~01 0,3311E-02 0,2006E-04 0.2693€-03
4 428,0 O 749  0,10930E+04 0.2506€+02 0,3336E+0) 0.2347e~0) 0,3052E=-02 0,2147E-04 0,2792E-05
A 1 -672.0 © 750 0,5TR6ME+03  0,950GBE+0L U, T298E+00 0.86556=02 0.1261E-02 0,1496E~04 0,2180€-0%
1 -420,0 0 751  0,12536E+08 0,2381E+02 0,3370E+01 0,1900E-01 0,2688£-02 0,1515E-04 0.2145E-0%
1 -428.0 1 752  0,10843E+04 0,1906E+02 U,2559E+01 0,1758E-01 0,2361E-02 0,1622E-04 0,2177€-05
1 -420,0 2 793 0.14032E+08 0,2955€+02 0,8166E+01 0,2106E=01 0.2969E-02 0,1501E-04 0.2116£-05
1 -61.0 0 754  0.14599E+04 0,3504E+02 0,4805E+01 U.2841E-01 0,3291E=02 0,1672€-04 0.2254€-03
1 61,0 © 755  0.14507TE+04 0.3626E+02 0,4955E+01 U, 2500E-01 0,3416E-02 0,1723E-04 0,2354E-0%
1 420,0 O 756  0.121%6E+08 G,2572E+02 U,3595E+01 0,2118E=01 0,2960t=02 0,1744E-04 0,243TE-05
1 420,0 1 157  0.128156+08 0,3126E+02 U.3959€+01 0,2439€-01 0,3090E=02 0,1904E~04 0.2411€-05
1 A28,0 2 798 0,13204E+084 0,2988E+02 U.4098E+0L 0,2263E~01 0,3103E-02 0,1714E-04 0,2330€-05
1 6%,0 0 759  0,73481E+03 0,8942E+01 0,1164E+01 0,1217€-01 0,1584E-02 0,1656E-04 0.2156E-03
2 -672.0 © 766 0,583198E+G3 0.5143€+01 G,6704E+00 0.8837€-02 0,1152E-02 0,1519E-04 0.1979E-03
2 -420,0 O 170 0,12645€+06 0.2475E+02 U,3435E+01 0©.5022E-01 0.1958£-01 0,2716E-02 0,1348€-04 0.2148E-03
2 -428.0 1 768 0.10643E+(4 0,2020E+02 U.2026E+UL 0,1898E-01 0,2656E=02 0,1784E-04 0.2495€-0%
2 -420.0 2 767  O0.14310E+G4 0,29758+02 U, 43126401 0,2079€~01 0,3013€-02 0,1453£-04 0,2106E-03
2 -61.06 © 765  0,14T06E+0% 0,3598E+02 0.4892€+01 0,244TE-01 0.3327E-02 0,1664€~04 0,2262E-03
2 61,0 0 764  0,14187E+C4 0,3546E+02 0,.4880E+01 0,2500E-01 0,3440E=02 0,1762E-084 0,2423E-03
2 428,0 U 761  0,11013E+08 0,2487€+02 0.3409E+01 0,2105E=01 0,2885E-02 0,17826~04 0,2443E=03
2 4200 1 763  0,12389E+04 0.2867E402 0,3782£+01 0.2281€-01 0,3009E-02 0,1813E-084 0,2394€-03
2 a28,0 2 762  0,13506E+0a 0,3191E+02 0,4248E+01 0,23626-G1 0,3146E~02 0,1749€-04 0,2329€-0%
2 650.0 0 T60 0,71600E+C) 0,9333E+01 0,1092E+01 0,1303€-01 0,1526€-02 0.1820€-04 0.2131£-03
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ASSEMBLY PLANE 2(MM) X RUN NO, CSIIT(CPS) CS134(CPS) EU138(CPS) PRINACPS)  134/137 1547137 13471377137 154/131/437
3 -672,0 0 793 0.46004E+03 0,3396E+0) U,4237E+00 G.73826-02 0,92316-03 0,1603E~04 0.2002£<03
3 -a20,0 0 T94  0.10624E+0s 0,1947E+0Z U, 2756€+01 0,18326-01 0,2396E-02 0,1725E-04 0,2444£-08
3 =420,0 1) 196 0.92269E¢L3 0,1010E+02 U,2294E+0) 0.1756E=01 0,26486E-02 0,1900€=06 0,2693E~0%
3 420,02 795 0.12994E+La  0,2558Eeui U, 3665E+0) 0.1969E-01 0,2821€-02 0,1313£-04 0,2171€-03
3 =61.0 G 197  0.1220TE+uk  0.2T58E+0¢ U, 3999E+01 0,2260€=01 0,3276E=02 0,1451E-04 0.2604€-03
3 61,0 0 798 O.1ZAJMELA 0.2948EeDZ 0,4023E+0) 0.2370E-01 0,32356-02 0.1906E-06 0.2602E-03
3 428,0 O 799 C.1Ceb44Eels 0.72390E¢0z U,3191E+01 0,2240E=0) 0,2998E-02 0.2110E-04 0.2817€=03
3 20,0 1 [T3% 0,10984k+C4  0,26)Tkevz U,36T72€6+01 U, 2400E-01 0,3343E-02 0.2166E~04 0.3044£-05
3 e28,0 ¢ 800 Ve127318e04  0.2800k+02 V,3951E+01 0,2251E=01 0,3103€E=02 0.1768E-04 0,2437E=05
3 6£%0.0 ¢ 802 0.59184k¢0:3 0,7088E+0) U,9850E+00 0,1198F~01 (.1664E-02 0,2024£-04 0,2812E-05
4 -672,0 0 781  0.43266E+03  0,306¢4E+0L  O,4468E+00 0.7040£=02 0.1033E-02 0,1628€-04 0.2389E-05
4 =428,0 C 192 0.9T613Ee0L3  (,1699E+402 ©,2443E+01 0.4567E=01 U,1699E-01 0,2303t=02 O,1741E-04 0,2564E=09%
4 =420,0 1 T4 0.99182E+03 0,1703E+402 0,2%69E+01 0.1790E=-01 0.2699E~-02 U,1080E=-04 0,2836E-05
4 =428.0 2 785 0,11598E+Cs 0,2200€6+0¢ U.3294E+01 0.1901€=01 0,2840E-02 0,1639E-04 0,2449E-05
4 <-61.0 0 786  0.12347E+C4 0,286%E+02 U, 4102401 0,2320€~01 0,3322e-02 0,1879E-04 0,2691E-05
4 61,0 O 187 0.12150E+04 (., 2993E+02 U,80062€+01 0,28626-01 0,33416=02 0.2026E=04 0,2749E-03
A 420.0 © 788 0.10682E+C% 0,2373E+02 U,3119€+01 0,2222€<01 0,29206-02 0,2080E-04 0.2734E-05
4 428,0 ) 189 0.113728+G4 0,2634E+02 U, 3629%E+01 0.2316E~01 0,3192E-02 0,2037E=04 0.280TE~03
4 428,00 2 1% 0.12803k+04 0Q,3081E«02 0,4194E+01 0,2406E=01 0.3276E-02 0,1880E-04 0,235%9E=05
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Appendix 2 Axial and Radial Distributions of Gamma-Ray Intensities
and Intensity Ratios in the JPDR-l Fuel Assemblies

Axial and radial distributions of measured '3’Cs, 134Cs, 154Eu, 134Cs/!37Cs, and '5Eu/!37Cs
are represented in the following figures for the twelve assemblies measured at forty positions.
Each assembly has hive figures: Four figures of the axial distributions on four sides, and one
figure of the radial distributions at the axial positions of £+428 mm. The radial distribution
is expressed by developing the four sides of an assembly into one plane which has a cut at the
narrow-narrow gap corner. The abscissa in the figure on the axial distribution represents the
distance from the bottom end of active fuel.

Symbols used in the figures have the following meanings.

o ; intensity of 37Cs (X 1072 cps).

A ; intensity of 34Cs (X0.4 cps).

0O ; intensity of 5¢Eu (X2 cps).

x ; intensity ratio of '34Cs/137Cs (X5 X 102).

+ ; intensity ratio of 1*Eu/!37Cs (X 2.5 X 103).
Solid lines for !37Cs, 134Cs/*37Cs, and '5*Eu/'3"Cs represent the fitted functions discussed in
Section 4.2.
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Appendix 3 Measurement of Penetration Rates of Gamma-Rays in
a Fuel Assembly

In the non-destructive measurement of FP gamma-rays emitted from an assembly surface,
there is an annoying problem that the gamma-rays from a fuel rod located at an inner position
in the assembly are strongly absorbed by the other rods existing on the path of gamma-rays,
and contribute much less to the measured intensity than those from an outer rod. Therefore,
in the case that the radial distribution of gamma-ray source is concaved in the assembly, the
measured intensity overestimates the radial average of source strength. And, in the case of
convexed distribution, it results in the reverse. The radial distribution is usually concaved in
a BWR assembly owing to water gaps sorrounding the assembly. This is the reason of the
positive value of 4, in Eq.(13) in most cases, as discussed in Section 4.2. The variation of
4, among assemblies for the non-destructive measurement is considered to be the main cause
of systematic deviation of the measured assembly-averaged gamma-ray intensity of intensity
ratio. The 4, depends on the penetration rates of gamma-rays as seen in Eq.(13). For the
purpose to verify the penetration rates calculated by Eq.(10) which were used to evaluate
the 4,, the following experiment was carried out.

Six upper-segments of the assembly A20 were used for the experiment. As shown in
Fig. A-3-1, the fuel segments were inserted at aligned positions of a channel box having the
same lattice spacing as the JPDR-I fuel assembly, and the gamma-rays were measured by using
the same apparatus as those shown in Fig. 3. At first, the gamma-ray spectrum was measured
for each segment inserted at the position-1, and intensities of 37Cs(662 keV), 34Cs(796 and
802 keV) and !%*Eu(1275 keV) were determined. Théy were notated like S;'*’ for the inten-
sity of 37Cs on the i-th segment. Then, the same intensities were measured in cases that the
positions-1 to -: were occupied by the segments numbered correspondingly to the positions,
and they were notated like A;'*". Necessary cares were given upon the reproducibility of

aY 20mm|{D

! /beam guide tube

6x6
' /channel box
-
Pos.-1 | Fuel rod
2 4
: @/ P Vacancy(water)
3 £ G7/
s ,
4 o
o .
5 @ - Fuel bed
§ @

Fig. A-3-1 Cross-sectional view of experimental arrangement on
penetration rate of gamma-rays in an assembly.
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settings of the measurement apparatus throughout the experiment. In order to ascertain the
reproducibility, each measurement was made at two axial positions: +18.4 cm and +30.6 cm
from the lower end of the upper segment.

Since A; is expressed as

Ai= X817, (A-3-1)
j=1
the relative penetration rate of the /-th segment located at the position-z (7;) is obtained by
,  Ai—Ai-
ri= —S (i=1 to 6, A,=0). (A-3-2)

The 7 is equal to 7,/7, defined by Eq.(10). The measured results of 7; are shown in Fig.
A-3-2 with the calculated ones. For the 7: larger than about 0.03, both results agree fairly
well. From this comparison, it is concluded that the simple equation (10) gives the penetration
rates of gamma-rays in an assembly with a sufficient accuracy.

Relative penetration rate of gamma-ray

| Meas. Cal. _
o, — : 137Cs(662l'(e~V)
A, — : 134Cs(796,~80'2KetV)

g, ----: 54Eu(1275KeV)

] | | | |
0.00, 2 3 4 5 5

Position of fuel rod in assembly

Fig. A-3-2 Measured and calculated relative penetration rates of
gamma-rays in an assembly.



