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Databook of the Isotopic Composition

of Spent Fuel In Light Water Reactors
%
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Japan Atomic Energy Research Institute
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(Received February 24, 1993)

In the framework of the activity of the nuclide production evalua-
tion WG in the sigma committee, we summarized the measurement data of
the isotopic composition of LWR spent fuels necessary to evaluate the
accuracy of the burnup calculation codes.

The collected data were arranged to be classified inte the irradia-
tion history of the fuel samples, the composition of the fuel assemblies,
the sampling position and the isotopic composition of the fuel samples,
in order to supply the information necessary to the benchmark calculation.

This report describes the data collected from the 13 LWRs including
the 9 LWRs (5 PWR and 4 BWR) in Europe and the USA, the 4 LWRs (2 PWR and

2 BWR) in Japan. Finally, the study on the burnup characteristics of the

!, Pu isotecpes 1s described.

Keyword: Databock, Isotopic Composition, Spent Fuel, Light Water Reactor

Burnup, Benchmark Data, Measured Data
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Table 3.1-4

Summary of Yankee Core

JAERI—M 93—061

Tsotopic Composition

Fuel Beginning-of-Life

Isotope 1 PZiiEEE Pétzgnt /N8 N1/K2?
Th-232 | 4.0 x 1075 | 4.0 x 1075 | 4.2 x 1077 | 1.2 x 1075
Pa-231 | 5.5 % 1072 | 5.7 x 10=2 | 5.9 x 10711 ] 1.6 x 1077

U-232 | 3.6 x 1072 | 3.7 x 1079 3.8 x 10711 | 1.1 x 1072
U-233 | 9.0 x 10=5 9,2 x 1075 19.5 x 1077 | 2,7 x 107>
U~234 0.021 0.021 0.00022 0.0061
T-235 3.40 3.44 0.0356 1.0
U-236 0.020 0.020 0.00021 0.0058
U-238 96.560 96.519 1.0 28.048
Total | 100.00 100.00 1.03603 29.060
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NOTE: THE 8 PHASE |11 RODS ARE 1IN ASSEMBLY E6.
THE 7 PHASE 11 RODS ARF [N ASSEMBLY F5.
THE 56 PHASE f RODS AtE 1IN THE REMAINING 14 ASSEMBLIES

AS SHOWN.
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Fig. 3.1-4 Core location of EYC fuel rods selected
for post—irradiation analyses
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2.2 O
o o
o LEGEND:
20 o © MEAS,PHASE 1,2, AND 3
T oo —— LASER-HIC UNIT CELL CALC.
1.8F
1.6f
1.4 F
2
O
1.2+ e
NCTE : ALL DATA FROM ASYMPTOTIC NEUTRON SPECTRUM
10 | 1 I 1
0 i 2 3 4

N3 /NFE ATOM 7 ATOM (x10%)

FOT /N2 (x10%)

Fig. 3.1-12 TU-234 concentrations versus accumulated fissions

LEGEND:

O PHASE T asmepToric
& PRASEZ 1"SpecTRuM
[ PHASE3

M PRASE 3 PERTURBED SPECTRUM

] ] i 1 | [ 1 ! ]

Fig.

{ 2 3 4 S
10T/ N8 FISSIONS /ATOM (x10?)

3.1-13 Calculated and measured Np-237 as a function of
accumulated fissions
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Fig. 3.1-20 Calculated and measured Cm-244 concentration
as a function of accumulated fissions
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3) A M Besesti et.al:“Post-irradiation Anslysis of Trino Vercellese Reactor Fuel
Etements”, EUR4809e{1972).
4) P.Barbero et.al:“Post-irradiation Examination of the Fuel Discharged from the

Trino Vercellese Reactor after the 2nd [rradiation Cvele”, Nuclear Science and

Technology, EUR5605e(1977).
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Table 3.2-2 Summary of cycle I operation

Period I II IIT

Date 23.10.64-5.6.65 31.8.65-20.5.66 11.7.66-28.4.67
Max. power level 615 825 825
(MWth)

Coclang avg. temp. 282 278 278

(°C)

Control group 307 47 4%
insertion

Approx. boron

concentration 1300 + 1050 1150 + 650 650 = @
{ppm)

Core burnup 2260 4085 5245
(MwWd/t(U))

Table 3.2-3 Irradiation history of the fuel assembly

No. 509-069
Periods Days Core Burn-up Cyecle Coolant
MWD/MTU Operation | Avg. Temp.
o005 | oo |-
20800 1 263 4.927 FIRST 278°C
mosse | ol
onr | B 03
s |- | g
38:8;:;? 416 7.720 SECOND 269°C
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Table 3.2-5 Burnup Values (MWD/MTU) Obtained by Independent
Experimental Techniques-

FUEL Cs-137 Cs-137
ELEMENT | SAMPLE LAB. Nd-148 | Destructive Non=- Theoretical
destructive
509-049 |15 1 Ispra 7,822 7,987 8,080
2.719w% | LS & Ispra 14,155 14,099 14,645 14,080
1.5 4 Karlsruhe ; 14,490 13,883 14,080
L5 9 Ispra 10,478 11,252 10,070
1.5 9 Karlsruhe | 10,187 10,444 10,070
J9 1 Ispra 8,713 8,307 8,584 8,970
J9 4 Ispra 14,770 14,644 15,024 14,570
J9 7 Ispra 15,442 14,580
J9 7 Karlsruhe | 15,193 15,007 14,980
Jg 9 Ispra 10,706 11,000
J9 9 Karlsruhe | 11,127 11,142 11,000
Al 1 Ispra 8,895 8,879 8,509 8,230
Al 1 . Karlsruhe 7,814 7,716 8,230
Al 7 Ispra 16,146 16,531 15,290
Al 7 Karlsruhe ! 15,506 15,740 15,290
Al 9 Ispra 12,053 11,860 11,324 11,900
509-032 | E11 1 Ispra 7.243 7,415 7,430 7,180
3.13w% ElL 4 Ispra 15,377 15,156 14,697 15,170
ElL 7 Ispra 15,898 15,477 15,251 15,690
Ell 9 Ispra 11,529 11,226 12,119 11,400
H9 4 Ispra 16,719 16,320
H9 4 Karlsruhe | 16,556 16,400 16,320
H9 7 Ispra 17,450 17,064 16,885 17,180
H9 9 | Ispra 12,366 12,219 12,415 12,220
0ol5 7 Ispra 17,995 17,715 18,613 17,730
509-104 | M11 7 Ispra 11,912 12,035 12,606 11,920
3.897wx | M11 7 Karlsruhe | 12,172 12,242 11,920
Al2 1 Ispra [ 3,435 3,717 3,236 3,420
Al2 1 Ispra 7,605 7,411 7.327 7,550
509-069 | E5 4 Ispra 23,867 23,715 22,640 23,000
3. 13w% E5 7 Ispra 24,693 23,380 23,100
E5 7 Karlsruhe | 24,548 | 24,683 23,100
E5 9 Ispra 19,208 19,254 19,250 19,800
L5 4 Ispra 24,330 23,988 24,070 22,500
L5 7 Ispra 24,313 24,230 22,600
Ell 1 Ispra 12,859 15,030 16,200
Ell 2 Ispra 20,628 21,200 22,200
ELLl 2 Karlsruhe | 20,602 21,296 22,200
Ell 4 Ispra 23,557 23,990 23,300
Ell 4 | Karlsruhe | 23,718 23,969 23,300
Eli 5 ! Ispra 24,518 24,250 23,200
E1l1 7 Ispra 23,953 22,822 23,400
E1l 7 Karlsruhe ; 24,304 25,095 23,400
Ell 8 Karlsruhe | 23,406 23,818 21,840 23,100
ELl 9 | Karlsruhe | 19,250| 20,060 19,150 20,100
L11 4 Karlsruhe | 23,928 24,050 25,770 23,000
L1l 7 Ispra 24,023 24,471 25,290 23,100
L1l 7 Karlsruhe | 24,700 24,532 23,100
Al 1 Ispra 15,170 16,320 16,700
Al 7 Karlsruhe | 26,884 27,758 27,090 25,600
J9 4 Ispra 24,849 25,030 24,200
Je 7 Karlsruhe | 25,258 25,386 25,340 24,200
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Table 3.2-6 Specific Activities of Fission Products dis/sec/g
Final Uranium at Reactor Shut-down and Activity Ratios
FUEL Ce=1441Ru-106|Cs-137|Cs-134 |Eu-154|Cs-134 |Eu-154
ELEMENT [ SAMPLE| LAB. /Cs~137|/Cs-137
x10E10| x10E9 |=x10E9 ;x10E9 |x10E8 x10E-2

509-049iL5 1 Ispra 1.587 |3.848 . 947 .507 .535
2.719w% |15 4 Ispra 2,475 |8.214 11.732 |1.580 .912

L5 4 |Karlsruhe

L5 9 Ispra 1.965 |5.513 [1.277 .855 670

L5 9 {Karlsruhe

J9 1 ,;Ispra 1.687 |4.144 |1.010 . 585 .579

J9 4 !Ispra {2,549 [8.769 |1.798 |1.698 .944

J9 7 :Ispra E

J9 7 [Rarlsruhe

J9 9 Ispra ! i

J9 9 Karlsruhe:

Al 1 Ispra 1.795 |4.514 |1.080 .611 .566

Al 1 Karlsruhe

Al 7 Ispra 2,731 |9.842 |1.987 ;1.913 .963

Al 7 Karlsruhe

Al 9 Ispra 2.257 |6.549 |1.450 |1.062 .732
509-032|E1L1 1 [Ispra 1.621 13.119 .899 .455 .506
3.13w% |E1l 4 iIspra 2.716 |8,029 j1.876 |1.765 .941

Ell 7 |Ispra 2.660 [8.584 [1.902 |1.869 .983

ELl1 9 |Ispra 2.098 |5.846 |1.369 (1.021 L746

H¢ 4 lIspra ! i

'H9 4 IKarlsruhei

(H9 7 |Ispra ;2,912 [9.102 |2.102 |2.105 1.001

‘HG 9 :Ispra 12,375 16,364 |1.491 j1.12% .757

015 7 (Ispra 3,067 [9.250 |2.183 (2.253 1.032
509-104 M1l 7 |Ispra 2,179 |5.291 |1.469 |1.029 .700
3.897w%|M11 7 |Karlsruhe

Al12 1 |Ispra .881 |1.092 A .082 . 185

A12 1 |Ispra 1.428 |2.342 .895 .302 .337
509-069|E5 & |Ispra 2.788 [2.939 |1.765 1.054 6.332
3.13w% |E5 7 |Ispra ! 2.909 [3.054 |1.919 1.050 | 6.596

E5 7 |Karlstuhe

E5 9 [Ispra 2.248 11.965 [1.149 .974 | 5.111

L5 4 |Ispra 2.821 |2.939 |1.768 1.042 6.267

L5 7 iIspra 2.862 |3.005 |1.843 1.050 6.461

EIl 1 :Ispra 1.486 L941 .517 .633 3.479

ELl 2 |Ispra 2.418 |2.312 11.398 .956 | 5.782

Ell 2 |Karlsruhe

Ell 4 |Ispra 2.775 |2.914 |1.779 1.050 6.411

El1l 4 |Karlsruhe

El1l 5 |Ispra 2,864 |3.030 |1.568 1,058 5.475

%11 7 |Ispra 2.818 |2.987 |1.650 1.060 5.855

Ell 7 [Karlsruhe

Ell 8 |Karlsruhe

Ell 9 |Karlsruhe

L1l 4 |Karlsruhe

L1l 7 {Ispra 2,881 13.048 |1.718 1,058 5.963

L1l 7 |[Xarlsruhe

Al 1 |Ispra 1,765 |1.248 .568 707 3.218

Al 7 |Karlsruhe

J9 4 |Ispra 2.927 |3.132 |1.686 1,070 | 5.760

J9 7 |Karlsruhe
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Table 3.2-7 Iscotopic Ratios of Fission Gases
FUEL Krypton ] : Xenon
FLEMENT . SAMPLE LAB.
| 83/86 | 84/86 | 85/86 | 131/134 | 132/134 | 136/134
509-049 |15 1 Ispra
2.719%w% | L5 4 Ispra
15 4 Karlsruhe | ,2571 | .5639 | .0947 L3281 L6619 1.4062
L5 9 Ispra '
L5 9 Karlsruhe | .2672 | .5665 | .1082 .3406 .6393 1.3510
Jo 1 Ispra
J9 4 Ispra
J9 7 Ispra
J9 7 Karlsruhe | .25350 | .5628 | .1043 .3295 . 6660 1.4292
J9 9 | Ispra
J9 9 Karlsruhe | .2613 | .5555 | .1063 |. .3416 .6396 1.3659
Al 1l Ispra i
Al 1 Karlsruhe | .2667 | .5478 | ,1084 .3523 6170 1.2953
Al 7 Ispra
Al 7 Karlsruhe | .2552 | .5716 | .1048 .3240 6656 1.4476
Al 9 Ispra
509-032 | Eil1 1 | Ispra
3.13w% | E11 4 | Ispra
Ell 7 Ispra i
‘Ell 9 | Ispra ﬁ
H9 & Ispra i
HS 4 | Karlsruhe ! .2547 | .5649 | .1057 .3248 .6659 1.4025
B9 7 Ispra
HS 9 Ispra ‘
015 7 Ispra ! |
i § i
509-10&4 | MI1 7 | Ispra ’
3.897w% | M11 7 Karlsruhe | . 2657 | .5520 | .1051 .3387 .6334 1.2800
Al2 1 Ispra
AlZ 1 Ispra
509-069 | E5 4 | Ispra
3.13w% E5 7 Ispra
E5 7 | Karlsruhe | .24536 | .53881 . 2957 L7001 1.4113
E5 9 Ispra
L5 4 Ispra
L5 7 Ispra
ELl 1 Ispra
Ell 2 | Ispra
Ell 2 | Karlsruhe | .2518 .5780 3106 L6937 1.3616
Ell 4 | Ispra
Ell 4 | Xarlsruhe | ,2589 | .5950 .3063 L7086 | 1.3920
| E11 5 Ispra f
Ell 7 Ispra i
ELl 7 Karlsruhe | .2459 | .5881 b,3002 .7092 1.3998
E1ll 8 Karlsruhe | ,2480 | .5856 i .3051 L7079 1.3828
E1l 9 | Karlsruhe | .2534 | .5754 L3185 .6840 | 1.3398
L1l 4 | Karlsruhe | .2478 | .5875 3001 L7072 1.3884
L11 7 Ispra i
L1l 7 | Rarlsruhe | .2464 | .5873 | .3012 L7114 | 1.3961
Al 1 Ispra
Al 7 | Karlsruhe | .2368 | .5932 2927 L7182 1.4400
Jo 4 Ispra
J9 7 | Karlsruhe | .2438 | .5913 3002 L7126 1.4059
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Table 3.2-8 Atom Ratios of Plutonium, Neodymium and
Uranium from Mass Spectrometry

FUEL Nd-148 Pu-239 | Total Pu/U
ELEMENT | SAMPLE LAB. JU-238 JU-238 Mass Ratic
{(x10E=4) | (xlO0E~3) {x10E-3)
509-049 | L5 1 Ispra 4.362
2.719w% | L5 4 Ispra 6.895
L5 4 Karlsruhe 6.857
L5 9 Ispra 5.179
15 9 Karlsruhe 5.316
J9 1 Ispra 4,437
Jo 4 Ispra 6.698
J9 7 Ispra
J9 7 i Karlsruhe 6.921
Jg 9 ;Ispra
J9 9 Karlsruhe 5.479
Al 1 Ispra 4,412
Al L Karlsruhe 4.183
Al 7 Ispra ; 6.913
Al 7 Karlsruhe : 7.016
Al 9 Ispra 5.464
509-032 | El1 1 Ispra 4,131
3.13w% . E1l & Ispra 7.151
El1l 7 Ispra ! 7.157
El1l 9 Ispra 5.638
H9 4 Ispra
H9 4 :Karlsruhe 7.234
H9 7 Ispra 7.355
H9 9 Ispra 5.735
0l5 7 Ispra 7.168
509-104 | M11 7 Ispra 5.601
3.897w% | M11 7 Karlsruhe 5.657
A12 1 Ispra 1.577
Al2 1 Ispra 2.920
509-069 | E5 4 Ispra 4.52 6.26
3.13w% | ES 7 Ispra 6.30
E5 7 Karlsruhe 4,65 6.26
E5 9 Ispra 3.65 5.51
L5 4 Ispra 4,59 6.36
LLs 7 Ispra 6.28
TEL1 1 Ispra 4.76
EIl 2 Ispra 6.02
E11 2 Karlsruhe 3.90 6.01
Ell 4 | Ispra 6.14
Ell 4 Karlsruhe 4.50 6.22
Ell 5 Ispra 4.75 6.30
E1l 7 Ispra 6.49
E1l1 7 | Karlsruhe 4.61 6.24
Ell 8 Karlsruhe 4,44 6.19
ELl 9 Karlsruhe 3.64 5.88
LIl 4 | Karlsruhe 4,54 6.36
L11 7 Ispra 4.56 6.31
L1l 7 Karlsruhe 4,68 6.26
Al 1 Ispra 4.86
Al 7 Karlsruhe 5.10 5.85
J9 4 Ispra 6.11
J9 7 Karlsruhe 4.79 6.11
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Table 3.2-9 Atom Ratios of Uranium and Plutonium from
Mass Spectrometry

FUEL U (x10E-2) Pu (x1QE-1)
ELEMENT | SAMPLE LAB.
235/239(236/238! Date |240/239|241/239(242/239
509-049 | L5 1 Ispra 2.068 .170 1.421 466 .043
2.719w% | L5 4 Ispra 1.597 .256 2.218 .975 .166
L5 4 Karlsruhe | 1.573 .254 2.230 1.0C6 177
15 9 Ispra 1,844 .221 1.758 666 .080
L5 9 Karlsruhe 1.823 214 1.786 .686 .086
Jo 1 Ispra 1.945 .186 1.546 522 .053
J9 4 Ispra 1.466 .263 2.423 1.064 .211
Jo 7 Ispra
J9o 7 Karlsruhe 1.463 .270 2.417 1.067 .213
J9 9 Ispra
J9 9 Karlsruhe 1.748 . 224 1.931 . 740 .103
(Al 1l Ispra 1.938 .185 1.343 .578 .064
[ AL 1 Karlsruhe | 2.015 .181 1,512 478 L0453
Al 7 Ispra 1.409 .281 2.592 1.166 .250
Al 7 Karlsruhe 1.428 .281 2.555 1.153 . 267
Al 9 Ispra 1.698 .233 2.020 .805 .115
509-032 | €11 1 Ispra 2.451 .171 1.265 .405 .034
3.13w% | E11 4 Ispra 1.831 .299 2.115 .962 .162
Ell 7 | Ispra 1.760 | .289 2.163 .974 .179
Ell 9 Ispra 2.129 .263 1.747 .690 .085
H9 4 Ispra
H9 4 | Karlsruhe 1.773 .315 2.332 . 1.07¢9 .205
H9 7 | lspra 1.730 .320 2.372 | 1.094 .209
H9 9 Ispra 2.020 .255 1,867 .760 .100
015 7 Ispra 1.593 | .328 2.600 1.157 .257
509-104 | M11 7 Ispra 2.811 .288 1.555 .627 .068
3.897w%Z | M11 7 | Karlsruhe | 2.858 .292 1.563 .629 067
Al2 1 Ispra 3.700 124 .630 .080 .003
Al2 1 Ispra 3.270 . 204 1.154 .265 .018
509-069 | E5 4 | Ispra 1.376 374 |19.11.74| 2.946 1.503 .397
3.13w% | E5 7 Ispra 1.297 .378 |20.11.74 | 2.964 1.507 L4621
E5 7 | Karlsruhe 1.310 .375 |11.11.74] 2.979 1.498 .418
E5 9 Ispra 1.609 .346 |25,11.74| 2.512 1.192 .254
L5 4 | Ispra 1.384 .369 |02.07.75| 2.915 1.442 .398
L5 7 Ispra 1.317 .380 |21.11.74] 2.991 1.511 .415
E1l 1 Ispra 2.055 .258 |10.12.74| 1.836 . 753 .100
Ell 2 Ispra 1.521 L343 |10.12.74| 2.626 1.292 .289
Eil 2 | Karlsruhe 1.536 .360 |L1.11.74 | 2.642 1.317 302
Ell 4 | Ispra 1.313 .374 |11.04.75| 2.937 1.447 L4088
E!1l 4 | Karlsruhe 1.349 .393 |06.11.74| 2.960 1.488 L4l
Eil 5 Ispra 1.309 .384 |07.04,75| 2.972 1.448 .398
E11 7 Ispra 1.307 .384 |09.04.75] 2.994 1.443 .423
Ell 7 | Karlsruhe 1.327 .389 |08.11.74| 2,991 1.504 424
E1l1 8 | Karlsruhe 1.345 .381 |18.11.74| 2.907 1.481 . 387
Ell 9 Karlsruhe 1.589 L343 [19.11.74| 2.498 1.182 .259
L11 4 Karlsruhe 1,369 .399 |1§.02.75| 2.936 1.461 L403
L11 7 Ispra 1.315 .367 |25.05.75| 3.004 1.451 Y
L11 7 Karlsruhe 1.300 .370 |18.02.75| 2.997 1.494 428
Al 1 Ispra 1.844 .289 127.05.75| 2.185 .912 .154
Al 7 Karlsruhe 1.106 .399 |08.11.74| 3.376 1.740 .55%9
J9 4 Ispra 1.283 .387 {18.05.75| 3.102 1.523 .460
J9 7 Karlsruhe 1.254 .392 §13.02.75] 3.134 1.554 479
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Table 3.2-10 Buildup and Depletion of Uranium Isotopes
(kg/MTU initdial)

FUEL SAMPLE LAE. U-235 U-236 U-238
ELEMENT ' Depletion | Build up | Depletion
509-049 | L5 1 Ispra 7.47 1.43
2.719w% | L5 4 Ispra 12.05 2.24
L5 4 Karlsruhe 12.28 2.22
L5 9 Ispra 9.64 1.92
L5 9 Karlsruhe 9.84 1.85
Jg 1 Ispra 8.65 1.58
J9 4 Ispra 13.29 2,31
J9 7 Ispra 13.33 2.37
J9 7 Karlsruhe
J9 9 Ispra 10.56 1.94
J9 9 Karlsruhe
Al 1 Ispra 8.71 1.57
Al 1 Karlsruhe
Al 7 Ispra 13.85 2,48
Al 7 Karlsruhe 13.67 2.48
Al 9 Ispra 11.04 2.03
509-032 | Ei1 1 Ispra 8.01 1.43
3.13w% | E11 4 | Ispra 14,02 2.64
E11 7 Ispra 14.69 2.54
Ell 9 Ispra 11.13 2.30
H9 4 | Ispra 14.58 2.79
H9 4 [ Karlsruhe
H9 7 | Ispra 14.99 2.83
H3 9 ! Ispra 12,41 2.21
1 015 7 Ispra 16.28 2.91
509-104 | M11 7 Ispra 12.56 2.52
3.897w% | M11 7 | Karlsruhe 12.13 2.56
Al2 1 Ispra 3.95
Al2 1 Ispra 8.09
509-069 | E5 4 : Ispra 18.39 3.53 19.13
3.13w% | E5 7 | Ispra 19.15 3.56 20.40
E5 7 | Karlsruhe 19.03 3.53 | 19.51
E5 9 Ispra 16.16 3.27 15.11
LS 4 Ispra 18.33 3.48 19.64
iL5 7 | Ispra 18.99 3.57 21.09
{E11 1 Ispra 11,84 2.45 9.61
E1ll 2 Ispra 17.00 3.24 16.24
E1l 2 | Karlsruhe 16.88 3.39 16.75
Ell 4 Ispra 18.98 3.53 18.54
Ell 4 Karlsruhe 18.66 3.70 19.34
Ell 5 Ispra 19.03 3.62 | 19.58
Ell 7 Ispra 19.04 3.62 18.58
E11 7 Karlsruhe 18.87 3.66 19.66
E11 8 | Karlsruhe 18.68 3.59 18.55
El1l 9 Karlsruhe 16.33 3.24 14.50
L1l 4 Karlsruhe 18.48 3.76 19,80
L1l 7 Ispra 18,98 3.45 19.48
L1l 7 ! Karlsruhe 19.12 3.48 20.72
Al 1 Ispra 13.87 2.74 11.88
Al 7 Karlsruhe 20.95 3.75 20.16
Jg 4 Ispra 19.29 3.64 20.36
J9 7 Karlsruhe | 19.55 3.69 19.85
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Buildup of Plutonium Isotopes (kg/MTU initial)

FUEL
ELEMENT | SAMPLE LAB. Pu-238 | Pu-239 | Pu-240 | Pu-241 | Pu-242 | Total Pu
509-049 |15 1 Ispra 3.608 .5l5 .204 4,327
2.719w% |L5 4 Ispra 5.041 1.123 .596 6.760
L3 4 Karlsruhe . 4.991 1.118 .609 6.718
L5 9 Ispra 4,072 .719 .329 5.120
L5 9 Karlsruhe 4,159 746 .346 5.251
J9 1 Ispra 3.606 -560 .228 4.394
J9 4 Ispra 4.769 1.160 .615 6.544
J9 7 Ispra 4,926 | 1.196 .637 6.759
J9 7 Karlsruhe ‘
J9 9 Ispra 4,134 .802 371 5.307
J9 9 Karlsruhe
Al 1 Ispra 3.537 .585 . 248 i 4.370
Al I Karlsruhe
Al 7 Ispra 4 .806 1.251 .679 6.736
Al 7 Karlsruhe 4.889 1.254 .683 6.826
Al 9 Ispra 4.141 L840 404 5.385
509-032 | E11 1 Ispra 3.483 L4642 171 4.096
3.13w7% Ell 4 Ispra 5.266 1.118 614 6.998
Ell 7 Ispra 5.234 1.137 .618 6.989
Ell1 ¢ | Ispra 4.418 775 .369 5.562
HS 4 Ispra 5.172 1.211 676 7.059
H9 4 Karlsruhe
H9 7 Ispra 5.234 1.247 .694 7.175
H9 9 Ispra 4.446 .834 -409 5.689
015 7 Ispra 4,968 1.297 697 6.962
509-104 | M11 7 Ispra 4.047 . 723 .350 5.720
3.897w% | M1L1 7 Karlsruhe 4,525 710 . 345 5.580
Al2 1 Ispra 1.464 1.464
Al2 1 | Ispra 2.525 2.525
509-069 | E5 4 Ispra 117 5.95 1.76 1.05 .240 9.117
3.13w% E5 7 Ispra .116 5.99 1.78 1.06 .255 9,201
B 7 Karlsruhe 115 5.97 1.79 . 1.0G5 .253 9.178
E5 9 Ispra .063 5,27 1.33 73 .135 7.529
L5 4 Ispra 110 6.06 1.77 1.06 244 9,244
LS 7 Ispra 14 5.97 1.79 1.06 .250 9.184
Ell 1 Ispra .025 4,58 .84 W40 .046 5.891
Ell 2 Ispra .80 5.76 1.52 .88 .168 8.408
Ell 2 | Karlsruhe .081 5.75 1.52 .89 .176 8.417
Ell & Ispra .109 5.86 1.75 1.02 . 240 8.978
Ell 4 Karlsruhe .109 5.93 1.76 1.04 247 9.086
Ell 5 Ispra 117 6.01 1.79 1.04 L 240 9.197
Ell 7 Ispra .120 6.19 1.86 1.07 .260 9.500
ELl 7 Karlsruhe 114 5.95 1.79 1.05 .255 9.159
ELl 8 Karlsruhe 119 4 5.91 1.72 1.03 .232 9.011
E11 9 | Karlsruhe .068 | 5.63 1.41 .78 147 8.035
L1l 4 Karlsruhe .106 6.06 1.79 1.05 247 9.253
L1l 7 Ispra .118 6.02 1.82 1.05 260 9.268
L1l 7 Karlsruhe 114 5.97 1.80 1.06 .258 9.202
Al 1 Ispra 035 4.67 1.02 .51 .073 6.308
Al 7 Karlsruhe 132 5.56 1.89 1.14 .338 9.060
J9 4 Ispra 120 5.82 1.81 1.07 .270 9.090
J8 7 Karlsruhe 134 5.83 1.84 1.08 .282 9.166
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Table 3.2-12 Buildup of Curium and Americium Isotopes
(atom/10E6 initial heavy atoms)

FUEL Am—-242 | Am-243
ELEMENT | SAMPLE LAB. JAm-241 | [Am=241 |Cm=-242 |Cm-244]Am-241| Am-242| Am—243
! (x10E-2)| (x10E-1)
509-049 | L5 1 Ispra i
2.719w% | 15 4 Ispra : !
L5 4 | Karlsruhe | .3510 & .6886 '
L5 9 Ispra
L5 ¢ Karlsruhe .2820 U ,3585
Jo 1 Ispra
J9 4 Ispra ‘
Jo 7 Ispra {
Jg 7 Karlsruhe L2710 .8032
Jg 9 Ispra |
J9 9 Karlsruhe i
Al 1 Ispra
Al 1 Karlsruhe .3230 L1793
Al 7 Ispra
Al 7 Karlsruhe . 3400 - 8806
Al 9 Ispra
509=032 | E1l1 1 Ispra
3.13w% | E1l 4 | Ispra
Ell 7 Ispra
El1l 9 Ispra
H9 4 Ispra
H9 4 | Karlsruhe .2350 . 8006
HY 7 Ispra
HG 9 Ispra
015 7 Ispra
509-104 | M11 7 Ispra
3.897w% | M11 7 | Karlsruhe L2050 .3050
Al2 1 Ispra
Al2 1 Ispra
509-069 | E5 4 | Ispra 22.8 | 8.74 |219.4
3.13w% | E5 7 Ispra 26.3 | 9.07 |241.3
E3 7 | Karlsruhe .8210 1.7300 25.1 9.31 2,40 | 45.2
E5 9 Ispra 13.7 2.48 |150.6
LS 4 Ispra 24.8 9.29 |240.1
L5 7 Ispra 24.4 | 8,57 |295.1
E11 1 Ispra 1.0 .10 83.3
Ell 2 Ispra 6740 1.1600 17.0 | 4.35 |172.6 1.35 23.2
EIl 2 | Karlsruhe L7460 1.2800 17.8 | 4.77 1.38 23.7
Ell 4 Ispra ‘ 23.6 | 9.03 (206.2
Ell 4 | Karlsruhe .7990 ¢ 1.7000 24.3 8.56 2.09 44.4
E1l 5 Ispra .8060 1.5900 25.3 | 9.67 |306.9 2.73 | 53.8
Ell 7 Ispra 26.2 |10.03 |297.2
El1l 7 | Karlsruhe .8510 1.7200 | 26.2 9.29 2.22 | 44.9
E11 8 | Karlsruhe . 7880 1.5800 24,1 7.40 2.14 £2.8
E1l 9 | Karlsruhe .7590 1.0900 17.1 3.55 2.06 | 29.5
L1l 4 | Karlsruhe .7160 1.6100 | 27.5 8.93 1.93 | 43.6
L1l 7 Ispra .8020 1.5900 24.3 9.79 |200.7 1.94 | 38.5
L1l 7 | Karlsruhe .8730 1.6500 24,2 | 9.20 2.37 44.7
Al 1 Ispra 7.4 .86 82.7
Al 7 | Karlsruhe .7410 2.2900 | 29.5 |13.20 1.93 | 59.8
Jo 4 Ispra 25.1 110.43 [209.3
‘J9 7 | Karlsruhe L7570 1.8100 | 28.0 | 9.43 2.05 | 49.1
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5) P.Barbero et.al: “Post-irradiation Analysis of Obrigheim PWR Spent Fuel”, Nuclear
Science and Technology, Yol. 2, No. 1(1980), pp. 129-177
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Table 3.3-1 Core Composition and Performance(Obrigheim)
Fuel Pellet Control Rod
U0, density (g/cm3) Absorbing material Ag-In-Cd
Linear density (gfem) | 6.68/6.52
Diameter {cm) 0.904 Core
Length of pellet stack Equivalent diameter (cm) 250.0
in fuel rod {cm) 295.6 Active height {cm) 275.0
Clad-pellet clearance {cm) 0.0139 No. of square assemblies 121
' No. of control rods 32
Fuel Clad U0, in square assemblies(kg)
Qutside diameter (cm) 1.076 Total U0, weight (kg) | 39,930
Inside diameter (cm) 0.9318 Total U weight (kg) | 35,200
Wall thickness (cm) 0.06885
Material Zircaloy-4 | Core Thermo-hydraulic
i Characteristics
Square Fuel Assembly Power {(MWth) 907.5
Rod array 14 x 14 (MWe) 350
Number of rods 180 Coolant pressure (kg/cm?) 147 .8
Fuel rod pitch (cm) 1.430 Coolant temperature(ave.,“C)
Side of square (inlet,°C) 283
cross section (cm) 20.0 (outlet,“C) 313
Total length (cm) 317.0
U0, weight (kg) 221.83
Initial enrichent (%) | 2.5/2.8/3.1
Channel material Zircaloy-4
Channel mat. thickness (cm)
Table 3.3-2 Irradiation History of the Obrigheim Fuel
Element BEl24 and BE210
CYCLE COF PERIODS DAYS BURNUE _(MWD/MIU)
OPERATTON (a) POSITION | BE 124 | POSITION | BE 210
30.09.70
Second 12.08.71 258 G-1 6,600
13.08.71
Shut-down 99.09.71 48
. 30.09.71 _
Third 07.09.72 295 D-11 9,900
08.09.72
Shut-down 04.10.72 27
05.10.72
Fourth 01.09.73 283 D-7 18,600 J-5 21,300
02.09.73
Shut-down 24.09.73 23
. 25.09.73 _ _
Fifth 16.08.74 229 D-4 29,000 G-3 30,100
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Table 3.3-4 Burnup Values Obtained by Means of Three Independent

Experimental Methods (MWD/MTU)

FUEL Cs=-137 Cs—-137
ELEMENT SAMPLES LAB. Nd-148 | Destructive Non- Theoretical
destructive
BE 124 | DL Pl Karlsruhe | 21,170 19,520 21,200
3.00 wZz , D1 P2 Ispra 27,910 28,000
Dl P3 Ispra 33,750 33,160 33,760 33,700
E3 P1 Ispra 20,180 19,540 19,420 20,200
E3 P2 Karlsruhe | 35,100 29,350 35,100
E3 P3 § Ispra 36,260 35,220 35,510 36,200
E3 P4 Ispra 30,890 30,640 28,140 30,900
E3 P4 Karlsruhe | 30,940 30,900
E3 P5 i Ispra 22,860 22,570 22,920 22,800
LG7 Pl Ispra + 17,130 16,970 17,490 17,100
G7 Pl Karlsruhe | 22,700
G7 P2 Ispra 25,830 24,880 26,240 25,800
G7 P3 Ispra 31,500 31,400 31,920 31,300
G7 P3 Karlsruhe | 31,140 31,300
G7 P4 Ispra 27,710 27,420 29,460 27,700
G7 P5 Karlsruhe | 25,810 28,830 25,800
Ml4 Pl | Karlsruhe | 15,600 15,790 15,600
M14 P3 Ispra 29,360 28,800 27,200 29,400
M14 P4 Karlsruhe | 24,900 27,460 24,900
BE 210 Gl4 P3(1) | Ispra 38,100 37,720 36,290 37,500
2.83 w% ! Gl4 P3(1) : Xarlsruhe @ 36,880 37,500
Gl4 P4(Ll) | Ispra 35,640 35,480 36,070 35,600
Gl14 P5(1) | Ispra 30,160 30,660 31,870 30,100
Gl4 P5(2) | Ispra 24,220 24,400 26,060 24,200
Kl4 Pl Ispra 25,450 22,900 22,460 25,500
Kl4 P3(1) | Ispra 36,670 35,990 35,120 36,600
K14 P4(1) | Karlsruhe | 32,900 34,630 32,900
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Table 3.3-5 Atom Ratios of U and Pu from Mass Spectrometry
in Obrigheim PWR

FUEL U (xI0E-2) Pu (x10E-1)
ELEMENT SAMPLES LAB.
235/238|236/238] Date 240/239|241/239(242/239
BE 124 | Dl Pl Karlsruhe 1.438 .313 |17.07.78| 3.021 1.183 .291
3.00 w# | D1 P2 Ispra L9698 .396 |05.04.78| 4.046 1.776 .685
D1 P3 Ispra 742 431 [12.04.78] 4.686 2.133 1.111
E3 Pl Ispra .337 .297 108.07.77| 3.165 1.259 .321
E3 P2 Karlsruhe .897 A 17.07.78) 4.298 1.818 .814
E3 P3 Ispra .653 L4411 122.07.771 5.041 2.287 1.304
E3 P4 Ispra .798 L408 |16.07.77] 4.481 2.059 . 928
E3 P4 Karlsruhe .83 412 117.07.78) 4.548 2.007 . 982
E3 P5 Ispra .258 .383 |04,10.77, 3.475 1.549 L4548
G7 PI Ispra .607 .308 113.12.77) 2.722 1.096 .231
G7 P1 Karlsruhe .516 .306 |17.07.78| 2.8 1.102 .251
G7 P2 Ispra .146 408 119.12.77| 3.778 & 1.6653 .576
- G7 P3 Ispra .813 .42 30.03.78| 4.539 2.01 .947
G7 P3 | Karlsruhe 794 .42 17.07.78| 4.524 1.991 .978
G7 P4 Ispra 077 .43 19.12.77| 4.005 1.844 .713
G7 P> Karlsruhe .064 .378 |17.07.78| 3.813 1.703 624
Ml4 P1 Karlsruhe .639 .283 117.07.78| 2.606 .958 .187
| M14 P3 i Ispra .936 1 .405 (18.04.78| 4.138 1.865 . 756
E Ml4 P4 Karlsruhe | .088 .377 |17.07.78| 3.737 1.673 .596
BE 210 Gl4 P3(1) | Ispra 542 JA416 | 11.11.77) 5.455 2,452 1.692
2.83 w% | GI4 P3(1) | Karlsruhe AT L412 |17.07.78| 5.451 2.363 1.689
Gl4 P4(l) | Ispra .529 L422 [11.11.77) 5.363 2.326 1.521
Gi4 P5(1) | Ispra . 667 .388 [13.12.77| 4.8l 2.122 1.12
Gl4 P5(2) | Ispra . 947 .353 (30.10.77| 4.009 1.721 .658
Ki4 Pl Ispra .066 .341 |06.04.78) 3.759 1.636 .567
Ki4 P3(1) | Ispra .521 L413 |20.04.78| 5.248 2.312 1.55
K14 P4(1) | Karlsruhe 541 408 [17.07.78) 5.234 2,225 1.441
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Table 3.3-6 Buildup and Depletion of Uranium Isotcpes
in Obrigheim PWR(kg/MIU initial)

FUEL SAMPLES LAB. U-235 U-236 J-238
ELEMENT Depletion | Build up | Depletion
BE 124 | Dl Pl Karlsruhe 16.31 2.99 15.95
3.00 w% | D1 PZ Ispra
DL P3 Ispra 23.07 4.06 25.32
E3 Pl Ispra 17.25 2.82 12.88
i E3 P2 Karlsruhe 21.56 3.77 27.85
E3 P3 Ispra 23.91 4.12 27.01
E3 P4 Ispra 22.52 3.83 22.22
E3 P4 Karlsruhe 22.16 3.91 23.83
. E3 P5 Ispra 18.15 3.62 16.59
G7 Pl Ispra 14.79 2.92 11.97
G7 P1 Karlsruhe 15.60 2.93 18.18
G7 P2 Ispra 19.24 3.85 19.21
G7 P3 Ispra 22.39 3.94 23.36
G7 P3 Karlsruhe 22.50 3.98 23.90
G7 P4 Ispra 19.91 4.05 21.62
G7 P5 Karlsruhe 19.91 3.60 19,80
M1l4 P1 Karlsruhe 14,31 2.73 10.91
Ml4 P3 Ispra 21.22 3.81 21.73
Ml4 P4 Karlsruhe 19.67 3.60 18.85
BE 210 | Gl4 P3(1) | Ispra 23.25 3.89 29.38
2.83 w% | G14 P3(1) | Karlsruhe 23.89 3.87 28.78
Gl4 P4{(1) | Ispra 23.35 3.95 26.36
Gl4 P5(1) | Ispra 22.03 3.66 20.99
Gl4 P5(2) | Ispra 19.36 3.33 16.25
K14 Pl Ispra 18.27 3.22 18.86
Kl4 P3(1) | Ispra 23.44 3.86 27.76
K14 P4(1) | Karlsruhe 23.26 3.82 24.55
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Table 3.3-7 Buildup of Plutonium Isotopes in Obrigheim PWR

(kg/MTU initial)

FUEL

ELEMENT SAMPLES LAB. Pu-238 | Pu-239 | Pu-240 | Pu-241 | Pu-242 | Total Pu

BE 124 | D1 Pl Karlsruhe .036 4,35 1.32 .62 .128 6.454

3.00 w¥ | DL P2 Ispra
D1 P3 Ispra 156 5.02 2.36 1.28 564 9,380
E3 Pl Ispra 041 4,28 1.36 .62 . 139 6.440
E3 P2 Karlsruhe 104 4.62 1.99 1.02 . 380 8.114
E3 P3 Ispra .165 4,77 2.41 1.26 .629 9.234
E3 P4 Ispra .125 4,94 2.22 1.18 464 8.929
E3 P4 Karlsruhe .103 4.91 2.24 1.19 .488 8.931
E3 P5 Ispra .062 4,65 1.62 .84 .211 7.383
G7 Pl Ispra .031 4.26 1.16 .55 .099 6.100
G7 Pl Karlsruhe .039 4.39 1.23 .59 112 6.361
G7 P2 Ispra .079 4.70 1.81 .94 .279 7.808
G7 P3 Ispra .138 4,99 2.27 1.20 L478 9.076
G7 P3 Karlsruhe . 145 5.04 2.29 1.21 .500 9.194
G7 P4 - Ispra .106 5.08 2.04 1.11 . 366 8.702
G7 P5 Karlsruhe .079 5.08 1.95 1.05 .320 8.479
Ml4 Pl Karisruhe .025 3.98 1.04 .46 .075 5.581
Ml4 P3 Ispra . 107 5.02 2.08 1.12 . 384 8,711
Ml4 P4 Karlsruhe L076 4.96 1.86 1.00 .299 '8.195

BE 210 Gl4 P3(1l) | Ispra .190 4.52 2.47 1.30 .773 9,253

2.83 w% | Gl4 P3(l) | Karlsruhe | .139 4.60 2.52 1.32 .787 9.366
Gl4 P4(l) | Ispra .159 4,41 2.38 1.21 . 680 8.839
Gl4 P5(1l) | Ispra 114 4,36 2.11 1.09 494 8.168
Gl4d P5(2) | Ispra .065 4,27 1.72 .86 . 285 7.200
K14 Pl Ispra .065 4.60 1.74 .90 264 7.569
K14 P3(1) | Ispra .169 4,69 2.47 1.30 .735 9.364
Kl4 P4(1) | Rarlsruhe 126 4,51 2,37 1.21 .658 8.874
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Table 3.3-8 Buildup of Am and Cm Isotopes in Obrigheim BWR
(kg/MIU initdial)
Americium Curium
FUEL
ELEMENT SAMPLES LAB. 241 242 243 242 244
' (x10E-2) | (x10E-4) |(xLOE-2) | (x10E-3) ; (x10E-3)

BE 124 Dl Pl Karlsruhe 2.19(a) 7.40 2.22

3.00 w#Z | D1 P2 Ispra
D1 P3 Ispra 6.08(b) 15.65 33.97
E3 P1 Ispra 2.93(b) 4,50 2.04
E3 P2 Karlsruhe 12.58
E3 P3 Ispra 9.00(b) 14.79 41.62
E3 P4 Ispra 7.30(b) 15.01 24.80
E3 P4 Karlsruhe 33.17 22,18
E3 P5 Ispra 2.37(b) 7.10 5.13
G7 Pl Ispra 1.40(a) 2.88 .086 2.94 1.04
G7 P1 | Karlsruhe 2.21(a) ' 1.97
G7 P2 Ispra 2.48(a) 4.94 .390 8.58 9.49
G7 P3 Ispra 17.58(b) 14.79 29.73
G7 P3 Karlsruhe 27.15 26.73
G7 P4 Ispra 13.98(b) 11.88 16.52
G7 P5 Karlsruhe 19.56 10.68
Ml4 Pl : Karlsruhe .67(a) 1.04
M14 P3 | Ispra 9.39(b) 11.30 17.99
Mi4 P4 Karlsruhe 14.07 8.91

BE 210 Gl4 P3(1) 1 Ispra 4.10(a) 7.29 1.540 14.54 59.81

2.83 wZ | GI14 P3(1) ! Karlsruhe 47.03 45.94
Gl4 P4(1l) | Ispra 4,03(a) 19.30 1.380 14.36 47.15
Gi4 P5(1) | Ispra 5.53(b) 12.07 420 11.70 22.07
Gl4 P5(2) | Ispra 2.77(a) 7.10 .360 7.56 6.95
Kl4 Pl Ispra 2.52(a) 8.13 6.53
K14 P3(1) | Ispra 7.49(b) 7.57 1.400 17.75 52.59
K14 P4(1) | Karlsruhe 33.10 31.68
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Table 3.3-9 Isotopic Ratios of Fission Gass in Obrigheim PWR

FUEL Krypton : Xenomn
ELEMENT SAMPLES LAB.
83/86 |84/86|85/86|130/134|131/134|132/134|136/134
BE 124 Dl P1 Karlsruhe | .134 |.305 |.055 L0024 .335 .H85 1.412
3.00 wZ | DI P2 Ispra
DI P3 Ispra
E3 Pl | Ispra
E3 P2 ' Karlsruhe | .233 |.613 |.100 L0046 .306 L7134 1,520
E3 P3 Ispra
E3 P4 Ispra
E3 P4 Karlsruhe | .23l ;.611 |.105 .0049 .296 .625 1.518
E3 P5 Ispra
G7 Pl Ispra
G7 Pl Karlsruhe | .255 |.573 |.104 .0024 .333 .656 1.400
G7 P2 Ispra
G7 P3 Ispra |
G7 P3 Karlsruhe | .229 |.613 |.104 .0049 . 294 757 1.534
G7 P4 "Ispra
G7 P5 i Karlsruhe | .245 |.602 |.107 .0036 .304 .723 1.487
Ml4 Pl Rarlsruhe | .257 5.567 .106 .0020 .339 1 .649 1.375
M14 P3 Ispra §
M14 P& Karlsruhe | .241 [.594 |.105 L0036 .303 700  © 1.419
BE 210 Gl4 P3(1) | Ispra :
2.83 w% | G14 P3(1) | Karlsruhe | .212 |,631 |.104 .0065 .275 761 1.585
Gl4 P4&(1l) | Tspra
Gl4 P5(1) | Ispra
Gl4 P5(2) | Ispra |
K14 P1 Ispra
K14 P3(1) | Ispra
Kl4 P4{1l) | Karlsruhe | .241 |.594 |.105 .0036 .030 . 700 1,491
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Table 3.3-~10 Atoms Ratios Nd, Cs and Pu Referred to Final U
in Obrigheim PWR

FUEL Nd148/U238 | Cs137/0238 | Pu239/U238 | Total Pu/U
ELEMENT SAMPLES LAB. Mass Ratio
{x10E-4) (x10E-3) (x10E-3) {x10E-3)
BE 124 DI Pl Karlsruhe 4.01 4,54 6.65
3.00 w#z | D1 P2 Ispra 1.88
DI P3 Ispra 6.46 2.33 5.29 9,82
E3 PI Ispra 3.81 1.35 4.45 6.62
E3 P2 Karlsruhe 6.73 4.88 8.50
E3 P3 Ispra 6.96 2.48 5.04 9.69
E3 P4 Ispra 5.89 2.15 5.19 9.30
E3 P4 Karlsruhe 5.91 5.17 9.31
E3 P5 Ispra 4.34 2.36 4.86 7.63
G7 Pl Ispra 3.23 1.77 4,42 6.25
G7 Pl Karlsruhe 4.31 4.59 6.56
G7 P2 Ispra 4.91 2.59 4,92 8.09
G7 P3 Ispra 6.02 3.28 5.25 9.47
G7 P3 Karlsruhe 5.95 5.31 9.60
G7 P4 Ispra 5.29 2.86 5.33 9.03
G7 P5 Karlsruhe 4.91 5.33 8.80
M14 Pl Karlsruhe 2.94 4.13 5.17
Mi4 P3 Ispra 5.60 3.01 5.27 9.07
Ml4 P4 Karlsruhe 4.73 5.19 8.49
BE 210 Gl4 P3(1) | Ispra 7.31 3.94 4.77 9.73
2.83 w% | Gl4 P3(1) | Karlsruhe 7.09 4.86 9.85
Gl4 P4(l) | Ispra 6.82 3,70 4.65 8.84
Gl14 P5(1) | Ispra 5.74 3.20 4.57 8.17
Gl4 P5(2) | Ispra 4.59 2.55 4.46 7.21
K14 P1 Ispra 4.83 2.39 4.81 7.57
K14 P3(l) | Ispra 7.03 3.75 4,94 9.36
K14 P4(1l) | Karlsruhe 6.28 4.74 9.28
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Table 3.3-11 Specific Activities of Fission Products and
Activity Ratios in Obrigheim PWR at Reactor
Shutdown (dps/g of final uranium)

FUEL Cs—137 Cs-134 Fu-154 Cs-134 Eu-154
ELEMENT | SAMPLES LAB. /Cs=137 | /Cs=137
(x10E9) | (x10E9) | (xI10E8) (x10E-2)
BE 124 D1 P1 Karlsruhe
3.00 w# | DI P2 Ispra 3.308 4.287 1.916 1.296 5.790
Dl P3 Ispra 4.097 6.512 2.652 1.590 6.470
E3 Pl Ispra 2.372 2.115 779 . .892 3.284
E3 P2 Karlsruhe
E3 P3 Ispra 4.361 6.926 2.555 1.588 5.859
E3 P4 Ispra 3.774 53.568 2.147 1.475 5.689
E3 P4 Karlsruhe
E3 P5 Ispra 2,751 3.084 1.186 1.121 4.311
G7 Pl Ispra 2.053 1,714 . 547 .835 2.664
G7 P1 Karlsruhe
G7 P2 Ispra 3.041 3.749 1.653 1.233 5.436
G7 P3 Ispra 3.871 5.940 2.481 1.534 6.411
G7 P3 Karlsruhe
G7 P4 Ispra 3.356 4.752 1.999 1.412 5.941
G7 P5 Karlsruhe
Ml4 Pl Karlsruhe
M14 P3 Ispra 3.539 5.068 2.102 1.432 5.940
Ml4 P4 Karlsruhe
BE 210 Gl4 P3(l) | Ispra 4,665 7.597 2.743 1.628 5.880
2.83 wZz | G14 P3(1) | Karlsruhe
Gl4 P4(1) | Ispra 4.376 6.842 2.609 1.564 5.962
Gl4 P5(1) | Ispra 3.758 5.091 2.079 1.355 5.532
GL4 P5(2) | Ispra 2,968 3.244 1.338 1.093 4,508
Kl4 Pl Ispra 2.782 3.236 1.364 1.163 4.900

K14 P3(1l) | Ispra 4,438 7.353 2.909 1.657 6.554
K14 P4(1) | Karlsruhe
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SECOND IRRADIATION CYCLE THIRD IRRADIATION CYCLE
FOURTH IRRADIATION CYCLE FIFTH TRRADIATION CYCLE

-

(] FUEL ELEMENT BE 124 POSITIONS 61,D7,D4

B FUEL ELEMENT BE210 POSITIONS Di1,J5,63

Fig. 3.3-3 Schematic core maps of the Obrigheim during
different irradiation cycles.
The position of the elements BE-124 and BE-210

are indicated.
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Fig. 3.3-4 Cutting positions of the Obrigheim reactor fuel samples
selected for analysis
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3.4 GariglianoiF(BWR)

Gariglianc/iDBEAEARIIREREKBEO SV =T L« UHA 7 VOFREO—ERRE LTITH
iz, FOELINRENBHEAFFEEEOVTI N b9 A2 EUBRBEZROEETRAZHLNC
TEIETHotc. ZON®, HEHEBLUFEI— FORIEATE 2 L SBATRENHES
Nito, i, HEBEOBREE B UOEMAESERORER, T =7 LBEESEORITAL
SN EERINEEOT I R Y ASERE LORBEBREESEKII OV THEBI NI,

1, REUCHERALNEITROXEDO SRR L EDTH S,

6) A Aeiemma et.al:“Bxperimental and Theoretical Determination of Buraup and Heavy
Isotope Content in a Fuel Assembly Irradiated in the Gariliano Boiling Water
Rractor”, EUR4638e(1971) .

8) S.Guardini et.al:“Benchmark Reference Data on Post-irradeation Analysis of Light
Water Reactor Fuel Samples”, EUR7BTYEN(1982).

3.4.1  HPCHERR & ae LPERE

Table 3.4 — 1 fFCHERR &FLMEREE RS, £, FLOBERKE L UVHBEGHR ZFig.
3.4 — 1iomd, EEF 1 70 Cyele] TR X 9 OBREHERFI % b oMEERESENRR S 1,
Cycle T T 8 X 8 OEREHERY% b OMEHES R ER SN/, 9 X RV ORBRE ENDY]

HMMEE AR 3. 4 — 2107,

3.4, 2 BEEREEY LTV VIBEOREE

RESIREL & LT, Cycle I DO DEEIESAA-1060 1 &, Cycle [[ 4 SEREHEGESA-130 L A5
it 2 &I N,

Fig. 3.4. — 34 7 UHRE A- 1060 BEBEAERY, Fig. 3.4 — 1 BXUFig. 3.4 — 4 (BB ET
) A-106DFE LI B ARTRT 5, T, RAEINIBEEORERSEAMNEEFg 3.4 -5
. CORTxEIRY LT UEHEA R, 2 TSRO EITNI

BREHE RS- 1313 Cvc le T TRE N7z, ZOELANMERFIg 3.4 — 1ITRT,

& LT IBREL OB w7 v U AE, SA- 13D RIEBREE ShB L U v T VBREHEE %
Fig. 3.4 — 6379, SA-130% T ABEHEIX 1 K TH 5,

A-1064 SBIEN -4 o T BREHBII 2 Tlevel (BXUDLUINTY v 7Y Y 7SR,

3.4.3 fEHR T -5
HIE 12 Ispra&Karlsruhe® 2 DOWEAFTITHNI,

9, A-106QAIEICHWTIEND,
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level C H5128 DiciMF A (Ru/Rh), CsbBXTf (Ce/Pr)dfiRite®Table 3.4 — 26K UTable
34— 2%BXUTable 3.4 — 3ITFT,

HREMEARED ¥ v T V8RO BREHES Tlevel (HhSH LN

Table 3. 4 — 4 JoIEREHERITEO 127 (s, BUEHIED ¥ CsiEB X UHE (U, PuDEINADERIH
B E T BB, A BT S ; Heavy Element)iED32HIEIC & BBRERIEDERERT,
F 7, BEERIEED D B0 0sik s N ONdEIC L AEIEE OB E LB L /o5 R & Table 3.4 -3 IR
4. X5, JEEEEO ' T0siESHEEIC & B MBEE & OBERIZ DL TTable 3. 4 — 61K

Table 3. 4 — 712U, PuOBERHAOSEBATMURICHT BHE LTRT, £O&RENIASE
EOWEHESER MR AT g 3. 4 — T~Fig. 3. 4 —13TRT, £72U, Pu, Andb X UNdDRIGHALL
ZTable 3.4 — 81T7FT,

Kr, SeDFIfifAL%Table 3.4 — 941RS. /o, (*Kr/*°Kr) L BEOCREREERT, UlRiEED
WU o % 2 E TR % & OBR AR 3. 4 — 4ITRT, o3/ Kr) LETREAEEE
Fr, 23SUMREERP, 5 LU URIRBOWEIU S 2 F TEE Y & OBfR%EFig. 3.4 —15lZmR e,
2eapy /29py & 295)/288; k OBIEAF g 3. 4 — 1662, 27CU/20 UL ISU/2 UL DBIREFig 3. 4 —
ITicRd, Ero, PPOU/2RR UL RPRERE, & DRIR AT 3. 4 —18IT/RT,

Table 3. 4 — 10127/ 7 7 RHEEO 7L 7 7 iihHhe%, Table 3.4 —11Z'*Nd, °°U B&T
POPUD [EIN AR E AR T .

S, H T VBREESE SA 1BOREICOVWTEN S, Y TV IZECREHE | R TH
%, ®AEY YT B RFig 3 4 - 6ICRTEDTH S,

U BAA OB sz 5% Table 3. 4 — 121, PuRMEROHHE 2 licxfd % Table
3.4 131RE, E77, VONIB R CsOBIRI IR A% Table 3. 4 —14iC, AnB&Un
EIAAO BRI cxdd B4 Table 3. 4 —15ITR TS

U e 39 3 UBIREO S, WeBATable 3. 4 —16iC, FI8IURICHT BPUEIKADER
ATable 3.4 — TSR T, 7z, FAURICHT 2 Ank L UCnEISEOZFEETable 3. 4 — 1817w

R
Table 3. 4 — 1942 **Nd3s LTS Cor DB X N F MR A F 5 X DMIDMTUT/R T,
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Table 3.4-2 Activities Measured at Level €

Counts, cps
Rod 1
(Ru/Rh) (%) | Cs (Ce/Pr) (¥*)
512 keV | 662 keV 2186 keV

A-1 75.12 164,90 1.453
B-1 67.08 148.29 1.357
c-1 60.43 158.59 1.388
D-1 63.08 159.29 1.465
E-1 64.36 164.15 1.470
J=1 92.45 196,24 1.661
A=2 63.17 146.33 1.339
B-2 60.66 159.68 1.435
c-2 | 55.61 | 148.30 1.352
D-2 | 55.69 | 143.65 1.306
H-2 - 68.50 179.60 1,586
A=3 61.23 158.14 1.424
B-3 56.16 146.55 1.356
c-3 53.23 | 141.37 1.302
D-3 52.99 139.24 1.286
E-3 54.17 139.43 1.240
A-d 61.72 160.16 1.455
Db 50.48 131.67 1.209
A-5 | 66.38 165.99 1.549
c-5 | 55.55 143,77 1.322
E-5 ! 43.03 112.82 0.996
B—6 61.80 157.38 1.412
D-6 53.94 142.98 1.278
C7 59.41 155.26 1.416
D-7 47 .45 124.71 0.861
G-7 62.21 160.87 1.459
A-8 95.11 187.15 1.636
B-8 72.03 185.16 1.716
H-8 74.50 190.79 1.680
A-9 102.98 214.39 1.827
B-9 88.27 185.92 1.638
C-9 81.02 201.91 1.842
D-9 79.77 191.18 1.827
J-9 88.19 175.51 1.533

~~
*
p—

Counts referred to
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Table 3.4-3 Activities Measured at Level D

Counts, cps
Rod
(Ru/Rh) (*) Cs (Ce/Pr)(*)
512 keV 662 keV 2186 keV

A-1 37.69 94.48 0.774
B-1 35.30 96.12 0.815
c-1 32.54 101.75 0.856
D-1 32.05 101.03 0.839
E-1 33.41 96.56 0.785
J-1 46.48 | 119.68 0.989
A-2 33.71 | 92.84 0.744
B-2 30.35 | 98.10 0.796
c-2 28.05 89.50 0.707
D-2 27.76 89.04 0.736
H-2 33,05 . 106.11 0.882
A-3 31.74 99.65 0.731
B-3 28.04 89.21 0.785
C-3 28.26 88.57 9.717
D-3 25.73 83.11 0.647
E-3 26.20 82.35 0.648
A-4 30.83 96.81 0.794
D—-4 25.58 81.28 0.657
A-5 32.59 100.51 0.827
C-5 26.12 82.31 0.667
E-5 25.26 78.70 0.654
B-6 27.96 89.22 0.705
D-6 26.59 81.51 0.671
c-7 28.10 89.72 0.735
D-7 27.81 85.74 0.688
G-7 29.74 92.20 0.749
A-§ 41.72 109.01 0.893
B-8 34.62 110.70 0.915
H-8 36.18 114.74 0.940
A-9 49.57 125.45 0.958
B-9 44,39 11.12 0.914
c-9 39.32 118.97 1.032
b-9 37.70 113.46 0.936
J-9 51.44 123.17 1.011

{(*) Counts referred to January 10, 1969
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Table 3.4-4 Comparison of the Burn—up Distribution Obtained
with Three Different