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Measurement of Control Rod Worths in
Graphi;e Moderated Core

Summary

This report describes a systematic compilation of experimental data on the effec-
tiveness of control rod by the use of pulsed neutron technique in a graphite-moderated
209 enriched uranium critical assembly SHE. The data used for the compilation are
collected from over 300 experimental cases. The philosophy of the choice of experim-
ental conditions is that essential parameters to determine the effectiveness of control
rod should be the following :

1. nuclear characteristics of the cores,

2. kind of nucleus of the neutron absorbing material and its density,
3. geometrical factors of the neutron absorbers of the control rods,
4. mutual interaction among the control rods

The compilation has been performed with the purpose of checking the accuracy of
the control rod worth analysis system applicable to graphite-moderated and heavy
water-moderated reactors, which is under developements using SN, and Nordheim and
Scalettar method.

November 1968
Yoshihiko KANEKO, Fujiyoshi AKINO,
Ryosuke KUROKAWA, Kenji KITADATE
Division of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute
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TABLE |

The physical and nuclear properties of the different core configurations of SHE

17

l ] @
i Number of loaded ‘e ' | :
. Py  Critical mass Inner reflector, Core radius | Core length
Configuration i CPU ‘ fuel mg?it?ga?elayw i in U (kg) | Ry (cm) | R, (cm) | H (cm) e
I | i | N
SHE-5 | 5378 219 5.29 0 %7 240 5.73+0.07
SHE-6 . 4328 | 196 5.95 0 | 33.8 : 240 5.86+0.15
SHE-7 1 3276 173 6.99 | 0 31.8 240 6.48+0.29
SHE-8 | 2226 } 147 8.69 0 2.3 | 240 | 6.74+0.35
SHE-9 | 5378 | 208 7.20 44.4 60.8 240 { 3.86+0.34
Radial reflector . | Axial reflector
DITISS 2777 7T AT d
Ve LSS LA D
v, Core //////////%://,,.
Ké;[d(dt.u./././(/ltﬂ;q
Q:-' x
. . i ]
L?‘r???l’fﬁ???’/‘/‘/‘ﬂ??“
VSIS 77777777777, A
y///////////////////f/x
JJ‘WJJMJJI{¢U4441
—H,—=t H, 1=—H,—
Radial reflector
120cm Movable half Fixed half
TasLE 2 Worths of cadmium and boral control rods
Critical | Loaded i Prompt | day exX | day elx-
! i trapora itrapola-
fuel fuel Rod neutron decay - -
Core rods | rods Control rod position | constant at | 4@ (sec™) gg‘tiictgl | day (sec™?) fﬁfi ct:l
7 pumber number ) :standard statei state | | “state
SHE-5 | 219 | 214 — 12.2s¢0.o4‘ |
212 | VOID, CD-1 S, N | 30.31:0.14 | 30.95 5.2940.07 | 5.40
212 | CD-1, CD-1 S, N | 53.71+0.21 | 54.82 9.37+0.12, 9.57
212 | VOID, BORAL S, N i 35.0940.15| 35.79 | 6.12+0.08 i 6.25
212 | BORAL _BORAL S, N . 62.47+0.27 i 63.63 ° 10.09+0.14 1 11.11
SHE-6 | 196 192 — 12.23+0.03
190 | CD-1, VOID . S, N 27.83+0.08 | 28.27 | 4.75+0.12 | 4.82
190 | CD-1, CD-1 | s, N 48.404-0.41 | 49.15 | 8.26+0.22 | 8.39
190 BORAL, VOID | S, N ! 33.29+0.17 ° 33.78 | 5.68+0.15 | 5.77
190 BORAL, BORAL , S, N 62.58:£0.31  63.51 | 10.68+0.28 | 10.84
SHE-7 | 173 | 172 — | | 23.342:0.22 !
L 170 CD-1, VOID 1 S, N 27.454+0.87 | 27.45 | 4.24+0.23 4.24
170 i CD-1, CD-1 | S, N 48.38+0.57 | 48.38 | 7.47+0.35 | 7.47
170 | BORAL, VOID £ S, N | 33.02+0.43  33.02 | 5.10:£0.24 | 5.10
170 | BORAL, BORAL = S, N | 58.04+1.15 58.04 | 8.96:0.44 8.96
SHE-8 | 147 ' 146 — ‘ | 95.43+0.04
144 | CD-1, VOID | S, N \ 23.474+0.10 | 23.51 | 3.48+0.18 | 3.49
144 | CD-1, CD-1 .S, N | 42.0630.11 | 42.13 6.24+0.32 | 6.25
C144 BORAL, VOID S, N . 29.67+0.11 : 29.73 | 4.40+0.23 | 4.41
| 144 | BORAL, BORAL | S, N 55.84+0.15 | 55.95  8.2940.43 . 8.30
SHE-9 | 298 | 206 | — ‘ 5.33i0.58; , |
296 | CD-1, C \ S, N | 15.56--0.59 | 15.76 | 4.03+0.39 | 4.08
296 | CD-1, CD-1 'S, N \ 31.714+0.62 | 32.10 | 8.22+0.74| 8.32
296 . BORAL, C S, N | ' 15.01+0.59 | 15.21 1 3.89+0.38 | 3.94
\ 296 | BORAL, BORAL | S, N ‘ | 31.36+0.58 | 31.75 | 8.12+0.73| 8.23
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Taste 3 Worths of gray control rods with diameter of 42 mm

‘Critical | Loaded | | i Prompt l don | ez
l ; extrapola- extrapola-
Core fuel fuel | Control rod Rod  neutron decay day (sec™!) | ted to 1 de, ted to
rod rod | position | constant at | critical | critical
number numberl standard state | state | state
SHE-5 | 219 . 214 | — ‘ | 11.21:£0.04 '
212 | GRAY-42-1 S, N ! 30.22+0.21 ! 30.80 5.2710.07 5.38
212 GRAY-42-2 S, N . 39.75+0.21 40.57 6.9440.09 7.08
212 GRAY-42-3 S, N 50.804:0.35 51.85 8.87+0.12 9.05
212 GRAY-42-4 S, N 56.67+0.39 57.83 9.89+0.14 10.09
.212 GRAY-42-5 - S, N 63.19+0.27 64.47 11.03+0.14 11.25
L0212 GRAY-42-6 S, N | 68.63+0.33 70.03 11.98+0.16 12,22
i 212 GRAY-42-7 S, N ; 74.00+0.39 75.51 12.92+0.17 13.18
SHE-5 | 219 | 214 — ! 12.4940.05 |
bo212 GRAY-42-1 3F2, 3Z2 o 27.81+0.16 28.39 4.85+0.07 4.96
212 | GRAY-42-2 3F2, 322 © 36.32+0.16 37.02 6.34+0.08 6.46
212 GRAY-42-3 3F2, 372 . 45.59+0.26 46.52 7.96+0.11 8.12
212 GRAY-42-4 3F2, 372 © 51.05+0.25 52.10 8.91+0.12 9.09
i 212 GRAY-42-5 3F2, 3Z2 ! 56.3440.33 57.50 9.83+0.13 10.04
212 GRAY-42-6 3F2, 3Z2 | 61.00+0.26 62.22 10.65+0.14 10. 86
212 | GRAY-42-7 | 3F2, 3Z2 . | 65.00+0.27 66.28 11.34+0.15 11.57
214 . GRAY-42-1 | 6F2, 6Z2 ! 1 21.6740.12 22.14 3.78+0.05 3.86
214 | GRAY-42-2 6F2, 6Z2 27.47+0.16 28.05 4.79+0.07 4.90
214 GRAY-42-3 6F2, 6Z2 i 33.224+0.24 33.92 5.80+0.08 5.92
214 GRAY-42-4 6F2, 6Z2 36.42+0.17 37.18 6.36+0.08 6.49
214 GRAY-42-5 6F2, 6Z2 . 39.06+0.21 39.88 6.82+0.09 6.96
214 GRAY-42-6 6F2, 6Z2 + 40,95+0.26 41.77 7.15+0.10 7.29
214 GRAY-42-7" 6F2, 6Z2 43.18+0.23 44.05 7.54+0.10 7.69
214 GRAY-42-1 8F5, 8Z5 17.304+0.12 17.65 3.02+0.04 3.08
214 GRAY-42-2 8F5, 875 21.45+0.13 21.92 3.74+0.05 3.83
214 GRAY-42-3 8F5, 8Z5 25.56+0.15 26.09 4.46+0.06 4,55
214 GRAY-42-4 8F5, 8Z5 27.46+0.17 28.04 4.79+0.07 4.89
214 GRAY-42-5 8F5, 8Z5 29,.31+0.16 29.89 5.12+0.07 5.22
214 GRAY-42-6 8F5, 8Z5 30.62+0.18 31.20 5.34+0.07 5.45
214 GRAY-42-7 8F5, 8Z5 31.27+0.64 31.91 5.46+0.13 5.57

SHE-8 147 140 —
138 GRAY-42-1 S,
138 GRAY-42-2 S,
138 GRAY-42-3 S,
138 GRAY-42-4 S,

S ’

S ’

20.6310.04
21.0540.17 21.61
27.90+0.26 28.64

3.12+£0.17 3.21
4
40.15+0.27 41.26 5.96+0.31 6.12
7
8

.14+0.22 4.25

N
N
N
N 47.34+0.40 48.64 .021+0.37 7.22
138 GRAY-42-5 N 54.81+0.54 56.29 .131+0.43 8.35
138 GRAY-42-6 N 61.15+0.61 62.81 9.07+0.48 9.32
138 GRAY-42-7 S, NZ 68.2010.63 70.05 10.12+£0.53 10.39
9Z9
9Z9
9Z9

i 140 GRAY-42-1 9F9, 11.77+0.09 12.05 1.75+0.09 1.79
: 140 GRAY-42-2 9F9, 14.63+0.11 15.00 2.17+0.11 2.23
140 GRAY-42-3 9F9, 17.05+0.11 17.52 2.53+£0.13 2.60

140 | GRAY-42-4 | 9F9, 979 17.9440.12 | 18.40 | 2.66+0.14| 2.73
140 | GRAY-42-5 | 9F9, 9Z9 19.18+0.12 | 19.74 | 2.85%0.15| 2.93
140 | GRAY-42-6 | 9F9, 9Z9 | 19.37+0.14 | 19.93 | 2.87%+0.15| 2.9
140 | GRAY-42-7 | OF9, 920 20.1040.14 | 20.65 : 2.98+0.16 | 3.06
SHE-8 | 147 | 140 | — | 18.87+0.05
138 ' GRAY-42-1 | 3F2, 322 33.7240.29 | 24.37 | 3.5240.19| 3.62
138  GRAY-42-2 | 3F2, 322 31.5340.17 | 31.66 | 4.68%40.24| 4.70
138 | GRAY-42-3 | 3F2, 322 | 40.61%0.26 | 40.78 | 6.03+0.32 |  6.05
138 | GRAY-42-4 | 3F2, 3Z2 | 46.72%0.29 | 46.92 | 6.93%0.36 | 6.9
138 | GRAY-42-5 | 3F2, 322 | 51.90+0.37 | 52.13 | 7.70+0.40 | 7.73
138 | GRAY-42-6 | 3F2, 322 | 58.43+0.43 | 58.67 | 8.67+0.46 | 8.71
138 '~ GRAY-42-7 | 3F2, 372 63.54+0.45 | 63.82 | 9.43%0.49 | 9.47
140  GRAY-42-1 | 6F3, 6Z3 | 25.22%0.14 | 25.32 | 3.74%0.20 | 3.76
140 . GRAY-42-2 | 6F3, 6Z3 . 31.55+0.15 | 31.68 | 4.68%40.24| 4.70
140 © GRAY-42-3 | 6F3, 6Z3 37.6140.22 | 37.77 | 5.58+0.29 |  5.60
140 | GRAY-42-4 | 6F3, 6Z3 41.38%0.22 | 41.56 | 6.14%0.32 | 6.17
140 | GRAY-42-5 | 6F3, 6Z3 | 44.06%0.20 | 44.25 | 6.54+0.34 |  6.57
140 | GRAY-42-6 | 6F3, 6Z3 . 16.8950.46 | 47.09 | 6.96:0.37| .99
.2

140 ‘ GRAY-42-7 6F3, 6Z3 | : 48.7'7_{0.21| 48.97 7.24+0.38
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TasLe 4 Worths of gray control rods with diameter of 20 mm
| Critical | Loaded Prompt doy | doa
Core | S8 R oot rog Rt peuton deeayeey “edle” s Tedlor
number number\_ standard state Cglt;g: | ste;é::
SHE-8 147 140 — 19.16+0.05
i 138 GRAY-20-1 S, N 7.69£0.08 7.87 1.1440.06 1.17
1 138 GRAY-20-2 S, N 11.86+0.10 12.23 1.76+0.09 1.82
138 GRAY-20-3 S, N 19.57+0.14 20.13 2.9040.15 2.99
138 GRAY-20-4 S, N 24.17+0.17 24,82 3.59+0.19 3.68
138 GRAY-20-5 S, N 29.15+0.20 29.89 4.3340.23 4.44
138 GRAY-20-6 S, N 35.02+0.38 35.95 5.20+0.28 5.33
138 GRAY-20-7 S, N 38.19+0.41 39.20 5.67+0.30 5.82
138 GRAY-20-1 3F2, 3Z2 8.80+0.08 9.08 1.31+0.07 1.35
138 GRAY-20-2 3F2, 3Z2 13.09+0.10 13.46 1.94+0.10 2.00
138 GRAY-20-3 3F2, 3722 19.65+0.13 20.21 2.9240.15 3.00
i 138 GRAY-20-4 3F2, 3722 23.85+0.15 24.49 3.54+0.19 3.63
i 138 GRAY-20-5 3F2, 372 27.82+0.18 28.56 4.13+0.22 4.24
138 GRAY-20-6 3F2, 3Z2 32.36+0.21 33.29 4,80+0.25 4.94
138 GRAY-20-7 3F2, 3Z2 35.28+0.15 36.21 5.2340.27 5.37
140 GRAY-20-1 6D6, 6X6 9.91+0.11 10.18 1.47+0.08 1.51
140 GRAY-20-2 6D6, 6X6 13.27+0.12 13.64 1.97+0.10 2.02
140 GRAY-20-3 6D6, 6X6 18.30+0.13 18.86 2.72+0.14 2.80
140 GRAY-20-4 6D6, 6X6 22,054 0.17 22.69 3.27+0.17 3.37
140 GRAY-20-5 6D6, 6X6 24.07+0.19 24.72 3.57+0.19 3.67
140 GRAY-20-6 6D6, 6X6 24.97+0,20 25.71 3.714.0.20 3.82
140 GRAY-20-7 6D6, 6X6 27.33+0.12 28.07 4,06+0.21 4.17
140 GRAY-20-1 9F1, 9Z1 4.42+0.08 4.51 0.66-+£0.04 0.67
140 GRAY-20-2 9F1, 9Z1 6.2710.08 6.45 0.93+0.05 0.96
140 GRAY-20-3 9F1, 971 8.254+0.10 8.43 1.22+40.07 1.25
140 GRAY-20-4 9F1, 9Z1 9.36+0.09 9.64 1.39£0.07 1.43
SHE-8 147 140 — 19.073-0.04
140 GRAY-20-5 9F1, 971 9.77+0.09 10.05 1.45+0.08 1.49
140 GRAY-20-6 9F1, 9Z1 10.19+0.09 10.47 1.51+0.08 1.55
140 GRAY-20-7 9F1, 9Z1 10.47+0.10 10.75 1.55+0.08 1.60
TasLe 5 Worths of indium control rods
e da, day :
Core C;ifgal L?ﬁgled Control Rod neug'?én ggcay e (sec) extg‘a[;c:’la- ey extte?;;(())l& lesrt(?rzce
rod rod rod position constant at critical critical the core
number | number standard state state | state center
SHE-8| 147 | 140 | — 19.45:£0.04 |
138 IN-1 S, N 28.58+0.15 29,32 4.24+0.22 ‘, 4.35 0
: 138 IN-1 | 1F1, 1Z1 28.75+0.25 29.58 4.27+0.23 § 4.39 6.5
i 138 IN-1 | 3F1, 3Z1 28.13+0.21 28.87 4.17+0.22 4.28 19.5
! 140 IN-1 | 5F1, 5Z1 27.03+0.27 27.77 4.01+0.21 4.13 32.5
140 IN-1 | 7F1, 7Z1 I 19.9040.15 20.46 2.9540.16 . 3.04 45.5
| 140 IN-1 | 9F1, 9Z1 ‘ 11.37+£0.09 11.65 1.6940.09 1.73 58.5
140 IN-1 | MF1, MZ1 I 6.33+0.07 6.52 0.94+0.05 ! 0.97 71.5
SHE-8 147 140 — 19.93+0.03
138 IN-2 S, N 39.82+0.22 40.93 5.91+0.31 6.07 0
1 138 IN-2 | 1F1, 1Z1 39.43+0.22 40.54 5.85+0.31 6.01 6.5
138 IN-2 | 3F1, 3Z1 38.94+0.17 40,06 5.78+0.30 5.94 19.5
140 IN-2 | 5F1, 5Z1 36.77+0.25 37.79 5.46+0.29 5.61 32.5 ‘
140 IN-2 | 7F1, 7Z1 26.12+0.13 | 26.86 3.88+0.20 3.99 45.5
140 IN-2 | 9F1, 971 15.04+0.08 15.41 2.23+0.12 2.29 58.5
" 140 IN-2 | MF1, MZ1 7.43+0.10 7.62 1.10+0.06 1.13 71.5
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Taste § Worths of B,C control rod with various diameters

Critical | Loaded | : i Prompt day \ daz
Core fxflo‘:il ft%%l Control rod ‘ polzi(;?on ?ne(::g}:_ggntzeg?y dey (sec™!) e)%tg% _%%l: dez iextgél.%?’l:
number | number | standard stats “ s::algg } Cst;tcg
SHE-5 219 214 - S, N 12.48+0.21
! 214 B.C-R-1 S, N . 10.5740.26 10. 80 1.84+0.05 1.89
“ 214 B.C-R-2 S, N i 16.60-+0.29 16.95 2.90+0.06 2.96
| 214 B.C-R-3 S, N ©21.48+0.33 21.95 3.75+0.07 3.83
214 B.C-R-4 S, N 26.33+0.29 26.86 4.601£0.08 4.69
214 B,C-R-5 S, N 30.584:0.55 31.16 5.34+0.12 5,44
214 B.C-R-6 S, N 33.02+0.24 33.72 5.76+0.08 5.89
214 B.C-R-7 S, N 35.234+0.25 35.92 6.15+0.09 6.27
214 B,C-R-8 S, N 39.64+0.25 40.46 6.92+0.10 7.06
214 B,C-R-9 S, N 43.53+0.26 44,40 7.60+0.10 7.75
214 B.C-R-10 S, N 46.78+0.23 47.71 8.16+0.11 8.33
214 B,C-R-11 S, N 50.64+0.37 51.69 8.844+0.13 9.02
214 B.C-R-12 S, N 56.95+0.31 58.12 9.94+0.13 10.14
214 B,C-R-13 S, N 59.06+0.32 60. 28 10.31+0.14 10.52
214 B,C-R-14 S, N 60.78+0.32 62.00 10.61+0.14 10.82
214 B,C-R-15 S, N ! 63.98+0.31 65.26 11.17+0.15 11.39
214 B.C-R-16 S, N i 68.60+0.35 70.00 11.97+0.16 12,22
214 B.C-R-17 S, N 70.4410.40 71.89 | 12.29%0.17 12.55
214 B.C-R-18 S, N 76.06+0.45 77.63 13.274 0.18 13.55
214 B.C-R-19 S, N ] ’ 80.89+0.63 | 82.52 | 14.12+0.21 | 14.40
TABLE7 Worths of gray control rods with various diameters
Cx;_itical Loaded Prompt extf:;;ola- extf:;:ola-
Core 1%?11 fl}:)fil Control rod polzi(;(iion niggrs%gnt‘i:egfzy de; (sec™?) ésg.tol Aozy te;:‘to1
number | number standard state sta{gg cgt;fg
SHE-8 | 147 140 — 16.72+0.04
140 GRAY-R-1 S, 0.183+0.007] 0.183 | 0.027240.001 .0272
140 GRAY-R-9 S, 1.78 +0.01 1.87 0.264+0.014 .278
140 GRAY-R-17 S, 9.16 +0.01 9.44 1.36 +0.07 .40
140 GRAY-R-2 S, | 0.394:+0.025| 0.394 0.059+0. 005 . 059
140 GRAY-R-10 S, 6.07 £0.01 6.07 0.901+40. 047, .928
140 GRAY-R-18 S, 18.66 +0.01 | 19.22 | 2.77 +0.14 .85
140 GRAY-R-3 S, {2.06 £0.01 2.15 0.305+0.016 .319
140 GRAY-R-11 | S, 110.86 +0.01 | 11.14  1.61 +0.08 .65
140 GRAY-R-19 S,

4.48 £0.01 4.57 0.664+0.035 .678
.15 .98
.30 .98
.07 .38
.23 .49
.40 .00
.10 .96
.44
48 .44
.12 2.41
.32 6.34
.52 | 10.33
.17 3.38
7.94
11.90

140 GRAY-R-4 : S,
140 | GRAY-R-12 S,
140 GRAY-R-20 S,
140 GRAY-R-5 S,
140 GRAY-R-13 S,
140 GRAY-R-21 S,
140 GRAY-R-6 S,
140 GRAY-R-14 S,
140 GRAY-R-22 S,
140 GRAY-R-7 S,
140 GRAY-R-15 S,
140 GRAY-R-23 S,
140 GRAY-R-8 S,
140 GRAY-R-16 S,
140 GRAY-R-24 S,

19.56 20.01 | 20.11 2.90
39.17 +0.02 | 40.28 | 5.81
. 9.01 +0.01! 9.28 1.34
29.44 +0.01 | 30.28 4.37
52.47 +0.03 | 53.95 7.79
12.81 £0.01 | 13.18 1.90
35.76 +0.02 | 36.69 5.31
61.96 +0.03 | 63.62 9.19
15.80 -£0.01 | 16.27 2.35
41,63 +£0.02 | 42.74 6.18
67.75 +0.04 | 69.60 | 10.05
22.13 0.01 | 22.77 3.28
52.12 +0.02 | 53.51 7.73
78.28 +0.03 | 80.22 | 11.61 *

H
[T = B - R o B o i
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2
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! 1

i £ 27.36 +0.01 | 28.10 4.06 £0.21 | 4.17
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TABLE A-1 (L)

Name ; Cadmium rod CD-1

Neutron absorber ; Cd
Absorber thickness ; 1 mm
Cladding ; Al

TABLE A-1 (F)

50.8
48.0

\

Al

Cd

Name ; Gray rod with diameter of 42mm
GRAY-42
Ncutron absorber ; B,C (Total length of absorber is

1160 mm)
Cladding ; Al
Name B,C density (g/cm?)
GRAY-42-1 0. 000
GRAY-42-2 ST
GRAY-42-3 e
- GRAY-42-4 0. Ood

GRAY-42-5 0.1%¢
GRAY-42-6 0o
GRAY-42-7 e

1200
Name ; Cadmium rod CD-2 3.2 Ef 20mm QK& HHE
Neutron absorber ; Cd . N S -
Absorber thickness ; 0.60mm (GRAY-20 s kvt GRAY-204)
Cladding ; Al TABLE A4
_ L 1T 777
2. K7L GlgpiE 5 8
| ] o
TABLE A-2 1164
Al
1200
Name ; Gray rod with diameter of 20mm
GRAY-20
Neutron absorber ; B,C (Total length of absorber
is 1160 mm)
Cladding ; Al
o 900 - _ )
Name ; Boral rod BORAL Name B,C density (g/cm?)
Neutron absorber ; B,C (23.5w.t.%) -
Absorber thickness; 3mm GRAY-20-1 0. 0099
Cladding ; Al - 0.0100
0.0195
» GRAY-20-2 00196
3. ReamfeE S
0.0497
3 GRAY-20-3 0. 0500
3.1 AR 2mm OREHHE _
_ 0.0977
TABLE A-3 GRAY-20-4 0. 1001
/A'l
> 0.1998
] GRAY-20-5 0 1997
“ 0. 4965
2 ¥ B.C+C GRAY-20-6 0. 4996
/ 0.9890
//// GRAY-20-7 09941
1164
1200
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3.3 FHPRAECAWLKEHEHE " Diameter | Cladding
. thickness : B,C density
TABLE A—4 Name R T i (g/cm?)
| (mm) (mm) |
3l VI
5 sl, 7////////}3.0 +-W B.C-R-1 4 1 1.38
{ | 7 4 B.C-R-2 6 1 1.37
1164 B.C-R-3 8 1 1.36
1200 B.C-R-4 10 1 1.36
Name ; Gray rods GRAY-204 :
Neutron absorber ; B,C(Total length of absorbers BCRS5 1+ 2 \ 1 1.40
is 1160 mm) B.C-R-6 13 1 1.36
Cladding ; Al B.C-R-7 14 1 1.37
B,C-R-8 16 L1 1.38
Name B,C density (g/cm?) B.C-R-9 18 1 1.36
i
B,C-R-10 . 20 | 1.33
GRAY-204-1 0-1001 ‘
: B,C-R-11 23 1 1.36
GRAY-204-2 0. 0909 B.C-R-12 26 1 1.40
B.C-R-13 28 1 1.34
0.1001
RAY-204-
GRA 3 0.1001 B.C-R-14 29.2 1.4 1.32
GRAY-204-4 8 83% B,C-R-15 32.2 1.4 1.34
B.C-R-16 35.2 1.4 1.34
GRAY-204-5 0.0975
0.0977 B.C-R-17 37.2 1.4 1.32
R~ . 1.4 1.36
GRAY-204-6 8 ggg; B.C-R-18 42.2 3
) B.C-R-19 47.2 1.4 1.34
. ss 52 FHPHRIAFEICBL BC HEE
4, 4 L2 LGME i
(B4C-S5, B,LC-S8 kv B,C-H)
T _
TABLE A-§ i ABLEA-S
- T
T ‘ / /
R B.C
; = Al In L //
H,
A — H,
1200
. Name ; B,C rod B,C-S5
Name ; Indium rod IN-1 IN-2 . Neutron absorber ; B.C
Neutron absorber ; In In Cladding ; Al
Absorber thickness ; 0.2mm 0.5mm
B.C
H, H, R T 4
Name | (mm) | (mm) | (mm) | (me) |deOSitY
5. BC fil#ie B.C-S5-1 812 854 | 43.7 4.2 | 0.954
‘ 812 854 | 43.7 4.2 | 0.836
51 HEORRD BC HEE B.C-S5-2 812 | 854 | 43.7 4.2 | 1.00
TABLE A7 812 854 | 43.7 4.2 | 0.869
! g12 | 854 | 43.7 | 4.2 | 117
T 7 BC-85-3 812 | 854 | 43.7 | 4.2 | 0.881
§ ///// B‘f///////////// 900 | 905 | 46.9 | 38 | 119
B.C-S5-4 900 | 905 | 46.9 | 3.8 | 1.33
1196
900 905 | 46.9 3.8 | 1.33
1200 BLC-S5-5 812 | 854 | 43.7 | 4.2 | 1.20
Name ; B,C rod with various diameter B,C-R
Neutron absorber;  B,C B.C-S5-6 3(1)(5) Sgg igg ‘;(2) % gg
Cladding ; Al . : :
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TABLE A-9
Ti
! % ////
R ' B.C
) ,
Hy
Ha
Name ; B,C rod B,C-S8
Neutron absorber ; B.C
Cladding ; Al
B.C
H, H, R T i
Name | (mm) | (mm) | (mm) | (mm) | {5
g12 | 854 | 43.7 | 4.2 | 1.02
B.C-S8-1 812 | 854 | 43.7 | 4.2 | 0.868
o 812 | 854 | 43.7 | 4.2 | 0.872
BC-58-2 812 | 854 | 43.7 | 4.2 | 0.937
7 g12 | 854 | 43.7 | 4.2 | 0.017
BL-58-3 812 | 854 | 43.7 | 4.2 | 0.875
s12 | 854 | 43.7 | 4.2 | 0.903
BL-58-4 812 | 854 | 43.7 | 4.2 | 1.12
900 | 905 | 46.9 | 3.8 | 1.04
B,C-S8-5 900 | 905 | 46.9 | 3.8 | 1.13
- 90 | 905 | 46.9 | 3.8 | 1.01
BC-S8-6 | 1900 | 1205 | 46.9 | 3.8 | 1.06
TABLE A-10
T i
R B.C
,
H,
Name ; B.C rod BAC-H
Neutron absorber ; B,C
Cladding ; Al
BC
H, R T L
1 2
Name | (mm) | (mm) | (mm) | (mm) {SY
B.C-H-1 812 | 854 | 43.7 | 4.2 | 1.00
B.C-H-2 812 | 854 | 43.7 | 4.2 | 0.878
B.C-H-3 812 | 854 | 43.7 | 4.2 | 1.05
B.C-H-4 812 | 84 | 43.7 | 4.2 | 0.913
B.C-H-5 812 | 854 | 43.7 | 4.2 | 1.00
B.C-H-6 812 | 854 | 43.7 | 4.2 | 0.926

TEHMHIFOC B3 2 R A NEEBSH R ORR
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6. REeaHlEHE
6.1 BEEORLZDRKEHEHF
TABLE A-11
o
H ié%%é7£&ﬂ%%%%%%%7
R B.C+C or B,C
x L0, /i
1196
1200
Name ; Gray rod with various diameter GRAY-R
Neutron absorber ; B.C
Cladding ; Al
Name om) | (o) | el
GRAY-R-1 4 1 0. 0047
GRAY-R-2 8 1 0. 0056
GRAY-R-3 12 1 0. 0054
GRAY-R-4 18 1 0. 0055
GRAY-R-5 26 1 0. 0055
GRAY-R-6 32.2 1.4 0. 0056
GRAY-R-7 37.2 1.4 0. 0056
GRAY-R-8 47.2 1.4 0.0055
GRAY-R-9 4 1 0.053
GRAY-R-10 8 1 0.055
GRAY-R-11 12 1 0.057
GRAY-R-12 18 1 0. 056
GRAY-R-13 26 1 0.056
GRAY-R-14 32.2 1.4 0. 054
GRAY-R-15 37.2 1.4 0.056
GRAY-R-16 47.2 1.4 0.056
GRAY-R-17 4 1 1.42
GRAY-R-18 8 1 1.40
GRAY-R-19 12 1 1.40
GRAY-R-20 18 1 1.40
GRAY-R-21 26 1 1.40 |
GRAY-R-22 32.2 1.4 1.40
GRAY-R-23 37.2 1.4 1.40
GRAY-R-24 47.2 1.4 1.23




