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Reactivity Worth of the Control Rods for the High-Temperature
Gas Cooled Reactor

Yoshihiko KANEKQO, Fujiyoshi AKINO
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Div. of Reactor Engineering, Tokai, JAERT
(Received August 24, 1972)

Befor final design of the experimental, multi-purpose,

high-temperature gas cooled reactor, the reactivity worth of

the experimental control rods simulating those to be used in

the reactor were measured with SHE by the pulsed-neutron method.
The "exberimental" rod is prepared by inserting the cold-pressed
graphite pellets containing 10 w/o of 3,C as powder into a thin
aluminum cylinder. Thirty different patterns of the control
rods in SHE are selected such that they are similar to those

in the reactor. By comparing the measured reactivity worths
with the calculated ones based on the two-group diffusion

theory, the following are concluded:

1) Interference effect between the control rods is fairly
large, but very small when the distances among the control

2

rods are larger than 6M~ (where M2 is the migration area).

2) Reactivity worth of the control rod is not saturated even

at 10 w/o B,C.

3) The reactivity worth of multiple control rods can be
calculated with the accuracy of 18 % by the simple two-
group diffusion theory if the extrapolated distance at
the surface of the control rods is determined by a semi-

empirical formula.
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Table 1 The physical and nuclear properties

of the different core configurations

of SHE
!
Nimber of loaded|q,.. . {  Inner | Core lore
Critical ;
Configuration G "1 | fuel rods at delaved| . ! :Ef[;’&?;s i reflector| radius | length X
critical n R, (c) | R, (em) | H, {cm)
SHE— 5 5378 219 529 4] 35.7 2401 573 + 007
SHE— 6 4328 196 595 0 338 240 ;586 + 0.15
SHE — 7 3276 173 6.99 0 318 240 | 648 + 029
SHE — 8 2226 147 869 0 293 2401680 02
SHE-— 9 5378 298 7.20 444 608 240 | 3.86 £ 034
Inner re flector Radial reflector Axial
- reflector
N |
ke 120 cm —
H, =0 for all the cores ginen abone



!
|
|
|
|
!

Table. 2,

JAERI-M 4971

Control rods configurations for the pulsed neutron measurement.

Contrel rods

configuraion

prompt nerirm

Care Crit:::;b:ﬂ rod Lm:i:li.;:il rod hadi':::;ml rod Pattem number Contrl roda position E’:::::Iui dacey consrant
. . at atacdard steie

SHE-8 147 Lan 0 1 3 13342018

138 z z S .9 4

138 2 ) i, 1Z1, 5

138 2 4 aF 1. 32 []

140 2 5 SEL 571 12

L40 - [ OF1 9Z1 12

140 2 ? MF 1. MZ1, 11

136 4 ) 1F1 1C1, 121 1w, [

136 4 ¥ 3F1, 3C1, 3ZL FWL, T

140 [} 10 | SEL, BB, YL 5V, 14

140 4 11 9F1, 8C1, 9Z1, W1, L]

140 i 12 MF1, MC1, M1, MWL 12

134 [ 13 1F1, 1B1 iDL 121 1VL 1%L 15

134 L] 14 3F1 3B1 aD1, 3Z1 3VL 3X3. 17

140 [ 15 5F1, 5Bl 5D1, 5Z1, 5V1 5X1, 18

140 6 18 8F1, 8B1, ¢D1, 9Z1, 9V1, IX:L e

140 6 17 MF1. MB1. MDI, MZ1, MYl MX1 2

128 12 18 3F1L 3A1 3Bl |3C1, 3Dy, 3E1, | 3Z1, 3UL 3Vy | 3w, 3X1 3YL 29

140 12 19 5F1. SAl 8Bl |BC1 5D1, 581 |5Z1 5UL §VL | 5WL 5XL SYL 28

140 12 20 9F1, $A1, 9Bl 9C1, 9D1, 9E1. | 9Z1 U1 9V1, | 9W], 9X1 YL 24

140 1z 21 MPR1 MAL MB1, [MC1, MDL MEL |MZ1 MUL MVL | MW], MKX], MY] 25

126 14 22 S, 3F1, 3Al, 3Bl | 3C1, 3D1 8E1, | N, 3Z1, 3UL 3V1, | 3w1, 3X1, 3¥. N

138 147 23 S BPFL 5AL 5BL | 5C1, 5DL SEL N, 3Z1, 801 5V1. | sW1 5X1. 5Y1 27

138 14 z4 S, 9F1, 9Al 9BL| 0CL 9DL 9EL | N 9Z1. 9UL 9¥1. | 5W1, 9X1. #¥L 23

138 14 25 S, MFLMAL MBL| MC1, MD1, ME1, | M2 1. MUL MV, | MF1. MX1 MY1, 26

128 1z 24 2F1. 3F1, 3E3. 2C1, 3CL 3B3, | ZW1 3WL, avi. 2Z1. 321, 3Y3, 14

140 1z 27 TF1, 6FL, SEB 7C1, 8C1, 8BS, | TWL 8WL, BV, 7Z1. BZ1, 8YB, a2

140 12 28 MFL, NFN MB1, [MCl 8C1 8BS, | MZ1. MUL MV | MW, MX1, MY 1. 21

138 14 29 S, MFL. NFN, MBI, | MC1. MD1, ME1. | N,MZ1. MUL MV1, | MW, MX1 MY1 22

132 146 30 4A3.3CL D8, 3F1. | BB3,BCT, BEZ. 4F7] 4US 3WL4X3, 3271, | 6V3.SWT, Y3, 27, 31

140 [ 1 33 14321029

—992—
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Table 4

JAERI-M 4971

Interference among the 6 control

rods arranged

in a ring with and

without a central control rod

Distance between the most
adjacent two cantfol rods

Effect of ring without a

central control rod

Effect of ring witha

central control rod

T

Sum of individual
control rod effect

195 ¢z

325 cm

71L5cm

2869+113§
§S=0.56+001

19.73+0.798
§=130+005

8.63+0.378
§=117X007

3.661+1448
§=069+006

306.34 L1208
§=124+0.05

8.59Xx6+9.38
~60.928

7.31x6+9.38
=53241%

25 2X6+9.38
=24508

1975+0.768% | 1.22X649.38

S=118=x005

=1678




Table A—1

reactivity Og

JAERI—-M 4971

Relationship of static

to approximate

equations gd, and Qd; in case

of absorber

insertion

Core ?ef]ec— Oy . pd: pdz
Oase No A.C.S8 A?é.S
(en™l) | (em™) (%) (%) (%)
i 0.,0030 | 0.0002 0.00 0.00 0.00
2 0.0031 | 00002 288 2.86 2.88
3 . 00032 ; 00002 579 5.7 0 577
4 0.0033 | 00002 8.6 4 851 8.6 2
N 5 00034 | 00002 | 1142 { 1130 | 1138
6 00035 | 00002 | 1416 | 1407 | 14190
7 00036 | 09002 | 1685 | 1681 | 1677
8 0.0037 | 00002 | 1949 | 1952 | 1937
9 00038 ! 00002 | 2207 | 2221 | 2192
10 00039 | 00002 | 2458 | 2485 | 2441
11 0,003 0.0004 1.40 142 1.40
12 0.003 0.0006 269 2.7 6 2,69
13 0.003 0.L0008 3.89 4,02 3.89
14 0.003 0,0010 4.9 8 521 499
15 0.003 00015 7.4 2 7.89 7.4 2
B 16 0.003 00020 949 | 1021 9.4 8
17 0.003 0.0025 1L27 1225 11.25
18 0,003 0.0030 | 1283 | 1404 | 1279
19 0.003 0.0035 | 1420 | 1563 | 1416
20 0.003 00040 | 1543 | 1706 | 1535
21 0,003 0.0044 | 1653 | 1833 | 1644
22 0,0030 | 00002 0.0 0 0.00 0.0 0
23 0.0031 | 00003 3.60 361 361
24 0.0032 | 00004 7.18 7.22 7.20
~ 25 0.0033 | 00005 | 1075 | 1083 | 1079
' 26 0.0034 | 00006 | 1430 | 1443 | 1479
27 00035 00007 | 1784 | 1804 | 1795
28 0.0036 | 00008 | 2137 |, 2166 | 2152
29 00037 | 00009 2489 | 2526 | 2508

A.C.S.

_2 5._.

stands for absorption cross section.
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