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An Analysis of Control Rod Reactivity Worth and Prompt Neutron
Decay Constant of the SHE-8 Critical Assembly
Accuracy Investigation of VHIR Nuclear Design Methods(2) ——

*®
Takeshi DOI , Makoto TAKANO, Mitsumasa HIRANO and Ryuiti SHINDO

Division of Power Reactor Projects, JAERI
(Received December 25, 1981)

Reactivity worth of experimental control rod and prompt neutron decay
constant at critical state were analyzed for the graphite-moderated
Semi-Homogeneous Critical Experimental Assembly SHE-8 with enriched
uranium fuel.

Alpha-eigenvalues of the assembly were evaluated by 18group SGPO
calculation with two-dimensional transport code TWOTRAN-Z, and neutron
spectrum were calculated with HICR lattice burn-up code DELIGHT-5.

Calculated results of control rod reactivity worth and prompt
neutron decay constant agreed with the experimental data within the
accuracy of 5%. And appropriateness of the calculational codes,nuclear
data and analytical methods is verified by this analysis.

Keywords; VHTR, Nuclear Design, Accuracy Analysis, DELIGHT-5, TWOTRAN-Z, SHE,

Critical Experiment, Control Rod Reactivity Worth,
Prompt Neutron Decay Constant, Alpha-eigenvalue
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Table 2.3 Delayed neutron data

Group A (l/sec)r B 2 B
1 0. 01272 2. 6236 — 4 33372 -5
2 0.03177 14706 — 3 4. 6677 — 5
3 0116 12980 — 3 L 5057 — 4
4 0. 311 2. 8100 — 3 8 7391 —4
5 1.4 8.8374 — 4 12372 — 3
6 3. 87 1 7951 — 4 6. 9470 — 4

Total 6. 9042 — 3

(Note) 4; and B8; are from ENDF./B—4

Table

2.4

Energy boundaries of 18 groups

Energy houndaries

of fast region

Fnergy boundaries of thermal region

Group Upper Lower " Group Upper Lower
1 L0 x 107 1.83 x 10° 10 2. 38 1. 85
2 1. 83 x 10° 117 x 104 11 1. 85 1. 45
3 117 x 10* 9. 61 x 10°* 12 1. 45 110
4 9. 61 x 10° 130 x 10° 13 1. 10 1. 045
5 1.30 x 107 4.7 x 101 14 1. 045 0. 65
6 479 x 10} 176 x 101 15 0. 65 0. 255
7 176 x 10" 6. 48 16 0. 255 0. 085
8 | 648 393 17 0. 085 0. 035
9 ; 3. 93 2. 38 18 0. 035 0.0

(Note) unit in eV,
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Table 3. 2 Calculational results of SHE — 8 control rod reactivity worth

Assembly Control red Calculational condition Result
| | | i ‘ Notes
No. Region Nu- - Sy %Con\{erggnce Fission spectrum i
Geometry Type ber Position criterion I~ 1 Kerr X oue
of core order €5, €u f a,
1 Heterogeneous
1] X-Y 1.4 — — - 4 1000 1.¢ - 1. 0872 - core
2 0.06413 | —7.01 ¥ _ —5.515 | @, calculation
3 0.98413 | — 5.515 — 10286 "
4 1o |—uxnF 20.562
5 0w -1a3®| - | -84
i an !
£ 0.95 .32 i =15, G4
- 0. 856 - * - - o
. ) 14.32 1222
L J— ! i ok R i Standard state |
8 L0935 . - 14.32 ffld.UB‘glgc f=0 955
- ] - . \
GRAY 1 a5 _ 3 _ ;
9! X—-Y 1.4 a2 -1 ' Center g 1000 0.955 B R -3 345 !
T
o l 0. %5 - 37.346 - — 35.808
L GRAY . 1 - B s b
nt X-Y | L4 0 3 j Center 6 10w 0. 955 55. 62 — 54,635 |
1z | ! 0. 965 54. 635 - 57,612
GRAY . 1 B * B
13| X-Y 1.74 25 Center 6 1000 0. 985 0.62 - 67898
“ 1 0,95 67. 8% 79
- GRAY 1 - ¥ -
) x-y |14 | SR | Center | 6 - 0. 965 B 42 - - 85,133
6 1 0.955 | - .13 82. 303 _
| BLACK ‘ 1 - ~ Large difference
17| X -Y 1.4 50730 ‘ Center [ 1000 0. 935 8. 70 —68.209 | from experiment
8 I 9.955 £5.209 | - 70, 8 4
- BLACK ‘ 1 Lk Double meshes
19| X-Y 1.74 Prga) Center 6 1000 0. 955 .70 — 8043 | iy comrol rad
_ BLACK 1 _ . Homogengous
20 X -y 1.4 50730 Center [ o 1.0 1. 0478 - core |
o Standard state
21 [ 1.9 - 1. 0454 - o 09856
‘ BLACK - i A R
2| R 0 1 20 7 30 Center 8 1m0 0. 8555 7870 -- B3 556
” l o8 |-mwt - . 48 |
_ BLACK o I R
u| X-Y | 174 | g0 Center g 1000 £. 9556 78.70 - 67, 898
% . a 09356 | — 787" - 7T 80T
N BLACK s 1 A ,
B0 K-Y 172 50730 D= 585 6 1000 0. 9556 — 363 - 29,058
\ . _
P ! 0.95% .67 - . 377
2 l 0.9556 | — 33.377 - 3. 026
B BLACK _ i e . B
B X Y 1.2 50 20 D=65 8 1000 0. 9556 ! 132. 47 —Lzsiao ]
B BLACK _ 1 P : i
E O S I B . D=195 6 1000 0. 9556 | 160, 92 | - 1458
{Note) «D - distance from central core axis [(cm}

oo

- pxperimental value {from Ref 1}
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Control rod inserted offcenter

Standard and critical state
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Fig.3.1 Experimental configuration of SHE-8



JAERI-M 9611

Three control rods inserted at D=19.5cm -

Fuel rod

Replaceable reflector
Permanent reflector
Experimental control rod

60 ®

Fig.3»1 Experimental configuration of SHE- 8 (continued)
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Fig.3.2 Calculational geometry of heterogeneous core
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5.6292

Fig.3.4 Modeled heterogeneous fuel rod
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Fig.3.10 Calculational geometry of homogenecus core
(R-© geometry)
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Fig.3.11 Modeled geometry of GRAY control rod

Fig.3r12 Modeled geometry
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