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Measurement and Calculations of Neutron Interaction Effects

of a Two-coupled System in Water

Yoshinori MIYOSHI, Takenori SUZAKI, Toshimitsu ISHIKAWA
- and Iwao KOBAYASHI

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{(Received June 18, 1990)

‘A critical experiment on the interaction effect between two rectan-
gular cores moderated with light water was performed at Tank-type Critical
Assembly (TCA) of JAERI. Each core.was composed of the array of U0, fuel
rods of which 235U enrichment was 2.6 w/o. The lattice cell was a square
type of which the pitch was 1.956 cm corresponding to the water-to-fuel
volume ratio of 1.83.

From the obtained critical water heights, reactivity effects from
one unit to another through water gap and negative reactivity of water
gap and subcriticality of single units were measured by use of water level
worth method as a function of the distance between two units.

Calcualtions for critical configurations were also made with Monte

Carlo code KENQ-IV in JACS system, and compared with the measured reac-

tivity effects.

Keywords: Neutron Interaction Effect, Two-coupled System, Water, TCA,

Critical Experiment
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Specification of fuel rod

Iten Pellet type Swage type
Enrichment
235y 2.596 wtd 2.580 wt¥
238 97.404 wt¥ 87.420 wt¥
Fuel type U0z Pellet U0> Powder
Dianmeter 12.5 mm
Density 10.40 g/cn® | Density 10.08 g/cn®
Height 12.7 mn
Cladding
Material Alminum alloy hAlminum alloy
AABOB1-T6 AABOBI-TB
Outer diameter 14,17 mn 14.17 nm
Thickness 0.76 mm 0.71 nm
Loading
02 1840g/rod 1842g/rod
235y 42.0 g/rod 41.9 g/rod
Fuel effective
length 1441 mm 1468 mm
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~Table 2.3 Experimental result of reactivity effect

Unit distance

Reactivity from
unit 2 to unit 1

Multiplication
factor of single

Reactivity effect
of water gap

pitch ce 2 21 unit Ks O we
($AK/X) ($AK/K)
0 9.297+0.053 0.915£0.005 0.000
1 1.956 8.978%0.051 $0.918%0.004 -0.319+0.008
2 3.912 6.978:£ 0,040 0.935£0.003 -2.31940.018
3 5.868 4.745+0.027 0.955+0.002 -4.552£0.029
5 9.780 1.930%0.011 0.981%0.001 -7.367£0.043
7 13.692 0.815%0.005 0.891+0.001 -8.48240.048
8 17.604 0.3274£0.002 0.997+0.001 -8.970£0.051
11 21,516 0.114£0.001 0.999+0.001 -9.183£0.052
13 25.428 0.027£0.001 1.000%0.001 -9.271£0.053
Single core 0.000 1.0 -9.297+0.053
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Table 3.1 Energy structure of MGCL 137
Group No.| Upper Energy | Group No.| Upper Energy | Group No.| Upper Energy | Group No.{ Upper Energy
{e¥) (eV) {e¥) {e¥)
26G| 137G 26G| 137G 2BG| 137G 26G| 137G
1 1.8487x107 39 1.4264x10% 8 75 1.8702x102 18 | 107 3.8528x10"?
2 1.4550x107 40 1.2588x10%
3 1.2840x107 41 1.1109%x105 75 1.3007x10% 108 3.4208x10™!
4 1.1331x107 4 42 8.8037x104 77 1.0130%x10% 17 ¢ 109 3.1861x10%?
1 5 1.0000x107 43 8.6517x10¢ 9 78 7.8893%x10° 110 2.9782x 107!
6 8.8250x108 44 7.8351x104 79 6, 1442x10°
7 7.7880x10% 45 6.7379x104 80 4.7851x10" 111 2.7699x10™!
8 B8.8729x10°% 48 5.9462x10¢ 81 3.7287x10° 18 | 112 2.5683x107!
g 8.0653x10% 113 2.3742x107!
10 5.3526x10° 47 5.2475x104 82 2.9023x10!
48 4.8309x104 83 2.2603x10! 114 2.1871x107!
11 4.7239x10° 43 4.0868x104 10 84 1.7603x10? 19 [ 115 2.0090x107!
12 4, 1886x10° 50 3.6086x104 85 1.3710x10! 116 1.8378x10"!
13 3.5788x10% 5 51 3.1828x104 86 1.0677x10!
14 3.2485x10°% 52 2.8088x104 87 8.3153x10° 117 1.8743x[0™?
16 2.8850x10° 53 2,4788x104 20 | 118 1.5183x107!
2 168 2.5284x10° 54 2.1875x104 88 6.4760x10° 119 1.3700x10°!
17 2.2313x10° 55 1.9308x104 89 5.0435x10°
18 1.9891x10% 56 1,7036x104 It 30 2.9279x10° 120 £.2293x107!?
19 1.7377x10% a1 3.0590x10° 2l | 121 1.08682x107!
20 1.5335x10¢ .| 8T 1.5034x10 92 2.3824x10° 122 9.7080x10"2
21 1.3533x10%® 8 58 1.1709x104
22 1.1943x10% 59 9.1188x10% a3 1.8554x10° 123 8.5295x10°2
80 7.1017x103 12 94 1.6374x10° 22 | 124 7.4274x10°%
23 1.0540x10% a5 1.4450x100° 125 5.4015x10°2
24 9.3014x10% 61 5.5308x10%
25 8.2085x10% 62 4.3075x10° g6 1.2752x10° 126 5.4518x10"®
28 7.2440x10% 63 3.3546x103 13 a7 1. 1254x10° 23 27 4.6783x1072
27 B.3928x10% 84 2.8128x108 98 9.9312x10"? 128 3.7811x10°2
28 5.6416x10° 7 85 2.0347x10%3
3 29 4.9787x10% 66 1.5848x103 4 89 8.7642x107! 129 3.0600x10°2
a0 4.3937x10% 87 1.2341x103 100 7.7344x1077 | 24 | 180 2.4152x10°%
31 3.8774x10% 68 9.6112x10% 131 1.84B5x10°2
32 3.4218x10% 69 7.4852x10%2 101 6.8256x107!
33 3.0197x10% 15 | 102 6.0238x1077 132 1.3541x10°%
34 2.6649x10% 70 5,8295x10% 103 5.3158x107! | 25 | 133 9.379 x10%
35 2.3518x10°% 71 4,5400x10% 104 4.6912x107? 134 5.978 x10°%
36 2.0754x10% 8 72 3.5358x10%2
37 1.3316x10% 73 2.7538x102 16 | 105 4.1389x107! 135 3.341 x[0°%
38 1.6163x10% 74 2.1445x10%2 106 3.8925x10°1 | 26 | 138 1.466 x10°2
137 3.52 xI07¢
3.3 «xlo™
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Table 3.2 Atomic number density

Region Nucleide Atomic number
density
{(n/barn-cm)

Pellet-type fuel rod

U0 . 238( 6.0851X1074
Pellete 238() 2.2544X10°%

180 4.7492X10°°
Cladding 2741 5.5870X10"2
(with air gap)

Swage-type fuel rod

U0 235 5.7354X10°4

Powder 235 2.1383X10°°

‘ 180 4,3832X10°%

Cladding 2741 B.1040X1072
(without air gap)

fater | B.8760X10°2

18g 3.3380X10°2
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Table 3.3 Benchmark calculation

Case Width of Multiplication factor
water gap
Averaget 1l sigme | 99% confidential
(®)*| (cm) band
Single 0 0.00 0,99395+0.00175 | 0.88868—0.88921
17X 34
1 1.956 | 0.99736x£0.00156 | 0.99268—1.00204
Interaction 2 3.192 | 0,99811+0.00157 | 0.938340—1.00282
core
3 5.868 | 0.99692+0.00165 | 0.99198—1.00187
5 9.780 | 0.99681+£0.00151 | 0.89227—1.00135
7 | 13.892 | 0.99681+0.00165 | 0.99166—1.00157
g | 17.804 | 0.99480+0.001563 | 0.93030—0.99948
11 | 21.516 | 0.99878+0.00153 | 0.99418—1.00338
13 | 25.428 | 0.99538%0.00166 | 0.99040—1.00038
Single -- - 0.99253+0.00172 | 0.98736—0.89770
17X 17

*lLattice pitch
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Table 3.4 Effective multiplication factor of interaction core
. (H is critical height of single core)

Unit distance Multiplication factor
Model A Model B Model C
pitch ch -
H=120.59 cn H=120.53%¢cn H=infinite
Y= 33.252¢cm Y=infinite Y=infinite
0 0.0 1.09135+0,00159 | 1.27336x0.00141 | 1.30019%0.00122
l 1.956 | 1.08915+0.00158 | 1.26983Xx0.00145 | 1.29556+0.00126
2 3.912 | 1.08702%0.00148 | 1.24566X0.00142 1.2729310.00129
3 5.868 | 1.04878%0.00142 | 1.21798%+0.00142 | 1.24376£0.00139
4 7.824 1.02§71i0.00148 1.19724+0,00135 | 1.22191%0.00154
5 9,780 | 1.01618%x0.00162 | 1.18235%+0.00156 | 1.20525%0.00137

7 13.692 | 1.00452%0.00163 | 1.16736+0.00147 | 1.18030£0.00138

9 17.804 | 0.99762+0.00152 | 1.18126+0.00152 | 1.18174x0.00152

11 21.618 | 1.00094%0.00159 | 1.15688+0.00152 | 1.18164%0.00157

13 25.428 | 0.99654%0.00156 | 1.15712+£0.00164 | 1.17788%£0.00150

15 29.340 | 0.99572+0.00158 | 1.15331£0.00154 | 1.17680%£0.00167

18 35.208 | 0.99790+0.00157 | 1.15063£0.00148 | 1.17626+0.00146

Single (17X17) | 0.99253+0.00172 | 1.15553£0.00152 | 1.17614%0.00159
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Table 3.5 Calculated reactivity effect from unit 2 to unit 1

Unit distance Reactivity effect ©02,(XAX/K)
| Model A Model B Model C
pitch cm
H=120.530cn - H=120.590cm H=infinite
Y= 33.252cn Y=infinite Y=infinite
0 0.0 3.123 + 0.220 8.008 £ 0.143 8.184 = 0.136
1 1.956 8.938 * 0.220 7.790 = 0.145 7.910 £ 0.137
2 3.912 7 7.040 £ 0.218 6.262 = 0.146 6.537 £ 0.140
3 b.868 §.222 £ 0.217 4,437 £ 0.149 4.695 * 0.148
4 7.824 3.543 £ 0.224 3.016 + 0.148 3.257 £ 0.155
5 9.780 | " 2.345 £ 0.235 1.863 £+ 0.159 | 2.126 % 0.143
7 13.692 1.203 £ 0.238 0.877 X 0.157 1.084 & 0.150 .
9 17.604 0.514 * 0.232 0.427 + 0.160 0.475 *+ 0.158

11 21.518 0.847 £ 0.238 0.026 £ 0.161 0.468 £ 0.161

H
o

.235 0.118 * 0.162 0.188 . 158

H
o

13 25.428 0.405

H
=1

15 29.340 0.323 = 0.236 -0.187 £ 0.162 0.120 . 167

18 35.208 0.542 X 0.235 -0.369 + 0.160 0.081 £ 0.156

Single (17X17) 0.000 0.000 0.000
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Table 3.6 Effective multipleciation factor
and reactivity of single unit

Core Multiplication | 99% confidential
height factor band
(cm)

41.210 | 0.80888+0.00183 | 0.90401--0.31377

41.985 0:908571 0.00173 | 0.90338--0.81376

47.855 | 0.93058x0.00174 | 0.82585--0.88581

57.360 | 0.94779+0.00159 | 0,94302--0.85256

79.970 | 0.97572%0.00184 | 0.37073-~0.38066

97.920 | 0.98611+0.00161 | 0.98127--0.93095

109.920 |'0.99310£0.00164 | 0.98819--0.39801

116,530 | 0.93679%0.00161 | 0.99195-~1.00163

119.620 | 0.99425+0.00147 | 0.98985--0.93866

120.580 | 0.99253£0.00172 | 0.98736--0.99770
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Table 3.7 Calculated effective multiplication
factor of interaction core (H is
critical height of core without
water gap)

Unit distance Multiplication factor
Model A Model B
pitch cn
: H= 41.21 cn H= 41.21cn
Y= 33.2b2cn Y=infinite
0 0.989395+0.00175 | 1.16359+0.00155
1 1.8956 | 0.99108%0.00161 | 1.16077+0.0015!
2 3.912 | 0.97481+0.00187 | 1.13905Xx0.00139
3 5.888 | 0.94980%0.00161 | 1.11414+0.00148
4 7.824 | 0.93852+0.00154 § 1.08321%x0.00147
5 9.780 | 0,92582+0.00180 | 1.0807310.00158

7 13.682 | 0.91654%0.00166 | 1.06400+£0.00156

8 17.604 { 0.91181£0.00169 | 1.06135£0.00157

11 | 21.516 | 0.90859+0.00175 | 1.05480+0.00143

13 25.428 | 0.90972+0.00202 | 1.05250%0.00147

15 29.340 | 0.90630%0.00172 | 1.05302%0.00161

18 35.208 | 0.90726%£0.00177 | 1.05264£0.00163

Single (17X17) | 0.90889%£0.00163 | 1.04358+%0.00153
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Calculated reactivity effect of water gap
between two units

Unit distance

Reactivity effect of water gap £ ws(¥AK/K)

Model A Model B Model C
pitch cu
H= 41.210cn H= 41.210ce H=infinite
Y= 33.252cn ~ Y=infinite Y=infinite
0 0.0 0.000 G.000 0.000
1 1.956 | -0.281 £ 0.241 -0.209 = 0.180 -0.275 % 0.104
2 3.912 | -1.975 x 0.250 -1.852 = 0.157 -1.847 £ 0.107
3 5.868 | -4.677 & 0.251 -3.814 £ 0,165 -3.480 X 0.115
4 7.824 -5.94? * 0.249 -5.533 £ 0.168 -4,927 £ 0.126
5 9.780 | -7.404 *x 0,267 -6.589 £ 0.177 -6.058 £ 0.113
7 13.692 | -8.497 X 0.265 -8.044 £ 0.178 -7.101 = 0.120
9 17.604 | -9.083 £ 0.270 -8.279 X 0.180 -7.708 £ 0.131
11 21.516 | -9.452 = 0.276 ~8.864 = 0.172 -7.716 £ 0.134
13 25.428 | -9.315 % 0.302 -9.071 £ 0.175 -7.986 = 0.130
15 29,340 | -9.730 = 0.274 -9.024 £ 0.185 -8.064 = 0,141
18 85.208 | -9.613 £ 0.279 -9.058 * 0.186 -8.103 *x 0.128
Single (17X17) | -9.418 + 0.265 | -9.335 X 0.180 -8.184 * 0.136
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Fig. 2.1 Vertical cross sectional view of TCA
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Fater reflector
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Fig. 2.3 Plan view of experimental core
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Neutron multiplication factor
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