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Critical Experiment for Large Fast Reactor

at FCA XI-1 Assembly

Toshitaka OSUGI, Susumu Iijima, Tatsuo KOAKUTSU,
Shigeaki OKAJIMA, Toshio SANDA* and Masafumi Nakano

Department of Reactor Engineering,

Tokai Research Establishment, JAERT

(Received March 12, 1984)

Experimental study on fundamental physics aspects of conventional
large fast reactors has been performed.at FCA XI-1 assembly which went
critical at the beginning of April 1983. The assembly has a central
test region of 60 cm diameter x 90 cm height simulating the inner core
composition of the reactor.

The present report compiled the experimental results of sample”
worths, fission rates, Na void effects and B,C control rod reactivity
effects. Preliminary analysis on some of the results was also made
using 70 group constant set and the diffusion and transport theory code,
and presented in this report.

Tt was shown with the measured data that the test region of the
assembly has the most softened neutron sepectrum compared with that of
the previons FCA assemblies and well simulates the physics aspects of
the large fast reactor core.

Close agreements were obtained between the calculated and measured
data for central sample worths. The calculated values of axial sample
worth distributions, however, deviated to some extent from those of

measured distributions. Concerning the axial fission rate distributions

This work was performed under contract between Power Reactor and

Nuclear Fuel Development Corperation and JAERT.

* On leave from Energy Research Laboratory, Hitachi, Ltd.
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of 238y, 237Np, 23%9py and 235U, large discrépancles between the calculated
and measured distributions were found in the axial blanket region.
Transport calculations could imporve the result obtained by diffusion
calculation for 238U fission rate distribution. The calculated central
fission rate ratio of238 /2357 fajled to predict the measured ratio,
while calculated ratios of 237Np/235U and 239pu/235y well agréed to these
measured ratios.

The calculated Na void effect with use of the first order perturbation
method overestimated the measured effects by about 18% in the central
part of the test region of the assembly. No significant discrepancy in
the shape of axial distribution, however, was found between the calculated
and measured Na void effects. ByC control rod worth was measured at
core center region using mock-up control rod which consist of BuC pellet
and SS tube. The effects of control rod worth were examined for 10B

enrichment, 10B density and 10p discribution condition.

Keywords : Fast Reactor, Critical Experiment, FCA XI-1 Assembly,
Sample Worth, Fission rate, Na void Effect,
B,C Rod Reactivity Effect, Diffusion Calculation

Transport Calcularion, JFS - 3 JZ Set,

i
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Table 2.1  Homogeneous atomic number densities of drawers
in FCA X1-1 Assembly
(XIO22 necm”3)
Region Test Region Driver Region
Core Ax. Blanket
Nuclide TL T2 DUP PD(92) PD(8L)
Pu-239 3.05228 0.10455 - 0.2091 0.2080
Pu-240 0.00461 0.00922 - 0.01843 0.02597
Pu-241 0.000433 0.000865 - 0.00173 0.00321
U-235 0.00316 0.00140 0.00316 0.00140 0.00140
U-238 0.9307 | 0.6869 0.9307 0.6869 0.6869
0 1.5400 | 1.7038 1.7038 1.3762 1.3762
Na 0.7656 0.7656 0.7656 0.7656 0.7656
Al 0.1159 0.2319 0.2169 0.0300 0.0307
Cr 0.3213 0.3347 0.3079 0,3615 0.3624
Fe 1.1827 1.2351 1.1304 1.3397 1.3431
Ni 0,1463 { 0.1530 i 0.1396 0.1664 0.1666
Region Driver Region Radial Contrel
Core Ax. Blanket Blanket Rod
Nuclide PUD EUD NUB DUB SCR
Pu-239 0.1568 - - - -
Pu-240 0.01382 - - - -
Pu-241 0.00130 - - - -
U-235 G.1144 0.2845 0.0289 0.0084 0.4521
U-238 0.6954 0.6892 3.9889 4.0174 0.0342
0 1.3762 1.3623 - - 4,.2584
Na 0.7656 0.7656 - - -
Al 0.0225 i 0.9082 - - 2.8194
Cr 0.3481 E 0.3079 0.1846 0.1846 0.2819
Fe 1.2873 1.1304 0.6722 0.6722 1.0258
Ni 0.1597 0.1396 0.0804 0.0804 0.5224
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Fig., 3.1 Calculational 2RZ model of FCA XI-1 assembly
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Fig. 3.2 Calculationagl 2XY model of FCA XI-1 assembly
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Table 4.1 Central sample worths at FCA XI-1
assembly

Sample position : F26/26(1Z)

.Sample w?éfft wzifﬁ

92%Pu 70.23 0.265 £ 0.005
93%EU 147.02 0.446 + 0.005
20%EU 148.54 0.075 = 0.005
NU 901.58 - -0.163 * 0,006
DUOy 421.11 -0,106 = 0.005
SS 373.35 -0.036 £ 0.006
Aly03 171.06 -0.038 % 0.005
Al 72.15 -0.017 = 0.005
Nat.BpC 87.24 -0.808 + 0.005
90% ByLC 27.28 -0.839 + 0.005

1o, =6.29 x 107" ak/k

Table 4.2 Sample worths at central 3x3 drawers
of FCA X1-1 assembly

Sample position : F3x3(1-2Z)

Sample Welight Worth

(g) (Po)
927%Pu 158.14 0.594 + 0.006
DUO» 2526.66 -0.630 + 0.006
S8 2240,1 ~0.242 + 0.007
Al 780.48 -0.158 + 0.006
Al,04 1026, 36 ~0.247 £ 0.006

log =6.29 x 107" Ak/k
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Table 4.3 Comparisons of sample worth between center
and 3x3 drawers

Sanple | weéiﬁt Center Dra$Z§th (DgiB Drawer

92%Pu 70,23 0.265 + 0.005 -0.264 = 0.003
DUO, 421,11 -0.106 = 0.005 -0.105,5 = 0.001g
S5 373.35 -0.036 + 0.006 -0.0403 = 0.001,
Al 130.08 ¢ =0.017 = 0,005 -0.0265 + 0.001,
Al;04 171.06, -0.038 + 0,005 | -0.041; £ 0.001,

1P, =6.29 x 10™% Ak/k

Table 4.4  Reactivity change due to Pu plate
substitution at central 3x3 drawers
of FCA X1-1 assembly

Sample position : F3x%3(1-2Z)

Substituticn Reactivity Change

{28 plates) (Po)
92%Pufx -+ 927Pu ‘ 0.594 = 0.006
927%Pu - 81%Pu 0.025 £ 0.006
92%Pu -+ 75%Pu -0,010 + 0.006

1Py =6.29 x 107" Ak/k

Table 4.5 Isotopic composition of Pu plates as of

June 1983

Isotopic Compositions (g) Total Pu
Plate 239py Zh0py 24 1py, (g)
927%PuEx 26.91 2.418 0.141 29.469
92%Pu 32.119 2.843 0.155 35.117
81%Pu 31.413 7.496 0.601 + 39.51
75%Pu 29.285 13.429 1.662 § 41.376

I
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Table 4.7 Radial 8§ sample worth distribution
at FCA X1-1 assembly

Region Position Worth (Pg)
F26/26(17) -0.036 * 0.006
F26/27(1Z) -

Test F26/28(1Z) -

Region F26/29(17Z) -0.029 + 0.006
F26/30(12Z) -
F26/31¢12) -0.033 = 0.006
F26/32(1Z) -0.037 + 0,006

Driver

Region F26/33(17) -0.006 + 0,006
F26/34(12) 0,029 £ 0.005
F26/35(17) 0,045 + 0.002

Radial

Blanket F26/36(12) -
F26/37(1Z) 0.006 + 0.002

1P5 =6.29 x 10~ Ak/k
S5 Sample weight : 373.35 g

Table 4.8 Radial distribution of 92%Pu sample worth
at FCA X1-1 assembly

Region Position Plate No. Worth (Pg)
F26/26 (1Z) 1 0.135 £ 0.005
F26/27(12) 1 0.143 + 0.005
F26/28(12) 1 0.136 + 0.005
Test F26/28(12) 2 0.131 + 0.005
Region ¥26/29(1%) 1 0.128 + 0.005
¥26/30(12) 1 0.126 * 0.005
F26/30(17) 2 0.131 + 0.005
F26/31(17) 1 0.126 + 0.005
F26/32(1Z) 1 0.119 + 0,005
EZ;?EE ¥26/32 (12) 3 0.110 *+ 0.005
F26/33(1Z) 3 0.090 + 0.005

1o =6.29 x 107" Ak/k
92%Pu Sample weight : 35.117 g
Plate No. : See text P. 14
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Table 4.9 Calculated and C/E value of axial 92%Pu
sample worth distribution in core region

Sample weight : 70.23g 92%Pu

Position® | Calc. Worth™™ C-E C/F
(cm) 107% Ak/k 107% Ak/k
2,54 1.664 ~0.0054 0.99g
7.62 1.60- ~0.04+ 0.97,
12.70 1.494 -0.08, 0.94q
17.78 1.34g - -0.01; 0.99,
22,86 1.164 ~0.07, 0.944
27.94 0.954 -0.10, 0.90,
33.02 0.75; ~0.05, . 0.93,
38,10 0.555 -0.03g 0.93;
43.18 0.38, ~0.037 0.91,

% Distance from core center to sample center.

%% The calculations were made with use of the first
order perturbatlon method.

Table 4.10 Calculated and C/E value of axial 93%EU
sample worth distribution in core region

Sample weight : 147.02g

Position” Calc. Worth** C-E C/E
(cm) 107 ak/k 107" Ak/k

2.54 2.852 0.04~ 1.017
7.62 2.75¢ 0.064 1.02,
12.70 2.573 0.07g 1.02g
17.78 2.314 -0.005g 0.99¢

22.86 2.00, - -
27.94 1.66y 0.04¢ 0.97,

33.02 1.31, - -
38.10 0.98; -0.055 ! 0.95p
43.18 0.695 i ~0.05, 0.93,

% Distance from core center to sample center.

%% The calculations were made with use of the first
order perturbaticn method.

— 20 —
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Table 4.11 Calculated and C/E value of axial NU sample
worth distribution in core region

Sample weight : 901.584g

Position™| Calculated Worth®*(10™% ak/k) C-E C/E

(cm) Non-Leakage| Leakage Total 107" ak/k

2.54 -1.065 0.007 | -1.061 -0.03¢ 1.03<
7.62 -1.02¢ 0.013 | -1.01, -0.035 | 1.03g
12.70 ~0.95+ 0.03; [ -0.92, ~0.02¢ 1.02g
17.78 -0.85¢ ‘0.064 -0.79g -0.,03; 1.044
22.86 ~0.74, 0.09¢ | =0.645 - -
27.94 ~0.61; 0.135 | -0.475 |  0.04; 0.92,
33.02 -0.477 ! 0.17, -0.30y4 - -
38.10 L0.34g | 0.206 | -0.14, 0.07, 0.67
43,18 ~0.23¢ 0.223 | ~0.004 0.06g | (0.00y)

# Distance from core center to sample center.

*% The calculations were made with use of the first
order perturbation method.

Table 4.12 Calculated and C/E value of axial DUO, sample
worth distribution in core region

Sample weight : 421.11g

Position® | Calculated Worth™ (107" Ak/k) C-FE C/E

(cm) Non-Leakage| Leakage Total 1074 Ak/k

2.54 -0.717 0.002 -0.71¢ -0.045g 1.075
7.62  -0.69, 0.01, | -0.88, -0.02¢ 1.04q
12.70 -0.64¢ 0.03g -0.61¢ ~-0.01, 1.01g
17.78 -0.574 0.055 | -0.525 -0.00; 1.00,
22.86 ~0.50¢ 0.08q | -0.41, - -
27.94 ~0.41, 0.125 | -0.28 0. 044 0.869
33.02 ~0.32, 0.155 | -0.164 - -
38.10 ~0.23g 0.19q | =0.04g 0.054 0.475
43.18 ~0.164 0.21g 0.0, | 0.10 (- )

* Distance from core center to sample center.

*#% The calculations were made with use of the first
order perturbation method.
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Table 4.13 Calculated and C/E value of axial SS sample worth
distribution
Sample weight : 373.35g
cend Position®| Calculated Worth™* (107" Ak/k) C-E /R
gLon {cm) Non-Leakage| Leakage Total | 107% ak/k
2.54 ~0.254 0.00; | -0.25; | -0.03 1.137
7.62 ~0. 24g 0.01y | -0.23g 0.04y 0.845
12.70 -0.234 0.027 | -0.20g | =-0.005 0.99;
Core 17.78 -0.20g ) 0.05¢ -0.154 0.01, 0.935
Test 22.86 ~0.18, 0.07 | -0.10, - -
Region 27.94 -0.14g 0.10g -0.03g 0.064 0.355
33.02 -0.115 0.144 0.025 - -
38.10 ~0.084 0.165 | 0.083 0.034 1.88¢
43.18 -0.05¢ 0.19 | 0.13 0.065 1.94,
48.26 ~0.037 0.16, 0.124 0.00q 1.07
Axial
Blanket 53.34 -0.02y 0.10g 0.08g - -
58.42 -0.00gq 0.073 0,064 0.064 -

* Distance from core center to sample center.

*% The calculations were made with use of the first

order perturbation method.

Table 4.34  Calculated and C/E value of axial BuyC
sample worth distribution in core region
Sample weight 87.24g
Position™ Calc. Worth** C-E e/
{(cm) 10 Ak/k 10 Ak/fk

2.54 ~5.14, -0,054 1.01,
7.62 - =4.95¢ -0.077 1.01¢
12.70 -4,60g ~-0.04g 1.01,
17.78 —4.11, 0.014 0.995

22.86 - - -
27.94 -2.844 0.055 0.98,

33.02 - - -
38.10 ~1.524 0.07¢ 0.954
43.18 ~1.009 0.05, 0.9

# Distance from core center to sample center,
%% The calculations were made with use of the first
order perturbation method.
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Table 5.1 Effective atoms and isotopic composition of
fission chambers
Detector Enriched U Natural U Plutonium Neptulum
Effective 3.04%10%7 4.16x1018 7.10%10%7 1.42x10!8
atom +2.0% +2.0% +2.0% =4,0%
U-234 0.0095 x0.0001
0.007204
- +
U-235 0.9331 £0.0005 +0. 000007
o U-236 0.0041 £0.0001
§ U-238 | 0.0534 +0.0004 | 0.9928
§ Np-237 0.9949
& ! Pu-239 0.9443 +0.0002
H
Pu-240 0.0522 +0.0002 %
: 0.00506
Pu-241 0.00338 £ 0.00002 )
Pu-242 < 0.00013

* Isotopice composition of this Pu

not known.,

Regarded as 100% Pu-239 in this report.
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Table 5.2 Axial fission rate distributions at FCA X1-1 assembly
Regioﬁ Position* 238y 237Np 3%y 235y
- 4.5 | 0.01166 £1.4] 0.0920 0.5 | 0.5698 0.9 0.6309 10.4Z
- 4.0 | 0.,01199 +1.5 | 0.0952 0,4 | 0.5941 +0,4 |0.6621 +0.4
- 3.0 | 0.0126031.4 | 0.1013 +0.5 | 0.6273 +0,3 |0.7031 0.4
Core - 2.0 | 0.01332+1.3|0.1060+0.4 |0.6516 +0.2 | 0.7313 +0.3
(bsdzzz-ble) - 1.0 | 0.01384+1.5,0.1087 0.5 | 0.6668 £0.2 | 0.7519 +0.3
- 0.5 | 0.01383+1.3!0.1097 £0.5 | 0.6722 £0.3 | 0.7617 +0.3
- 0.25 | 0.01380+1.5 | 0.1097 0.4 | 0.6739 £0.3 | 0.7632 0.3
——————— 0.0 | 0.01366:1.3|0.1086+0.6 |0.6797 +0.2 | 0.7610 0.5
0.25 | 0.01399 £+1.4 | 0.1094 +0.5 | 0.6741 +0.3 [ 0.7621 +0.3
0.5 | 0.01378 +1.4 | 0.1101 £+0.4 |0.6731 £0.3 [0.7512 0,2
1.0 | 0,01384 £1.5 | 0.1085 0.6 |0.6692 0.4 | 0.7519 £0.3
1.5 | 0.01362+1.4 | 0.1079 +0.5 |0.6593 £0.3 | 0.7426 £0.3
2.0 | 0.01332+1.3 | 0.1056 0.5 | 0.6506 0.3 |0.7313 £0.3
Core 2.5 | 0.01295 +1.4 | 0.1045 +0.4 | 0.6393 +0.4 | 0.7184 +0.4
(gig‘:d) 3.0 | 0.01260 +1.4 | 0.1016 £0.5 | 0.6227 +0.4 | 0.7031 £0.4
4.0 | 0.01199 +1.5 | 0.0955 0.7 |0.5864 0.5 | 0.6621 £0.4
5.0 | 0.0111341.3|0.0874 0.5 |0.5393 +0.4 [0.6154 +0.4
6.0 | 0.00972+1.4 | 0.0775+0.5 |0.4860 +0.3 | 0.5561 +0.5
7.0 | 0.00840+1.7 | 0.0664 +0.4 |0.4289 +0.4 |0.4895 20.4
8.0 | 0.00661 +1,5|0.0535 0.4 |0.3680 +0.4 | 0.4233 +0.3
8.5 | 0.00576 +1.6 | 0.0464 £0.6 | 0.3360 +0.4 | 0.3929 0.4
9.0 | 0.00423 +2.3 | 0.0371 +0.5 | 0.3123 +0.4 |0.3651 0.3
9.5 |0.00302+2.6 | 0.0282+0.6 | 0.2844 +0.4 | 0.3336 0.5
Axial 10.0 | 0.00205+3.6 | 0.0224 +0.7 | 0.2579 £0.4 | 0.3015 +0.3
Blanket 10.5 | 0.00168 £ 3.5 | 0.0179 +0.7 |0.2275 +0.4 | 0.2635 20.4
11.0 - 0.0140 £+0.6 | 0.1965 0.4 -
12.0 - 0.0084 £ 0.6 | 0.1376 0.7 -
*# in pack unit (= 5.08 cm)
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Table 5.3 Radial fission rate distributions at FCA X1-1 assembly
Regicn Position* 238y 237Np 239y 2357
_5.50 | 0.01731 £1.0°| 0.1332 +0.4°| 0.5909 +0.5 | 0.6197 c0.7"
- 5.00 | 0.01608 #1.0 | 0.1274 $0.5 | 0.6109 0.3 | 0.6483 £0.4
- 4.50 | 0.01483 +1.3 | 0.1197 0.6 | 0.6309 +0.3 | 0.6799 +0.2
- 4.00 | 0.01472 + 0.1173 #0.5 | 0.6371 +0.4 | 0.6969 0.4
Core ~ 3.00 | 0.01356 +1.4 | 0.1092 0.5 | 0.6566 =0.4 |0.7266 0.2
Test ~ 2,50 | 0.01293 1.4 | 0.1069 *0.5 | 0.6688 0.3 {0.7339 £0.3
Region’| - 2.00 | 0.01325 1.4 | 06,1076 +0.5 | 0.6656 +0.3 |0.7433 +0.5
- 1.00 {0.01284 £1.5 1| 0.1045 +0.4 | 0.6758 0.4 |0.7567 0.3
- 0.625| 0.01224 £1.5 | 0.1024 £0.3 | 0.6757 £0.4 | 0.7639 £0.3
- 0.50 | 0.01245 +1.4 | 0.1028 0.5 | 0.6776 £0.3 10.7592 £0.3
~ 0.25 | 0.01285+1.3 | 0.1052 £0.6 | 0.6776 +0,4 |0.7596 +0.3
******* 0.00 | 0,01312 +1.3 | 0.1056 £0.4 | 0.6748 0.4 |0.7617 0.5
0.25 | 0.01278 +1.4 | 0.1047 +0.4 | 0,.6748 +0.3 [0.7617 20.3
0.50 | 0.01251 +1.4 | 0.1030 +0.4 | 0.6772 +0.3 10.7625 +0.5
0.625 | 0.01224 +1.5 | 0.1018 £0.6 | 0,6766 £0.3 | 0,7639 £0.3
1.00 | 0.01268 +1.6 | 0.1049 £0.5 | 0.6778 0.3 |0.7588 #0.3
1.375| 0.01295 £1.6 | 0.1037 £0.5 | 0.6758 +0.3 | 0.7542 0.3
1.50 | 0.01303 +1.6 | 0.1037 0.4 | 0.6764 0.2 |0.7527 +0.3
Core 1.75 | 0.01317 +1.6 | 0.1062 +0.3 | 0.6724 +0.5 | 0.7496 +0.3
Egzzon 2.00 | 0.01327 +1.6 | 0.1063 +0.3 | 0.6674 +0.3 | 0.7465 +0.3
2.25 | 0.01301 +1.5 | 0.1076 +0.6 | 0.6718 0.2 |0.7435 £0.4
2,50 | 0.01285 +1.4 | 0.1069 +0.5 | 0.6688 +0.3 | 0.7400 +0.4
3.00 | 0.01356 +1.4 | 0.1103 +0.6 | 0.6610 £0.3 |0.7266 £0.2
4.00 | 0.01472 +1.2 | 0.1177 £0.6 | 0.6458 £0.3 |0.6969 +0.4
4,50 | 0.01483 +1.3|0.1199 0.5 | 0.6339 +0.5 [0.6799 £0.2
5,00 : 0.01608 +1.0 | 0.1248 £0.4 | 0.6205 0.4 |0.6483 *0.4
5.50 | 0.01731+1.0 | 0.1335 0.5 | 0.6031 +0.4 [0.6197 £0.2
6.00 | 0.01886 +0.9 | 0.1393 0.4 | 0.5730 0.5 |0.5834 0.4
Core. 6.50 | 0.01890 +0.8 | 0.1399 +0.5 | 0.5423 +0.3 | 0.5436 0.3
(EEQ?EE 7.00 | 0.01817 +0.9 | 0.1334 £0.5 | 0.5109 £0,2 |0.4985 £0.3
8.00 | 0.01340 +1.0 | 0.1019 0.4 | 0.4179 £0.4 |0,4065 0.4
8,50 | 0.00953 +1.1 |0.0794 +0.6 | 0.3576 +0.4 {0.3488 +0.¢&
9.00 | 0.00529 +2.0 | 0.0538 £+0.7 | 0.2842 0.4 |0.2797 +0.3
giiﬁiit 10.00 | 0.00184 £2.6 | 0.0248 +0.5 | 0.1732 +0.4 |0.1752 +0.2
11.00 | 0.00070 +5.4 | 0.0116 +0.5 | 0,1005 +0,5 |0.1020 £0.9
12.00 - 0.00537+1.1 | 0.0565 1,1 -
13.00 - 0.0023,£1.2 | 0.0307 +1.0 -
% in matrix unit (= 5.52 cm}
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Table 5.4 Fission rate ratio at the center of FCA X1-1 assembly

23817235y 237yp/235y 239p, /235y
Center (Pos. 0) 0.01722 +3.2% | 0.1386 +4.6%Z | 0.8859 +2.9%
Fine structure
Pos. -0.5% | 0.9523 0.9770 1.0075
Pos., -0.25 | 0.9824 0.9992 1.0069
Pos. 0.0 1.0000 1.0000 1. 0000
Pos. 0.25 | 0.9743 T 0.9917 1.0000
Pos. 0.5 0.9528 0.9746 1.0025
Cell averaged 0.01683 + 3.4% | 0.1375 +4.7% | 0.8886 +2.8%

% in matrix unit : 5.52 cm

Table 5.5 Comparison of central fission rate ratio between
FCA assemblies

Fission rate ratio

A Remarks
ssembly T Sey 235y | 237nps2350 | 239pu/2350

X-2 0.0501 +3.5%| 0.353 £4.,7%| 1.093 +3.2% | "Joyo" MK-IT

V-1 0.0323 +4% - 1.033 +4% Quter core of "Monju"
V-2 0.0219 * 3% - 0.956 + 3% Inner core of "Monju"
KI-2 0.0168¢ 3.4%

0.137524.7% | 0.888;*2.8% | Large fast reactor

Table 5.6 Comparison of central fission rate ratio between
axial and radial traverse

Position : R=2.54 cm, Z=2.54 cm

238235y 2375,/ 235y 239py, /235y

From Axial Traverse 0.01834 +3.2% 0.1466 +4.5% 0.8960 + 2.9%
From Radial Traverse 0.01722 +3.2% 0.1386 +4.6% 0.8859 +2.9%
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Table 5.7 Caleculated and C/E values for 238U axial fission
rate distribution®

Positioriﬁ'c Diffusion Calculation | Transport Calculation
Region
{cm) C/E C/E
. 2.54 1.0000 1.000 1.0000 1.000
5.08 0.9934 0.989 0.9934 0.989
7.62 0.9826 0.995 0.9825 0.994
10.16 0.9674 1.000 0.9675 1.001
12.70 0.9479 1.008 0.9481 1.009
15.24 0.9242 1.011 0.9245 1.011
17.78 0.8965 - 0.8971 -
20.32 i 0.8646 0.994 0.8656 I 0.995
Core 22,86 g 0.8287 - 0.8302 -
25.40 ? 0.7889 0.976 0.7914 0.979
27.94 0.7452 - 0.7490 -
30.48. 0.6976 0.990 0.7022 0.996
I 33.02 0.6459 - 0.6510 -
35.56 0.5900 0.967 0.5959 0.977
38.10 0.5295 . - 0.5366 -
40.64 0.4637 |  0.966 0.4708 0.981
43.18 0.3918 0.937 0.3936 0.942
45.72 0.3121 1.017 0.3058 0.996
48.26 0.2377 1.085 (0.2244 1.025
50.80 0.1804 1.107 0.1647 1.010
Axial 53.34 0.1362 1.116 0.1240 1.016
Blanket 55.88 0.1017 - 0.0939 -
58.42 0.0745, - : 0.07044 -
60.96 0.05267 - ! 0.0518; -
63.50 (0.03464 - 0.0373, -

% Normalized at axial position of 2.54 cm from core center

%% Distance from core center
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Table 5.8 Calculated and C/E wvalues for 237Np axial fission
rate distribution?‘c

Positio$* Diffusion Calculation | Transport Calculation
Region (em) C/E C/E
2,54 1.0000 1.000 1..0000 1.000
5,08 0.9934 1.009 0.9934 1.009
7.62 0.9825 1.003 0.9825 1.003
10,16 0.9672 1.009 0.9673 1.009
12.70 0.9476 0.999 0.9478 0.999
15.24 0.9238 1.001 0.9242 1.001
17.78 0.8959 - 0.8966 -
20.32 0.8639 0.996 0.8649 0.998
Core 22.86 0.8279 - 0.8293 -
25.40 0.7880 0.992 0.7901 0.995
27.94 0.7443 - 0.7473 -
30.48 0.6968 0.990 0.7004 0.995
33.02 0.6456 - 0.6496 -
35.56 0.5906 0.979 0.5953 |  0.987
38.10 0.5318 - 0.5371 -
40.64 0.4690 0.965 0.4740 0.975
43.18 0,4019 |  0.955 0.4032 0.958
45.72 0.3300 0.979 0.3258 0.967
48.26 0.2620 1.023 0.2531 0.989
50.80 0.2064 1.017 0.1959 0.965
rcial 53.34 0.1609 0.987 0.1527 0.937
anket 55.88 0.1235 | 0.972 0.1187 0.935
58.42 0.0923p - - 0.09075 -
60.96 0.06585 @  0.867 0.0673, |  0.886
63.50 0.0430, | - 0.0472, -

* Normalized at axial position of 2.54 cm from core center

*% Distance from core center
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Table 5.9 Calculated and C/E values for 23%Pu axial fission
rate distribution®

Positioék Diffusion Calculation | Transport Calculation
Region (cm) C/E C/E
2,54 1.0000 1,000 1.0000 1.000
5.08 0.9935 0.999 0.9935 0.999
7.62 0.9828 1.004 0.9828 1.004
10.16 0.9679 1.001 0.9679 1.001
12.70 0.9488 0.999 0.9488 0.999
15,24 0.9257 1.001 0.9257 1.001
17,78 | 0.8987 - 0.8987 -
20.32 | 0.8681 0.997 0.8681 0.997
Core 22.86 0.8339 - 0.8339 -
25.40 0.7964 |  0.994 0.7965 0.994
27.94 0.7559 - 0.7561 | -
30.48 0.7127 0.987 0.7130 0.988
33.02 0.6672 - 0.6675 -
35.56 0.6198 0.973 0.6200 0.973
38.10 0.5711 - 0.5712 -
40.64 0.5217 0.954 0.5216 0.954
43.18 0.4724 0.947 0.4717 0.945
45.72 0.4241 0.914 0.4224 0.910
48.26 0.3760 0.889 0.3737 0.883
50,80 0.3270 0.854 0.3254 0.850
53.34 0.2781 0.823 0.2782 0.823
Axial !
55,88 0.2296 0.786 0.2322 0.795
Blanket | o 42 0.1818 _ 0.1872 -
60.96 0.1348 0.661 0.1429 | 0.700
63.50 0.08844 i - 0.0982¢ -

% Normalized at axial position of 2.54 cm from core center

*% Distance from core center
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Table 5.10 Calculated and C/E values for 2353 axial fission
rate distribution®

Position " | Diffusion Calculation | Transport Calculation
Reglon 1w c/E C/E
- 2.54 1.0000 1.000 1.0000 1.000
5.08 0.9936 0.993 0.9936 0.993
7.62 0.9830 0.994 0.9830 0.994
10.16 0.9683 0.994 0.9681 0.994
12.70 0.9494 0.993 0.9492 (0.993
15.24 0.9267 0.990 0.9264 0.990
17.78 0.9001 - 0.8998 -
20.32 0.8700 0.988 0.8696 0.987
Core 22,86 0.8365 - 0.8360 -
25.40 0.7999 = 0.977 0.7994 0.976
27.94 0.7605 - 0,7600 -
30.48 0.7187 0.971 0.7181 | 0.970
33.02 0.6750 - 0.6742 -
35.56 0.6298 0.966 0.6290 0.965
38,10 0.5838 - 0.5829 -
40.64 0.5378 0.955 0.5369 0.954
43.18 0.4929 0.942 0.4921 |  0.941
45.72 0.4504 0.927 0.4494 0.925
48.26 0.4071 0.917 0.4063 0.915
50.80 (.3598 0.897 0.3604 0.899
Asclal 53.34 0.3101 0.884 0.3124 0.890
Blanket 55.88 0.2588 - 0.2634 -
58.42 0.2065 - 0.2138 -
60.96 0.1539 | - 0.1639 -
| 63.50 0.1011 - 0.1126 -

% Normalized at axial position of 2.54 cm from core center

*% Digtance from core center
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Table 5.11 Calculated and C/E values of central fission rate
ratio {cell averaged)

Fission Rate Ratio

Diffusion Calculation

Transport Calculation

C/E C/E

238y/235y 0.01889 1.122 0.01854 T 1,102
237Np/235y 0.1387 1.009 0.1362 0.991
239py /235y 0.8874 0.999 0.8835 0.994
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Table 6.1 Na void effect at the central drawer
: in FCA X1-1 assembly

Removed Na Na Void Worth
Void Pattern
g Po
F26/26(1-32) 135.72 0.022 +£0.005
F26/26(1-6Z) 271 .44 0.038 +0.005
F26/26(1-92) 407.16 0.027 +0.005
F26/26(1-13Z) 588.12 0.018 +0.005

Po =6.20%x107" Ak/Kk

Table 6.2 Axial Na void effect distribution at central
3x3 drawers in FCA X1-1 assembly

Removed Na Na Void Effect

Region Void Pattern . 107% Ak/k
F3x3 (12) 407.16 0.094 +0.006

F3x3 (2Z) 407.16 0.090 + 0,006

F3x3 (37) 407.16 0.078 +0.006

F3x3 (47) 407.16 0.062 + 0,006

Core F3x3 (52) 407.16 0.038 = 0.006
F3x3 (6Z) 407.16 0.016 +0.006
F3x3 (72) 407.16 -0.005 * 0.006
F3x3 (8Z) 407.16 -0.026 +0.006
F3x3 (92) 407.16 -0.038 + 0.006
T F3x3(107) 407.16 -0.037 +0.006
addal | resiz) 407.16 ~0.019 +0.006
F3x3(122) 407.16 -0.014 +0.006
F3x3(1-22) 814,32 0.182 0.006
Core F3x3(1-32) 1221.48 0.257 0.006
F3x3(4-6Z) 1221.48 0.116 0.006

p.=6.29x10"" Ak/k
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Table 6.3 Radial Na wvoid effect distribution in
the test region of FCA X1-1 assembly
Removed Na Na Void Worth
Void Pattern
g Po
F26/26(1-92) 407.16 0.027 £0.005.
F26/27(1—92) 407.16 0.032 +0.005
F26/28(1-92) 407.16 0.023 £0.005
F26/29(1-9Z) 407.16 0.031 £0.005
F26/30(1-97) 407.16 0.025 £0.005
Po =6.29%x107% Ak/k

Table 6.4 Calculated and C/E value of Na void effect axial
distribution at FCA X1-1 assembly
Position Na Void Effect (107% Ak/k) C-E
Reglon {cm) Non-Leakage| Leakage Total | (10™% Ak/k) c/®
2,54 0.70¢ -0.00y 0.69¢ 0.10¢g 1.17g
7.62 0.67¢ ~0.023 | 0.654 0.08 1.15,
12,70 0.63, ~0.06, | 0.56g 0.074 1.157
17.78 0.56, ~0.11g | 0.44q 0.05g 1.15;
Core 22.86 0.487 -0.18; | 0.30s 0.06¢ 1.28
27.94 0.40, -0.253 0.1l4g 0.04+ 1.47
33.02 0.315 ~0.32¢ | -0.01, 0.02, 0.35
38.10 0.23¢ ~0.39;  -0.15¢ 0.00q 0.95
43.18 0.16¢ ~0.43¢ | -0.273 | =-0.03, 1.14
48.26 0.11, ~0.385 | -0.27, | -0.04, 1.18
Axial 53.34 0.065 -0.265 | -0.203 | =-0.08y 1.69
Blanket | 58 42 0.027 ~0.18, | -0.15; | -0.069 1.78
63.50 0.00; —0.14g | -0.134 - -
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effect distribution at FCA XI-1 assembly
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Table 7.1 Material Data for ByC Pin in FCA

(1) Natural and 90% Enriched ByC Pin

Dimmension
Pin length
Pin outer diameter
Pin inner diameter
B,C absorber length

ByC absorber diameter

Weight
Natural ByC
907 enriched BRyiC
SS can (SUS 304)

Composition in ByC pellet

B 77.9 w/o
C 21.2
Fe 0.13
Si 0.20
Al 0.05

304.
12,
11.

300.
11.

69.
67.
65.

60
30
45
03

68
23
69

mm

Tm

mm

mm

gTr
gr
gr

(108 =90.16 a/o)
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Table 7.2 BUC Control Rod Worth Measured in FCA Assembly XI-1

(Unit :rg)

Reference Core-1 (CRP : 3ingle Drawer)
(1) Na Drawer 2.221 £ 0.008
(2) Natural BUC 16 Pin .46 ¢ 0.018
(3) 30% Enriched BHC 16 Pin 28.681 + 0.090
(4) 90% / Natural (8/3) Model-1 22.359 £ 0.020
(5) 30% / Natural (8/8) Model-2 23.458 + 0,103
(6) Natural / Void (8/8) 8.279 £ 0.043
(7) Natural /Void (U4/12) 5.401 ¢ 0.022
(8) Natural 16 Pin (M side)

Na Drawer (F side) 7.257 + 0.033
Raference Core-2 {CRP : Four Drawers)
(9) Na Drawer 4,738 + 0,052
{10) Natural / Void (16/48) 14,963 ¢ 0.270
(11) Natural / Void (24/40) Model-1 20.456 & 0,384
(12) Natural / Void (24/40) Model-2 21.393 ¢ 0.415

Po =0.0629%A K/K
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Reference. Core -1

92 132
DD BaC Na
DL —
%40, ——  90% Natural Plate —
%%%0% Pin

(i} B4C-90% 16P @ - 90% enriched B4C Pin
(il B4C —Natural 16P @ : Natural BsC Pin

(D)

5]
DR

@ Natural B4C Pin
® 90% enriched B4C Pin

liii) BaC 90%/NG1'UFO‘ (8/8} (Model - I) (iv) BsC 90% Natural (8/8) (Modei-T)

0000
0©.%2%

S-S ]
..AA..A..

@ Nafural B4C Pin
O Empty Pin

(v) B4C Natural / Void (8/8) {vi) BgC Natural /Void {4/12)

Reference Core—2

<]

(i) B4C Natural (il B4C Natural liil BaC Natural
16 /64 24 / 64 - 24/64
Model I Model I
g No Plat @® B,C Natural
4‘ o Flate O Empty Pin

Fig. 7.2  Cross - sectional Views of Rod Design
Used in FCA XI-{
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