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Measurements of Reactivity Effects of Distributed Absorhber

Rods and Power distributions in a PWR-type Fuel Assembly

Kiyonobu MURAKAMI, TIsao AOKT,
Hideyuki HIROSE and Takenori SUZAKI

Department of Nuclear Safety Research,
Tokal Research Establishment, JAERL

{Received October 1, 1984)

Reactivity and power distribution effects were measured by
using a mock-up PWR fuel assembly to cbtain bench mark data for
criticality safety calculation codes and to measure reactor
physical performance of cluster type control rod. Criticality
experiments were performed by using a Tank-type Critical Assembly
(TCA). A two-regional core was constructed for the experiments.
The central test region, which was a 15x15 square array of 3.2w/0
U0, fuel reds, was surrounded by a 2.6w/o UQp driver region.

The square rod cells in both regions have the same water-to-fuel
volume ratio, 1.50. In the experiments, the critical water
levels and power distributions were measured changing the lcading
pattern of abscrber rods in the test region and B4sC content in
abscrber rods frem 0 to 1.66 g/cm’. In a series of the same
loading pattern, negative reactivity increased but did not
saturated with B,4C contents from 0 to 1.66 g/cm?. It shows
that the B4C abscrber rod has more residual absorption effect in
epi~thermal and fast neutrons. A linear correlation was found
between changes of the average power and the reactivity of the
test region, when the absorber rods were loaded in the test

regicn.

Keywords : Reactivity Effect, Absorber Rod. Light-water Lattice,
Critical Experiment, Low Enriched Fuel, B,C, Power

Distribution, Control Rod.
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Table 1 List of experimental core

[} + . . L 'f
Run no. Date Absorber rod | Pattern Critical water React1v1L§‘

level (mm) worth (¢

Fede

7096 Feb.10,'83 | Jo-21 1 1048.05 1029.9
7097 Feb.15,'83 | JO-20, WH-1 I 959,8 974.3
7098 Feb.15,'83 | J0-16, WH-5 il 746.4 768.9
7099 Feb.15,'83 | J0-12, WH-9 1v 615.65 554.8
7100 Feb.15,'83 | J0-4, WH-17 ) 453.15 85.7
7101, Feb.15,'83 | WH-21 VI 406.2 -126.1
7102 Feb.15,'83 | Void~21 1 440.85 34.8
7103 Feb.16,'83 | J6-21 1 451.1 77.4
©7104 Feb.16,'83{ J5-21 I 463.35 125.8
7105 Feb.16,'83 | J&a-21 : I 479.4 185.2
7106 Feb.16,'83 | J3-21 I 518.9 314.5
7108 Feb.16,'83 | J2-21 1 602.65 527.6
7109 Feb.16,'83 | J1-21 1 737.8 757.5
7111 Feb.16,'83 [ WH-10 v 428.1 -21.3
7112 Feb.16,'83 | WH-20. VIIT 423.45 -42.6
7113 Feb.18,'83 | J0-20, WH-I I 959.05 973.8
7114 Feb.21,'83 | JO-20, WH-1 il 960.9 975.1
7118 Feb.23,'83 | JO-16, WH-5 I 746.3 768 .8
7116 Feb.25,'83 | JO-12, WH-9 v 615.65 554.8
7117 Feb.28,'83 | WH-21 VI 406.1 -126.6
7118 Mar. 2,'831 J6-21 I 451.05 77.2
7119 Mar. 4,'83| J&-21 1 479.3 184.8
7120 | Mar. 7,'83| J2-21 1 602.25 526.7
7121 Mar. 9,783 | Jo-21 T 1049.8 1030.9
7122 Mar.11,'83 | Void-21 I 440.8 34.5
7125 Mar.l&,'83 | WH-10 VI 428.2 -20.8
7126 Mar.17,'83 | J0-12 IX 601.55 525.2
7127 Mar.17,'83| J0-12 X 627.9 579.3
7128 Mar.l7,'83} JO-12 XI 618.25 599.2
7129 Mar.17,'83 | Jo-12 X1 639.6 601.7
7130 Mar.17,'83 ] Jo-21%"* 1 980.85 988.7
7131 Mar.17,'83 | JO-21 1 1054.7 1033.6
7132 Mar.23,'83 | J0-21 : XTI 1063.0 1038.2
7133 Mar.23,'83| JO-21 XIV 1058.8 1035.9
7134 Mar.23,'83} JO-9 XV 543.95 385.9
7135 Mar.23,'83 | J0-9 KVI 573.85 462.2
7136 Mar.23,'83 | J0-9 VI 583.9 485.8
7137 Mar.23,'83| J0-9 XVIX 582.85 483.4
7138 Mar.23,'83| JO-9 IXX 574.7 464, 2
7139 Mar.23,'83| JO-9 XX 563.2 436.1
7140 Mar.23,'83 | JO-9 XXI 551.45 405.9

% 1 Integral water level worth from the critical water level of the
standerd core, 432.9mm.

%% : In the expression of X-Y, X means the Jn-type absorber rod, the
water hole, or the void pipe {same as the Al pipe shown in Fig.2),
and Y means the number loaded in the test region.

*¥% : The space inside an absorber rod was filled with water (see Fig.2).

_87
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Average power in test region and reactivity difference
from reference core

Core Average power Reactivity difference from
Pattern | Absorber rod in test region | reference core ()
VIT WH-10 1.0 20.8
T Tp-20, WH-1 0.684 - 975.1
111X Jo~16, WH-5 0.747 - 768.8
IV Jo—-12, WH-9 "0.828 - 554.8
VI WH-21 1.087 126.6
1 Jg-21 0.961 - 17.2
T Js-21 0.916 - 184.8
1 J,-21 0.802 - 526.7
1 Jg-21 0.659 -1030.9
I Void-21 0.970 -~ 34.5
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11.8° AL PIPE = CU SPACER

6.05% SUS CLAD

BORON CARBIDE BRASS PLUG

7 09 THICK 0.5 THICK  / SUS PLUG /
s o e e A |
- P L P e "ﬂ'ﬁ!* ...... Y I b
——r—r e OO P | G H:T_K
= |=B.5 6.5 >
1473 50 —
1880
BaC content in absorber rods
Abgsorber rod Jo I J2 T3 Ja Is Je
B,C/(B,C+A1) -
(W/0) 100 22.5 7.70 2.65 0.95 0.40 0
B4C concent
(g/cm?3) 1.659 | 0.59311 | 0.2014 [ 0.07165 | 0.0259%4 | 0.01084 0

Impurities in cladding material of J, to Jg absorber rods

Component Cc 51 Mn P 5 Ni Cr
Congentration
0.06 ]0.5911.01f{0.012 | 0.019|8.72|18.35
(w/0)
Impurities in alminum powder
Component Fe 5i Cu Mn
Consentration
0.12 1 0.07 | 0.002 |0.001
{w/0)

Impurities in

alminum pipe

Component Fe si
Consentration
(w/0) 0.14 | 0.07
Fig. 2 Absorber rods
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Fig. 5 Differential water-level worth
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Fig. 6 Block diagram of y-ray counting system for

power distribution measurement
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Fig. 7-3 Loading pattern in test region
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Run no. : 7114 0.877
. T
23580088898cRaR3g0R38808 7 " o0t o3
8RE0080503088808080088888 ©  2.6w/o U0
R E568000008000000060000
88888880000061309000000000 o+ 3.2w/o U02 0.676
8888gog§§§§§§g§§§§§§§888888 s : Absorber rod (JO) 1,055
0830 000000
000000308SEsEesagsEe 000008 Water hole ¢ 1
Betetetele e et feteletelots 0.716
S
e
QOOLO055000050500060000C0000
000000000000000000000000C00 0.850
0000000000 0T000C00000000
OOOOOOOOOOOQOOOOOOOOOOOO 0.992
CO000000C0CO0O0000R00000
OOOOOOOOOOOO]'ODOOOOOOOOOO
[sleleleloleisiolalslale sleialelololo]sitlelole) T
elelelelelslotelelalsle slelotelslelolslelelele 1.018 | = Normalized power
G.997 | = Buckling corrected power
1.10%
0.922
0.864
0.881
; 1.167
0.8351]0.914
0.82210.929
1.089(1.231
0.827]|0.868
0.79810.864
1.057[L.145
0.779(0.768(0.79510.858
0.683{0.699|0.744(0.810
0.90510.926(0.986(1.073
0.77110.78210.80810.878
0.67670.682(0.739(0.817
0.896(0.904(0.979{1.082
' 0.857|0.830(0.782 0.84310.911| = Normalized power
0.712(0.696|0.669 0.76410.813| «Buckling cerrected power
0.943)0.92210.886 1.012(L.077 G—Peaklng factor
0.985]0.889(|0,835(0.808|0.806,0.836/0.908
0.804i0.727|0.672|0.676]0.688|0.74610.806( 1.257 | 1.232 | 1.187 | 1.106 | L.078] 1.370
‘ 1.065(0.963{0.890|0.896|0.912(0.9588 1.068 0.857 | 0.883 | 0.932 | 0.943 0.969 | ©.979
1.059]0,919({0.814 0.823|0.878|0.906
0.84910.750{0.669 0.713(0.763|0.810
1.12510,994[0.886 0.94511.01911.073
I
Fig. 11 Power distribution in the core ( IT )
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Run no, 7115 0.868
- 1 :
eYelolelololololelolele sloolotaloYolololeTolo) Date : Feb.23,783 1.024
2000GO00000B0C0000000000 5 1 7.6w/0 U0y
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B e
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OOCO000o000000000CO0O0O0000 0 852
CO0DO000O00000000000000C :
oooooooooooaoooooooooooo 0.994
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ooooooooooo%@ooooooooooo
OOO0ODEO0OBJO0IESOO0HGO0 .
1.008 | = Normalized power
0.987 | = Buckling corrected power
1.125
0.935
0.877
0.894
' 1.085
0.847(0.880
0.834(0.894
1.012}1.085
0.825|0.884
0.796|0.880
(.966]1.068
0.83610.813(0.871]0.91¢
0.73310.740|0.816(0.865
(0.89010,898|0.991{1.050
0.802/0.824|0.90410.886
0.70310.719(0.826|0.824
0.853(0.873]1.003]1.000
0.958|0.874|0.857 0.886|0.927| = Normalized power
0.79610.733(0.7131 0.803]0.828| = Buckling ccrrected power
0.966;0.890(0.890 0.975[1.005| = Peaking factor
1.084[1.022{1.02111.077{0.966|0.95310.977
0.88510.836|0.822|0.901(0.824|0.8300.867( 1.310 | 1.274 | 1.193] 1.081 1.087 | 1.381
: L.O74[L.015]0.998|1.094(1.000|1.008}1.053 0.893 | 0.913 | 0.936 | 0.941 | 0.977 | 0.986
1.19211.063|1.138 1.05610.971|0.967
- 0.9535)|0.868|0.936 0.915({0.8500.865
1.159]1.054| 1,136 L.L1L)1.0321.050
I
Fig. 12 Power distribution in the core ( TIT )
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Run no. : 7116 0.865
99988s899saduncasssnanes [ ¢ Fob-2 163 1020
2285886880000 a0000c0an00 © ¢ 2-6w/o U0z
e S
SO0000000000006305E00000 ° i 3.2w/o U0z 0.664
00088 §2§8§§8§§§§§§§888888 e : Absorber rod (JO) 1.036
e WG
R O Es 508 085858000000 0.711
Q0000 §§§8§§§§§8§§§§008808 1.011
29228 S0C000 8808500085808
0O0005553338500858855000000
[slelelele] [s]e[elalsls]olololelelalslalnlolallole) 0.85%4
elelelole] elelelole slelelnieislslelololele] "o
00000 oooogloooooooooooo 0.996
CO0000000000000000000000 .
COSCO0C00005000000000800
338325505500585888858%e
: 0.99%6 | = Normalized power
0.976 | = Buckling corrected power
1.147
0.953
0.911
0.929
1.018
0.87510.925
0.861[0.940
0.94311.030
(.891(0.9%26
0.860(0.921
0.942]1.008
1.017]0.911(0.922(0.925
(0.89110.829(0.863(0.873
0.97610.90810,945(0.956
1.14610.958(0.9590.980
1.004|0.836|0.87710.912
1.100|0.91610.96110.999
1.150|1.185]|1.083 0.955]0.966| = Normalized power
0.956|0.994(0,926 0.865{0.863| = Buckling corrected power
1.047|1.089]11.014 0.948|0.945 | = Peaking factor
1.2211.150|L.178{1.199[1.033(0.955(0.974
0.997(0.942[0.948(1.003|{0.881|0.83210.864| 1,338 1.324 1.241] 1.109 1.086 1.387
1.092]1.032]1.03911.099|0.965|0.911|0.947 0.912 | 0.948| 0.974| 0.965 | 0.976 | 0.991
1.310|1.17911.237 1.160|1.03211.023
1.050(0.962;1.017 1.005|0.904|0,915
1.150]1.054]1.114 1.10110.990 l.OOZJ

Fig. 13 Power distribution in the core ( IV )
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Run no. 7117 0.839
£00000000000R00000000000 Date : Feb.28,783 0.989
HOCOON00C00TPDOO00000000 o : 2.6w/o U0
DODO0DDEDCOCREER00000000 - 2
S
2355880800 me8so8egs00s © 1 I/ T oo
Q000 o C
ooooooggoggogggcggﬂggoogooo Water hole : 21 1.009
QOCO00500000T _ 00boeogRlR000
855 05553°805538203°68 333333
Relolelelele st R RO ettt ie ot C.694
Sgeoscs BeaRt ieannces 0.087
COOOODRECE08 5085755000000
C0C0Q0050000000000080 000000
C00000CeA0000C0000000CD0D00 0.849
0000000000 0U000D00C00G00
00000H00000TR00000000000 0.991
000CCOCCO000ND000000C000 '
OAS0CO0C0ACH0000C0000000
ooooooooooooFooooooooooo
HOHOOE0000000DE0C000C000 .
1.048 | =—Normalized power
1.026 | = Buckling corrected power
1.223
1.017
1.014
1.034
0.862
1.13911.053
1.121{1.070
0.93510.892
1.27411.111
1.230|L1.105 —
1.026(0.921
1.432| 1.447]|1.213(1.123
1,255 1.3L7|1.136]1.060
1,046 1,098{0.947|0.884
1.596| 1..467|1.277]1.170
1.399| 1.280(1.167|1.088
1.166(1.067(0.973(0.907
. 1.460[1.603[1.575 1.369|1.205] =+ Normalized power
1.214) 1.34571.347 1.240(1.076] = Buckling corrected power
L.0L2|1.121{1.123 1.034|0.897] =+ Peaking factor
1.42371.432]L.48211,570(1.523|1.314}1.190
1.167V1.172(1.19311.314]1.299]1.145(1.056 1.544 | 1,437 1.285] 1.163 1.118 1.397
: 0.969[0.977/0.995]1.09611.08310.955|0.880C 1.052 1.029 1.009 1.012 1.004 | ©.998
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Fig. 14 Power distribution in the core ( VI )
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Fig. 15 Power distribution in the core ( I )
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Fig. 16 Power distribution in the core ( T )
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Fig. 17 Power distribution in the core ( I )
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Fig. 18 Power distribution in the core { I )
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Fig. 19 Power distribution in the core ( T )
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