JAERI -M
30-042

F C AR RERIEEEFRBRICET 5
IR JEE A i 5 gt

199043A

Mg RR - - KRB KIFIEZ

B ®* B F Hh & & A
Japan Atomic Energy Research Institute



JAERFM v #— i, BRETFAOHEFHATELZ AR L T 2MERSEETT,

AFOMEHEIE, HEETHEFREAFERMEREHE (7319 1IEBE A RIEH)
HT, BELILLZSw, 28, T0EPICHEFEARTILESER LS 5 (TI-11EH
EH RN B RETAMENA TEECL2EBRA 4B I - THEI)ET,

JAERI-M reports are 1ssued irregularly.

Inquities about availability of the reports should be addressed to Information Division, Department
of Technical Information, Japan Atomic Energy Research Institute, Tokal—mura, Naka—gun,
[baraki~ken 319-11, Japan.

@ Japan Atomic Energy Research Institute, 1690

BRI BEETHFER
Ef il H 7 & ETR PR 2 2 41



JAERI-M 90-—-042

FCASERRBEKFEEBFERICE T S UNEMERR

0 AR T A SR S B A R R P 4R T D
fIg AR« AT e Ktz BB« KHINEZ

(1990 %F 2 H 3 g=x#)

SEREOKF LB ARICEMERBRELERFCA*AVALA—BEORRIKSOTHEL
Foo MIEIEE R, MEEYES Z SRR FRRIHE OO v 7oV ROBEME & SRR
BREEFEETS L, CHLOORELY 5 VEBERFCA-HCLWREPL (FB1 72X
ER) BLUTA oy ABBEEGFCA-—HCLWRE L (F27 - ARB) CHVTE
BLt-. MEHEES, JENDL-2&SRACYRFadBALHEERLIKLEL .

W E othy 7O RIGEMETE, B1 7 2 - AERTB O TEEICEHEH,L
~ S REER BN L. —F, B27 2 —XAERTHE, HREBLEKIC0 ~20BEB
EABNEE L, 17— AEROBERICENTEMFHEOBERINS 0. FHT
WA E O+ Y T AORIGEREE, 17 - XEBRBLIUHE27 » - AEBRL G,
HEEIERALBNCHET S, LL, C/EBRBL 7 2 - XAEBRHBRICANT, &
07 .~ AEROMEOHH LT VETHE. B—I0BREICLSC/ EE~OEEE
7 = — XEBESBH ST »7. BCH YT D C L EBDANY W RIFHER,
17 - AERCRAONIED 7, B2 7= XEBRTH, BEMFA FEFOH
HHBETOERDC, EBQRA FERAELNLIE20T, B.COC/EERLIT
FEoCEmERLIc,. HY v 7V RIBEMED C/EfiE, M7 = - AXKEL b, B
DFENLDSBICPNSVEERR L. B8, 27— XEBOC/EBOMEMAEFB,LCD
C/EOERERTD, A7 b viREEABEEICRS AP -7,

EEHEERISEREC D VTE, 28I, 172 -XEBRBI0HEZ 7 2 - XAKR
EhRESEmER L, NGEMEOFRE, Fly v 7o RICERE & ERKC, RBRE
AB/NCEM Ltze L L, C/EER, HHEFRIGEOP.LY > 7 v UGB i i © /&
BN, 1o fEETd. C/EEORA~RY b VRERE, B 7 - XFRBRTHE,
M T2 Ry PR M N BIEDATIRES{QICHL, B2 7 - XHRTH,
XV—2 (45V), XV—2 (95V), XV—1@EixC/EfEE I P omESP L. TOMT « —
ZEGTOMEB R, LYy T ARBEMECER E KT 5. HIOWTh, by ¥
FAREEMBEOREESERI, BCick~xT, CAEBEENIVHEERLI.

B T319-11 BRSNS TER2-4

(1)



JAERI-M 90-042

Experimental Study on Reactivity Worth
in High Conversion Light Water Reactor

Using FCA-HCLWR Cores

Shigeaki OKAJIMA, Takeshi SAKURAI, Toshitaka OSUGI
- and Hiroyuki OIGAWA

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 3, 1990)

Experimental stﬁdy on reactivity worth in HCLWR cores has been
carried out in a series of experiments using the Fast Critical Assembly
(FCA) in Japan Atomic Energy Research Institute (JAERI). Both central
reactivity worths for nuclear fuel materials as well as absorber materials
and simulated control rod worth were measured in FCA-HCLWR cores fueled
with enriched uranium (Phase-1 experiment) and fueled with plutonium
(Phase-2 experiment). The experimental values are compared with the
calculated ones which obtained from JENDL-2 data and the SRAC system.

The calculation for the central reactivity worth of the nuclear fuel
materials underestimated the measured values by 20-25% in Phase-1
experiment and by 0-20% in Phase-2 experiment. For the absorber materials,
the calculation also gave the underestimation in both Pase-l and Phase-2
experiments. The ratios between calculated and measured values (C/E
values) in Phase-2 experiment were closer to unity than those in Phase-1
experiment, The dependence of lOB content in C/FE values was not found
through all cores. The C/E values did not show the spectrul dependence in
Phase-1 experiment, on the other hand, showed it in Phase-2 experiment.
For the hafnium sample, the C/E values were smaller than theose for BAC
sample in both Phase-1 and Phase-2 experiments. The spectral dependence

was not found in all cores.
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For the simulated control rod worth, the calculation gave
underestimation in Phase~l and Phase-2 experiments. The C/E valuse were
closer to unity than those of the central reactivity worths of absorber
materials. The C/E values in Phase-1 experiment approached to unity with
softening neutron spectrum, while those in Phase-2 experﬁment left away
from unity in the order XV-2(45V}, XV-2(95V), XV-1 cores. This tendency
was also found in the central reactivity worth of absorber materials. For

the hafnium rod, the C/E values were smaller that those of B4C rods.

Keywords : Reactivity Worth, High Conversion Light Water Reactor, Central
Reactivity Worth, Control Rod, Uranium, Plutonium, Thorium,
Boron Carbide, Hafnium, Fast Critical Assembly, JENDL-2,
SRAC, Experiment
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Table 2.1.1 Main cell parameter of test zomne cell of
Phase I cores in FCA
P XIv-1 X1V-1(45V) X1y-2
AR % e P Y 6.47 5. 45
WA RO BT T 0.6 0.6 1.0
BoHA R 4 FE 0 45 0
H/U B F 8L 1.20 0.67 2.01

Table 2.1.2 Main cell parameter of test zone cell of Phase II

cores in FCA

1B % XV-1 | Xv-2(45V) | Xv-2(65V) | Xv-2(80V) XV-2(95V)
BLEhE 8. 11 8. 11 8. 11 8. 11 8. 11
TR H R R L 0.6 0.6 0.6 0.6 0.6
[ M e G e 4 45 65 80 95
H/(U+Pu) [ - % kb 1.10 0.62 0.39 0,22 0.06




Table 2.2.1
Sample EU(93)
Size 2-2-1/16
Yeight 73.36 g

0-234

U-235 66.12 ¢
U-236

U-238 h.24 g
Sample puo2
Size 2-2-1/8
¥eight 78.73 ¢
0 9.4 g
0-235 0.15 g
U-238 69.2 g
Sample Pu(92)
Size 2-2-1/16
Weight 1. 729 g
Can 10.39 g
Pu-Al 35.90 ¢
Pu 35.38 g
Pu-238 0.007g
Pu-239 32.26 g
Pu-240 2.81 ¢
Pu-241 0.27 g
Pu-242 0.0 g

TJAERI-M 90-042

Lan=)
o
M e ¢ g e o

Pu(dt)
2-2-1/18
51.65
10. 95
40. 70
40, 14

32,64

m oo o ga a | o

2-2-1/16

NU

75.12 g

0.53 g

74.59 g

Sample

Size

Weight
Th-232

Pu(75)

2-2-1/16

ER
10.
43.
42.

32.

16
30
56
92
L2l
49
.32

.88

M M g 9 m M oq

Sample plate used for the measurement

149.1 g

Th

2-2-1/8
92.26 g
92.26 g
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Table 2.2.1 Sample plate used for the measurement (continued)

Sample B4C{20) B4C(40) B4C(60) i B4C (90)

Size 2-2-1/8 2-2-1/8 2-2-1/8 2-2-1/8
Weight 74.54 g 24.35 g 24.04 ¢ 23.84 ¢
Can ¢ B85 g 9,78 g 9.87 ¢ 9.84 g
B-10 2.11 g 4.2% ¢ 6.29 g 9.48 g
B-11 .29 g 6,96 ¢ 4.58 ¢ 1.16 ¢g
C 3.14 ¢ 3.19 ¢ 3.16 g 3.21 ¢
Sample B4C(20) BAC(90)
Size 2-2-1/4 2-2-1/4
Weight 38.66 g 36.95 g
Can 9.7% ¢ 9.76 g
B-10 4.13 ¢ 18.91 ¢
B-11 [8.39 g 2.27 ¢
C 6.13 g 5.76 g
Sample Hf
Size 2-2-1/186
Weight 48.34 g
HE-174 0.07 g
Hf-176 2.42 g
Hi-177 B.64 g
HE-178 12.76 ¢
Bf-119 6.42 g
Hf-180 16.58 g
Iir .45 g
Sample Yoid can Yoid can Al Al
Size 2-2-1/8% 7-2-1/4 2-2-1/18 2-1-1/18
Weight 9.89 g 24.35 g 10.21 g 510 g
Fe 7.08 g 9.78 ¢
Cr 1.79 ¢ 4.23 g
Ni 0.83 g 6.96 g
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Table 2.2.2 Experimental results of sample reactivity

worth in FCA XIV cores

unit: p g
X1v-1 XIV-1(45YV) X1V-2
EU(93)(1/16) 0. 289 0.180 2. 141
EUC20) (1/186) 0.074 0.033 0.873
NU(L1/16) — -0.015 -0. 134
Pu(92)(1/18) 0.129 0.095 1.191
Pu(8t)(1/16) . 084 0.075 . 880
Pu(75)(1/16) 0.053 0.063 661
Th(1/8)%2 -0. 146 -0.083 ~0. 444
Th(1/8)%4 -0. 262 -0.153 -0. 804
DUO2{1/8) %2 -0. 055 ~0.030 -0. 214
DUOZ(1/4)*2 -0.13% -0.057 ~0. 364
NU(1/8)%2 ~0.092 -0.052 -0.221
NU(1/8) %4 -0.103 -0. 499
B.C{20){1/8) -1.526 -0.711 ~2.569
B.C(40)(1/8) -1.882 -0.923 -3.045
BaC(60) (t/8) -2.099 ~1.073 -3. 336
BsC(90)(1/8) -2. 350 -1.23% -3. 670
HE(1/16) -1.100 -0.482 -1. 863
B,C(20)(1/4) -1. 985
BaC(90) (1/4) -2.940
Error +0.005 +0.008 0.005
oa (X107 AK/K) 10.32 8.03 5.63
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Table 2.2.3 Experimental results of sample rTeactivity worth in

FCA XV cores

unit: og
V-1 XV-2(45V) | XV-2(85V) Xv-2(80V) XV-2(95V)
EU(93) (1/18) 0.887 0.711 0.603 0.494 0.397
EU(20) (1/18) 0.282 0. 140 0.108
NU(L/16) -0.112 -0.086 -0.045
Pu(92)(1/16) 0.492 0.402 0.335 0.288 0.244
Pu(81) (1/186) 0.410 0.361 0.315 0.276 0.245
Pu(75)(1/16) 0.344 0.319 0.292 0.263 0. 243
Th{1/8)%2 ~0.168 -0.131 -0.104 ~0.088 -0.054
Th{1/8) %4 -0.299 ~0.221 -0.201 -0.151 -0.108
D02 (1/8) 42 -0.083 -0.048 ~0.028 -0.030 -0.026
DUO2(1/4) %2 -0.141 ~0.104 -0. 067 -0.057 -0.043
NU(L/8) %2 -0.087 ~0. 067 -0.058 ~0.055 -0.032
NU(L/8) %4 -0.198 ~0. 144 -0. 119 -0.099 -0.072
B.C{20)(1/8) -0.762 -0.513 -0. 383 o -0.264 -0.148
B4C(40)(1/8) -0.9%1 -0.720 -0. 570 -0.412 -0.255
B4C(60)(1/8) -1.142 -0.858 -0.705 -0.518 -0, 346
B4C{(90)(1/8) -1.321 -1.018 -0. 862 -0.664 -0.455
HE(1/16) -0.502 -0.321 -9. 231 -0.151 -0.079
Error +0.004 +0.006 +0.005 +0.005 + 0,005
o n 8.52 6. 34 5,98 6.38 7.00
(x10°% Ak/Kk)




Table 2.3.1
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Experimental results of reactivity worths

of simulated control rod in FAC XIV cores

unit: p g
X1v-1 XIV-1(45V) X1v-12
¢/R half insertion
B,C(20) - 7.08%0.1%3 |- 3.65%0.09 | -10.070.08
B4C(40) - §.39%0.22 - 4,51%0.08 -11.97%0.10
B4C(80) - 9,20%0.17 - 5.2470.08 -12.86%0.15
B.C(90) -10.C07%0.16 - 5.86%0.08 -13.99%0.23
Hf - 5.26%0.13 - 2.60%0. 10 - 7.75%0.08
C/R full insertion
B4C(20) ~13.83%0.25 { -~ 7.08%0. 11 ~18.71%0.25
B.C(40) -16.13%0.45 |- §.90%0.12 | -21.57%0.59
BsC(50) -17.892%0. 57 - 9.99%0. 11 -24.49%0. 46
ByC{30) -19.5620. 53 -11.33%0.172 -25.94%0.83
Hf -10.26%0. 18 - 5.00%0.12 -14.5¢%0.18
pa (X107% Ak/K) 19. 32 §.0%3 5.63
Table 2.3.2 Experimental results of reactivity worths
of simulsted control rod in FCA XV cores
unit:p g
Xv-1 XV-2(45V) XV-2(85V)
C/R kalf insertion
B4C{20) - 4.06%0,04 - 2.78%0.03 - 0.87%0.01
BaCC40) - 5.Z21%0.06
B4C(60) - 5.88%0.07
B,C(80) - §.70%0.10 - 5.23%0.05 - 2.61%0.01
nf
¢/R full insertion
BsC(20) - 7.88%0.08 - 5.307%0.03 - 1.63%0.01
BsC(40) -10.09%0. 17 - 7.30%0. 12 - 2.78%0.01
BsC(60) -11.45%0. 22 - 8.50%0. 11 - 3.68%0.0!¢
B4C(90) -13.12%0.129 - 9.88%0.10 - 4.87X0.01
nf - 5,32%0.04 - 3.417%0.05 - 0.87%0.01
pag (xX107° Ak/Kk) 8.52 6. 34 7.00
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Table 2.3.3 Measured reactivity worth of 20% B4C rod with partial

ingsertion in FCA XIV-1 core

unit:poa

Simulated control rod

Replacement from

Replacement from

position void can plate polystelene plate
( 0/18 ) 0.12%7.8% 0.15%11%

( 4/18 ) 1.78%1. 9%

( 9/18 ) 7.00%1. 9% 7.56%2. 1%

( 14/18 ) £2.28%). 4%

{full in) 13.83%]1. 8% 15.15%2. 4%
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XI1V-1 and XiV-1 {45V

Xv-2

T TY T  TH T TR AT T
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T T O T I T T O T T T T AT

IETON AN
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RSN ARNEARTLNALE N NN RRR AR SRR A DN R AN NTR VNN I I KR A KA

RELEISLERLESALARNINNEAREARS RN NAN N ARRLANRNERALI ARN SRR AR

SN |

20% Enriched
Uranium Metal

| (1=1/16)

Aluminum
Oxide

IS RN ISIEIE |

| (1=1/16)

Natural
Uranium Metal

(t =1/16)

Polystyrene

(t=1/8)

(t: thickness of plate in inch unit)
{1inch=254cm )

Fig. 2.1.1 Plate confiquration of test zonme cell in Phase-1

experiment of FCA-HCLWR
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Fig. 2.1.2 Calculated neutron energy spectra in FCA XIV-1, XIV-1
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(45V) and XIv-2
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| Plutonium metal || Natural

1 (92% Pu-fissile} [] Uranium Metal
L (1=1/16) H (1=1/16)

_E Aluminum ] Polystyrene
1| Oxide

| (1=1/16) | [(1=1/8)

Depleted
Uranium Oxide

(t=1/4)

(t : thickness of plate in inch unit)

{(1inch=2.54cm)

Fig. 2.1.3 Plate configuration of test zome cell in Phase-2

experiment of FCA-HCLWR
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2
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¥Fig. 2.1.4 Calculated neutron energy spectra in FCA XV-1, XV-2
(45V} and Xv-2(95V) cores
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XIV-1 and XiV-11{45VY) Xiv-¢

Core regicon

a |
Absorber Maleriul
Blanket region
Absorber Malerfal
1
1 20% Enrlched 3 Nalural Depleted
1 Uranlum melol Uranlum melfal Uranium Oxlde
| (1=1.5875mm} 11t =15875mm} {1=6.35mm}
[l Alyminum Polystyrene
Oxide ( 0% Vold for XIV-1 and XIV-2 cores
45% Vold for XIV-1 (45V) core
i (t=1.5875mm) (t=3375mm)

{ t:thickness of plale]

Fig. 2.2.1 Plate configuration of simulated contrel rod cell in

Phase-l experiment of FCA-HCLWR
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Fig. 2.2.2 Plate configuration of simulated control
rod cell with B4C plate of 1/4 inch
thickness in Phase-]1 experiment of FCA-HCLWR
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LAbsorber Material

] Plutonium metal  [] Natural | Depleted

N (92% Pu-fissile) [ Uranium metal { Uranium Oxide

| (1=1/16) | (1=1/16) |tt=1/4 or 1/8)
g Aluminum ] Polystyrene Absorber Material
- Oxide (B4C or Hf)

H (1=1/16) =178 (1=1/8)

(t:thickness of plate in inch unit )
(1inch=254cm}

Fig. 2.2.3 Plate configuration of simulated control rod cell in

Phase-2 experiment of FCA-HCLWR



-JAERI-M 90-042

3.1 BWAE

WAL, EFTORER S MEE TR 2 - FTHESRACY 2/, Fig2.2.1,
mgzzzK%Lhﬁ@@%ﬁﬁ@%ﬁtwﬁiﬁ%ﬁﬂfﬁy7yrtwmowf,smm
:wF&ﬁjENDL—2Wm§ﬁ<%@E774»%mmf%ﬁ(%Eﬁi%ﬂ.@ﬁ:m
B OERRK VI EAF e VEMBERAFRL 2. 2L, FAHEHEN Y 7 - fBlB L
GREMTS vy FEiE (BhY 5 B o0 TREEREEEFERL 2. JBERO
IR\ (3N RiEBLiCE = ¢ Table — Look —Up#i& L, alB A v v 2 @B TEBLOSIHLE
BE L7y L AMOERERE 1,164 v F &L, HECSRACHBREY 7 1 vic
@ﬁﬁﬁ&bt&ﬁttﬁUz%uy®ﬁ¢%¥ﬁﬁ?wﬁﬁ§ﬁénfham®fﬁU1%
Ly F— 4T Lice %70, FEFERBERISRACY AT LA Benoist DIiC &
DEE L.

CHD D EEEE AT, 868 2 KT HHEROKRRITBEEITO, SERORDE
%%ﬁﬁ%ﬁﬁﬁmﬁ%%ﬁbtnT@k&LlK%ﬁliw¥—ﬁ%ﬁ%ﬁ¢o%ﬁﬁ&%
ﬁ&@i‘ﬁﬁi%w#—ﬂi 0683eVeE Lir. 2T, RIGEMAEGTEISEFOBIT TR 1 KA
%ﬁmgﬁwfiméﬂé%éﬁgwﬁ,ﬁ%ﬁKEMT@.¢ﬁ?&ﬂ%ﬁ%®%é¢ﬁ?
x&ﬁhwﬁ%%ﬁmﬁdf%%mwc&mé,¢ﬁ%%@«éé%?%%ﬁﬁ%%mibé
BESHL EMG, | REBRER L1

3.2 HlHrTIIARGERE

O RTLECEMA B LEAE 17 — AERTORLY v 7V RIGE M EFE R % Table 3. 2.
lm.ﬁﬁ%%&iﬁ@&Qiﬁkbf,C/E@%Tmmazzmﬁﬁoit.%27lm
f%%?@$b#7TWRM§ﬁ@%%%TwM&ZSK,%@C/E@%T%M&Z4Kﬁ
4+, COERLABOMBEAFE 1 7 = —ARKICD20T3 21 T, #27=—AFRiCOL
T3 2. 2T,

3.2.1 H17 - RAER

(1) e mE
K ABREYME (v v BLTT VT L)

Table 2.2.2 X WEH S A7 X 5, 2B I0~B%HBRELQPFET 5. C S EAfE
X TV—1 (BB5V), X1V—1, X1V~20lic LiciEo<, 3ahb, FEFTAX
g R abik S BICORT, CAEMIF 1 ICED CHEERT

HE (v vBLUPT VL)




JAERI-M 90-042

EROEATE L AR, AKCHESEREABNTFES 5, X1V -1 (5V) #
@f@ﬁﬁﬁ%ﬁﬁ%btwm.C/E@@%%%@z&7hwmﬁﬁ%%%ﬁﬁéwm@ﬁ
cHs. LinL, ThOC/EMEXIV - 1&X1V-2FLTOTLEREDMERT. —
4, NUGEARHmEcoBEm i, XIV-1H0TOC/EEHXTIV - 2HLT
DENIDPE 0, -

(2 hEEFREE (REForyenT=U L)

Lﬁ@&%ﬂ%%&ﬁﬁm,ﬁEM¥%@%@mmﬁm?5oB&@C/E@d,XIV—
LFRT0T], X1V—1 (V) FOTOTT, X1V = 240LT080THY, B I0RME
m;ac/E@«@mﬁmmonmmvE@m,Bmw%n;@%ﬂm¢gm@@ﬁgo

3.2.2 H27x-RER

(1) Em#EEYE

HABEME (97 vyBIUT VT L)

Table 3.2.4 £ DA & H7r .k HiT, HERAEKICO ~15% RBIELB/DIEFMT 525, BOFF
%Qﬁﬁﬁ.%l7l—f%ﬁ®%%i@¢éhoPu@C/E@%&é&,XV*I@MT.
088, XV —2 (45V) HFT0.93, XV—2 (6V) FLTLO, XV-2 (BIV) FLT
0,08, XV—2 (05V) FLT092THD, MEMFEA FEH0BHH80%BETEFA FEh
k%<ﬁ%mont,?@b5¢ﬁ%x&?hwﬁ@<ﬁ%monfC/E@ﬂlmﬁ6<c
UL, BHF4 FTR, COEB®»SRKT 5,

BB (77 vB8LT U T L)

'NMome,é%mﬁﬁﬁ%%@%m%@ﬁﬂ¢m%%ﬁéo~ﬁ.DUOZﬁgﬁNU
. (1/8) % 2 OBAEABRENA S OTENER UADREHTH B, (1,78) %4
@%éﬁm,XV#Z(%V)ﬁbtxv—z(%V)ﬁ@@C/E@ﬁﬁﬁ@ﬁ@WT#ﬁ
LTWwb,

©) diETRIREE (Lt orvEnT=U L)

w1 72— AEBROEELEFERIT, BRI EBRBESENFETS. LoL, C/EERRL
71—f%ﬁﬁimmwf.1K£w@f%%o&C®C/E@m.valﬁmf&w.
XV =2 (45V) FLTO9L, XV—2 (65V) FLT092, XV—2 (B0V) H#LT0.93,
xv—z(%V)ﬁ@f&%?&b,Lﬁ@&ﬁ%ﬁ%ﬁ&@%w,ﬁﬁﬁﬁ%Fﬁﬁo%@
%%%ifﬁﬁ%F%ﬁﬁ%<mémﬁﬂf.?Hb%¢%%z47hwﬁﬁ<@émcnf
C/Eﬁﬁlmﬁd<obﬁb.%%ﬁ4Ffﬁ,C@@ﬁ@%ﬁ%?écC/E@Qme
Emﬁmﬁ&@uwﬁ,%17;_X£ﬁ®%%&ﬁﬁ¢5&.%27;—1%ﬁT@6/E
muB~m%%ﬁmﬁbe/Eﬁ®$ﬁﬁmN?éﬂﬁv#ﬁﬁ%w@mmﬁéoHMD
C/E@H,%17;ﬂ1¥ﬁ%%&ﬁﬁm,&C@%h&@éﬂm¢éwﬁ%ﬁﬁo




JAERI-M 80-042

3.3 EEHmERICERE

0 ML T EIC L AE | 7 » — AEBR T OB B ELEMERSRE Table 3.3.1
iC, BRI EBRESORKE LT, C/ B4 Table 3.3. 2R T. &/, 27 = - X
o 5 T o 4245 5 80P S UG T (T A5 B4 Table 5.8.3 40, 20 C /B4 Table 3.3 410% 7.
chooERICE, Bt FRRMEOT LY ¥ 7 RICEMEER & TRT .

3.3.1 |17 x—-AER

SHER, oYy P ARIGERES AR, EREAANCHmT L. L, C/EMIE,
v IR E OOy FARIGEBECRERICHNT, 1iEVEZRT. REGEES
ARETOC/EfEAHET 2L, 2FAREDOC/ EESEBFBARECZNLDBET I
oA Rd. HE ko0 TiE, FLy ¥ 7V RIGEHHEoS R EEKIC, B.CTl~T,
C/EMR/PSILEAETT.

3.3.2 272 —-XER

e, P17 AEBREFAR, BEREABNCGEHTZ. UL, XV-1HL0EL
XV =2 (95V) HLTE, B0y 7 VRIGEMEEEHRARECC /EQHEDCRED
BN T T 5, BEAEEOBRARELLET S, 2FAKEEFHARELTC/E
EHETRAD, 2FAREOSHSC/EMEL® 1 KEVEERRT. HIKNLT, Pt >
PR IEE BB ORE SR, BCitlh~T, C/EMRBNEUHEERT



JAERI-M §0-042

Table 3.1.1 86 Energy group structure used for calculation

group E upper (eV) JANS] group E ppec (V) AU
<L fast 2> 45 0.16702 E +03 0.2500

1 0.10000 E + 08 0.2500 46 0.13007E+03 0.2500
2 0.77T880E + 07 0.2500 47 0.10130E+03 0.2500
3 0.60653 E + 07 0.2500 45 0.78893E +02 0.2500
4 0.47237E+07 - 0.2500 49 0.61442 E + 02 0.2500
5 0.36788 E+ 07 0.2500 50 0.47851 E + 02 0.2500
6 0.28651 E + 07 0.2500 b1 0.37266 E+ 02 0.2500
i 0.22313 E+07 0.2500 b2 0.29023 E+ 02 0.2500
& 0.17377TE+ 07 0.2500 53 0.22603 E + 02 0.25C0
g 0.13534 E + 07 0.2500 54 0.17604 E + 02 0.25600
10 0.10540 E + 07 0.2500 oo 0.1371CE + 02 0.2500
11 0.82065 FE +06 0.2500 of 0.10677E+ 02 0.2500
12 0.63928 E +06 0.2500 57 0.83153 E + 01 0.2500
13 0.49787 E + 06 0.2500 58 0.64760 E + 01 0.2500
14 0.38774E + 06 0.2500 59 0.50435 E+01 0.2500
15 0,30197 E + 06 0.2500 60 0.39279E+ 01 0.2500
16 0.23518 E + 06 0.2500 €1 0.30590E + 01 0.2500
17 0.18316 E +06 0.2500 62 0.23824 E+ 01 0.2500
18 0.14264 E + 06 0.2500 63 0.18554 E + 01 0.2500
19 0.11108 E+ 06 0.2500 64 0.14450 E+ 01 0.2500
20 0.86517E + 05 0.2500 65 0.11253 E+ 01 0.2500
21 D.67380E + 05 0.2500 g6 0.87643 E + 00 0.2500
22 0.52475 E+ 05 0.2500 << thermal >>>>
23 0.40868 E +05 0.2500 67 0.68258 E +CO 0.1250
24 0.31828 E -+ 05 0.2500 68 0.60236 E + 00 0.1250
2h 0.24788 E + 058 0.2500 69 0.53158 E+ 00U 0.1250
26 0.19305E + 05 0.2500 7 0.46912 E + 00 0.1250
2t 0.15034 E+05 0.2500 71 0.41399 E+ 00 .1252
28 0.11709 E+ 0% 0.2500 72 0.36528 E+ 00 0.1252
29 0.91188E + 04 0.2500 73 0.31861 E + U0 0.1432
30 0.71017TE+ 04 0.2500 74 0.27699 E + 00 0. 1541
31 0.55308 E + 04 0.2500 75 0.23742 E + GO0 0.1670
32 0.43074 E + 04 0.2500 76 0.20080E + 00 0.1823
33 0.33546 E + 04 0.2500 77 0.16743 E + 00 0.2006
34 0.26126 E+ 04 0.2500 78 0.13700E + 00 0.2228
35 0.20347E+ 04 0.2500 79 0.10963 E + 00 0.2498
36 0.15846 E + 04 0.2500 80 0.85397E — (1 0.2882
37 0.12341 E+ 04 0.2500 81 0.64017E — 01 0.3352
38 0.96112E+03 0.2500 82 045785 E—01 0.4029
39 0.74852 E -+ 03 0.2500 83 0.3060Z2E —01 0.5051
40 0.58295 E-+03 0.2500 84 0.18467E —01 0.6773
41 0.4540C0E +03 0.2500 85 0.93805 E — 02 1.0320
42 0.35357TE+03 0.2500 56 0.33423E—02 5.8117
43 0.27538 E -+ 03 0.25C0 1.00GOOE — 05
44 0.21445E + 03 0.2500
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Table 3.2.1 Calculated results of sample reactivity worth

in FCA XIV cores

anit:107% Ak/X

X1V-1 X1V-1(45YV) X1V-2
EU(93) {1/16) 2.125 1.12 9.23
EU(Z0) (1/16) 0.53 0. 23 3.82
NU{1/16) -0.20 -0.08 -0.63
Pu{92) (1/16) 1.05 0. 517 5.54
Pu(st) (1/186) 0.68 0. 44 4.21
u(76)(1/18) 0.38 .34 5.19
Th{l/8)%2 -1.14 -0. 48 -1.89
Th{l/8)*4 -2.02 -0, 84 -840
DUOZ{1/8)%2 -0.45 -0.20 -0.6%
pU02 (1/4) %2 ~1.08 ~0. 45 -1.170
NU(1/8) %2 .71 -0.32 ~1.02
NU(L1/8)%4 -1.59 -0.68 -2.38
BaC(20)(1/8) -11.28 -4.37 -11.51
B C(40)(1/8) -1%.86 -5.173 -13.69
BaC(60)}{1/8) -15. 47 -6.63 -15.01
B4C(90) (1/8) -17.23 -7, 64 -16. 46
Hf(1/16) - 7.1 -2.81 -7.96
B,C(20)(1/4)%2 -14.55
BsC(90)Y(1/4)%2 -21.125
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Table 3.2.2 C/E values of sample reactivity worth in FCA

X1V cores

X1vV-1 XIV-1(45V) X1v-2
EU(93)(1/16) 75441, 7% 0.731%4. 2% 0.765%0. 2%
EU(20) (1/16) - 694%6. 8% 0.850%24% 0.776%0.6%
NU(1/18) 0.664%53% 0.835%3. 7%
Pu{92)(1/16) 0.789%3. 9% 0.741%8. 4% 0.825%0. 4%
Pu(81)(1/16) 0.779%6.0% C.731%11% 0.850%0.6%
Pu(75){1/16) 69519, 4% 0.672%13% 0.8570.8%
Th(1/8)*2 76713, 4% L7139, 6% 0.7h4%1.1%
Th(1/8)%4 TATE1. 9% 0.680+5. 2% 0.7510.6%
DUoZ{(1/8) %2 0.793%9, 1% 0.830%27% 548%2.3%
DUO2(1/4) %2 0.783%3.8% 0.972+14% B30+ 4%
NU(L/8)%2 0.743%5. 4% 0.766%15% 0.816%2.3%
NU(L/8)%4 0.816%7. 8% 0.847%1.0%
BaC(20) (1/8) 0.716%0. 3% D.765%1. 1% 0.796%0.2%
B,C(40) (1/8) 0.714%0. 3% 0.773%0. 9% 0.798%0.2%
B4C(60)(1/8) 0.714%0.2% 0.769%0. 7% 0.79940. 1%
BaC{90) (1/8) ¢.710%0.2% 0.769*0. 6% 0.797%0.1%
HE(1/16) 0.684%0.5% 0.726%0. 7% 0.759%0.3%
B4C(20) (1/4)%2 0.710%0. 3%
BsC(90) (1/4)%2 0.700%0.2%
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Table 3.2.3 Calculated results of sample reactivity worth in FCA

XV cores
unit: 107 Ak/k
V-1 XV-2045V) | Xv-2(65V) | Xv-2(80V) XV-2(a5V)

LU(93) (1/186) 6.24 4.05 3. 39 3.02 2.61
EU(20) (1/18) 1.93 1.02 0.78 0.64 0.50
NU(L/18) -0.83 ~0. 49 ~0. 38 -0.37 -0.24
Pu{92)(1/16) 3.66 2.37 2.00 1.78 1.57
Pu(81)(1/18) 3.07 2. 14 1. 88 1.73 1.57
Pu{75)(1/16) 2.59 i.92 1. 76 1.65 1.53
Th(1/8) %2 -1.13 ~0.69 -0. 55 -0.48 -0. 34
Th{l/8) %4 -1.92 -1.18 -0.93 -0.80 -0.62
Duoz2(1/8)42 -0.45 -0. 27 -0, 22 -0.18 -0. 14
DU02(1/4) %2 ~1.06 -0. 60 -0. 45 -0.36 -0.28
NU(L/8) %2 2062 -0, 38 -0, 32 -0, 27 -0.22
NUCL1/8) %4 -1.51 -0.91 -0.171 -0.60 -0. 47
B.C(20)(1/8) -5.16 -2.92 -2.08 - -1.51 -0.99
B4C(40)(1/8) -5.88 -4.14 -3. 13 ~2.42 -1.56
‘BaC(80)(1/8) ~7.99 -4.99 ~3. 87 -3.10 -2. 11
B4C(90){1/8) -9.25 ~5. 97 -4. 77 -3.95 -2.84
HE(1/16) ~3.21 -1.70 -1. 16 -0.80 -0. 44
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Table 3.2.4 C/E values of sample reactivity worth in FCA XV cores

- ]
Xv-1 XV-2(45V) XV-2(65V) Xv-2(80V) XV-2(95V)
EU{93) (1/16) 0.826%0.5% | 0.898%0. 8% | 0.941%0.8% | 0.957X1. 0% | 0.93921.3%
Lu{20){1/16) 0.805%1.4% 0.92723.6% 1 0.922%4. 6%

NU(L/186) 0.869%3.6% | 0.899%7.0% 0.77T1%11%
Pu(92) (1/186) 0.B74%0.8% | 0.929%1.5% | 0.096%1. 5% | 0.96721. 7% 0.916%2.0%
Pu(81)(1/186) 0.879%1.0% | 0.934%1.7% | 0.999%1.6% | 0.985%1. 8% 0.915%2.0%
Pu{75)(1/186) 0.883%1.2% | 0.951%1, 9% | 1.008*1. 7% | 0.985%1. 9% 0.900%2. 1%

Th{l/8)%2 0.790%2.4% | 0.826%4. 6% B78*4.8% | 0.816%5. 7% | 0.894%9. 3%
Th{1/8)#4 0.755%1.3% | 0.8392.7% TT742.5% | 0.829%3.3% 1 0.815%4, 6%
DUoZ (1/8)#2 §36%4.8% | 0.88713% | 1.284%18% | 0.946217% 0.786%19%
DUO2(1/4) %2 881+2.8% | 0.911%5.8% | 1. 118%7.5% 0.995%8.8% | 0.934%12%
NU(L/8)%2 0 836%4.6% | 0.906%9.0% | 0.90828. 6% | 0.775%9. 1% | 0. 996716%
NU{L/8)*4 0. 897+2.0% | 0.998+4. 2% | 0.996%4, 2% | 0.95225. 1% 0.935%6. 9%
B.C{20)(1/8) 0.795%0.5% | 0.896%1.2% | 0.908%1.3% | 0.897%1. 9% 0.867%3.4%
B4C(40)(1/8) 0.815%0.4% | 0, 907+0.8% | 0.917*0. 9% | 0.910921. 2% 0.876%2.0%
B,C(60)(1/8) 0.821%0.4% | 0.916%0.7% | 0.91820.7% | 0.937%1. 0% 0.871%1.4%
B,C{90)(1/8) 0.821%0.3% | 0.925%0.6% | 0.926%0.6% | 0.93220, 8% 0.891%1.1%
HE(1/16) 0.750%0.8% ! 0.834%1.9% | 0.836%2. 2% | 0.83023.3% 0.801%6. 3%
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Table 3.3.1 Calculated results of reactivity worths of
simulated control rod in FCA XTV cores

unit:10°% ak/k

Xirv-1 X1V-1(45V) X1v-2
C/R haif inserticon
BsC(20) ) -57.83 -23. 44 -49.98
B4C(40) o -69.20 -30. 27 -58.78
BaC(60) -76.88 -34. 60 -64.05
B4C(90) -84.70 -39.33 -69.73
Hf -40.176 -15. 42 -35.05
C/R full insertion
B.C{20) -114. 6 -45. 39 -97.617
B.C{40) -138.% ~58. 41 -115.0
B4C(60) -152.9 -66.61 -125.5
B4C(90) _ -168.4 -T5. 74 -136.8
Hf - 80,73 -29.98 - 68,48

Table 3.3.2 C/E valuse of reactivity worths of simulated
control rod in FCA XIV cores

X1v-1 XIV-1(45V) X1v-2

C/R half insertion
B.C{20) 0.781%1.8% 0.799+2. 5% 0.88220.8%
BaC{40) 0.799%2.6% 0.818%1.8% 0.872X0.6%
B4C(60) 0.810%1.8% 0.823%1.5% 0.878%1.2%
B4C(90) 0.815%1.86% 0.835%1. 4% 0.885%1.6%
HE D.751%2. 5% 0.738%4. 0% 0.804%1.0%

C/R full insertion
B4C(20) G.803%1.8% 0.801%1. 8% 0.927%1.3%
B, C(40) 0.832%2.8% 0. 8171, 4% 0.947%2.1%
B,C{60) 0.828%3.2% 0.830%1. 1% 0.910%1.9%
BaC{30) 0.834%2.7% 6.833%1. 1% 0.937%3.3%
HE 0.762%1.8% 0.745%2. 4% 0.830+1.2%
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Table 3.3.3 Calculated results of reactivity worths of
simulated control rod in FCA XV cores

unit: 107" Ak/k

Xv-1 AV-2(45V) XV-2(95V)

/R half insertion
BsC(20) -27.123 -15, 90 - 5.19
B;C(40) -35, 687 -22.32 - 8.98
B4C{60) ~-41.10 -26.64 ~12.01
B4C(90) -47.15 -31.57 -16.01
HE -17.10 - 9.30 - 2,49

C/R full insertion
B4C(20) -53.71 -30.96 -10.07
B2C(40) -70.89 -43. 44 -17.817
BaC{80) -81.84 -51.91 -23.27
B4C(90) -94.04 -61.61 -30.99
i3 -33.58 -18.11 - 4.89

Table 3.3.4 C/E values of reactivity worths of simulated

control rod in FCA XV cores

Xv-1 XV-2(45V) XV-2{95V)
C/R halfl insertion
B.C(20) 0.787+1.0% 0.902%1. 1% 0.853%1. 1%
BsC(40) 0.804%1.2%
B:C(60) 0.820%1.2%
B4C{90) 0.826+[.5% 0.952%1. 0% 0.879%0. 4%
Hf
C/R full insertion
B,C(20) | 0.800%1.0% 0.921%0. 6% 0.883%0.6%
B4C(40) 0.825%1.7% 0.939+%1.6% 0.893%0.4%
B4C(60) 0.839%1.9% 0.963%1. 3% 0.9030.3%
B4C(90} 0.841%2.2% 0.984%1.0% 0.909%0.2%
Hf 0.740%0.8% 0.838%1.5% 0.801%1.1%
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Table 4.1.1 Experimental results of normalized reactivity

worths in FCA XIV cores

XIV-1 XIV-1(45V) X1v-2

EU{93){L/18) 1. 000 1.000 1.000
EU(20)(1/16) 0.256 0. 174 0.408
NU(1/186) — ~0. 079 -0.063
Pu({92)(1/16) 0. 446 0.500 0.556
Pu(81)(1/186) 0. 291 0.395 0.411
Pu(75)(1/16) 0,183 0.332 0.309
Th(1/8)%2 -0. 505 -0.437 -0, 207
Th{l1/8)%4 -0. 907 -0.805 -0. 376
DUOZ(1/8) %2 0. 190 0. 158 -0. 100
DUO2(1/4) %2 -0. 460 -0.300 -0. 170
NU(L/8)Y%2 - -0.318 -0.274 -0.103
NU(L1/8) %4 -0.542 -0.233
BaC(20)(1/8) -5.280 3,742 -1.200
B4C(40) (1/8) -6. 512 -4.858 -1.4212
B4C{60){(1/8) -7.263 ~5.647 ~1.558
B.C(%0)(1/8) -8. 131 -6. 505 -1.714
Hf{1/16) -3.806 -2.537 -0. 879
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Table 4.1.2 C/E values of normalized sample reactivity

worth in FCA XIV cores

Xiv-1 X1V-1(45V) X1vV-2

EU(93) (1/16) 1.000%5. 7% 1.000%4. 2% 1.000%0. 2%
EU(20) (1/16) 0.922%6.8% 1.161%24% 1.015%0. 8%
NU{1/16) 0.911%53% 1.079%3.7%
Pu(92) (1/18) 1.047%3. 9% 1.014%8. 4% 1.079%0.4%
Pu{81) (1/16) 1.031%6.0% 1.000%11% 1.109%0.6%
Pu(75) (1/18) 0.923%9. 4% 0.919%13% 1.1200.8%
Th{1/8)%2 1.004%3. 4% D.975%9. 6% 0.986%1.1%
Th{1/8)%4 0.990%1. 9% 0.930%5. 2% 0.981%0.6%
DUO2(1/8) %2 1.053%9. 1% 1.133*21% 0.720%2. 3%
DUO2(1/4) %2 1.0393.8% 1.330%14% 1.082%1. 4%
NU{L/8)#%2 0.984%5. 4% 1.816%15% 1.0668%2.3%
NU(L1/8)%4 1. 116237, 8% 1.107%1.0%
BaC(20)(1/8) 0. 949%0.3% | 1.046%1.1% | 1.040%0.2%
B4C(40)(1/8) 0.946%0.3% 1.058%0. 9% 1.043%0. 2%
B4C{60){1/8) 0.946%0. 2% 1.053%0. 7% 1.044%0. 1%
B4C(90)(1/8) 0.942%0.2% 1.053%0. 6% 1.041%0. 1%
HE(1/16) 0.907+0.5% 0.9G3%0. 7% 0.992%0.3%
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Table 4,1.3 Experimental results of normalized sample reactivity

worth in FCA XV cores

V-1 XV-2(45V) XV~2(65V) XV-2(80V) | Xv-2(95V)

Pu(92) (1/16) 1. 000 1.000 1.000 1.000 1. 0¢0
EU(93) (1/15) 1.803 1. 769 1.800 1.715 1. 627
EU(20) (1/186) 0.573 0.418 0.375

NUCL/16) -0.228 -0.214 ~0.184
Pu{81)(1/16) 0.833 0.898 . 940 . 958 1. 004
Pu{75)(1/18) 0.699 0.794 872 .913 0.996

Th{1/8)#%2 -0. 341 -0. 8326 -0.310 -0.308 -0.221

Th{1/8) %4 -0.608 -0. 550 -0.600 -0.524 ~0. 443
DUD2(1/8) %2 0. 169 -0. 119 -0.084 ~0.104 -0.107
DUQ2{1/4) 42 -0, 281 -0. 259 -0.200 -0.198 ~0.176

NU(1/8)%2 “0. 1717 -0. 187 -0.173 ~0. 191 -0. 131

NU{1/8) %4 -0. 402 -0. 358 -0.355 ~0. 344 -0. 295
BaC(20){1/8) -1.549 -1.276 -1.143 -0. 417 ~0. 6017
BaC(40)(1/8) -2.014 -1. 191 ~1.701 -1.431 ~1.045
BsC(60)(1/8) -2.321 -2.134 -2.104 -1.1799 ~1.418
B,C{90)(1/8) -2.685 -2.532 -2.573% -2.306 -1.885

HE(1/16) -1.020 ~0. 7989 -0.690 -0. 524 -0. 324
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Table 4.1.4 C/E values of normalized sample reactivity worth in

FCA XV cores

XV-1 AV-2(45V) AV-2(65V) XV-2(80V) XV-2(95V)
Pu{92)(1/16) 1.000%0.8% | 1.000*0.5% | 1.0001.5% | 1.000%1. 7%  1.000%2.0%
EU{93) (1/186) 9450, 5% | 0.967+0.8% | 0.945%0.8% | 0.990%1. 0% | 1.02521. 3%
BU{20) (1/16) 921%1.4% 1 0.0090 0.931%3.6% | 0.953%4.6% | 0,000
NU(L/16) 0.994%3.6% 1 0.968%7.0% | 0.000 0.000 0.842%11%
Pu(81)(1/16) 1.006%1.0% | 1.005%1.7% | 1.003*1. 6% | 1.019%1.8% | 0.999%2.0%
Pu(75}(1/16} 1.010%1.2% | 1. 02421.9% | 1.012%1.7% | 1.019%1.9% | 0.983%X2. 1%
Th{1/8)%2 904%2. 4% BRO*A. 6% | 0.882%4.8% | 0.844%5. 7% | 0.976%9. 3%
Th{1/8) %4 864%1. 3% 9043%2. 7% 1 0.780%2.5% | 0.857%3.3% | 0.890%4.6%
DUO2(1/8) %2 0.728%4.8% | 0.955%13% | 1.289*%i8% | 0.978%17% | 0.858%10%
DUO2(1/4) %2 008%2. 8% | 0.981+5.8% | 1.122+7.5% | 1.029%8.8% | 1.020%12%
NU(1/8)%2 0.956%4. 6% | 0.975%8.0% | 0.912+8. 6% | 0.801*9. 1% | 1.087%16%
NU(1/8) 4 07742.0% | 1.074%4.2% | 1.000%4. 2% | 0.984%5.1% | 1.021%6.9%
BsC(20) (1/8) 0.910%0.5% | 0.964%1.2% | 0.912%1.3% : 0.928%1.9% | 0.9473. 4%
5,C(40) (1/8) 0.932%0.4% | 0.976%0.8% | 0.921%0.9% | 0.950%1. 2% | 0.9562%2. 0%
B,C(60) (1/8) 0.999%0.4% | 0. 986%0. 7% | 0.922%0. 7% | 0.969%1. 0% | 0.951%1, 4%
BaC(90) (1/8) 0.939%0.3% | 0. 996%0. 6% | 0.930%0.6% | 0.964%0. 8% | 0.873%F. 1%
HE(1/16) 0.858%0.8% | 0.898*1.9% | 0.839%2.2% | 0.858%3.3% | 0.874%6.3%
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Table 4.1.5 Experimental results of nermalized reactivity
worths of absorber material in FCA XIV cores

XIvV-1 X1v-1(45Y) - XIV-2

BaC(20)(1/8) 1.000 1.000 1.000

BaC(40) (1/8)° 1.233 1.298 1.185

B4C(50)(1/8) 1.375 1.509 1.299

BsC{90)(1/8) 1. 540 1.738 1.429

HE(1/16) 0.721 0.678 0.725
BaC(20){1/4) 1.301
BaC(90){1/4) 1.927

Table 4.1.6 C/E values of normalized sample reactivity worths
of absorber materials in FCA XIV cores

X1v-t X1V-1(45YV) X1v-2

BaC(20) (1/8) 1.000%0. 3% 1.000%1. 1% 1.000%0.2%
B,C(40) (1/8) 0.9970.3% 1.012*0. 9% 1.003%0.2%
B,C(60)(1/8) 0.998%0. 2% 1.007%0. 7% 1.004%0. 1%
BaC{90)(1/8) 0.9920. 2% 1.006%0. 6% 1.001%0.1%

HE(1/16) 0.95620.5% 0.950%0. 7% 0.954%0.3%
BsC(20) (1/4) 0.992%0. 3%
B C(90) (1/4) 0.978%0. 2%
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Experimental results of normalized reactivity worths
of absorber material in FCA XV cores

Av-1 Xv-2(45V) XV-2(65V) xﬁwz(sov) AV-2(95V)
BaC(20)(1/8) 1. 000 1,000 1.000 1.000 1. 000
B,C(40) (1/8) 1.301 1. 404 1.488 1.561 1.1723
B,C(60)(1/8) 1.499 1. 673 1.841 1.962 2.338
B4C(90)(1/8) 1. 734 1,984 2,251 2.515 3.074
HE(1/16) 0.659 0.626 0.603 0.572 0.534

Table 4.1.8 C/E values of normalized sample reactivity worths of

absorber materials in FCA XV cores

xv-1 XV-2(45V) | XV-2(65V) XV-2(80V) XV-2(95V)

BsC(20)(L/8) 1.000%0.5% | 1.000%L.2% | 1.0600%1.3% | 1.000%1.9% | 1.000%3.4%
B.C{A0) (1/8) 1.025%0.4% | 1.012%0.8% | 1.010%0.9% | 1.025%1.2% | 1.010%2.0%
BaC(60)Y(1/8) 1.083%0.4% | 1.022+0.7% | 1. 01120, 7% | 1.045%1, 0% | 1.005%L. 4%
B.C(90)(1/8) 1.03940.3% | 1.032%0.6% | 1.020%0.6% [ 1.039%0.8% | 1.028%1. 1%
HE(1/16) 0.943%0.8% | 0.93121.9% | 0.0921%2.2% | 0.925%3. 3% | . 92426.3%
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Table 4.2.1 Experimental results of normalized reactivity

worths of simulated control rod in FCA XIV cores

X1v-1 X1V-1(45V) X1v-2

Plate sample worth
BsC(20) 1.000 1.000 1. 000
BsC{40) 1.233 1.298 1. 185
BaC{60) 1.375 1.509 1.299
BsC{90) 1. 540 1,738 1.429
Hf 0.721 0.678 0.1725

C/R half insertion
B4C(20) 1. 000 1.000 1.000
B4C(40) 1. 185 1.261 1.189
B4C(60) . 1.299 1.433 1. 287
B.C(90) 1.422 1.605 1.389
nf 0. 743 0.712 0.769

C/R full insertion
BsC(20) 1.000 1.000 1.000
B,C{40) 1. 166 1.261 1.158
B4C{60) 1.294 1.416 1.309
B4C{30) 1.414 1,605 1. 386
Bt 0, 7412 0.710 0.77%
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Table &4.2.72 C/E values of reactivity worths of simulated

control rod in FCA XIV cores

X1v-1 A1V-1(45V) X1v-2

Plate sample worth
B.C(Z0) 1.000%0. 3% 10001, 1% 1.000%0.2%
BsC{40) 0.997%0. 2% 1.010%0. 9% 1.004%0.2%
BaC(50) 0.997%0. 2% 1.005%0. 7% 1.004%0. 1%
B4C(90) 0.992%0. 2% 1.005%0. 6% 1.001%0.1%
Hf 0.955%0. 5% 0.949%0. 7% 0.954%0.3%

C/R half insertion
BsC(20) 1.000%1. 8% 1.000%2. 5% £.000%0.8%
BaC(40) 1.010%2.6% 1.024%1. 8% 0.989%0.6%
B,sC(60) 1.024%1.8% 1.030%1, 5% 0.995%1.2%
B4C{90) 1.030%1.6% 1.045%1. 4% 1.003%1.6%
HE 0.949%2. 5% 0.924%4. 0% 0.912%1.0%

C/R full insertion
B4C{20) 1.000%1. 8% 1.000%1. 6% 1.00041.3%
BsC(40) 1.036%2.8% 1.020%1. 4% 1.022%2.7%
B,C(60) 1.03123. 2% 1.036%1. 1% 0.982%1. 9%
BaC(90) 1.039%2.7% 1.040%1. 1% 1.011%3.3%
Hf 0.949%1 8% 0.930%2. 4% 0.905%1. 2%
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Table 4.2.3 Experimental results of normalized reactivity

worths of simulated control rod in FCA XV cores

V-1 XV-2(45Y) XV-2(95V)
Plate sample worth
BsC{20) 1.0090 1.000 1.000
BaC(490) 1. 301 1. 404 1.723%
B,C(60) 1.499 1.673 2.338
B4C(30) 1. 734 i.984 3.074
HY 0.659 0.628 0. 534
C/R half insertion
B.C(20) 1.000 1.000 1.000
BoC(40) 1. 283
B4C(60) . 1. 448
B,C(90) 1. 650 1.8381 3.005
i
C/R full insertion
BaC(20) 1. 000 1.000 1.000
BaC(40) 1.280 1.377 . 1.706
ByC(60) 1.4538 1.604 2.258
BaC(90) i. 665 1.8¢64 2.988
HE 0,875 0.543 0.535
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Table 4.2.4 C/E values of normalized reactivity worths of

simulated control rod in FCA XV cores

Xv-1 XV-2(45V) XV-2(95V)
Plate sampie wofth
B4C(20) 1.000%0. 5% 1.000%1. 2% 1.000%3. 4%
BaC(40) 1.025%0. 4% 1.012%0. 8% 1.010%2.0%
B4C{60) 1.033%0. 4% 1.02210.1% 1.005%1.4%
B4C{90) 1.033%0. 3% 1.032%0. 6% 1.028%1.1%
Hf 0.943%0. 8% 0.931%1.9% 0.824%6.3%
G/R half insertion
ByC(20) £.0002L. 0% 1.000%1. 1% [.000%1, 1%
BaC(40} 1.022%1. 2%
B.C(60) 1.042%1.2%
B.C(80) 1.050%8.5% 1.055%1. 0% 1.030%0. 4%
Hf
C/R full insertion
B,C(20) 1.000%1.0% 1.000%0. 6% 1.000%0.6%
B,C(40)} 1.031%1. 7% 1.020%1. 6% 1.01140. 4%
BaC(60) 1.049%1. 9% 1.046%1. 3% 1.023%0.3%
B.C(90) 1.051%2. 2% L. 068%1. 0% 1.029%0.2%
HE 0.925%0. 8% 0.910%1. 5% 0.907%1.1%
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