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Benchmark Physics Experiment of Metallic~fueled LMFBR at FCA(II)

- Experiments of FCA Assembly XVI-1 and Their Analyses -

Susumu ITJIMA, Hiroyuki OIGAWA, Masaru BANDO*
Akio OHNQ, Takeshi SAKURAI, Tatsuo NEMOTO
Toshitaka 0OSUGI, Kunio SATOH and Katsuhisa HAYASAKA

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 31, 1993)

An availability of data and method for a design of metallic-fueled
IMFBR is examined by using the experiment results of FCA assembly XVI-I.
Experiment included criticality and reactivity coefficients such as
Doppler, sodium void, fuel shifting and fuel expansion. Reaction rate
ratios, sample worth and control rod worth were alsec measured. Analysis
was made by using three-dimensicnal diffusion calculations and JENDL-2
cross sections. Pfedictions of assembly XVI-1 reactor physics parameters
agree reasonably well with the measured values, but for some reactlvity
coefficients suech as Doppler, large zone sodium void and fuel shifting

further improuvement of calculation method was need.

Kevwords: FCA, Metallic Fuel, Fast Breeder Reactor, Mock-up Experiment,

Reactivity Feedback Parameter, JENDL-2, Nuclear Characteristics

Calculation
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Table 2.1 Homogeneous atomic number density in FCA assembly XVI-1

(unit: 10* atoms/cm’® )

IC1 IC2 0C1 0C2 NUB DUB SCR
Pu-239 0.10455 0.10455 0.10455 0.0 0.0 0.0 0.0
Pu-240 0.00922 0.00922 0.00922 0.0 0.0 0.0 0.0
Pu-241 000037 0.00037 0.00037 0.0 0.0 0.0 0.0
U-235 0.05429 0.05431 0.10154 032937 0.02897 0.00844  0.56515
U-238 092593 0.92598 0.87664 1.13758 3.98883 4.01743  0.04272
Zr 0.20906 0.20906 020906 0.0 0.0 0.0 0.0
Na 0.95705 0.95705 0.95705 0.95705 0.0 0.0 0.0
Cr 036741 036741 0.36741 034063  0.17720 0.17720  0.33675
Mn 0.01944 0.01944 0.01944 0.01754 0.01178 0.01178  0.01711
Fe 1.33733 133733  1.33733 1.23430 0.63353 0.63353  1.20808
Ni 0.16860 0.16860 0.16860 0.15522  0.07725 0.07725  0.14575
Al 0.01500 0.01500 0.01500 0.0 0.0 0.0 1.69510
Am-241 0.00049  0.00049 0.00049 0.0 0.0 0.0 0.0
O 0.00080 0.00080  0.00080 0.0 0.0 0.0 0.0
H 0.01596 0.01008  0.00988 0.02238 0.0 0.0 0.01470
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Fig. 2.1 Cross-sectional view of FCA assembly XVI-1
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Fig. 2.2 RZ model of FCA assembly XVI-1
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Fig. 2.3 Drawer loading patterns used in FCA assembly XVI-1
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Fig. 2.4 JAERI's standard calculation code system for fast
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Table 3.1 Fuel plate sample worths measured at the core center

Sample Sample Measurement Measured - Correction Sample
Name  Weight Worth Worth
® (o (po) (po
PU92 7023 SUS-h*2—>PU92 0.439%0.004 -0.0018=0.00009  0.437:£0.004
EU93 147.02 EU20*2—EU9%3 0.509+0.004 0.107 %0.004 0.616£0.006
EU20 148.54 SUS-h*2—~EU20 0.113%0.004  -0.0061%0.0002 0.107%0.004
-0.031£0.004

NU 150.26 SUS-h*2—NU -0.0254:0.004  -0.0061=+0.0002

Table 3.2 Plutonium plate sample worths measured at the core center

Mass Balance Worth

(g (po
PU92 — PUS! 0.114+0.004
Mpy 25.42
20py 160.20
2#ipy 13.25
%1 Am 19.69
PU92 — PU75 -0.034+0.004

29py  -102.02
Mpy 23267
#py 43.09
MAm  62.50

Table 3.3  Fuel sample worths measured by using the cylindrical samples

Sample Name Weight Sample Worth pJg
(8) (o)
Pu-239 19.990 0.1259£0.0012 0.00630
Pu-240 14.745 0.0168 £0.0009 0.00114
U-235 19.990 0.0852:£0.0008 0.00426




Table 3.4 B,C sample worths measured by various enrichment plates

JAERI-M 93186

1°B Enrichment '°B Weight Sample Worth  p /g (normalized)
(8) (oo
20% 422 -0.362+0.004 -0.0858 (1.00)
40% 8.46 -0.656x0.004 -0.0775 (0.90)
60% 12.58 -0.9001:0.004 -0.0715 (0.83)
90% 18.96 -1.240£0.004 -0.0654 (0.76)

Table 3.5 Material sample worths measured at the core center

Sample  Sample Measurement Measured Correction Sample
Name Weight Worth(p ) (p,) Worth(p )
Zr 439.20  Zr-h*36 —Zr -0.0734+0.004 - -0.073£0.004
SUS 55836  SUS-h*36—SUS -0.109x0.004 - -0.10910.004
Cu 1248.13  SUS-h*36—Cu -0.284£0.004 -0.109+£0.004 -0.393x0.006
Mo 144320 SUS-h*36->Mo  -0.581£0.004 -0.109+0.004 -0.690+0.006
Mn 992.12® SUS-h*36—Mn  -0.15310.004 -0.109=0.004 -0.262 +0.006
Ni 122432 SUS-h*36—Ni 0.234+0.004 -0.109£0.004  -0.343£0.006
Nb 121030  SUS-h*36—Nb 0.723+0.004 -0.109+0.004 -0.833%0.006
(a) Mn/Cu/Ni; 74.4/9.0/16.6w%
Table 3.6 Axial distribution of Pu Table 3.7 Radial distribution of Pu
sample worth measured sample worth measured
along Z-axis along X-axis
Position Distance®  Sample Worth Position Distance® Sample Worth
(cm) (g (cm) (o)
1Z 2.54 0.442+0.004 OR 0.00 0.442£0.004
2Z 7.62 0.424£0.004 IR 5.52 0.4291+0.004
3Z 12.70 0.401 =0.004 2R 11.04 0.406 =0.004
4Z 17.78 0.368 =0.004 3R 16.56 0.372£0.004
57 22.86 0.324£0.004 4R 22.08 0.321+0.004
6Z 27.94 0.274+0.004 5R 27.60 0.266 £0.004
7Z 33.02 0.219+0.004 6R 33.12 0.214£0.004
8Z 38.10 0.172x£0.004 TR 38.64 0.154£0.004
9Z 43.18 gR 44.16 0.101£0.004

0.125=0.004
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Table 3.8 C/E values for fuel and structure material sample worths

Sample Name Experiment Calculation C/E
(10* Ak/k)

PUS2 2.39£0.9% 2.328 0.975
EU93 3.36+1.0% 3.274 0.973
EU20 0.58+3.7% 0.554 0.95
NU -0.17£12.9% -0.177 1.04
Zr -0.40£5.5% -0.435 1.09
SuUS -0.60+5.5% -0.591 0.99
Cu -2.15£1.8% -2.365 1.102
Mo -3.77+£1.0% -4.079 1.082
Mn -1.43%£2.7% -1.862 1.302
Ni -1.87£2.0% -2.102 1.122

Table 3.9 C/E values for plutonium plate sample worths

Experiment Calculation  C/E

(10* Ak/K)
PU92 —~ PUS1 0.6221+3.5% 0.635 1.02
PU92 — PU75 0.19 £11.8% -0.307 1.62

Table 3.10 C/E values for cylindrical sample worths

Sample Name  Experiment  Calculation C/E
(10" Ak/k)
Pu-239 0.687 £1.0% 0.689 1.002
Pu-240 0.092+£5.3% 0.090 0.98
U-235 0.4651+0.9% 0.475 1.021
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Table 3.11  C/E values for B,C sample worth
B,C Sample  Experiment Calculation  C/E
: (10" Ak/k)
20% - 2.00x1.1% -1.88 0.941
40% -3.69:20.6% -3.46 0.940
60% -5.13x=0.4% -4.87 0.949
90% -7.17+£0.3% -6.87 0.958
Table 3.12 C/E values of Pu sample worths
in an axial directon
Position Experiment Calculation C/E
(10* Ak/k)
172 2.4110.9% 2.36 0.977
27 2.31x0.9% 2.29 0.988
37 2.191+1.0% 2.15 0.979
47 201:£1.1% 1.5 0.969
S5Z 1.77£1.2% 1,71 0.966
6z 1.50%+1.5% 1.44 0.958
7Z 1.20£1.8% 1.16 0.965
87 0.941x2.3% 0.89 0.945
9z 0.69+3.2% 0.64 0.937

First-order perturbation calculation on diffusion
theory in RZ geometry and 70 energy groups.

Table 3.13 C/E values of Pu sample worths
in a radial direction

Position Experiment  Calculation C/E
' (10% Ak/K)
OR 2.41%0.9% 2.39 0.992
IR 2.34170.9% 2.35 1.003
2R 2.221+1.0% 2.23 1.005
3R 2.03%1.1% 2.03 1.001
4R 1.75%£1.2% 1.77 1.012
5R 1.45%£1.5% 1.48 1.019
6R 1.17£1.9% 1.16 0.995
TR 0.842.6% 0.85 1.013
&R 0.55+4.0% 0.57 1.045

First-order perturbation calculation on diffusion
theory in XYZ geometry and 23 energy groups.
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- Sample Measured Substituted
Name Position Plate
PUS2 @ SUS half
PUSR1 and PU75 M PU92
= EU93 @ EU20
A EU20 @ SUS half
/ NU @ SUS haif
B4C 6 SUS void
2 Zr @ Zr half
o SUS @ SUS half
= [ Cu & SUS half
z A Mo @ SUS half
Mn @ SUS half
Ni @ SUS half
Nb @ SUS half

Standard Cell (IC1)

Fig. 3.1 1Illustraticn of plate sample worth measurements

—

»> =<

Cyiindrical Sample
(120 mm Length)

( 0

2Z

17

>» X

A

Cell with EX-hole

Fig. 3.2 TIllustration of cylindrical sample worth measurements
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Table 4.1 Doppler reactivity worth measurement in FCA XVI-1

Sample T(C) Experiment(107 p o)
NUO2-25 ¢ 20 168 +0.4
(U:604.8g) 20—300 -0.359 & 0.037
20—550 -0.582 % 0.032
20—800 -0.797 £ 0.G34
NU-25 ¢ 20 283 +04
(U:1347g) 20—300 -0.851 % 0.037
20-+550 -1.358 + 0.039
20—-800 11,765 £ 0.035

1 p ,=0.0546% A k/k

Table 4.2 Comparison of Doppler reactivity worth between experiment and calculation

Sample T(C) Experiment(10°Ak/k) - Calculation(10°Akk)  C/E
NUO2-25 ¢ 20 0617 £ 24% -84.8 0.92
(U:604.8g) 20—300 -1.96 =10.2% -1.80 0.92

20—550 318 = 5.7% -2.84 0.89
20~-+800 435 £ 4.1% -3.61 0.83
NU-25 ¢ 20 -154.5 = 1.4% -152.2 0.99
(U:1347¢g) 20—300 -4.65 = 43% -3.99 0.86
20—550 742 + 28% -6.27 0.85
20—800 964 = 2.0% -7.95 0.83

Table 4.3 Correction factors for Doppler reactivuty worth above 40.9 keV and improved

C/E values
Sampie Temperature Correction C/E value
T factor before correction after correction
NUO2-25 ¢ 20— 300 1.09 0.92 1.00
20—550 1.08 0.89 0.97
20—800 1.08 0.83 0.89
NU-254 20—300 1.15 0.86 0.98
20—550 1.14 0.85 0.96
1.13 0.83 0.93

20—800
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' Fixed-side

© 1C1 & Safety/Control rod

I 1C2 & Fine controi rod
F1OCH ® Experimental hole for Doppler drawer
010224

Fig. 4.1 Core configuraticn for Doppler reactivity measurement

f26_
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Fig.

i |
200 400 660
Sample temperature (C)

4.2 Experimental result of Doppler reactivity worth



JAERI-M 93—186

—
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Neutron energy (keV)
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MMV ,01) yuom Auagoes) Jejddog

Fig. 4.3 FEnergy breakdown of Doppler reactivity worth in FCA
assembly XVI-1 (NU sample, 20°C »800°C)
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bDEn D (BELMS R . EPETHEROZAVF-—GHE, K4 FRLERED
ARG NVESRBRETATERTH ), ROXVI2FLTT IV b =7 A BB OADHEE %
i, FZTOF M) 7 AR FHROWEZETEL Twd, SEEFEHEFCSITLF
FY W ARAL FEHROEERER, KOXVE2PELOEREHET, SLIIHETATET
Hdo

Table 5.1  Axial distribution of sodium void worth
{unit cell worth) measured in FCA XVI-1

Position Distance®  Worth

(cm) (o)

1Z 2.54 0.1423+0.004
22 .62 0.1375:£0.004
3Z 12.70 0.1153+0.004
47 17.78 0.083240.004
5Z 22.86 0.0352£0.004
672 27.94 0.0065=0.004
7Z 33.02 -0.04050.004
8Z 38.10 -0.0724 +0.004
9z 43.18 -0.0992 +0.004

(a) distance from the core center to the middle point
of cell.

Table 5.2 Large zone sodium void worths measured
in FCA XVI-1
(o)

Position Worth Sum. of Unit Cell Worth

1Zto 22 0.278210.004 0.2798+0.006 ( 0.6%)®
1Z 10 62 0.5146+0.004 0.520030.010 (1.0%)
1Z t0 97 0.2659+0.004 0.30791£0.012 (15.8%)

(a) ratio is shown in parenthesis
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Table 5.3 Calculation of sodinm void worth

(10™ Ak/K)
Position Spectrum T.C.F. Corrected Leakage T.C.F. Corrected Total
1Z 09104 1.039  0.9459 -0.0404  0.533 -0.0212 0.9247
2Z 0.8838 1.039 09183 -0.0850 0.660 -0.0564 0.8619
3Z 0.8328 1.038 0.8644 -0.1712 0.723  -0.1248 0.7396
4Z 0.7620 1.038  0.7910 -0.2932  0.751 -0.2214 0.5696
5Z 0.6779  1.037  0.7030 -0.4426  0.765 -0.3404 0.3626
6Z 0.5888 1.036 0.6100 -0.6088 0.774 -0.4724 0.1376
7Z 0.5040 1.026 05171 -0.7795  0.780 -0.6095 -0.0924
8Z 0.4336 1.019 0.4418 -0.9415  0.786 -0.73%0 -0.2972
9Z 0.3858 1.005  0.3877 -1.0840  0.790 -0.8499 -0.4622
1Z~27 1.8163 1.045  1.8980 -0.1289  0.719 -0.0927 1.8053
1Z~6Z 4.7326 1.047  4.9547 -1.5955 0.881 -1.4056 3.5491
1Z~9Z 6.0816 1.043  6.343] 43196 0906 -3.9136 2.4295

T.C.F: transport correction factor

Table 5.4 Result of sodium void worth in FCA assembly XVI-1

(107 Ak/k)

Position Experiment C/E C-E
12 0.777<x 2.8% 1.190 0.148
2Z 0751+ 2.9 1.148 0.111
3Z 0.630x 3.5 1.174 0.110
47 0.454% 4.8 1.255 0.116
5Z 0.19211.5 1.889 0.171
6Z 0.035£62.9 3.931 0.103
7Z -0.221+10.0 0.418 0.129
8Z -0.395+ 5.6 0.752 0.098
Sz -0.542% 4.1 0.853 0.080
1Z to 2Z 1.519= 14 1.188 0.286
1Z to 6Z 2.810= 0.8 1.263 0.739
1Z 10 9Z 1452 1.5 1.673 0.978
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Table 6.1.1 Results of fuel shifting reactivity worths

Radial Position Axial Region Shifting Reactivity Worth
(o,

3mm and 6mm Shifting

(1) +8R 12~9Z -3mm +0.1389 =0.004
(2) *+8R 1Z~9Z +3mm -0.1456 £0.004
(3) T8R 1Z~9Z -6mm +0.2812 £0.004
(4) &R 1Z2~9Z +6mm -0.3055 +=0.004
Large Zone

(5) =L6R,E7R,E8R 1Z~9Z +6mm -0.7898 +0.004
(6) +7R,+8R 12~9Z +6mm -0.5730 =0.004
Axial Step

(7 T 7R, E8R 1Z~3Z +6mm -0.2291 £0.004
&) 7R, 8R 47~6Z +6mm -0.1838 +0.004
{9 +7R,=8R 7Z~9Z +6mm -0.1369 £0.004
(10) 7R, £ 8R 1Z~6Z +6mm -0.4286 +0.004
(11) T=7R,Lt8R 47~97Z +6mm -0.3220 =0.004
Radial Step

(12) *6R 1Z~9Z +6mm -0.2099 £0.004
(13) =7R 17.~9Z +6mm -0.2560 0.004
(14) =8R 1Z~9Z +6mm -0.3055 +£0.004

Table 6.1.2 Comparison between step and large zone reactivity worths

Radial Position Axial Region Large Zone Worth Large Zone
(p,) /Sum. of Step Worth
Radial Directio_n
+6R, 7R, £8R 1Z~9Z -0.7898 +=0.004 1.024
T 7R, £8R 1Z2~9Z -0.5730 =0.004 1.021
Axial Direction
4+ 7R, = 8R 1Z2~9Z -0.5730 £0.004 1.043
7R, =8R 1Z2~6Z -0.4286 £0.004 1.038
+7R,=8R 47~97 -0.3220 =0.004 1.004
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Table 6.1.3 C/E values of fuel shifting reactivity worths

Radial Position ~ Axial Region  Experiment® C/E®

(x10" Ak/k)
+6R 12~9Z -1.146 £1.9%  1.11
+7R 1Z2~9Z -1.398 £1.6%  1.07
+8R 1Z~9Z -1.668 +£1.3%  0.98
+7R, %8R 1Z~3Z -1.251 £1.7%  1.12
+7R, %8R 4Z~6Z -1.004 £2.2%  1.08
+7R,=8R 71Z~9Z -0.747 £2.9%  0.85

(a) +6mm shifting
(b) calculated b_y diffusion theory

Table 6.1.4 Transport corrections for fuel shifting reactivity worths

Radial Position Axial Region Diffusion's C/E T.C. Factor Corrected C/E

+6R 1Z~9Z 1.11 0.92 1.02
+7R 1Z~9Z 1.07 1.01 1.08
18R 1Z~97Z 0.98 1.08 1.06
+7R,=8R 12~37Z 1.12 1.03 1.16
+7R,=8R 47Z~6Z 1.08 1.03 1.11
+7R,=8R- 7Z2~9Z 0.85 1.10 0.94
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Table 6.2.1 Experimental result of axial fuel expansion reactivity worth in FCA XVI-1

Numberof - 3% expansion 6% expansion
drawers Pattern’  Reactivity worth Pattern = Reactivity worth
(oo (o)
1 F -0.109
5 E -0.455
F -0.506
G -0.558
9 A -0.400 F -0.888
B -0.484
C -0.514
D -0.553
25 - --- F -2.340

Experimental error : 0.004 p
1 p =0.0546% A k/k

Table 6.2.2 Comparison of axial fuel expansion reactivity worth between experiment and

calculation

Expansion Number of  Experiment Calculation(10™* A k/k) C/E

percentage  drawers (10" Ak/k) Method Core Blanket Total
3% a) 9 -2.41+£0.02 1st. order -3.73 0.81 -2.93 1.21
Exact -3.72 1.11 -2.61 1.08
6% b) 1 -0.60 =0.02 Ist. order -0.82 0.14 -0.68 1.14
Exact -0.82 0.21 -0.61 1.03
5 -2.76 £0.02 ist. order -4.07 0.70 -3.37 1.22
Exact -4.05 1.13 -2.93 1.06
9 -4.85+0.02 Ist. order -7.28 1.25 -6.02 1.24
Exact -7.23 2.12 -5.11 1.05
25 -12.77 +=0.02 Ist. order -19.50 327 -1623 1.27
Exact -19.40 598 -13.42 1.05

a) Average value of A and B pattern
b) F pattern



JAERI-M 93—186

Shielded Zone
Radial Blanket ~a

Radial Direction
>

Fuel Assembly

Fuel 1!
b

Support Plate
- —

i
Ad

Fig. 6.1.1 Typical assembly displacements during transient {power to
flow ratio changes from 1.0 to 2.0)

05 1 I 1 1 | i 1 05

Q.
E el o L
S = -
= o
> - .
2
5 0 + -4 0
(g
D
o = -
o @]
£ - - -
E
&5 - o -
D
-] e —
L

_() 5 L I ] 1. | ] | _c) 5

-8 -6 -4 -2 0 2 4 6 8
Fuel Shifting (mm)

Fig. 6.1.3 Fuel shifting reactivity worth at position 38R



JAERI-M 93186

P I S A A S A A A S A S A R o A
R N N N T N NN

EN

OISR AN NN NSNS NN

EN

A .Y

eN

CANC

NN R NN N NN
////////1///f/r//zf/\r\f\/

LU N YR T T T T T S TR Y T T U A M RN
\\n\\\\\.\\\\\\.\\\\\\\.\\\

AR A A A A A AN AN
N N N N N NS

P R A R R R R N Y
rz//rrf/fa//////x/.,;/.of

TR L s
P R R A A R R R A A A A

sEelene Doonp s SN L o
|

BN

SOOI NNNNNNANNN
BN

PO NN NN S SONNSNNONNS N Y

N

NN

9.

Fuel Plate
Columns

-

/f/...r...// /r»/z//z/r EEES
\\\\x\\\\\\\\\\\\\\\\.\\

\\\\\\\\\\\\\\\\\\\\\\\
N AT T T T TR Y e

3mm Shift Cell

Reference for Radial Expansion

o
o0
g B H
fa=1
= 1 RE
S L1 e 1111
= [~ oo
£ 2 i 2 IDNNE
& B ENNNINE T [d
o= RO NIIRES RARMBL
s 2 O+ == T
o B DERERTNTR TN 5 S e NENINn
Z = LT T+ T ++ T
+ o RO e ; +H+ [
= Ww TN r : NNRENE
S T TTINS | i SNINENE
_ =5 TN o _ ~NE
& CS T R S Rl GRS TRt S k= el [ i e e k) S b Rl R A
LTINS ! SNENN
_ TS ! : SN
M B IDNEENR o= T NN AN
N A1 ] i ]
[ 2 N R I rasaas NN
[ 1 AR EEEa S I ENNORIEINNE
[ < D = NN
ﬁ o NEDDDRDEREEEnnnEnnnn
X ABER P A i e
) -] B G e THLEPT G LU
N a ] INDEANRNNDDNnE
AT
; T

BN

OSSN SNNN NSNS NN

EN

NSNS SN SN S NN NN

EN

s DZ

IR - ~
\\\\\\\\\\.\\\.\\.\\\\\\\\
RN o

\\N\\\\\N\\\\\
DR L AT

WY
\\\\\\\\\\\\.\\\\\..\

\\\\\\.\\.\\.\\\.\\\\\\\\.\\
UORRNT RN R R A A N A A N N N s N N R N

6mm Shift Cell

Illustration of fuel shifting measurement

Fig. 6.1.2



JAERI-M 93—186

Standard cell

< Axial direction
Zr :\\ §
| B b
-
. .
. . /
N 5.08 cm

6% expansion cell ﬁ,

=

I

AW

7.

538 cm

/

Zr

Fig. 6.2.1 Simulation method of axial fuel expansion



JAERI-M 93—186

23eTd wnIUoOITIZ BUT1I’SUT Jo udoiled SNOTIiep

2'7t°9 '814

|

AALIEAPALESE

eArrrrrrErers
pariietirstin

oracizsssra

PLELFEEAF
AR FER LS

I
L
L

'
I

AR RIEL 1

L

aye|d 17

[l

TISMUe(q [eXy

6 X

192 LO|

=

useled-5

usoned-4

utahed-3

uoisuedxs ¢4,9

wisned-q

waned-n

wisned-g

uisped-y

uoisuedxs o4g

PIEPUEIS



JAERI-M 93— 186

7. KInE L & RGBS

SRBHEEFEOW A RET AR FVBICBITA, ANRY P VRS B VILHE FEEeE
FEROHEHETIET 327010, RIDFREBREPITWEITEER L OKETo /2, ERT
RO VIS BT A IBERIEEE Lice WEE 7V P =7 L7, RV 7 VES
LUy T UEEGER LM bETh B, 25, ThEDEEFEMA LT, FLAD
77 16) BG4 8 & A 0 BUSHESG 2 e L 720

AETIE, TWOBICLIMETFE, UEHERBLUHET—% 747 7 JJENDL2IZE
LRI RIC OV TR 5,

7.1 REEILOAE

EEEEL TUTORSELPLPLMCTHIEL, #5002 LD EITL Y KIGHE
hE R 7o,

Ppu B

U BEE

By BoRE

U RS

FREHET, SR Ve oy AREREEHA LT TOy HAEBY - 758 WET
BT EilE )R,

B A fE y BT F I F — I

2 e e 293 2keV 33.0 hr.
1331 529.8keV 20.9 hr.

Y"Nb 657.9keV 16.9 hr.

7r 743.4keV 16.9 hr.

BugERIs  ®Np 277.6keV 56.3 hr.

Kz, BIEREFICH LT VO B ERICHIE L (VRGBS D
WE) VEERIEER RO, Chit, HERRLOABEERIIT O THE,



JAERI-M 93186

(1RO IR ST

SERRAHIE DL TSR RRC, 20T TET = 12

BFEH - FREHRER HIEERE 72
1o 60W - 3hrs BUR R T T M
DU UL Hibr 7 V¥
w2 [] 90W - 3hrs BIpuAG o E T b= A (PPu) §E
BIUM R ey A A AV
UGB HLy 7 v

A5 L OB OREEORETE LUV, MR TELPUMSEECEL AV
THBL Lz,

M5 VR, TEOT VI Y= MICAAT R, DALV AOREKE T 7 v IB LUK
B 5 UAOMICEAIEET L 70 b 2w AR, CVRLEMOBE TV R 2y AR
EERILQO § 2O TV F 2y sACER L, T =Y ARHEE Z ORBHLT WCEEL
Fro TR AERESOSMMAT VI Sy ATHBEENTWAY, BHREOTOINE
EE03mmO 7 3 2 ABEE /S - ICRHEH L2 SR BEORBIEEFigT 1R
S F 7. BELAEOHESETable 71000 T 70 b2y AROERILIC L 5 HE R
amze LR | CEER LA 2 &3, GIEERIICHEE L7

2)y S & EEREMEIC B D CEORAMEDRE

y B |

BE A48 T 74 188 R 20 5 12085 O [l © . 3NV v =7 & Buihidy & DR S 1A FCAIS
B BEF— F MBS AT AR LT, BEOy AR PV & EEC HELE R
27 (y 8ARZ P VidAppendix BEIR) o 1EIOBIERHIATEIC X nRR Y, THEE
AR S N B ERIZS00085 ~ 150008 & L7z,

B RO HAHEDRE
7ﬁ1N7FW®%EK@‘%ﬁ%ﬁ»%%ﬁm§5<yﬁxxybw%ﬁa—pm%
ﬁ%bf\3VibVﬁ%ﬁiﬁ%&ﬁ~7@%@%ﬁ%bt%%ﬁh?%ﬁ%%to%




JAERI-M 93—186

WEY — 2 T AN T ARIEBOEGE L y MEESEORIER. H5 0 Lo
SEISHE L B BB RS b ARV TIT o /s BIETEOFEMIIC D WTHL,
Appendix BT~ 5,

o, APIER R EERFTUTOERSEGEH— L7,

(1) BT T- AR b

(1) BBAYA

() FRESEFRE

(=) 78 BB E R
FTOFER, FPBEOBIERINE, ¥ GHEES L CERISOEEYHIEEE LTEETY
ZUEREL Y, MAOBEROHENER, KEE-SOFAE TIVY =T LR B DER
BB R TR A I LI I N ROBIENTE b

HROD A MFEOWREY — 7 H LB S REE, BV %Eﬁ%%ﬁfﬁ< —# L, Th
bR R REHE S L7z,

R RDE DM EORE

Wﬁ@yﬁxNﬁFW%%ZHFK;U%tmI&wﬁﬁgwﬁwﬁﬁ%\uTwﬁﬁ
TR 52 i & ) PURBRSEORIETRD 2,

() ERIRG 72 v METHEGE

(M % by 7 VRO UETFHK

() BEFE R AR B

(&) SEPS D v B TR EfR I

(& FE T YRR R

FH e v MEHESIE ORER., 50 & 2BAm- O NpiiiEE: DIC L W AT o 7z, BRIES
HEOZEMIZ W Tid, Appendix BTEE %,

B S A TF 4V PONp B & P PPU O LB 0 SCRE Y% R L THT = 720 FIERBORE
. SRS FERHOBELIIREEL

%W@yﬁﬁaﬁmﬁﬁﬁﬁm\%ﬁmwzﬁbﬁﬁﬁﬁﬂﬁﬁ%%MmC$WV:7
LR EEDKE) bk§<bt1t#6\yﬁﬁﬁﬁ%“?ﬁk%?étbfﬁ%ﬁ
HhH, WERIZ6O6RE R 272,

S5y VR T Hanna® ORIC L D EELICER, 062 TH 27

AL T, RO RETHEERHERFEC L hEEHHL, BHLEAIE /NS
SRR e 7. PAm INpEHEEC L2 EM N NE Y - s SRR L &
2.y MR ARER & REERE CHREDEL £ 5720, BALERT LD

B2 5o



JAERI-M 93186
Gy T K

Bkt L DI E N b AREO Q) TR FUG # OFIME 13+ VN O TR BT IO
T3, ZOWPHEEEY EBRMICHIEL T VEROLEL RO L2010, FLFaE
VA O RSEOEMST R EE L, LV FEREE RD T2, £V FHREDET Table 7.212
g, F 7. MG OTES & N VESEBOFMIE. Appendix BT,

RS L ERREIE U PUM S A B L U UM USRS L Ok D, Prulis
BHRITE L TIERO LD oz, TR, EENEDICIE VT, 20%iRkEY 7 VB LT
%%W?Vﬁtvﬁ2@ﬁ®ﬁﬁyﬁﬁ@iﬂfW%wﬂﬁb\fwr:ﬁAﬁmﬁ@ﬁF
0. PORBMEC MEESRTYE Y, W LA PG REN €OT L T
DHDHEBELLELDPLTH A,

BEOQyTE: EFEORIHEIE VSRR EERL, 2510, ThoDte bl L
D VTR ORISR S, LIV O REBH % Table 731013, MO HFORER
M2 S 53.0%, RS ROEBRRE XLIMEE L kol FUTERORERS &
Table 7.4 & UFTable 7.5/27573

72 RIGESH OB E

T hm Y A, BT T VESB LU Y ERFLAOS VCERL, PPu
By § PTSURSE & PURBBRIGRE 0, FEEAEICS T EY NS L TELR
DA RBE L 720 BIES TR BUSHILHIE & FRIC . ISRV THRBIC LS5
E#Tv, 2 VEHORBESHE ROz, 2T, A PgREE, BHEORZ LV
BUPLARORERTRD 2,

(1) EEEMEIC BT 5 HICES A Ol

B BEE A
AP D BEATBLER AT SE N B % Fig. 7210 R S e O ANBEMBE 2 Fig738 LU



JAERI-M 93—186

Fig. 741273 o &L, - (10W~20W) % —SE & LCIEF MBS L 72, B ORL
B R A 1 RE AT o 72 R THRIBED H3RMON T, Ml V< =y AR
HELAER L T BIREITED600ke VEL LD o % EIRRIC B L /2o 56 N7zt HeR
Bt LTI T OMIE 24T, EOORBEEBIC B AMOERSN & RD 2.

Ay Ny & 7T v FETEHIE

() BER R IE

() HEEMIE

©) SR AN E 5 S HIE
Ln%wﬁ%\%%ﬁﬂ%ﬁumemBMTﬁ&éoﬁ%%&@®%5ﬁﬁ£ﬁ\%®
ﬁﬁwﬁ&t\%ﬁmi5£E&ﬁt$m%&ﬁ®ﬁ%ﬁ$ﬁw%ﬁiUibto%@%
%\ﬁbﬁ??&vb%ﬁmﬁwféﬁﬁwgﬁomm@D\:nm%w%ﬁmﬁﬁéﬁ
Fid01%l Tie#E e oz,

PR UG

HFL A O PP U OB SA E E E %mymuwio%mvﬁvﬁw%tWW£%u%
% Fig 742, s O REHIE TR H JI90W TIRRTT - 72 B B T 14 18R [ 20 © 10085
®ﬁf\ﬁ%ﬂEWv:vﬁﬁﬁ%%@mbf%ﬁwyﬁzmﬁb»%%%%mﬁ@ui
wﬁbto:ngyﬁz&ﬁbw%ﬂﬂbf\mm@mm&m&wémamnowﬁﬁﬁ—
b im S CE R R A5 o SPREIC HT LT T ORIE 2470, FLoF BRI B ST
BUEURNE D RS E KDz,

(1) PONp D M O SCHRAE % A L 72 b AR R

(0 FHEEALE
%%%Ewﬁﬁ6ibtﬁmﬁﬁﬁ@\yﬁﬁﬁﬂﬁmﬁﬁwkﬂ<—%b i & D1
2HEMA L7

) £V O FISE A

TS I B R L TR EC L BRI

o 5 Lk L4 SRR DI BV T, SR VO AR ERD I
BB b VTR O E £ LE NFig 745 & UTable 7210757 o PIEIKFLTIZAMGOR)E
LA AR L b DR A BT ARV TRIE R T o 2o SMAFLTIRTREVE S
8RB NV DT THIE 247 » 720 FHHANFGOFLORE HSRE TOR g sAi Tid, F.L0R




JAERI—-M 93—186

THIE S R VERGRE R EA L, 6R, TRB L USRD UCHESA Tk, TR ETNOAL
Bl THE SN VESGEEEEN L,

. TR ARRE RV E DSEELZOT (Fig73 ) | MO L N
72 RIS O FMEF L AT OP P REFE L L

BT IA T xS A R VISR & AHIE
Hiade SR T T V4 v b EOBRET TORMRRIEFO LIV THR IR TR 2D,
P IVERE I L A ERfT D012,

£ VY O RIS SAi

RT3 43 Al 0 S ERAE 5L % Table 7.6~Table 71310 R T EEEERUTOSTEL{RHL
TR L. 720

o) RS (RE ) 21T REOFEFRERDIES 05

(M) AEERE

(" LIV R OBRE
RGBS AT DE BREEIX0.5%~2.2% & 2 o 72 WRERIDEG A OFERRZIL0.7%~2.0%

Elr i,

73 UGB & UFRUSER AT OEAT

(D) BHEFE

I, LT IR T FCADIEHE I 7 EBBT FHE T2 70,

BRI A7) — 1 JENDL-2ic#5 {JFS-3-12 708 v M EREA L7,

(@) L IVEHE LRTEEARE T V0 £ B 70RO EFEREIC L D4T - /2.

(W%ﬁ%@%ﬁﬁ%%ﬁ:2%%&2%?wm;émﬁ@%%ﬁ%ﬁﬁ%f%tﬁb%
SHEROT0BEP BT A F VT, (1) TH 7= & R WiERE 25
BEICEEI LT,

) EREE (BC) ! PRITEX-Y-ZE F VT L B2sEDIFEHILEER GrED X v
2 alBIE#2.5cm) 2L BT o7,
) B E VKITTR-ZE 70 T2SHES PRIl Ic X B B 3EEHH(TR) & 258

S ET (DR 2 TV, % DL TC=TR/DF % & o THi
PR E L7,



JAERI-M 93—186

FOBURE . (ODT0BETEIC X W ko GREMIEEERLES)  RISERSAIE,
CD2SEETE THZEEBCIE, (HTHEALTCEYRTHI LTI ko, HERTEE.
IEEEE S U EEICIE, FRFNSLAROM I — F, CITATIONFBRI ~ FBL T
TWOTRAN-TI 7 — F 2/ L7

(2) BB AT

PSR I
b VR SR O R T& FEREE L I8 L TTable 73107790 § T ORMFMAAE
BRAEORANTERE L B L1

BUSHS A

FLIBERA A OSTE S 5 % LB S & I8 L TTable 7.6~Table 7.1310R s FHEAERITE
B E & AR O L TR L7, 8 bic, FHEME EEBRIEL (CEME) oaHiE
Fig.7.58 & UFig.7.612 7R3

¥R I 2WTik<5,

DY BEESA . L5722 T, WThORG b HERRITIZ0ORE 2272, BHINT 7
YAy N EOBREICEVE2B LU T, MIEER-07%% 5 1.6%L
RSB o,

() EHESAT L e, PR TIR03%LR T B 25, SMIIFL TIES% L KE <

ol

FISHEGHO CEBICDWTHERL, | -
) A RSA ¢ PPURERISRSH OCEMIZIZIZI0L B o7,
KBRS DCEMIELOP 50950 % L2k REL ofzs 20D
D35, TPuA RS L UPUMSRE R L T, PASMB IR
ZIREWCEMEA10L DA L 2o TWLERFEHE S, PUES
AT LT, C/EMEIR0.97TD T h ) TIHIZ—E &R 272,
(M EFESA T FELASEIChZY. WThORILbCEBIRIZIZI0LE 20T



JAERI-M 93—186

(%) 96°'66/v0°0

MWz ox(Mpmwg x(Puw 1

(L ‘U g, JO UOTINQLISIP
Q18X UOTIORI []90-U]

(fevow)() par2[dap
10 p1oJ arenbg

Bw/~ (Huugzgox (m)wwg px(puw/ z]

(U, JO UOUNGLISIP
QeI UONOBAI [[0-U]

(Jereu) ) payorIul
Jo [10] 21enbg

1934 [V (NUIULTQQ Yl

Pa12A00 (Nuru Z 1 Ox(p)wn, 1

(W1 g, JO UONRQLISIP
el UONIRAI [[I0-U]

A A nCvamN w.u-.:w cn:vamw %O
UOnNGISIP 181 UONIRIY

Onel eI Uondedy

(resow) 1103 N
palordap podeys-ysiq

1900Ss [V (HWWLTQQ YIIs

PaI2A0d (3w "OX(P)UUI) O |

N, Jo
UONNGLISIP 9181 UONIDBIY

199U 1y (DWW 100 Pis

PaI3A00 (WUWCTHOX(P)WW, 7]

Onel IRl UOTINeTY

(Terow) 1103 N
payouus padeys-ysi(y

=g Nger 3wy~
(%) 1LY S/PLE O/ E6/£66°0
=Ngee/ Noer/ Nesd Nyez
(%)96°66/10°0
=Nged Nz w6z~
() 9 LIV'T6
=Nged Nz Bwgzi~
(%) 1LY SIFLEO/TOLC6/E66°0
=Nger/ Mo/ Dged Nz Fwgs~
(%)91°0~/91'0~/€9'S/T016
=WV /0d 4,0/ Ny /Md g WLy~

duippep v
(NG X (proyuI/ TYIm

P313A00 (W GX("PIUIWT |

g'uynd, o

UONNQINSIP eI UOIIDRY

OlIBISIRI UOKOBIY

(IvV-9pm ] se Lofe-1y)
1103 ng padeys-ysi(

T3 1107 JO T3 10] JO
vonisodwon o1do1osy  1ydrom o8eioay

S[I0} JO UOISUDWI(]

judwdInsedw Jo adAT,

jioy Jo odAy,

S[10] UOISSy Jo uonesioads 177 QL



JAERI-M 93—186

Table 7.2 Cell averaging factors in FCA assembly XVI-1

Cell averaging factors

Position Type of cell ‘
235U(n,f) ZSSU(H,D ZSSU(n,.r)
OR-1z IC1 1.005+1.3% 0.973£0.71% 1.030£0.51%
6R-1z IC1 1.021£0.96% 0.991+0.54% 0.999+0.35%
7R-1z . 0Cl 1.035+0.79% 0.976 £0.61% 1.009£0.35%
8R-1z 0C1 1.020X0.88% 0.975+0.59% 1.052+1.8%

Table 7.3 Cell averaged reaction rate ratios at the core center of FCA Assembly XVI-1

Expt. Calc. C/E
B5U(n,£)A°Pu(n,f) 0.934 +33% 0.939 1.005
28U (n, O Pu(n,f) 0.0301 £3.8% 0.0296 0.983
U, 7 ) Pu(n,b) 0.1126 £3.2% 0.1136 1.009
28U(n, 7 ) U(n,6) 0.1206 +1.9% 0.1210 1.003

Table 7.4 Break down of typical errors in cell averaged absolute reaction rates (first irradiation)

U fission 28] capture

Effective counting efficiency 0.80% 0.27%
Counts of fission a foil 0.35% 0.23%
Weight of fission a foil 0.20%
Decay correction N 0.43%
Correction for 7 -ray self

attenuation in a foil 0.66%
Cell averaging factor 1.3% 0.51%

Total 1.6% 1.02% *

* Errors of following small corrections for a depleted uranium foil were not considered
Neutron self-shielding in a foil
Edge effect of a foil
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Table 7.5 Break down of typical errors in cell averaged absolute fission rates (second irradiation)

Py fission U fission 281 fission
Effective counting efficiency 2.3% 1.0% 1.7%
Counts of fission foil 1.4% 0.8% 1.7%
Cell averaging factor 1.3% 0.8%
Total 2.7% 1.9% 2.6%

Table 7.6 Axial *Pu fission rate distribution in FCA assembly XVI-1

Calc.
Position Distance Expt. error
(cm) (%) B.C. T.C. Corr. C/E
1z 2.54  1.000 1.000 1.000 1.000 1.000
2z 7.62  0.991 1.3 0.984 1.000 0.984 0.993
3z 12.7 0.963 1.2 0.953 1.000 0.953 0.970
4z 17.78  0.929 1.4 0.907 1.000 0.907 0.976
5z 2286  0.866 1.3 0.847 1.000 0.847 0.978
6z 2794  (.783 1.2 0.774 1.000 0.774 0.988
7z 33.02  0.716 1.1 0.690 1.000 0.690 - 0.963
8z 38.1 0.629 1.2 0.595 0.999 0.595 0.945
9z 43.18  0.521 1.3 0.492 0.995 0.490 0.940

B.C. : Base calculation
T.C. : Transport correction
Corr. : Corrected value
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Table 7.7 Axial “*U fission rate distribution in FCA assembly XVI-1

Calc.
Position  Distance Expt. error
(cm) (%) B.C. T.C. Corr. C/E

1z 2.54 1.000 1.000 1.000 1.000 1.000
2z 7.62 0.999 1.6 0.984 1.000 0.984 0.985
3z 12.7 0.978 1.2 0.953 1.000 0.953 0.975
4z 17.78 0.920 1.4 0.908 1.000 0.908 0.987
5z 22.86 0.860 1.3 0.849 1.000 0.849 0.987
6z 27.94 0.799 1.4 0.777 1.000 0.777 0.972
7z 33.02 0.719 1.3 0.694 0.999 0.693 0.964
8z 38.1 0.621 1.5 0.601 0.998 0.600 0.966
9z 43.18 0.526 1.5 0.499 0.994 0.496 0.942

B.C. : Base calculation

T.C. : Transport correction

Corr. : Corrected value

Table 7.8 Axial Z®U fission rate distribution in FCA assembly XVI-1

Calc.
Position  Distance Expt error
(cm) (%) B.C. T.C. Corr. C/E

1z 2.54 1.000 1.000 1.000 1.000 1.000
2z 7.62 0.994 1.2 0.984 1.000 0.984 0.990
3z 12.7 0.996 1.4 0.952 1.000 0.952 0.956
4z 17.78 0.927 1.3 0.904 1.000 0.504 0.976
5z 22.86 0.868 1.3 0.841 1.001 0.842 0.970
6z 27.94 0.793 1.3 0.762 - 1.002 0.764 0.963
7z 33.02 0.694 1.5 0.667 1.004 0.669 0.964
8z 38.1 0.570 1.4 0.551 1.010 0.557 0.977
9z 43.18 0.431 1.6 0.409 1.016 0.416 0.965

B.C. : Base calculation

T.C. : Transport correction

Corr. : Corrected value
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Table 7.9 Axial “*U capture rate distribution in FCA assembly XVI-1

Calc.
Position  Distance Expt. erTor
(cm) (%) B.C. T.C. Corr. C/E

iz 2.54 - 1.000 1.000 1.000 1.000 1.000
2z 7.62 0.978 0.62 0.985 1.000 0.985 1.007
3z 12.7 0.948 0.62 0.954 1.00C 0.954 1.006
4z 17.78 0.922 0.62 0.909 1.000 0.909 0.986
Sz 22.86 0.856 0.62 0.851 1.000 0.851 0.994
6z 27.94 0.792 0.62 0.781 0.999 0.780 0.985
7z 33.02 0.702 0.62 0.700 0.999 0.699 0.996
8z 38.1 0.617 0.62 0.611 0.997 0.60% 0.987
9z 43.18 0.524 0.62 0.514 0.993 0.510 0.973
B.C. : Base calculation
T.C. : Transport correction
Corr. : Corrected value

Table 7.10 Radial ***Pu fission rate distribution in FCA assembly XVI-1

Calc.
Position  Distance Expt. error
(cm) - (%) B.C. T.C. . Corr. C/E

OR 0 1.000 1.000 1.000 1.000 1.000
IR 5.52 (.988 0.69 0.991 1.000 0.991 1.003
2R 11.04 0.970 0.65 0.964 1.000 0.964 0.994
3R 16.56 0.918 0.74 0.920 -1.000 0.920 1.002
4R 22.08 0.847 0.75 0.858 1.001 0.859 1.014
SR 27.6 0.784 0.82 0.779 1.002 0.781 0.996
6R 33.12 0.697 0.75 0.685 1.003 0.687 0.986
TR 38.64 0.586 0.73 0.575 1.007 0.579 0.987
8R 44.16 0.469 0.82 0.456 1.006 0.459 0.979

B.C. : Base calculation

T.C. : Transport correction

Corr, : Corrected value
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Table 7.11 Radial “*U fission rate distribution in FCA assembly XVI-1

Calc.
Position  Distance Expt. error
(cm) (%) B.C. T.C. Corr. C/E
OR 0 1.000 ' 1.000 1.000 1.000 1.000
1R 5.52 0.975 1.3 0.991 1.000 0.991 1.016
2R 11.04 0.938 1.8 0.964 1.000 0.964 1.027
3R 16.56 0.917 1.4 - 0.918 1.000 0.918 1.001
4R 22.08 0.847 1.3 0.855 1.001 0.856 1.011
5R 27.6 0.777 1.2 0.776 1.002 0.777 1.001
6R 33.12 0.685 2.1 0.681 1.003 0.683 0.996
7R 38.64 0.586 2.1 0.570 1.005 0.572 0.977
8R 44,16 0.469 2.2 0.454 1.003 0.456 0.972

B.C. : Base calculation
T.C. : Transport correction
Corr. : Corrected value

Table 7.12 Radial *®U fission rate distribution in FCA assembly XVI-1

Cale.
Position  Distance Expt. error
(cm) (%) B.C. T.C. Corr. C/E
OR 0 1.000 1.000 1.000 1.000 1.000
IR 5.52 0.989 1.7 0.991 0.999 0.990 1.001
2R 11.04 0.968 1.7 0.965 0.999 0.964 0.996
3R 16.56 - 0.915 1.8 0.922 0.999 0.921 1.007
4R 22.08 0.858 1.8 0.863 0.998 0.861 1.003
5R 27.6 0.761 2.2 0.785 1.001 0.786 1.033
6R 33.12 0.701 1.9 0.690 1.001 0.691 0.986
7R 38.64 0.591 1.9 0.576 1.025 0.590 0.999
8R 44.16 0.427 2.1 0.408 1.049 0.428 1.003

B.C. : Base calculation
T.C. : Transport correction
Corr. : Corrected value
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Table 7.13 Radial “*U capture rate distribution in FCA assembly XVI-1

Calc.
Position  Distance Expt. error
(cm) (%) B.C. T.C. Corr. C/E
OR 0 1.000 1.000 "1.000  1.000 1.000
IR 5.52 0.977 0.62 0.991 1.000  0.991 1.014
2R 11.04 0.971 0.62 0.963 1.000  0.963 0.992
3R 16.56 0.902 0.62 0.918 1.001  0.919 1.018
4R 22.08 0.856 0.62 0.855 1.001  0.856  0.999
5R 27.6 0.763 0.62 0.776 1.002  0.777 1.016
6R 33.12 0.677 0.88 0.681 1.002  0.683 1.008
TR 38.64 0.550 0.88 0.574 1.003  0.576 1.047
8R 44.16 0.470 2.0 0.465 0.999 0465  0.989

B.C. : Base calculation
T.C. : Transport correction
Corr. : Corrected value
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Table 8.1 Atomic number densities in sodium follower and simulated control rod.
(10%/cm’)
Nuclide Na follower 20%B,C 40%B,C 60%B,C 90%18,C.
Control Rod Control Rod Control Rod Control Red
B-10 . 1.63593x 107 3.28974x 10°  4.89226x 10° 7.37218x 107
B-11 - 6.57067x 107 4.91456x 107  3.22809x 107  8.14264x 10™
C - 2.13214x 10%  2.18915x 107  2.13797x 10® 2.17684x 10°
Na 1.53128x 107 1.33987x 102 1.33987x 10? 1.33987x 10* 1.33987x 107
Cr 4.38676x 107 4.32690x 10°  4.32690x 107  4.32690x 10° 4.32690x 10°
Mn 226704x 10*  2.26753x 10*  2.26753x 10" 2.26753x 10 2.26753x 10
Fe 1.59312x 107 1.57276x 102  1.57276x 107 1.57276x 10% 1.57276x 10”
Ni 2.01997x 107 1.97298x 107  1.97298x 107 1.97298x 10° 1.97298X10°

* simulated control rod: two B,C plates(2-2-1/8) /cell

Table 8.2 Correction factor f by modified Source Multiplication Method (MSM)

B,CRod B Detector
Position Enrichment Dt D2 M1 M2 CHI, CH 5,
CH?2 CH 6
20% 1.0054 1.0030 1.0054 1.0054 1.0044  1.0046
OR 40% 1.0107 1.0061 1.0106 1.0108 1.0088  1.0092
60% 1.0147 1.0084  1.0147 1.0149 1.0122 1.0127
90% 1.0202 1.0117  1.0201 1.0205 1.0169  1.0175
20% 1.0049 1.0033  1.0126 1.0000 0.9955 1.0091
3R 40% 1.0093 1.0061  1.0232 0.9877 0.9925 1.0169
60% 1.0129 1.0085 1.0318 0.9778 0.9902 1.0233
90% 1.0174 1.0114  1.0428 0.9651 0.9871 1.0314
20% 1.0034 1.0027  1.0089 0.9690 0.9902  1.0065
6R 40% 1.0064 1.0127 1.0167 0.9463 0.9830. 1.0122
60% 1.0085 1.0199  1.0223 0.9301 09779 1.0164
90% 1.0117 1.0308 1.0308 0.9045- 09701 1.0226
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Table 8.3 Measured control rod worth at FCA XVI-1 core

(% Ak/k)

1B Enrichment
Rod Position 20% 40% 60% 90%
OR 0.2191 0.3846 0.5130 0.6853
+0.0019 +0.0047 +0.0069 +0.0102
3R 0.1828 0.3158 0.4235 0.5601
+0.0017 +0.0033 +0.0057 +0.0091
6R 0.0962* 0.1707 0.2244 0.3034
+0.0004 +0.0004 +0.0031 +0.0095

* measured by criticality method

Table 8.4 Calculated control rod worth and C/E value at FCA XVI-1 core

Control Rod °B Calculated Control Rod Worth

Position Enrichment A p (% AkK) 1 fio A p (% AkKk) C/E
20% 0.2060 0.9771 0.9976 0.2008 0.9165

OR 40% 0.3619 0.9839 0.9797 0.3488 0.9090
60% 0.4885 0.9865 0.9702 0.4675 09114
0% 0.6556 0.9899 0.9592 0.6225 0.9084
20% 0.1719 0.9771 0.9976 0.1676 0.9166

3R 40% 0.3025 0.9839 0.9797 0.2916 0.9234
60% 0.4080 0.9865 0.9702 0.3905 0.9221
90% 0.5478 0.9899 0.9592 0.5201 0.9286
20% 0.0877 0.9771 0.9976 0.0855 0.8886

oR 40% 0.1594 0.9839 0.9797 0.1536 0.9001
60% 0.2171 0.9865 0.9702 0.2078 0.9260
90% 0.2923 0.9899 0.9592 0.2775 0.9147

Ao =D p, o by,

where

A o : Corrected control rod worth,

A p: Control rod worth by standard calculation,
f,  : Correction factor for energy collaption,

fin : Correction factor for transport effect.
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logi0C(t) = Ag + Ar- (logoth Ax-{logiot)? + As{logigt)’ (B.2)
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Table B.1 Fitting constans used for decay correction in reaction rate distribution measurement

Constants*
Foil type
A, A A, A,
Disk-shaped Pu foil 2.1511 -0.87421 -0.44788 -0.17128
Disk-shaped EU foil 2.2467 -0.82225 -0.32842 -0.24322
Disk-shaped DU foil 2.0911 -0.93747 -0.40875 0.04212
Square foil of EU 1.8271 -0.90302 -0.31443 -0.15300

*log10C(t) = Ag + Ay (logioth Ax{logiat)? + As{logiot)’
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Fig. B.1 vy-ray spectrum of fission foils after 3 hours irradiation
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Fig. B.2Z Location of disk—shaped depleted uranium foils for in-cell
reaction rate mapping
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Fig. B.3 Location of square foils for in-cell reaction rate mapping
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Fig. B.4 Distribution of reaction rate in OR-1z cell



Normalized fission rate

Normalized fission rate

Normalized capture rate

JAERI-M 93186

1'4 lll]l]l]lll]lI'lllll!ll]IIl]lll[III'[T"I"I'II]Il'f‘ll[llllll][lll’
1.3 U-235(n,t) 6R-1z
15 Square foil
. Typical error o ;
. / Normalzatlonfomt
1
0.9 l
0.8 P pd N 8J =N N z
r r u
My Na B N N E Na MK e N AN
nal l i i 1] b1 | | L5
BT TSN AT SRS TE SN ESNSAEATEEETERFSAEAE TS S U TN AW W Ny E T Ve T
-16-14-12-10 -8 -6 -4 -2 0© 2 4 B 8 10 12 14 186
Distancd from cell center {unit=0.1588 cm}
(&) U-235(n.7}
1.4 A B A AR AR MALS AL A M AL SR MMM AL AR AL AL
13 E U-238(n,f) 6R-1z 3
\ : Disk-shaped fail E
P2 F Typical error Normalization peint 3
11 F * E
o 3
0.9 ¢ Co 4
08 Po 7 N L0 Bg N Zry L Pu —]
u r r
P N MA e M e N e B e )
1
| ' TS FEEl T TS PETS il J | FEFTS SN rErel W AT T T SR
-18-1B6-14-12-10-8 -6 -4 -2 0 2 4 6 8 1012141618

Distance from cell center (unit=0.1588 cm)

(o) U-238(n,7

1,4 'IIIIII'Iliilllllllllll'l!l‘l'llrlIIIIIIIYIIIIlIIIIIlIIIIIIIIIIIII7

1.3 U-238{n,y)6R-1z
Sqguare foll
1.2 Typical srrot Normalization point

i1 B & +

1
0.9
0.8

Illlllll'lll T

Pu Zr NUJ H Z
M oNa M o \ Ei‘ *?UNa ;“lﬁlur\xa [N
il i dilala T st T Taa a1l 1]

-16-14-12-40 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16

Distance from cell center {unit=0.1588 cm)

(c) U-238(n, v)

]
as i iax bk aladaa s laa i)

Fig. B.5 Distribution of reaction rate In 6R-lz cell

— 88*



Normalized fission rate

Normalized fission rate

Normalized capture rate

JAERI-M 93-—186

A s anannsntas AREE EALE RALE LSS RIS SIS BMAS S R LA Sl
1.3 F U-235(n.f) 7R-1z
iof Typical errcr Square foil ]
< I Normalization paint E
1.1 F v 3
i t
0.9 F 3
0.8 Pu ~ Zr 2r Eu i
U Na i‘lr’I Na (BJ} Na [EUj Na N Na | NU

Uy Na M Na g R . P N N

- 28 & T E R X IR A3 K O MR R TS TR FETE PR TR W .
-16-14-12-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16

' Distancé from cell center {unit=0.1588 cm)
(@) U-235(n.f)

.4 P T e T T e
13 E U-238(n,f} 7R-1z 3
b Disk-shaped foil 3
’ s Typical emor Normalization point 3
1.1 F o + E
: o] 3

1 ? o OI[ O o 0‘3 ?
0.9 - OO E
0.8 E - 5 . 5 o 3

U r r u
NJ, Na ¥ Na & R, Na N ¥ Na AU
(N Na N Na g8y Me [ 1] il

xg-l-.;[---!x--l-..I‘--l--l1:x-r---lnnlf-.xr---lxn-r-..i(x-lnll':l;l-“
18-16-14-12-10-8 -6 -4 -2 0 2 4 6 8 1012 14 16 18

1.4
1.3
1.2
1.1
1
0.9
0.8

Distance from celi center (unit=0.1588 cm;}
(b) U-238{n.f

IIIIIlllllIllllll!l|IIl|lllIl!lllll[tllllll]Illlllll]ll'llllli!’

U-238(n, y) 7R-1z

Typical error o ] Square foil
/ Normalization point
Pu Lr Zr EU
NJ[ Na ?\I#i Na IEJ Na [EU‘ Na Pl ] Na NU
l{lIlllllll'lllll]lllllrl 1 111111|1l%11::11||1?|11!||11:1|l|=1
-16-14-12-10 -8 -6 -4 -2 0 2 4 B 8 10 12 14 16

Distance from cell center (unit=0.1588 cm)

(¢} U-238(n, ¥)

Fig. B.6 Distribution of reaction rate in 7R-lz cell
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Fig. B.8 Time dependency of y-ray count rate of fission foils after
1 hour irradiation



