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Effective Multiplication Factor Measurement
by Feynman- @ Method (4)
- Measurement of FBR Type Fuels -

Tomoaki Mouri® Taira Hazama*
Abstract

The sub-criticality monitoring system has been developed for criticality safety
management of nuclear fuel handling facilities. Low enriched MOX or uranium fuels
have been used for sub-criticality measurements in the Deuterium Critical Assembly
(DCA). This report describes the results of sub-criticality measurements for the core
loaded with high enriched MOX fuels (JOYO MK-I fuels). The results of measurements
showed that the prompt decay constant(a), which was an index of the sub-criticality,
was detected between Keff=0.64 and Keff=0.82 and the difference of about 0.08 A Keff
could be detected.

A simulation of sub-criticality measurements was performed with the Monte Calro
code MCNP4A and the results were compared with measured values. The differences of
a values between calculations and measurements were less than 5%. It was
confirmed that the sub-criticality measurements by Feynman- @ method could be
simulated by MCNP4A code with enough accuracy.

Feynman- @ method was applied to the DCA system as the neutron flux level was
changed with time. It was confirmed that the common procedure of data processing had
an enough ability to detect @ values for slow changes of neutron flux. On the other
hand, the application of the differential filter was effective for fast changes of neutron

flux.

X Criticality Engineering Section, Experimental Reactor Division, Irradiation Center
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300 | 0.724 | 50 0 | aseniry | |0 s | 420 | s 1420 | poery | 457 | 243
3986+124 298 187 180 | 6904 | 4336
500 | 0.794 | 90 0 | aggsrt-ry | B0 |80 aeany | MO | casoy | MO0 | onooy | 826 | £276
S4-2 3003433 161 118 118 | 3731 | 3339
1000 | 0.845 | 240 0 | ssnnrory | 0B | 0 | s | | s | ™0 | quo | £1ss | 02
2876£116 103 100 84 | 3678 | 3041
2000 | 0.870 | 250 I I I I ey S I e I e e Y
5495+ 243 323 320 318 | 10254 | 6468
300 | 0.623 | 1200 10 | oos i | 490|390 | agany | 3990 | qrsam | 380 | cone) | 1402 | 501
5221 £ 155 11 43 39 | 5437 | 5329
500 | 0.686 | 1800 0| erar-ry | 4% 11300 oo | 90 | oo | 70| a0 | 436 | +296
54-4 3760179 vai0 | 19 | ieo | 136 | 1ago | 120 | 432 | 672l
1000 | 0.735 | 2400 10| gogs -7y | 400 (4720) (3320) (2920) | +494 | +563
4608£130 295 174 61 | 3677 | 4245
2000 | 0.753 | 2800 10 | aagsz-ry | 49 | 20| son | 2120 | azaoy | ™| aso) | k221 | o
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"MIER
I. 774> —aikic kL a0EORBEHEOANY T
-  S4-64F.l. MERMEAKAL600mm —

PROB-! DRIVER:1. 2wt%uo2 D=0.0cm, TEST:MK~I H=60. Ocm
¢ underside of driver region

1 8 5.0291e-5 15 -16 25 -26 imp:n=1

2 9 8.6252e-2 15 -16 26 -27 imp:n=1

¢ fuel4D20 in driver region

3 0 5-16 27 -31 imp:n=1 fill=l
4 8 5.0291e-5

-6 7 -8 9 u=l imp:n=1 lat=l fill=+8:8 -8:8 0:0
1 16r
1 16r
1 4r 2 6r 1 4r
1 3r 2 8 1 3r
1 2r 210r 1 2r
1 Ir 212r 1 1Ir
1 1r 2 5r15 2 5r 1 Ir
1 Ir 2 4r 1 2r2 4r 1 1Ir
1 Ir 2 3r15 1 2r15 2 3r 1 1Ir
1 Ir 2 4r 1 2r2 4r 1 1Ir
1 Ir 2 5r15 2 b5r 1 1Ir
1 Ir 2112r 1 1Ir
1 2r 210r 1 2r
1 3r 2 8 1 3r
1 4r 2 6r 1 4r
1 16r
1 16r
5 0 . -1 u=2 imp:n=1 fill=3
6 2 5.9603e-2 ! -2 u=2 imp:n=1
7 8 5.0291e-5 2 -3 u=2 imp:n=1
8 2 5.9603e-2 3 -4 u=2 imp:n=1
9 8 5.0291e-5 4 u=2 imp:n=1
¢ fueltAIR in driver region
10 0 15 -16 31 -32 imp:n=1 fill=6
11 8 5.0291e-5 -6 7 -8 9 u=6 imp:n=1 lat=1 fill=-8:8 -8:8 0:0
6 16r
6 161
6 4r 7 6r 6 4r
6 3r 7 8r 6 3r
6 2r 7 10r 6 2r
6 Ir 712r 6 Ir
6 Ir 7 5r16 7 5r 6 Ir
6 1r 7 4r 6 2r 7 4r 6 Ir
6 Ir 7 3r16 6 2r16 7 3r 6 Ir
6 Ir 7 4r 6 2r 7 4r 6 Ir
6 Ir 7 5r16 7 5r 6 Ir
6 Ir 712r 6 Ir
6 2r 710r 6 2r
6 3r 7 8 6 3r
6 4r 7 6r 6 4r
6 16r
6 16r
12 0 | u=7 imp:n=1 fill=3
13 2 5.9603e-2 1 -2 u=7 imp:n=l
14 g8 5.0291e-5 2 -3 u=7 imp:n=l
15 2 5.9603e-2 3 -4 u=7 imp:n=1
8 5.0291e-5 4 u=7 imp:n=l

6

¢ upside of driver region )
17 8§ 5.0291e-5 15 -16 32 -33 imp:n=1
¢ inside of pressure lube i )
18 0 237 u=3 trcl=(0.9281 0.9281 0.0) imp:n=1 fill=8
19 like 18 but trcl=(0.9281 -0.9281 0.0)

20 like 18 but trcl=(-0.9281 0.9281 0.0)

21 like 18 but trcl=(-0.9281 -0.9281 0.0)
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22 like 18 bul trcl=(2.7716 1. 1481 0.0)
23 like 18 bul trcl=(2.7716 -1.1481 0.0)
24 like 18 bul trcl=(-2.7716 1.1481 0.0)
25 like 18 but trecl=(-2.7716 -1.1481 0.0)
26 like 18 but trecl=(1.1481 2.7716 0.0)
27 like 18 but trcl=(1.1481 -2.7716 0.0)
28 like 18 but trcl=(-1.1481 2.7716 0.0)
29 like 18 but trel=(-1.1481 -2.7716 0.0)
30 like 18 but trcl=(4.6661 0.9281 0.0)
31 like 18 but trcl=(4.6661 -0.9281 0.0)
32 like 18 but trcl=(-4.6661 0.9281 0.0)
33 like 18 but trcl=(-4.6661 -0.9281 0.0)
34 like 18 but trcl=(0.9281 4.6661 0.0)
35 like 18 but trel=(0.9281 -4.6661 0.0)
36 like 18 but trcl=(-0.9281 4.6661 0.0)
317 like 18 but trcl=(-0.9281 -4.6661 0.0)
38 like 18 but trcl=(3.9557 2.6431 0.0)
39 like 18 but trcl=(3.9557 -2. 6431 0.0)
40 like 18 but trcl=(-3.9557 2.6431 0.0)
41 like 18 but trcl=(-3.9557 -2.6431 0.0)
42 like 18 but trcl=(2.6431 3.9557 0.0)
43 like 18 but trcl=(2.6431 -3.9557 0.0)
44  like 18 but trcl=(-2.6431 3.9557 0.0)
45 like 18 but trcl=(-2.6431 -3.9557 0.0)

46 8 5.0291e-5 -383-39 #21 #25 £29 #33 #37 #41 #45
u=3 imp:n=1

47 8 5.0291e-5 -38 39 #20 #24 #28 #32 #36 #40 #44
u=3 imp:n=1

48 8 5.0291e-5 383 -39 #19 #£23 #27 #31 #35 #39 #43
u=3 imp:n=1

49 8 5.0291e-5 38 39 #18 #22 #26 #30 #34 #38 #42
u=3 imp:n=1

50 1 17.0407e-2 -35 u=8 imp:n=1

51 8 5.0291e-5 35 -36 “u=8 imp:n=1

52 2 5.9603e-2 36 u=8 imp:n=1

¢ outer test region

53 2 5.9603e-2 14 -15 41 -33 imp:n=1

54 8 5.029le-5 13 -14 41 -33 imp:n=1

55 2 5.9603e-2 12 -13 41 -33 imp:n=1

c test region (blanket + h20) :

56 0 11 -12 41 -217 imp:n=1 fill=4

57 6 1.0024e-1 -18 %9 -20 21 u=4 imp:n=1 lat=1 fill=-9:9 -9:9 0:0
4 18r
4 18r
4 6r 5 4r 4 6r
4 4r 5 8r 4 4r
4 3r 510r 4 3r
4 2r 512r 4 7Zr
4 2r 5 4r 4 2r 5 4r 4 Ir
4 Ir 5 4r 4 4r 5 4r 4 1Ir
4 1Ir 5 3r 4 6r 5 3r 4 Ir
4 Ir 5 3r 4 6r 5 3r 4 1Ir
4 Ir 5 3r 4 6r 5 3r 4 1Ir
4 1r 5 4r 4 4r 5 4r 4 Ir
4 2r 5 4r 4 2r 5 4r 4 2r
4 2r 512r 4 Zr
4 3r 510r 4 3r
4 4r 5 8r 4 4r
4 6r 5 4r 4 6r
4 iar
4 18r .

58 5 6.9110e-2 =22 u=5 imp:n=l

59 8 5.0291e-5 22 -23 u=5 imp:n=l

60 4 8.6355e-2 23 -24 u=5 imp:n=l

61 6 1.0024e-1 24 u=5 imp:n=1

¢ test region (fuel + h20) ) i

62 0 11 =12 27 -28 imp:n=1 fill=9
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63 6 1.0024e-1 -18 lég -20 21 u=9 imp:n=1 lat=1 fill=-9:9 -9:9 0:0

r

9 18r
6r 10 4r
4r 10 8r
3r 10 10r
2r 10 12r
2r 10 4r
Ir 10 4r
Ir 10 3r
Ir 10 3r
Ir 10 3r
Ir 10 4r
10 4r
10 12r
10 10r
-10 8r
10 4r

6r
4r
3r

2r 10 4r
4r 10 4r

10 3r
6r 10 3r
4r 10 4r
2r 10 4r

2r
Ir
Ir
Ir
Ir
Ir
2r

DO D WD DD DD OO D O WD O
[ W T R
[ T B B e |
DWW OO IO D WD W WL WWWLWD
o
-
OO WPW WO O

oW
1 st et
& OO0 OO
(S Ry Mlae ]

64 3 6.9196e-2 u=10 imp:n=1
65 8 5.029le-5 22 -23 u=10 imp:n=1
66 4 8.6355e-2 23 -24 u=10 imp:n=1
67 6 1.0024e-1 24 u=10 imp:n=1
¢ test region (fuel + air) _
68 0 11 -12 28 -29 “imp:n=
69 6 1.0024e-1 -18 19 =20 21 u=11 imp:n=
i1 18r
11 18r
11 6r 12 4r 11 6r
11 4r 12 8r 11 d4r
11 3r 12 10r 11 3r
11 2r 12 12r 11 2r
11 2r 12 4r 11 2r 12 4r 11 Zr
11 1r 12 4r 11 4r 12 4r 11 1Ir
11 1r12 3r 11 6r 12 3r 11 1Ir
11 1r12 3r 11 6r 12 3r 11 1Ir
11 1r12 3r 11 6r 12 3r 1l Ir
11 Ir 12 4r 11 4r 12 4r 11 1Ir
11 2r 12 4r 11 2r 12 4r 11 2r
11 2r 12 12r 11 Zr
11 3r 12 i0r 11 3r
11 4r 12 8r 11 4r
11 6r 12 4r 11 6r
11 18r
11 18r .
70 3 6.9196e-2  -22 u=12 imp:
11 8 5.0291e-5 22 -23 u=12 imp:
é 8.

fill=11
lat=1 fill=-9:9 -9:9 0:0

=
|l

=
]
e

12 6355e-2 23 -24 u=12 imp:
73 1.0024e-1 24 u=12 imp:
¢ test region (blanket + air)
74 0 11 -12 29 -30 imp:
19 8 5.0291e-5 -18 19 -20 21 u=13 imp:
13 18r
13 18r
13 6r 14 4r 13 6r
13 4r 14 8r 13 4r
13 3r 14 10r 13 3r
13 2r 14 12r 13 2r
13 2r 14 4r 13 2r 14 4r 13 2r
13 1r 14 4r 13 4r 14 4r 13 Ir
13 1r 14 3r 13 6r 14 3r 13 Ir
13 1r 14 3r 13 6r 14 3r 13 Ir
13 ir 14 3r 13 6r 14 3r 13 Ir
13 1r 14 4r 13 4r 14 4r 13 Ir
13 2r 14 4r 13 2r 14 4r 13 2r
13 2r 14 12r 13 2r

=]

fill=13
lat=1 fill=-9:9 -9:9 0:0

=
(]
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13 3r 14 10r 13 3r
13 4r 14 8r 13 d4dr
13 6r 14 4r 13 6r

13 18r

13 18r
6 5 6.9110e-2 =22 u=14 imp:n=l
11 8 5.0291e-5 22 -23 u=14 imp:n=l
18 4 8.6355e-2 23 -24 u=14 imp:n=1
79 8 5.0291e-5 24 u=14 imp:n=l

¢ test region (upper void)

80 8 5.0291e-5 11 -12 30 -33 imp:n=1
¢ inner tesi region

81 2 5.9603e-2 10 -11 41 -33 imp:

n=1
82 8 5.0291e-5 -10 .41 -33 #96 #97 imp:n=1
¢ upper grid plate
83 10 6.0238e-2 -16 33 -34 imp:n=1
¢ core tank
84 2 5.9603e-2 16 -17 25 -34 imp:n=1
¢ outside of core
85 0 (17:-41:34) imp:n=0
86 8 5.0291e-5 -3 u=15 imp:n=1
87 2 5.9603e-2 3 -4 u=15 imp:n=1
88 8§ 5.0291e-5 4 u=15 imp:n=1
89 8 5.0291e-5 -3 u=16 imp:n=1
90 2 5.9603e-2 3 -4 u=16 imp:n=1
91 8 5.0291e-2 4 u=16 imp:n=1
¢ bottom
92 2 5.9603e-2 42 -17 40 -25 imp:n=1
93 8 5.0291e-5 43 -17 41 -40 imp:n=1
94 9 5.9603e-2 42 -43 41 -40 imp:n=1
95 8 5.0291e-5 15 -42 41 -25 imp:n=1
¢ detector
96 11 9.7852e-5 44 -45 47 imp:n=1
97 9 8.6252e-2 27 -46 -48 #96 imp:p=1
1 cz 5.84
2 cz 6.04
3 cz 6.625
4 cz 6.825
6 px 10.0
7 px -10.0
8 py 10.0
9 py -10.0
10 cz 6.0
11 cz 6.5
12 cz 19.5
13 cz 20.0
14 cz 26.17
15 cz 27.5

16 cz 150.25
17 cz 151.75

18 px 1.2
19 px -1.2
20 py 1.2
21 py -1.2
22 cz 0.21
23 cz 0.28
24 cz 0.315
25 pz -16.7
26 pz -10.2
21 pz 0.0
28 pz 40.0
29 pz 60.0
30 pz 100.0
31 - pz 164.68
32 pz 200.0
33 pz 292.3
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pz 332.3

cz 0.
cz 0.7515
cz 0.8365
px 0.
py 0.

pz -19.17
pz -40.0
¢z 57.5
cz 60.5

pz 2

o4

pz  52.54
pz 55.08

cz 2.
cz 2.

0
551

c
sdef pos=0 23 30 tme=15201005961

c
ml
m2
m3

m4

mo

il}]

m7

m8
m9

ml0
mlil

8016.
92235.
92238.
13027.
12000.

8016.
92235.
92238.
94239.
94240.
54241.
94242.
24000.
25055.
26000.
28000.
42000.

8016.
92235.
92238.

'1001.

8016.

1001.

1002.

8016.

7014.

8016.
24000.
25055.
26000.
28000.
130217.

2003.

c
mi6 Iwtr.01t
nt7 hwir. 01t

37c
37c
3¢
3Tc
37c
31c
37c
37¢c
3¢
37¢
3Tc
3¢
3Tc
3¢
3¢
37c
3¢
31c

3¢

3¢

3¢

37c
3¢
37c
3Tc
3¢
3Tc
3¢
37c
3Tc
3¢
37c
3¢

4.

1379%e-2

2.8052e-4

- CFY bt et bt €2 CAD CT Pt CAD €Y ND s i bt (D CF) et et DND bt o) CAD 4 o P et €Y DND

.2747e-2
. 7880e-2
.'1226e-3
.6130e-2
.4147e-3
. 4593e-2
.1122e-3
.6872e-4
.4903e-4
. 3087e-5
. 5820e-2
. 1615e-3
. 1620e-2
. 8930e-3
. 2609e-3
. 6073e-2
.6661e-5
.2990e-2
.6827e-2
.3413e-2
.9937e-4
.6256e-2
.3228e-2
.9623e-5
:0668e-5
. T7428e-2
. 7363e-3
.9571e-2
.5167e-3
6.
9.

0238e-2
1852e-5

c
fc4 current across.
f4:n 96

c
nps 30000000

prdmp j 30000000 -1

cut:n j j 0.0

$ uo2

$ al-clad/tube
$ mk-1

$ mk-1 clad (sus316)

$ blanket

$ h2o
$ d2o

$ air
$ lower grid (sus304)

$ upper grid (al)
$ detector (he3)



