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Estimation of Subcriticality with the Computed Values (1)

— Application of “Indirect Estimation Method

for Calculation Error” to Exponential Experiment —
Kivoshi SAKURAI, Takuya ARAKAWA, Toshihiro YAMAMOTO and Yoshitaka NAITO

Department of Fuel Cycle Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 19, 1996}

Estimation accuracy for subcriticality on “Indirect Estimation Methed for Calculation
Error” is expressed in formof p» —0. =K (7.." = 7.."). This expression means
that estimation accuracy for subcriticality is proportional to {7 .. — 7:n") as
estimation accuracy of buckling for axial direction. The proportional constant K is
calculated, but the influence of the uncertainty of K to estimation accuracy for
subcriticality is smaller than in case of comparison for pn =—K (7.."” +B.")
with calculated p.. When the values of K were calculated, the estimation accuracy is
kept enough. If 7..% equal to 7..’, @. equal to p. Reliability of this wmethod is

shown on base of results in which are calculated using MCNP 4A for four subcritical

cores of TCA.

Keywords: “Indirect Bstimation Method for Calculation Error”, Subcriticality, Estimation

Accuracy, Buckling for Axial Direction, TCA, MCNP 4A
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surface cards (origin x=0.8780 y=0.8780 z=0. 0)
parallelpiped

X 0. 000ceo
DX 1. 95600
Py 0. 00000
Py 1. 95600
Pz 0. 60000

pz [44. 15000

cylinder

c¢/z 0.9780 0.9780 0.6250
¢/z 0.978G 0.9780 0. 7085
track length estimafor c/z
c/z 0.8%780 0.9780 0.3100

eritical water level= 100.000(cm)
pz 0.0

pz 100. 008

pz 144.15

pitchx 17=33. 25200 (cn)

(33. 25200%33. 25200%144. 15)
parallelpiped

px  0.00001
px  33.25199
py  0.00001
py  33.25199
pz  0.00001

pz 144. 14999

water refrect=30.000(cm)
parallelpiped
px -28.99889
px  B63.25198
py -29. 99998
py 63.25199
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track length estimator cell pz
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pz 45.0
pz 50.0
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pz 80.0
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pz 90.0
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pz 100.0
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outer world
5 16. 626 16.626 72.075 150.0

[ ]
(e ]

data cards

1 $ transfart neutrons only

o
(=9
(30}

material cards

U(2.6)02 pellet

92235. 37c 6. 086e-4 3 U-23

82238.37c 2. 253e-2 § U-23
8016. 37c 4. T23e-2 30

BoocooB OO

—_

c Al cladding (with an air gap)

n2 [3027.37c 5.587e-2 3 Al

c

c wvater (300k)

n3 1001. 37c 6. 676e-2 $ H
8016.37c 3. 338e-2 30

ntd  Ilwtr.0lt

c

¢ air {0.0012 g/ecn3) jaeri-nB828
n4 10G1.37c -0.001

6012.37c -0.0126

7014.37c -75.5

8016. 37c -23. 2
n235 92235.37c 1

¢ default energy bins; hansen-roach structure
el 1. 0e-T7 4.0e-7 1.0e-6 3.0e~6 1.0e-5 3.Ce-5 1.0e-4 5. 5e-4 3. 0e-3
1.7e-2 0.1 0.4 0.9 1.4 3.0 20.0

e tallies

fcd total fission cross section in u=3

c

fd:n ( 9¢5[-14 -8 D0i<B) (10<5[-14 -8 0]<B) (i11<5[-14 -8 0]<B)
(12<5{-14 -8 0i<8) (13<5[-14 -8 0]<B) (14<5[-14 -8B 0]<B)
(15<5[-14 -8 0]<b) {16<5[-14 -8 0]<B) (17<5[-14 -8 0]<8)
(18<5[-14 -8 0]<6) (18<5[-14 -8 0]<B6) (20<5({-14 -8 0]<B)
{21<5[-14 -8 0]<B) (22<5[-14 -8 0]<B) {23<5[-i4 -8 0]<6)
(24<5[-14 -8 0]<B) (25<5{-14 -8 0]<B) (26<5[-14 -8 0]<6)
(27<8[-14 -8 O0]<B6} (28<5[-14 -8 D]<B)

fod (1.0 235 -B)

e
sdef erg=dl pos=16.626 16.626 0.0 wgt=1

c
spl -3 1.025 2.926

c
prdmp j 200000 I 3
c

nps 1000000

tatnu

¢
print -100 -110 -175
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0 89

surface cards (origin x=0. 9780 y=0.9780 z=C.0)
paralleipiped

pX 0. 00000
pX 1. 95600
Py 0. 06000
PY 1. 95600
pz 0. 00000

pz 144.15000

eylinder

c¢/z 0.8780 0.9780 0.86250
¢/z 0.9780 0.9780 0. 7085
track length estimator c¢/z
c/z 0.9780 0.9780 0.3100

critical water level= 100.000(cm)
pz 0.0
pz 100. 000
pz 144.1%5
pitchk 17=33. 25200 (cn)
(33. 25200%33. 25200%144. 15)
parallelpiped
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water refrect= 30. 000 (cm)
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F~OOOOO0OOOCOoOLDQMOO OO o000 COoO0O

imp:n=0



JAERI-Research 96-045

oufer world
5 16. 626 16,626 72.073 150.0

[xeNv]
[4=]

data cards

n $ transfort neutrons only

(=]
(=N
ae]

material cards

U(2.6)02 pellet
92235. 37¢ 6. 086e-4 $ U
92238, 37¢c 2. 255e-2 $ U-

8016.37c 4.725e-2 $ 0

BeaOaBR o000

—_

C Al cladding (with an air gap)
m2  13627.37c 5. 587e-2 3 Al

C water (300K)

n3 1001. 3%7c 6.676e-2 $H
8016.37c 3.338e-2 $0

ot3  lwtr. 01t

e air (0.0012 g/cm3) jaeri-m6928
nd 1001.3%7e -0.001
6012.37c -0.0126
7014.37c -75.5
8016. 37c -23. 2
0235 92233.37Tc 1
C
c default energy bins; hansen-roach structure
el 1. 0e-7 4.0e-7 1.C0e-6 3.0e-6 1.0e-5 3.0e-5 1.0e-4 5.5e~4 3.Ge-3
1.7e-2 0.1 0.4 0.9 1.4 3.0 20.0

C

¢ tallies

fcd total fission cross section in u=3

c

fd:n ( 8<5[-14 -8 D0]<B) (10<5[-14 -8 0]<8) (11<5[-14 -8 O0}<E)
(12<5[-14 -8 0}<6) (13<5[-14 -8 0]<B) (14<5[-14 -8 0)<8)
(15¢<5[-14 -8 0]<6) (16<5[-14 -8 0]<6) (17<5{-14 -8 0]<8)
(18<5[-14 -8 0]<6) (19<5[-14 -8 0]<B) (20<5[-14 -8 {T]<6)
(21<5[-14 -8 0]<B) (22¢<5[-14 -8 0]<B) (23<5[-14 -8 O(]<B)
(24<5[-14 -8 O0]<B) (25¢<5[-14 -8 0]<B6) (26<5[-14 -8 0]<8)
(27¢<5[-14 -8 0]<6) (28<5[-14 -8 0]<B)

fnd (1.0 235 -6)

gdef erg=dl pos=16.626 16.626 0.0 wgt=1
§p1 -3 1.025 2.926

grdmp j 200000 1 3

c
nps 1060000
totnu

c
print -100 -110 -173



JAERI-Research 96-043

file name=tr3-10

NP W — O 00 Q000

single 1T% 17 : 142 fuel rod
criticat water level 100.0(c
lattice piteh

reflect water 30.000(cm)
cellcards
1 7.040860e-2 -1
2 5.587000e-2 7 -8B
3 1.001400e-1 8
4 -0.0012 B
0 1 -2
fill=-16:0 -16:0
14411441
41144141
41144441
14141114
41141414
41414114
14414141
41414141
41341414
14414141
41141414
14144114
14414141
41414411
414111414
14411414
41144114
0 21 -22
3 1.001400e-~1 #6 (31 -32
4 -0.0012 #6 #7 -9%8
track length estimator cell
4 -0.0012 -7
4 -0.0012 -7
4 -0.0012 -7
4 -0.0012 -7
4 -0.0012 -7
4 -0.0012 -7
4 ~0.0012 -7
4 -0.0012 -7
4 -0.0012 -1
4 -0.06012 -7
4 ~0.0012 -7
4 -0.0012 -1
4 -0.0012 -1
4 -0.0012 -1
4 -0.0012 -1
4 -0.0012 -7
4 -0.0012 -1
4 -0.0012 -7
4 -0.0012 -7
4 -0.0012 -1
4 -0.0012 -1
like 2 but
like 3 but
like 4 but
3 1.001400e-1
4 -0.0012
3 1.001400e~1 -7
4 -0.0012 -1
like 2 but
like 3 but
like 4 but

8

m)
1.856 (cm) ;U (2. 6)02

10 -12
10 -12
10 ~11

11 ~-12
3 -4 59 -B
0:0
41141444
14144111
41414114
4114414°1%
14441411
41111444
41114114
14441441
41144341
41144141
41411441
11141414
44411441
41144141
14414114
14141441
41144114
23 -24 25 -26
33 ~34 35 -36)
41 -42
42 -43
43 -44
44 -45
45 -46
46 -47
47 -48
48 -49
49 ~50
50 =51
51 -52
52 -53
53 -54
54 -55
55 ~-56
56 -57
a7 -58
58 -59
59 -60
60 ~g1
61 -62
10 -11

11 -12
10 -11
11 -12

e B =T B o e |

=mass
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fill=2
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surface cards (origin x=0. 9780 y=0.9780 z=0.0)

JAERI-Research 96-045

a9

parallelpiped

PX 0. 00000

px 1. 85600

Y 0. 0000

Y 1. 5600

pZ 0. 00000

pz 144. 15000

cylinder

c/z 0.8780 0.9780 0.6250
c¢/z 0.9780 0.8780 0.7085

track length estinmator c/z

e/z 0.9780 0.9780 0.3100
eritical water level= 100. 000 (cn)
pz 0.0

pz 100. 000

pz 144.13

pitch® 17=33.25200(cm) .
(33. 25200%33. 25200%144. 15)
parallelpiped

PX
PX
1)
By
pZ
pz

0
33

. 00001
.25199

0. 00001

33
0
144

. 22198
. 00001
. 14898

water refrect= 30.00C{cn)
parallelpiped

PX
pX
Py
py
pZ
Pz

-29
63
-29
63
-29
99

. 99899
. 25199
. 99888
. 23198
. 9508499
. 99998

track length estimator cell pz

pZ
Pz
pe
Dz
Pz
Pz
pz
Pz
Pz
pZ
PZ
DZ
pZ
pz
Pz
pZ
pz
pz
A
Pz
Pz
Pz

0.
5.
10.
15.
20.
25.
30.
39.
40,
43.
0.
53.
80.
63.
10.
75.
80.
85.
a0.
93.
100.
144.

— OO O0DOCOoOOoOCOoOoOooDDo OO 0o

imp:n=0



JAERI-Research 96-045

c outer world
39 5 18.626 16.626 72.075 150.0

¢ data cards

c

mode n 3 transfort neutrons only
c

c material cards

c

C U{2.6)02 pellet

ml 92235.37c 6.CBGe-4 8 U-235
92238. 37c 2. 255e-2 ¢ U-238
8016. 37c 4. 725e-2 30

4

c Al ciadding (with an air gap)

mZ  13027.37c 3. 5987e-2 $ Al

c water (300K)

nd 1001. 37¢ 6.676e-2 3H
8016. 37c 3. 338e-2 30

ptd  Iwtr. 01t

C air (0.0812 g/cn3) jaeri-nB828
nd 1001. 37c -0. 001

6012.37c -0.0126

7014. 37c -75.5

8016.37c -23.2
0235 92235.37c 1

c default energy bins; hansen-roach structure
el 1.0e-7 4.0e-T7 1.0e-6 3.0e-6 1.0e-5 3.0e-5 1.0e-4 5. 5e-4 3.0e-3

1.7e-2 0.1 0.4 C.9 1.4 3.0 20.0

C tallies
fed  total fission cross section in u=3

. C

fd:n  ( 9<5[-14 -8B 0]<B) (10<5[-14 -8 0]<B) {11<5[-14 -8 0]<B)
(12<5[-14 -8 0]<6) (13<5[-14 -8 0]<8) (14<5[-14 -8 0]<B)
(15¢5[-14 -8 01<B) (16<5[-14 -8 D0}<B) (17<5[-14 -8 0}<8)
(18<5[-14 -8 0]<B) (18<5[-14 -8 0]<B) (20<5{-14 -8 D]<6)
(21<5{-14 -8 0]<6) (22<5[-14 -8 0]<B) (23<5[-14 -8 ©]<6)
(24<51-14 -8 0]<E) (25<5[-14 -8 0Q]<B} (26<5[-14 -8 §]<E)
(27<5[-14 -8 0]<6) (28<5[-14 -8 0]<8)

fod (1.0 235 -B)

:def erg=d] pos=16.626 16.626 0.0 wgt=1
gpl -3 1.025 2.928

grdmp j 200000 1 3

c
nps 1000060
totnu

c
print -100 -110 -175
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file name=tr3-14

M~ O O OO0 0000

single 17% 17 : 80 fuel rods
critical water level 100.0(c
lattice pitch
reflect water 30.000(cm)

celleards

I 7.040860e-2 -7

2 5.587000e-2 7 -8

3 1.001400e-1 8

4 -0.0012 8

0 1 -2
fill=-16:0 -16:0
14444441
44144144
41444441
44141414
41444414
44414144
14444441
44414144
41341414
44414444
41441414
14444114
44414444
44414441
41441444
44411444
41444414

0 21 -22

3 1.001400e~-1 #6 (31 -32

4 -0.0012 #5 #7 ~98

track length estimator cell

4 -0.0012 -7

4 -0.0012 -7

4 -0.0012 -7

4 -0,0012 -7

4 -0.0012 -7

4 -0.0012 -7

4 -0.0012 -7

4 -0.0012 -7

4 -0.0012 ol

4 -0.0012 =7

4 -0.0012 -7

4 -0.0012 -7

4 -0.0012 =7

4 -0.0012 -7

4 -0.0012 -7

4 -0.0012 -7

4 -0.0012 -7

4 -0,0012 -7

4 -0.0012 -7

4 -0.0012 =7

4 -0.0012 -7

like 2 but

like 3 but

like 4 but

3 1.001400e-1

4 -0.00i12

3 1.001400e-1 =T

4 -0.0012 -7

like 2 but

like 3 but

like 4 bdut

o)
1. 856 (cm) ; U (2. 6) 02

[ T — T Y A -

10 -12

10 -12

10 -11

11 -12

3 -4 5 -B
0:0
4§ 144444
4414411
4444444
4114414
1444441
4441144
4414441
1444144
4114434
4414414
4144444
4144141
4441444
4144444
4441411
44141 44
4144444
23 -24 25 -28B

[l =SSR ~ STt T S N ST M S

33 -34 35 -36)

41
42
43
44
45
45
47
48
49
50
51
92
33
54
95
56
57
a8
59
60
61

10

10
11

~-42
-43
-44
~49
-46
-47
-48
~49
-30
-3l
-32
-33
-54
~55
-56
-a7
-58
-39
-60
-61
-62

-11
11 -12
-11
-12

imp:
imp:
imp:
imp:
imp:

imp:
imp:
imp:

iEp:
inp:
inp:
imp:
imp:
imp:
inp:
inp:
imp:
inp:
iop:
imp:
imp:
imp:
imp:
imp:
imp:
inp:
imp:
imp:
imp:
imp:
iop:
imp:
inp:
iop:
inp:
inp:
inp:
imp:
inp:
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QO OO O-N0 000

JAERI-Research  96-045

0 | 99

surface cards {origin x=0.9780 y=0.9780 z=0.0)
parallelpiped

PX 0. 60000
pX 1. 65600
Py 6. C0000
Dy 1. 95600
Pz 0. 00000

pz 144, 15000

cylinder

c/z 0.9780 0.9780 D.6250
c/z 0.9780 0.8780 0. 7085
track length estimator c/z
e/z 0.9780 0.9780 0. 3100

critical water level= 100.000(cm)
pz 0.0
pz 100, 000
pz -144.13
pitchk 17=33. 252G0 (cm)
(33. 25200%33. 25200%144. 15)
parallelpiped

pX 0. 0000t
px  33.25189
py  0.00001
py 33.25199
pz 0. 00C0!

rz 144. 14938

water refrect= 30.000{cm)
parallelpiped

px  -29.99999
px B63.25199
py -29. 89989
py 63.25199
pz -28.999889
pz  $8.99%99

track length estimator cell pz
pz 0.
Pz o.
pz 10.
pz 14,
pz  20.
pz  25.
pz 30.
pz 35.
pz 40.
pz 45,
pz 50.
pz 55,
pz 80,
pz G5,
pz 7T0.
pz 5.
pz BO.
pz 85.
pz 80.
pz 9%
pz 100.
pz 144,

— OOoOOoOOoOOOOOOOOoOo OO0 ooDOoOoOoOoOoO0O

igp:n=0



JAERI-Research 96-045

outer world
5 16.526 16.626 72.075 150.0

(<= N ]
[

data cards

n 8 transfort neutrons only

(=)
(=9
12}

material cards

U(2.6)02 pellet
82235, 37c 6. (86e-4 3 U-2
92238.37c 2. 255e-2 3 U-2
8016. 37c 4. 725e-2 30

BB GO0

[

c Al cladding (with an air gap)
n2 13027.37c 5. 587e-2 3 Al

c water (300K)

n3 1001. 37c 6. 675e-2 $H
8016.37c 3. 338e-2 $0
at3 lwir. 01t

c air -{0.0012 g/cm3) jaeri-n6928
64 1001. 37¢ -0.001

B012.37c -0.0126

7014. 37c -75.3

8016. 37c -23.2
235 92235, 37c |

c default energy bins; hansen-roach structure
el 1. 0e-7 4.0e-7 1.0e~6 3.0e-6 1.0e-5 3.0e-5 1.0e-4 5. 5e-4 3. 0e-3
1.7e-2 0.1 0.4 0.9 1.4 3.0 20.0

¢ tallies

fcd total fission cross section in u=3

C

fd:n ( 8<5[-14 -8 0]<B) (10<5[-14 -8 0]<6) (11<5[-14 -8 0]<6)
(12¢5[-14 -8 0]<B) (13<5([-14 -8 0j<6) (14<5[-14 -8B 0]<6)
(15<5[-14 -8 0]<6) (16<5[-14 -8 0j<B) (17<5[-14 -8 0]<6)
(18<5[-14 -8 0]<B) (19<5[-14 -8 0]<B) (20<5[-14 -8 0]<6)
(21<5[-14 -8 D}<B) (22<5[-14 -8 O0]<6) (23<5[-14 -8 0]<6)
(24<5[-14 -B D]<B) (25¢5[-14 -8 0j<B) (26<5([-14 -8 0]<6)
(27¢5[-14 ~8 0]<B) (28<5([-14 -8 0]<8)

fod (1.0 235 -6)

zdef erg=dl pos=16.626 16.626 0.0 wgt=I
gpl -3 1.025 2.826

grdmp j 50000 1 3

gps 200000

totnu

C
print ~100 -110 -17a



