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the Radiation Protection Division, INC Toka Works
in Fiscal 2003

(Document on Present State of Affairs)

Radiation Protection Division

Abstract

This annual report summarizes the activities, such as radiation control in the radiation facilities,
personnel monitoring, monitoring of gas and liquid waste effluents, environmental monitoring,
instrumentation, safety research, and technical support, undertaken by the Radiation Protection
Division at JINC Tokai Worksin fiscal 2003.

The mgjor radiation facilities in the Tokai Works are the Tokai Reprocessing Plant (TRP), three
MOX fud fabrication facilities, the Chemical Processing Facility (CPF), and various other
radli oi sotope and uranium research laboratories.

The Radiation Protection Division is responsible for radiation control in and around these
radiation facilities, including personnel monitoring, workplace monitoring, consultation on
radiological work planning and evaluation, monitoring of gas and liquid waste effluents,
environmental monitoring, instrumentation, calibration, quality assurance, and safety research.
The Division aso provides technical support and cooperation to other international and domestic
ingtitutes in the radiation protection field.

In fiscal 2003, the results of radiological monitoring showed the situation to be normal, and no
radiological incident or accident occurred. The maximum annua effective dose to radiation
workers was 6.2 mSv and the mean annual effective dose was 0.1 mSv. Individua doses were
kept within the annual dose limit specified in the safety regulations. The estimated effective dose
caused by gas and liquid effluents from the TRP to members of the public around the Tokal
Works was 4.2~ 10* mSv. Environmental monitoring and effluent control were performed
appropriately in compliance with safety regulation and standards. In addition, the various
preparations were made for introduction of the quality assurance to regulation since fiscal 2004.
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A \ 4 A 4 A4 y
EXRADIN A6 AIC (s/n:223) 1Am-Be e OKURA 1500cm*-AIC 241
TOYO-MEDIC RAMTEC1000G (s/n:162) ETL-SX-30 AIC 111GBq 999MBq OKURA RD1210B10 U308 a6 29
YOKOKAWA 756201 (s/n:7562FA016) (ID#: 7544NK) (ID#: NS0054) (s/n: 2RA626001) cl
¥7cs Co  X-rays QI=0.7 0512y, 2%7],47pm oKr
\ 4 ¢ Y
%0co Bcs Bcs X-ray Beta radiation \ 4 v
Isotropic source Beam geometry QI=0.7 "Middle" spectrum Buchler BSS No.76 a/b surface emission rate Other radionuclides
106, 106
) 051y 1.85GBq Ru-""Rh
3.7GBq 1.85TBq (ID#: 1130GP) PANTAK HF-320C (ID#: BP718) ALOKA FC-R74-2754 90590y

3.7GBg (ID#: 111GBq (ID#: 5414GN) (s/n: 0202-7573) 9051y 74MBq (ID#BP717) 2p gas-flow counter 281 3¢ (e
(ID# W-92) | 416M) 11.1GBq (ID#: 9240GQ) COMET MXR-350/26 ot - pg e 9AROLL m o
555MBq (ID#: 8488GQ) (s/n: 54-1762) L V18.5MBq (ID#: 115) (sin: ) Co
Pm 518MBq (ID#: 127) 1¥p

A \ 4 *v A\ 4 { l
Victoreen 550-3-T (s/n:145) Exradin A5 AIC OYO-GIKEN CE-60 AIC
Panasonic | Panasonic Victoreen 500-SI (s/n:1203) RAMTEC1000G (s/n:2203162) Studvik 2202D NSN
UD-808P | UD-809P YOKOKAWA 756201 Yokokawa 756201 OYO-GIKEN AE-136 (s/n: 9050) (s/n: 871021)
(s/n:25WH0085) (s/n:2203165)
Bcg 1870g X-ray 90590y 2047| 147py 241Am.Be, 2°Cf 241 Am_Be, 2°Cf
! v
g X-ray U308
Panasonic UD-794P . .
gamma irradiator H'ghSA". Ke;ggoRate
(ID#: 5649GN) eries

AIST
IRM
JRIA
AlC

Toshiba FDG-202 RPL

ALOKA DRM-201 AIC

system .

(s/n: 10940001) (s/n:17R1103)
¥cs 137Cs, X-rays
gray X-ray

JREC ES-805-Nal(Tl) Amptek XR-100T-CdTe
(s/n: 495)

ETL

7.1

Neutron spectrometer

BTI ROSPEC (s/n: 0200)
BMS(Bonner Multi-sphere System)

Mixtured gray

OYO-GIKEN C-110G AIC
(s/n: 1058)

Large area a/b radioactivity measurement system
JREC ES-7317

U308, 2**Am, *Cl and others

Gamma-spectroscopy

PGT IGC-10200SD

TTO-700Z Ov¥8NL ONC
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7.2 UD-794P

[ m ; Pt100 )
DMM 756201 |

7673 7563

=_|_= — ]
.

il

I
I
I
I
I
l

(ExradinA6 ) :
I
'GP-1B

| (RAMTECI00G ) M ,
DOS/V
7.3 SIDACS2

47



8Y

7.1 RI

1 2 3 4 1 2 3 4

Cs-137 1.85 TBq 364 | 394 | 281 | 273 | 1312 31:16|27:47)26:03/18:55 104:01 176

Cs-137 555 MBq Cs-137 215 | 72 | 208 | 109 | 604 4410 41:42| 9:26 |31:54|14:56 97:58 369-37 108 203

Cs-137 11.1 GBq 329 | 120 | 209 | 163 | 821 33:45| 9:06 |22:02/11:10| 76:03 140

Cs-137 111  GBq 353 | 516 | 421 | 383 | 1673 24:50/25:05|24:08|17:32 91:35 170

Co-60 3.7 GBq 0 13 4 3 20 0:00|0:14|2:19|3:20| 5:53 5

Ra-226 1.85 GBq Y 0 0 0 0 0 26 [0:00|0:00|0:00|0:00( 0:00 6:04 0 5

Cs-137 3.7 GBq 0 5 0 1 6 0:00|0:05|0:00 0:06| 0:11 2
Am-241-Be 37 GBq 140 | 235 | 134 | 145 | 654 40:17|41:24/33:03|27:54( 142:38 85

Cf-252 999 MBq 60 | 191 | 140 | 113 | 504 1204 8:10|34:52|55:55|24:19 123:16 978-02 100 118
Pu-238-Be 370 GBq 0 0 0 0 0 0:00 0:00|0:00|0:00( 0:00 2
Am-241-Be 111  GBq 0 0 0 46 46 0:00 0:00|0:00|12:08( 12:08 4

Am-241 296 GBq v 80 9 102 5 196 202 4:26|0:46|7:07|1:01| 13:20 13-30 19 19

Co-57 7.4 GBqg 1 0 0 5 6 0:01|0:00|0:00|0:09( 0:10 2

Cs-137 7.4x 2 GBq 21 | 27 7 5 60 63 23:30|25:50| 4:50 | 3:40| 57:50 £g-38 56 59

Cs-137 18.5 GBq 0 0 0 3 3 0:00|0:00|0:00| 0:48( 0:48 3

Sr-90 1.85 GBq 0 0 0 3 3 0:00|0:00|0:00|0:14( 0:14 1

Sr-90 74 MBqg B 0 0 3 48 | 51 c8 0:00|0:00| 0:29|22:21| 22:50 27-08 9 9
T1-204(B) 18.5 MBq 0 0 1 2 3 0:00|0:00|0:02 | 4:00| 4:02 2

Pm-147 518 MBq 0 0 1 0 1 0:00|0:00|0:02|0:00( 0:02 1

Co-60 37  MBg 21 | 22 0 0 43 1:26|0:27|0:00|0:00( 1:53 15

Ra-226 4_.07 MBq 0 0 0 0 0 43 0:00|0:00|0:00|0:00( 0:00 1-53 0

Ra-226 37  MBq 0 0 0 0 0 0:00|0:00|0:00|0:00| 0:00 0

Cs-137 37 MBg 0 0 0 0 0 0:00|0:00|0:00| 0:00( 0:00 0

Sr-90 37  MBg 0 0 0 0 0 0:00|0:00|0:00| 0:00( 0:00 0

T1-204 37  MBg 0 0 0 0 0 0 0:00|0:00|0:00| 0:00( 0:00 0-00 0
TI-204(A) 18.5 MBq 15 0o 0| 0| 01| o0 0:00 | 0:00 | 0200 | 0:00 0 ’ 0

Pm-147 37 MBq 0 0 0 0 0 0:00|0:00|0:00|0:00| 0:00 0
X HF-320C X 25 16 40 | 166 | 247 | 247 | 3:46|0:23|2:44|4:03| 10:56 10:56 22 22

TTO-¥00< O¥8NL DNC
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8.1

8.1.1

(1)

15

(SIERRA-II1)

R=1/2

R=5 R=2

_|R=1/5

100

10
SIERRA-

85Kr

SIERRA-II

8.1

30%

100

10

(nGy h™)

0.1

51%

SIERRA-II

8.1
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4000

3500

3000

2500

2000

1500

1000

500

8.2

15

8.2

*

S48 S49 S50 S51 S52 S53 S54 S55 S56 S57 S58 S59 S60 S61 S62 S63 H

8.2

8.2.1
15

50

H2 H3 H4 H5 H6 H7 H8 H9 H10H11H12H13H14H15

8.1
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8.1

131

a B 129]
85K

129

239

26

102

98

142

107

101

188

490

351

60

68

8.2.2

15

51

8.2
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8.2
v 15.6.23 15.6.27 16.1.5 16.1.9
8 15.7.28 15.8.1 16.2.2 16.2.6
8 15.7.14 15.7.18 16.1.19 16.1.23
14 15.8.11 15.8.22 15.12.10 15.12.25
1 15.8.4 15.8.7 16.1.26 16.1.28
8.2.3
15 9 9 9 19 (30 ) 6 2 17 2
23 (7
8.2.4
15 8
8.3 13
y
15

52




JNC TN8440 2004-011

8.3

y 15,17,25,26,28,46,N 3

2HASWS

Pu-con

y 10N 4

a (Pu)

B1 1p2 385 36 3
Pu 4Pu 5

B

2HASWS

Pu-con

Ne

a B

(129' 131 |)

(

Ky 1,24K 3

FLB 56

FLB 1 9

HB 18

Pu-con

(Ky )

FL 28

FL 11,13,14,19,21,23,32

34,36,24,51
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8.2.5

15

8.4

8.4

16.3.23
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9.1

13 ~17

13 14

15

16 2 6

12

12

16

10 13
15

9.1

15

13 14

JNC TN1400 2003-006
(2003 8 )
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9.1

8

18

13

17

Gr

2-1

o

3-2

O

Gr

1

o 2-2

5

o 3-1

o 3-2

o 6-1

o 6-2

o 6-4
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9.2
9.2.1
(1) OSL "InLight”
OSL
OSL “InLight”
Al203:C
OSL TLD UD-800
4 LED 520nm OSL
(420nm)
9.1
137Cs
y  (662keV) 36.1keV 181keV X 0.7
Al03:.C
2 3
50 15%
9.2
14
12 AN @® OSL-ALO0;C
[J TLD-Li,B,0,:Cu
) 10 A TLD-CaSO,Tm |]
g s
14
4
2
o g =
10t 102 103
Photon energy , keV
9.1 9.2 OSL InLight

Hubbell

57



JNC TN8440 2004-011

2
JIS
1S04037-3:1999
ICRU pillar
phantom rod phantom 9.3
Hp,slab(0.0?)
3 TLD
TLD Li2B4O7(Cu) 35
180keV X 137Csy
MCNP-4C
Hubbell TLD Li2B4O7(Cu) CaSOs Al203
Li2B4O7(Cu) 9.4
Li2B40O7(Cu)
TLD
—_— MCNP4C
2.0 -- MCNP4C
----- - NCNPAC
.
50Mmm 15 I
_ 4;{ ;;
A O
N /if’ie =18
0.5
0.0
10 10* 10° 10*
(keV)
9.3 1S04037-3 94 3
TLD(Li2B40O7(Cu))
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@)

2p 14.26
B
50mm
252Cf
1cm H,(10) 2.1Sv
32p
50mm GM
9.5
2p
MCNP-4B
B
o 20mGy
2MeV
50mm 3mm
MCNP-4B
1.20
9.6
GM
252Cf

59

Us0Os

30
GM

Imm 5mm
150mGy
25(n p)32P
1.71MeV
60%

2 3mm

2 3mm

230 250cpm/Gy 30

s25(n,p)*2P

25(n,p)2P
CsHs

2S(n p)eP
2S(n p)ep
GM
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Measured Counts per 1800 s

52S(n,p)*2P

252Cf Ge
34S(n,a)
1.49MeV
31Gj
300 . ! : .
250 - 3 g
200 ® g
>
% 150 - ® Measured | |
S MCNP
o
100 + g
50 - g
0 | | | |
0.0 2.0 4.0 6.0 8.0 10.0
Ebonite thickness, mm
9.5
MCNP
2000 , : ;
1500 - © ° .
o © 0o ° b
N SN~
#S(n,p)*P, T,,=14.26d
1000 f J
¥s(n,a)”'si, T,,=2.622h
500 f J
0 ; . —
0 5 10 15 20
Elapsed time after irradiation [h]
9.7
BG

60

31Sj 2.622 B
9.7 “p B
35 T T
: :lZEEfNE Bare ﬁSSion
30 F =] SILENE: Polyethylene spectrum
& SILENE, Lead °
A SILENE, Steel
o @ HPRR, Unshielded
e 25 | © HPRR, 12cm Lucite 4
Q v HPRR, 13cm Steel
> B HPRR, 20cm Concrete
Q) @ HPRR, 5cm Steel
[o8 + 15cm Concrete
- 20 1
©
§ v
Q
15 1 1
X Hydrogen
% Steel / Lead moderated
7] degraded
210 1
(= . .
5 [ -
0 L L
10°% 104 10 10
2 2 : -2
#5(n,p)**P reactions per 1 cm
25(n,p)?2P
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(4) SILENE
2002 6 10 6 21

Dosimetry Intercomparison Exercise)

SILENE
14 37

UD-808P/UD-809P

IRSN OECD
(SILENE Ciriticality Accident
CEA Valduc center

UD-893P/UD-813P

TLD
TLD
UD-706P 1/100
=S(n,p) 2P
GM TGS-133
TLD
TLD
NEUDOS9
9.2
y + 30%

61

30 100
TLD
CGM-1
TLD
4m
9.8
TLD
B
BG
252Cf TLD
TLD
10
IRSN
JNC 9.9
RUN2 RUNS3
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9.2 SILENE
RUN RUN1 RUN2 RUN3
(Free evolution) (Steady mode) (Free evolution)

() 35 2060 44
(x 10%7) 1.25+ 0.06 0.72+ 0.04 1.54+ 0.08
(Gy) 1.65+ 0.17 0.79+ 0.08 1.68+ 0.17
*(Gy) 1.83+ 0.18 0.85+ 0.08 1.80+ 0.18
y *(Gy) 0.54+ 0.05 0.27+ 0.03 0.57+ 0.06
y  *(Gy) 2.49+ 0.25 0.14+ 0.01 0.30+ 0.03
y (Gy) 3.03+ 0.30 0.41+ 0.04 0.87+ 0.09

* Element 57 dose

R.Medione NEUDOS9

¥

62

L 14
o . T T T T T T T T T T T T T T T T T
c 12k 1| @ Ebonite (Neutron)
. Vv TLD albedo (Neutron)
L 10F A 5 | O 1| W TLD Rem Counter (Neutron)
7} ([ ] 0 h A
@ ost o "o [ ] 1| < Li2B40O7:Cu (Photon)
= & A A A CaSO04:Tm (Photon)

0.6 F 3
8 Py \% oV QO RPL (Photon)
T 04Ff :
c_:é 02k E )TLD
Lﬁ 0.0 | | | | | | | | | | | | | | | | | (. ) RUNl

RUN1 RUN2 RUN3
9.9 JNC
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(5)

MCNP4C
F Tally
9.10
MIRD
1 5 10 15 !
911 MIRD
9.11
0 4
4010* e
@ Experiment
©  Calculation |
= Fitted Curve for Cal |
£ 3510 |
£
[}
©
£
£
S
= 3010*
‘n
€
>
g
I 4
g 2510" |-
QL
o
=
I3
2
5 2010% |
(@]
[ Scanning measurement
15104 Lo v v [ [
0 500 1000 1500

Photon Energy (keV)

1 M. Cristy and K. F. Eckerman, ORNL/TM-8381 (1987)

63
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(6)

Counting efficiency (count s/ gamma emitted)

107

10*

Adu OS2

Scanning measurement

Photon Energy (keV)

9.11 MIRD

2003

E44

64

9.13
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'Y Y

(cps/photon/s)
I

® ""'

£ = - ’- (i.i.k)

E

& o L] .

i, |

% | .. / .....................

¥ s - Je0.550 Ne:(.1.0

i L]
- i - 2 [ Ge | [ Ge # |
MCNP4C e(i,jc,l;_137 cul - . E E=X eijk IN A
9.12
x 10"
g 5.0 : T T T T T T T T T T T T T T T T T T ‘ T T T ‘ T T T ‘ T :
2 i —@— Experiment
& 40 - -=-(=== Calculation -
2 r 1
o L 4
~ 30 .
m | -
o = B
e/ L i
3 20 - ]
o - i
Q L ]
L ]
£ 100 .
g’ B Cs-137 solution water box phantom
§ 00 L I I I I I I I I
8 0 20 40 60 80 100 120 140 160
Detector position from top of phantom (cm)
9.13
(7)
Pu Am-241 X Y
JAERI
Ge ( ACT-II
JAERI
IAEA
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Am-241
9.14
59.5keV vy 50
Y X
Ge
10" C ]
L 59.5keV (gra J
A A (gray)
2 Al e a1 o
i 10° = o
IS F 1
o C ]
IS] [ ]
<
[} L |
@
o = |
o)
>
2 10° |- =
2 E ]
) r 7
= r paty 7
o i .% 17.5keV (X ray) 1
£
e = *
3 ‘g
© 0t E
i e ]
r @ LLNLphantom (50% Adipose +50% Muscle) -
r [l JAERI phantom (10% Adipose +90% Muscle)|
r A JAERI phantom (20% Adipose +80% Muscle)-
s A\ JAERI phantom (30% Adipose +70% Muscle)
10' | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
2.0 2.5 3.0 35 4.0
MEQ-CWT (cm)
9.14 MEQ-CWT
(8) REIDAC

(ICRP

3 ICRU Report 48 (1992)
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Retrospective Internal Dose Assessment

Code
REIDAC
RAPUTA * GUI
REIDAC 9.15
NUCDECAY SEECAL2.0
GEAR GUI
REIDAC
ICRP IMBA®
REIDAC GUI 9.16
GUI
9.15 REIDAC
4 37 A-30 2002

5 Birchall A et al, Radi.Prot.Dosim, 79(1-4), 107-110 1998
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Fu-2z0
 Otherselt tissues
: i v| ot | o |
: - =
- Bkelsts . )
m:_mE._m P g o
F  FOOOOOE-T4
; M SOOED:, - Kidmays
= | k]
b T 1 | LR ol
| [oarmpal. |
FHEAH ]
Teuina dumiss
H
: T R B L ]
G T Erw-5 4 LWLICont |1.POOO0E-02
75 (G Bone-C TBene-% 1MI00E-0
7 TEom-y - (G Bane-d |1.0PA0E-TI
- LB i e 0 2 TFA0E-T
Dither : Cther, B OS2
Dither 1 Ot 120002

9.16 REIDAC GUI
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9.2.2
(1) 252Cf
1cm
1SO8529-1
AEA Technology QSA
7.0mm 3.0mm

100cm

SUS

4m

SUS430

MCNP-4B

9.17

9.18

q =90°
f=t 45°
g=90° f=0°
X1

69

252Cf

X1

1.2m

252Cf
16

G=0°
90°

+ 135°

9.19

252Cf

999MBq

X1
1.25mm

1.3%

f

=0°

1.113

k=2
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(a) X1
SUS316L (b)
Cf20s Pd X1
Al SUS304
SUS430
Al (A5052)
9.17 MCNP
1.4 T T T T
—— X1 capsule
—— X1 + Ad.capsule
o —— X1 + Ad.capsule + Al tube
=
o 12
c
(7]
=]
n
g 1.0} | .
2 it
n | _—
& 08} 1
=) 90°
o))
c |
<
0.6 [ —
0 30 60 90 120 150 180
Angle q relative to axis of the source
9.18 16
13 i i i i i i i 13 : . . . : . .
12 90° 12t ..o‘ L Z 3
11f P S o, 11t oo he 1
> ° ° 2
2 0k o @ 10} o ]
5 S ool q 3
2 09f ® ¢ =
= T 08Ff ]
g o08f ® ° 3 _50° 00°
2 o7t ° 2 otk E
< 2 <
06F + 1 o8k - i
- P MCNP, Horizontal
os5f ' MCNP, Vertical ® 1 05F| m  Meas. Studsvik 2202D ]
04 | | | | ! ! } 0.4 : : : : : : :
120 90 60 30 0 30 6 9 120 20 -0 60 -0 0 30 60 %0 120
Angle q relative to reference direction Angle q relative to reference direction

9.19
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(@)

252Cf 241 Am-Be RI

252Cf PMMA
MOX
13.0x 12.5x 5.3m 2m
4m
9.3
PMMA SS400
9.20
MCNP-4B
252Cf
BMS
ROSPEC
BMS 9.21
9.4
1/E
MOX
TLD UD-200S OSL InLight AE-133|
v y/ 0.02 0.13

MOX
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93  -PMMA
mm mm

P15 15.7+ 0.12
P35 36.0+ 0.44
P60 PMMA 3009 x 300H 50.9+ 0.17
P100 98.3+ 1.30
F40 180¢ x 300H 39.0+ 0.00
180¢ x 300H 39.0+ 0.00

F40/P60 PMMA 3000 x 300H 59.0+ 0.17

108

—— MCNP
— BMS

105 F

104 F
108
102 L
m
LL
Ll 10t F
X
5
TN
101}
102}
103t
PToT] : : : :
10 10°® 10 10+ 102 100 102
Neutron energy [MeV]
9.20 (F40/P60) 9.21
MCNP  BMS
9.4 MCNP BMS integral quantities® at
[cm2s1] nsv/h]
MCNP BMS C/E MCNP BMS C/E

Bare 9.87E-6 | 9.46E-6 1.04 1.27E-5 | 1.22E-5 1.04
P15 9.94E-6 | 9.72E-6 1.02 1.11E-5 | 1.09E-5 1.03
P35 9.52E-6 | 9.26E-6 1.03 8.67E-6 | 8.45E-6 1.03
P60 8.50E-6 | 8.19E-6 1.04 6.40E-6 | 6.08E-6 1.03
P100 6.18E-6 | 5.99E-6 1.03 3.76E-6 | 3.49E-6 1.08
F40 1.06E-5 | 1.02E-5 1.04 1.30E-5 | 1.23E-5 1.04
F40/P60 | 7.82E-6 | 7.58E-6 1.03 5.10E-6 | 4.72E-6 1.08

* 1st
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3)
Studsvik
2202D 9.22 9.5
241Am-Be
1SO8529-2 Generalized-fit
method
MCNP-4B
Fi(q)
- 9.23
9.24
3
13.0m
T B | 9.0m h 132m

125m
H;%%
N
X
55m |
5.0m

________________

4.1m
i 23m o
| £
§ ‘ 54m i‘ E 3 4
g i G L
0 — :
§ ] : 5
- S

9.22
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9.5
ALC 2
- 3.3 1.3 1.2
- 4.0 1.3 2.1
37GBq
241Am-Be 2.30(+ 5%)x 10°s? 37GBq  NPL 37GBq  NPL
111GBq NPL 2.203(x 0.7%) 10°s?  2.223(+ 0.6%) 10°s™

6.315(1.24%) 10° s

SUS ( :1.25

- 7.0 Lo AL (2275

9.0 :7.0mm
3.0mm) )
1.2 0.60
OEC 7

1.0 0.55
& . — Not Corrected F4(q) Corrected F1(q)
£ / Monju £
o 51 .
‘;’ 0.8 a#‘. ';0.50 §
2] 1]
c — 1 c ° 1
2 0.6 i"‘ V,}J/“?T(/ %0.45 se] | P S —
4] okai
% ”z‘{:n"‘ I % I T T ]
© 04 £0.40
[ = 1
L_3|_ * Tokai | ] w

0.2 = Monju |- 0.35

4 OEC | |
0.0 I I P N N 0.30 1 1 L L I I
0 100 200 300 400 500 Tokai Monju OEC Tokai Monju OEC
Source to Detector Distance [cm]
9.23 - 9.24
Studsvik  2202D
111GBq
37GBq
(k=2)
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(4)

7 10kg transportable
portable
10
MeV
MCNP-4B 10cmge x 7.5cm  3.8cm@
x 3.5cm 2 Li
GS 9.25
1 kg
MCNP-4B GS
0° 45° 90°
9.26
9.27
252Cf
/ 0.35 cps/(nBv/h)
TPS-451
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9.25

10 . . . . . . .
2 ~
8 1 £ s o l
= > 5 Thermal
2 g .
o | &
= v 3
e .
n 8 2
] o
NE 8
o o 1+ J
& 1 %5 os
2 9 os
o
. c 05
= o
7] o 0.4
) )
x 1l @ o3
(0] [nd
(&) —~
c o 02
o i —
> ¥
LL T
. 01 1 1 1 1 1 1 1
108 106 104 102 100 102 0 2 4 6 8 10 12 14 16
Neutron energy, MeV Count ratio (**°Cf=1)
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