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Radiation Dose Estimation in Criticality Accident
2. Neutron Capture Probability of Phantoms

Takashi Maruyama
Physics Division, National Institute of Radiological Sciences
(Chief, Dr. Tadashi Hashizume)

Measurements of the neutron capture probability were made for various shapes of phantorns in
order to estimate the fast neutron dose after a criticality accident. All the phantoms used were poly-

thene containers filled with a physiological salt solution. Neutrons used for the sodium activation were

obtained from a Van de Graaff accelerator using the thick Be target.
Using man shaped phantom it was found that differences in orientation may cause variations in
the neutron capture probability up to 509, for the same incident neutron fluence.

The variation of the capture probability with neutron energy was determined for the man shaped

phantom.
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Fig. 2 Typical neutron energy spectrum.
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Table 1. Sodium activation in various phantoms by neutrons by neutrons from a Van de
Graaff accelerator using thick target Be (d, n)reactions.

Average Incident ) Na specific *INa uCif**Na mg
energy neutrons/cm?® Phantom activity per
(MeV) (F) (**NapCi/*Na mg) neutrons/crn’®
) slab 1.33x10°® 4.11x10°%
2.0 3.10x10° cylinder 1.26x10°° 4.06x10""
ellipse 1.43x10°® 4.61x107's
slab 9.95x10"" 3.92x10"
2.5 2.54x10° cylinder 9.55x10"" 3.76x107'®
ellipse 1.06x107% 4.17 %1071
slab 7.46x10"¢ 3.55x107®
3.0 2.10x10° cylinder 7.40x107°¢ 3.52x107*
ellipse 8.49x107" 4. 0410
slab 4.28x10°" 1.27x1071®
Thermal 3.37x10° cylinder 4.79%10°¢ 1. 42x 10"
ellipse 4.62x10", 1.37x 10
tion) TH5. fluence F (njem?), X i 2/F Hg—Fom e
KROBER, £7 7 v+ 2eo{ HhicHNa THoMk.
D LHURE a(#Ci *Na/mg *Na), total neutron B A Tikp=38.34ng/cc, Er/Zva= 530
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Table 2. Neutron capture probability of

phantomes.
Average .
neutron sl Ellipse
Energy Horet Experi-
(MeV) i ment
2.0 0. 80 0.78 0.59
2.5 0.79 0.75 0. 55
3.0 0.77 0.78 0.59
Thermal 0. 86 0.85 0. 56

({EL Zwa=4.68%107%, Zr=2.48x107%) TH
5. VIS HIZ7 v v+ 20K BT BT
HY, Pk7 s v b 2T30cm, PIEET 7.57cn,
FEMAETSnenThHS . Lich 2T, H—Foa/F
e FRRo&£ERY BO)XCRATHIE, £7
YV ARDWTEEORERER S K0 L5
Zicd.

Fig. 34X Hurst & 235t H LIciR7 7 v+ & %
XUFE7 » v+ 2 OhFERER (E) R LI
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Table 3. Capture probability ratio to slab

poantorm.
‘rt ?:Lir;ie Phantom
e’gﬁ;ﬁ%) Slab | Cylinder | Ellipse
2.0 0. 63 0.49 0.37
2.5 0. 60 0.45 0.33
3.0 0. 54 0.42 0.32
Thermal 0.20 0.17 0.11
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¥, HFEoE & Husst 5058 ks
Fig. 3 oM TH%5. HE_Fnb K7 > v 1
AT B IR X OFEFRE 7 » v b A fRlERE

Fig. 3. Neutron capture probability in various phantoms.
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Fig. 4. Experimental arrangement.
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Fig. 5. Neutron capture probability

[ T T L] T T T T T 1 ]

1.8 p 4=
Evs 15
= '/.— =
--1
=1.4 -
L=< wy
- i :

1.2 b 41s
w -

E].U . --" Te \. - =
o -
8 . g

0.8 b L 42
w - -~
= S =
=06 S
]
=0.4 -

0.2 p v .

1 1 1 1 1 1 1
Elig 60° 9‘0-:

L
ANGLE’ $

L& #Rke, Hurst SR I LIk A

F=Fom L{—-FLi.

R 7y V20 RCEO TR B
P, TRHIET v Vb A ToBh TR, #E
firbohFo bhicERTsb0 &2 bh
. B Rk ¥ —rhfE PR B LT » VA
o BuhikEF RO NE LR P bEZEL
T, FHERERL Ry 3ASHPHETFO=F 1 F i
Btk 7 v Y P ADBRIC X 2T E EBERT
hrLEZBLRB. BR7 7 v+ 2K BHEH
7 v ¥ b AR ITE=FN S Re =0.60
ThbH. cofir Hurst 50k 7 v v b A0FF
TEMERICTEUC, F6M7 v v+ A OMIERERL L

HARESHE M &ME H2TE #5105

Hil7c. Fig. 3 0kt z 0 FEE CHEE LR
7 v ¥ b AOFHEHR L AP EF=F L F -0
BfRER LI O THS . Smith pii—= 5 3
—rpfEFCRIE Lic#EM 7 » v b AR
OB I HUTES.

b . ¥ 0 ASHF & HERESR o BIGR

NECZEFE MR A o T, it
FOAHMBEC L W RN RRLETHSS .
ERPREKE R LicexF YV« 75 VAR
Fig. 4 0 X 5ie b TrpiFRIBY L, 2 o4
AR LT AGH A ¢ L FIfERER & 0 BYfR%Z 5
TEl

Fig. 513 A8 ¢=0° 0l Znfix1 & L
R AORIERER & MNa o4 Eibd R Lizd o
TH5 . WMEHER L pMETF O AS T LTl
TRHEETH DD B,  (G)RE AT TR
HETHHETE EE) LAHEDHENLETSH
5. b LR oOBRCER&E2ATRET B hol,
Fig. 5 7 B B2 T fin < FERER 12k K60% DA
EHSAETDC Licis 5. A—BRoHET
CHER LI L &, AStAOHRK LD *Na o4
BRI KA0Z DB R ET S .

ERRONEC S BEL LT, 1) B
D7 7y Vb AMHETORETFRORE T X %
Lo, 2) flxoflER ik 5NERES N B
D, BALTEEIIHY LHEEINS.

4. REHETE

3— (a) THHLEHEAZ v v b 2illEE
Ry HCThRETREVHEE L, EEERECRIEL
IeiEREHE L.

EFRAEARKE 2 Lic=e%F v 7y Vb A
iz Van de Graaff jdiZiz Ay iz ?Be (d,n)1B
BIthbiET sk BHL, 7 vhao
Bigas 5100 oFw k% & b ¥Na oiuHfEs
whole body animal counter Cll%E L1z,

— OFEFREKT 5 PHOMERER b, &
Bifir neutron fluence ¥4 b ¢ first collision dose
Dsev, (rad/nfem?) pJEfHIC 3 Fig. 2 D =F 1§ —
« A7 P AE W, 250keV LI 0 #4r1t e
O EETHl5E L1z neutron fluence 7s B¥E

s T



@434 1 A25H

Table 4. Total neutron dose based on
sodium activation.

Estim- |Neutron
ated dose
total (twin
lneutr- | cham-
on dose| ber)
24150ml| 7.26x10°¢ 5.6 4.5

24150 | 8.63x10°® 5.1 4.5
8300 | 1.92x107® | 14.9 13.5
9500 | 2.04x10"® | 15.8 13.5
8300 | 2.46x10°% | 19.0 18.0
9500 | 3.02x10-% | 23.1 18.0

Expos | Phant-
ure om
number| volume

HNa ,U'.C,!
*Na mg

D T | LI DD

10Me

EL,5f@NE“1LEﬁWLTEMIMv%

Rdte. FOFE Eav.=0.31, Diav,.= 3.0%107°
Thot-.

ZCHWR TR T Dofa ik (57)
RL VKAWL 7%,

Dnfa=7.74x 10° )

7 5 ¥ b A% AWTHIE Lic 2 (#¥Na uCi/*Na
1g) & (DR LHEE X 5 fi i & B>
TE Lo &2 i hid BB oind ©th 5.
W15 AT L —F L.

AR DOBETHLHRETFO=F A F— « AN
7+ ADEEET B, FEF 7 v v b A OfFERER
EAMECIGHALTL 7 » ¥ b 2 OBE LEEED
BRHEENTELTHAS.

5 ¥ =

MNEso Na o g baFIH LT, #pETiR
BERHEET B IcdicM 7 v v b 20T
FER A JE L.

D ik, FIE 87 » v b 22T,
Hifi7 neutron fluence 24 b 7 + v b AT X
h5 ¥Na oiligeE, ST ofMlmR
ZME LIz,

2) WIR7 > v aRT B B
v b A ofFERERII AP T O =3 v F -1
I6%, 7y Vi ADBRICIOTHRETAEL
T, Hurst 5238 LR 7 » v b &0l
EhbHEM7 » v b 20FREHETE L.

1353

3 HHEFOAMAOMRC LY, M7, v
b A DIHHERITI A0 b B b, F—rhis i
R Xo>TER SRS *Na OiHiEIRRKA40%
bHLETS.

4) M7 » v b 2o \WTHEE L iiEnE=R
ERCTHETRELHEE L2 25, BHERT
BE Utchitdit & 152 AN T—F Liz.

iR By, EABEY, @My EL
ARG RESRE L, MBIy LR
EELBEE, Vv e F e X3 —-70R 5y 7L,
SREECREoORBERL T T,

EE30

1) G.S, Hurst, R.H, Ritchie, F.W. Sander, P.W.
Reinhardt, J.A. Auxier, E.B. Wagner, A.D.
Callihan and K.Z. Morgan: Dosimetric
investigation of YUGOSLAV radiation acci-
dent. Health Physics. 5 pp. 179—202, 1961.

2) The Vinca dosimetry experiment : LA.E.A.
Technical Report Series No. 6 1962,

3) Hanford Report, Dosimetry investigation of
the recuplex eriticality accident Health
Physics. 9 pp. 757—768, 1963,

4) W.S. Snyder and J. Neufeld: Calculated
depth dose curves in tissue for broad beams
of fast neutrons: Brit. J. Radiol. 28, pp.
342—350, 1955,

5) G.S, Hurst, R.H, Ritchie and L.C, Emerson :
Accident radiation excursion at the Oak
Ridge Y-12 plant II1: Health Physics 2. pp.
121—133, 1959,

6) J. W. Smith: Sodium activaton by fast
neutrons in man phantoms : Phy. Med. Biol.
7. pp. 341—351, 1962,

7) LLC.R.U. Repor 10e:
metry 1962,

8) N.B.S. Handbook 63,

9) T. Inada, K. Kawachi and T. Hiramoto :
Neutrons from thick target Berllium (d, n)
reactions at 1.0- to 3.0-MeV. to be published

10) HulUBE®, fRIBE : BT s 0 5 SRR

oG, H 1 MEEHARE 40, vol 26 No
11, 1967,

11) AR, B£RED, WHBE @ HEE-
7 ¥ b A o #epERR AR, B
2, HEMATI SRS, 1966,

12) #®iRFk, NEBEL, EFER : JEEF"&?‘D“E‘Z
IER B iR DR AR 4R, 39, 404 pE.

Radiological dosi-

— T



