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Shielding experiments of a spent fuel transport cask were
performed using a PWR spent fuel assembly according to the experi-
mental plan to confirm the reliability of a shielding safety evalua-
tion code system and data libraries. The purpose of the experi-
ments is to obtain the data by which the overall reliability cf a
shielding safety evaluation code system and the nuclear data
iibraries are examined. The measurements were made on gamma rays
and neutrons outside and inside a spent fuel transport cask. The
distributions outside the cask were measured for gamma-ray exXposure
dose rate, neutron dose eguivalent rate, energy spectra of gamma
rays and fast neutrons, and thermal and epithermal neutron reaction
rate. And, the distributions inside the cask were measured for

gamma-ray exposure dose rate and reaction rates of 235U{n,f) and

232Th(n,f) reactions. The gamma-ray exposure dose distribution

was also taken in the cask lid.

% Ship Research Institute



JAERI-M 82-201

This‘report gives the data on experimental conditions and

detector characeristics necessary for the analysis of the measured

data as well as the detail of measured data.

Keyword

Shielding Experiment, Spent Fuel Transport Cask, PWR Spent
Fuel, Gamma-ray Dose, Gamma-ray Energy Spectrum, Neutron

Dose, Termal Neutron Intensity, Fission Rate, Fast Neutron
Energy Spectrum, TLD, NE213 Scintillator, Rem-counter, 3He

Detector, Radcon, 235U Fission Counter, 232Th Fission

Counter
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JAERI-M 82-201

Table 2 Gamma-ray exposure dose rate at R=100 cm along E and G
lines
Position at R =100 o0 (o /)
Pos. No. Z {cm) E G

-2 ~40.0 0.240(0.002) 0.209{*0,014)

-1 0.0 0.390(+0.009) 0.356(+0.007)

0 45.0 0.549(20.008) 0.501(0.007)

1 82.7 0.635(20.006) | 0.589(0.008)

2 131.0 0.767{x0.043) 0.764(20.008)

3 179.4 0.902(x0.022) 0.847{:0.008)

4 227.7 0.905(0.010) 0.828(+0.014)

5 276.0° 0.827(x0.027) 0.751(*0.011)

6 324, 0.770(0.01) 0.664(x0.019)

7 372.7 0.693(0.005) 0.608(+0.007)

8 421.0 0.486{x0.036) 0.457(*0.017)

9 462,0 0.271(20.009) G.258(£0.009)
Table 3 Gamma-ray exposure dose rate on the upper surface of the

cask
[mR /hr ]

Radius A B C D E G
22 en” —_— 0.246(20,01) | 0.35C(£0.021) | 0,282(z0,018) s 0.373(20.003)
4 | 0.580(10.205) —_ 0.487(%0.154) — 0.651(0.212) | 0.537(+0.121)

Ed

distance from the center of the cask lid

Table 4

cm along the axis of the cask

[mR/hr)

Z (cm)

0

=40

-100

0.438(£0.001)

0.274(:0.007)

0.200(20.008}

Gamma-ray exposure dose rate at Z=0 cm, -40 cm, and -100
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JAERI-M 82-201

Table 13 Neutron dose egivalent rate along the axis

of the cask

[mrem/hr]
7* (cm) 18.0 40.0
2.72(£0.25) - 02 1.91(+0,19) - 02

% distance from the center of the cask 1lid

Table 14 Neutron dose equivalent rate along R=20 cm

at 2=372.7 cm

R=20 ¢cm, Z=372.7 cm

Position Dose equivalent
{angle) (mrem/hr)
A 3.23(£0.16) - 01
E 3.50(20.16) - 01
F 3.20(z0.16) - 01
G 2.82(x0.15) - 01
H 2.98(x0.13) - 01
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Table 16 Reaction rate of 3He(n,p) with and without Cd-cover

along R=0 cm to the upper direction of the cask

[sec™ }]
Z{(cm) Bare Cd-covered
0 4.25% 10727 9.60 x 10723

~-40 6.10 8.16

. 3 : .
Table 17 Reaction rate of "He(n,p) with and without Cd-cover

around the cask Z=40 cm and R=0 cm

[sec™ ]

Pos. (Angle) Bare Cd-covered
A-2 (0°C) 8.16 x 10722 6.86 x 10723
B-2 (45°C) 8.54 _

Cc-2 (90°C) 7.87 : 8.78 % 10723
D-2 (135°C) 9.07 —

E-2 (180°C) 8.67 8.06x 10743
F-2 (225°C) 9.17 _ —

G-2 (270°C) 8.67 8.06x 10723
H-2 (315°C) 9.02 —

s



JAERI-M 82-201

Table 18 Reaction rate of 235U(n,f) along the A-line
at R=20 cn
[sec™?]
Position Reaction Rate
Pos. No. Z(cm) (Bare)
-2 - 40.0 8.06(+0.28) x 10~23
-1 0.0 9.96(+0.71)
0 45,0 1.71(20.17) x 10722
1 82.7 4.27(20.20)
3 179.4 1.86(0.03) x 10-%*%
5 276.0 9.85(x0.11) x 107%?
7 372.7 8.33(20.31)
9 462.0 1.85(20.12)

Table 19 Reaction rate of 235U(n,f) around the upper

surface of the cask

[sec” ]
Position Reaction Rate
Z (cm) 2(cm)$ (Bare)
-40.0% 0.0 8.90(£0.63) x 107%°
56.0 1.67(£0.02) x 107%?
0.0%* 0.0 4.23(+0.20) x 10723
276.0 156.0 5.63(+0.08) x 107%%

% On the axis line of cask
%% On the surface of cask lid

$ Distance from Z-axis
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Table 22 Fast neutron energy spectrum at Z=179.4 cm and R=100 cm

JAERI-M 82-201

on the A-line (n/cm**2*gec*MeV)

Energy (MeV) dupper ?1ower Yaverage
0.200D0+07 0.486D+00 0.74£7D+00C 0.6160+00
0.2200+07 0.470D+0C 0.5570+00C 0.5130+00
0.24L0D407 0.393D+00 0.471D+CO 0.432D+00
0.260D+07 0.338D+00 0.406D0+00 0.3720+00
0.280D+07 0.300D0+00 0.360D+00 0.3300+00
0.300D+07 0.2710+00 0.3220+00 0.297D+00
0.320D+07 0.242D+00 0.286D+00 0.264D+00
0.3400+07 0.212D0+00 0.250D0+00 0.231D0+00
0.360D+07 0.184D+00 0.216D+00 $.200D+0G0
0.380D+07 0.1610+00 0.1%900+00 0.175D0+00
0.400D+07 0.146D+00 0.171D+00 0.1580+00
0.420D+C7 0.136D+00 0.159D+0C 0.1480+00
0.440D+07 0.13CD+00 0.1500+00 0.1400+00
Q.460D+07 0.1220+00 0.140D+00 0.131D+00C
0.4800+07 0.111D+00 0.1270+00 ¢.1190+00
0.5000+07 0.9770-01 0.111D+00 £.1040+00
0.520D+07 0.8310-01 0.948D-01 0.8890-01
0.540D+07 0.693D0~01 0.803D0-01 0.7648D-01
0.560D0+07 0.53760-01 0.686D0-01 0.6310-01
0.580D+07 0.486D-01 0.5910-01 0.539D0-01
0.6000+07 0.417D-01 0.5170-01 0.4670-01
0.620D+07 £.3580-01 0.660D0-01 0.4090-01
0.640D+07 0.3090-01 0.4614D-0C1 0.3610-01
0.660D+07 0.267D0~01 0.375D0-01 0.321D-01
0.680D+07 0.231D-01 0.341D-01 0.286D-01
0.7Q0D+07 0.202D0-01 0.310D0-01 0.256D0-01
0.720D+07 0.1780-01 0.279D0-01 0.2280-01
0.740D+07 0.158D0-01 0.2490-0C1 0.2030-01
C.760D+07 0.1400-01 0.222D0~C1 0.181D0-01
0.78CD+0C7 0.1230-01 0.1960-01 0.1600-01
0.800D+07 0.1070-01 0.1730-01 0.140D-0C1
0.820D+07 0.9120-02 0.152D0-01 0.1220-01
0.840D+C7 0.7700-02 0.133D0-01 0.1050-01
0.860D+07 0.656D~02 0.116D-C1 0.908D-02
0.880D+07 0.5720-0¢ 0.102D0-01 0.796D-02
0.900D+07 0.5140-02 0.9270-02 0.7200-02
0.9200+07 0.481D-0C2 0.884D-02 0.6820-02
0.9400+07 0.474L0D-02 0.877D0-02 0.6750-02
0.9600+07 0.4870-02 0.8900-02 0.6880-02
0.980D+07 0.5120-02 0.905D0-02 0.709D-02
0.1000+08 0.529D-0¢2 0.91460-02 0.722D-C2
0.1020+08 0.5240-02 0.907D-02 0.715D-02
0.104D+08 0.4870-02 "0.871D-02 0.679D0-02
0.106D0+08 0.424D0-02 0.795D-02 0.610D-02
0.108D+08 0.3500-02 0.670D-02 0.510D-02
0.110D+C8 0.276D0-02 0.507D0-02 0.391D-02
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Table 24 Reaction rate of 235U(n,f) without Cd-cover along the

A- and E-lines inside the cask

. Reaction Rate (1/sec)
{(cm) A-line E-line
22.6 2.41 (+2.84) x 10773 —
35.1 9.42 (x1.38) x 107%? —
47.6 6.92 (+0.30) x 107°% 7.93 (£0.36) x 107°%
60.1 4,16 (+0.092) x 107%° 4,02 (£0.091) x 1077¢
72.6 1.92 (+0.020) x 107*° 2.05 (+0.020) x107*?
85.1 7.35 (#0.060) 8.20 (*0.064)
97.6 1.90 (+0.010) x 107*® 2.11 (0.010) x 107'°
110.1 3.36 (£0.010) 3.79 (£0.014)
122.6 5.13 (x0.016) 5.73 (£0.017)
135.1 6.56 (+0.018) 7.41 (£0.019)
147.6 7.34 (#0.019) 8.27 (+0.020)
172.6 7.52 (£0.019) 8.46 (£0.021)
197.6 7.86 (£0.020) 8.86 (+0.021)
222.6 7.94 (£0.020) 9.01 (+0.021)
247.6 7.31 (#0.019) 8.34 (£0.021)
272.6 7.86 (£0.020) 8.93 (x0.021)
297.6 7.79 (+0.019) 8.70 (£0.021)
322.6 7.58 (£0.020) 8.34 (x0.021)
347.6 7.88 (+0.019) 8.61 (x0.021)
372.6 7.14 (x0.019) 7.67 (£0.020)
397.6 6.15 (£0.018) 6.47 (£0.018)
410.1 5.06 (x0.016) 5.22 (+0.016)
422.6 3.36 (£0.013) 3.44 (£0.013)
435.1 1.66 (£0.009) 1.62 (:0.009)
447 .6 5.16 (+0.032) x 107*° 4.76 (x0.049) x 10717
461.6 7.58 (x0.12) x 107%° 6.91 (+0.12) = 107°°

#28_,
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Table 25 Reaction rate of 232Th(n,f) along the A- and E-lines

inside the cask

7 Reaction Rate (1/sec)
(cm) A-line E-line
72.6 8.76 (*0.60) x 107" 1.08 (+0.098) x 10~ 23
97.6 1.05 (20.025) x 10722 1.04 (£0.024) x 10777
112.6 1.95 (*0.10) —_—
122.6 2.99 ($0.13) 2.99 (+0.17) x 10777
147.6 4.48 (20.21) 4.51 (#0.21)
172.6 4.33 (£0.13) 4.99 (#0.22)
197.6 4.42 (£0.16) 5.09 (+0.19)
222.6 4.55 (+0,21) 4.82 (20,18)
247.6 4.33 (+0.048) 4.33 (20,18)
272.6 4.70 (20.19) 4.51 (*0.19)
297.6 4.79 (20.19) 4.33 (x0.23)
322.6 4.67 (+0.22) 4.18 (+0.21)
347.6 4,45 (+0.22) 4,21 (20.21)
372.6 4.42 (+0.11) 3.78 (0.17)
397.6 3.82 (:0.17) 3.21 (+0.19)
422.6 2.34 (20.13) 1.78 (+0.037)
447 .6 2,23 (£0.37) x 10727 2.27 (x0.13) x 10773

Table 26 Gamma-ray exposure dose rate within the cask lid

measured by using 7LiF TLD

* Dose (mR/hr)
Position 3
A-line E-line Average

1 1.93 - 03 2.28 - 03 : 2.11 - 03
2 -5.05 5.12 ? 5.09

3 2.77 - 02 2.59 - 02 | 2.68 - 02
4 1.12 - 01 1,10 - 01 ? 1.11 - 01
5 5.98 5.48 ? 5.73

6 | 3.20 + 00 3.13 + 00 . 3.17 + 00
7 2.54 + 01 | 2.48 + 01 ~2.51 + 01

% see Fig. 43



SO GZ-HN U3 JO M3TA TRUOT}ID®S $501D (1)T1°bTd

,8-8

(¢

Z

JAERI-M 82-201

{uw]
B77[ 0% Fog CTY .|..-.ﬂwn_
[ .-
P T
NN RN SN ]
N NF
: N TN NSNS
N & |
] - b=




JAERI-M 82-201

55

AL ]
ANNNN ==
)Y De=

o

2405

(= Fuel basket

53

T

715

LY

L 9 /)(////41 '

105[7 32

47705

el

7

|~ Neutron shield

. #—  Lead

[
i

,,,g/ Drain valve

85

151

(mm]

Fig.1(2) The assembly plan of the NH-25 cask including a PWR fuel
assembly

— 31 —



jses GZ-HN 943l Io03 ATqussse Ta03F
dMd ICF 3Iavseq o2dA3 paepuels B JO M3TA TRUOTIODSS SS0JD Zz°btg

{wu) . JHPE ,08
i - 1 b
D=2 Hi N 50
[t
o2 oubl m
4
-
T
s i I LGP
- t
o — : ] '
g .
]
. |
: |
; '
; | PR
| _ s[5 12
= i =
= | T T
nhu_ i _U J
® L
| = _y . F
m 0 Jﬂ,lflrl.:;\rﬁm gfrrjli.f\ri_xrw
: e . “ IJ\JI_ 1_ '_\J
2 g |
T
~ ! #BVE 0%
=¥ ’
HE
11 .
[ o
¢l _|I/\|_ad
[ [z ]
I
=) g1
ﬁ | 53
T 4 OBE , IM
_m o =
_ k 13
K __" B 1S
510 ﬁ “
==
! — -
i -
g VLI_ 3 Wﬁ u L0k ]
ON_ o] 074 [:F) { M
L]
a0 o0l




JAERI-M 82 -201

( vr )

sjusuTiadxs jussoad
92Ul IOJF posn ATqUeSse TanJ dgMd B JO MOTA TRUOTIDSS SS0ID

—ﬁ - m -m - m
P 161 -
. 161 -
. HML olo J 1 I070938p JX03 |qni mvﬂﬂw// A
-] H @ ,T. <3 .
omwnnu_ ° ] ~ ]
019 000
3 .
o
M e Afquesse [9nd .
mwﬂ_ WWM; . _ C iND Y

161

oae1d PTID

\

c*bta

agni apInb spox TCIFUOD

/]

- - 9%0v
969

DTZZ0U IDMOT]

one1d PTID

arzzou xoddn ///

T ;

= 31

= ) —
e

=

el 1y

e —

®a

et

BEYE

19 0TR0fEI200Y

]

oqny spInb pox ToIUOD
-
gree |

_33_,



yseD BY3} JO [2497 Iadn 8yl uo peadeld ST sTXe-z Jo

urhbTao 2y3 o2I8YM ‘sSiusweINsEsw oyjz xojy ueTd TeoTiIdA SYL §bTA

S|XD -7
{+) (=)
6 8 l 9 g b £ A } 0 b= 2=
* | .| e e | I e ) 2
Olb | €cab | ¢eab | ¢e8b | ¢leab | €€8v | €28b | ¢'egy | LJE. _om¢noN oop |
m nTT {V) 1=
., A\ | - L =71, apIng
s M 1049849
: s INNANNNN < o0 |
2 lilu . . e - - %] =
m o 1L [°03 - (3 o =
, - apin o s
ST L . 1L 1%l n
_ 06¢¢ |
,JBJOM JO 88T 5
\
3 | Begv - —¢l9
= mwm# .
Nd _
0L62 e 0462 ——
or1§




JAERI-M 82-201

$2]0Y PaINSBIW

o) U1Tm PI[ NSBD 3Y) JO MDA [BUCIIOIS §S01D) [ 8]

nn_/
_ ﬂm:‘
(ww) N N
N L./ w s
— - 3
O Mﬂﬂ ° 3
| @00}
aqny apinb 1o 8j0f] 9cbo

ssulf "**D'd 03
Y WOij paseaioul sl JiFue pue 3SBO 9Uj JO 9dk]INS
oyl Wol] 18y} 01 jenbo SI u0l}10dIIp—3 JO SdUBISIp

a1 2I1ouM ‘SJUSWIRINSEOW oy} J0j ue(d [BIpEl 8yl § Hid
[ ¥SDO 8y} JO 83DyIns oy} woly 3ounisi(g - )

w Ool=Y e
w =Y o
| {.08})
rmwm ) 3 (oGS 1

(.022) AT (,06)
g—e—- ST e ) —e— 3
Y (1 i
¥SDI JO 89DJNs o
¥S00 J0 e —
99044n$ J3UL) \mw I d/
(,51€) I\ a2
8




JAERI-M 82-201

225"

Fr
|
i
l . ‘I ‘._@ ml
S 10 B ;
22 L=l

Counter quide fube

B~B'
- 8
& ) = &
T T I
@ u
e 5 e
Lo |
=]
348"
A Iy
A 4
225 10 229
A R A
! o @ o
I i T
< T
B as® ||
1 | |premmfes=os i L\
1 T B
20 185° i § g 20 85
o 2
s ’ . 2:‘
180 348

Fig.6 Cross sectional view of the PWR fuel assembly basket with

counter guide tubes for the measurements inside of the

cask



JAERI-M 82-201

10.0¢ T T T T T T T T T T
"5 | -
e L
E -
© "

.: -—’—'—“"s_.__________ —_
g {F—— L — = ;—-:.”:':__:
=2 . ]
= )
s !
.“"a— l_ .
et

Q L -
[@p)]

01 1 oot I b1l 1 |
0.01 0.1 1.0 {00

Photon energy (MeV)

Fig.8 Energy response of UD-200S TLD to gamma rays normalized
to that of air

iOO T T T T T T 1 [ T T 1 I_
- ——cal. - ratio of mass energy absompfion .
3 coefficient of LiF TLD fo that of air
< e
® exp. A
™ v Qxp .
c exp.
& XD . N
104~ - .
<< i B
2
= [ - |
=B Rt S 4 o
‘é’ - =} o o
(48] - -
W
0.4 L= fot o+ ] g oo | ) Bt
0.015 0.1 i i0

phofon energy (MeV')

Fig.9 Energy response of /LiF TLD to gamma rays normalized to
that of air

_37_



JAERI-M 82-201

— — i Elfcr:gfer
Radcon Extension cable
(UHF Coax)

Radcon - Model 500-6A
Electrometer : Model 500

.O—
T_vH 3
135 9.1
e

15.5 248
7.0

Fig.10 Model 500-6A type Radcon dosimeter and the measuring

system
]OSL_ T T T T T T b l] T T T T ] T T T 1._1
- i e |
510’_ ./ _
= L | / -
5.7 J/ -
£
8 - -/ - Redeon 1500-6Al .
8 10' .
e | ' ]
103 { | | II L 1 | [! | ] | l! { | .
10° ic* ° 8 10’

Chemicol  Dosimeter (R/hr)

Fig.ll Calibration curve of the 500-6A type Radcon dosimeter
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Hv | [PAPS :

—{LGSCHAMPHA

(1024ch.)

NE 2" A x2"t NE213 Liquid Scintillator

PM : Photomuitiplier (RCA6810A)

HV . High Volto?e Power Supply

PA : Pre - amplitier

PAPS  : Pre-omp Power Supply

DLA : Deley Line Amplifier (ORTEC 460)

DL : Delay Line '

RHC . Risetime to Height Converter (JAERI 1544

TSPHA : Timing Single Channel Pulse Height Analyzer

LGSC  : Linear Gate and Slow Coincidence

MPHA  : Mutj-Channel Pulse Height Analyzer

Fig.12 Block diagram of NE213 detector system for neutron and

gamma-ray energy spectrum measurements
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Fig.1l3 Comparisons between the neutron flux to dose conversion
factors recommended by ICRP, ANSI/ANS and the energy

respongse of Studsvik 2202D rem-counter
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She — PA { LA F{TSPHALGsSCE=—MPHA|
HY DL SC
S
™
He  : 3He proportirial counter
PA . Pre-amplifier
HV . High-voltage power supply
TSPHA :  Timing single chonnel pulse height anolyzer
DL . Delay line amplifier
(6aSC: Linear gate and slow coincidence
MPHA : Mufi- channel pulse height analyzer
SC + Scaler
™ = Timer
Fig.1l4 Block diagram of 3He detector system
’rriglxiol
coble "
FC =2 CPA SA f$ L6 LG r—MPHA
SC
PAPS| [HV FD o
FC . Fission counter
CPA : Current - type preamplifier
PAPS : Preamp. power supply,
HV : High voltage power supply
SA . Shaping omplifier
FD . Fast discriminater
FS & LG  Fast strecher and linear qate
LG t Linear gate
SC & TM : Scalor and timer
MPHA  * Multi-channel pulse height analyzer
Fig.15 Block diagram of 235U and 232Th fission counter for

neutron measurements
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