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On Board Experiment of Radiation Dose Rate Distributions in a Spent
Fuel Shipping Vessel Loaded with Several Dry-Type Casks

By

Kohtaro UEKI
Abstract

An well prepared on board experiment was performed in the spent fuel shipping
vessel PACIFIC SWAN loaded with eight dry-type casks of the TN-type. The casks
contained the spent fuel of a pressurized water reactor (PWR). The burn-up was
approximately 15,000 MWD/MTHM, and the cooling time was 475 days.

The measurements of neutron and gamma-ray dose rate distributions were concen-
trated on the cask surface, in the hold, on the hatch cover, and also along the pass way.
The neutron dose rates were measured with a rem counter and the gamma-ray with an
ionization-type survey meter.

The measured neutron dose rates are distributed like a ‘haze’, while the gamma-ray
dose rates are distributed like a ‘sward’ at any places measured. From the above result,
it is recomended that the difference of these distributions of dry-type casks is taken
into account to a shielding design or to shielding analysis of spent fuel shipping vessels.

Referring to the detailed results, the maximum dose rate on the cask surface was
approximately 3 mR/hr for gamma rays and 0.6 mrem/hr for neutrons at the middle
of the cask.
hatch cover of the No.3 hold; these maximum values were observed just above the
No. 2 cask.
mR/hr for gamm rays and 0.14 mrem/hr for neutrons.

It was 0.8 mR/hr for gamma rays and 0.13 mrem/hr for neutrons on the

Along the pass way on the main deck, the maximum dose rate was 0.3
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Table 1 ‘PACIFIC SWAN’ specification
Length Over All 103.9 m
Length between Perpendicular 99.0 m
Molded Breadth 16.0 m
Molded Depth (Upper Deck) 9.5 m
Draught 6.02 m

Gross Tonnage 4,527.48 toans

Net Tonnage 2952 tons

Maximum Number of

Packagings 24 Casks

TN-12A % + 2 7 OWiEIN % Fig. 210RT, T D
F oy X7 BEZRD2.5m, HIN6.5m, EBEMNE XZ
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Fig.1 Vertical view of the PACIFIC RWAN, and the cask arrangement.
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Fig.2 Shielding structures of the TN-12A cask. Dimensions are all in millimetres.
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Table 2 Specification of the spent fuel
installed in the TN-12A.

Reactor Type PWR

Burn-Up 15,000  MWL/MTHM

Specific Power 38.4 MW/MTHM
Cooling Time 475  days

Weigh of U0, 4.8 tons/Cask

S EEGEX N E ORFE A Table 2 1TRT, #A
¥ (Bum-up) A5k X% 15,000MWD/MTHM, #
390H MBET, 475H BHIOBREITH - 72,

BEL 1 MTHM (Metric Ton of Heavy Metal)
BN v=is JUPEF®ER, ORIGEN 2¢ a
—FIRKXBHEATRRDE S TH %,

H = RRIEEE =4. 055X 1016
(photons/secs MTHM)
(11 MeV~0. 015 MeV)
it B ((a, n)BUS +BREFH)
=3.990 <107
neutrons/(secc MTHM)

P WR THABEREHs 15,000 MWD/MTHM &5 0
i3, B S OBAOM B E A ~30,000 MWD/
MTHM ik, B8L2¥5THE. Chid, REKF
BT OPIHAER DR D7D TH 5o

3. BREESTHAUE

3.1 RERHLUVAEBEDORETM

Ky MEEONEIE ALOKA 15 ot 5t
— N g =R BEH L, TDY— A 4 — & DR
i3, 0~1mR/hr, 0~10mR/hr, 0~100mR/hr
D 3BYIFICIE > T B FHEORETIRI DS B,
$87RMEHS 0 ~0.8 mR/hr TiZ 0~ 1mR/hr OB
THIE L, $555EDS 0.8 mR/hr %8R 7B 0~
10 mR/hr OEHICYIDEBEZ TEHAIL o ¥ —A1 £
— 2 OIS BMA TN E D, ToRNEIHEHH
HERERITE NS S, 22T, AlEMOME
FEERD LD ICFED,

0~0.8mR/hr — ! 20%

0.8 mR/hr Lk —110%
ASEIOWETHER Ulc ¥ — 4 4 — 2 [ ZEBRETICkaL
LCEb, ®Co A v=ipicst ULRIFEEEL 0218 T
AV

MO BRI X 5Ny 775 ¥ FiZ 5 #R/hr

(52)

FREY SHEmsh b, BEERMY -~ 4 —-2 Tk
AELEBRHETE -7,

T ORIEICIE Studsvic 4 (AT = —F ) O
T L ah gy 2 —2FR LI, COLALTVZE
—2ER&21.5cm, H323. 0cmDHEHR )z FL v
otulsg, BFs A9 v 2 =035 &I > TV,
HEIT10.9kg H 5, AEIOMETIE, voahvvz
—POHNIENB S VAEEEROH L, VR E
¥E, HERD OHREREBRT 2 HEEFMH LIS
BRLEVLAAY Y2 —13, Am—Be iy icxi L,
3.3cps T 1mrem/hr i/ AEEMAZHF L T
b0 LML, EBOFHFED L A VF -2 RS bV
{2 Am—Be HEF R F vERRIEEZDOT, AR
ETIIT D 3.3cps KX L+H10B DEENH B LIRE
Uto 351, MERIHE N, 23- T30
T, NICHd a8 E £ L, AIERiReT
1min TH-7co Lichio TRERRBKOLIIKLT
RE B,

¢ﬁ¥ﬁ§$=ﬁ%uiwn+~fN7Nn,
(mrem/hr)

3.2 HERATESRDRTE

AIES I No. 3 BN 4 B0+ + 27 KE &L £D
B, No.3 MAOD/Ny FH/N—0F, XY Main
Deck DO FiIcid > THMH LTINS, KITHL DHOD
2~ TRES NI EN B2 ST 5,

No. 3MEWND 4 #:+ + 2 7 D& BEOKT% Fig. 3
IRT . 430F» 272 1B 25, 28 280
ATEBY, v X7 RLEHERES LT 6mbs, 4
Ho*Fr 2 7% Fig.3 L5 No.1~No. 4+ + A
7 EMRCERT B, Nol, 2 F+ Rl

STERN STEM
— ]

150__70 __ 180

=
/;g
XU
N\
.
o
Qo
J—ie)

{4

130,550 192

601 _Llas 41

L o300 L . 100 J
Fig. 3 Vertical view of the No. 3 hold, and
the cask arrangement. Dimensions are
all in centimetres.




STERN ¢

STEM

[
A

Fig. 4 Measuring directions of the TN-12A
casks.

y FHN—-DLEETIE, BLE3mTH B,

Fig. 4 3ZNZhO+ + 2 7 it d 2 JEHHZENR
LcdbDTH%. ¥+ A7 OHELEZ Higsl, A
#i%. (Starbord) #»56ZE#% (Port Side) Z* RTHEE
DiC 90° 180° 270° DL iICHAZEE »7z0 L7t
2T, No.l, 3%+ A7 TI390° HH, No.2, 4
F ¢ R 7 THA0°HHBENENDF » X 7 EHHIE -
Tk b, Fxhic, BiEE®270° FHlH, %% 090° HHIC
BN T 24+ R 05784, i+ v X7 ho0HES
DBHEDILOHETH S EELLND,

No.1~No. 4+ + R 7 KEICB T 702k LT

540 355, .45

!
]
|

5

thith P BRAER EE Fig. 5~Fig. 10 €5 7%
No. 1%+ 27 D v < HEEMENEIT Fig. 5 DA
1~Al4TH 2. A2~ATH90° HETHY, A9
~AUUM2I0° K TH 5, AlEA8IZZNFhya
v 7T 7Y —NOHEFRTHE, No.l F+ R/ D
R ERAEA B+ + R 7 RO 90° B XU
210°HICE L EDHTH B, No.2 Fr R7DH >
v EBRAEMER Fig.6 ©C1~Cl4TH3, C
2~CT72390° HHETHY, C9~ClH270°H T
Hz, C1EC8RBENENY a v/ TT Y —NDk
HHRTH B, No. 2 ++ R 7 Ok FiEEEIER
B No. 1 &+ 27 EEBKICH v 2 7 hinio 90° &
KU 270° HEAD 2/ TH %, No.3F+ X7 DA V=
MERAEAEL Fig. 7 ®E 1~E16T% 5%, E 2
~E 8 TA90° HETHY, EI10~E1645270°H ¥
THb. E1EEIRENENYa v s T TV —"D
WEHRTH %, No.3 #+ X7 QT HIEMEL
Fig. 8 It/RT, F 2~F 6 £ TH135° HHTHY,
F 8~F12F T225°H@iChb. F1BLUF 7
ENENY a v TT Y —SOEHETRTH 5, Nod
Fr R ONVREREMEIZ Fig.9 © G 1~
G16TH %0 G 2~G 8ETHI° FATHD, G10
~G16H3270° K TH %, G 1BLUG 9 BEhEh
Yavw /T 7Y —NOWEPRTHDE, No.d F+ R
7 OiEF R ERAEN &% Fig. 10 1R, H2~
H 6 23135° AT H D, H 8 ~H12%F THi225° A
MoTWh, HIBLIUHTRENEN Y2 v s T

129725

297,25

460 .

Fig. 5 Measuring sites of gamma-ray dose raeic on the No. 1 cask.

(53)



540 , 355,

|

4655 .

297.25

i

@

~e—; c5 -

. 1000

1000

6 290
=240, _ ...468ss et .1
']
™
N
[on)
N
S
il
7 : S S| ""4’
i 1 A £0)
S gy ///IV,/ S *f&fj /; i '
1000 1000 | __ 1000 540 / - J» 460
! © :
8 @ C ) ‘
SRR ) e
ES £4 E3 2/ LLLIEN
El4 JE//IY

420

Fig. 7 Measuring sites of gamma.ray dose rates on the No. 3 cask.
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Dimensions are all in millimetres.
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Table 3 Gamma-ray dose rates on the No. 1 cask surface.

Detector Dose Rate Detector Dose Rate

Location (90°) (mR/hr) Location (270°) (mR/hr)
Alx 3.1+ 0.3 A9 0.15 = 0.03
A2 0.2 + 0.04 A10 0.6 £ 0.12
A3 0.4 + 0.08 A1 2.5 +0.25
A4 1.2 = 0.12 A12 2.5 :0.25
A5 1.3 £ 0.13 A13 2.4 = 0.24
A6 1.0 = 0.10 A4 0.3 £0.06
A7 0.5 = 0.10
A8* 0.22 £ 0.04

* = Center of the shock absorber.

Table 4 Gamma-ray dose rates on the No. 2 cask surface.

Detector Dose Rate Detector Dose Rate

Location (90°) (mR/hr) Location (270°) (mR/hr)
C1* 2.9 = 0.29 [ 0.3 = 0.06
ce 0.25 = 0.05 €10 0.74 = 0.15
C3 0.3 = 0.06 1 2.6 £0.26
c4 1.1 =011 c12 2.6 = 0.26
C5 1.1 =0.11 €13 2.5 = 0.25
Cs 0.8 £ 0.16 C14 1.0 = 0.10
C7 0.08 = 0.02
c8* 0.2 = 0.04

* = Center of the shock absorber.

Table 5 Neutron dose rates on the No.1 and the No. 2 cask surfaces.

Detector Dose Rate Detector Dose Rate
Location(135°) (mrem/hr) Location(225°) (mrem/hr)
Bl (No. 1 Cask) 0.61x 0.117 B2 0.57+ 0.111

D1 (No. 2 Cask) 0.42% 0.088 D2 0.44% 0.091

(59)
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DA11, 12, Cl1, 12 THE L% 2.5mR/hr TH 5,
ZDESiT, FhEND0° FHH0° Flikb bE
WA YT BEEATRTERE LT, Nol, 24+ 32
7 QAT NI IR DEAKDOEE 2 < %
&, MEAT X 0 BREEE OB VREMSME LT S
CEIIRD EBEZL OGNS, —T, BHTHERICOD
Tid Table 5 DX HiT, 135° 4 & 225° K & D&
WIIEEAET L, No. 1 F+ 27 OFRT0. 6 mrem/
hr, No.2 @i T 0.4 mrem/hr TH3B, IT7OH
THRAELUHETFRITEERLTOBEENT IV IHE
EZDAMUDBECESE TR #ELT 50T, Fv=

MOESICaTHOEAMMEOEIICIZEASEE IO
BIEBEHDEEL LN D,

No.3, 4 F+ X7 FEICBI 34 v BERN
OETF A Table 6, 7 IKFNFIRL, &4 OhlF
WEEN AL Table 8, 9 ICRY, 7z, Table6 @
# v #i, Table8 OEFHRERNSHES 7 7ICL
fz& 0N Fig. 18 TH B, LicH-T, Fig. 18 i3+
v R 7 BHRORENSHREERIMAER LTS, v
Z#HERIZ mR/hr THEINEH, FVHOEE
12, mR/hr=~mrem/hr, THhiELREEELDT,
BTHERLIFELS 5 7IESANLES, WIELP

Table 6 Gamma-ray dose rates on the No. 3 cask surface.

Detector Dose Rate Detector Dose Rate

Location(90°) (mR/hr) Location(270°) (mR/hr)
E1l* 1.8 £ 0.18 E10 0.1 = 0.02
E2 0.15 £ 0.03 E1l1 1.0 £ 0.10
E3 1.0 £ 0.10 E12 2.6 £ 0.26
E4 2.8 = 0.28 E13 2.6 £ 0.26
E5 3.0 = 0.30 El4 2.3 £ 0.23
E6 2.6 + 0.26 E15 1.6 £ 0.16
E7 .9+ 0.19 E1l6 0.46 = 0.09
E8 0.23 = 0.05
E9* 1.4 + 0.14

* = Center of the shock absorber.

Table 7 Gamma-ray dose rates on the No. 4 cask surface.

Detector Dose Rate Detector Dose Rate
Location(90°) (mR/hr) Location (270°) (mR/hr)
G1* 2.6 = 0.26 G10 0.2 = 0.04
G2 0.05 = 0.01 Gl1 0.9 = 0.09
G3 0.35 £ 0.07 G12 2.3 £ 0.23
G4 1.0 + 0.10 G13 2.4 = 0.24
G5 1.0 £ 0.10 Gla '2.0 £ 0.20
G6 0.9 = 0.09 G15 1.3 = 0.13
G7 0.46 = 0.09 Glé 0.22 = 0.04
G8 0.08 + 0.02
Go* 0.23 * 0.05
* = Center of the shock absorber.

(60)
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Table 8 Neutron dose rates on the No. 3 cask surface.

Detector Dose Rate Detector Dose Rate

Location(135°) (mrem/hr) Location(225°) (mrem/hr)
Fl¥* 1.08 £ 0.182 F8 0.43 * 0.089
F2 0.45 * 0.092 F9 0.54 * 0.106
F3 0.52 = 0.103 F10 0.60 * 0.115
F4 0.69 + 0.118 Fl1 0.50 * 0.100
F5 0.64 + 0.111 F12 0.60 * 0.115
F6 0.74 = 0.135
F7* 0.42 + 0.088

* = Center of the shock absorber.

Table 9 Neutron dose rates on the No. 4 cask surface.

Detector Dose Rate Detector Dose Rate

Location(135°) (mrem/hr) Location(225°) (mrem/hr)
H1~* 0.33 = 0.074 H8 0.36 *0.079
H2 0.21 = 0.054 H9 0.40 * 0.085
H3 0.32 = 0.072 H10 0.56 * 0.109
H4 0.60 = 0.115 H11 0.41 * 0.086
H5 0.25 = 0.060 H12 0.36 £ 0.079
H6 0.26 = 0.062
H7#* 0.38 £ 0.082

* = Center of the shock absorbér.

FTWE D IKFE—DOBL (mrem/hr) TEb LI,
F9No.3F+ X7 DH V2 HBERICDONVTHRN S,
No.3 #+ 27 TRREFEONo. 1, 2% ¥ R BLUK
KR BNo. 4 F % X7 LB, 90°HHE270° K &
DBODBIFEAELEL, FrAohRATE T & £
3mR/hr TH3, No.3 F+ 27 a7 TRIWE I
12K OMBEER XUBHBRCH T DEMITL, L
L, No.4+ %227 TRNo.1, 23+ X7 ERALES
BRI BRSNS HBHE 5N, 90° FIATI3270° 5
HOBLEWBICIE> TS, No.1~No.4F+R7 %
BEL, F+R7E@ (74 VOEE OF vy vBRER
13555 3mR/hr, Fh, Yaw 2T 7V—/NOWHE

TdEE 3mR/hr ZRLTW3, F+ 27 a7
M N BESRICHREER, BHBEOR O BHE L,
F o 27 REICHELIEGF REBTIR 2ERED
BV WEET BT ENHSMITIE - T,

WIC No.3, 4 F+v R/ OPHTRERNF 2T
%, Table 8 T, No.3 ¥+ X7 DF 1, THbBE
W a w277 —NOEHPRT 1 mrem/hr %%
MITHEBZ TWW5B, L L, 7V HBESHRASD
2L, F v 27 AEO fEF © BEE 1 0.7
mrem/hr TH 3, F+ 27 OHER 135° KK &
mEMR (225° 4 oIBGREEIKDONTSH, No.l,
2% v 27 LEBRICARBIGREOBEN TR,
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Table 10 Gamma-ray dose rates on the hatch cover of the No. 3 hold.

Detector Dose Rate Detector  Dose Rate Detector  Dose Rate
Location (mR/hr) Location (mR/hr) Location (mR/hr)

I 0.15%0.03 J1 .20£0.04 K1 0.18+0.04
12 0.15:0.03 J2 .10£0.02 K2 0.20 £0.04
13 0.45%0.09 J3 .27 %0.05 K3 0.20 *0.04
14 0.55*0.11 J4 .35%0.07 K4 0.22 20.04
15 0.45+0.09 J5 .30 %0.06 K5 0.20 0.04
16 0.35%0.07 Jé .22%0.04 K6 0.18 =0.04
17 0.15+0.03 J7 .20+ 0.04 K7 0.16 £0.03
18 0.30*0.06 J8 .1520.03 K8 0.20 £0.04
19 0.40*0.08 J9 .17%0.03 K9 0.17 £0.03
110 0.70%0.14 J10 .17%0.03 K10 0.16 +0.03
11 0.30*0.06 Jn .15=0.03 K11 0.14 £0.03
Itz 0.45:0.09 J12 .28%0.06 K12 0.30 $0.06

Detector  Dose Rate Detector Dose Rate

Location (mR/hr) Location (mR/hr)

L1 0.03%0.006 M1 0.02%*0.004

L2 0.07%0.01 M2 0.06 =0.01

L3 0.18%0.04 M3 0.15 %0.03

L4 0.50*0.10 M4 0.65 *0.13

L5 0.56*0.11 M5 0.80%0.16

L6 0.56=0.11 M6 0.60 %0.12

L7 0.45%0.09 M7 0.50 %0.10

L8 0.17%0.03 M8 0.20 20.04

L9 0.08%0.02 M9 0.08 *0.02

L10 0.03%0.006 M10 0.02 *0.004

T, Line M EOBEBRNHIZ, Ny FAN—FEiIXD
BAA, F¥R/EED TN-12A + 5 R 7 OBRER
A O— AR Am 3 1T, Fig. 18 OF—4 kD
LU THBEEL LN, SR, Fr A/ EERE
Ri3Ny FHSN— BETOERE, 1.7Tm 2EE LY
TS0,

Ny FRAN—EOH VT RMBRATAETNGE, B
Ef#id Line MOMS5 T 0.8 mR/hr, BB i3~ >
FHN—DEAMDET 0.02mR/hr ZRL T3,

ZOM5 ONEIRIZIE No. 2 F v 27 OhROE FiC
WoTb, BEREREIFBEREROL 40T H
b, CTTHHVYRERESHRIRKECENDET
E5r B,

Wi, THFHERMHERN S, REEIZPIZD
Line MOM5 T 0.13 mrem/hr, HAEMEIZ Ny FH
WN—FEERORT 0.02mrem/hr TH B, L Fohio
T, MEOLR~TTHY, Fv=HofEicd Ly
> EBALD/INE VTRITIE » T BT EMES N B,
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Table 11 Neutron dose rates on the hatch cover of the No. 3 hold.

Detector Dose Rate Detector Dose Rate Detector Dose Rate

Location (mrem/hr) Location (mrem/hr) Location (mrem/hr)
I1 0.061 * 0.024 L1 0.040 + 0.016 M1l 0.015 * 0.010
12 0.056 * 0.022 L2 0.040 * 0.016 M2 0.045 + 0.020
13 0.076 * 0.027 L3 0.051 * 0.022 M3 0.096 * 0.032
14 0.085 * 0.029 L4 0.071 * 0.026 M4 0.106 * 0.035
I5 0.076 * 0.027 LS 0.076 * 0.027 M5 0.126 * 0.038
16 0.085 * 0,029 L6 0.071 + 0.026 M6 0.111 * 0.035
17 0.076 * 0.027 L7 0.056 * 0,022 M7 0.086 * 0.027
18 0.066 * 0.025 L3 0.086 * 0.029 M8 0.076 * 0.027
19 0.076 * 0.027 L9 0.025 * 0.014 M9 0.061 * 0.024
110 0.066 * 0.025 L10 0.020 * 0.012 M10 0.051 * 0.022
111 0.035 * 0.017
112 0.085 * 0.029
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Fig. 19 Dose rate distributions on the Line I on the hatch
cover of the No. 3 hold..
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X 51, Fig. 19 itk »T Line I OF v=igb &
U RERSHAERT 5, # Vv REFRIHIT
No.l, 3% +A2/EBLUN02, 4%+ X7DELED
Ny F HoN— RIS S D ISERE ASED, No. 1, 3 &
No.2, 4 F+ 27 OHTIRId-> XD U7cR/IMED
Hbo ZLT, TOBRAEEB/MELOHIZBLZS
THb, £T AP, HU Line | Th-Td, T
it U CIIHERE AR T UUIEEREVLDEL,
U7ehi-> THBRAE, BMESENLTHE L, Line I
3Ny FAN-OFIZTRERE - REFTNCES T
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BENTHS, LrL, tEFoHIcbEIICE—2
BRONBHDD, # v ENNTIE 2 DIEND
€7 THb, LichisT, fETHBEIRIMEIHIL
WENTOBEBICHIG Ulc/N y F #1/8~ ETlE—#k
ThHdEEZTBRYTH S, COXIBHHEX
LT, Fig.20 »55325EH5K, No.2 ¥+ RX7 D
HEETREZORRIPTH ¥ v HBERSTHT LD B
X & TEEOD, FREONWT IS hEFREERLSY
VeI 2EEELBAEKSEE TV,
AEBRHOHOMICHE > - EESMEO 1213, #
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HERXEF» 27 DT EERLUTHIENTIVI=Y LA
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(Absorption Cross Section) B3IE#I/NE <, 13
& A CEELWE RS (Scattering Cross Section) Ui»
o8, D7), 37 TRELUHETIIEE%E
BOEZ L, DRO—BEMRICE - TAROL Y v
BICETZHDERTE. ZOLY YED 10cm T
HBlcD, COLYVEEBRLTEZOROIHEF
RERMMICKRERBEAEELS SR OO LHEET
XD, TNERHIC, aTEERITEZTIVI=T LD
SEHUA v = KR UERN S E#RMTH 3, T D7
O, AT TRET B0 Vv BREE IRt 5
T2 LTHTh, v 27 REICET ST TOREW
@B IR OB T IR EIIKET 2. €0
R, Fig. 20 »OoRBIHETE 5L, F+ R
7 T THEOFTNCH RE LI RBEERI G ZRT O

EHEZDBNG,

ERF v RV KA LU 2 OBEU ORI
‘B DXL, Hrefiil ‘| ok5734
HTHB, EVIEBEBIL 2OEREE T TH A
Y. Xik1) TRPHTREROWES B, &
VROV TRBHESRD T L F 280, 247
L— b OfEHbIc & B ®Co HHDH Ve HDEEM
FELUL, AHE D XS 15TE O O VIR
Z BN THIED,

4.3 XM VFyFEFEONT:

A4 VT FETTHTOAND SMEICHT > T
ERAERE Uiz, # V< BEBERHF% Table 13,
¥ TR % Table 13 1573, 72, Table
12, BOBHOBTEFVE 0L 5 7icLicd

Table 12 Gamma-ray dose rates along the pass way on the main deck.

Detector Distance from the Entrance Dose Rate
Location of the Pass Way (m) (mrem/hr)

N1 63.7 0.0

N2 58.6 0.0

N3 54.9 0.0

N4 51.1 0.005 = 0.005
N5 47.9 0.010 =« 0.008
N6 44.3 0.025 = 0.014
N7 40.6 0.051 = 0.022
N8 39.0

N9 37.4 0.096 = 0.032
N10 34.0 0.106 = 0.021
N1l 30.5 0.136 = 0.040
Ni2 27.1 0.030 = 0.015
N13 25.5 0.035 = 0.017
N14 22.0 0.025 = 0.014
N15 18.5 0.025 £ 0.014
N16 13.4 0.071 = 0.026
Ni7 10.0 0.106 = 0.035
N18 6.5 0.121 = 0.037
N19 3.1 0.035 = 0.017
N20 -0.3 0.0

(66 )
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Table 13 Neutron dose rates along the pass way on the main deck.

Detector Distance from the Entrance Dose Rate
Location of the Pass Way (m) (mR/hr)

N 63.7 0.0

N2 58.6 0.0

N3 54.9 0.0

N4 51.1 0.01 + 0.002
N5 47.9 0.01 + 0.002
N6 44.3 0.01 + 0.002
N7 40.6 0.02 = 0.004
N8 39.0 0.15 + 0.030
N9 37.4 0.30 = 0.060
N10 34.0 0.06 = 0.012
N11 30.5 0.17 + 0.034
N12 27.1 0.04 = 0.008
N13 25.5 0.02 + 0.004
N14 22.0 0.02 = 0.004
N15 18.5 0.01 = 0.002
N16 13.4 0.04 = 0.008
N17 10.0 0.04 = 0.008
N18 6.5 0.16 + 0.032
N19 34 0.02 = 0.004
N20 -0.3 0.0
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BMEESEHEND E, HreBblodiTe e
MERTIZHBD, F+ X7 4 HBBEHSI N TS No.
3% LU No.5 AT L7 T THRRER OB
H0, ZOHHETH » X7 HBREEHINTHEO No. 4
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Z 27 No.5b F+ 27 1#THBD, No.3 METH
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v A7 QEMLICHIG LM ETHRAEMERINE T
VAR Do —T, TR TRR RS T IR AE DS No.
SMAE LZEETFT1D, No.3 METsH1DUL»

FRRMEALE T, & OB, 4. 186 U4, 2
TRRTEL LS, dEFEAHR T oL
B> T 30T, No.l, 2 %+ 2223 5mi
NTOTHMTFTRAIF + A7 L SOHFGMIEAE
HMUTHBTE, E5IK, BTDON0.3, 4 F+R7
PODOFELBMBETERNEDEEZLNED, 20
5 $ No. 3 AEIHE LB T TRIE DAL
TEMEZ ONB,

M Ficks i 34 v < SEEOEEZ No. 3 38 D No.
2% v 27T LB T 0.30 mR/hr, HHEAE 12
FTOALIRCIE TOUEELRNT, No. 4 SEDHT
T, 0.0l mR/hr Th 3, FELREREREOLI
0TH 50, —7, HHTHERBREESLIXY No.3
WyEE U7z R, 0.14 mrem/hr, ${Ki3 No. 4
WAEOEFT, 0.025mrem/hr Thb, ZOMixs
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Fig. 21 Dose rate distributions along the pass way on the main deck.

KZE6THB, LIchioT, BEELREGELRDOLI
Hy=BOFBHEFLD Tk &L, ‘B &
QU DAL DOBNME CTHERIRENRTO S,

H 2 HBBEEORKEM 0.30mR/hr {3y F AN
—LoE®M 0.80mR/hr OB XZUTHEH, f

MR E33ESS 0.14 mrem/hr G, /Ny F Ho5—
LoBES 0.13mrem/hr THY, BEAERULT
H5bo
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Table 14 Gamma-ray dose rates around the No. 3 and the No. 4 casks.

Detector Dose Rate Detector Dose rate Detector Dose Rate Detector Dose Rate
Location (mR/hr) Location {mR/hr) l.ocation (mR/hr) Location (mR/hr)
) P1 2.9+ 0.29 Q1 2.5 1 0.25 R1 2.4 »0.24 St 2.6 1 0.26

P2 2.0+ 0.20 Q2 1.8 = 0.18 R2 2.0 = 0.20 52 1.9 = 0.19
P3 1.6 2 0.16 03 1.3 £ 0.13 R3 1.6 + 0,16 S3 1.5+ 0.15
P4 1.5 £ 0,15 04 1.0 + 0.10 R4 1.0 + 0.10 54 0.9 + 0.09
P5 1.8 + 0.18 Q5 1.4 £ 0.14 R5 1.4 + 0.14 S5 0.5 + 0.10

P6 2.0 + 0.20 Q6 2.0 1 0.20 R6 2.0 + 0.20
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mrem/hr THb, Lih-T, BEEREHEERE
OHRY V=25 THsok L, ks
OB EZ 1.51K18 5, TORE, ME->7cF v R
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Table 15 Neutron dose rates between the
No. 3 and the No. 4 casks.

Detector Dose Rate
Location (mrem/hr)
T1 0.60 = 0.115
T2 0.46 + 0.094
T3 0.36 + 0.079
T4 0.44 + 0.091
T5 0.46 = 0.094

I OBEBRICONTOIRFOFBL v LD
HEROHLGAKED, E0HTEDHL piTE -
7o

(o]
10
I | | | | |
5l ]
<
£
£ ]
E
"
'—
<
@
11
»
o
a
-
~---@---- GAMMA-RAY DOSE RATES
—O—— NEUTRON DOSE RATES
53 | | | ‘ |
0] 10 20 30 40 50 60

DISTANCE FROM THE ENTRANCE OF THE. PASS WAY (m)

Fig. 22 Dose rate distributions around the No. 3 and the No. 4 casks in the No. 3 hold.
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fiDF + 27O DFEENHE DY, No.3 ++ Table 17 Neutron dose rates around the lid
Z4# @ Line S (S1~S5) Ti, #vefERy and the bottom of the No. 3 and the
%427 FHT 2.6mR/hr, 1mT 1.5mR/hr, 2 No. 4 casks
N
TII3B%ICHE LT 5o N - 0 25 - 0060

VI ETEAEMEROELZENWERT 2 &0 TEL bitto w2 1.08 - 0.182
» AP, 2 OBORERKRICONTEN S, pitto U3 0.42 + 0.088

No.3, 4 *+ 27 DF, EHMHLORELELE Ditro - 0.18 = 0.048
L 7:F A Table 16, 17 T 5. Table 16 {ZNo. 3 - o 017 - 0.066
F v 27 D270 HHICEED» S 1. 5m BN/ ETE Ditto s 0.33 ¢ 0.074
Be—BRITRICH ¥ < REREE LI Line V (V Ditto U7 0.13 = 0.039
1~V 6) HBEENTNS, Line V EORFHREHK Ditto u8 0.08 = 0.028
3No.3 ¥ + A/ RRITHIGE LIV 4, V5 DAET,
1L.7mR/hr ZRUTW3, TOEIEN0.3 F v+ A7 % Table 18 Gammaray dose rates around the
M EHE 2.6 mR/hr D65%1C4 %, lid and the bottom of the No.1 and

No.1, 2 %+ 27 O#ESLUEHHEDN v~ the No. 2 casks.
83R% Table 18 iC7RT, Table 18 T No. 1 H LU Number of Detector Dose Rate
No.2 ¥+ A7 DVa vyl T TV —NERHERRT the Cask Location (mR/hr)
SmR/hr 2SR D BRI DS & O B No. 1 Wi 1.0 = 0.10
DEEEOA 4 VT y FEFRELTEY, No.3 e
WTFRE T8 V7O 2O0E -7 2B LTS bitto We 3.1 = 0.31
LD LHMINS, Ditto W3 0.22 = 0.04

EBRUES Y 2 v 7 77V = BEHD S 1 mBEL Ditto Wa 0.08 = 0.02
NENPRICA - 7o F » 27 T (180°5 1) TOH No. 2 Ws 1.0 + 0.10
SERERLA Table 19, 20 iw/RT, BIFEALER Fig 11 Ditto e 2.9+ 0.29
OERDETRUIMNETHY, Fv X7 REICHEL
TOBEEZ T, & OME T EEEOL v Ditto W7 0.2+0.08
VERHER D7 4 VSO TE 5T, SRR O A Ditto W8 0.06 = 0.01

Table 16 Gamma-ray dose rates around the lid and the bottom of the No. 3
and the No. 4 casks.

Number of Detector Dose Rate Number of Detector Dose Rate

the Cask Location (mR/hr) the Cask Location (mR/hr)
No. 3 U1 0.52 ' 0.10 No. 3 V1 0.2 + 0.04
Ditto u2 1.8 + 0.18 Ditto Ve 0.4 + 0.08
Ditto U3 1.4 « 0.14 Ditto V3 1.4 + 0.14
Ditto U4 0.37 + 0,07 Ditto va 1.7 £ 0.17
No. 4 us 1.0+ 0.10 Ditto V5 1.7 £ 0.17
Ditto U6 2.9 1 0.29 Ditto V6 1.4 + 0.14
Ditto u7 0.23 + 0.05
Ditto ug 0.08 + 0.02
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Table 19 Gamma-ray dose rates under the lid and the
bottom of the casks.

Number of Detector Dose Rate
the cask Location (mR /hr)

No. 1 X1 (Bottom) 2.0 £ 0.20
Ditto X2 (Lid) 4.5 £ 0.45
No. 2 X3 (Bottom) 3.0 £ 0.30
Ditto X4 (Lid) 1.5 £ 0.15
No. 3 X5 (Bottom) 1.6 + 0.16
Ditto X6 (Lid) 2.0 £ 0.20
No 4 X7 (Bottom) 2.5 = 0.25
Ditto X8 (Lid) 1.9 = 0.19

Table 20 Neutron dose rates under the lid and the

bottom of the casks.

Number of Detector Dose Rate
the cask Location (mrem/hr)
No. 1 X1 (Bottom) 0.77 & 0.139
Ditto X2 (Lid) 1.0 =+ 0.176
No. 2 X3 (Bottom) 0.75 £ 0.137
Ditto X4 (Lid) 0.94 = 0.163
No. 3 X5 (Bottom) 0.63 = 0.119
Ditto X6 (Lid) 1.18 .2 0.195
No. 4 X7 (Bottom) 0.65 = 0.122
Ditto X8 (Lid) 0.82 = 0.160
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RIE - 7o v 2 7 R OB D b O RELES
OEENH Z, TORERDEFOHEBY V=
LD BKRE,

3. Ny FHN=EOREHRT, e
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MERIZ 0.8 mR/hr ASEE T, 0.02mR/hr 78
BRIETHD, 20OHIIB40bH 5, —F, HHETH
BRIIEEH0. 13mrem/hr, HEH30. 02 mrem/
hr T, 20k L2T7THY, #v=ick
N DIROIAEICIE 5 T B,

5 AAVFyFRBTCBD ABERMTIR, &
v ERIIEG 0.3 mR/hr, #/K0.01 mR/hr
THD, TOHIIHZ, TN BER
0.14 mrem/hr, F/KHS 0.025 mrem/hr TH D,
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