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Actual Structure Calculation Model
-t Table 4 — 8 Atomic Demsities f’f Materials
in the Radiation Source Region

®: Dgtecto} Position Basket Region ion
g and the Basket Region Adopted

- ¢§ in the Calculation Model
' = . : .
| f " (atoms/barn-cm)
& ) - Radiation
- . E Source Basket
0)0;0 h Th? Cerle_ R Region : Region
(| ' C1rcumscr1b1ng the B(10) 5,73 -a 370 -3
/ Outer Fuel Loading : . .
) . Holes c 3.43 -4 4.67 -3
Radiation 0 6.81 -3
. Source : al 1.09 -2 7.02 -2
7 Region -- - -
’ Si 1.42 -3 9.19 -3

) Fe 7.29 -4 ©7.78 -3

' ! A\ Steel Region o cr 1.96 -4 2.09 -3

Qs Fin Region
,"\,?,\ ‘g—g— Ni 9.63 -5 1.03 -3
. ,
< I (]:50\’,' Cu 5.47 -3 7.44 -3
o [T o2 > 4 -
SR 11y R e zr 2.02 -3
N . u(235) | 1.21 -4

' u(238)| 2.38 -3

) ‘ ' (H. Yamakoshi(3)7(10))

Fig.4-9 Modelling of Actual System of TN-12A Cask for the
Calculation of Radiation Dose Rate at the Point

(3,

A on the Cask Surface., (H. Yamakoshi
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Figl4-10 Schematic Yllustration for Validity of Linear

In;erpolation of Source Strength Concerning the
Fuel Burnup on the Log—iog Plane,

(3)) (Data are based on the data

(H. Yamakoshi
library ORIGEN/2/82)

Cooling Time on the Log-Log Plane.
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library ORIGEN/2/82)

(Data are based on the data
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Table 4 - 9

Coupling Effect on Neutron Currents and Doses in the Case of 50-Ton Cask

Coupling Effect on Currents and Doses
. S
Energy Upper Limit of Energy J+n % J;' Jt D2 *k o DNg ng
Group, N Group, En (eV) (n9s CGY(n/s+CG)| (n/s.CG (mllgm/h-G) (mre&/h'G) (mrem/h-G) | (mrem/h-G)
Energy Distributions ‘
! 1.4918+7% 2.822+1 | 3.810-2 | 2.828+1 4.386-2 4.392-2 9.151-3 9.164-3
2 1.221447 1.098+2 | 2.062-1 | 1.100+2 1.358-1 1.360-1 3.078-2 3.083-2
3 1.0000+7 3.064+2 | 7.762-1 | 3.072+42 | 2.885-1 2.892-1 7.122-2 7.140-2
4 8.1273+6 6.581+2 | 2.189+0 | 6.603+2 5.459~1 5.477-1 1.299-1 1.304-1
5 6.7032+6 2.691+3 1.782+1 2.709+3 1.703+0 1.714+0 4.922-1 4,955-1
6 4.4933+6 1.683+3 1.994+1 1.704+3 8.200-1 8.297—1 2.962-1 2.997-1
7 3.6788+6 1.858+3 3.891+1 1.897+3 8.642-1 8.823-1 3.215-1 3.282~-1
8 3.0199+6 2.334+3 6.771+1 2.402+3 1.141+0 1.17440 . 3.996-1 4.112-1
9 2.4660+6 2.289+3 7.097+1 2.360+3 1.108+0 1.142+0 4.034-1 4.159~1
-10 2.0190+6 1.801+3 9.891+1 1.901+3 7.269-1 7.669-1 3.156~1 3.330-1
11 1.6530+6 1.591+3 1.485+2 1.740+3 5.666—1 6.194-1 2.875-1 3.045-1
12 1.3534+6 1.345+3 2.107+2 1.557+3 3.867-1 4.472~1 2.260~1 2.613~1
13 1.1080+6 9.533+2 2.469+2 1.200+3 2.350-1 2.959-1 1.572—1 1.979~1
14 9.0718+5 1.084+3 4.803+2 1.564+3 2.108~1 3.042-1 1.701 -1 2.455-1
15 7.4274+5 9.758+2 3.890+2 | 1.365+3 1.366—1 1.911-1 1.522-1 2.129-1
16 6.0810+5 8.419+2 | 3.911+2 | 1.233+3 8.823-2 1.292-1 1.295-1 1.896-1
17 4.9787+5 5.573+2 4.003+2 9.577+2 4.649-2 7.987-2 8.171-2 1.404-1
18 4.0762+5 1.097+3 1.130+3 222743 6.179-2 1.255-1 1.280-1 2,599-1
19 2.732445 8.803+2 | 9.855+2 1.866+3 © 3.382-2 7.168-2 8.063-2 1.709~1
20 1.8316+5 7.085+¢2 | 9.002+2 1.609+3 1.871-2 4.247-2 4,941-2 1.122-1
21 1.227745 5.199+2 | 7.547+2 1.275+3 8.647-3 - 2.120-2 2.689-2 6.592-2
22 8.6517+4 6.240+2 1.022+3 1.646+3 5.777-3 1.524-2 2.009-2 5.301-2
23 .- 5.2475+4. 5.36242 1.005+3 1.54143 3.010-3 8.648-3 1.228-2 3.527-2
24 3.1828+4 6.979+2 1.489+3 2.187+3 1.051-3 3.293-3 5.980-3 1.874-2
25 1.5034+4 6.341+2 ) 1.512+3 2_.Ild6+3 4.447-4 1.505-3 3.370-3 1.140-2
26 - T7.1017+3 7.877+2 | 1.997+3 | 2.785+3 1.182-3 4.177-3 9.602~3 3.349-2
27 2.6126+3 7.594+2 | 2.065+3 | 2.825+3 1.188-3 4.431-3 9.060-3 3.370-2
28 9.6112+2 L126+3 3.035+3 4.161+3 1.700-3 . 6.279-3 9.764-3 3.606—2
29 - 2.1445+2 1.117+3 3.194+3 431143 1.500-2 5.789-2 6.915-2 2.668—1
30 4.7851+1 1.704+3 5.349+3 7.053+3 1.131-2 4.681-2 6.775-2 2,804-—-1
31 5.0435+0 1.920+3 | 6.344+3 8.264+3 2.170-3 9.338-3 2.523~2 1.086-1
32 4.1400-1 4.045+4 7.381+4 . 1.143+5 5.025-5 1.419-4 03.041-2 8.590~2
Summation 9.21340 10.01+0 " 4.212+0 5.650+0
"4Read as 1.4918 x 107, (H. Yamakoshi (1))

% GC stands for abbreviation of cmg/energy group

* hG stands for hr/energy group

Table 4 -~ 10 Interpolated Neutron Dose Rates

Source Center of Source® Dose Rate
Position (cm) (mrem/h)
1 75. 0.3
2 125 0.65
3 175 1.5
4 225 .5
5 275 1.5
6 325 0.65
7 375 0.3

Summation 10.4
aMeasured from the bottom of the cask. 1)
(H. Yamakoshi )
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Bl (RN BHERE. HAZEHN Monte CarloftEE2HAVTHER 50 F YASHEHED
gyar =rmysld)

Table 4-10 WRRT KSR, BERYPBLFEHOMUE. F2HhB. BHEREZOPREHIE
URBECIHAEHRERIE 5.5 mrem/hrTH 3. ZOFE—REBEIU T Monte Carlo #EH S
ROEEEEEREY 5.5 nrem/hre b E U 5.0 nren/hrd> 3 6.0 mren/hrOEEE 5 3.
—75+ Monte Carlo ETROLBFHRELOEWR 7 nren/hr T3 3,

Monte Carlo MK XA RBEROHEE T, FHERELOEBEEERRED» S 15 cn Fh
EOMEOD 27 F HLUER->TVE., ZOXNSHRERIMECERT AL, BEENHD
MELSIBEHLERRALOBERY 273 BRI I3DDOEERETS. ULB->T. 20K
EFR2BWV. Table 4-10 TRURIMEE 10.4 mrem/hr D OHEET I BRI LOHERIE 13.
2 mrem/hr & 723,

Table 4-8 R ZhHE P EE 0 O HEIE 10.01 nrem/hr& BT~ X RIEE. UED
BEMS. 13.2 mrem/hr TH 3,

Eﬁbkbbﬂﬁ)?—@ﬁﬁ%&ﬁ%loxmﬂﬁﬁﬁinfﬁép ME®ES (b
T IHERE. NFEMUAROMEELCLY 15 3 BEOBEENRThE., FRHEHEH (
AT BHBEE UTHAL Monte Carlo FFHOERKIAHN 10 T BEEDORENGIHh TV 3,

Ude 8-> THEIE 13.2 mrem/hr ZIZRERI 35 1 BEOBRENRRATHh 3,

ﬁﬁ~h&e&9ﬁﬂﬁ%¢ﬁ?ﬁ§$bﬁ@ﬁﬁ@IWMmmwmméxﬁﬁX791®§
PHCHESHEZOME. FECAVLAHERORZELESSEENRENS. O3B TERM
AvYV20BRVACEETSHERZEL 17 UTRWZA TS %M. FARBREZES{GFER
ZUTHOTLERMUDP>BLBE 90 3 BESRIRAZL 3, '

S0 YEBOEBOSBSTEIEVHBEUHRE. 8B, LYVETH 3,
ChOOBRAIPHTFROBERHIUTODRETER TS ET 3,

o = @oe-(ZFeXFe * >:P‘DXP’D * ZReXRe)

HEfRECERYT 3P FROEMNRER

ae |

0] = XFesze + XPbdZPb * XﬁedzRe
TH 5o
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Zpe @fE&%%&)%N%qﬂﬁ%:nmb%“—%E@E%&‘aa:c:v{)iso _}Fif. 4-12b WRT &S 5
0 PUEROBBRAHT ZFHETORPYASHETRGE Jon + J’n) BES G MeViTiE) &
FBHG MVITIE) WANT FLOWNSZHDOD. 1 MV [FET—E. BEFEBRU. T2
F-BETTI3LOATI UK ERIEERS, —H. Fig. 1-2 RRT50 Y AEBOHE
FRNT ZRBEEREESEEREY 10 eVHEDS 106V CHF THHEFLALE -0
MEEDBRIMHLEBEMT 2. DEOEADS 7 MV EO I FRAEEFRER A X
KFFT B0 B Lpo v Ipp s LR DB ESHRERYT 3.

FLETORURITEL. COIRAK - HBOLREHERICHT 3 MEZRLERT 5 3
TH%5, UHU. Fig. 2-1 TRT LS. 8. KREROMEAMBIINE -CHUTHRVEE
HRRFOHRTLEI 0. BERILOFRET 103 BED. DOKRIRBERELESA ST
Bt S 3, '

EOHOFUETENUTU. Iy, ~ 0.322 cm « Ipy ¥ 0.232 cn v I, =0.149 cn TH 3
DT SZFe = 0.0322 c¢m ‘CSZPb = 0.0232 cm . 62Re = 0.0149 cm & U Table 4-4 TRY
ESVLXp = 1T em v X = 14.6 cm < X = 10 cm S, [d0/0 ~0.865 &7 3.

BESEPOESHIMI TOL/O|DER. FIAEBSRIZBVT 0.886 LESETHY.
KB BOHOBEOEEABETS 3. UhNoT. BEROFEME 10.01 mren/hr 24
BEE 90 % BOFHEERSTABES,

ULDOZTELFEME 10.01 mren/hr RIBAERFHEEERNSTAESIN. WTEI BRI
EELEENh I BELERMT L UEHEE 13.2 mren/hr EBE—BUTW3, cOZEh . B
EBLED THELORSUENTREI L L ET L3,

4.3.3.2 TN-12A BRI BDES

Table 4-3d0 OWHHBRHBEBUBEBB LU Table 4-32 OEBERMEREEEZ D > =
MASEE J TRIEU. Table 42 D TN-124 MABICHT 5 A EEER IS L EIE %
AOTESRELOFHTFE RS Y IBRENT 3 HEE 00 . 000 BLU—RA Y T HOEE
£ 0c BEHUR, HRETable --11FT. ’

Table 4-11 OQEOEHIZMHOVTIL. Table 4-12 hBREE 29,871 MWD/T iEWR 3 B
BF. FYIBOBFERELALV. $RrBCOENI LS. PRFORNTBRN G 5B EHE
OHESZRUTS 3. |

Table 4-11R@. G-IDXOK 1HEHIET BHETF. — A Y IBOWE Joh. )iz &
. E2HEERIEU BT, — R Y IROBREHTIHER Jh . VEBRULTS 3.

— 108 —



Table 4 - 11 Coupling Effect on Neutron and Gamma-Ray Currents, and on
Dose Rates in the Case of TN-12A Cask

Coupling Effect on Currents and Doses

Energy |Upper Limit of J;n 7 J* D: DE D:g Dig
E 3 -n n 1
Group, N |Energy Group,E (e} (n/s-681| (n/s-GC) | (n/s-6C)| (mren/A8] (mrem/hd] (mrem/hG) (mrem/he)
Energy Distributions
1 1.54918+7 1.436+0 |2.561-3 |1.438+0 |6.563-4 |6.551-k | 2.010-4 |2.006-k
2 1.2214+7 8.365+0 [1.863-2 (8.383+0 [2.753-3 |2.7hb-3 |9.347-4 |9.33h-4
3 1.0000+7 3.37h+1 |1.063-1 |3.384+1 |8.637-3 {8.610-3 |3.582-3 |3.570-3
L 8.1273+6 9.693+1 |L.610-1 [9.739+1 [2.119-2 [2.109-2 |[1.003-1 [9.984-3
5 6.7032+6 6.405+2 {T.577+0 |6.479+2 [1.049-1 {1.037-X |6.254-2 |6.180-2
6 4, 4933+6 6.197+2 [1.285+1 |6.326+2 |8.hok-2 (8.321~2 |5.906-2 |5.809-2
T 3.6788+6 8.94k+2 |2,922+1 (9.235+2 [1.170-1 (1.133-1 |8.642-2 [8.370-2
8 3.0199+6 1.257+3 |7.045+1 [1.328+3 |1.647-1 [1.559-1 [1.228-1 |1.163-1
9 2.4660+6 1.648+3 |1.h72+2 (1.795+3 |2.287-1 |2.099-1 |1.751-1 [1.607-1
10 2.0190+6 1.804+3 |2.605+2 |2.064+3 |2.040-1 {1.782-1 |1.885-1 |1.647-1
11 1.6530+6 2.010+3 [4.h25+2 [2.453+3 {2.1k9-1 [1.761-1 |2.097-1 [1.718-1
12 1,353446 2.033+3 |7.656+2 |2.798+3 |2.251-1 [1.635-1 |2.273-1 |1.651-1
13 1.1080+6 1.925+3 [1.2b2+3 |3.167+3 [2.395-1 |1.456-1 |2.638-1 [1.603-1
1k 9.0718+5 2,238+3 |2.227+3 (L h6U+3 |2.677-1 [1.3h2-1 [3.703-1 [1.856-1
15 7.4274+5 2.801+3 (3.683+3 |6.48L4+3 [2.798-1 |1.208-1 |5.139-1 [2.219-1
16 6.0810+5 2.563+3 [5.008+3 |7.571+3 |2.235-1 |7.567-2 |5.152-1 [L.7hb-1
17 L.9787+5 1.608+3 |5.564+3 |7.171+3 |1,569-1 (3.518-2 |h.121-1 [9.238-2
18 L ,0762+5 4,131+43 |1.962+h (2.375+4 |3.572-1 |6.212-2 |1.045+0 [1.818-1
19 2.7324+5 2,681+3 [2.643+k [3.011+4 |2.160-1 [2.642-2 |7.606-1 [9.305-2
20 1.8316+5 3.560+3 [L.499+k |5.855+4 {1.642-1 [1.204-2 |6.608-1 |L.8L45-2
o1 1.2277+5 8.holh+2 11 h16+k |1.501+k [2.015-2 [1.140-3 [9.450-2 [5.347-3
22 8.6518+h 3.614+3 |6.662+k [T.025+k |2,717-2 [1.398-3 [1.550-1 [7.972-3
23 5.2475+4 6.477+2 [2.482+4 |2,546+h [3.500-3 |B.899-5 |2.566-2 |6.52h-k
2h 3.1828+h 2.887+3 |B.0LT+k |B.306+4 [6.482-4 [2.253-5 {1,276-2 M, L35-4
25 1.503L4+4 1.563+3 |6.328+4 [6.484+h |3.7hO-L4 |9.015-6 |T.315-3 [L.T763-h
.26 7.1017+3 6.511+2 [2.383+h [2.LhT+h 9,020~k |2.400-5 {1.136-2 [3.023-k
27 2.6126+3 1.989+2 |1,319+4 |1,339+4 |5.856-4 [8,701-6 [6,650-3 |9.881-5
28 9.6112+2 3.382+1 [2.403+3 |2.437+4 [2.643-4 |3.666-6 |2.286-3 {3.1T72-5
29 2.1hk45+2 '1.280+0 [1.902+2 [1.915+2 [3.053-3 |2.040-5 }2.210-3 [1.kT7T7-5
30 4. 7851+1 1.693-2 |1.730+L |1.732+1 [7.505-6 |7.334-9 {7.048-5 [6.889-11
31 5.0L436+0 6.452-5 [7.919-1 {7.191-1 {5.574-9 |5.000-13}3.139-7 [2.813-11
32 k,1400-1 3.065-7 |8.816-3 |9.814-3 [1.369-17|k4.267-22{1.Th2-9 [5.429-1k
Summation 3.339 1.832 6.007 2,170
¥ GC stands for abbreviation of cmz/energy group (H. Yamakoshi (10)

%% nG stands for hr/energy group
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Table 4 - 11 Coupling Effect on Neutron and Gamma-Ray Currents, and on
Dose Rates in the Case of TN-12A Cask

Coupling Effect on Currents and Doses

S R S R g g
Energy |Upper Limit of Og * g . Dc #*3% DN
Group,N| Energy Group(eV) (p/s-GC); (p/s+6C) | (p/s-GC)| (mrem/hG)|(mrem/hG) .
Energy Distribufions
1 1.0 +7
2 8.0 +6
3 6.5 +6
b 5.0 +6 .
5 h,o +6 4.293+5| 1.565+2| 4.295+5| 6.769-2 | 6.769-2
6 3.0 +6 3.154+6) 1.577+3| 3.156+6| 2.088-1 |2.088-1
T 2.5 +6 1.925+8| h,793+hk| 1.926+8| 5.204+0 | 5.204+0
8 2.0 +6 8.863+7| h.Th3+5| 8.91k4+7| T.48L4-1 |7.48L-1
9 1.66 +6 5.569+8| 8.914+5] 5.579+8| 1.304+0 [1.304+0
10 1.33 +6 9.T79+8| 6.97T+6| 9.846+8| 3.984-1 |3.984-1
11 1.0 +6 2.471+49] 1.688+7| 2.488+9] 9.634-2 | 9.63L-2
12 8.0 +5 4.853+9| 6.628+7| 4.919+9| 2.162-2 | 2.162-2
13 6.0 45 5.677+9| 2.771+8| 5.955+9| 1.310-3 | 1.310-3
1y Lo +5 2.271+9| 3.576+8| 2.629+9| 1.126-6 |1.126-6
15 3.0 45 1.9k6+9| 5,.663+8| 2.612+9] 2.64k-9 | 2.64L-9
16 2.0 +5 1.128+9| 3.334+8| 1.516+9] 1.947-10[1.947-10
17 1.0 +5 2,566+T| 1.139+7| 3.T05+T| 2,223-27| 2.223-27
18 5.0 +k 3.18b4+h4| 7.273+L] 1.046+5] 1.046-30| 1.046-30
Summation 8.05 8.05

' i
* GC stands for abbreviation of cme/energy group (H. Yamakoshi (10))

%% hG stands for he/enmergy group
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Table 4 — 12 Burnup Dependence of Neutron and Gamma-Ray Source Strength

in the Case of Cooling time of 546 Days.

(Data are based on the data library ORIGEN/2/82)

Fuel Burnup | 28,206 Mwyd/t | 29,871 Mwd/t | 33,206 Mwd/t
Neutrons 1.1370 +8 1.4702 48 2,3597 +8
Gamma Rays 4,5126 +16 4,7389 +16. 5.2197 +16

(H. Yamakoshi (3),(10) )

Table 4 - 13 Comparison of Calculated Dose Rates with Measured Values

and with Other Results of Calculation at Points A and A'

on the Cask Surface Shown in Fig.4-9

Present Calculation
6 cm . Apart  from 1 m Apart from
on the Cask Surface the Cask Surface the Cask Surface
D(O0 cm) | D(O cm) D(6 cm) D(6 cm) -D(1 m)
av, hetero av. hetero ‘hetero
Neutrons 3.34 2.93 2,91 (1.58) 1.11
Secondary Gamma Rays{ 6.01 5,27 5.23 (1.88) 1.90
Primary Gamma Rays| 8.05 7.73 7.00 (7.00) 2.94
Measurement Calculation
on the Cask | 1 m Apart from on the Cask | 1 m Apart from
Surface* the Cask Surface | Surface the Cask Surface
. *
) D(6 cm) . Pl m) D(0 cm) D(1 m)
Neutrons 2.2 1.1 2.79 1,20
Secondary Gamma Rays - - - -
Primary Gamma Rays 6.7 3.3 6.96 3.72

# Effective monitoring center is 6 cm apart from the cask surface. (H. Yamakoshi (3) , (10))

The blacket ( ) stands for dose rate without taking account of radiation coupling effect

between the cask wall and the bottle region.
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HEBLESSRZLN 1008 HERENh3, CONZORMUVBRBRENRES YT
B35 Lpes L OEORMY R T 3HOPET I R ¥ — . Fig.d-122 DS U X h
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BELVBEIR-TVE, UkN>T. Fig.2-1 DOESIMRLS . ZOWHEROEH DD
MELERLVY VROKREONERIZESDPRE RS,

Z Fe = 0.257 cm. IRe = 0.262 cn TH3DT. BEKMEL LT 10 § 2ERADHUE. Table
1O TN-12A BERBORE. LY YBOEEEERU T, [a0/0] = 1.02 $&bB. Table
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HTERAEERBBHUTILATVIDTSH 3,
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Dother cal Off &, A—#RICHUTHOFZFEN ANISNI-FEHVT. AESHL BT
STERBRAPS In OUERESITO—RUAERTEETRS>TEARERETS 3. =
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