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2. B4R

Transportation of spent nuclear fuel is indispensable for various operations in the
backend of nuclear fuel cycle. While spent nuclear fuel has been transported safely
for many years worldwide, the shipment of the spent fuel off-site to a reprocessing
plant or permanent storage site has never been done before in Taiwan. Radiation
safety and dose assessment regarding the spent fuel transportation will be the main
concern of the authorities and also general public. This study analyzed several case
studies in literature about the transportation of spent fuels and successfully established
key technologies in relevant radiation safety analyses. The source term evaluation of
spent fuels of interest and shielding calculations for possible shipping casks were
performed in this study.

In radiation safety analyses of this study, the source term evaluation of spent fuel
was obtained using SCALE/TRITON calculation that can accurately predict the
nuclide composition of a spent fuel and associated radiation sources based on
automatic and rigorous treatments of cross-section processing, neutron transport and
fuel depletion. The shielding calculations for shipping casks with TRITON results
were carried out by using SCALE/MAVRIC calculations that combine the strengths
of both deterministic and Monte Carlo transport calculations, and use an effective
variance reduction technique called the Consistent Adjoint Driven Importance
Sampling (CADIS) to make challenging Monte Carlo simulations computationally
practical.

The methods and tools established in this study can be easily adapted to
performing similar analyses for independent verification if necessary and can provide
the authorities with a solid basis for reviewing the plan for transportation of spent
nuclear fuel in Taiwan.
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% 5-1. CASTOR-V19 i# % 3§ 4 % Fl45 54 £ & chpl £ 26 % o 1

Cask no 2 Cask no 3
Gamma  Neutrons  Sum Gamma  Neutrons  Sum
Cask surface 0.90 0.0076 09076 0.90 0.0157  0.9157
Surface of transport hood 0.220 0.0041 0.2241  0.20 0.0085  0.2085
2 m away from transport hood 0.025 0.0026 0.0276  0.02 0.0026  0.0226
5 m away from transport hood, laterally 0.007 0.0014 0.0084  0.004 0.0001  0.0041
10 m away from transport hood, laterally ~ 0.004 0.0005 0.0045  0.003 <0.01 0.003
Cask no 4
Limit
Gamma  Neutrons  Sum value
Cask surface 1.00 0.031 1.031 10.0
Surface of transport hood 0.250 0.011 0.261 2.0
2 m away from transport hood 0.030 0.005 0.035 0.1

5 m away from transport hood, laterally 0.013 0.0029 0.018
10 m away from transport hood, laterally ~ 0.006 0.0013 0.007
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% 5-2. XSDRNPM-S ¥ MCNPAC 2+ & B e B 46 % Bligbra & F ek % o 1

RS AN

Thickness SCALE (SAS2H) SCALE-MCNP
(cm)
cc D, Dy, Dy, D, D,
0 1.46E—-01 6. TIE+03 1.29E-01 T.74E+03 7.74E+03
10 8.62E-02 5.23E+01 1.11E- 01 1.95E 04 8.64E 01 8.64E 101
20 5.23E-02 7.66E-01 7.60E-02 9.09E-05 1.18E+00 1.LISE+4+00
30 308E-02 1.69E—-02 4.78E-02 6.97E-05 3 12E-02 3 13E-02
Thickness SCALE (SAS2H) SCALE-MCNP
{em)
Dy D, Dy Dy, D, D,
0 1.46E—-01 6. 71E+03 1.21E-01 7.09E4+03 T.O09E4+03
10 2.83E-02 J44E+03 3 11E-02 4.50E+03 4. 50E4+03
20 5.20E-03 2.06E+03 6.04E—03 2. 76E+03 2.76E+03
30 1.16E—-03 L2Z0E+03 1.38E—03 1.75E-03 1.62ZE+03 1.62ZE+03
A (cm) Steel Water
D, D D, D,
0 1.21 0.95 1.21 0.95
10 0.91 0.69 091 0.76
20 0.86 0.74 0.86 0.74
30 0.84 0.65 0.89 0.76
12
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100.

DOSE RATE (uSwv/hr
S0

Measured dose rates | Calculated dose rates | Contribution

B z
(em) | (em) (nSv/hr) (uSv/hr) group 3 (%)

7T | 118 162 T 164 T .

100 108 54 i 59 L1 o i ¢

T o o | 8 82 outer &ide o iron Un:u\usor T

100 | 272 49 | 48 81 o n

200 | 272 33 | 33 76 : EBbis 0 cBA L|

7 416 248 | 226 T 2l L r e\ ossemb | T |

100 402 80 | 81 69 ‘0. 100. ZUC 300. 4CC 500. aIGLL
2| A6 4 ] L DISTANCE ALONG FUEL CASK (cm)
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Lid Cover
Ring Flange

Lid
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I 1]
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/ A 285 290
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e
Spent-Fuel
Region Hhaer
Region
| 396, ENLT (36587 480 {36 286
10
8’ 6
%0 2 / e ofle
f o A" =y
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Outer Shell
(8.8)

Dose rate  Normal condition Accident
Contents Surface 1m 1m
Fuel
pasker Primary Gamma 176 65 288
BgC+Al Secondary Gamma 3.7 12 0.1
Platg Neutron 48 1.7 151.9
1 Shell
Intermeliate mm(-ﬁ.s)E Total 261 94 180.8
Shell (5.5) (Limit value) (200.0)  (10.0)  (1,000.0)
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(a) Fuel Gamma Spectra {b) Fuel Neutron Spectra (c) Hardware Gamma Spectra
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B 6.3.1-1. FFFE et 5 Bl o
6.3.2. A #7425 : MAVRIC

MAVRIC &_SCALE *® # {7k B4 8 afrdl425% - & MAVRIC ik
P+ P 5 & B L CENTRM Z4258 4 4 225 B 497 3 mf’?&#ﬁ; » 12 DENOVO #
7% 3% (Deterministic method ) =+ 882+ 5 » 2 CADIS i DENOVO
2R A4 L REGEHES HER AR (Importance) £2 8¢k £ 82 5 B B4 48
> B fs 11 MONACO # 17 3D 2 & % # + %2 (Monte Carlo method ) >+ 18
#3-% o MAVRIC i A2Bl ¥ %3 B 6.3.2-1

% [nput CENTRM
p Resonance xs processing

ICE & DENOVO

Forward xs
l 3-D discrete ordinates

ICE & DENOVO
Adjoint xs
3-D discrete ordinates

CADIS

Importance map
& bias source

% A | MONACO
p 3-D Monte Carlo

@] 6.3.2-1. MAVRIC 7 42.R] °

PR e Al g At EHR Y MAVRIC > £ 3 5{4% 11+ %
ESERE IR Ry E ?Wﬂ”ﬁ?$°%*“@ﬁ4%#§ﬁﬁ¥ﬁ%
%]Ii‘ mf"?']f_’ BTN S € S FE%%”RT); B E L IR LR A S0 g bR
T Mo MAVRIC ¥ i 9 %8 53 4 LM)‘; feXmE > 3D g&}iﬁ:ﬁ@ﬁ
IR ERE R ER Y O R RO F B e R

T 45 fie B AT NP Bcdp 7L 2 ENDF/B-VII Lf—a ¥ o ¥ ¢ MAVRIC 7 i3 g}m
{5 5 RIE & TRITON e 478 % > 1:3_%&’# BT LY 3 B4 B bR
B ~B23FLs6 ki MAVRIC ¥ %k TR S4B #3- 8 hp % » 4oid

rmﬂ- \‘51' ?‘5

27



FH A G B R FE LML IERAE 0 2 CADIS 3 2 3 EstiRa £ 3 e
Fi o 2 AR sk T N R (FERE Y B BB L AR s

B o % £ CADIS # 2 i MAVRIC » ¥ ik k-2 hiz e B % % > »L,p bR 2 A
BELZEFLGHER mﬁ'}iv’vﬁi)’ﬁ V1B A IR R (FERB Y L RIS
B aE B AR ( Importance) TR F e+ B0 RS
BAFEIET RSB L F Y 0 e PR et nd o SR

PR FTENEE R R -

¥ d TRITON 38 #r {8 enfg s RIE S % > 7 R fg SR8 cniz B 33~ 15 540k
R B e A e PR A S e A RRI TR A
4 % > A~ B 2T 234 % (Lower end-fitting region )~ 5 »x %4 % ( Active fuel region ) -
“ & % (Plenumregion) ~ £ + =545 % (Upper end-fitting region ) o d %455 5k =+
B S kR A B R A WA Y AR R R Bl S ,f;',,«, 4)’ %
B 7 SRS L R TR LT R
BE s f T B IHERT AT RS SR

Sl
T3

Bk 3 g B Y 3 SR i A (5 8 AL ke A 55 B 24 TP - Ay
FENPEGR 2L | P BRMIRAE AR LR R 4T ;\ ot =

S(B) = aB?

Ho S A E LGSR NSR S 0 B AL phe 2 6 0 a LgF- 1 ik ¥ 5
StiRenh §.422> k3 stk £.1.000 @ & BRI RARAS G A R
'=:

BELBREFAHHGEE > LR E R EEW 50201 1.02 015 #7
B oo wEld oy bl 3 ﬁ:ﬁi&%—l StiRghe A R YR 6.3.2-2 ¢
{a) Axial Distribution (b} Axial Distribution {c) Axial Distribution
for Fuel Gamma Source for Fuel Heutron Source for Hardware Gamma Source

0.1 0z 04

0.35

& o 015 1 o 03
= = =
o o o

=1 = = 025
= = =
& & &

= = 04 = oz
a a [ai]
H H H

r_gw r_gw c_gws 014
=] =] =]

. < 005 Z o1

0.04

=
. Ik, . - ] . .
] a0 100 a a0 100 a 200 400
Axial location from bottom of active fuel Axial location from bottom of active fuel Axial location from bottom of fuel
(% active fuel heighty (% active fual height) ey

B 6.3.2-2. 1§ &R IE chghe A G oo

28



6.3.3. » 7% %

B16.33-1 £ 5405 & A3hd 249 iF % 2 GEBX8-1 3 % B r + yhfl e i
%%@mﬁqaﬁf;$%°$%@ﬁ’W@ﬁé’ﬁ*”@ﬁi%#%?*ﬁ
¥4 PR AT AR (BOTTOM) » ¥ 738 (TOP) 37 sk 3 B ettt
(5327 > /,;\Ef;'v’ﬂ bhhk ) B2 R E e + B it (% 39.6 & A E e A B
%%H%>~#u 48 7R 0 A £ @J’“%%x &waw%#4*€

~ T

B3] - BEE g (SIDE) B AL S 1IEL 5 2 2 o § & 4 3 107
- , - S 2
mSv/h > @ FEEHEMA G T EL G 2 O % B SR 4> 10% 3 10” mSv/h
) I , P v A s 172 -4
Z R P EERINAG S 210 BFenHE S A 10° 2 10
N - - , , 2 2 ., -4
mSv/h z_ B » @ JE:EEETEINA e b 22 1 10 & % FFen®E 3Rl 5 13 10
mSv/h -
{a) Radial Distribution (b) Axial Distribution {c) Radial Distribution
TOP SIDE BOTTOM
0 ——— surface 0
10 = s 10
im
z 5m z e &
@ 10m @ @
-2 cps| T Dol T TS
= | B £ 19 ]
i} i} 24}
= = =
@ \/ @ @
o o o
2 e %
EDU =) b 5_5‘5 =) ———— surface EDU -4 ———— surface
~ 10 : e = 10 1m = 10 1m
2m —0 T
“am “Am
Iy ¥ 10m i 10m
10 : 10 : L : 10 L
i} an 100 0 200 400 600 0 a0 100
Radial lacation {cm) Axial location fram TOP {em) Radial location (crm)

B 6.33-1 EKf'P AR ik GEBXB-1 A" i1+ Yol i@k 4o ¥

FIHE 5~ o

=

332 P & Ay AT 22 GEBXB-1 A" 11+ W chiB $
3 E R R WEE RTINS B0 3
AT R R FREE R TEINE RINE S P
e 16 fiTe MRS LR R ¢ A
BT 10 22 Benfieg B i ? 3 aock dp d BE

—a
T

¥ =

<l

€]

oy
g SR E W

ek

&
‘. )
4y
oy
ek

Foebod wEEE AR Y B RBR G R SR ES Y MG R E AT

FEE A RES o BRI R O] o T AT TR IR RN B T B
ﬁﬁ’fﬂiﬁﬁ%&%’ﬂtﬁw&ﬁWEzaﬂW&%mﬂ;mg$m@,
FiTA i P FHEFRRE 2 F WA FEOCEEF LG ¢

4y
b

R

29



' 2

E Bk o AR
WA e T HEIASGRRTE
/,,\' ’ fLT?r;‘i _ﬂ%mz\m k5

k3 ﬁ}ﬁ%i&;

>

&£
» A gk £ om
{a) Radial Distribution

TOP

‘mﬁx‘]‘ %\T_—Fri

F R e

2,

S|
R

s

R Fé“‘épii“év’ﬂloo 2 o
PR e ek 5 ;pgwa,

o

B

&

i

AN

(b) Axial Distribution (c) Radial Distribution

SIDE BOTTOM

Cose rate (mSwih)
Cose rate (mSwih)

Ciose rate (mSwih)

gamma
neutran

-8

gamma
neutron

gamma
neutron

a0
Radial location {crm)

1 6.3.32. £ L

100 0

A FH Lo 4riE

mn

ook g I |

d\;Lé:Lﬁ Etwm k3
TN12 2 & 7 2 & )?@mv'c—?‘ &
R g

S 2

=) ﬂ\‘:‘J'éf.si%eep s e

TN12 fa T
FE’FFI 1Bz Efbx‘ﬁ‘j’p 2R sk 3 ﬁgn]ﬂ
ﬁz—%ﬁwﬁ' TNI12 iz éfa

R
TN-12A % & £+ & ¢ 3 B E ¥

eotiant Eied np g PR R

l 6.3.3-4 Lk

Aedal location from TOF (o)

!3"

3L A FH TR

a0
Radial location (crm)

200 400 Ban 100

7

“~

GE 8x8-1 4| *

2
£ %

Jfa-__,_ l;]_,l, r‘!’h‘

2348 &

AN

TR s SR

7 (B 6.1-1) v“ i » B2iF

A S S ﬂ“‘ii’“ﬁﬁ

D AT ek T A

TR ek T B R R o v}?r 4 47
BOCO‘E}"c’rﬂt“ ’I-f;" 5900

ik

'

g

¥

d-%,g'l.,'a %Q'}Ejecléa\*%
(EI 6.1-3 =) o RIS HRET 0 BT
 RAEEEE DR ok ARy AR Bt iE
@m— ik A EHE

&%



»
D

\_.

&2l F oL 4L o= 3 : i 2 55 : 3
-':%‘ B ;‘1 ..z‘—:.—gt ° ..:f_,-gt ,F‘ 7T E; e 3@% ’}l = i\‘ ’E Hr i 3§ FE ’FFI
FERIH R o PRPRE F R D T R E e ] i
Bl REDRFFEFE > BE IR § A M 4 o~ GE 9x9-2 3] il e sl
Tl b F L ITTERN o Rk S Y S Rt 0 & ;‘t;‘ GE 9x9-2 p&F g 3%
SRR A RIAAP M AR -
{a) Radial Distribution (b} Axial Distribution {c) Radial Distribution
1 m away from TOP 1 m away from SIDE surface 1 m away from BOTTOM surface
1] 1] 1]
10 1 10 1 10 1
g 2 g 2 g -2
2 10 1 2 10 1 2 10 1
2 2 2
17 17 i
& & &
o o o
o -4 o -4 O -4
10 1 10 1 10 1
gamma gamma gamma
-5 neutran i neutron - neutron
10 L 10 L . . 10 .
a a0 100 a 200 400 BO0 a a0 100
Radial lacation {cm) Agial location from TOP {cm) Radial location {crm)
i8] 6.3.3-3. E%?‘ BE A E A riE i 2 GE8x8-1 A * 3 YR anF ¥
F2om 1l R EkFgrd FIHEIFLG o
{a) Radial Distribution (b} Axial Distribution {c) Radial Distribution
TOP SIDE ' BOTTOM
1] 1] 1]
10 1 10 1 10 ‘ 1
£ £ £
& -2 ‘ & -2 @ -2
£ 10 4 £ 10 1 £ 10 1
Lo Lo o1
=4 =4 &
. N : :
[=] [=] [=]
=1 =1 =
5 4 5 4 B 4
2 10 1 2 10 1 2 10 1
GE 929-2 GE 9x9-2 GE 9x3-2
5 GE 8=8-1 5 GE 8x8-1 - GE 8x8-1
10 L 10 L . . 10 .
a a0 100 a 200 400 BO0 a a0 100
Radial lacation {cm) Agial location from TOP {cm) Radial location {crm)
633-4 KPP EIPELNGFLLT B RPNTEEHL R HE S
Bk (B AREFEA TR 2 B
Fohod WBEEHPE RS B R E A ARG IR 5 B RSE
(© BN R B AR R T 2 B B R T LT B 4 R B g end

31



G AR F % o T F] GE Ox9-2 AWt sk Sl H L BAT TS 0 2 SRk
SR G5 R gk o EoE Y GE Ox9-2 BFIE 3K 48 Rl LT g oM B R
<o AT RSB EP LS

FPEREFNR 6335 FEEHY FFS
6.3.3-1> T &2 P TiE vt e o 15 Mz it 4o

z’v’ﬂii':f?s‘ll 2

B riE Bl o T @FE R RT i FFE1 B A G T B2 f5ae R A F
< 3t 2mSv/h FHREFFEE2Z ¢ Bl kg Piz- g2 R AR AE D FS
310 MSv/h > BESEIE 1 B b4 G 2 2 ¢ AiEd e RlEE T e 2 2% At 7

@426 0.1 mSv/h o 2 % 8% > HINA & chd S A E 59 8.41x10° mSv/h > 2
$aﬁ&*ﬂgqﬂ&%ﬂ0nﬁWwﬁ@%%ﬁZéqaﬁ&%Wﬂ*K7%
x10 mSv/h > BER S E & 2 2 ¢ b AR 5 4 2.64x107 mSv/h o {1
R AT EE N P PR B B &:;$%4¢m&m@o

S
£

{a) Radial Distribution (b} Axial Distribution {c) Radial Distribution
2 m away from TOP 2 m away from SIDE 2 m away from BOTTOM
1] 1] 1]
10 10 1 10

i 25 e :__——-__..______m
£ 10 1 £ 10 1 £ 10 ]
Lo Lo o1
=4 =4 &
a ‘ a i)
o o o
=] =] [
= = =
N e - s
2 10 1 2 10 2 10

GE 9x8-2 — GE 9x8-2 — GE 9x8-2
5 — GE =81 5 — GE 8x81 - — GE 8x8-1
10 L 10 L . . 10 .
a a0 100 a 200 400 BO0 a a0 100
Radial lacation {cm) Agial location from TOP {cm) Radial location {crm)
B16.3.3-5. BEEF B & AP A FER 27 BT R EERL G 22 ¢ R

HEFFE L (o

\F“lﬂ

FApA WY 2 d B -

Pl o ke * HE F 5 230mSv/h > ik 332 mSv/h s IR At E
] fb‘ﬁ‘}%—ﬂ%fk 3% St TR A BT PR ARt e E'IF‘ ﬁz\ B2 2R Jin
% % 7.26x102 mSvihe o k2 & 18 1% 3 4 eh =

[2)

Ly
“Eléﬂﬁ"?%@"j ,;gff@ugﬁ Hw P{—‘—‘- s wgbe B ;%)};_fl ﬁg;}g]_t;’i? {E,iﬁﬁ'i}"' Fi.‘m?sb

£ 5k

i

~=t \rnb

'&"T"'? _}:gﬂ’—r‘;;}i,{ﬂv ’ ‘]’%EJ’,L"F?’E&%@TﬁﬁfF% °

32



26331 ERPEAPEANEL Y EPS PEATEEH Y ARSI
FEFEHELHEF (MSvh) -

EiEE L6 PR A R 2 2%
(7#2RiE 2mSv/h » & * ;2 42 10 mSv/h) (##.2E 0.1 mSv/h)
LA 5 UL g PR 8 3% [k B 3n
B ;[:::;?'ﬂf‘- & B j’.::%s,]ﬁ _‘_‘%

GE 9x9-2 3.83x10° 3.03x107% 1.11x101 5.29x10* 4.53x102% 1.75%x107?

GE 8x8-1 2.51x10° 2.96x107T 1.16x101 3.72x10% 4.38x10% 1.82x107

B =

\F‘b

bt HE 5

GE 9x9-2 8.41x107 2.22 2.78x107%  7.31x10* 7.08x102 2.18x107?

GE 8x8-1 4.94x10° 2.30 3.25x107  7.32x10%  7.26x10? 2.64x107

I 0006 - 1.00E07
I 1 00E0S - 1.00E06
I .00E04 - 1.00E05
I .00E03 - 1.00E04
[ .00E02 - 1.00E03
1.00E01 - 1.00E02
1.00E00 - 1.00E01
1.00E-01 - 1.00E00
[ 1.00E-02 - 1.00E-01
N 1.00E-03 - 1.00E-02
I .00E-04 - 1.00E-03
I 1 00E-05 - 1.00E-04
I 1 .00E-06 - 1.00E-05
I 1 00E-07 - 1.00E-06
I 1 .00E-02 - 1.00E-07
I 1 .00E-08 - 1.00E-08

@633-6 %i‘?ﬁb AIFF oriEitz GE8x8-1 () ¥ GE9x9-2 (+ ) vnF
EEEYRME S E Y (R AMEFEA TR 2 HEA) -

33



6.4 FRAR* EHF RPFXEELHHRPEF 4122
%‘i’

AP R TR g ML E AP G L5 IR e T
@A (FA R 2% FIRE iE SR Do T R ST E & T e (0T 5B B e
HREARMEEEL 5 MY EPF P EEEE ORI P 0 2 U
Tanabp R REERD Y P2 FIFHORE I VR

w@ﬁ%wﬂ%#%ﬁ%@&aﬁw R R s
BT F s R B EE A RA R M A TR 1R BT SR i
%ﬁmﬁ@ AR M HES R R FEERTEN BB R
2 ]E?K"‘Lﬁ‘f’bb’ Bt oo ¥k 50 B I RS s R R Ao\#‘r—*‘w JB
ﬁ*g/z%i&}’fﬂ%ﬁ[? PFen® FP S v Sl E R dode 4 U /}a,ﬁﬁ}i

VAR S AR S E g oon R LR o F AR T A i"’ e gk
KPP AR E “vwf'l“i#w B& 2EERP, % 88 iFl % 8 iEE v e piTe
TR P e AR B TR o

l“‘b
&

A E AR P REEMRE kR A M AR AR e S P
AL PRE RS Ak AR F A RS () F BaR? 5 s 2d g
P g g s OCo BERRAL SRS kI Y 3
s o B LR G M PR A BRI B e B S hifhe &
lwﬂlﬁiamlﬁﬁﬁﬁﬁé T - L_Lf;lj B 4o 6.3.2-2 5 o i SIRIE

ﬁ’é’\'f""b’jw}»%?)iﬁ&g’ﬁf'r] 6.2.3-1 #7151 © i&%,)ﬁ?lﬁ‘%&)‘gmn—h%@# bl g
R Sl 18 ﬁgfﬁ"i iR Aok 6.2.3-1 7o 5 B AR ANt P v
B e U R SRR A LY 3 R R T 5 R B R e e U
EER R R DBk SR 0 doB] 6232 ST 5 2 BER g % 0 HHIRT
RS 0 AeB] 6.2.3-3 4T 5 T AR G & o BIGE RT3 RAR] > G ookt
FEAE  BHRAIEERRS 4 o

AT EAFLEE L ONTENME RINFE Y G EF B F RN
Eﬁ%%?a?ﬁﬁ PR Y T EE AR Y o P TEIRE RN G A K
Band who WHEMARGSF £ 80 FRERT AT B R

HHRRE? 8¢ F Rk @+ FELRNERE ST~ F 235 1155 5
SRR B TSN E S AR BT R R R TR B
r5*“2mSv/h YT RER T EE R AR OERM > AP F P hadE

F RS 2R B Bl Wi UF R 2 @ e B )
gAY EEERT AT AR

-L:'{L

-
B %

w}‘l‘\, *—a.

34



aﬁ&&%ﬁ*@ﬁé%ﬁfﬁﬁﬁ%@&?ﬁ@§39$"Qﬁ”@#
TRl SEIROT 4RI 0 11 B R M e T R P R
AL e BRI FEAE ~ A T DR AR M R - 2R EBG ]L’E”Eﬁ}iﬁﬂ S
PR SR T o U ORSR R R AR 2 e
FEER R FEERTE R B RIR R PR R H RS A o

S TR A P EEAR R e BN e F N
ﬁﬁ’ﬁﬂ%%%ﬁwiﬁﬁu@%gwéﬁ%ﬁlﬂﬁﬁ‘ﬁﬁﬁ%&’ﬁﬁ
Fr T RRE S BRI SRS T REL SN AL Y o ¥
Zyp T RORE T > F TR % 40

P PR B e &S R 2 E SRR LR B EE AR

S CIREEHE .

= ~iEE
REF SRUHEETEZ % 2 H A ’ﬂﬁi%%%??ﬁ’%@§i°%
SR EE — LA AL UL E REREC RS S
RORE G B P YR & R (T iR S 2 o

35



[

FHATR DT g RT3 LR ORI @S R EE
TEHE 2R R0 ﬁ@ﬁd*Gl%oe@A%@m,;ﬁw@ﬁgwﬁ
2. TN12 &2 TN17 A|:E# E 530 Rl i o B EF LR P TR -~ 3 B g g
Fooppddia 1o BREFLGHY o MEF L P HT% U0

“ﬁn

Ay Al TRITON = & % 3§ 453 2R enig S4R 5358 - 202 MAVRIC
LA EREP S R TSR R

TRITON ¥ % i e chh st S B E e > ¥ A B AR Y - &
BV At S A EE S T R AT 0 d A S LG MR
Y Rk iRAR I o F]pt GE 9x9-2 27 GE 8x8-1 | ¥l chig SR 78 iy 324 B & %
TRPEAR o VAR PEEERT 0 GE9X9-2 JI P L G 4 6% kS 5
B (% 1.32x10" y/s/assembly ) » £ & 6% :ht Al ¢ 3 s A (4 2.27x10°
n/slassembly ) ; #p Fe 3¢ 3E % 2 T o0 GE 8x8-1 RIEL § & 3%gtr i+ %A (4
4.48x10" y/s/kg)

T RZERATGRE G T —ﬂfﬁﬂgﬁzakwgﬁmﬂ&?o
P”&%&T’&«m%awﬁzﬂ S SN N ST Ty F
AR ORE > L@ HE FH 230 mSv/h BN A m o oE < FHE X 8.41x
102 mSv/h » &% 4 6 chd < AR F 5 3.25x107 mSv/h o BETERR & G 2 2 & A
B4 B 56 7.32x10° mSv/h > BERIE A B 2 o gk A B R 5 7.26x107
mSv/h > BEARE & 2 2 & Auid * # % 9 2.64x10° mSv/h o

MAVRIC + %ﬁ@xé% #\ﬁiﬁ ~ BIAF3eehfE BERIE HE I > XY
A
[

N s B R R
EEFETE NS R EE R R PR AP FE R
BRI AT T G T RS L R R TR 2R R
FEBMEF TG LR ; it T 2EEARR G R Q)¢ kR
M GrE I pRHPE B g Rt TR mFEE AR EARRZ
EAME SR REFY BT RREE BEMME ST T REL Y
WwHEF L2 5T o

36



8.

1.

10.

11.

34

R.J. Sheu*, A.Y. Chen, Y-W. H. Liu, and S.H. Jiang, “Shielding calculations for a
spent fuel storage cask: A comparisons of discrete ordinates, Monte Carlo and
hybrid methods”, Nuclear Science and Engineering: 159, 23-36 (2008).

A.Y. Chen, Y.F. Chen, J.N. Wang, R.J. Sheu*, Y-W. H. Liu, and S.H. Jiang, “A
comparison of dose rate calculations for a spent fuel storage cask by using MCNP
and SAS4,” Annals of Nuclear Energy 35 (2008) 2296-2305.

R.J. Sheu*, Y.F. Chen, S.H. Jiang, J.N. Wang, and U.T. Lin, “Dose evaluation for
an independent spent fuel storage installation using MAVRIC,” Nuclear
Technology, Vol. 175, July 2011, 335-342.

Y.F. Chen, R.J. Sheu*, S.H. Jiang, J.N. Wang, and U.T. Lin, “Surface dose rate
calculations of a spent fuel storage cask by using MAVRIC and its comparison
with SAS4 and MCNP,” Nuclear Technology, Vol. 175, July 2011, 343-350.

Y.F. Chen, Y.F. Chiou, S.J. Chang, S.H. Jiang, and R.J. Sheu*, “Effects of source
and geometry modeling on the shielding calculations for a spent nuclear fuel dry

storage cask,” Nuclear Technology, Vol. 182, May 2013, 224-234.

IAEA, “Operation and maintenance of spent fuel storage and transportation
casks/containers,” IAEA-TECDOC-1532, 2007.

NRC, “Standard review plan for transportation packages for spent nuclear fuel,”
NUREG-1617, 2000.

NRC, “Safety of spent fuel transportation,” NUREG/BR-0292, 2003.

NRC, “Standard review plan for transportation packages for MOX spent nuclear
fuel,” NUREG-1617 supplement 1, 2005.

W. Bentele et al., “Experience with the loading and transport of fuel assembly
transport casks, including CASTOR casks, and the radiation exposure of

personnel,” J. Radio. Prot. 1999 Vol. 19 No 4 353-359.

E.F. Kryuchkov et al., “Modeling of radiation field around spent fuel container,”

37



12.

13.

14.

15.

16.

Radiation Protection Dosimetry (2005), Vol. 116, No. 1-4, pp. 575-578.

S. Rimkevicius et al., “Safety analysis of irradiated RBMK-1500 nuclear fuel
transportation in newly developed container,” Nuclear Engineering and Design
240 (2010) 3521-3528.

Kang, H. Y. et al., "Shielding design of shipping cask for 4 PWR spent fuel
Assemblies,” Journal of the Korean Nuclear Society, Volume 20, Number 1,
March, 1988.

Kloosterman, J. L. et al., "Gamma benchmark calculations on the TN12 spent fuel
shipping cask by the point-kernel shielding code MARMER."

Momma, Y. et al., "Radiation measurements and shielding calculations for spent
fuel casks," Journal of Nuclear Science and Technology, Supplement 1, p. 342-346
(March 2000).

Ueki, K. et al., "Measurement of dose rates and Monte Carlo analysis of neutrons
in a spent-fuel shipping vessel,” Nuclear Technology, Vol. 74, Aug. 1986.

38



	1. 中文摘要
	2. 英文摘要
	3. 計畫緣起
	4. 計畫目的
	5. 執行方法以及進行步驟
	6. 完成之工作項目及具體成果
	6.1. 蒐集及研析國際用過核子燃料運送作業輻射安全評估案例
	6.2. 分析我國用過核子燃料的輻射源項特性
	6.2.1. 用過核子燃料分析條件
	6.2.2. 分析程式：TRITON
	6.2.3. 分析結果

	6.3. 建立我國用過核子燃料運送作業輻射安全評估技術
	6.3.1. 運送護箱分析模型
	6.3.2. 分析程式：MAVRIC
	6.3.3. 分析結果

	6.4. 研提我國用過核子燃料運送作業之輻射防護管制建議

	7. 結論
	8. 參考文獻

