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2. &

Targeting on the radiation safety of the Independent Spent Fuel Storage Installation
(ISFSI) at Chinshan nuclear power plant, this project studied three important issues during
the upcoming hot test run: (1) characteristics of the design-basis spent nuclear fuel, (2) dose
rate distribution on the surface of the internal canister, and (3) dose rate distribution on the
surface of the transfer cask. Source term estimation plays an essential role in radiation
shielding design for an ISFSI facility. The inventory of radioactive nuclides in a spent
nuclear fuel depends on several factors, such as specification of the fuel assembly, irradiation
history in reactor, and cooling time. One of the main purposes of this study was to perform
a systematic analysis on the nuclide inventory of the design-basis spent nuclear fuel and,
accordingly, to estimate the resulting neutron and gamma-ray sources, as well as the decay
heat. In addition, dose rate distributions over surfaces of the fuel canister and transfer cask
were evaluated by using different approaches for V&V purpose. Detailed source term
information and surface dose rate distribution are key ingredients for reliable dose assessment
and for optimization of health physics program during the ISFSI operation. The results of
this work can be used as a reference to radiation safety analyses or reviews for future interim
dry storage in Taiwan. More importantly, the results and experiences gained from this study
can provide solid technical support or reference for the authority agency on key issues related
to radiation safety of the ISFSI operation.
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A S GE 8x8-1 GE 8x8-2 SPC8x8 GE9B 8x8
3= (em) 1.25 1.25 1.23 1.23
EEpE (em) 1.08 1.08 1.05 1.06
EEHT Zr-2 Zr-2 Zr-2 Zr-2

4 »eg A (gmiem®)

10.32 10.32 10.26 10.45

Bkt 4 B4 (em) 1.06 1.06 1.03 1.04
Bt Tioie ek R (W% 2PU) 8.5 3.25 3.25 3.25

Fil 8 GE 8x8-1 GE 8x8-2 SPC8x8 GE9B 8x8
Eei R Il 8x8 8x8 8x8 8x8
PR R P 63 62 62 60
F oL R (cm) 381 381 381 381

ekl s B EE (cm)

1.626 1.626 1.628 1.626

493 92

ket

Zr-2 Zr-2 Zr-2 Zr-2

bz (em)

1.252 1.252 1.229 3.404

s (em)

1.080 1.080 1.052 3.200

13.41 13.41 13.41 13.41

weplw g R (cm)
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SR 4 R

Zr-4 Zr-4 Zr-4 Zr-4
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Pl (82w 2 A 4ERE 4 3.115)

GO R B2 7B fm 7B
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FE OB UREH
€ (P 2 HREZ 4.08
BE CEPE) ! 34.47
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RVE R 145 NS
b E = 1652 136 ASME SA-240/SA182
i 1664 3.18
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%6.12-1 B4 FEREX T S8 (GFHIE 241982 2 3115) (H)

iE AP g ©< (mm)  £E£ (MT) L i % R
w12
43 B R 4519 7 o8
T e (EavE ) 1664 '
e 1664 ASME SA-240
o 3 A 287 Type 304 7 &%
— ASME B&PV Code
one HE 1664 ASME SA-240 Section 11
T 3R 127 Type 304 # &4 NG
T NUREG/CR-6322
AR 1666 ASME SA-533
FE E B 16 Type B Class 2 ## 4%
\ O EE 1657 ASME SB209
& A ’3
#wg WRPE E R 13 Type 6061-T651 45 & £
ASTM A240
A 149.9x149.9 Type 304 7 44#
e Enclosing Neutron Absorber  Section 111
= N ASTM A240 NG
A _ 153.7x153.7 Type 304 # 44
(v g 4 W%t & OverSize) Enclosing Neutron Absorber
) ] ASME SA312 Section Il
TR MR
FHE 13 Type 304 7 44k NG
L L " ASME SA312 Section Il
S ik Type 304 # 44k NG

15



B 6.1.3-1. Bi¥4s (o2 % 2~ 4794 B 1.2-3)

16



[gY]

r _\\\\\\\\\\ .\\\\\‘\\\
I
s l 4
-
[=]
ES £ EE EE Ik
oo =] s Y
=" n omp oM
23 28 % 5 g
28 8w 22
e 53,58 em—]
re— 85.17 cm
=—g6.04 cm
8785 cm
@ stecl ra— G747 orm——e
- =— 98,24 ocm—=
@ Ns-4-FR = 105.09 cm——
& Leod e 108.27 em—=f

2 F uel
Plenum
& Upper MNozzle

# 6.1.3-2. NACUMS i soz 33 fa4a] (H3%) (H = om) (3403 % 24
17 3% 4 #] 6.4.5-2)

r==10B.27 cm
= 105,02 om—
F=—8E8.24 cm—=
re— a7 47 om—=
r=—87.85 cm
[=—86.04 cm
=—8517 cm
L [=—B83.58 cm
E ‘
o
2 £
&l o
2 @
=
&
ol
—27.31 em : ;
| . e
17.78 ¢m
z
3.81 cm
J8.20 cm—
B Sterl
CINS-4-FR
@& Lead
& Fuel

& Lower Nozzle

(8]

B 6.1.3-3. NAC UMS i suz 84 @403 (&) (E = em) (Fsix 240
5 3% 2 [§] 6.4.5-2)

17



% 6.1.3-1. BEEFHR S8 (FEIF 24472 £ 311-7)

RN wp Sm B Tt (mm) £# (MT) L R yRiE R
>3 5130
- ZE
> f 4% YOKE 2 ¢
BT 2121
B ASTM A588 Low Alloy Steel
5 R 32
by s s - %3 CAWS D11
B3 4 v 1721 AS;E SEC 1%
poEE ASTM A588 Low Alloy Steel '
B R 19
B 1913
[ 3 ASTM A588 Low Alloy Steel
B R 19
P B R 25 ASTM A588 Low Alloy Steel
S B R 81 ASTM A588 Low Alloy Steel
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% 6.1.3-1. BEE PRSI (F&1 2221782 £ 311-7) (F)

AiRwiE R 0 3f 4 (mm)  £E (MT) P 9% R
A350 LF2 and
Bl ER 198 A588 Low Alloy Steel
NS-4-FR ANSI N14.6
NUREG-0612
1 A350 LF2 Low Alloy Steel
ASTM B29
% o Bgr B 80 :
k4 e Chemical Copper Grade Lead
NS-4-FR
P AR BR 70 .
Solid Borated Polymer
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g
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% 6.1.3-2. BiEdiaz BfrH P (Fe14 241782 % 6451)

W LA wdaik £RFA (o) HA (glem®)
H 0.999887
o) 53.2129
Na 2.89923
R Al 3.39904 2.2426
Si 33.6908
Ca 4.39857
Fe 1.39962
Cr 18.9995
* 4 4% (SS-304) M 19999 7.9200
Fe 69.5003
Ni 9.50029
C 1.00088
B4 7.8212
Fe 98.9991
4 Pb 100.0 11.344
H 6.0089
108 0.0872125
1B 0.383659
¢ + B ji (NS-4-FR) C 27.692 1.63
1.9879
o) 42.5097
Al 21.3306
C 0.00012
- 0.75527
R 0.001225
o) 0.23178

Ar 0.01283
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d % R Hat s W 77 % ¥ (Oak Ridge National Laboratory ) # & «» SCALE

( Standardized Computer Analysis for Licensing Evaluation ) 3+ & $ic#8 & s>t B & b 4k
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Time-dependent Operation for Neutronic Depletion) % - 4% % B A& SCALE 2 2% e
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SEALE TRITON Input File
Driver
and
TRITON Cross-Section
Processing Cross-section preparation
Modules
NEWT or g
KENO-V.a or Transport Calculation
No KENO-VI
Isotopic Fuel depletion/decay
All time Depletion/Decay | (repeat for all depletion
:"’ps Modules mixtures)
one?
Yes I
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Neutron targets.

Neutron targets
Group 5
Values

I : &1E00 - 7 52600
I 3.07E00 - 4.81E00
I 1 9sE00 - 3.07E00
I 2sE00 - 1.96E00
I 3.00E-01-1.25E00
5.11E-01 - 8.00E-01
3.26E-01-5.11E-01
2.08E-01 - 3.26E-01
1.33E-01- 2.08E-01
BS0E-02-1.33E-01
5.43E-02 - 8.50E-02
3.47E-02 - 5.436-02
[ 2.21E-02 - 3.47E-02
I 141602 - 2.21E-02
I 5.04E-03 - 1.41E-02
I 5 77E-03 - 9.04E-03
I 355603 - 5.77E-03
I 2 35E-03 - 3.69E-03
I 50603 - 2.356-03
I 5 50E-04 - 1.50E-03
I G .13E-04 - 9.60E-04

Group §

Walues

I < 31E00 - 7.52E00
I .07E00 - 4.81E00
I 195500 - 3.07E00
I 1:25€00 - 1.96E00
I .006-01 - 1.25E00
5.11E-01 - 8.00E-01
326E-01 - 5.11E-01
2.08E-01 - 3.26E-01
1.33E-01 - 2.08E-01
8.506-02 - 1.336-01
5.43E-02 - 8.50E-02
347E02- 543602
I 221E-02 - 3.47E-02
I 141602 - 2.21E-02
I o 04-02 - 1.41E-02
I 577503 - 9.04E-03
I 355502 - 5.77E-03
I 235503 - 3.69E-03
I 1 s06-02 - 235603
I 950504 - 1.506-03
I 5 135-04 - 9.60E-04

Seale F———— 1o00em

Scale: 2000 cm

Bl 6.3.1-1. =+ FRE & 28 F ( Importance Map ) »

Sampled Neutrons. — —T Sampled Neutrons.
Group & Group §
Values Values
I 0503 - 1.25E03 I 1.05E03 - 1.25E03
I s ssc02 - 1 05E03 I s ssc02 - 1 05E03
I 7.0z - 8.86E02 I 7.sE02 - 8.86E02
I s 2sk02 - 7.45E02 I s 2802 - 7.45E02
[ s:26E02 - 8.26E02 [ s:26E02 - 8.26E02
4.42E02 - 5.26E02 4.42E02 - 5.26E02
372E02 - 442602 372E02 - 442602
3.12E02 - 3.72E02 3.12E02 - 3.72E02
282602 - 3.12E02 282602 - 3.12E02
221E02 - 2.62E02 221E02 - 262E02
1.85E02 - 2.21E02 1.85E02 - 221E02
1.56E02 - 1.85E02 1.56E02 - 1.85E02
I 1 31E02 - 1.58E02 I 1.31E02 - 1.58E02
I ¢ 10E02 - 1.31E02 I 1 10E02 - 1.31E02
I ¢ 2se01 - 1002 I o 2se01 - 1002
I 7 78501 - 9.25E01 I 7 78:01 - 9.25E01
I G 54c01-7.73E01 I  s<c01-7.73E01
I 501 - 6.54E01 e == I 501 - 6.54E01
I ¢ 52801 - 5.49E01 I < 52801 - 5.49E01
I : 55c01 - 4.62E01 I : 55c01 - 4.62E01
I 25601 - 3.33E01 I : 25601 - 333601
Seale: 1 1000cm Scale 200.0em

B 6.3.1-2. B E & stk o
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Gamma Dose Rate (mSv/hr) Neutron Dose Rate (mSv/hr)

Total Dose Rate (mSv/hr)
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Responses Responses
Response 1 Response 2
Values Values
I 3 15506 - 1.00E07 I 3 16506 - 1.00E07
I 100506 - 3.16E06 I 1.00E05 - 3.16E06
I 316505 - 1.00E06 I 315505 - 1.00E06
I 1 0oco0s - 3.16E05 I 1.00€05 - 3.16E05
I 1604 - 1.00E05 I :.15E04 - 1.00E05
[ 10004 - 3.16E04 [ 100804 - 3.16E04
[ 3.16E03 - 1.00E04 [ 3.16E03 - 1.00E04
[ 1.00£03 - 3.48E03 [0 1.00E03 - 3.16E03
[ 3.16E02-1.00E03 [ 3.16E02-1.00£03
1.00E02 - 3.16E02 1.00E02 - 3.1BE02
3.16E01 - 1.00E02 3.16E01 - 1.00E02
[ 1.00E01 - 3.16E01 [ 1.00E01 - 3.16E01
[0 31600 - 1.00E01 [0 3.16E00 - 1.00E01
[ 1.00€00 - 3.16E00 [ 1.00E00 - 3.16E00
I 16501 - 1.00E00 I 3.166-01 - 1.00E00
I 10001 - 3.16E-01 I 1.00E-01 - 3.16E-01
I :.165-02 - 1.00E-01 I 315502 - 1.00E-01
I 1 00c-02 - 3.16E-02 I 1 00E-02 - 2.16E-02
I 15503 - 1.008-02 I 315503 - 1.00E-02
I 1 00c-02 - 3.16E-03 I 1 00E-03 - 2.16E-03
I 16504 - 1.00E-03 I 515504 - 1.00E-03
I 1 00E-04- 3 16804 I 1 00E-04 - 3.16E-0¢

Scale 2000cm Seale: 1 2000¢em

B 6.3.2-3. %itsh F (TSC) »therm e 3 (2) &2k3 (1) &

Responses
Response 2

Walues

|k
L
D2
=

I = 16506 - 1.00E07
I 1 .00E06 - 3.16E06
I = 16E05 - 1.00E06
I 1 .00E0S - 3.16E05
I =.16E04 - 1.00E05
[ 1.00E04 - 3.16E04
[ =.16E03 - 1.00E04
[ 1.00E03 - 3.18E03
[ 3.BE0Z-1.00E03
1.00E02 - 3.16E02
3.16E01 - 1.00E02
[ 1.00E01 - 3.18E01
[ 3.18E00 - 1.00E01
[ 1.00E00 - 3.16E00
I =.16E-01 - 1.00E00
I 1.00E-01 - 3.18E-01
I = 16502 - 1.00E-01
I 1 0oE-02 - 3.16E-02
I : 16605 - 1.00E-02
I 1 00E-03 - 3.16E-03
I - 16504 - 1.00E-03
I 1 00E-04 - 3.16E-04

Scale: I I 200.0 ctn

W 6.3.2-4. %34k i (TSC) *dhw 2 G chid M £ 5 A 5 o
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Gamma Dose Rate (mSv/hr) Neutron Dose Rate (mSv/hr)

Total Dose Rate (mSv/hr)
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Responses

Responses
Response 1 Response 2
Values Values

I 316506 - 1.00E07
I 1 00c06 - 3.16E06
I 316505 - 1.00E06
I 1 00E05 - 3.16E05
I 316504 - 1.00E05
[ 1.00£04 - 3.16E04
[ 3.16E03 - 1.00E04
1.00E03 - 3.16E03.
3.16E02 - 100603
1.00E02 - 3.16E02
3.16E01 - 100602
1.00E01 - 3.16E01
[ 3.16€00 - 1.00E01
[ 1.0000 - 3.18E00
[ 3 16€-01- 1.00E00
I 1.00E-01-3.18E-01
I : 165-02 - 1.00E-01
I 100502 - 3.16E-02
I 3 155-03 - 1.006-02
I 100503 - 3.16E-03
I 3 16604 - 1.00E-03
I 100504 - 3.16E-04
2000em Seele: 1 2o0.0¢em

I 3.15E06 - 1.00E07
[ 1 00E06 - 3.16E06
I 3.15E05 - 1.00E06
I 100E05 - 3.16E05
I 5.16E04 - 1.00E0S
[ 1.00E04 - 3.16E04
[ 3.16E03 - 1.00E04
1.00E03 - 3.16E03
3.16E02 - 1.00E03
1.00E02 - 3.16E02
3.16E01 - 1.00E02
1.00E01 - 3.18E01
[ 3.16E00 - 1.00E01
[ 1.00E00 - 3.186E00
[ 3.18E-01 - 1.00E00
I 1.00E-01 - 3.18E-01
I 3 15502 - 1.00E-01
I 1.005-02 - 3.16E-02
I 3 15502 - 1.008-02
I 1.005-03 - 3.16E-03
I 16604 - 100603
I 1.00E-04 - 3.16E-04

Scale:

B 6.4-2. @ig (TFR) *ohhe 76 che + (2) #1%3 (L) HEFA G o
Responses
Response 2

Walues

I = 16506 - 1.00E07
I 1 .00E06 - 3.16E06
I = 16E05 - 1.00E06
I 1 .00E0S - 3.16E05
I =.16E04 - 1.00E05
[ 1.00E04 - 3.16E04
[ =.16E03 - 1.00E04

1.00E03 - 3.16E03
3.16E02 - 1.00E03
1.00E02 - 3.16E02
3.16E01 - 1.00E02
1.00E01 - 3.18E01

[ 3.18E00 - 1.00E01

[ 1.00E00 - 3.16E00

I =.16E-01 - 1.00E00
I 1.00E-01 - 3.18E-01
I = 16502 - 1.00E-01
I 1 0oE-02 - 3.16E-02
I : 16605 - 1.00E-02
I 1 00E-03 - 3.16E-03
I - 16504 - 1.00E-03
I 1 00E-04 - 3.16E-04

Scale: I I 200.0 ctn
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Gamma Dose Rate (mSv/hr) Neutron Dose Rate (mSv/hr)

Total Dose Rate (mSv/hr)

-200 -150

-100

-50

50

100

150 0 50 100 150 200 250 300 350 400 450 500 550 600

—TsC
-~ TFR

NAC-UMS |
—INERHPS |

P
— |74
4
| gy
/\
-+ _—4’
-

- 5 X &

%A'}I\I\ e
T e by  FF= ===
fﬁff

T

10"

T
-200 -150

T
-100

T
-50

Radius (cm)

B 7-1 F%— Bh B P v Rk 4a K

T y g — 1
150 0 50
Axial (cm)

et (Radial ) 2 )i (Axial) 26 e 3 2RI BEFAG o

—r - I - T - 1 T I T " T " T " T " T
100 150 200 250 300 350 400 450 500 550 600

49



EETADP (P R EPRREA RS AR S ST
N

B. J. Ade, “SCALE/TRITON Primer: A Primer for Light Water Reactor Lattice Physics
Calculations”, United States Nuclear Regulatory Commission, 2012.

M. A. Jessee et al., “TRITON: A Multipurpose Transport, Depletion, and Sensitivity
and Uncertainty Analysis Module”, Washington, D. C. (USA): Office of Nuclear
Material Safety and Safeguards of U.S. Nuclear Regulatory Commission, 2011.

ARl R F i d B € P AL oo (P RF B PRI N BT RO R &
[ & 50T R - B ISFSI 5 84Raaz 5 1) ++ 5 ¢ mfﬂ‘fuﬁﬂ'* i
4B €A 4T 2005 ¢

FEA (P - R BTN BT K e i A pr«‘fit_ FERAFTFAE ) ot o
Frcteh+ et R g’g/{ﬁ"ﬂ"ﬁ_#”’f}*?@_w EEFFEAT L 0 2006 -

Frebe R+ A R g P o (- R BRI R TR RO R AT % R
[BWR * itz 2l 2 fgstmad sk B ) ¥ @ s h+ a2 R § P g
“55 2005 o

A (* E P RAES R AT Y ) S AR R+ A4 R g 02010 -

A AR SRS TR T ) 5

G (12 B * B3 2ie s
"? Fulp 4 zﬂ;L“*Lfczﬂ 4 - 2011 -

= B'/(]‘fc,ffﬂ ok B g sy

50



