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Evaluation of Neutron Flux Accounting for Shadowing Effect Among the Dry
Storage Casks

Min Woo Kwak', Shin Dong Lee', and Kwang Pyo Kim"*
'Department of Nuclear Engineering, Kyung Hee University, 1732 Deokyoungdae-ro, Giheung-gu, Yongin-si, Gyeonggi-do 17104, Republic of Korea

ABSTRACT The Korean 2™ basic plan for management of high-level radioactive waste presented a plan to manage
spent nuclear fuel through dry storage facilities in NPP on-site. For the construction and operation of the facility, it is
necessary to develop the monitoring system of the integrity of spent nuclear fuel before operation. NUREG-1536 rec-
ommends that the theoretical cask array, typically in the 2x10 array, should account for shadowing effect among the
dry storage casks. The objective of this study was to evaluate neutron flux accounting for shadowing effect among dry
storage casks. The neutron release rate was evaluated using ORIGEN based on the design basis fuel condition. And
the simulation of dry storage casks and evaluation of the shadowing effect were performed using MCNP. Shadowing
effect of other dry storage casks was the highest at the center of the dry storage facility of the 2 x 10 array compared
with the outside of the cask. The shadowing effect of neutron flux on the surface among the metal casks was approx-
imately 18% at point 1, 23% at point 2, and 43% at point 3. For the concrete casks, the shadowing effect of neutron
flux on the surface was approximately 46% at point 1, 51% at point 2, and 52% at point 3. This means that correction
is necessary to monitor the integrity of spent nuclear fuel in each dry storage cask through evaluation of shadowing
effect. The results of this study will be used for comparative analysis of neutron measurement data from spent nuclear
fuels in dry storage cask. Additionally, the neutron flux evaluation procedure used in this study could be used as the
basic data of safety assessment of dry storage cask and development of safety guide.
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Table 1. Specifications of the dry storage cask

7%
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Cask type Specifications Value

Capacity 21 Fuel assemblies (WH type or CE type)

Initial Enrichment (wt% >°U): 4.5
. . Burnup MWD/MTU): 45,000

Design basis fuel Cooling time (y): 10

Specific power (kW/assembly): 0.8
The metal cask Material Cask: Carbon steel

Canister: Stainless steel, BORAL

Weight 104.7 ton (with spent nuclear fuel)

Cooling tvpe Internal: Heat conduction

goP External: Natural convection

Capacity 21 Fuel assemblies (WH type or CE type)

Initial Enrichment (wt% °U): 4.5
. . Burnup (MWD/MTU): 45,000
Design basis fuel Cooling time (y): 10
The concrete cask Specific power (kW/assembly): 0.8

Material Cask: Concrete and carbon steel
Canister: Stainless steel, BORAL

Weight 148 ton (with spent nuclear fuel)

Cooling type Natural convection (4 inlets and outlets)
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Fig. 1. Geometry and thickness information of shielding materials of the dry storage cask. (a) The metal cask, (b) the concrete cask



136 / Fl$- - o]4ls - 743
First Second Third
o1
o2
®3
Fourth Fifth Sixth

£ QTN ANHFE] 1 S BIAE 913 Table 1 2
Fig. 19 AR /IMOR ANAE7] AAEAS S5,

AANARET) T FAA BEAL 2AE WIS 98 24
£ W7HIES AASHEO, o Fig. 20] thehi ik, A4
A87] 7 44 BAAS DS BANEE 649 ANAT
$718 O Y 8719 FHUORNE WA DoiA 9)
£ 900 3709 BANHE MRS HHE BANRE F
£9487] Astie] XU, 2AES7] A5
Q7 gt FFL Haskel] Pl 471 Z9 wolel
2 Agstech ANAREY 7 AR EHAS 1A
£ 9 AAARE7IN A M, 2710 e o AAA A
o9l 4 vlE Fof Sk A4 BIH FS tallyS B
gatgom, B ANAFEIE Fig. 29 T WA X5

ATt

t

(b)

Fig. 2. The neutron flux evaluation points for the shadowing effect among the dry storage casks. (a) The metal casks, (b) the concrete casks

A

Fig. 30| A2 AHSFddR AA7|EdR 240 TE o
YA 70 SR AP ES dEisle ovA] F3hE $4
2 YE B7E Al S8R AUA - 1.0x1071~20 MeV
£ 27 7oz AlZste] Brtstdt. 44 AGES A
YA FoA= S S7H6kA il fEEE HoH,
1.0x107°~1.4 MeV 7ol M= G4 HIER F718hs A3
HAh AHEF AR = oF 1.4 MeVe] S427F 7H Eol
AE T, 3.0 MeV o9 alofufA| o] T2k AUAI7F S7t
S5 oA fadhes FdFE 20

quA 78 S BAAES AR AL R LY
(o, n) Bl Qs B == SHAE Quist, T2 ApdeE

Journal of RADIATION INDUSTRY



108

108 /\/-\
104

- /

104 J

10¢

Neutron release rate (neutrons/sec)

10 10¢ 104 102 100 102
Energy (MeV)

Fig. 3. Neutron release rate and energy spectra of the pressurized-
water reactor spent nuclear fuels in Korea
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Fig. 5. MCNP modeling of the dry storage casks. (a) The metal cask, (b) the concrete cask, (c) the 2x10 array of the metal casks, (d) the 2x10
array of the concrete casks
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Table 2. The average neutron flux on the surface of the dry storage cask

The average neutron flux on the surface (neutrons/cm’-sec)

The flux evaluation point

The metal cask The concrete cask
Top 478 51
Upper 289 5
Side Middle 525 14
Lower 774 17
Bottom 1,470 1,460
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Fig. 6. Neutron flux by evaluation points of shadowing effect among the dry storage casks. (a) The metal casks, (b) the concrete casks
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