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Table 1. Comparison of the Specification of the Specific Model and the Simplified Model.

Modeling contents

Specific model

Simplified model

21.4 cm X 21.4 cm
21 fuel assemblies

Cross section of fuel region

Fuel region density(g:cm™)

123 cm X 123 cm
1 region

3.719 2.217

Neutron absorber Modelled Not modelled
Air channel Modelled Not modelled
Canister Modelled Not modelled

Metal wall thickness of the cask (cm)

12

|

-

(a) (b)

Fig 1. Comparison of simplified(a) and specific(b) models for the

storage cask.,

@)@
OO

Fig 2. The calculation model for the storage facility whose storage
capacity is 5,000 MTU,
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Fig 4. 2-step calculation model for MCNP.

5

hel

Weto] FQastyle
2-Step ARHAGE7E Aoz
%, 2|

Well tiek AtESA e A

A& HHox e npd& JRE dAdFges A4gste
SAAHE A2 WA RS Al 71, 2" 5 #
Z), WS =ty AxtEeA I 7IHE A
322} g (7]

2-step AXFS A 29 49} o] MCNPR Rl
S FYsigen, AEAEe] Ade 228 21 7
o] FAE 30cm/40cm/50cmB TEske] AlAkel STt
a8 594 B F gl%o] F5 ully'E o3ty AHHE
Qo MFE 100 m T2 WARIHES A
‘first step tally region'?] $-Z& FAZEYW FolA F4
tallys o]8ste] fmfAdHER] ARy Ay, Tnpbd&e
BE FH7E 9 ZA 9 tlsl 0.248 MeV ~ 0.485 MeV
TRHAA 78 A Yeister, AuzdEe] 2yl o
&S vE Tk AAARES aEfEte] 7l oy
2~HEHS 001 MeV ~ 2.86 MeVZFA| 1277to 2 1}
o] A83tqleh. Eg, 2-Step AlRFell gk BaEA S
Al AFE7] Ut AT ARE MY om HE3)
I AFAES FHEte] SAHAATA mgdhe WA
Fg ol Allsls Ve W o R WAMIEE ALt
33T

2.4 FARAANE L9717 &2 Y477 o)SaH
g

AN FHAZA 7R 2075 o] 83 AR
A8 E Welal E3E {76l AP AP
g & Qe o] dgHolunz AUz HA o]
A Aoz AlgdEY, Fule] S ALEF
NAg A 872 L3}E= Aol 29 AR R EEH
2002k 7HE S w), 5,000 MTU 75 A2A| A o=
ud 250 MTUS] ARg-FaldAg7} #AgElofof g}, &
ATollA k= 21tk 8719 &2 10 MTU
FFO 2 JIASIS wf vid oF 2471 AFE7)7} A
|HCh vk 20:d7F SR o] o] Foixittal 71}
W Hx AgE 87U AT dAss 30de] Wt
712v& ZHA "ok AF7HA] FulelA E ARS-F
A8 FUHAFAAEY WA HrtdMe F7HAEA
Aol B AFEF A RrE Yzhaglo] Ado) wkel w
Ao A7) ZaEE de 18k ¥ BE 9
Ag o] WrIRke 10908 $9s 7Hgste] JrkE

First Step Tally Region

Detecting Points

100m 200m 300m 400m 500m 600m 700m 800m S00m 1000m

Fig 5. Detecting points for 2-step calculation.
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Fig 6. ‘% of storage in the storage facility for the dose rate calculation,
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Table 2, Calculation Results of the Dose Rate and Radiation Strength from the Building Wall,

Well tiek AtESA e A

Arrays as source Term Dose rate (mSv-h™) Relative error Radiation strength (#-sec™)
1 6.75x10° 0.059 3.25x10"
1~2 8.27x10°¢ 0.090 6.50x10"®
1~3 7.75x10° 0.073 9.75x10'
1~ 4 7.91x10°¢ 0.080 1.30x10"
1~5 7.98x10°¢ 0.092 1.63x10"
1~6 8.30x10° 0.080 1.95%10"
1~7 8.06x10°° 0.087 2.28%10"
1~8 8.34x10°° 0.090 2.60x10"
1~9 8.02x10°° 0.099 2.93x10"
1~ 10 8.40x10°° 0.095 3.25x10"
1~ 11 8.39x10° 0.097 3.58x10"
1~ 12 8.18x10° 0.099 3.90x10"
o

"Relative error = —

8

Table 3. Calculation Time for Applying Source Terms for the Storage Cask Arrays,

Number of line Number of history Calculating time(Hour) Relative error
1 1.0x10" 2 0.059
2 1.0x10" 2 0.090
3 2,0x10" 3.5 0.073
4 2,0x10" 3.5 0.080
5 2,0x10" 3.5 0.092
6 3.0x10" 5.5 0.080
7 3.0x10" 5.5 0.087
8 3.0x10" 5.5 0.090
9 3.0x10" 5.5 0.099
10 3.5%10" 7 0.095
11 4,0x10" 8.5 0.097
12 4,8x10" 11 0.099
o,

=

" Relative error =

8|

3.2 2-Step AXY 7I'Hel Fr1E7

234 oA st AAAE FAE T ouA] &~
HAEH(energy bin), T (flux)’s AR A7)
(radiation strength)+= 3% 29 YepAct A AE F
7l 30 ecm ~ 50 cme]] thafe] T WH ol ogk Akt
2-Step AR AFE # 50 YERATE £ HrpAT
A 2-Step AXF o] H —il #*E Vel 100 moll
Aol A Alet BE Aiolx] Al wet dgs
Hjgme] HAE 7}7%— %l—%% It A dE T
A 30 cmollAE 3.39 ~ 3.508)'9] Z}o]E Mol 40
cmolA= 8.09 ~ 8.408), 50 cmollA& 20.1 ~ 21.24)
o] zpo]Z BT}, o]} o] AXAIIE Ao weh
AR 7HAS Ho|x Qorg o2 HAA R He3}
of Prte] &8sst ©, B BARASE WrPE
HRAS o8 A8HAeH, e A% Aol 4
ko2 ARSSHAIE @

Dose rate (mSw/h)

= Reference
—#— 2step
| —&— Correction| |

100

200

T
300
Distance (m)

Fig 7. Dose rate calculation result comparison (30cm of wall

thickness).
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Table 4. Gamma Energy Spectra and Radiation Strength for the Building Wall Thickness Variation,

Flux(#-cms?)

Energy bin (MeV)

30cm Relative error 40cm Relative error 50cm Relative error
0~ 0.01 5.50x10° 0.0044 4,19x107 0.0044 3.36x10 0.0057
0.01 ~ 0,25 1,99%x10 0.0015 1,52x10 0.0015 1.22x10° 0.002
0.25 ~ 0.49 6.04x10" 0.0017 4.59x10" 0.0017 3.68x10' 0.0022
0.49 ~ 0.72 2.77x10" 0.0024 2,10x10" 0.0024 1.68x10" 0.0031
0.72 ~ 0.96 1.41x10" 0.0034 1.07x10" 0.0034 8.60x10" 0.0044
0.96 ~ 1.20 8.52x10" 0.0047 6.48x10" 0.0047 5.19x10° 0.0061
1.20 ~ 1.44 4,48x10° 0.0069 3.40x10° 0.0069 2.73x10" 0.0089
1.44 ~ 1.67 2.03%x10" 0.0111 1.56x10° 0.0112 1.25x10° 0.0145
1.67 ~ 1.91 2,94x10™" 0.0301 2.24x10" 0.0304 1.81x10™ 0.0389
191 ~ 215 1.82x10™" 0.0406 1.39%10™ 0.0407 1.10x10™ 0.0536
2,15 ~ 2.39 1.31x10™" 0.0508 1.05x10™" 0.0509 8.40x107 0.0671
2.39 ~ 2.62 6.80x10 0.0806 5.25%107 0.0775 4,15x107 0.1011
2.62 ~ 2.86 2.04%x10° 0.1554 1.56x10 0.1611 1.34x107 0.1913
Total 3.17x10° 0.0015 2.42x10% 0.0015 1.94x10° 0.002
Wall area (cm’) 3.50x10’ 3.50%x10" 3.50%x10"
Radiation strength (#*s™) 1.11x10" 8.44x10° 6.79x10°
Table 5. Dose Calculation Results from the Reference and 2-Step Method.
Contents 100m 200m 300m 400m 500m
Reference (mSv-h™) 3.37x10° 1.41x10° 6.27x107 3.61x107 2.35x107
Relative error 0.0234 0.021 0.019 0.0188 0.0186
30cm 2-step(mSv-h™) 1,48x107 4,76x10° 2.25x10° 1.29x10° 8,32x107
Relative error 0.001 0.0013 0.0016 0.0016 0.0021
2-step / Ref. 4.38 3.39 3.59 3.57 3.54
Reference(mSvh™) 7.63%x107 3.27x107 1.56x107 9.03x10* 5.95x10™
Relative error 0.0225 0.0197 0.0208 0.0213 0.0217
40cm 2-step(mSvh™) 8.52x10° 2.75x10° 1.30x10° 7.46x107 4.82x107
Relative error 0.0012 0.0017 0.0021 0.0025 0.003
2-step / Ref. 11.2 8.4 8.34 8.20 8.09
Reference(mSv-h™) 2.03%x107 8.37x10™ 4.08x10™ 2.36x10™ 1.54x10™
Relative error 0.0332 0.0277 0.0294 0.0275 0.0268
50cm 2-step(mSv-h™) 5.51x10° 1.77x10° 8.38x107 4,80x107 3.10x107
Relative error 0.0005 0.0006 0.0008 0.001 0.0011
2-step / Ref, 27.1 21.2 20.5 20.3 20.1
" Traditional method for dose calculation
N ‘~=— Reference] | I o ;‘;7I7Referénce
) —#— 2step —#— 2step
10° 4 4 Correction| [ A Correction
= = E
o 1074 E
T @
a] [n]
| R ; | : 1t . . . . . ‘ ‘
100 200 300 100 200 300 400 500
Distance (m) Distance (m)
Fig 8. Dose rate calculation result comparison (40cm of wall Fig 9. Dose rate calculation result comparison (50cm of wall

thickness). thickness).
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Table 6. Gamma Energy Spectra for the Cooling Time Variation.

o
oX,
=
2
o
5
2
By

Flux after (#MTU-s7)

Energy bin(MeV)

10 years 15 years 20 years 25 years 30 years 31 years
1.0x10% ~ 5.0x107 9.60Ex10™ 8,19Ex10™ 7.19Ex10™ 6.3GEX10" 5.64Ex10" 5.50Ex10"
5.0x10~1,0x10™ 2,68Ex10™ 2.34Ex10" 2.10Ex10" 1.88Ex10™ 1.70Ex10"* 1.66Ex10™
1,0x10™"~2,0x10™" 1.93Ex10" 1.61EX10" 1.38Ex10" 1,19Ex10" 1.04Ex10'" 1.01Ex10™
2,010 ~3,0x10" 5.72Ex10" 4,87Ex10" 4,23Ex10" 3.69EX10" 3.23Ex10" 3.15Ex10"
3.0x10" ~4,0x10™ 3.78Ex10" 3.25Ex10" 2.86Ex10" 2,52Ex10" 2.23Ex10" 2.17Ex10"
4.0x10" ~6,0x10™ 1.48Ex10" 4,75Ex10" 2.58Ex10" 1.93Ex10" 1.61Ex10" 1.56Ex10"
6.0x10" ~8,0x10™ 1,72Ex10" 1.44Ex10" 1.26Ex10"” 1.12Ex10" 9.95Ex10" 9.72EX10"
8,0x10™ ~1,0x10° 7.66Ex10" 2.71Ex10" 1.43Ex10" 9.48Ex10" 6.86Ex10" 6.46EX10"
1.0x10° ~1,3x10° 4.23Ex10" 2.70Ex10" 1.82Ex10" 1.26Ex10" 8.80Ex10" 8.21Ex10"
1.3x10° ~1,7Ex10° 6.64EX10" 2.84Ex10" 1.69Ex10" 1.16Ex10" 8.40Ex10"! 7.90Ex10"
1.7Ex10° ~2,0x10° 1.26Ex10" 8.45Ex10" 7.35Ex10" 6.46Ex10" 5.70Ex10" 5.55Ex10"
2.0x10° ~2.5%x10° 4.61Ex10% 5.12Ex10° 3.75Ex10° 3.29Ex10° 2.91Ex10° 2.84Ex10°
2.5x10° ~3.0x10° 2.78Ex10° 2.79Ex10° 1.91Ex10° 1.80Ex10° 1,70Ex10° 1.68Ex10°
3.0x10° ~4.0x10° 2.62Ex10° 2.44EX10 1.39Ex10’ 1,13Ex10’ 9.41Ex10° 9.07Ex10°
4.0x10° ~5.0x10° 6.68Ex10° 5.54Ex10° 4,60EX10° 3.82Ex10° 3.17Ex10° 3.06Ex10°
5.0x10" ~6.5x10° 2.68Ex10° 2.22Ex10° 1.84Ex10° 1.53Ex10° 1.27Ex10° 1.23Ex10°
6.5x10° ~8.0x10° 5.26Ex10° 4.36Ex10° 3.62Ex10° 3.00Ex10° 2.50Ex10° 2.41EX10°
8.0x10" ~1.0x10° 1.12EX10° 9.26EX10" 7.68EX10" 6.38EX10" 5.30Ex10" 5.11Ex10"
Total 3.50Ex10" 2.84EXx10" 2,46Ex10" 2.17Ex10" 1.92Ex10" 1.87Ex10"
Table 7. Dose Rate Comparison for the Cooling Time Consideration,
500 m 1,000 m
Contents Dose Rate Relative Dose Rate Relative
(mSvh™) error (mSvh™) error
Cooling time considered 6.11x10” 0.0565 1.63%x10” 0.0558
Standard’ 1.54x10"® 0.0268 4,05x10” 0.0272
* Result from considering the cooling time of all spent fuels as 10 years
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Development for Improvement Methodology of Radiation Shielding Evaluation
Efficiency about PWR SNF Interim Storage Facility

Taeman Kim", Myungwhan Seo”, Chunhyung Cho”, Gilyong Cha ", and Soonyoung Kim*
“Korea Radioactive Waste Agency, *Radiation Core Technologies, Co., Ltd.

Abstract - For the purpose of improving the efficiency of the radiation impact assessment of dry interim storage facilities for the spent nuclear
fuel of pressurized water reactors (PWRs), radiation impact assessment was performed after the application of sensitivity assessment according
to the radiation source term designation method, development of a 2-step calculation technique, and cooling time credit. The present study
successively designated radiation source terms in accordance with the cask arrangement order in the shielding building, assessed sensitivity,
which affects direct dose, and confirmed that the radiation dosage of the external walls of the shielding building was dominantly affected
by the two columns closest to the internal walls, In addition, in the case in which shielding buildings were introduced into storage facilities,
the present study established and assessed the 2-step calculation technique, which can reduce the immense computational analysis time,
Consequently, results similar to those from existing calculations were derived in approximately half the analysis time. Finally, when radiation
source terms were established by adding the storage period of the storage casks successively stored in the storage facilities and the cooling
period of the spent nuclear fuel, the radiation dose of the external walls of the buildings was confirmed to be approximately 40% lower
than the calculated values; the cooling period was established as being identical, The present study was conducted to improve the efficiency
of the Monte Carlo shielding analysis method for radiation impact assessment of interim storage facilities, If reliability is improved through
the assessment of more diverse cases, the results of the present study can be used for the design of storage facilities and the establishment
of site boundary standards.

Keywords : Spent nuclear fuel, Dry interim storage facility, Shielding analysis, MCNP, External dose estimate
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