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Interim dry storage cask design for spent
nuclear fuel discharged from VVER power
reactor with an evaluation of its radiation
and criticality safety Using MCNP5C &
GETERA codes

H. rayya’ Dr. M. Nahili™
Dr. S. AL-Zawahera™

Abstract

MCNP5-beta code was used to model an Interim dry storage cask for
some spent nuclear fuel assemblies which are burned up in
VVER1000 power reactor using GETERA code and then evaluate the
validation of this model by calculating neutron multiplication factor
ket inside the cask through regular storage case and an accident case
supposes nuclear content being flooded with water, and its value was
(0.35633),(0.98569) consecutively, in addition to calculate the neutron
and photon radiation dose rate in several meaningful points outside
the cask where workers are expected to be exposed, since the
maximum value was (113.7 mrem/h),(7.19 mrem/h) consecutively.
The obtained results have showed a good agreement with
recommended international dose values from International Atomic
Energy Agency reports and some similar theoretical studies.

Key words: MCNP5-beta, GETERA codes, effective multiplication
factor, spent nuclear fuel, interim dry storage, radiation dose rate.
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- - 3.84E+00 4.35E+01 0.82
2.74E+01 4,05E+00 1.14E+00 1.32E+01 2
1.59E+01 2.18E+00 7.37E-01 6.97E+00 3
8.54E+00 9.55E-01 3.75E-01 2.75E+00 5
5.70E+00 5.60E-01 2.10E-01 1.45E+00 7
3.60E+00 2.90E-01 1.06E-01 7.19E-01 10
1.12E+00 7.20E-02 2.51E-02 1.90E-01 20
1.58E-01 7.50E-03 3.20E-03 3.45E-02 50
6.93E-02 2.80E-03 1.42E-03 1.88E-02 70
2.75E-02 9.60E-04 5.64E-04 9.37E-03 100
7.69E-03 2.10E-04 1.78E-04 3.99E-03 150
2.56E-03 5.40E-05 7.11E-05 2.06E-03 200
5.00E-04 6.00E-06 1.60E-05 6.90E-04 300
3.69E-05 1.70E-07 1.51E-06 1.22E-04 500
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SYR11
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ol 2 %J/\h A /'h sl o
(mrem/h) U (mrem/h) (om) s (cm) a1 sl
0.1203 4.13E+01 0.1323 4.09E+00 82 0
0.2566 2.45E+00 0.4007 1.97E-02 82 196
0.1604 2.42E+00 0.2076 1.75E-02 82 -193
0.1214 2.96E+01 0.1135 2.73E+00 82 150
0.1782 3.38E+01 0.1229 4.10E+00 82 -150
0.0822 2.92E+01 0.1608 3.92E+00 82 100
0.1698 4.20E+01 0.1084 3.33E+00 82 -100
0.1265 3.37E+01 0.1091 2.89E+00 82 50
0.0944 3.27E+01 0.1261 3.46E+00 82 -50
0.0235 8.18E+00 0.5408 8.61E-01 82 250
0.0171 6.60E+00 0.373 1.27E+00 82 300
0.0138 3.41E+00 0.2075 9.34E-01 82 400
0.013 1.94E+00 0.1587 5.82E-01 82 500
0.0117 8.52E-01 0.1293 2.54E-01 82 700
0.0109 4.84E-01 0.1202 1.35E-01 82 900
0.011 3.88E-01 0.1175 1.04E-01 82 1000

i) Ao g.\ﬁwd\ dggladl jsaa o aall AN Ao ) Jare laa .3-13
3200 Aaiial i dyslall g lal gehad
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0.4091 1.14E+02 0.1348 7.19E+00 0 198
0.1576 3.16E+01 0.09 4.55E+00 40 198
0.2841 2.13E+00 0.2558 1.40E-02 80 198
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0.0156 7.54E-01 0.3113 3.04E-01 0 750
0.0202 5.72E-01 0.3119 2.18E-01 0 850
0.0161 4.43E-01 0.3146 1.63E-01 0 950

& A lly Angiadll dejall Jame ad (w43l (13) (12) AKA) =iay
ATy (SYR11) Gl 138 & Caca ) dyslall 8 ZEN, 4000 pilaial)
OO jelal LSy ((TNBB) \eillat s dgslall haus (3o 4.5 0NCH 22y o
O Y Adlaial) 8 A ully Angigdl) depal) ¥ amae o8 ) (11) 5 (10)
dgils dlaily g5l ayall 8 (TNBB) dyslall Aaids dliadl ae iipglal
L) pmalaial) 8 Jaade 431y L) (8 sl eyl L (SYR11) dyslall
e e g lilgias lalla Candl 138 3 aia M) 2 3saill Day Gl 43I0

Jae ) daldl e gAY cludyally clglall

315




Balghal ¢ i by ﬁ&&mgwwdﬁﬂﬂyuhwﬂaghw

0015 492 719 455 0014 15 64 1157 gt6 2l
00.019 1024
Prinary Gamma (mrem/h) Neutron (Sec. Photon) 15 i
5 070 14 -
273 (113) (049) /18 (033 |
//~18 s o ] //_ S 029.62
127 8345 75 /28 (025
N | t(o-)---./a.s (02) )
"3 /16 (01)
g 160 157 . g ;/;los (1) g
S— :;;‘\234 | ™ ur )
=1k 1R 160 (015)
Lo |45 02.89 e 430 (079) 0336
2 16 (070) A
0 26 [ee] 15/ [[04.09 [0’} 6|0 26 ffzell({dll e | {0413
K \O | |]47 o) |
E % g6 E 53 25) o326
54 +54 (23]
03.33 =l
w9 “41 (15) O
I B . L {]s9 om
| & +28 (053) 0338
Ambient Dose Equiv SYR11(neutron)
S ‘SYRII(Gamma N i (mrem/h) (o /%) 0242
Auigisdll Acjall Jama 4djlda (13) Jedd) A5 A Ao al) Jama d4)l8a (12) Jead

(TNB8,SYRI1) ¢piaslall mhaudl (3a Lyp  (TN68,SYRIL) (sfaglall prhacd) cha Ly

gadl)

Al Jelie (o dfall gosll a8l Ciigall canll Gl 1 e 4l

&5 I MCNP5 2581 Jlexiuly ¢lldy cCala ¢ lgial alai Zadai e VVER1000

dae i) Auhall gl (el el 4ilie; z3sall 138 dadia e X0

aal Jlea) oSays cdilal)l cDlelin (o Miiad) 3585l (385 Gligla (e 22al

) Talally Caad) il

Sl lie) A 63 s a5 e Aeia 11 Agslal) Gam aiall 2ae L e
e O¥ae 44.5MWDay/kgU  (ahain)  (exs diiwe %44 la)ad

Q\).\.u (A B :\7\31.‘\ Ay ua\_,;i

316



2019 D and. (35) Al . Lpdold) aghell  gias daaly Alpa

162cm a)lall ki 394 cm el 4l Dlshal oo sle Ayl o
aally asiialV] e Jald e 4380 Al (e calln 122 em sl sk
el 2l Gl Bl e (st 250 L Ty lel alaall any
Clis o (sl Bale (e (9550 g0 40 Jasmgs 4aly <14 CM ASass 3y il
6 cm aSew &b

s Ke=0.35633 dplall opal) Alla 3 Jldll Cae Ll Jalea daf @
Kefr =0.98569 ¢ Lally (555l (ssinall JalS jleri) (m iy Cusla Alla

Oe dom Al o oalaeY) (s 5lls Al ) eled)l dejall Jaea gl @
14.43 mrem/h eadows (50 2m 22y e ¢118.92 mrem/h Ayglall o

Cand salall Gl s el & Dygesall adl) G 2l ClEl Jy

shal dadall oda 8 Aadial) diplll Jlesin) 408 o anebailly aalyal

il Jelie (e diiall gyl 2585l 3ats Ailaia) delady) Clluall ey

Al L) e cllall 8 ol Canal (06K 3 (e delae

c oY) (s sl

317



Balghal ¢ i by &&&hgwwdﬁﬂﬂyuhwighw

References galyll

. iaea, 2006. management of spent fuel from nuclear power reactors,
isbn 92-0-102107-0, pp. 211-305

. X-5 Monte Carlo Team, 2003. A general monte carlo N-Particle
transport code Version 5, pp. 25-43.

. Belousov, N., Bichkov, S.and Marchuk, Y., 1990. The code
GETERA for cell and policell calculations model capability.

. Shultis, J.K., 2000. Radiation analysis of a spent-fuel storage
cask, Dept. Mechanical and Nuclear Engineering, Kansas state
university, pp. 6-29.

. iaea, 1998. Storage of spent fuel from power reactors. ISSN 1011-
4289, pp. 123-311.

. McConn, Jr., Williams, R., Rucker, R., Pagh,C. and Gesh,C., 2011.
Compendium of material composition data for radiation transport
modeling, Homeland Security, U.S. Department of Energy, pp.
154-268.

. Feiveson, H., Mian, Z., Ramana, M.V. and Hippel, F., 2011.
Managing Spent Fuel from nuclear power reactors, International
panel on fissile materials, ISBN 978-0-9819275-9-6, pp. 15-65.

. Haire, J. M. and Forsberg, C.V., 2006. Conception of universal
cask based on cermet for SNF transportation and storage,
IHLRWM, pp. 3-7.

318



