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Technology study related to the fire hazard and fire control for the
spent fuel pool during the shutdown transition stage of plant

decommissioning
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Abstract

In our country, the nuclear power plant would be in the transition
stage after the reactor decommissioning. During this stage after the
reactor shutdown, the spent fuel would be stored in the core and spent
fuel pool. This decommissioning activity is different from that for
the Europe, American, and Japan etc. All of their decommissioning
experience and guidelines cannot be suitable for our nuclear plant.
Therefore, it is crucial to develop the plant-specific activities and
guidelines of decommissioning based on the foreign guidelines and
our nuclear plant conditions. This project also develops 3-D local
CFD model to simulate the thermal-hydraulic characteristics in the
spent fuel pool during the loss of pool inventory accident since the fire
in the spent fuel pool is mainly resulted from the Zr-water reaction
during the loss-of-coolant accident. The safety related topics include
the heat-up rate/boil-off rate for the pool and the time for the
inventory down to 3 ft above the top of spent fuel, etc. These
predicted results are also compared with those from the previous

studies.
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Acceptance capacity of the
reprocessing facility

l

Is Acceptance
capacity enough?

Is it possible to transfer the
spent fuel to other units of
the same power station?

No

Yes Yes

Scenario D | Scenario B | | Scenario C | | Scenario E

Scenario A
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Decay time PWR(hr) BWR(hr)

60 days 100 145
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10 years 476 532
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# & f2;% (Momentum Equation)

a,gtu +Ve(pUU)=-VP+pg+Ve(uvU)
He t=time
p=H A

P =i A 4

g=£t 4 % & (Gravitational Vector)

=A% B (Viscosity)
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71 RANS-Based % /i fi-;" (Standard k- ¢ ~ Realizable k- ¢ ~ SST
K-w) kit (73 fofidt &= A ¢ &2 Standard k- ¢ 5 &
ANz o F R LR R D N e

—Tb"-i-—/-‘r‘ o

Standard k-¢:

Turbulence Kinetic:

a[kj+a(kj—a(+”‘)ak+s+s Yy+S
at P PrEU; _ﬂx_,- " dx k b — PE M k

dx;

Dissipation Rate:

2 () +—( )—a(+“‘)ae+c G+ C3.G -
at PE PEWU; )] = B o, axj 1Ek[ k e bj Zspk E

H v

2

dx; dx

f]

G =d T2 R RATA 2 D i

Gy=d ;54 T A 4 ¥ o
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Model Constants:

C,. =144
C,, =1.92
c,=0.09
o, = 1.0
o.=1.3
C;.=tan| E|

VingL g T ENEAS »E

u:imids g2£3 g4 w

Ik

Modeling the Turbulent Viscosity:

-Ht‘ - .pc,u?
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Realizable k-¢:
Turbulence Kinetic:

a[kj+a[k)—a(+”‘)ak+s+s Yy +S
ac P dx; Py _ﬂxj H o/ x; k b P T T Ok

Dissipation Rate:

a()+a[ )—a(+‘“*)as+c5 AL P
at pE ax}. pEIL_J- —ax}. ik o ax}. pljag —pQ :f{+1~,"ﬁ 1Ek 3= b

H
G=d T30 R RTA L DE R

Gp=d %4 P& 4 ¥ it

Yy =ik B R HEW T T OREEDT AT

ooe2 Fond Wk

7
C, = max [DAE, J ]
n+5

k
?1'25;
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\ )
C,. =144,
c,=19,
g, = 1.0,
og. =12

Modeling the Turbulent Viscosity

My = .pc,u?

c = 1

uo kU*
A, + A,

A, =404,
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SST k-o:

Turbulence Kinetic:

dk

n—|+6G,—¥, 15§
kﬂxj— k k k

d d d
— (pk) + — (phku,) = —

ﬂxj—

Specific Dissipation Rate:

d d d dw
_(pm)—l__[:pmui):_rm_ +6,-Y,+D,+5,
dt X;

dx; dx;

Ho

G =d T2 R RATA 2 D E i
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G, = the generation of ®

v=F et R K A
v=F R o RS

D =¥FH7 7

Modeling the Effective Diffusivity:
= pE

r=nup+ i—;

o, =the turbulent Prandtl numbers for k

o,,=the turbulent Prandtl numbers for

. _pk 1
=T T 1 EF, .
f LI max[?,n_—_- 1
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P 1

= (OO’ ts) = _Z An exp(_ants)

P, 2005 )
P P P
FO(tO’ts)z(l—i_ K)Eo(oo'ts)_go(oolto—i_ts) (2)

H ¢

P = fraction of operating power

PO

th = cumulative reactor operating time, seconds

t; = time after shutdown, seconds

K = uncertainty factor, 0.2 for 0=t;< 103 and 0.1 for

103=t,=107

An, a, = fitcoefficients having the following values :
n A a, (sec™) n A, a, (sec™)
1 0.5980 1.772x10° 7 | 04620 | 5.344x10°
2 1.6500 | 5.774x10™ 8 | 0.3280 | 5.716x10”
3 3.1000 6.743x10™ 9 | 0.1700 | 1.036x10”
4 3.8700 6.214x10° 10 | 0.0865 | 2.959x10°°
5 2.3300 | 4.739x10™ 11 | 0.1140 | 7.585x10™
6 1.2900 | 4.810x107°

Mo ARV E L R A O E L B Kk p 3t U-23922 Np-239 5 2+

E.r"v;\—kr"f: }*\ .

P(U _239) _ 228X10—3C O h_exp(_4.91x10_4t0)]x [exp(—4.91><10_4t5)]

0 Oto5

44




3)
P(N_ —239
PN, =239) _, 17410 T2 £ 007[L—exp(-3.41x10°t,)

0 O

x exp(=3.41x10°°t,) — 0.007|L — exp(—4.91x10t,) |

x exp(—4.91x107t)} 4)
PU -239) = fraction of operating power due to U-239
PO
P(N, -239) = fraction of operating power due to Np-239
I:)0
C = conversion ration, atoms of Pu-239 produced per
atom of U-235 consumed
o = effective neutron absorption cross section of
U-235 » barn
os =  effective neutron fission cross section of U-235 »
barn

(o2 2’ N v
C—2 %=Xk = 07
Ot
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