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Theoretical Estimation of the Impact Velocity during the PWR
Spent Fuel Drop in Water Condition
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The spent fuel stored in the pool is vulnerable to external impacts, since the severe reactor conditions degrade the structural
integrity of the fuel. Therefore an accident during shipping and handling should be considered. In an extreme case, the fuel
assembly drop can be happened accidentally during handling the nuclear fuel in the spent fuel pool. The rod failure during
such drop accident can be evaluated by calculating the impact force acting on the fuel assembly at the bottom of the spent
fuel pool. The impact force can be evaluated with the impact velocity at the bottom of the spent fuel pool. Since fuel rods
occupies most of weight and volume of a nuclear fuel assembly, the information of the rods are important to estimate the
hydraulic resistance force. In this study, the hydraulic force acting on the 3%3 short rod bundle model during the drop ac-
cident is calculated, and the result is verified by comparing the numerical simulations. The methodology suggested by this
study is expected to be useful for evaluating the integrity of the spent fuel.
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(a) 17x17 Nuclear Fuel Assembly  (b) 3x3 Short Rod Bundle Model

Fig. 1. 17x17 Nuclear Fuel Assembly and 3x3 Short Rod Bundle Model.
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Fig. 2. Flow over Rod Bundle.
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Table 1. Pressure Loss Through In-Line Tube Array[7]

Reynolds Number 2,000 8,000 20,000 40,000
Friction Factor
Ap 0.11 0.11 0.10 0.09
2pvin

Table 2. Pressure Loss Factor for Inclined Drop Direction of Rod Bundle[8]

Drop Angle Inclined Horizontal
(degree) 30 45 60 %
Factor 0.30 0.54 0.82 1.0
Folme A dstsl B 24 vl Wrel e g
2low v, AN 5 ok, wlehA] Brhd o RE et
5o FEA YR E s2+ Feo gEdste 2Fst,
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Table 3. Drop Condition

Parameter Identification Value Dimension
Gravity Constant g 9.81 m/s?
Drop Distance 6.1 M
Drop Angle 0 0, 30, 45, 60, 90 degree
Water Density p 998.2 kg/m?
Water Viscosity 0 1.01E-03 Pa‘s

Table 4. Theoretical Calculation Results of 3x3 Rod Bundle Drop Time
and Impact Velocity

Angle(degree) Drop Time(s) Impact Velocity(m/s)
0 1.330 8.189
30 2.027 3.576
45 2.602 2.572
60 3.079 2.111
90 3.492 1.832
9
8
, A
2
>
8.
2 , x
x
2 x x
1
0 15 30 45 60 75 20
Angle (deg.)

X Theoretical A CFD

Fig. 5. 3x3 Rod Bundle Impact Velocity Calculation Result.
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Table 5. 3x3 Rod Bundle Total Hydraulic Resistance Force(F;)

Net Resistance Force (N)

Velocity
(m/s) 0° 30° 450 60° 90°
0.1 0.020 0.029 0.054 0.075 0.095
02 0.023 0.020 0.172 0.250 0324
05 0.078 0.773 1.288 1.755 2.093
1 0319 2752 4.545 6.435 7.830
2 1.234 9.689 15.452 23353 30282
5 7.842 63.911 84.620 123304 178.494
10 31.18

T
T
T
T T

T

T
T
T
T

Fig. 4. Mesh of 3x3 Rod Bundle.
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Table 6. Curve Fitting Equation for F; of 3x3 Rod Bundle

Angle(degree) Approximated Equation for Fy
0 0.31092v7+0.00949v+0.00138
30 2.62238v%-0.369250+0.17423
45 3.045520%+1.748380-0.225575
60 4.32812v%+3.150950-0.61629
90 6.856180*+1.47487v-0.26743
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Table 7. 3x3 Rod Bundle CFD Calculation Result

Angle(deg.) Drop Time(Sec) Impact Velocity(m/s)
0 1.381 7.406
30 2.240 3.101
45 2,616 2.564
60 3.152 2.061
90 3.575 1.787
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