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Derivation of the Cathodic Current Density around the
HLW Canister Due to the Radiolysis of Groundwater
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Abstract - The oxidizing species are generated from the radiolysis of groundwater in the
pore of buffer material around the canister used for the disposal of spent fuels. A
mathematical model was introduced to calculate the cathodic current density induced by the
oxidant around the canister, which determined the corrosion of carbon steel. An analytical
solution was derived to get the cathodic current density in the cylindrical coordinate. The
cathodic current densities from both the rectangular coordinate and cylindrical coordinate
were compared with each other. The source terms and absorbed dose rate for the calculation
of the radiolysis were calculated using the ORIGENZ and MCNP computer code, respectively.
The radius of the canister was determined with the new model in order to prevent the local
corrosion. The results showed that the new solution made the cathodic current density
around 25 % lower than the Marsh model.
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Fig. 1. Schematic and dimensions of a canister and a disposal hole.
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Table 1. Reference PWR spent nuclear fuel.
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PWR

Fuel Assembly

© 17x17 Westinghouse standard

Assembly Weight /
Cross—sectional area

665 kg/214 cm x 214 cm

Initial enrichment /
Discharged burnup

40 wi% *U/45,000 MWD/MTU
45 wt% “°U/55,000 MWD/MTU

Cooling period 40 years

Table 2. Specification of the reference spent nuclear fuel.

Parameters PWR
Number of fuel pins 264
Number of empty channels 25
Outside diameter of fuel pin (cm) 095
Zry-4 clad thickness (cm) 0.064
Total fuel length (cm) 405.8
Active fuel length (cm) 365.8
UO: density (g/cm’) 1016
Pellet diameter (cm) 0.805
Fuel pin pitch (cm) 1.260

Fuel Asse

Rentonite

Fig. 2. Top and side view of a disposal hole in MCNP model.
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Table 3. Photon Spectrum and Intensity.

(Unit: Photons/tHM - sec)

Mean Energy b 2
MeV) PWR45 PWRS5
0.010 155010 1.873x10"
0.025 3.056x10" 3.667x10"
0.038 3679x10™ 4455x10"
0.058 3.356x10" 3.943x10M
0.085 1.668x10" 2.008x10"
0.125 1.270x10™ 1.556x10"
0.023 1.406x10™ 1.694x10"
0.375 5.847x10" 7.024x10"
0575 2552x10% 3.003x10"
0.850 3.384x10" 4403x10"
1.250 3.634x10" 4732x10"
1750 1.039x10" 1.358x10%
2.950 1.151x10° 1.671x10°
2.750 6.939x10° 1.074x10°
3500 2.770x10° 4.935%10°
5.000 1.184x10 2.110x10°
7.000 1.365%10° 2.433x10°
9500 1.568%10° 2.795x1(°
Total Intensity 5675x10" 6.861x10%
}' initial enrichment : 4.0w/o, discharged burnup: 46GWD/MTU
? initial enrichment : 45w/o, discharged burnup: 55GWD/MTU
10
—®—4.0w/o, 45GWD/MTU : Photon
—®—4 5w/o, 55GWD/MTU : Photon
1 4 4 Owlo, 45GWD/MTU : Neutron
= —w—4 5w/o, 55GWD/MTU : Neutron
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Fig. 3. Absorbed dose rates of primary photon and neutron as a function of carbon steel radius.
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Table 4. Neutron Source and Intensity.
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(Unit : Neutrons/tHM - sec)

PWR45 PWRS5
Neutron Source
(Alpha,n) Spontaneous (Alpha,n) Spontaneous
U-238 - 1.177x10" - -
Pu-238 4311x10° 7.031x10° 6.607x10° 1.077x10°
Pu-239 3.023x10° - 3.254x10° -
Pu-240 5.053x10° 2.664x10° 6.380x10° 3.363x10°
Pu-242 - 1.073x10° - 1.289x10°
Am-241 3.906x10° - 4042x10° -
Am-243 2.893x10" - 4,039x10* -
Cm-242 2.432x10" 1.180x10° 2.644x10" 1.283x10°
Cm-243 262810 3.685x10" -
Cm-244 2.157x10° 259%x10° 3.842Ex10° 4626x10°
Cm-246 - 4331x10° - 1.122x107
Cm-248 - 2.021x10" - 8.065x10*
Total 1.126x10° 2.686x10° 1.423x10° 4797x10°

Table 5. Absorbed dose rates as a function of shield radius.

Total Absorbed Dose Rate (Gy/hr) Total Absorbed Dose Rate (eV/m® s)
Radius (cm)
40 w/o 45 w/o 40 w/o 45 w/o
400 1.998x10° 2.445x1(0° 3.464x10™ 4.239x10"
25 4911x10™ 6.024x107 8515x10" 1.044x10"
450 1.290x10™ 1591x10™ 2.237x10" 2.759x10"
475 3.369x10 4199%102 5.841x10" 7.280x10'
50.0 9.461x10° 1.192x107" 1.640x10' 2.067x10'
525 2.848x10™ 3667x10™ 4938x10" 6.358x10%
55.0 9565x10™ 1.278x10° 1.658x10" 2.216x10"
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Table 6. Parameters used for the model comparison.

 H31% F25% 2006%F

Parameter Value
Porosity of buffer material 01
G-value of oxidant 213
Absorbed dose, eV/m’s 6.07x10" (=35 Gy/hour)
Avogadro number 6.022x10%
Valence of oxidant, n 2
Faraday constant, C/mol 9,65%10*
Absorption coefficient, m 6.25
Radius of the canister, m 06

107 3
o 10’3'5\ —8&— Marsh model
<\§ : \- i Thig study
] \ passive current density of carbon steel
5 1073
3 E
RS
3 ]
(@]} 3
107 . ; T ;
0.40 0.45 0.50 0.55 0.60
Radius of canister (m)
Fig. 4. Comparison of cathodic current density obtained by the new model and Marsh model.
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