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Evaluation of Gamma-Ray Transport Effect on
Heating Distribution
in a Fast Reactor Fuel Subassembly

Go CHIBA

Division of Nuclear Data and Reactor Engineering
Nuclear Science and Engineering Directorate
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 1, 2010)

A usual fuel design for fast reactors assumes that an energy of gamma-ray generated in a fuel
pin is deposited to the same fuel pin. Since gamma-ray is transported in a fuel subassembly,
this usual method overestimates a heating rate in a fuel pin. In the present study, we evaluate
a gamma-ray transport effect on a heating distribution in a fast reactor fuel subassembly by
gamma-ray transport calculations.

We carry out calculations by using a gamma cross section library UFGLIB.J40 based on the
latest nuclear data file JENDL-4.0 and a radiation transport code system CBG.

Numerical calculations with a Monju fuel subassembly model reveal that a heating rate in
a fuel pin decreases about 1.35% by considering a gamma-ray transport. In addition, the
uncertainty of this gamma-ray transport effect is estimated at 0.34%. It is also shown that
a heating rate in a region inside of a wrapper tube decreases about 0.5% by considering the
gamma-ray transport.

Keywords: Gamma Heating, Gamma-ray Transport, UFGLIB.J40, JENDL-4.0
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Table 1 Nuclide number densities of fuel sub-assembly

Region  Nuclide Number density (/barn/cm)
Inner core Outer core
Fuel Pu-239  2.54335E-03*  3.42379E-03
Pu-240  1.04803E-03  1.41083E-03
Pu-241  6.08807E-04  8.19558E-04
Pu-242  1.73225E-04  2.33190E-04
U-235 3.09698E-05  2.80175E-05
U-238 1.52587E-02  1.38041E-02
0O-16 3.84330E-02  3.88474E-02
Cladding Cr-Nat. 1.70972E-02
Fe-Nat. 6.13318E-02
Ni-Nat. 1.20286E-02
Mn-55 1.42779E-03
Mo-Nat. 1.36265E-03
Coolant Na-23 2.25394E-02

* Read as 2.54335x1073.
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Table 2 Nuclide- and reaction-wise contribution to gamma energy

Nuclide Ratio Reaction-wise contribution [normalized to 1]
fission (prompt) capture inelastic fission (delayed)

Pu-239 0.4241 0.555 0.108 0.014 0.322
Pu-240 0.0598 0.393 0.298 0.047 0.262
Pu-241 0.1391 0.545 0.078 0.014 0.363
Pu-242  0.0059 0.496 0.413 0.091 0.000
U-235 0.0054 0.493 0.123 0.020 0.364
U-238  0.2795 0.144 0.465 0.245 0.146

O-16  0.0011 0.000 0.162 0.838 0.000

(sum)  0.9149
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Macroscopic total cross section [cm'l]
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Fig. 1 Macroscopic total cross section for gamma-ray
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Fig. 2 Macroscopic KERMA factor for gamma-ray
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/ Wrapper tube / Cladding Fuel

Fig. 3 Specification of fuel sub-assembly (unit: cm)
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Table 3 Region-wise contribution to total heat in pincell of inner core

Region  Contribution

Fission Gamma

Reaction-wise
Elastic Scat.

with gamma transport Fuel 0.9816 0.899 0.079 0.003
Cladding 0.0143 0.000 0.013 0.001

Coolant 0.0041 0.000 0.003 0.001

without gamma transport Fuel 0.9909 0.899 0.088 0.003
Cladding 0.0068 0.000 0.006 0.001

Coolant 0.0022 0.000 0.001 0.001

Table 4 Region-wise contribution to total heat in sub-assembly of inner core

Region Contribution Reaction-wise
Fission Gamma Elas. Scat.
with gamma transport Fuel 0.9721 0.884 0.075 0.003
Cladding 0.0133 0.000 0.013 0.001
Coolant (in*) 0.0042 0.000 0.003 0.001
Wrapper tube 0.0094 0.000 0.009 0.001
Coolant (out™*) 0.0010 0.000 0.001 0.000
without gamma transport Fuel 0.9860 0.884 0.089 0.003
Cladding 0.0065 0.000 0.006 0.000
Coolant (in) 0.0023 0.000 0.001 0.001
Wrapper tube 0.0047 0.000 0.004 0.001
Coolant (out) 0.0006 0.000 0.000 0.000

* Inside of wrapper tube

** Outside of wrapper tube
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Table 5 Region-wise contribution to total heat in pincell of outer core

Region  Contribution Reaction-wise
Fission Gamma Elastic Scat.

with gamma transport Fuel 0.9833 0.908 0.073 0.003
Cladding 0.0129 0.000 0.012 0.001

Coolant 0.0037 0.000 0.003 0.001

without gamma transport Fuel 0.9926 0.907 0.082 0.003
Cladding 0.0055 0.000 0.005 0.001

Coolant 0.0019 0.000 0.001 0.001

Table 6 Region-wise contribution to total heat in sub-assembly of outer core

Region Contribution Reaction-wise
Fission Gamma Elastic Scat.
with gamma transport Fuel 0.9750 0.903 0.069 0.003
Cladding 0.0120 0.000 0.011 0.001
Coolant (in) 0.0038 0.000 0.003 0.001
Wrapper tube 0.0084 0.000 0.008 0.000
Coolant (out) 0.0009 0.000 0.001 0.000
without gamma transport Fuel 0.9886 0.903 0.083 0.003
Cladding 0.0052 0.000 0.005 0.001
Coolant (in) 0.0019 0.000 0.001 0.001
Wrapper tube 0.0038 0.000 0.003 0.000
Coolant (out) 0.0005 0.000 0.000 0.000
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Fig. 5 Gamma-ray transport effect on gamma-heating in fuel region
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Table 7 Gamma-heating distribution in various calculation conditions (unit: J)

w / o transport w transport
Absorption  Abs.4+Pair  Abs.+Pair+Coherent All
Fuel 1.455e-12 1.561e-12 1.527e-12 1.527e-12 1.301e-12
(1.07%) (1.05) (1.05) (0.89)
Cladding 9.916e-14 1.024e-14 4.152e-14 4.152e-14 2.215e-13
Coolant 1.790e-14 8.565e-17 3.288e-15 3.287e-15 4.869e-14

* Transport effect (ratio to the value obtained without considering gamma-ray transport)
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Fig. 7 Gamma heating distribution with point gamma source in central fuel pin
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Table 8 Gamma energy and its uncertainty (unit: MeV /fission)

Nuclide Prompt gamma Delayed gamma Total

U-238 6.54 £+ 0.53 8.02 £ 0.07 14.56 + 0.53
Pu-239 7.76 £ 0.22 5.17 £ 0.06 12.93 £+ 0.23
Pu-241 7.64 + 0.69 6.40 + 0.09 14.04 £ 0.70
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Table 9 Range of transport effect on gamma heating

Group-wise contribution to gamma heating Gamma transport effect

Reference 0.827 (0.173*)
Spectrum 1 0.807 (0.193)
Spectrum 2 0.856 (0.144)

* Gamma transport effect on total heat deposited to non-fuel regions

000000000000 D00000000000000000000000000000000000000
oooooboooboocoooooobooooooobooooobOobOOoO0OoOobObOO00bObOOOoobbOOoOoOooboObOooo
gobooooboboooooooooobooooooooooooao


user01
長方形


JAEA-Research 2010-045

Ref., ——
Spectrum 1 -------
Spectrum 2 --------

1.8

[App—

16

14

1
—_———

b
1

0.6
04

0.2

Group-wise contribution to gamma heating [/lethargy]

Gamma energy [eV]

Fig. 8 Range of group-wise gamma heating contribution in fuel region
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200 The incoherent cross section derived by integrating the product of Compton scattering defined by the
Klein-Nishina formula and scattering functions, will be accurate at higher energyd
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Table 10 Uncertainty in gamma-ray transport effect

Item Uncertainty
Spatial dependence 0.0020
Calculation method 0.0002
Fission gamma-ray total energy 0.0007
Gamma-ray energy spectrum 0.0027
Total 0.0034
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Table 11 Summary of gamma-ray transport effect on fuel region heating

Sub-assembly Contribution of fuel region to total heating
[w/0 gamma transport] [w gamma transport|

Inner core 0.9860 0.9721 (-0.0138)

Outer core 0.9886 0.9750 (-0.0136)
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Table 12 Summary of gamma-ray transport effect on wrapper tube and its outer
coolant heating

Subassembly Contribution to total heating
[w/0 gamma transport] [w gamma transport]
Inner core 0.0053 0.0104 (+0.0051)
Outer core 0.0043 0.0093 (+0.0050)
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Table A.1.1 Cell model dependence on fuel region contribution to total heating

Contribution of fuel region to total heating

[Fission] [Gamma] [Elastic scattering]
Heterogeneous cell 0.894 0.094 0.003
Homogenized cell 0.894 0.094 0.003
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Table A.2.1 Region-wise contribution to total heat in sub-assembly of inner core
(all the energy of delayed gamma-ray is considered)

Region Contribution Reaction-wise
Fission Gamma Elas. Scat.

with gamma transport Fuel 0.9710 0.889 0.079 0.003
Cladding 0.0139 0.000 0.013 0.001

Coolant (in) 0.0044 0.000 0.003 0.001

Wrapper tube 0.0097 0.000 0.009 0.001

Coolant (out) 0.0010 0.000 0.001 0.000

without gamma transport Fuel 0.9860 0.889 0.094 0.003
Cladding 0.0064 0.000 0.006 0.001

Coolant (in) 0.0023 0.000 0.001 0.001

Wrapper tube 0.0047 0.000 0.004 0.001

Coolant (out) 0.0006 0.000 0.000 0.000

Table A.2.2 Region-wise contribution to total heat in sub-assembly of outer core
(all the energy of delayed gamma-ray is considered)

Region Contribution Reaction-wise
Fission Gamma Elastic Scat.

with gamma transport Fuel 0.9738 0.898 0.073 0.003
Cladding 0.0126 0.000 0.012 0.001

Coolant (in) 0.0039 0.000 0.003 0.001

Wrapper tube 0.0088 0.000 0.008 0.000

Coolant (out) 0.0009 0.000 0.001 0.000

without gamma transport Fuel 0.9887 0.898 0.088 0.003
Cladding 0.0052 0.000 0.005 0.001

Coolant (in) 0.0019 0.000 0.001 0.001

Wrapper tube 0.0038 0.000 0.003 0.000

Coolant (out) 0.0005 0.000 0.000 0.000
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Table A.2.3 Summary of gamma-ray transport effect on fuel region heating (All
the energy of delayed gamma-ray is considered)

Sub-assembly Contribution of fuel region to total heating
[w/0 gamma transport] [w gamma transport]

Inner core 0.9860 0.9710 (-0.0150)

Outer core 0.9887 0.9738 (-0.0149)
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