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Introduction and methodology

Introduction
. A new continuous-energy neutron transport\
Monte Carlo solver Solomon is under
development at JAEA.

« The Solomon solver has a distinct capability of
calculating criticality of continuously-varying
random media expressed with randomized
Weierstrass function [1].

* One important feature of any Monte Carlo
transport code is a capabilty for
sensitivity/uncertainty analysis.

* This presentation discusses the development

of k-eigenvalue sensitivity coefficient capability
\_ for the Solomon solver. J

Methodology

/An adjoint-weighted sensitivity coefficient (SC) for\

nuclear data x of an isotope j is given as [2]:
j o _ X dk

Methodology (cont’d)

g Adjoint-flux (y1) can be replaced by iterated\
fission probability (IFP) in Monte Carlo calculation
[3][4] because
 IFP is proportional to adjoint-flux,

» IFP can be estimated in MC forward calculation.
The IFP for a given source s(r,E,Q) can be
estimated by total number of fission neutrons

(YT, (dZ, — dS — 2dF)Y)
dk = — 2)
(YT, 22Fp)
- /

produced by its progeny neutrons many
generations later.
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Methodology (cont'd) and results

N
The IFP for given source is then estimated using Sol OpenMC (IFP) [6]
olomon pen

the track-length estimator in the asymptotic

generation as [3]: U-235 energy-integrated 1.080 % 10" 1.048 X 10"
elastic SC, (10) (6.7 X 104) (8.6 x104)
Re=Yn=S vt 6 -
0.04F _ U-235 Elastic cross-section (Solomon)
n ep nep TEN Energy integrated value: 1.0803E-01 +- 6.74E-04

o
o
@

where 7, w, and [, denote track, weight, and

length of the track, respectively, of progeny

neutron n that descended from progenitor p,
L which is the source.

SC per lethargy
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The developed SC capability in the Solomon
solver has been applied to the benchmark Godiva
core [5] with following calculation conditions:

« # of active cycles: 1 X 10* (# of inactive: 20)

« # of history per cycle: 1 x 104

» # of cycles per block (i.e. block size): 5

—IFP
CLUTCH-IFP
+ |—CLUTCH-FM

o
o
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Sensitivity per unit Lethargy
=
2

« Energy mesh: SCALE-238 group energy grid oL — - - - 6
10 10 10 Energyl(oev) 10 10

The SC resylts by the Solomon solver are Fig 1. U-235 elastic scattering SC by Solomon and
compared with those of other codes such as OpenMC [6]
SCALE and OpenMC. ) 3




@

Resu

ts

Solomon OpenMC (IFP) [6] Solomon SCALE (IFP) [7]
U-238 energy-integrated 6.561 x 103 NA U-235 energy-integrated | 9.820 x 10~ 9.824 x 101
elastic SC, (10) (9.2%x10%) nubar SC, (10) (5.9x104) (2.9%x10%)

0.005

U-238 Fission cross-section (Solomon)

Energy integrated value: 6.5612E-03 +- 9.21E-06
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Fig 2. U-238 elastic scattering SC by Solomon and

OpenMC [6]
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Fig 3. U-235 fission nubar SC by Solomon and

SCALE [7]
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Conclusion and references

Solomon SCALE (IFP) [7]
U-238 energy-integrated 1.713%x 102 1.779 X102
total nuclide SC, (10) (2.0 X 10-4) (1.0 x 104)
0-008, [ T T T T T
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Fig 4. U-238 total nuclide SC by Solomon and SCALE [7]
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Conclusion

-

» The Solomon solver, which is a new continuous-energy neutron transport Monte Carlo code, is under
development at JAEA.
« Adjoint-weighted k-eigenvalue sensitivity coefficient calculation capability has been newly
implemented in the Solomon solver.
» The developed capability has been applied to the benchmark Godiva core for verification purpose.
N Solomon results showed good agreement with reference results by OpenMC and SCALE codes. )
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