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Current status of the LRT/PSI FNF 
calculation methodology

CMSYS
CASMO/SIMULATE Models
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A 2D-1D synthesized approach employed for the neutron source strength specifications at each fuel 
assembly level: 2D radial pin-wise distributions with laterally-averaged 1D axial distributions. 

The 2D spectrum specifications were based on the FA-average major fissionable nuclides 
concentrations. 
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Extensions towards shielding and activation 
simulations

Coupling with FISPACT-II

Employment of ADVANTG for VR

LRT methodology for ECD WF based on
Green’s function evaluation using MCNP PTRAC file 

Allows evaluation of 3D importance maps upon 
a user defined grid using a single MCNP run
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PSI NDUQ tool NUSS for MC simulations
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Illustration on the dosimetry experimental data
available at PSI

(at different 
heights)

After 10 & 27 cycles

After 27 cycles

GE 3600MWt BWR/6 (KKL) 

Swiss ‘Pre-convoy’ 3-loops 3000MWt PWR (KKG)
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Sinbad HBR-II and PCA-Replica benchmark models 
complementing the PSI validation database
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Summary of the LRT/PSI LWR dosimetry 
validation database
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Illustration on the PWR RPV related validation results

For the ND uncertainties propagation in the neutron transport calculations the covariance 
matrices (CM) of ENDF/B-VII.1 (“E-7.1) were used for all cases with NUSS

The detector related ND uncertainties were propagated deterministically

Average C/E-1 = -4.7%
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Pearson correlation coefficients for the selected 
quantities of interest

PW
R_

Ba
r_
dp
a

PW
R_

RP
V_

dp
a

PW
R_

Ba
r_
FN

F

PW
R_

RP
V_

FN
F

PW
R_

BA
R_

Fe
54

PW
R_

BA
R_

N
b9
3

PW
R_

RP
V_

Fe
54

PW
R_

RP
V_

N
b9
3

HB
R2

_N
p2
37

HB
R2

_U
23
8

HB
R2

_N
i5
8

HB
R2

_F
e5
4

HB
R2

_T
i4
6

HB
R2

_C
u6
3

PC
A_

In
11
5

PC
A_

S3
2

PE
TA

LE
_R

h1
03

PE
TA

LE
_I
n1
15

PE
TA

LE
_N

i5
8

PE
TA

LE
_F
e5
4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
PWR_Bar_dpa 1 1.00 0.88 0.96 0.86 0.95 0.99 0.76 0.88 0.91 0.87 0.81 0.78 0.57 0.41 0.62 0.60 0.81 0.86 0.86 0.85
PWR_RPV_dpa 2 0.88 1.00 0.84 0.95 0.92 0.88 0.94 0.99 0.88 0.88 0.88 0.86 0.70 0.57 0.79 0.85 0.57 0.59 0.61 0.61
PWR_Bar_FNF 3 0.96 0.84 1.00 0.90 0.87 0.98 0.68 0.87 0.94 0.89 0.74 0.71 0.51 0.37 0.70 0.54 0.73 0.86 0.81 0.79
PWR_RPV_FNF 4 0.86 0.95 0.90 1.00 0.84 0.89 0.85 0.98 0.93 0.91 0.81 0.78 0.63 0.52 0.87 0.78 0.50 0.62 0.58 0.57
PWR_BAR_Fe54 5 0.95 0.92 0.87 0.84 1.00 0.94 0.87 0.90 0.84 0.83 0.87 0.85 0.68 0.52 0.57 0.67 0.76 0.74 0.82 0.83
PWR_BAR_Nb93 6 0.99 0.88 0.98 0.89 0.94 1.00 0.74 0.89 0.93 0.89 0.80 0.77 0.56 0.40 0.66 0.59 0.78 0.86 0.85 0.84
PWR_RPV_Fe54 7 0.76 0.94 0.68 0.85 0.87 0.74 1.00 0.92 0.73 0.76 0.86 0.86 0.80 0.70 0.65 0.83 0.49 0.45 0.53 0.53
PWR_RPV_Nb93 8 0.88 0.99 0.87 0.98 0.90 0.89 0.92 1.00 0.91 0.90 0.86 0.84 0.68 0.56 0.83 0.84 0.54 0.60 0.61 0.60

HBR2_Np237 9 0.91 0.88 0.94 0.93 0.84 0.93 0.73 0.91 1.00 0.98 0.84 0.80 0.60 0.47 0.80 0.67 0.59 0.72 0.70 0.68
HBR2_U238 10 0.87 0.88 0.89 0.91 0.83 0.89 0.76 0.90 0.98 1.00 0.90 0.87 0.68 0.54 0.78 0.71 0.55 0.66 0.67 0.66
HBR2_Ni58 11 0.81 0.88 0.74 0.81 0.87 0.80 0.86 0.86 0.84 0.90 1.00 1.00 0.88 0.74 0.62 0.74 0.57 0.57 0.66 0.66
HBR2_Fe54 12 0.78 0.86 0.71 0.78 0.85 0.77 0.86 0.84 0.80 0.87 1.00 1.00 0.91 0.77 0.58 0.73 0.56 0.55 0.64 0.65
HBR2_Ti46 13 0.57 0.70 0.51 0.63 0.68 0.56 0.80 0.68 0.60 0.68 0.88 0.91 1.00 0.96 0.42 0.60 0.40 0.39 0.47 0.48
HBR2_Cu63 14 0.41 0.57 0.37 0.52 0.52 0.40 0.70 0.56 0.47 0.54 0.74 0.77 0.96 1.00 0.33 0.49 0.26 0.26 0.34 0.34
PCA_In115 15 0.62 0.79 0.70 0.87 0.57 0.66 0.65 0.83 0.80 0.78 0.62 0.58 0.42 0.33 1.00 0.85 0.21 0.35 0.26 0.24
PCA_S32 16 0.60 0.85 0.54 0.78 0.67 0.59 0.83 0.84 0.67 0.71 0.74 0.73 0.60 0.49 0.85 1.00 0.28 0.24 0.27 0.27

PETALE_Rh103 17 0.81 0.57 0.73 0.50 0.76 0.78 0.49 0.54 0.59 0.55 0.57 0.56 0.40 0.26 0.21 0.28 1.00 0.92 0.87 0.86
PETALE_In115 18 0.86 0.59 0.86 0.62 0.74 0.86 0.45 0.60 0.72 0.66 0.57 0.55 0.39 0.26 0.35 0.24 0.92 1.00 0.89 0.87
PETALE_Ni58 19 0.86 0.61 0.81 0.58 0.82 0.85 0.53 0.61 0.70 0.67 0.66 0.64 0.47 0.34 0.26 0.27 0.87 0.89 1.00 1.00
PETALE_Fe54 20 0.85 0.61 0.79 0.57 0.83 0.84 0.53 0.60 0.68 0.66 0.66 0.65 0.48 0.34 0.24 0.27 0.86 0.87 1.00 1.00

If only highly “representative” data selected for validation (r>0.8), the average C/E-1 = -3.0%
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Illustration on the PWR RPV FNF assessment 

FNF and dpa attenuation inside the PWR RPV wall for selected reactor cycles; normalized.

Best estimate plus uncertainty (BEPU) FNF and dpa assessments at zones outside the beltline 
height are more appropriate than simplified evaluations based on generic approximations 
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Towards the calculation scheme and 
models further upgrading

Information from the modern NDLs; left - mu-bar uncertainties; right – ration of the mu-bars

For RPV FNF assessments, just the 
differences between the JENDL-4.0 and 
ENDF/B-VII.1 libraries for the angular 
distributions of 16O(n,n) lead to the differences 
of ~10% for PWR and ~20% for BWR
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Need for detailed irradiation history

Detailed RPF behavior of a specific node in comparison with Middle-of-Cycle (MOC) RPF, 
cycle-average RPF and several Middle-of-Step (MOS) RPF values

Subdivision of the entire cycle irradiation history into shorter time/BU steps allows noticeably more 
accurate dosimetry assessments
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Summary
• Several experimental campaigns were performed in Switzerland for 

validation of RPV FNF assessments, in collaboration of the Swiss utilities, 
PSI and the reactor vendor companies, for both PWR and BWR reactors 

• A “similarity analysis” has been performed using NUSS NDUQ 
capability, demonstrating applicability of the available experimental data 
for RPV FNF validation, as well showing similarity of the PSI proprietary 
models with selected publicly open SINBAD reactor shielding benchmarks -
HBR-II, PCA-Replica

• In general, very reasonable C/E results have been achieved (0.8<C/E<1.2), 
taking into account the associated experimental and calculation 
uncertainties
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Summary
Further methodology upgrades should be relevant for LWRs LTO and the following tasks are 
proposed for realization:

• Upgrade the CASMO/SIMULATE/MCNP+FISPACT scheme to 
CASMO/SIMULATE/SNF/MCNP+FISPACT for explicit 3D neutron source strength and spectrum 
specifications

• Implement an automatized procedure for optimized step-wise representation of the 
operating history and the neutron source in the MCNP models, based on the core-follow 
CASMO5/SIMULATE5 information

• When become available, the angular scattering distributions’ uncertainties will be necessary 
to include into the NDUQ assessments

So far, the coolant density/temperature in the KKG PWR core bypass region was preliminary 
investigated at PSI with OpenFOAM CFD models and this capability should be further advanced 
for BEPU RPV FNF simulations
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