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neutron infinite multiplication factor
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where 
 
LPPF  : local power peaking factor at the beginning of the fuel lattice life. 
kinf : neutron infinite multiplication factor at the beginning of the fuel lattice life. 
kinftar : target neutron infinite multiplication factor. 
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where 
keff  : effective multiplication factor at the end of cycle according to a Haling calculation 

lim1 = MFLPDlim  MFLPDobtained   

lim2 = MAPRATlim  MAPRATobtained.  

lim3 = MFLCPRlim  MFLCPRobtained  

lim4 = SDMobtained  SDMlim   

 
and 
 
MFLPD    : Fraction to the Linear Heat Generation Rate at the end of cycle according to a 

Haling calculation 
MAPRAT : Fraction to the Average Planar Linear Heat Generation Rate at the end of cycle 

according to a Haling calculation 
MFLCPR  : Fraction to the Critical Power Ratio at the end of cycle according to a Haling 

calculation 
SDM         : Cold shutdown margin at the beginning of the cycle 
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where 
 
kEOR       : Obtained Effective Multiplication Factor at the end of rated conditions according to 

a simulation with control rod patterns 
keffi    : Obtained Effective Multiplication Factor in each burnup step 
kcrit        : Objective Effective Multiplication Factor  

1
i  : MFLPDi,lim   MFLPDi,obtained 

2
i  : MAPRATi,lim   MAPRATi,obtained 

3
i  : MFLCPRi,lim   MFLCPRi,obtained 

4   : SDMobtained   SDMlim 

n       :  number of burnup steps throughout the operation cycle. 
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4.1  
 

 
 

a) 
 

b) 
 

 

 
 
 

 

Variable 
Energy 
Profile 

Security 
Profile 

LPPF 6 6 
kinf 7 7 
U% 8 8 
SDM 3 2 
FLPD 2 1 
MAPRAT 4 3 
MFLCPR 5 4 
kEOR 1 5 
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Sol LPPF kinf U% SDM FLPD MAPRAT FLCPR kEOR 

A288 1.170 1.152 4.057 1.156 0.855 0.847 0.878 0.999 
A289 1.170 1.152 4.057 1.215 0.861 0.850 0.911 0.997 
A347 1.173 1.161 4.000 1.014 0.853 0.850 0.902 1.000 
A250 1.219 1.144 3.997 1.312 0.930 0.902 0.878 0.999 
A238 1.222 1.138 3.981 1.116 0.901 0.866 0.879 1.002 
A348 1.173 1.161 4.000 1.019 0.842 0.875 0.921 0.998 
A296 1.169 1.151 4.054 1.552 0.919 0.926 0.926 0.999 
A277 1.201 1.152 4.070 1.126 0.910 0.874 0.884 1.002 
A340 1.218 1.160 3.983 1.136 0.884 0.852 0.921 0.999 
A350 1.173 1.161 4.000 1.042 0.873 0.887 0.908 0.998 
A210 1.248 1.143 3.970 1.358 0.944 0.857 0.908 0.999 

A120 1.263 1.161 4.051 1.488 0.991 0.933 0.827 0.989 
A088 1.270 1.156 4.052 0.750 1.020 0.947 0.832 0.989 
A159 1.250 1.148 4.047 0.849 1.015 1.032 0.829 0.987 
A151 1.257 1.162 4.049 0.938 1.024 1.054 0.799 0.986 
A222 1.274 1.140 3.982 1.118 0.976 0.903 0.818 0.985 

 
 

 
Sol LPPF kinf U% SDM FLPD MAPRAT FLCPR kEOR 

A289 1.170 1.152 4.057 1.215 0.861 0.850 0.911 0.997 
A288 1.170 1.152 4.057 1.156 0.855 0.847 0.878 0.999 
A317 1.213 1.162 4.027 1.131 0.846 0.802 0.867 0.995 
A314 1.213 1.162 4.027 1.297 0.876 0.815 0.866 0.992 
A201 1.248 1.143 3.970 1.161 0.838 0.772 0.833 0.989 
A304 1.208 1.166 4.077 1.120 0.856 0.814 0.875 0.996 
A312 1.213 1.162 4.027 1.176 0.864 0.842 0.856 0.990 
A232 1.222 1.138 3.981 1.049 0.838 0.846 0.847 0.993 
A318 1.213 1.162 4.027 1.184 0.893 0.897 0.899 0.996 
A332 1.218 1.160 3.983 1.100 0.842 0.856 0.884 0.994 
A342 1.173 1.161 4.000 1.138 0.879 0.875 0.853 0.993 

A178 1.262 1.153 4.097 1.825 1.211 1.050 0.925 1.003 
A126 1.232 1.149 4.126 1.960 1.240 1.108 0.962 1.007 
A131 1.257 1.168 4.056 1.739 1.266 1.094 0.947 1.001 
A189 1.267 1.154 4.049 1.776 1.337 1.136 0.991 1.002 
A050 1.226 1.152 4.054 1.112 1.378 1.259 1.113 0.992 
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 Energy-M Segurity-M 
LPPF 6 6 
kinf 7 7 
U% 8 8 
NU% 10 10 
SDM 3 2 
FLPD 2 1 
MAPRAT 4 3 
MFLCPR 5 4 
kEOR 1 5 
NBUA 11 11 
SymFL 9 9 
RPF 12 12 
NodRPF 13 13 
KIN 14 14 
NodKIN 15 15 

 
 

 
 

 

Sol LPPF kinf U% SDM FLPD MAPRAT FLCPR kEOR NU% NBUA 
Sym 
FL 

RPF NodRPF KIN NodKIN 

A288 1.170 1.152 4.057 1.156 0.855 0.847 0.878 0.999 13 18 0.345 1.386 2 1.058 5 

A289 1.173 1.161 4.057 1.014 0.853 0.850 0.902 1.000 15 11 0.477 1.429 2 1.060 5 

A347 1.173 1.161 4.000 1.019 0.842 0.875 0.921 0.998 15 11 0.477 1.43 2 1.060 5 

A250 1.170 1.152 3.997 1.215 0.861 0.85 0.911 0.997 13 18 0.345 1.505 2 1.043 3 

A238 1.219 1.144 3.981 1.312 0.930 0.902 0.878 0.999 13 12 0.787 1.444 3 1.050 5 

A296 1.169 1.151 4.054 1.552 0.919 0.926 0.926 0.999 12 18 0.309 1.536 1 1.094 1 

A348 1.173 1.161 4.000 1.019 0.842 0.875 0.921 0.998 15 11 0.477 1.430 2 1.060 5 

A350 1.173 1.161 4.000 1.042 0.873 0.887 0.908 0.998 15 11 0.477 1.450 2 1.060 5 

A210 1.222 1.138 3.970 1.116 0.901 0.866 0.879 1.002 14 12 0.884 1.592 2 1.045 5 

A349 1.173 1.161 4.000 1.057 0.897 0.892 0.882 0.998 15 11 0.477 1.545 2 1.061 5 

A120 1.263 1.161 4.051 1.488 0.991 0.933 0.827 0.989 19 14 1.773 1.461 3 1.061 5 

A088 1.270 1.156 4.052 0.750 1.020 0.947 0.832 0.989 18 16 1.809 1.470 2 1.068 5 

A159 1.250 1.148 4.047 0.849 1.015 1.032 0.829 0.987 19 11 1.626 1.477 2 1.056 5 

A151 1.257 1.162 4.049 0.938 1.024 1.054 0.799 0.986 18 11 1.529 1.364 3 1.064 5 

A222 1.274 1.140 3.982 1.118 0.976 0.903 0.818 0.985 13 12 0.858 1.517 1 1.097 1 
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Sol LPPF kinf U% SDM FLPD MAPRAT FLCPR kEOR NU% NBUA 
Sym 
FL 

RPF NodRPF KIN NodKIN 

A289 1.170 1.152 4.057 1.215 0.861 0.850 0.911 0.997 13 18 0.345 1.505 2 1.043 3 

A288 1.170 1.152 4.057 1.156 0.855 0.847 0.878 0.999 13 18 0.345 1.386 2 1.058 5 

A317 1.213 1.162 4.027 1.131 0.846 0.802 0.867 0.995 15 5 0.599 1.385 4 1.061 5 

A314 1.213 1.162 4.027 1.297 0.876 0.815 0.866 0.992 15 5 0.599 1.398 4 1.068 5 

A201 1.248 1.143 3.970 1.161 0.838 0.772 0.833 0.989 15 11 1.067 1.423 2 1.047 5 

A304 1.208 1.166 4.077 1.120 0.856 0.814 0.875 0.996 13 10 0.640 1.482 3 1.054 3 

A232 1.222 1.138 3.981 1.049 0.838 0.846 0.847 0.993 14 12 0.884 1.339 4 1.030 6 

A318 1.213 1.162 4.027 1.184 0.893 0.897 0.899 0.996 15 5 0.599 1.447 3 1.056 5 

A332 1.218 1.160 3.983 1.100 0.842 0.856 0.884 0.994 14 10 0.492 1.456 3 1.068 5 

A342 1.173 1.161 4.000 1.138 0.879 0.875 0.853 0.993 15 11 0.477 1.446 1 1.049 5 

A178 1.262 1.153 4.097 1.825 1.211 1.050 0.925 1.003 18 16 1.545 1.744 2 1.065 3 

A126 1.232 1.149 4.126 1.960 1.240 1.108 0.962 1.007 18 12 1.646 1.692 2 1.064 5 

A131 1.257 1.168 4.056 1.739 1.266 1.094 0.947 1.001 19 15 1.560 1.631 2 1.072 3 

A189 1.267 1.154 4.049 1.776 1.337 1.136 0.991 1.002 19 11 1.641 1.657 2 1.059 5 

A050 1.226 1.152 4.054 1.118 0.976 0.903 0.818 0.985 13 12 0.858 1.517 1 1.097 1 
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4.3  
 

 
 
 
 
 

 
 Energy-M 
LPPF 6 
kinf 7 
U% 8 
NU% 10 
SDM 1 
FLPD 2 
MAPRAT 3 
MFLCPR 4 
kEOR 5 
NBUA 11 
SymFL 9 
RPF 12 
NodRPF 13 
KIN 14 
NodKIN 15 
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Sol FPPL kinf U% SDM FLPD MAPRAT FLCPR kEOR NU% NBUA 
Sym 
FL 

RPF NodRPF KIN NodKIN 

A314 1.213 1.162 4.027 1.297 0.876 0.815 0.866 0.992 15 5 0.599 1.398 4 1.068 5 

A129 1.219 1.148 4.092 1.510 0.951 0.894 0.875 0.997 19 15 1.377 1.375 3 1.070 5 

A289 1.170 1.152 4.057 1.215 0.861 0.850 0.911 0.997 13 18 0.345 1.505 2 1.043 3 

A210 1.222 1.138 3.970 1.116 0.901 0.866 0.879 1.002 14 12 0.884 1.592 2 1.045 5 

A316 1.213 1.162 4.027 1.348 0.908 0.887 0.856 0.994 15 5 0.599 1.363 4 1.061 5 

A250 1.170 1.152 3.997 1.215 0.861 0.850 0.911 0.997 13 18 0.345 1.505 2 1.043 3 

A204 1.248 1.143 3.970 1.432 0.953 0.908 0.883 0.997 15 11 1.067 1.535 2 1.064 5 

A292 1.169 1.151 4.054 1.332 0.876 0.853 0.954 0.994 12 18 0.309 1.514 1 1.094 1 

A296 1.169 1.151 4.054 1.552 0.919 0.926 0.926 0.999 12 18 0.309 1.536 1 1.094 1 

A020 1.234 1.146 4.048 1.792 0.975 0.904 0.915 0.999 19 11 1.428 1.384 3 1.068 5 

 
 

 
 

 
 
 

 
 Energy-M 
LPPF 6 
kinf 7 
U% 8 
NU% 10 
SDM 1 
FLPD 3 
MAPRAT 4 
MFLCPR 5 
kEOR 2 
NBUA 11 
SymFL 9 
RPF 12 
NodRPF 13 
KIN 14 
NodKIN 15 
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Sol FPPL kinf U% SDM FLPD MAPRAT FLCPR kEOR NU% NBUA 
Sym 
FL 

RPF NodRPF KIN NodKIN 

A250 1.17 1.152 3.997 1.215 0.861 0.85 0.911 0.997 13 18 0.345 1.505 2 1.043 3 

A296 1.169 1.151 4.054 1.552 0.919 0.926 0.926 0.999 12 18 0.309 1.536 1 1.094 1 

A210 1.222 1.138 3.970 1.116 0.901 0.866 0.879 1.002 14 12 0.884 1.592 2 1.045 5 

A129 1.219 1.148 4.092 1.51 0.951 0.894 0.875 0.997 19 15 1.377 1.375 3 1.07 5 

A205 1.248 1.143 3.970 1.215 0.935 0.866 0.897 0.999 15 11 1.067 1.513 2 1.069 5 

A289 1.17 1.152 4.057 1.215 0.861 0.85 0.911 0.997 13 18 0.345 1.505 2 1.043 3 

A021 1.243 1.140 4.063 1.586 0.991 0.949 0.857 0.997 19 14 1.062 1.379 2 1.066 5 

A249 1.219 1.144 3.997 1.312 0.939 0.908 0.926 0.998 13 12 0.787 1.444 3 1.050 5 

A167 1.263 1.137 4.048 1.557 0.990 0.945 0.852 0.999 17 15 1.489 1.400 3 1.045 5 

A295 1.169 1.151 4.054 1.228 0.916 0.912 0.931 0.997 12 18 0.309 1.556 1 1.092 1 
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Energy
Profile 

Security
Profile 

Energy-M 
Profile 

Security-M 
Profile 

Security 
SDM 

Profile 

SecSDM
-kEOR 
Profile 

Solution A288 A289 A288 A289 A314 A250 

LPPF 1.170 1.170 1.170 1.170 1.213 1.170 

kinf 1.152 1.152 1.152 1.152 1.162 1.152 

U% 4.057 4.057 4.057 4.057 4.027 3.997 

SDM 1.156 1.215 1.156 1.215 1.297 1.215 

FLPD 0.855 0.861 0.855 0.861 0.876 0.861 

MAPRAT 0.847 0.850 0.847 0.850 0.815 0.850 

FLCPR 0.878 0.911 0.878 0.911 0.866 0.911 

kEOR 0.999 0.997 0.999 0.997 0.992 0.997 

NBUA 18 18 18 18 5 18 

NU% 13 13 13 13 15 13 

SymFL 0.345 0.345 0.345 0.345 0.599 0.345 

RPF 1.386 1.505 1.386 1.505 1.398 1.505 

NodRPF 2 2 2 2 4 2 

KIN 1.058 1.043 1.058 1.043 1.068 1.043 

NodKIN 5 3 5 3 5 3 
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