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The Benchmark Evaluation Process 
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International Handbook of Evaluated Reactor 
Physics Benchmark Experiments 

March 2014 Edition  
•  20 Contributing Countries 
•  Data from 136 Experimental Series 

performed at 48 Reactor Facilities 
•  Data from 3 are published in DRAFT 

form 
•  Handbook available to OECD 

member countries, all contributing 
countries, and to others on a  
case-by-case basis 

http://irphep.inl.gov/ 
http://www.oecd-nea.org/science/wprs/irphe/  
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New/Revised Benchmarks in 2014 Handbook 
•  Gas-Cooled Reactor 

(GCR) 
–  HTR-PROTEUS Cores 4, 

9+10 
•  Absorber Rod Worth 

Measurements 

•  Light Water Reactor 
(LWR) 

–  IPEN/MB-01 Research 
Reactor 

•  Subcritical measurements 

•  Space Reactor (SPACE) 
–  SCCA 3 

•  Cadmium-Ratio and 
Reaction-Rate Distributions 

•  Pressurized Water 
Reactor (PWR) 

–  VENUS 7 
•  Criticality, Reactivity Effects 

Measurements, and Reaction 
Rate Distributions 

–  B&W Spectral Shift Reactor 
Lattice Experiment 

•  Criticality 

•  Fundamental Physics 
Reactor (FUND) 

–  ORSphere 
•  Reactivity Effects and 

Coefficient and βeff 

–  NRAD Reactor 64-Element 
Core Upgrade 

•  Criticality, Absorber Rod Worth 
Measurements 
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HTR-PROTEUS 
Absorber Rod 
Worths 
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Rod Positions 
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Core 10 Results (MCNP5 + ENDF/B-VII.0) 
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IPEN/MB-01 Reactor 
• Measurement of 

reactivity levels of 
subcritical systems 

• Gandini and Salvatores 
subcritical kinetics 
model 

– Based on APSD 

• Performed at critical 
with all control rods out 
and then inserted 
control rods in steps 
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Calculation and Benchmark keff and Σρ 
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Small Compact Critical Assembly – III 
• Critical assemblies to 

support space reactor 
power plant design 

• HEU-O2 fuel, SS-clad 
• Beryllium reflected 
• 1.506-cm pitch 
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SCCA-003 Results 
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VENUS-7 
• PWR with MOX and 

UO2 fuel 
• Part of VENUS-PRP 

(Plutonium Recycle 
Physics) Program 

– Main purpose was to 
improve/develop 
calculation methods for 
MOX power plants 
comparable with 
standard UO2 fuel 
assemblies 
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VENUS-7 Results 
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B&W Spectral Shift Control Reactor 
• Study nuclear 

properties of rod lattices 
moderated by D2O-H2O 
mixtures 

• PWR design 
experiments 

• UO2-ThO2 fuel rods 
– 93% 235U enrichment 
– NTh/N25 = 15 

• 60.40 % (by mole) D2O 
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B&W SSCR Criticality Results 
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Oak Ridge Sphere (ORSphere) 
• Recreation of GODIVA 

sphere in 1970s @ 
ONRL 

• More accurate 
measurement of critical 
mass 

• Additional 
measurements of 
higher quality than 
those from 1950s 
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ORSphere Results 
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• Benchmark βeff = 0.00657 ± 0.00009 
• Most cross section libraries calculate high 

using Keepin-Inhour Point-Kinetics methods 
and low using MCNP analyses 



Neutron Radiography (NRAD) Reactor 
•  250 kW TRIGA Mark II 
• Conversion-type 
•  Located at INL 
•  64 U(30/20)ErZrH rods 
•  12 graphite reflector 

blocks 
•  4 graphite rods 
•  3 B4C control rods 
•  2 beam lines 
•  Empty positions for in-

core experimentation 
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NRAD Reactor Calculations 
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• Rod Worth Calculations in Good Agreement 



International Handbook of Evaluated Criticality 
Safety Benchmark Experiments  
 
September 2014 Edition 
•  20 Contributing Countries 
•  Spans nearly 67,000 Pages 
•  Evaluation of 561 Experimental Series 
•  4,839 Critical, Near Critical, 

Subcritical, or k∞ Configurations 
•  24 Criticality-Alarm/Shielding 

Benchmark Configuration 
•  207 Fundamental Physics 

Measurements 
 

http://icsbep.inel.gov/ 
http://www.oecd-nea.org/science/wpncs/icsbep/ 
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New/Revised Benchmarks in 2014 Handbook 
•  MIX-MISC-THERM-007 

–  Assemblies of UO2-PuO2 
PHENIX Pins in Pu Nitrate 
Solution 

•  PU-MET-INTER-003 
–  ZPR-3 Assembly 58: Pu 

Metal and Graphite with Thick 
DU Reflector 

•  PU-MET-INTER-004 
–  ZPR-3 Assembly 59: Pu 

Metal and Graphite with Thick 
Pb Reflector 

•  SUB-LEU-COMP-
THERM-002 

–  IPEN/MB-01 Research 
Reactor Subcritical 
Configurations 

•  FUND-NCERC-PU-HE3-
MULT-001 

–  Ni-Reflected Pu-Metal-
Sphere Subcritical 
Measurements 
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MIX-MISC-THERM-007 
• UO2-PuO2 PHENIX pins 

in various arrays 
– 26 wt.% Pu 
– 240Pu/Pu = 16 wt.% 

• Pu-nitrate solution 
– 240Pu/Pu = 19 wt.% 

• Apparatus B @ French 
Valduc facility 

– 1974-1976 
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Results from PHENIX Pins in Pu-Nitrate Solution 
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PU-MET-INTER-003 and -004 
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ZPR-3 Results 
• DU Reflected • Pb Reflected 
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Case 1 – ZPR-3/58 
Loading 12 

Experimental keff 1.0002 ± 0.0012 
Adjusted Experimental keff 1.0000 ± 0.0012 
Monte Carlo Transformation -0.0158 ± 0.0010 
Benchmark Model keff 0.9842 ± 0.0016 

MCNP5 
(Continuous Energy 

ENDF/B-VII.1) 
Case 1 0.9878 ± 0.0001 

Case 1 – ZPR-3/59 
Loading 6 

Experimental keff 1.0008 ± 0.0018 
Adjusted Experimental keff 0.9944 ± 0.0023 
Monte Carlo Transformation -0.0221 ± 0.0001 
Benchmark Model keff 0.9723 ± 0.0023 

MCNP5 
(Continuous Energy 

ENDF/B-VII.1) 
Case 1 0.97472 ± 0.0009 



SUB-LEU-COMP-THERM-002 
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genρΣ genρΣ

Case 
genρΣ  

Experimental 
(pcm) 

genρΣ  
Calculated 

(pcm) 

(C-E)/E ±  1σ 
(pcm) 

% 

1 10 ± 3 72 ± 16 619 ± 269 
2 -159 ± 17 -161 ± 23 1 ± 18 
3 -239 ± 19 -246 ± 23 3 ± 12 
4 -309 ± 20 -310 ± 23 0 ± 10 
5 -432 ± 21 -430 ± 23 0 ± 7 
6 -545 ± 23 -550 ± 23 1 ± 6 
7 -657 ± 24 -656 ± 23 0 ± 5 
8 -780 ± 26 -836 ± 23 7 ± 5 
9 -918 ± 29 -960 ± 23 5 ± 5 

10 -1047 ± 33 -1108 ± 23 6 ± 4 
11 -1270 ± 37 -1325 ± 23 4 ± 4 
12 -1468 ± 43 -1497 ± 23 2 ± 3 
13 -1654 ± 47 -1730 ± 23 5 ± 3 
14 -1939 ± 53 -1970 ± 23 2 ± 3 
15 -2181 ± 59 -2214 ± 23 2 ± 3 
16 -2480 ± 61 -2507 ± 23 1 ± 3 
17 -2650 ± 66 -2746 ± 23 4 ± 3 
18 -3052 ± 68 -3042 ± 23 0 ± 2 
19 -3579 ± 72 -3502 ± 23 -2 ± 2 
20 -3960 ± 75 -3974 ± 24 0 ± 2 
21 -4399 ± 81 -4478 ± 24 2 ± 2 
22 -4782 ± 86 -5017 ± 24 5 ± 2 
23 -5072 ± 93 -5618 ± 24 11 ± 2 

 



FUND-NSERC-PU-HE3-MULT-001 
• National Criticality 

Experiments Research 
Center 

• BERP ball 
– α-phase Pu sphere 
– Steel clad 

• Ni reflectors up to 3” 
thick 

• Subcritical multiplication 
measurements 
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Ni-Reflected BERP Ball Measurements 

•  R1 = Singles Counting Rate 
–  Neutron count rate in a single detector 

•  R2 = Doubles Counting Rate 
–  Rate at which two neutrons from a single fission chain are 

detected in a single detector 
•  ML = Leakage Multiplication 

–  Number of neutrons that escape the outer-most reflector per 
starter neutron 
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Database International Criticality Experiments (est.
2001) 
!  Relational 

Database 
!  Made 

available 
online 
2013 

!  Search 
using 
sensitivity 
data 2013 
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IRPhEP Database and Analysis Tool (est.2013) 
!  Made 

available 
online 
2014 

!  Visualize 
fluxes and 
reaction 
rates 

!  Search by 
meas. 
type 

!  Trend C/
E’s by 
meas. 
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Summary and Conclusions 
 
! The ICSBEP and IRPhEP are collaborative efforts that involve 

numerous scientists, engineers, administrative support personnel and 
program sponsors from 24 different countries and the OECD NEA. The 
authors would like to acknowledge the efforts of all of these dedicated 
individuals without whom those two projects would not be possible.  

! Those two handbooks continue to grow and provide high-quality 
integral benchmark data that will be of use to the criticality safety, 
nuclear data, and reactor physics communities for future decades. 
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