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International Handbook of Evaluated Criticality Safety
Benchmark Experiments
December 2016 Edition

U 22 Contributing Countries
U ~69,000 Pages

U 570 Evaluations

% 4,913 Critical, Near-Critical, or
Subcritical Configurations

x 45 Criticality-Alarm-
Placement/Shielding

Configurations
x 215 Configurations with
; s
Fundamental Physics AYNEA

Measurements — —

x 829 Unacceptable Experiment
Configurations

http://icsbep.inl.gov/
https.//www.oecehea.org/science/wpncs/icsbep/
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Breakdown of Current ICSBEP Benchmark

Specifications

U 748 plutonium experiments
x 36 compound
x 123 metal
x589 solution
U 1435 highly enriched uranium

experiments
x 291 compound
x 601 metal
x 536 solution
x 2 mixed compound/solution
x5 mixed metal/solution
U 268 intermediate- and mixed-enrichment

uranium experiments

x 156 compound
x 47 metal
% 65 solution

U 1662 low enriched uranium experiments
% 1398 compound
x 87 metal
x 117 solution
% 60 mixed compound/solution

U 244 233U experiments

x 6 compound
x 11 metal
x 227 solution

536 mixed plutonium-uranium

experiments
x 301 compound
52 metal
86 solution
76 mixed compound/solution
21 mixed metal/compound
20 special isotope experiments
% metal (3'Np, 238Pu, 2*2Pu, & 2*Cm)
9 criticality-alarm/shielding experiments
x 45 unique configurations with numerous
dose points
8 fundamental physics experiments
x 215 unique measurements such as fission
rates, transmission measurements, and
subcritical neutron multiplication
measurements

X X X X
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Plutonium and HEU Benchmarks

4 Plutonium Benchmarks:
A Los Alamos National Laboratory (LANL) in the United States
A Argonne National Laboratory i West (ANL-W) in the United States

A Valduc Nuclear Center in France

5 Highly Enriched Uranium Benchmarks:
A Oak Ridge National Laboratory (ORNL) in the United States
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Bare Sphere of Plutonium-239 Metal (4.5 wt.%

240py, 1.02 wt.% Ga)
[PU-MET-FAST-001 Revision 4]

Configuration Calculated ks Benchmark k. Ca.lctp—czsnch_ C?i(t:ﬂ_ dﬁ\?:?}h
A 1.00067 = 0.00002 0.99999 = 0.00110 68 0.61
B 1.00123 £ 0.00002 1.00016 £ 0.00110 107 0.96
C 1.00092 = 0.00002 1.00020=0.00110 72 0.64
D 1.00191 = 0.00002 1.00128 =0.00110 63 0.56
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ZPR-3 Assembly 58: A Cylindrical Assembly of
Plutonium Metal and Graphite with a Thick

Depleted Uranium Reflector  w«"
PU-MET-INTER-003 :

ZPR-FUND-EXP-017] 3%
59 1392
Axial
Reflector _
38.8192~ 1— ;
Case 1 — ZPR-3/58 3818427 ™ il i pe
Loading 12 28,0242 - —romedtor oy €
= t 3
Experimental k. 1.0002 = 0.0012 v o s
Adjusted Experimental ks 1.0000 = 0.0012 3 -
Monte Carlo Transformation of Model | -0.0158 = 0.0010 G 0.0— SRR -
Benchmark Model k.g 0.9842 £ 0.0016 3
229442 —
MCNP5
(Continuous Energy R
ENDF/B-VII.1) 508106
Case 1 | 0.9878 = 0.0001 B
Matrix
0.36 %Ak (-2.20)
Ha0e | | (VacuumB.C.)
L 27.5843 58.3482 96.8226

All dimensions in cm

LWHTALAR 7
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ZPR-3 Assembly 59: A Cylindrical Assembly of

Plutonium Metal and Graphite W|th a Thick Lead
QGﬂECtOI’ 85.00 (st ®. =)
PU-MET-INTER-004 : |
ZPR-FUND-EXP-018] Spe772
Rgixeig{or .
Case 1 — ZPR-3/59 B0 | o 5
Loading 6 280249— ——— g
Experimental k. 1.0008 = 0.0018 | i S
Adjusted Experimental kg 0.9944 + 0.0023 S
Monte Carlo Transformation of Model | -0.0221 =0.0010 = OO—} —————— =
Benchmark Model ks 0.9723 = 0.0025 e |
22.9448 ]
MCNP5
(Continuous Energy |
ENDEF/B-VIL1) e
Case 1 | 097472 = 0.00009 i
Matrix
0.24 %Ak (HIG} '85'09_5 l | (VacuumB.C.) |
0} 23.7864 58.3482 96.8226

23.8887
All dimensions in cm
14 WHTA1 &7 8
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Arrays of UO, PHENIX Pins Containing 26 wt%
of Plutonium (¢*°Pu/Pu=16 wt%) in a Plutonium

(4OPu/Pu=19 wt%) Nitrate Solution
[PU-SOL-THERM-040 : MIX-MISC-THERM-007]

MORET = Continuous MORET 5 Continuous MORET 5 Continuous
Energy JEF2.2 Library® | Energy JEFF3.1 Library ® |Energy ENDF/VILO Library®
Case® (Onc= 0.00033) (oac= 0.00033) (Oac= 0.00033)
(Retiican - (Reftican - (Reefi(ean) -
ket Kestiexp))/ Kefiexp) Kest Keffexp))/ Kefiiexp) L #:3 Keijexp) Kefi(ep)

(%) (%) (%)
1 1.01284 1.51 1.00768 0.99 1.00770 0.99
2 1.01333 1.49 1.00874 1.03 1.00869 1.02
3 1.01472 1.59 1.00942 1.06 1.01023 1.14
4 1.01411 1.53 1.00906 1.03 1.00919 1.04
5 1.01410 1.46 1.01082 1.13 1.01048 1.10
6 1.01494 1.57 1.01150 1.22 1.01191 1.26
7 1.01098 1.20 1.00735 0.54 1.00699 0.80
8 1.01146 1.25 1.00743 0.54 1.00847 0.95
9 1.01100 1.30 1.00648 0.85 1.00607 0.81
10 1.01040 1.17 1.00646 0.78 1.00633 0.76

[ 11 | o7t | 126 100539 | 073 | 100607 | o080
2 1.00951 1.15 1.00434 0.64 1.00402 0.60
13 1.01799 1.92 1.01323 1.44 1.01330 145
14 1.01866 2.05 1.01220 1.40 1.01251 143
15 1.01357 1.56 1.00939 1.14 1.00912 1.11
16 1.01446 147 1.00982 1.00 1.01078 1.10
17 1.01482 1.40 1.01043 0.96 1.01062 0.98
18 1.01325 1.40 1.00895 0.97 1.00933 1.00
19 1.01139 1.22 1.00712 0.79 1.00716 0.80

..... 20 | ouss | ves | vooss | oe | 1oosss | o077
21 1.01172 0.99 1.00886 0.70 1.00952 0.77
22 1.01164 1.04 1.00783 0.66 1.00793 0.67
23 1.01204 1.08 1.01075 0.95 1.01040 0.92
24 1.01438 1.29 1.00996 0.54 1.01045 0.89

(a) In bold characters cases with PHENIX pins. 9

(b) Results provided by the evaluator Nicolas Leclaire (IRSN. France).
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Oralloy (93.2 %3°U) Bare Metal Annuli
[HEU-MET-FAST-074]

Case Calculated Benchmark Experiment C—-E %
Kefr + a Kot + g E
1 099640 = 0.00002 [ 09988 + 0.0005 -024 = 005
2 099629 = 0.00002 | 05979 + 0.0005 | -016 = 005
099471 = 0.00002 | 05970 + 0.0005 |-023 = 005
- 099593 = 0.00002 | 05975 =+ 0.0005 |-016 = 005
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Experiments with
with Internal Grap

[HEU-MET-FAST-077]

ﬂ
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HEU (93.14 wt.%) Metal Annuli
nite Cylinder

Analysis Neutron Cross Calculated Benchmark Experiment C—-E
Code Section Library %
- Kegr + ] Kess + o E
ENDF/B-VIL1 099723 = 0.00004 008 = 006
MCNP6-1.0 | ENDF/B-VILO 099735 = 0.00004 09981 + 0.0006 007 = 006
JEFF-3.19 099408 = 0.00004 040 = 006
JENDL-33% | 1.00077 = 0.00004 027 + 0.06
{a) Results provided by John D. Bess from Idaho National Laboratory.
Analysis Neutron Cross Calculated Benchmark Experiment C—
Code Section Library %
: Keqr + G Kesr + o E
ENDF/B-VIIL1 099628 = 0.00004 -0.08 = 0.06
MCNP6-1.0 | ENDF/B-VILO 099640 = 0.00004 09971 <+  0.0006 -0.07 = 006
JEFF-3.1® 099312 = 0.00004 040 = 006
JENDL-3 3% 1.00005 = 0.00004 029 = 006
{a) Results provided by John D. Bess from Idaho National Laboratory.
Analysis Neutron Cross Calculated Benchmark Experiment C—-E %
. .22 a o
Code Section Library Kew + ¢ ke + s E
ENDF/B-VIL1 099886 = 0.00004 -0.12 = 0.06
v _ R + - g
MCNP6-1.0 | ENDF/B \t'II,O 099893 = 0.00004 1.0001 4 0.0006 0.12 = 006
JEFF-3.1% 099568 = 0.00004 044 = 006
JENDL-3.3® 1.00218 = 0.00004 021 £ 0.06
(a) Results provided by John D. Bess from Idaho National Laboratory.
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