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International Handbook of Evaluated
Criticality Safety Benchmark Experiments

September 2019 Edition

T ~
. 9

> 22 ContribUting Countries » Nuclear Science . ‘
June 2019 9
» ~70,000 Pages PN
> 577 Evaluations \‘, /A -
. . o International Handbook
s 4,973 Critical, Near-Critical, or of Evaluated Crltlcallty

Subcritical Configurations

% 45 Criticality-Alarm- : \
Placement/Shielding ' N
Configurations

Safety Benchmark Experiments

s 237 Configurations with
Fundamental Physics
Measurements

+ 838 Unacceptable Experiment
Configurations

http://icsbep.inl.qgov/
s:/lwww.oecd-nea.org/science/wpncsl/icsbep/




Breakdown of Current ICSBEP Benchmark
Specifications

>

748 plutonium experiments
+ 36 compound
123 metal
+ 589 solution
1426 highly enriched uranium

experiments

« 291 compound

601 metal

527 solution

2 mixed compound/solution
+ 5 mixed metal/solution

274 intermediate- and mixed-

enrichment uranium experiments
+ 156 compound
« 53 metal
+ 65 solution

1668 low enriched uranium
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(D)

experiments

+ 1464 compound

« 82 metal

+ 119 solution

+» 60 mixed compound/solution

244 233 experiments

R/

s 6 compound
< 11 metal
s 227 solution
536 mixed plutonium-uranium

experiments
s 301 compound
% 52 metal
% 86 solution
s 76 mixed compound/solution
s 21 mixed metal/compound
20 special isotope experiments
< metal (33’Np, 238Pu, 242Py, & 244Cm)
9 criticality-alarm/shielding
experiments
% 45 unique configurations with
numerous dose points
10 fundamental physics
experiments
% 237 unique measurements such as
fission rates, transmission
measurements, and subcritical
neutron multiplication
measurements
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New Content in the Handbook 2019 Edition

> 10 Revised Evaluations
%9 Minor
*+1 Significant

> 5 New Evaluations



Summary of Minor Revisions 1-3:

» PU-MET-FAST-003 » HEU-MET-FAST-085

<*Removed incorrect < In Section 1.1, revised
reference to PU- to indicate that only
MET-THERM-001 in six of the 13 evaluated
Section 1.1 configurations were
determined to be
> PU-MET-FAST-045 acceptable benchmark
< Removed bad KENO ggeXperiments.
Appendix A.1 and renumbered the cases
' properly as Cases 1

accompanyin
subfolc!loer gn 319
handbook.

through 6.

)




Summary of Minor Revisions 4-6:

» HEU-MET-FAST-096

** Input decks for Cases 7
and 14 revised and
updated in Appendix A.

+* Results for detailed and
simple models
recalculated and
updated in Section 4
results.

» HEU-MET-THERM-012

** Figure 18 was replaced;
the value of 36.46932
cm is now 36.5125 cm.

» LEU-COMP-THERM-048

** KENO input decks in
Appendix A.2 are
incorrect; text revised to
point user to correct
input decks found in
subfolder on the

handbook.

N




Summary of Minor Revisions 7-9:

» LEU-COMP-THERM-071 > MIX-SOL-THERM-012

< Additional clarification “*Table 23 updated to
p:‘%\gﬂgﬁnﬁyﬂ:ﬁglyspgs“ indicate that there are
u i '
updated in L EU-COMP- seven cases, not six.
THERM-073.

» LEU-COMP-THERM-072

*» Additional clarification
provided based upon
uncertainty analyses
updated in LEU-COMP-
THERM-073.




Significant Revision 1:
LEU-COMP-THERM-073

» Improved quality of
Figures 4 and 12.

» Updated uncertainty
analyses.

***Minor impact
on results.

> Updated .
Section 4 3"
sample
calculations.
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> MORET 5 - ENDF/B-VII.O

¥ MORET 5 - ENDF/B-VII.1

® MORET 5-JEFF-3.1.1
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Case Number
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New Approved Evaluation 1: JooooT - oe0
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BB o
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New Approved Evaluation 2:

LEU-COMP-THERM-103

> MB-01 Reactor
<IPEN (Brazil)

+LWR w/ UOzzrods
(4.346 wt.% 23°U)

*U7Mo (19.80 wt.%
235y) plates in core
center

> Part of an
extensive series of
benchmarks for
this reactor facility
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Results

U7Mo0 01

> Evaluated

¢+ 3 critical
configurations

<+ MCNP5.1 w/
ENDF/B-VII.0
results within 16-2c

Code (Cross MCNP5
. : Benchmark Value
Section Set) > (Continuous Energy et o
Case Number ¥ ENDF/B-VIL.0) o (C-E)/E %
Cl1 0.99994 + 0.00001 1.0003 + 0.0008 -0.037 +£ 0.080
C3 1.00012 + 0.00001 1.0003 + 0.0008 -0.018 = 0.080
C5 1.00049 + 0.00001 1.0004 + 0.0008 0.0089 + 0.080
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New Approved Evaluation
LEU-COMP-THERM-104

» Studsvik KRITZ-1

s+ Sweden

<+*Various LWR
lattices with T = 20
to 250 °C

»Zr-2-clad UO, (1.35
wt.% 23°U)

**Marviken Boiling
Heavy Water

Reactor (BHWR)
fuel

Steam

26365  4th Grig-X (36 cm spacing)
4th Grid-Y (36 cm spacing)

3rd Grid-X (36 cm spacing)
Ruler surrounding 46x46 grid
(one above and one below grid

3rd Grid-Y (36 cm spacing)

Critical water level
11965 2nd Grid-X (36 cm spacing)

2nd Grid-Y (36 cm spacing)

Lowest Grid-X centre
Basis for higher grid
spacing (36 or 56)
4765

I -~ == =
| """"m ""””mmﬁl 11 ‘oz ¥ Lowest Grid-Y centre
(irregular spacing)

Wate r "Level 0"

(lower level of shutters”

"7 " Base plate top
Base plate bottom
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Example Results

» Evaluated
¢ Criticality
** Reactivity Worth
** Reactivity
Coefficients
» Criticality

* MCNP6 and
ENDF/B-VIII.0

o Within 0.5 %

“SCALE 6.2.3 and
ENDF/B-VII.1

o Within 0.7 %

< MONK 11A DEV
and ENDF/B-VII.1

o Within 0.7 %

Coefficientcritical water height vs. temperature (cm/2C)

dH/dT - HKA vs Temperature Zero-Reactivity Coefficients 39(1/5)36-0.2 ™
MCNP Detailed :.
B Benchmark values
39(0)56-0.2 |
......... P0|y. (39(0)56_0.2)
o
.
"
L4
............ ]
......... Wt
[ ITRCIIIE S T

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

Temperature (°C)
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New Approved Evaluation 4: _
FUND-NCERC-PU |
-HE3-MULT-003

» National Criticality
Experiments
Research Center
(NCERC)

*+ 17 subcritical
configurations with
Cu and/oryoly
reflected 2°°Pu ball

> Results

<+ MCNP6.2 w/ ENDF/B- Sl
VIIl.0 >

o Mostly within 5%, a
few parameters 20%

18



Results

Case (cﬁs) G (C('.%’E R (cts/s) G (C(',,Eb);}: M. c (C(;E‘))"E
0 20206.17 | 765 6.03 7609.01 4787 454 3.07 0.03 -7.18
1 26566.56 | 999 436 1700037 | 83.20 -1.73 385 0.05 -10.64
2 32071.04 | 12.66 3.26 32207.04 | 13587 449 467 0.06 -11.11
3 30483.15 | 15.56 220 53962.68 | 208.02 -8.45 538 0.04 -1292
4 4681263 ( 19.08 1.28 8744231 | 31706 | -10.88 6.15 0.05 -13.68
5 45610.27 | 1894 -091 8786939 | 32246 | -16.70 6.57 0.05 -14.52
6 5354756 | 2253 033 | 128038.05| 44999 | -13.80 6.84 0.05 -15.04
7 3772908 ( 17.09 -034 | 70696.80 | 26228 | -12.55 7.66 0.06 -12.45
8 3840581 ( 17.30 -138 | 7263751 | 26909 | -1493 753 0.06 -13.02
9 6041860 [ 26.38 -060 | 18212503 | 62328 | -15.52 7.61 0.06 -15.22
10 6736426 | 30.32 -1.59 | 24692421 | 83143 | -18.69 832 0.07 -16.26
11 7437598 | 3454 -2.51 | 327024.12 | 108532 | -20.66 9.08 0.07 -16.47
12 58721.09 | 27.86 341 | 21214884 | 73748 -3.34 9.79 0.07 -10.32
13 7120596 | 3438 122 |[328683.50 | 1131.77 | -993 10.32 0.08 -12.74
14 74208.35 | 3488 -2.64 | 33439830 | 112130 | -20.61 952 0.07 -16.20

82460.01 | 40.20 -5.58 | 452397.69 | 150397 | -28.12 1045 0.08 -19.38
37049.11 ( 17.10 213 7545829 | 31184 -6.32 8.76 0.07 -9.61
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New Approved Evaluation 35:
FUND-LLNL-ALPHAN
-U235-MULT-001

» Inherently Safe
Subcritical
Assembly (lISA) at
LLNL

5 configurations

*»» Materials Test :
Reactor (MTR) fuel in

water

> Results

“+ COG11.3 w/ ENDF/B-
VIl.1 and -VIII.0

o Within <26 %

“ MORETS w/ ENDF/B-
VIl.1 and JEFF3.2

o Within <17 %



Sample Results

Table 4-2. Calculation Results Using COG11.3 with ENDF/BVIILO0.

Number of
Case | Assemblies | Ry o (C-E)/E Rsr o (C-E)/E
1 1 [ 0.04564 | 0.00029 | -0.37% 0.00538 | 0.00019 | -18.67%
2 2 [ 0.10845 | 0.00054 | -3.71% 0.02668 | 0.00064 | -25.30%
3 410.39772 ] 0.00165 | -8.32% 0.34159 | 0.00523 | -22.95%
4 6 | 0.91013 | 0.00399 | -8.44% 1.80154 | 0.02754 | -18.63%
5 9 [4.50590 [ 0.02958 [ -8.30% 42.24712 | 1.01848 | -17.14%
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Evaluations Planned for Future Publications

> Brazil

+ IPEN/MB-01 with
Boric Acid

> France
<+ MIRTE-1

*+ Pu Nitrate Annular
Cylinders

» Japan
+* TRACY Transients
+Zeus LEU/Pb
+* STACY w/ Debris

> Slovenia

** Lucite-Moderated and
-Reflected HEU Foils

» United States

s 7TUpCX Experiments
s GODIVA-IV Revision

++ ISSA Subcritical
Multiplicity

 KRUSTY

s TEX Experiments

* BAPL Solution Critical
% Zeus HEU/Pb

s Jupiter Pu/Pb

** University New Mexico
AGN Reactor

** Np Subcritical
Measurements

» HOTBOX

* BeRP Ball with CH,/Ni
Composite Reflector

s TRX Critical
Experiments

22



Conclusions

» The ICSBEP and IRPhEP continue to provide
high-quality integral benchmark data

» Valuable for nuclear data testing, uncertainty
reduction, criticality safety, reactor physics,
advanced modeling and simulation

> Data contributed from 26 countries

» Enable current and future
activities supported by
experimental validation




;. Questions?

Yes, | thought it over
/ quite thoroughly.'lt's' 42.
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Extra Slides
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Countries Participating in the ICSBEP & IRPhEP

YVVVYVYVYYVYVYVYVYYVYVYVYY

Argentina
Belgium
Brazil
Canada
People’s Republic of China
Czech Republic

France

Germany '
Hungary \ ,’_’A,_
India w2
Israel g
Italy
Japan

VVVVVVVVVVVY

Kazakhstan

Poland

Republic of Korea
Russian Federation
Serbia

Slovenia

South Africa

Spain

Sweden
Switzerland

United Kingdom
United States of America
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Directed and Distributed via the OECD NEA

Expert Group on Expert Group on Expert Group on Expert Group on
Reactor Fuel Radiation Transport RGZCtAC:’f Physi;:s Uncertainty Analysis
Performance and Shielding Na" I \éance in Modelling

(EGRFP) (EGRTS) u(‘;s ggp I:g;m (EGUAM)

z 1 z L B

v v

International Fuel Shielding Integral International Reactor
Performance Benchmark Archive Physics Experiment
Experiments and Database Evaluation (IRPhE)

(IFPE) database (SINBAD) Project

Uncertainty
Analysis in
riticality Safety
Assessment
(UACSA)

International Criticality
Safety Benchmark
Evaluation Project

(ICSBEP)

Managed by an Elected Chalr
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Current OECD/NEA Member Countries

Argentina France Latvia Russia
Australia Germany Luxembourg Slovak Republic
Austria Greece Mexico Slovenia
Belgium Hungary Netherlands Spain

Canada Iceland New Zealand Sweden

Chile Ireland Norway Switzerland
Czech Republic | Israel Poland Turkey
Denmark Italy Portugal United Kingdom
Estonia Japan Romania United States
Finland Korea

Avallable to Me Infries
@& n’&ﬂ@%@tﬁrng a@ tles

@0 Yhea

OECD™

Nuclear Energy Agency
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