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International Handbook of Evaluated
Criticality Safety Benchmark Experiments

September 2015 Edition
» 20 Contributing Countries
* ~069,000 Pages

Nuclear Science
September 2015

» 567 Evaluations International Handbook
" Subcritical Gonfigarationg e
- 31 Criticalgy Alarm |
Placement/Shielding

Configurations

— 207 Configurations with
Fundamental Physics
Measurements

— 829 Unacceptable Experiment @))OECD LyNea
Configurations o

http://icsbep.inl.gov/
https://www.oecd-nea.org/science/wpncs/icsbep/
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Revisions to Existing Evaluations

dentifer Tile(s)

HEU-SOL-THERM-020

LEU-COMP-THERM-039

HEU-MET-FAST-099

HEU-COMP-FAST-004

IEU-MET-FAST-020

IEU-MET-FAST-022

IEU-COMP-THERM-015

Unreflected Cylinders of Uranyl-
Fluoride Solutions in Heavy Water
Incomplete Arrays of Water-
Reflected 4.738-wt.%-Enriched
Uranium Dioxide Fuel-Rod Arrays
Fast Neutron Spectrum Potassium
Worth Space Power Reactor
Design Validation

Critical Configurations for
Beryllium-Reflected Assemblies of
U(93.15)0, Fuel Rods (1.506-cm
Pitch and 7-Tube Clusters)

The FRO Series 1: Copper-
Reflected “Cylinderical” Uranium
(20 % 23°U) Metal

The FRO Experiments with Diluted
20%-Enriched “Cylindrical”
Uranium Metal Reflected by
Copper

Single Cores of 30.14% 235U

Enriched UO2/Wax Mixtures — Bare

and with Single Reflector Materials

Revised Diameter of Level
Indicator Pipe

Corrected a Figure and
Updated APOLLO-MORET
Calculations

Adopted from IRPhEP

Included Two New Ciritical
Configurations for the
Evaluation of Potassium Worth

Updated with Newly Released
Data

Updated with Newly Released
Data

Updated Input Decks
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HEU-SOL-THERM-020
Uranyl-Fluoride Solutions in Heavy Water

—0.8525
L

ry \
Top plate

* Fixed diameter of level

OR 1.42875

Indicator tube In models
and Iinput decks |

OR 1.5875

- = - IR 38.1
OR 384175
Code (Cross MCNP6.1 MCNP6.1
Section Set)— | (Continuous-Energy | ¢ —E o, | (Continuous-Energy C-E %
ENDF/B-V) E ENDF/B-VII1.1) E |
Case Number 12192 - 21,500 -
1 1.00249 £ 0.00011 0.59+1.17 0.99123 £ 0.00011 -0.54 +£1.16 r !
Height of solution
84,75
2 1.00455+£0.00011 | 0.90+0.94 | 0.99593 + 0.00011 0.03+£0.93
3 1.00997 £ 0.00012 1.43+£0.80 1.00518 + 0.00011 0.95+0.80
4 1.00945 + 0.00011 1.40x0.79 1.00471 £ 0.00011 0.93+£0.79
5 1.01433 £ 0.00011 1.85%0.79 1.01467 £ 0.00011 1.88+0.79
~ Bottom plate

-

—0.3175
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HEU-MET-FAST-099
Potassium Fast-Spectrum Validation

9
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TEWHTE A1

Analysis | Neutron Cross Calculated | Benchmark Experiment | C — E o
\ . . 0
Code Section Library o) + O 0(¢) " p E
ENDF/B-VII.1 38 = 04 -67 = 5
MCNP6 | ENDF/B-VIIO | 3.1 + 04 -73 £ 5
11.4 + 1.2
JEFF-3.1 23 = 04 -80 + 4
JENDL-3.3 24 = 04 -79 + 4




HEU-COMP-FAST-004
Additional Configurations of HEU with Potassium

Calculated
Benchmark 5 5
Model ENDB{:IEI\-I\I;iI.O(“) ENDI\;;('];I\-I\P;I'I. o C—E®
+ G + G kes o E
Casel | 09989 = 0.0008 = 0.00006 099742 = 0.00001 -0.15%
Case 2 8 + 0.0008 + 0.00006 0.9993 0.00001 -0.05%
Case 3 1.0001 \+ 0.0008 + 0.00001 @iﬁi 0.00001 -0.66%
Case4 \ 1.0015 /% 0.0009 098824 £ 0.00001 099352 /+ 0.00001 -0.79%

(a) Results obtamed using either 100,000 histories for 2150 eycles or 1,100,000 histories and 3150 cyeles, skipping the
first 150 cyeles.

(b) °‘E’ 1s the expected or benchmark value. “C” 1s the calculated value.

1295

75-cm square piate
D 279, H0.835

R2288
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Detail of fuel rod

58 347 —
cladding

R 0.5705
IR 0,584
OR 0.535

e
5537 JE

ug,




LEU-COMP-

IPEN/MB-01

Configurations of the
IPEN/MB-01 Reactor
with Fuel and
Molybdenum Rods

* IPEN — Braazil
— Adimir dos Santos

* 4 Configurations
- 20, 24, 28, 30 Mo Rods

"HERM-067
Reactor with Mo Rods

* Critical Loadi
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22
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28
29

O Fuelrod © withdrawn control rod O withdrawn safety rod
@ Molybdenum rod © Empty position (light water) AdAWHTO 1102
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LEU-COMP-THERM-067
IPEN/MB-01 Reactor with Mo Rods

Cladding
OR = 0.49037
IR =042873

9
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ok 2
8Kl
" Code (Cross MCNP5 Benchmark Value | (C-E)/E %
Water Section Set) — (Continuous Energy Kegt O
Case Number l ENDF/B—VIIO)
OR= 042487 1 1.00086 + 0.00004 1.0005 = 0.0005 | 0.036 + 0.048
. 2 1.00068 + 0.00004 1.0004 = 0.0005 | 0.028 + 0.048
s 3 1.00082 + 0.00004 1.0004 + 0.0005 | 0.042 + 0.048
4 1.00094 + 0.00004 1.0005 £ 0.0005 | 0.044 + 0.048

Guide tubes

AlyOsy
OR = 0.4235
H,0 H,0

Y
Bottom grid plate (58.8 cm square 4 4 2.2

i § > T~ N R

Safety-rod Control-rod Fuel rod Molybdenum
database of IPE
AR SN N F—1
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LEU-COMP-THERM-096
/uPCX Lattice Experiments

 Partially-Reflected
Water-Moderated
Square-Pitched
U(6.90)0O, Fuel Rod
Lattices with 0.67 Fuel
to Water Volume Ratio
(0.800 cm Pitch)

* SNL — USA
— Gary Harms

* 19 Configurations
— Varying holes and gaps
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LEU-COMP-THERM-096
/uPCX Lattice Experiments
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LEU-COMP-THERM-096

/UPCX Lattice Experiments
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ALARM-TRAN-AIR-SHIELD-001
Neutron Activation and TLD Response to SILENE

» Neutron Activation and
Thermoluminescent
Detector Responses to a
Bare Pulse of the CEA
Valduc

» Valduc

— Thomas Miller, et. al
- ORNL, USA
* Plus CEA, France

» 1 Configuration
— 2 Collimator Boxes

— Free Field Position
— 4 Scattering Box Locations
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ALARM-TRAN-AIR-SHIELD-001
Neutron Activation and TLD Response to SILENE

Free Field

Gap:1.lcm




z

Monte Carlo

Activity C/E Relativ
Position Feaction (_anl): Felative C/E U :t% :
q'E . . ncertamty
Uncertainty
PComny)"Co | 7.498E+01 0.0016 1.1343 0.0663
A LA R M _T RA N — Thnmy)™Imn [ 9.932E+06 | 00019 [ 10002 [ 0.0706
T Infnn’y) "In | 7.687E+03 0.0023 0.9573 0.0630
A I R S H I E L D OO 1 Case 1 “Feinp) Mn | 2.095E-01 0.0020 1.0138 0.0640
- - Collimator A *Fe(n,p) Mn +
3 2 22 ;
“Nn(ny) *Mn | 24IEY03 0.0022 1.0435 0.0641
“Me(np) Na_| 6.717E+01 0.0046 1.0993 0.0641
Ni(np)"Co | 1.376E+01 0.0019 0.9581 0.0628
"Co(ny)™Co | 2.848E+01 0.0013 1.2701 0.0819
PTAu(ny)™Au | 3.008E+04 0.0019 1.2400 0.0836
Tn(ny)™n | 3.64JE+06 0.0013 12141 0.0847
Case 2 Pnfnn'y) ™I | 1.308E+03 0.0020 1.0036 0.1139
A5E “Fe(np) Mn | 3.513E-02 0.0021 1.1304 0.1214
i Collimator B T en.p) “Mn +
. Monte Carlo _ - o eP SER T | 9.160E+02 0.0017 1.1759 0.077
Positi IIDT Dose B elati CE C/E Relative TI'-rIn{u.v} _Mu
esthon PEL Gy L.ucir“hi‘:'h_ Uncertainty “Me(np) Na | 1.196E+01 0.0061 1.1057 01338
- Ninp)Co | 2.330E+00 0.0020 1.0991 0.1170
cor=l | ALO, |4suEs00| 00047 |07279 | 0.0786 P Comy)¥Co | 7.782E-01 | 00022 | 11755 | 00660
- "TAu(ny)™Au | 7.858E+04 0.0037 1.1307 0.0642
ase 2 - - — —
coel | ALO, | 67301 | 00066 | 08209 | 0.0982 Thany) ™ | 9443E+06 | 00029 | 10754 | 00706
Case 3 - - 3 Case 3 P Infnn’y)" ™In | 6.609E+03 0.0020 | 09635 0.0628
Free Field AlO; 4 1T2E+00 0.0034 1.1215 0.0788 Free Field R o) Mn 1 940E-01 00016 0.0041 0.06472
Casze 4 - - 'f’!?e{u_p]'sh{n +
Scatiering Box 1 | AkO: | 4292E-01 0.0090 | 0.7400 0.0851 “Mn(n) *Mn 2.662E+)3 0.0029 1.1080 0.0630
Case 5 - - ) “Me(np)Na | 6 540E+01 0.0043 1.1081 0.0644
SCﬂ.ﬂE'!'.i]lg Box 2 A]:D3 3.018E-01 0.0078 0.6859 0.0821 jﬁNl(npjﬁCo 1.271E+01 00016 00784 00628
Case 6 . - - “Co(ny)™Co | 2.04TE+HI 0.0014 1.3233 0.077
Scattering Box 3 | 203 | LIS4EZ00) D003 | 06785 | 0.0784 T auny)™Au | 2.030E+04 | 00017 | 12174 | 00810
— 1B 18 P r -
Case 7 | ALO, | 1281E<00| 0.0042 06848 0.0908 In(n.y)"In_| 3.357E+06 0.0014 1.2386 0.0761
Scattering Box 4 Case 4 CIn(nn'y) ™In [ 5.321E+02 | 0.0040 [ 1.0135 [ 0.1015
Scattering Box 1 [ "Fe(np) Mn | 1155E-02 0.0034 1.0919 0.1214
Est{u.pJESMn+ N - -
Mn(ay)*Mn | 1033E03 0.0018 1.2183 0.0670
*Ni(np)®Co | 7.888E-01 0.0033 1.1173 0.1147
Case 5 “Co(my)”Co | 3.396E+01 | 0.0010 [1.3269 [ 00711
Scnnerﬁz:ﬁox 5 | Au(ny) Au | 3.261E+04 | 0.0015 1.2845 | 0.0691
i " | TNinp)TCo | 4244E-01 0.0049 1.4636 0.1232
Case 6 “Co(ny)"Co | 5.373E+01 0.0010 1.2201 0.0694
Scmﬂﬁz Box 3 | Au@y)™Au [ 5.310E+04 0.0014 1.1906 0.0679
= Ninp)Co | 3.277E+0D 0.0024 1.0115 0.0659
Caze 7 “Comy)"Co | 4881E+01 [ 0.0010 [1.2224 | 0.0700
Scmer‘i’; Box 4 L Aumy)**Au | 4.790E+04 0.0014 1.2376 0.0684
= Nimp)Co [ 3451E+00 0.0031 1.0362 0.0658

15
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IEU-SOL-THERM-005
U(37 %)O,F, Sphere

* Critical Spherical
Dimensions of Aqueous
Solution of U(37%)0,F,

* ORCEF - USA
— Tanja Kaiba

* 1JS, Slovenia

» 1 Configuration

— 69.2-cm-diameter
sphere
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IEU-SOL-THERM-005
U(37 %)O,F, Sphere

Aluminum sphere |

Benchmark Uncertainty
andel }':gﬁ" Solution
1.0041 0.0065
Dimensiorllnrilithm
i G Calculation Bias | Relative deviation
\'Eﬂ MCNP (A;\,—eﬁ') (Cﬂ_E)fE(a)
0.99940 = 0.00006 -0.00470 -0.5 %
© 0.99943 =0.00013 -0.00467 -0.5 %
© 0.99934 +0.00008 -0.00476 -0.5 %

(a) “C’ 1s the calculate value. ‘E’ is the expected or benchmark value.

(b) Acknowledgement to Dr. Soon Sam Kim, Lawrence Livermore National Laboratory.
(c) Acknowledgement to Dr. Soon Sam Kim, Lawrence Livermore National Laboratory.

17
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HEU-MET-FAST-074 |
Oralloy Bare Metal Annuli

» Oralloy (93.2 235U) Bare
Metal Annuli

* ORCEF — USA

— Andrew Hummel
« INL

* 4 Configurations
~77-11"
~- 713"
~117-13"
~13"-15"




HEU-MET-FAST-07

Oralloy Bare Metal Annuli

Case

Calculated

Kess

+

g

Benchmark Experiment

Kess

ag

0.99640
0.99629
0.99471
0.99593

S

0.00002
0.00002
0.00002
0.00002

0.9988
0.9979
0.9970
0.9975

S o I

0.0005
0.0005
0.0005
0.0005

-0.24
-0.16
-0.23
-0.16

0.05
0.05
0.05
0.05

Center Disk

|l. 17.768840 |

2.543175

Layer above HEU plate “

Top layer

Inner Annulus

|.4 228493332 -
____ 2T63 | =~
a.a3s57z2

22852380 -

AT 17 7Rani0
b 2773

0.317600

|. 22851110 -

-
0635000

|,‘ 22851746 .
e ==

T S
2775

g

=t 7”—7__4-_'5‘
i
0.055929
27.931110
— =
2803
0620015
|~ 22851110 N
e T BT ™
213 ——?-)
e
1. 428750 T
I_ 22 848205 -
2738
2543048
|,‘ 22850475

@

2.538005

Outer Annulus

27831110

22.864445
ZraG

v

0.3267T
2T AZITAS

22876610

'“
.-u
-
&
1

021945
T HI2SE0

22 863810
27Te

[}
.
1l

0.637540
7931110

= 22 BESOB0
2778

l

06837540
27.831110

228060350
T4

L i
2
W
&
N

BATGED

7.920840

2862540
Z7ET

0

1.427480 L
|_ 27.831110
2543810

-r 2rE81110 ,_I

17771110

<

0321310

L 17771110 |

2. 548858

- AT 7ESOTE

0.6356350

Part numbers

Bottor layer

| 22851110

l_ 22850475 -
Sl
2829
By I
0.955875

22850476

-
1

3810000

|_ 27931872

22 AE3E10
2742

0952754
|_ 27931872 ‘|

Dimensions in cm

9
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HEU-MET-FAST-077
Oralloy Annuli with Graphite Cores

* Experiments with HEU
(93.14 wt.%) Metal
Annuli with Internal
Graphite Cylinder

* ORCEF — USA

— Xiaobo Liu
« INPC/CAEP, China

(visiting INL)
« 3 Configurations
. 7”_13”
. 7”_15”
. 9”_15”




HEU-MET-FAST-077
Oralloy Annuli with
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Experiment 3

s [T 11—
Graphite Cores = =
Analysis Neutron Cross Calculated Benchmark Experiment C—E %
Code Section Library kg i 5 Ko n . E o s
ENDF/B-VIL.1 0.9988¢ = 0.00004 -0.12 = 0.06
MCNP6-1.0 | ENDEF/B-VIL.O | 0.99893 = 0.00004 10001 £ 00006 -0.12 = 0.06
JEFF-3.1¢ 0.99568 = 0.00004 044 = 006|
(@) ﬁ =
JENDL-3.3 1.00218 = 0.00004 021 £+ 0.06| e e
(a) Results provided by John D. Bess from Idaho National Laboratory. e
==
m' an Pt rurates (300 Ttk 350 Fieniog rumbes (98 Tabw 380

Trmzm

T

P e )

2 EET)

TR

21
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HEU-MET-FAST-083 (next h ook publication)
Oralloy Complex Bare Metal Annuli

« Complex Geometry
Bare Oralloy (93.2 23°U)
Metal Annuli
Experiments

* ORCEF — USA

— Quinton Beaulieu
« INL/ISU

« 3 Configurations

—117-15” Annulus
* 7”7 Cylinder
+ 5" x 5” Box
» Split 5" x 5" Box
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When is the Next ICSBEP Meeting?

* To be held In
conjunction with the
IRPhEP Meeting

* April 18-22, 2016

* Independent Reviews
need completed by end
of February 2016

» Let me know if you plan
on participating
— Evaluations
— Review
— Meeting Attendance
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Plans for the Future ICSBEP Handbook Publications

TRX Critical Experiments Mike Zerkle BAPL-USA
7uUPCX Experiments with Titanium Gary Harms SNL-USA
SILENE Pb and Poly Experiments Thomas Miller, et. al ORNL-USA and
CEA-France
Spherical UF; Gas Core Reactor Margaret Marshall INL-USA
Westinghouse UO2 Lattice Brittney Saenz INL(intern)-USA
Experiments
SNAP-10 Water Immersion Criticals James Totten INL(intern)-USA
Tungsten-Reflected Plutonium Sphere  Jesson Hutchinson, et. al LANL-USA
Subcritical Noise Measurements
Reevaluation of HEU FLATTOP Jesson Hutchinson, et. al LANL-USA
TRACY Supercritical Configuration Kotaro Tonoike & Yuichi Yamane JAEA-Japan
SNOOPY 134 Dave Heinrichs LLNL-USA
GODIVA IV (Revision) Joetta Goda LANL-USA
TREAT Minimum Mass Critical Core John Bess INL-USA

AGN Reactor Bob Busch UNM-USA

24



—e
m ldaho National Laboratory

Conclusion

13 new, revised, or draft benchmarks added into the
ICSBEP Handbook (September 2015 Edition)

1 new evaluation missed handbook publication and
will be available next year

Validation of computational methods and improvement
of integral neutron data

Look forward to evaluation and inclusion of many
more reactor physics benchmarks

April 18-22, 2016 for the next ICSBEP/IRPhEP
Technical Review Meetings in Paris



Questions?
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