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ICSBEP, IRPhEP (quick reminder) and the - . L

Dat ab ase + Dat a A N al yS | S TO (@) I of Evaluated Criticality Safety

Benchmark Experiments

« |ICSBEP + DICE (2 Slides)
 |IRPhEP overview (1 Slide)

IRPhEP Database and Analysis Tool
* Design (5 Slides)

Differences between ICSBEP/DICE requirements [ = S

_ ‘ l\'lI»ZR&,\‘rle.\l;ﬂ_J,\_SD___BOOK OF »
Inclusion of measured + calculated values EVAUATED RESGTORERNSICS |

* Features (6 Slides)
Demonstration of prototype
Implemented and planned features

Possible relationship with SG33,
uncertainty+sensitivities
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Databaselnternational Criticality Experiments(ESt. 2001)

Efficiently search the ICSBEP handbook. Alternative was opening hundreds of pdfs.

Search based on keyword, country, spectra, fuel type, materials, etc.
Allows visual trending of the data.

Can visually depict the information content of the DVD, identify relevant experiments.
Contains calculated quantities; 299 group neutron spectra data, neutron balance

data, sensitivity data.

~600 Evaluations
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Sensitivity per Unit Lethargy

Sensitivity Plot

HST001-001 ELASTIC K : 0.722101
HSTOD1-001 elastic -1 : 0.724974 +1- 0.000756

H10.722101 (ABBN)
H1 0.724974 +/-0.000756 (TSUNAMI3D)

155 1E-a 155 152 1 10 = =3 = = 15
Energy (eV)

— HST001-001 ELASTIC H HST001-001 elastic h-1
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- | DIMPLE
IRPhEP Information Content T -
« 10+ types of measurements (~40 evaluations in 2010) T T - ’&
Relevant points when creating a database | e
«  Lower frequency=difficult to derive standard for measurements o S
with few data points i -
* CRIT,SPEC,RRATE measurements given priority. 3
e
*  Next most common are REAC,COEF measurements s
« Less than 5 evaluations contain SUB,KIN,POWDIS,ISO,MISC ) S
measurements (Less need to search, or trend these EIRR S— - E:
measurements) oL . §§
« Each of these measurements includes an evaluation of the T - %
eXperlmental Uncertalntles aSSOCIated Wlth tha.t measurement B;r?AB:DEFGHIAMDES}'GHJJABCD:E’_EGHIABCD%FGHIJABCDEFGHIABcDEfGHIJABLUEmmABCDEchTHI1
2010 Handbook 2010 Handbook
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S 15 2 3000
10 2000
5 1000

0 0 "




A Y nen )

NEA OECD

Why Make a Database? = =

EVALUATED REACTOR PHYSICS

BENCHMARK EXPERIMENTS

Levels of data preservation e
1. Archive |
2. Compilation Rp -

. nepreation + Review > Hardook )
4. Database

BWR  Drafts FUND  GCFR GCR HWR LMFR LWR MIsC MSR PWR  RBMK  VVER

Extracting, comparing and trending, example

C/E k-eff vs. Data Library '
leitatlons Of Handb00k Detailed Description Ex::SIr:Ztr:?:I ([))fata S?)eer::icf?g:i;kn Resg;tliat;fia:) r:ple Correlation Matrix
Difficult to search, opaque information content ’
Cannot trend across evaluations
Adding information requires new revisions
CRIT BUCK SPEC REAC COEF KIN RRATE POWDIS I1SO MISC

||' Floks Return to search

= | Ewaluation idenkification Zrik Sub Buck. Spec Reac Coef Kim RRate FPowvelis Iso Misc
ASTRA-GCR-EXP-001 1 1 1 1 ] ] 1 ] 1 1
ATR-FUMND-RESR-001 1 1 1 1 ] ] 1 ] 1 1
BFS1-LMFR-EXP-001 ] ] ] F] ] ]
EFS1-LMFR-EXP-002 1 1 ] ] 1 1
EFS1-FLMD-ExXP-001 1 1 ] ] 1 1
EFS1-FUMND-EXP-002 ] ] ] ] [l ] ]
BFS1-FUMND-EXP-005 ] ] ] F] F] ] F] ] ]
EFSZ-LMFR-ExP-001 1 1 ] ] ] 1 1
EFSZ-FLMND-ExXP-001 1 1 ] ] 1 ] 1 1
CREOLE-PWR-EXP-001 ] ] ] ] ] ] ]
CROCUS-LWR-RESR-001 ] ] ] ] P P ] P ] ]
o -HW R -F > P-1r [wrl 1 1 [wrl 1 1 1 [orl ] 1 1
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Database Construction: CRIT,SPEC,RRATE done. In progress REAC,COEF.

. Read Evaluations. Enter Key data into EXCEL, observe trends and commonality.

. Prioritize based on information content and user interest.

. Create key parameters list, for each measurement + calculation.

. Standardize format (X,Y,Z coordinates in cm, Measured, Calculated, Percent difference for Error)
. Set up an EXCEL sheet to prepare loading of a RDBMS database.

. Extract data from document, transform into the standard format.

Case I walues .. CTode Library =L Walue .. TIE

EFS1-FURD-EXP-001 ... |1.00Z=1 oo IR EE T SEErRQS =299 0. 994 L D995 1S 189913512
FPFacility-“vwER-EXFP-0... |1.0 e MO LI-RES DLy UDs. . (10011 .. 1.0011

o -HwWwR-EXP-O001-. .. 1.0 o P RPS EMRDF/E-WI. & 0. 99502 L. D 99s02

EFS1-LMFR-ExF-002-...|1.0004 o [MMEEEMC ABEM2S Z293G 0.3953 G 025501 532440229

IO O-LMFR-RESR-O... |O0.9951 s CITETIONN. L [ AFS-5-15 0.99:=1 .. O 9EAESSFEEAETE TS

ZEEBR.A-LMFR-EXF-00... |1.0014 o MOMESE EMDF/E-I. 4 1.01 1 O0SSSTITeSSE45940 -

&

1.0275 o

K-eff, Averaged C/E

10125 o

1.0100 o

1.0075 o

1.0050 o
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Next Step: Add Calculated Values(what would we like to store)

Calculated data in DICE: (~90 %) Spectra, 3 Group Flux+Reactions, Neutron balance,

WISH-LIST (Initially no data available ® !)

data sensitivity

Neutron Balance

Sensitivity to Nuclear Data

Flux and Reaction Spectrums
Spatial Flux and Reactions
Correlation Coefficients

Uncertainty Information

How to obtain calculated results?

1. Use models in handbook

2. Ask users to contribute

3. In house model adapting and creation
Some Numbers(2010 IRPhEP Handbook)
Some evaluations have models

22 MCNP

6 KENO (keno+mmk-keno)

Other-MVP, CITATION etc

% Evaluations Models Run: ~50 %
(MCNP+Added PRINT cards+MESHTALLY)
% Cases Models Run: ~30 %

@)

J

OECD
(~10 %) Nuclear
Ewaluation identification Zrik I I . L .. Oukpuk Ealance Meshtal
BFS1-LMFR-ExP-002 [+] w [ w [ wo [Dukpuk Balance Meshtal
EFS1-FUMD-EXP-001 [+] I | I | v [Cukpuk Ealance Meshkal
EFS1-FUMND-ExXF-002 [+] w ][ w v [Cukpuk Ealance MMeshkal
EFS1-FUMD-EXP-003 [+] o oo [OUkpUt Ealance Meshtal
BFS2-FUMD-EXP-001 [+] w [ wo [Dukpuk Balance Meshtal
CRECLE-PWR-EXP-001 [+] u' v .. [Cukpuk Ealance Meshkal
FFTF-LMFR-RESR-001 = | = .. [Cukpuk EBalance rMeshkal
HTR10-GCR-RESR-001 [+] ' oo [OUkpUt Ealance Meshtal
HTTR-=CR-RESR-001 [+] |+ |11 wo [Dukpuk Balance Meshtal
HTTR-GCR-RESR-002 [+] w w v [Cukpuk Ealance MMeshkal
IPEM{MEOL)-LWR-RESR-001 [+] w w1 [+ . [Oukpat Ealance Meshtal
KRITZ-L\WR-RESR-001 [+] o ' oo [OUkpUt Ealance Meshtal
KRITZ-LWR-RESR-002 [+] ' w v [Cukpuk Balance Meshkal
RHF-FLMD-RESR.-001 [+] w v [Cukpuk Ealance MMeshkal
SMEAK-LMFR-ExXP-001 [+] e ][+ ~].. . [Cukpuk EBalance Meshtal
e bl '
ZPR-LMFR.-ExFP-002 ' [~ [~ ... [Oukpuk Ealance Meshtal
Hala L]
S-groups Fission
Thermal= 0.0000
Inker= 0.3955
Fast= 0.604=
Meutron balance (normalized to 1000 neuktrons)
2 Capture Fission (n,2n)
=5-51 o0.10 -
2562 0.2z W
=5-64 0.0z
=9-63 0,26
=9-65 0,04
4=-0 S5.75 .01
=.435

Q2-235

5,29

0.10

D255 o.o07

= R =] 211 =59.55 o.11
Sg-=240 12.45 =R o.01
Sg-241 1.0 L= = 0.01
St-z4z 0,50 0.z0

Q5-241 1.36 0,24

TOTAL &40, 635 345,11 Z.12

¢

Avg. neukron per Fission= 2.910
Product= 1004,25
Leakage= 1&6.34
Balance= 100z,07
Keff= 1.0043
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New to the IRPhEP Database User Interface Tool

1. MESH Tool

2. Plot features

3. Find Similar Option

4. Balance Computations

© 2011 Organisation for Economic Co-operation and Development
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Development: MeshViewer Tool (N.Soppera)

IRPhEP Experiments are typically more complex

Visualization helps the user understand the reactor and often the
experiments. Often will return to the evaluat lon to explam somethlng
they see. Knowledge Management! - g%

a)Flux

b)Capture Rates
c)Fission Rates
d)Scattering Rates
e)Neutron Spectra ¥
Can also perform math operations. Useful When constructlng a
benchmark model in a different core, or observing the impact of
removing control rods.

Works with MCNP, SERPENT, KENO (accepting other mesh formats!)
Considering overlaying plot on geometry....perhaps too much?

KL




Qv

OECD

New Plotting Features
Can collapse data over many measurements.
«Convey big picture, allow user to subsequently drill down to more detail.
Particularly useful for reaction rate measurements. Additional work needed
on collapsing methods (weighted average, correlations).

Device Device Spec Device Input + | Resction Yohie Uncertainty Code Case D Measuremert D Device Devics Spec Device Input Reacton Vs Licertanty Cods Lirary
= i s bl BBl G | kR £, 0 Tk 185 key U238 B o TRANGITHREEDANT ENDE[EVLS
JE] =] i [0.667142857 1426571 0 2shz2zpo0ezzte TRANGKTHREEDAN | EERSTREC L B = el = o 4 wJaw'e
JIET ke, 658.L k... |23 IE] 0.14744827586206... |0.0590183033954898 CITATION A Decty Oriss__ Iy : BHOFEV,
= R A
5 3 e ecay Lyl - s A
130 [ 0,157461 3047619048 [0.0677 302420755306 CITATION
120 E] 10,1481 390243902439 0.063602T3378064... CITATION 131 UL e 123 [0.65728 P IszsIH 1662 }
= = T e [ e Fuel Rod 129 lo.7a138 0. 1E09EA92050073. . KPS ENDF/EVILO
= = Tl s e et e 3 e Fuelfod E [0 EBHORGE6A 665666, 2TSABEZATITSA04 MBS BDF{BATLO
. - 137 jBeta Decay Dyl6S Dy 133 1. 0.251 5
L 7166666666 .. AN THR
::; 1: g e e 2?561?532536::81_er ZEOHN [ AU =3 129 [0.6111 1851851851650, 358140564207879 | TRIGEX
- 137 [Beta Decay Dy165 Dy 133 1.2375 0. 1365000000000 ..
130 129 D.gszmaﬁsss&xﬁ.-ﬂslmssmm-t CITATION + +
= = et e aee = UL =3 129 10,53 142857 14265714 10,0618 106045944
i T R TR Ezumhmsﬁ'wmaq [Ed [Beta Decay Dyl6s Dy [ 1516 02724, . WP L6 T IR0
. . 3 131 JNULL U236 129 |0.6671426571428571 0, 16 | TRANSH THREEDANT ENDF[E-V.8
:§ :: é.gzeez m::;: u':::é;;?;?" ﬁ:m CA-HWR-EAP-001... Bil-1 137 |Beta Decey Dyl65 Dy 133 1.5165 02724599,
| 0.8500665666 i CA-HWR-ENP-001... AL-22 157 [Beta Decey Dy165 Dy [E3 1441 2% = PP ELE
ZPPR-LMFR-EXP-00... 130 IE] 5.7799181B1818175 2. 374291 0328686184 CITATION e et e e 5 2 oo
;:_ﬁ:gxg‘” L :2 }: zlgmmmﬁmw CA-HWR-EAP-001.... B1-7 137 [Beka Decay Dv165 Dy 133 1.4620000000000002 10251 P-2.006.27 [EMDF/BALA
= - - R -LMFR-EXP-00... WL 130 [579.9 ke, 656.1 k... U236 129 1.4707 142557142559 0,61 7923745378053 JENDL-3.2
F51-LMF] - . JEES2: L, 387 -+
P IMFR-EX-00. . [BFS-61:2 ot 12 (.59 1956521735121 0. 2874425065874815 MMKEENO 2FPR-LFRLEXP-00,, WL fE 5299 het, 6581 k.., 238 129 10.1574619047619048 0 06T7202420755306 [CITATION DENCL3.2
20
1.080 T
19
1.040 18
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1.030 e
1.025 18
1.020 14
1015 =
1.010 M1 1.2
1.005 1.1
1.000 1.0 —
0.095 o8
0.900 o8
0.o8s o7
0 o80 [:X.]
00878 L [:E.]
o.e70 o4
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Search Similar Option

Why: Inter and intra comparison of experiments
Designer/Nuclear data validator can search for experiments which

mimic the desired application.

Examples:

Similar Spectrum (done)

Similar Balance (done)

Similar Sensitivity (no sensitivity data)

Similar Uncertainty (uncertainties recently added)
Correlations of uncertainties of measurements
Correlations of uncertainties due to nuclear data




£ nen @)

“< NEA OECD

For Neutron Balance Files

Similarity based on Euclidean Distance

Search | Find similar | piats

|:| 3-groups percent fission

1— \/(pl_q1)2+(p2 —0,)° +..+(py —0y)’
205 XH pH0-5HqH0-5 N=Isotope

Meutron balance

Meutron balance File: I:IE]

Display ]
Future Application: Use similarity metrics | | =T
to compare results from different nuclear _
. . Case D Code Library Meutron balance

data ||bra|‘|es and COdeS. BFS1-FUND-EXP-... MCNP [ENDF/B-VIL.O
-ExP-0... MCNP  ENDF{B-YILD 0,966

ZPR-LMFR-EXP-0... EMDF/B-YIL.O
: : ] . BFS1-LMFR-EXP-... MCNP  [ENDF/E-VILD 0.931
Possible links/synergy with uncertainty BFS1-FUND-EXP-.,. MCHP[ENDF/E-ILD 0.93
] ) BFS2-FUND-ExP-... [MCNP  |[ENDF/{E-YILD 0,909
|nf0rmat|()n? BFS1-FUMD-EXP-... MCMP [ENDF/E-YILO 0,596
KRITZ-LWR-RES... [MCNP  |[ENDF/E-YILD 0.75
FFTF-LMFR-RESR... [MCNP  [ENDF/{E-YILD 0.651
HTTR-GCR-RESR... MCNP [ENDF{E-VILD 0.614
KRITZ-LWR-RES... |MCNP  |[ENDF/E-VILO 0.607
HTTR-GCR-RESR... [MCNP  |[ENDF/E-YILD 0.601
IPEN(MBO1}-LWR... [MCNP [ENDF/B-YILD 0,553
CREOLE-PWR-EX... [MCNP  |[ENDF/E-YILD 0.577
RHF-FUND-RESR... [MCNP [ENDF{E-YILD 0.53
HTR10-GCR-RES... MCWP [ENDF{E-VILD 0.503
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Plotting Neutron Balance Files

(T - y W T ook

| [ Horiz. E= vert. [JFat [._-;-Piots| Return to search

1E3

plots || Meutron balance

1. Neutron balances -
fiJ . BFS1LMFR-EXP-002
=T = Case 001

MCMP ENDF/B-VIL.O
BFS1-FUND-EXP-001
Case 001
MCMP ENDF/B-VIL.O
BFS1-FUND-EXP-002
Case 001
MCNP ENDF/B-VIL.O
. BFS1-FUND-EXP-003
Case 001
MCMP ENDF/B-VIL.O
BFS2-FUND-EXP-001
Case 001
MCMNP ENDF/B-VIL.O
CREOLE-PWR-EXP-001
Case 001
MCMP ENDF/B-VIL.O
= | FFTEAMFR-RESR-001
Case 001
MCNP ENDF/B-VIL.O
HTR10-GCR-RESR-001
Case 001
MCNP ENDF/B-VILO
HTTR-GCR-RESR-001
Case 001
MCMP ENDF/B-VIL.O
HTTR-GCR-RESR-002
Case 005
MCNP ENDF/B-VIL.O
. KRITZAWR-RESR-001
Case 001
MCNP ENDF/B-VIL.O
KRITZAWR-RESR-002
Case 001
MCMP ENDF/B-VIL.O
RHF-FUMD-RESR-001
Case 001
MCMP ENDF/B-VIL.O
| SNEAKAMFR-EXP-001
Case 001
MCNP ENDF/B-VILO

1E2

-
m

m

% captures (normalized to 1000)
B

1E-1

02238 04230 02.235 26-56 82.0 28.58 816 13-27 2452 26-54 04240

H BF51-LMFR-EXP-002-001 MCNP ENDF/B-VIL.O B BFS1-FUND-EXP-001-001 MCNP ENDF/B-VILO O BF51-FUND-EXP-002-001 MCMP ENDF/B-VILO
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Uncertainties Short + Mec

Extract Uncertainties IRPhEP

(Name of Perturbation, parameter

base value, parameter units,
parameter uncertainty, delta k)

Qv

OECD

lum + Long Term

dard Uncertainty of Paramerer { . dard Uncertainty in Ak,

Source of Uncertainty

T-211°C | T=2359°C T=211°C T=2359°C
Fuel
Density 5913 59%03 =0.0002 +0.0002
Py and Am
content 16 at% 1.6at% = 0.00006 = 0.00006
PuO, content 0.005 % 0.005 % 0.0008 +0.0008
U enrichment 0.005 % 0.005 % = 0.0006 +0.0006
340 content 00064wt% |  0.0064wt% +0.0007 +0.0007
Pu 1sotopic o .
composition 0.005 at % 0.005 at.%. = 0.00003 =0.00003

GROUP T .
Geometry % e
Composition é 100
Experimental g 50
Modeling > 0 -

Eval #1 Eval #2
Evaluation ID

Cross Check Trend

Composition Uncertainties vs.
Uncertainties Against Other Database

Feedback

Guidance to Future
Evaluators

Sensitivities Parameters

Eval #3

GROUP
B Modeling Fuel
® Composition Cladding
i Geometry Coolant/Moderator

M Experimental Core

Compare Compare(2)

Experimental+ Possible sanity check
Nuclear I?ata+ cross check against
Modeling difference in balance
Uncertainties to files upon direct

actual C/E perturbations

© 2011 Organisation for Economic Co-operation and Development
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Sensitivities Medium + Long Term

Collect Sensitivities

(Accept various formats likely. Possibility to impose
format, but reluctant to dissuade users)

Allow user to link to co-
variance data file +
compute nuclear data
uncertainty

Allow users to perturb
reactions, observe
impact on plots

Implement a generalized
least squares option to
automatically adjust data

Link sensitivities to Mesh Compare across codes,
Viewer Tool libraries, models

© 2011 Organisation for Economic Co-operation and Development
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Conclusion

NEA/OECD have a long history of collecting and leveraging benchmark data
v ICSBEP (1992/1995)

v" DICE (2001)

v IRPhEP (2000)

v' IDAT prototype (2012) [A technical advisory group being formed for IDAT]
Done:

« Initial stage of database and analysis tool

* Most of the information content has been entered

» Design of prototype user interface

In Progress:

 New Plotting Features, adding SPEC,REAC,COEF data

* Error Checking

« Assemble Spectra and Neutron balance data

« Compile uncertainty data. Compute or collect sensitivity data.

« Priority list of features (Eventually public?)

Soon:

* Additional measurements Feedback Welcome!
* Upgrade to 2011 data )
lan.Hill@oecd.org
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