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VIBE is a new graphical user interface to identify and interpret sensitivity data from
SCALE/TSUNAMI that was distributed with SCALE 6.0. VIBE enables users to group-collapse sensitivity
data and then sort and filter the collapsed data to identify important processes in applications or
experiments, providing an improved means of preselecting experiments for use in criticality code
validation. VIBE also enables users to query DICE, the database of ICSBEP, to gain more information
about experiments present in the handbook. Data from VIBE can be exported for criticality code
validation studies with other TSUNAMI sensitivity and uncertainty analysis tools. VIBE also supports
other sensitivity data distributed by ICSBEP and will be integrated with DICE for the 2009 release of the
IHECSBE.

I. INTRODUCTION

The Tools for Sensitivity and Uncertainty Analysis Methodology Implementation (TSUNAMI)
software developed at Oak Ridge National Laboratory (ORNL) as part of the SCALE (Standardized
Computer Analysis for Licensing Evaluation) code system provide a unique means of determining the
similarity of nuclear criticality experiments to safety applications.' Instead of using an average physical
parameter to characterize a system, correlation coefficients are developed by propagating the uncertainties
in neutron cross-section data to uncertainties in the computed neutron multiplication factor for
experiments and safety applications via sensitivity coefficients. The bias in the experiments, as a function
of correlation with the intended application, is extrapolated to predict the bias and bias uncertainty in the
application. Additionally, TSUNAMI in SCALE 6.0 includes the data adjustment tool, TSURFER (Tool
for Sensitivity/Uncertainty Analysis of Response Functions using Experimental Results), which can
assimilate biases from many different sources to project the bias and bias uncertainty of an application.

For TSUNAMI analysis, sensitivity data are generated for each application and each experiment used
in the validation. The validation of diverse sets of applications requires potentially thousands of data files
to be maintained and organized by the user, and a growing number of these files are available through the
International Handbook of Evaluated Criticality Safety Benchmark Experiments (IHECSBE) distributed
through the International Criticality Safety Benchmark Evaluation Program (ICSBEP).” General
information regarding the usefulness of any individual experiment for a given application is largely
unavailable prior to performing the TSUNAMI analysis or consulting documentation of the experiment
itself.



To help streamline the code validation process, a new software package, VIBE (Validation,
Interpretation and Bias Estimation), has been developed at ORNL. This paper focuses on user features of
VIBE in the interpretation and use of TSUNAMI sensitivity data distributed with the 2008 ICSBEP
handbook to validate a demonstration application distributed to SCALE 6.0.

II. OVERVIEW OF VIBE

VIBE will scan a computer file system and locate all available TSUNAMI sensitivity data files
(SDFs), which can include sensitivity data for the user’s application as well as files from the ICSBEP
handbook. Because an SDF can contain millions of data points, VIBE helps the user consolidate these
points by collapsing the data along one dimension (energy), and then allowing the user to sort and filter
the data along other dimensions (nuclide, reaction, sensitivity values, etc). Once the data points are parsed
with VIBE, the user can select the benchmarks most similar to the application based on sensitivity
criteria. Lists of matching files can be stored in groups and passed to the SCALE 6 EXSITE (Extensible
SCALE Intelligent Text Editor) input generator, where further options for TSUNAMI-IP and TSURFER
are set and the TSUNAMI analysis is conducted. VIBE is also capable of querying the DICE (Database
for the International Handbook of Evaluated Criticality Safety Benchmark Experiments) database
distributed with the ICSBEP handbook to display the characteristic parameters of each benchmark
(enrichment, EALF, H/X, etc.) along with the experimental and computed k. values and uncertainties in a
tabular format. These data can be exported for further analysis, such as traditional trending analysis with
USLSTATS?® and for comparison with the TSUNAMI results.

III. SENSITIVITY DATA DISTRIBUTED WITH 2008 IHECSBE

For 2008 the IHECSBE included 281 SDFs generated by ORNL using SCALE 5.1 with the 238-
group ENDF/B-VI.7 cross-section library that included the ENDF/B-VILO cross section for *U. The
files distributed with the IHECSBE were generated as part of a study published as Application of the
SCALE TSUNAMI Tools for the Validation of Criticality Safety Calculations Involving U,
ORNL/TM-2008-196," and primarily consist of critical configurations of **U, as shown in Table I.
Distribution of additional SDFs generated with SCALE 6.0 using ENDF/B-VIIL.0 data is planned for the
2009 edition of the IHECSBE.

TABLE I. Evaluations with TSUNAMI Sensitivity Data in 2008 IHECSBE

ICSBEP Evaluation ID Elj(gs | ICSBEP Evaluation ID Elj(gs | ICSBEP Evaluation ID Elj(gs .
U233-COMP-THERM-001 3 | U233-SOL-THERM-004 8 | HEU-MET-FAST-030 1
U233-MET-FAST 001 1 | U233-SOL-THERM-005 2 | HEU-MET-THERM-025 2
U233-MET-FAST 002 2 | U233-SOL-THERM-006 | 25 | HEU total 3
U233-MET-FAST 003 2 | U233-SOL-THERM-008
U233-MET-FAST 004 2 | U233-SOL-THERM-009 4 | LEU-COMP-THERM-049 | 18
U233-MET-FAST 005 2 | U233-SOL-THERM-012 8 | LEU total 18
U233-MET-FAST-006 1 | U233-SOL-THERM-013 | 21
U233-SOL-INTER-001 33 | U233-SOL-THERM-014 16 | MIX-COMP-FAST-001 1
U233-SOL-THERM-001 5 | U233-SOL-THERM-015 | 31 | MIX-COMP-INTER-005 1
U233-SOL-THERM-002 17 | U233-SOL-THERM-016 | 31 | MIX-COMP-MIXED-001 | 19
U233-SOL-THERM-003 10 | U233-SOL-THERM-017 7 | MIX-MET-FAST-008 7

2334 total 232 | Pu & U mixed total 28




IV. EXAMPLE SYSTEM

Because of the availability of SDFs for **’U experiments in the IHECSBE, a *’U system was selected
to demonstrate the TSUNAMI methods for selection of benchmark experiments that are similar to the
application system. The example system, referred to as Application 1 in ORNL/TM-2008/196, is a
12.2 cm radius sphere of 220 g uranium per liter uranyl nitrate solution with no excess acid. The uranium
is 100 wt % *’U. The solution sphere is reflected by 0.25 cm of SS304 and 2 cm of water. The EALF
calculated for this application is 0.282 eV. The k. calculated for this system is 1.0028 + 0.0002. This
example system is also used in TSUNAMI Primer,” and the SDF for this system was distributed with
SCALE 6.0 in the directory scale6/primers/TSUNAMI/files.

V. INTERPRETING SENSITIVITY DATA WITH VIBE

The VIBE analysis of the applications system begins by loading the directory containing the SDF into
VIBE using Add database location.. from the File menu. The directory tree leading to the
files directory will appear in the left pane of the VIBE application, as shown in Fig. 1.
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Fig. 1. VIBE application with directory tree.

A right click on the SDF will open a pop-up menu with some options. Select Open in Javapeno
to view the TSUNAMI data in Javapefio. Plots of the fission and n,gamma sensitivities for *’U reveal a

high sensitivity at thermal energies, as expected, and some sensitivities at intermediate energies, as shown
in Fig. 2.
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Fig. 2. Plotting ***U fission and n,gamma for a **U application.

Performing a group collapse of the sensitivity data and applying VIBE’s sorting and filtering
capabilities will assist in identifying important processes in this system. To manipulate sensitivity data,
the SDFs of interest must first be gathered in the VIBE benchmark set by dragging the desired files to the
center panel of VIBE and naming the set u-233 application, as shown in Fig. 3.
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Fig. 3. VIBE with new benchmark set.

With a simple benchmark set established, a group collapse of the sensitivity data can be performed. In
the Collapse Benchmark Set dialog, shown in Fig. 4, the boundaries for the group collapse can be
selected by hand by clicking on the checkbox next to each desired boundary, or they can be set
automatically using predefined group structures. The group structures available are 3-, 4-, 44-, and
238-group. By clicking the checkbox next to Use Predefined Structures, the 3-group structure,
consistent with the ICSBEP 3-group boundaries, is selected.
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Fig. 4. VIBE group-collapse dialog.

A new table will appear with the collapsed data, as shown in Fig. 5. The collapsed table contains
columns for row number, SDF identifier, computed k.5 and its uncertainty, nuclide and reaction for the
sensitivity data, and 3-group sensitivity data and their uncertainties. The energy range for each collapsed
group is shown at the top of the columns, and the statistical uncertainties due to the TSUNAMI-3D Monte
Carlo calculations are shown for each group in the column labeled “Std. Dev.” The table contains a row
for the nuclide-reaction pair for which sensitivity data are available on the SDF. For this file, there are
199 rows in the table, as shown in the lower left corner of the table pane. With so many rows, it may be
difficult to visually inspect the data to identify the highest sensitivities for which validation data are
desired. To simplify this process, the VIBE sorting capabilities can be used.
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Fig. 5. VIBE with group-collapsed sensitivity data.

The data can be sorted based on several criteria. The sensitivities sorted according to the thermal
sensitivity in descending order appear as shown in Fig. 6. As expected, the **’U sensitivities have the
highest positive values, followed by 'H and '°O. It is also important to check the bottom of the table for
sensitivities with large negative values, as shown in Fig. 7. Here the capture reactions of **U and 'H have
the largest magnitudes. The next most negative isotope is *°Fe, but its values are an order of magnitude
smaller than those of **U and "H. Thus, it is expected to be of secondary importance for validation.
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Fig. 6. VIBE with thermal sensitivity data sorted in descending order.
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5|u-233-application.sdf 1.00283€0]  3.81000E-4 -1 n,gamma 20065€-2]  2.61237ES -4.80713E-3]  1.83603E6, -1.93371E5  1.43787E5,
196|u-233-application.sdf 1.00283€0)  3.81000E-4u-233  capture 25675E-2]  3.21163E-5 -3.9328362  2.37170E5, -3.895726-4)  3.02383E-7, E
197|u-233-application. sdf 1.00283€0]  3.81000E-4u-233  |n,gamma 5.25675E-2]  3.21163E5, -3.93283E-2|  2.37170E-5 -3.89572E-4)  3.02383E-7) v
Rows in Table: 199 | Decrease Precision | Increase Precision |

Fig. 7. VIBE showing bottom of table with thermal sensitivity data sorted in descending order.



VI. INITIAL SCREENING OF AVAILABLE EXPERIMENTS WITH VIBE

The SDFs distributed in the IHECSBE are located on the handbook DVD in the directory
Diceldata/ornl. After this directory is mounted, a VIBE benchmark set called handbook can be created.
Collapsing the sensitivity data in the same 3-group structure as the application will allow identification of
experiments with sensitivities, and thus computational biases, similar to those of the application. Here,
the 3-group structure is selected for consistency with other data in the handbook and should adequately
characterize this thermal system. Other group structures may be more appropriate in different analyses.
The resulting collapsed data will appear as shown in Fig. 8. Note at the lower left corner of the table that
the status line states there are 59,661 rows in this collapsed table. The number of rows corresponds to the
number of sensitivity profiles in all 281 SDFs considered. Note that the initial order of the table
corresponds to the order of the SDFs in the benchmark set and the order of the profiles within each SDF.

B viBE EEX

File Action Window Menu
\ <] - [BlX]
=00 -~ DiDicedatalornlihmf030t00.sdf A
=3 Dice D:{Diceldatatornfimt02stol sdf
=) data SR DiiDiceldatatorniihmt025t02.sdf
= = scales D:1Dice\datatornicto4sto.sdf
® hmf030t00.sdf =5 pyem DiDicedatatorniicto49toz.sdf
* hmtozstot.sdf Efa £ D:1Dicetdatatornllicto4stos.scf
* hmt02stoz.sdf D:Dice\datatornlicto4stod. o
® lcto4otot.sdf o Di1Dicedatatorniticto49t0s. sdf
@ lctadstoz.sdf =@ _';Dke Di\Diceldatatormilicto49tos. sof
* Icto4otos.sdf e D:1Dice\datatornicto4sto7.sdf
® lctD49t04.sdf O data . D:\Diceldatatornliict04ot0s. sdf
# Ict049t0S.sdf S oml D:\Diceldatatornlict049t09. sof
* Icto4otos.sdf D:{Diceldatalornllicto4st10.sdf
® lcto4oto7.sdf DiDice\datatorniictodatt1.sdf
® Icto49t08.sdf D:\Dice\datatorniicto4st12.sof
® Ict049t09.sdf D:{Diceldatalornllicto4t13.sdf
® lcto4ot10.sdf DiDice\datatorniictodati4.sdf
® lcto4otit.sdf Fies in Tree: 281 D:1Dice\datatornlicto4st1s.sdf
® lctod9t12.sof D:{Diceldatalornllicto4t16.sdf
® lcto4ot13.sdf DiDiceldatatorniictodat17.sdf
® lctodstiasdt Y DiDicedatatornllctoqst1s.sof ¥
Files in Tree: 282; Contained: 281 Files i List: 281
u-233 application | handbook
Row Identifier kEffective  Uncertainty  Mucide  Reaction 1.0E-5-0.625eV  Std.Dev.  0.625-100000.0eV  Std.Dev.  100000.0-2.0E7eV  Std. Dev.
1 o 1.0031360|  4.83000E-4 bebound _total 77215866 3.14655E-5 46000462 21612863 1.51784E-1|  2.72899E-3 a
2 hmf030t00.df 1.00313E0]  4.83000E-4 bebound _scatter 48327866 3.16371E5 46055162 2.16124E3 1.65278E-1|  2.71864E3
3 hmfo30t00.sdf 1.00313E0 4.83000E-4bebound elastic | 48327666 3.16371ES 4.60S51E2 21612463 12847161 2.69723E3
4 o 1.0031360 48300064 bebound _n,2n 0.00000E0] _ 0,00000E0 0.00000E0 _ 0.00000E0 3.68074E2] 15496664
5 hmf030t00.df 1.00313E0|  4.83000E-4 bebound _capture 28855066 3.61636E-8 -5.47069E-5]  4.80841E-8 1,34949E-2] 3738935
& hmf030t00.5df 1.00313E0 4.83000E-4 bebound _n,gamma | 2.88850E-6  3.61636E-8 5.47069E5  4.80841E-8] 9.09311E5|  9.35596E-8
7 o 1.0031360 4.83000E-4 bebound _ n,p 0.00000E0] _ 0,00000E0 0.00000E0 _ 0.00000E0 -1,30895E-8,  0.00000E0
8 hmf030t00.df 1.00313E0 4.83000E-4 bebound _n,d 0.00000E0]  0.00000E0 0.00000E0 _0.00000E0 -9.57821E-9] _ 0.00000EQ
5 hmf030t00.5df 1.00313E0 4.83000E-4 bebound n,t | 0.00000E0] _ 0.00000E0 0.00000E0] 0.00D00EO] 28251166 1.01146E-7
10 hmF030t00.59F 1.0031360| 4,830006-4 bebound n,alpha 0.00000E0] _ 0,00000E0 0.00000E0 _ 0,00000E0 L34011E2]  3.73364E5
11 hmf030t00.sdf 1.00313E0| _4.83000E-4c total [ 4.48646E-8]  1.49762E-10 25068665 1.14498E6 1.275276-4|  2.27546E-6
12 hmF030t00.5dF 1.00313E0 4.83000E-4c scatter | 450311E-8]  1.49727E-10 250700E-5  1.14498E-6 1.28001E4|  2.27541E6
13 hmf030t00. scf 10031360 4.83000E-4/c elastic 4.50311E-8)  1.49727E-10 25070065 1.14498E6 1.289626-4|  2.27501E6
14 hmf030t00.sdf 1.00313E0| 4.83000E-4c ' [ 0.00000E0] _ 0.00000E0 0.00000E0]  0.00000EO| 9.61451E-7] 15589268
15 hmf030t00.5dF 1.00313E0 4.83000E-4c capture -1.66295E-10]  3.50160E-14 -1.37952E-9]  2.94462E-13 47358667 3.00422E-9
16 hmf030t00. sdf 1.00313E0]  4.83000E-4c n,gamma -1.66295E-10]  3.50160E-14 -1.37952E-9]  2.94482E-13 -3.59966E-9]  B.17363E-14
17 hmf030t00. s 1.00313E0] _4.83000E-4c np [ 0.00000E0] _ 0.00000E0 0.00000E0]  0.00000EO| 8.77158E-11 _ 0,00000EQ
18 hmF030t00.59F 1.00313E0 4,83000E-4c nd 0.00000E0] _ 0.00000E0 0.00000E0 _ 0.00000E0 -1.86625E-10 _ 0,00000EQ
15 hmf030t00.sdf 1.00313E0 48300064 c n,alpha 0.00000E0]  0.00000E0 0.00000E0  0.00000E0 ~4.697126-7  3.00106E-9 v
Rows in Table: 59661 [ Decrease Precision ][ Increass Precision |

Fig. 8. VIBE with group-collapsed sensitivity data for benchmarks in the ICSBEP handbook.

To examine the availability of sensitivities in the benchmarks that are similar to those in the application,
VIBE’s sorting and filtering capabilities can be used to show only systems with **U nubar sensitivities
with values between 0.67 and 0.71, inclusive, as shown in Fig. 9. Once the filter is applied, the number of
matching benchmarks is 33, as shown in Fig. 10.
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O Nl
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Fig. 9. VIBE filter dialog for thermal U nubar sensitivities with values > 0.67 and < 0.71.

B viBE
File Action ‘Window Menu
] L)
EEST D:\Dice\datalorn\hmfO3000. sdf |
(=) Dice
=0 data
=20
® hmf030t00.sdf =40y
# hmt025t01.sdf BN & Niancboo B E a
® hmt025t02.sdf €
® 1ct049t01 . sdf —
# ct049t02,5df =30
® Ict049t03.sdf O Dice
® lcto4otod.sdf &0 data
® Ict049t05.50F & Qo
® 1ct049t06. sdf
® 1ct049t07.sdf
® 1ct049t08.sdf
® 1ct049t09.sdf
® 1ct049t10.sdf
® lcto4ot1t.sdf Files in Tree: 281 D:\Diceldatatornliict049t15. sdf
# lct049t12.sdf D:\Dice\datalornliict049t 16, sdf
® 1ct049t13.5df D:\Diceldatalornliict049t17. sdf
# Ict049t14.sdf | D:\Diceldatatornllict049t18, sdf L]
Files in Tree: 282; Contained: 281 Files in List: 281
u-233 application
Row Identifier k-Effective  Uncertainty ~ Nuclide  Reaction  1.0E-5-0.625 eV Std. Dev. 0.625 - 100000,0 eV Std. Dev. 100000.0 - 2.0E7 e¥ Std. Dev.
50541|ust016t03.sdf 1.0091760|  5.00000E-4|u-233 nubar 6.91048E-1  1.36157E-4, 2.87570E-1|  2.52638E-5) 2.09816E-2|  3.24046E-6) ~
50821 /ust016t04.sdf 1.00456€0]  4,99000E-4u-233 nubar 6.90902E-1)  1,36242E-4) 2.87672E-1|  2.52828E-5 2.10248E-2|  3.25114E-6
50261 |ust016t02.sdf 1.00810E0|  4,97000E-4|u-233 nubar 6.90890E-1  1.35381E-4, 2.87707€-1|  2.51428E-5 2.10020E-2|  3.22781E-6
22161 |ust002t12.sdf 9.94893E-1)  5.01000E-4|u-233 nubar 6.88747E-1  1,37084E-4, 2.87880E-1  2.49636E-5 2.3281362|  3.64022E-6
41529/ust014t04.sdf 1.01403€0]  5.01000€-4u-233 nubar 6.88252E-1)  1.34146E-4) 2.87004E-1]  2.41823E-5 2.45916E-2|  3.78026E-6
30483 ust006t13.5df 9.96965E-1)  4.98000E-4|u-233 nubar 6.87168E-1  1.36137E-4, 2.91122E-1]  2.57091E-5 2.13076E-2|  3.31447E-6
| 15.5df 1.00049E0|  4,98000E-4|u-233 nubar 6.871276-1  1.34788E-4, 2.87154E-1  2.43387E-5 2.55600E-2|  3.97486E-6
' 12.5df 9.96159E-1] 5.00000-4u-233 nubar 6.87007E-1)  1.36636E-4) 2.91261E-1]  2.58486E-5 2.13300E-2|  3.33031E-6
31145|ust006E15.sdf 9.95133E-1)  4.99000E-4|u-233 nubar 6.86941E-1  1.36520E-4, 2.91305€-1]  2.58011E-§ 2.13511E2|  3.33062E-6
30814/ust006t14.sdf 9.94048E-1)  4.56000E-4|u-233 nubar 6.868426-1  1.24913E-4) 2.913926-1]  2.36338E-5 2.136386-2|  3.05204E-6
41874/ust014t09.sdf 1.01653E0)  4,91000E-4u-233 nubar 6.86466E-1  1,30969E-4, 2.88251E-1]  2.37134E-5 2.51273E-2|  3.78085E-6
47402|ust015t20x.sdf 1.00318E0 lu-233 nubar 6.85736E-1 2.95472E-1 1.83321E-2
41460 ust014t03.sdf 1.01472E0 5.010005-4:&233 nubar 6.85581E-1 1.33115E-4) 2.89347E-1 2.43121E-5 2.49182E-2] 3.82942E-6
32138|ust006t18.5df 9.93491E-1] 5.00000E-4u-233 nubar 6.85238E-1  1.36631E-4, 2.92716E-1]  2.60151E-5 2.16417E-2|  3.39037E-6
31476|ust006E16.5df 9.93118E-1) 5.00000E-4|u-233 nubar 6.85159E-1  1.36481E-4, 2.92776E-1]  2.60132E-5 2.16606E-2|  3.39209E-6
31807 ust006t17.sdf 9.93772€-1 4.980005»4:&233 nubar 6.84926E-1 1,35857E-4. 2.93030E-1 2.59256E-5 2.16398E-2] 3.37354E-6
o 1.0045260)  4,98000E-4u-233 nubar 6.81597E-1  1.33129E-4, 2.93494E-1)  2.48656E-5 2.48101E-2|  3.836B1E-6
47612/ust015t21x.sdf 1.00505€0 Ju-233 nubar 6.74737E-1 3.05494E-1 1.93056E-2
42063 ust014t10.sdf 1.00002E0; 4.93000E»4"u»233 nubar 6.72703E-1 1,28859E-4, 3.01274E-1 2.52933E-5 2.58628E-2] 3.96695E-6 v
Rowsin Table: 33 Decrease Precision | Increase Precision |

Fig. 10. VIBE with **’U nubar thermal sensitivities near 0.69 filter
applied to ICSBEP handbook data.

The energy-dependent sensitivity data for the benchmarks can be visually compared to the
sensitivities of the application using Javapefio, as shown in Fig. 11. The two profiles are nearly identical
across the entire energy spectrum, indicating that these two systems should have very similar bias in term
of **U nubar. Other nuclides and reactions for this or other systems can be inspected in a similar manner.
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Fig. 11. Javapeiio plot of “~U nubar sensitivities for
and U233-SOL-THERM-016 case 3.

U application

VIIL. DICE DATABASE QUERY

VIBE can also query the DICE database distributed with the IHECSBE using the DICE query dialog
shown in Fig. 12. The query capability allows users to conveniently assess the physical characteristic of
systems selected with sensitivity criteria. Often, systems that are physically different will have similar
sensitivities based on their physics. The results of a DICE query for all experiments in evaluation U233-
SOL-THERM-002 are shown in Fig. 13. Here it can be observed that these experiments have a uranium
content that is 97.5 wt % **’U. Also, the solution concentration varies from 44.69 to 203.98 g/L. Recall
that the application system was 100 wt % >*U with a concentration of 200 g/L. Note that the 11 cases
identified as having the *U nubar thermal sensitivities near that of the application are the cases with
solution concentrations of 200 g/L. The selection of the same 11 experiments based on TSUNAMI
sensitivity criteria or solution concentration criteria confirms the validity of the TSUNAMI approach in
comparison to more traditional ones.

Using VIBE with a DICE query and filter applied to the resulting table to identify U233-SOL-
THERM experiments with solution concentrations between 180 and 220 g/L reveals 29 matching cases,
as shown in Fig. 14. Here U233-SOL-THERM-002 case 1 is shown to have a solution concentration of
200.45 g/L, indicating potential similarity to the application. However, based on the *’U nubar
sensitivity, TSUNAMI data did not identify U233-SOL-THERM-002 case 1 as highly similar, but did
identify case 12. Using another DICE query to examine all cases from U233-SOL-THERM-002, shown
in Fig. 15, reveals that case 12 has a concentration of 277.585 g/L or nearly 50% greater than the
application.
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Fig. 12. Fuel options in DICE database query dialog.

Action  Window Menu

D:\Diceldatalornliusto16t01.sdf ~
D:\Diceldatalornliust016t02.sdf B
5 D:\Dice\datalornliust016t03,sdf
E (= scale6. D:\Dice\datalornliust016t04, sdf
® hmf030t00.5df =) primers D:1Dicel\datalornliust016t06.sdf
® hmt02sto1.sdf ER=REV 3 110 dbook D:\Dice\datalornliust016t07. sdf
# hmt025t02.sdf # A D:\Diceldatalornliusto16t08.sdf
® Ict049t01.sdf ust016t D:{Diceldatalorniiust016t09.sdf
® Ict049t02.5df =T a D:\Diceldatalorniiusto16t10.sdf
® Ict049t03.sdf D:\Dice\datatornliust016t11.sdf
® lct049t04.sdf 209 data D:\Diceldatalornliust016t12.sdf
® [ct049t05.sdf S8 oml D:{Diceldatalorniiust016t13.sdf
® Ict049t06.sdf ® usto16t01.sdf D:\Diceldatalornliusto16t14.sdf
® Ict049t07.sdf ® usto16t02.sdf D:\Dice\datatornliust016t15. sdf -
® Ict049t08.sdf ® ustD16t03.5dF D:iDiceldatalorniiusto16t16.sdf
® [ct049t09.5df ® usto16t04.sdf D:{Dicetdatalorniiust016t17.sdf
® Ict049t10.5df - k010G e ~ D:\Diceldatalornliusto16t18.sdf
® Ict049t11.sdf Files in Tree: 31 D:\Dice\datatornliust016t19.sdf
® Ict049t12.sdf D:iDiceldatalornliusto16t21.sdf
® Ict049t13.5df D:{Diceldatalornliust016t22. sdf
® lcto4gt1d.sdf v DD o v
Files in Tree: 282; Contained: 281 Files in List: 31
u-233 application | handbook
Row EVAL_ID CASE_ID SDF kEffective  Uncertainty ~FISS_CONC U233 U234 U235 U236 U238  KEFF  UNCERTAINTY
1|U233-50L-THERM-016 1|usto16t01.sdf 1.00943€0| 5,064 0.01 0 o 0014 0.9987| 0.0037 ~
2|U233-50L-THERM-016 2|ust016t02.sdf 1.00810E0 4.97E-4) 0.01 0 0] 0.014] 0.9983 0.0044]
3(U233-50L-THERM-016 1.00917E0 5.0E-4, 0.01 0 0 0.014] 0.9992 0.0036
4U233-50L-THERM-016 4|ust016t04.sdf 1.00456E0 4.99E-4) 0.01 0 0 0.014] 0.9992 n.uneﬂ
5/U233-50L-THERM-016 6/ust016t06.sdF 1.00049E0| 5.01E-4) 0.01 0 0/ 0.014] 0.9993 0.0034|
6/U233-50L-THERM-016 7|ust016t07.sdf 1.00068E0 4.99E-4) 0.01 0 0/ 0.014] 1.0008 u.uuaﬂ{
7|U233-50L-THERM-016 1.00066E0 4.96E-4) 0.01 0 o 0014 1.0011 0.0028
8/U233-50L-THERM-016 of 1.00087E0 5.0E-4, 0.01 0 0] 0.014 1 0.0027
9/U233-50L-THERM-016 10Justo16t10.sdf 1.00928E0| 4,824, 0.01 0 o] 0.014! 1 0.003
10[U233-50L-THERM-016 11justo16t11.sdf 1.00850E0 5.02E-4, 0.01 0 0] 0.014] 0.9992 0.0041
11]U233-50L-THERM-016 12)usto16t12.sdf 1.00984E0 4.99E-4) 0.01 0 o] 0.014 0.99%:‘[ 0.0047
12|U233-50L-THERM-016 13|usto16t13.sdf 1.00946E0 4.63E-4) 0.01 0 0] 0.014] 0.9993 0.0036 W
13(U233-50L-THERM-016 14|usto16t14.sdf 1.00916E0| 5.01E-4) 0.01 0 o] 0.014! 1 0.0026
14]U233-50L-THERM-016 15|usto16t15. sdf 1.01 @, 5.0E-4, 0.01 0 o] 0.014 1 0.0027
15(U233-50L-THERM-016 16|usto16t16.sdf 1.01283E0 5.0E-4, 0.01 0 0] 0.014] 0.9994 0.0031
16/U233-50L-THERM-016 17|usto16t17.sdf 9.98924E-1 4.96E-4) 0.01 0 0] 0.014 1 0.0025|
17|U233-50L-THERM-016 18Just016t18.sdf 9.99566E-1 4.9E-4. 0.01 0 0] 0.014] 0.9988 0.0036|
18(U233-50L-THERM-016 19)usto16t19.sdf 9.99737€-1 5.0E-4, 129.85 0975 0.01 0 o] 0.014 1 0.0035
19]U233-50L-THERM-016 21 usto16t21 . sdf 1.01368E0 5.01E-4, 129.85 0975 0.01 0 o 0.014 1 0.0028 v

Decrease Precisior Increase Precisio

Rows in Table: 31

Fig. 13. VIBE

with table of DICE query results.



Row EVAL_ID CASE_ID SDF k-Effective  Uncertainty  FISS_CONC
105|U233-50L-THERM-002 1|ust002t01,sdf 1.00750E0 4.99E-4 200.45
132|U233-50L-THERM-004 1|ustD04t01, sdf 1.00461E0 5.02E-4 200,453
153|U233-50L-THERM-006 12|ust006t12,sdf 9.96159E-1 S.0E-4 203.8
154|U233-50L-THERM-006 13ust006t13,sdf 9.96965E-1 4.98E-4 203.8
155|U233-50L-THERM-006 14 ust006t14,sdf 9.94048E-1 4.56E-4 203.8
156|U233-50L-THERM-006 15ust006t15, sdf 9.95133E-1 4.99E-4 203.8
157 |U233-50L-THERM-006 16|ust006t16,sdf 9,93118E-1 S.0E-4 203.8
158|U233-50L-THERM-006 17 |ust006t17,sdf 9.93772E-1 4.98E-4 203.8
159/U233-50L-THERM-006 18|ust006t18. sdf 9,93491E-1 S.0E-4 203.8
160|U233-50L-THERM-006 19/ust006t19,sdf 9,99731E-1 4.99E-4 203.8
161 U233-50L-THERM-006 20|ust006t20, sdf 9,98818E-1 S.01E-4 203.8
162 |U233-50L-THERM-006 21 ustD06t21, sdf 9,97874E-1 4.93E-4 203.8
163|U233-50L-THERM-006 22 |ust006t22, sdf 9,98336E-1 S.0E-4 203.8
164|U233-50L-THERM-006 23|ustD06t23, sdf 9,98317E-1 4.99E-4 203.8
165/U233-50L-THERM-006 24 |ust006t24, sdf 9,98268E-1 4.98E-4 203.8
166 |UJ233-50L-THERM-006 25 |ust006t2S, sdf 1.00019E0D S.0E-4 203.8
173|U233-50L-THERM-012 1ust012t01 . sdf 1.00188E0 4.85E-4 200.2
174|U233-50L-THERM-012 2|ustD12t02, sdf 1.00180E0 4.93E-4 190.4
244|J233-S0L-THERM-016 1ust016t01 ., sdf 1.00943E0 S.0E-4 203,98

Rows in Table: 29

Fig. 14. VIBE DICE query results for all U233-SOL-THERM experiments
filtered from concentrations near 200 g/L.

u-233 application | handbook

Row EVAL_ID CASE_ID SDF k-Effective  Uncertainty =~ FISS_CONC U233 U234 U238
1|U233-50L-THERM-002 1|ust002t01,sdf 1.00750E0 4,99E-4 200,45/ 0,987 0.005| 0.009
2|U233-50L-THERM-002 2|ust002t02, sdf 9.96591E-1 2.98E-4 162,77 0,987 0.005 0.009
3|U233-50L-THERM-002 3|ust002t03, sdf 1.01302E0 5.0E-4 128.734| 0,987 0.005 0.009
4|U233-50L-THERM-002 4/|ust002t04. sdf 1.00994E0 4.91E-¢4 101.685 0,987 0.005 0.009
5|U233-50L-THERM-002 5|ust002t0S. sdf 1.01453E0 4.97E-4 85.173| 0,987 0.005| 0.009
6|U233-50L-THERM-002 6/|ust002t06, sdf 1.00154E0 4,99E-4 71,443/ 0,987 0.005| 0.009
7|U233-50L-THERM-002 7|ust002t07 , sdf 9.91344E-1 5.01E-¢4 64.522| 0,987 0.005 0.009
8|U233-50L-THERM-002 8|ust002t08, sdf 1.00503E0 4.97E-4 55.604| 0,987 0.005| 0.009
9|U233-50L-THERM-002 9ust002t09, sdf 9.93469E-1 4.95E-4 44,235/ 0,987 0.005 0.009

10/U233-50L-THERM-002 10/ust002t10,sdf 1.00731E0 5.01E-4 40.852| 0,986/ 0.005| 0.009
11/U233-50L-THERM-002 11/ust002t11,sdf 1.01698E0 4,97E-4 34,198/ 0,987 0.005| 0.009
12|U233-50L-THERM-002 12/ust002t12,sdf 9.94393E-1 5.01E-4 277.585| 0,987 0.005| 0.009
13/U233-50L-THERM-002 13ust002t13,sdf 9,95133E-1 4.96E-4 385.8| 0,987 0.005| 0.009
14|U233-50L-THERM-002 14|ust002t14.sdf 1.00408E0 4.99E-4 169.097, 0,987 0.005 0.009
15/U233-50L-THERM-002 15/ust002t15, sdf 1.01141E0 5.0E-4 117.549| 0,987 0.005 0.009
16|U233-50L-THERM-002 16|ust002t16.sdf 1.01383E0 5.01E-¢4 67.341| 0,987 0.005 0.009
17|U233-50L-THERM-002 17ust002t17,sdf 1.01430E0 4.99E-4 50.011 0,987 0.005| 0.009

Rows in Table: 17

Fig. 15. VIBE DICE query results for U233-SOL-THERM-002 benchmarks.




Using VIBE to open the SDFs in Javapefio and then plotting ***U nubar for the two benchmarks and
the application reveals a higher sensitivity to >U nubar for case 1 than for case 12, which more closely
matches the sensitivity of the application. In this case the moderation of the solutions is different enough
to shift the spectra, causing the case with the higher solution concentration to more closely match the
application. In this instance a thorough and potentially time-consuming review of data from the handbook
evaluation or the DICE database could have revealed these subtleties to an expert, whereas the
TSUNAMI sensitivity data quickly revealed similarity in terms of the physics of the systems, not just the
characteristics of the compositions.
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Fig. 16. Sensitivity profiles for 33U nubar from **U application and

U233-SOL-THERM-002 cases 1 and 12.

VIII. ACCESSING VIBE DATA IN EXSITE

A final step in the use of VIBE is to export the desired files in a format suitable for more advanced
analysis with TSUNAMI-IP and TSURFER. Sets of SDFs can be exported as a VIBE data file (VDF) for
use in the EXSITE interface. After all 281 SDFs from the handbook are exported to handbook.vdf, the
VDF can be imported to EXSITE and used directly in TSUNAMI-IP or TSURFER analysis. As shown in
Fig. 17, the VDF is added as an icon called handbook in My Palette on the right side of the screen,
and the 281 SDFs are added to the read experiments block of the input file with a simple drag and drop.
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Fig. 17. ExSITE with handbook data added to the palette and to the read experiments input block.

IX. IMPROVING RESULTS BY INCLUDING EXPERIMENTAL VALUES

Although many experimental cases in the IHECSBE have experiment k.5 values of 1.0, many others
have values slightly above or slightly below that number. Also, unless otherwise instructed, TSUNAMI-
IP inputs a default experimental uncertainty of 0.3% Ak/k for each experiment. With the ability to easily
query the DICE database for each experiment, these assumed values are replaced with the actual values.
The existing handbook.vdf can be reloaded into VIBE to perform a new DICE query to extract the desired
benchmark k. and benchmark k. uncertainty information from the database, as shown in Fig. 18 in the
columns labeled KEFF and UNCERTAINTY, respectively. The data in the table can be exported for
subsequent use in analyses. EXSITE with the updated TSUNAMI-IP input is shown in Fig. 19. The
validation of this application with TSUNAMI-IP and USLSTATS ¢; trending reveals a bias of 1.0045%
Ak/k, and a bias uncertainty of 0.0194% Ak/k.



File Action Window Menu

EBX

D:\Dice\datalornlihmfO30t00. sdf |
handbook D:\Dice!datalornlihmt025t01 . sdf (
D:\Diceldatalornlihmt025t02, sdf
D:\Dicel\datatornliict049t01 . sdf
(=13} D:1Dice\datalornilct049t02. sdf
=+ Dice D:\Dice\datalornliicto49t03. sdf
=0 data D:\Dice\datalornliicto4stn4.sdf
- ol D:\Diceldatatornlict049t05. sdf
D:\Dice\datatornlilct049t06.sdf
D:\Dice\datalornlilct049t07 sdf
D:\Dice\datalornlilct049t08. sdf
D:\Diceldatalornlilct049t09,sdf
D:\Diceldatatornlilct049t10,sdf
D:\Dicel\datatornliict049t11.sdf
D:\Dice\datalornlilct049t12. sdf
D:ADiceidatalarnliictN49t 3. sdf &
Filesin Tree: 0 Files in List: 281
handbook
Row EVAL_ID CASE_ID SDF k-Effective  Uncertainty KEFF UNCERTAINTY
1|HEU-MET-FAST-030 1/hmfO30t00.sdf 1.00313E0 4.83E-4 1 0.0003 ~
2|HEU-MET-THERM-025 1 hmt025t01.sdf 1.01226E0 4.94E-4|  1.0037] 0.0047 =
3HEU-MET-THERM-025 2 hmt025t02, sdf 1.00757E0! S.0E-4| 1.0007] 0.0054
4|LEU-COMP-THERM-049 1lct049t01 . sdf 9.90164E-1 5.02E-4 1 0.0034
S|LEU-COMP-THERM-049 2/Ict049t02, sdf 9.90218E-1 S.01E-4 1 0.0034
6|LEU-COMP-THERM-049 3lct049t03. sdf 9.91720E-1 S.02E-4 1 0.0034
7 |LEU-COMP-THERM-049 4 Ict049t04.sdf 9.91802E-1 4.82E-4 1 0.0034
B|LEU-COMP-THERM-049 S5 Ict049t05, sdf 9.89486E-1 4.91E-4 1 0.0042
9|LEU-COMP-THERM-049 6 Ict049t06. sdf 9.91937E-1 4.9E-4 1 0.0042
10/LEU-COMP-THERM-049 7|lct049t07.sdf 9.90652E-1 S.02E-4 1 0.0042
11|LEU-COMP-THERM-049 8/lct049t08. sdf 9.90812E-1 S.02E-4 1 0.0042
12|LEU-COMP-THERM-049 9 Ict049t09.sdf 9.88949E-1 4.99E-4 1 0.0037
13|LEU-COMP-THERM-049 10/lct049t10.5df 9.91273E-1 4.96E-4 1 0.0037
14|LEU-COMP-THERM-049 11lct049t11.5df 9.90538E-1 4,96E-4 1 0.0037 b

Rows in Table: 281

Fig. 18. VIBE query results for benchmark k.4 and k. uncertainty.
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Fig. 19. ExSITE with TSUNAMI-IP input including benchmark k. and
benchmark k. uncertainty values.




X. INTEGRATION OF VIBE WITH DICE

VIBE will be integrated as a component of DICE for the September 2009 release of the IHECSBE to
facilitate the use of sensitivity data distributed through the handbook, including data from TSUNAMI as
well as other sensitivity data generated by the Institute of Physics and Power Engineering (IPPE), which
have been distributed with ICSBEP for several years. Future plans for VIBE include close integration of
the USLSTATS tool for first-cut bias assessments without the need for auxiliary tools and addition of
TSUNAMI-based techniques to identify weaknesses and gaps in the experiments selected to validate a
particular application.

XI. CONCLUSIONS

VIBE provides a convenient means of accessing and analyzing sensitivity data from TSUNAMI and
IPPE. VIBE’s sorting and filtering capabilities allow users to identify experiments that are similar to
applications based on detailed sensitivity criteria instead of relying on the selection of traditional system-
averaged quantities such as EALF or H/X. Where data represent benchmark experiments from the
IHECSBE, VIBE can access information from the DICE database to extract experimental k. and
uncertainty values or to compare them with traditional trending parameters. VIBE will be integrated with
DICE for the 2009 edition of ICSBEP to provide the community with convenient access to its
capabilities.
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