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ABSTRACT

This primer presents examples in the application of the SCALE/TSUNAMI tools to generate Ke
sensitivity data for one- and three-dimensional models using TSUNAMI-1D and -3D and to examine
uncertainties in the computed ke values due to uncertainties in the cross-section data used in their
calculation. The proper use of unit cell data and need for confirming the appropriate selection of input
parameters through direct perturbations are described.

The uses of sensitivity and uncertainty data to identify and rank potential sources of computational bias in
an application system and TSUNAMI tools for assessment of system similarity using sensitivity and
uncertainty criteria are demonstrated. Uses of these criteria in trending analyses to assess computational
biases, bias uncertainties, and gap analyses are also described. Additionally, an application of the data
adjustment tool TSURFER is provided, including identification of specific details of sources of
computational bias.
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1. INTRODUCTION

This primer is intended to assist users with the mechanics of performing criticality safety validations
using the Tools for Sensitivity and Uncertainty Analysis Methodology Implementation (TSUNAMI) tools
of SCALE 6. It is designed to demonstrate the most common functions of TSUNAMI in a step-by-step
guide with numerous illustrations to clarify the mechanics of applying the tools. The example problems
were selected to represent real systems yet be simple enough that the interested reader could quickly
reproduce them while reading the primer. The information presented here is by no means an exhaustive
review of all possible applications of TSUNAMI. It is hoped that future revisions to this document will
provide additional examples of analyses that can be performed with TSUNAMI.

In this primer, many commonly used input data are described or demonstrated. However, this primer is
not intended to substitute for the comprehensive documentatlon of the computational tools of SCALE
(Standardized Computer Analysis for Licensing Evaluatlon)

This primer evolved as SCALE 6 was under development to enable its release as part of the SCALE 6
distribution. Due to the parallel development of this document and the software it describes, some
components of the software, especially the graphical user interfaces, will have changed by the time
SCALE 6 is released. However, the authors believe that a change in some components of the analysis
process does not diminish the value of this primer in enabling users to expand the application of the
TSUNAMI methodology in their daily work.

1.1 VALIDATION OF CODES AND DATA

Modern neutron transport codes, such as the KENO codes in the SCALE code system and MCNP
(Monte Carlo N Particle Transport Codeg can predict K with a high degree of precision. Still,
computational biases of a percent or more are often found when using these codes to model critical
benchmark experiments. The primary source of this computational bias is believed to be errors in the
cross-section data, as bounded by their uncertainties, which can be tabulated in cross-section-covariance
data. To predict or bound the computational bias for a design system of interest, the American National
Standards for Nuclear Criticality Safety in Operations with Fissionable Material Outside Reactors,
ANSI/ANS-8.1- 19985 and the American National Standard for Validation of Neutron Transport
Methods for Nuclear Criticality Safety Calculations, ANSI/ANS-8.24- 2007- allow the use of
calculations in the determination of subcritical limits for the design of fissionable material systems. The
standards require validation of the analytical methods and data used in nuclear criticality safety
calculations to quantify any computational bias and the uncertainty in the bias. The validation procedure
must be conducted through comparison of the computed results with experimental data, and the design
system for which the subcritical limit is established must fall within the area of applicability of the
experiments chosen for validation. The 8.1 standard defines the area (or areas) of applicability as “the
limiting ranges of material compositions, geometric arrangements, neutron-energy spectra, and other
relevant parameters (e.g., heterogeneity, leakage, interaction, absorption, etc.) within which the bias of a
computational method is established.”

In compliance with the standards, the nuclear criticality safety community in the United States typically
evaluates the computational biases and uncertainties of its computational methods and nuclear data
through the use of trending analyses, usually a linear regression with a statistical confidence band. For a
traditional trending analysis, a suite of experimental benchmarks is selected with physical characteristics
that are similar to the corresponding values in the design system for which the subcritical limit is to be
established > Some physical characteristics used to evaluate system similarity are fissile element(s),
fissile concentration, moderator type, geometrical configuration, hydrogen-to-fissile atom ratios (H/X),



average neutron-energy group causing fission, and energy of average neutron lethargy causing fission
(EALF). Typically, the trending parameters are calculated as averages for each benchmark experiment.

Each of the experiments in the benchmark suite is modeled with the same code and neutron cross-section
data that will be used in the criticality safety analysis of the design system. The difference between the
measured and calculated values of ke, the effective neutron multiplication factor, of a critical experiment
is considered to be the computational bias for that experiment. The expected computational bias of the
design system is established through a trending analysis of the bias for all of the selected critical
experiments as a function of their physical characteristics (e.g., H/X, EALF). The uncertainty in the bias
is established through a statistical analysis of the trend, taking into account the uncertainty in each K¢ data
point and the distribution of the data.

1.2 TSUNAMI TECHNIQUES FOR CODE VALIDATION

The TSUNAMI software developed at Oak Ridge National Laboratory (ORNL) provides a unique means
of determining the similarity of nuclear criticality experiments to safety applications.™ The basis of the
TSUNAMI validation techniques is that computational biases are primarily caused by errors in the
cross-section data, which are quantified in cross-section-covariance data. Instead of using one or more
average physical parameters to characterize a system, TSUNAMI determines the uncertainty shared
between two systems, which directly relates to the bias shared by the two systems. To accomplish this,
the sensitivity of e to each groupwise nuclide-reaction specific cross section is computed for all systems
considered in the analysis. 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 through sensitivity coefficients. The bias in the experiments, as a function of
correlated uncertainty with the intended application, is extrapolated to predict the bias and bias
uncertainty in the target application.

1.3 GAP ANALYSIS

Even with advanced tools to identify benchmark experiments, criticality safety analysts occasionally find
that the safety analysis models include some feature or material for which adequately similar, well-
defined critical experiments do not exist to support validation. For example, the analyst may want to take
credit for the presence of fission products in spent nuclear fuel or structural materials in shipping and
storage configurations. In such cases, analysts sometimes rely on “expert judgment” to select an
additional administrative margin to cover the validation weakness or to conclude that the impact on the
calculated bias and bias uncertainty is negligible. TSUNAMI provides the means to estimate the potential
impact on the application-specific bias and bias uncertainty resulting from nuclides not represented in the
critical experiments.

1.4 THE TOOLS OF TSUNAMI

TSUNAMI was introduced in SCALE 5.0 and has been improved in each subsequent SCALE releasel.II
TSUNAMI through SCALE 5.1 has three major functionalities: one-dimensional (1D) sensitivity and
uncertainty (S/U) analysis with TSUNAMI-1D, three-dimensional (3D) S/U analysis with TSUNAMI-
3D, and system-to-system similarity assessment through several S/U-based indices and parameters with
TSUNAMI-IP. Additionally, sensitivity data and cross-section-covariance data can be visualized through
the Javapefo plott'ing package, and biases and their uncertainty can be computed using the USLSTATS
statistical package.

TSUNAMI-1D and TSUNAMI-3D compute energy-dependent sensitivity and uncertainty data for each
nuclide in system model adjoint-based first-order linear perturbation theory and save the detailed



sensitivity data to a file with the extension .sdf. Additionally, TSUNAMI-ID and -3D use the
energy-dependent cross-section-covariance data to compute the uncertainty in each system’s ke value due
to the cross-section-covariance data. TSUNAMI-IP uses the .sdf file generated from each system to
compute correlation coefficients that determine the amount of shared uncertainty between each target
application and each benchmark experiment considered in the analysis. TSUNAMI-IP offers a wide
range of options for more detailed assessment of system-to-system similarity. Additionally, TSUNAMI-
IP can generate input for the USLSTATS trending analysis and compute a penalty, or additional margin,
needed for the gap analysis.

1.5 APPLICATIONS OF TSUNAMI

TSUNAMI’s primary function is to improve the ability to predict computational biases within the
limitations of available experiments. TSUNAMI can be applied to a wide range of fissile systems and
criticality experiments to help the analyst understand the sensitivity of ke to different materials in the
application system; understand which materials contribute to uncertainty in Ke, which is related to the
computational bias; and identify experiments that have similar sensitivities and uncertainties and are
expected to have biases similar to the application.

1.6 LIMITATIONS OF TSUNAMI

The generation of sensitivity coefficients is more complicated than ordinary ke calculations. As will be
explained in subsequent sections, TSUNAMI-3D can require a computer with multiple gigabytes of
memory, and each calculation can run for hours. The user must carefully model not only the materials
and geometry of the system, but also must provide unit cell specifications for the resonance self-shielding
calculations. Up to 40% of the sensitivity of e to the cross-section data can come from the resonance
self-shielding calculation. Inconsistent resonance self-shielding and criticality models will result in
incorrect results and are the most common user errors. Results should be confirmed with direct
perturbation methods and by plotting the sensitivity coefficients to identify anomalies that could indicate
incorrect results.






2. TSUNAMI-1D EXAMPLE

2.1 GETTING STARTED

TSUNAMI-1D is a code sequence that calculates the sensitivity of ke of a 1D system (e.g., heterogeneous
slab, cylinder, or sphere) to each nuclide and reaction in the system. We will introduce a basic 1D
example to demonstrate the features of TSUNAMI-1D and to lead the user though the creation of an input
file, execution of TSUNAMI-1D, and interpretation of the output. This example demonstrates techniques
available in SCALE 5.1, but the same techniques are applicable to SCALE 6.

2.2 QUICK START EXAMPLE

A simple example selected to illustrate the TSUNAMI-1D sequence in SCALE is a 10% enriched UO,
sphere infinitely reflected by water. The input file generation will be discussed using both the SCALE
Graphically Enhanced Editing Wizard (GeeWiz) user interface and a basic text file editor. The complete
example input can be seen at the end of this chapter.

To begin, open GeeWiz by double-clicking the shortcut icon in the scale5.1 directory on your
Windows desktop, shown in , or by selecting GeeWiz from the scale5.1 menu of the Windows
Start menu. A GeeWiz application window, like that shown in , should appear. To begin the
TSUNAMI-1D input, click the General button on the left toolbar. This button opens the general
information form, shown in . Enter a title for the input file we will be creating, Example 1D.
Next, choose the application that will be run; for our example, choose TSUNAMI1D — tsunami-1d,
tsunami-1dc from the drop-down list. For the sequence, choose tsunami-1d from the list.

GeeiWiz
ﬂ "r_ Shorkeut

Fig. 1. GeeWiz shortcut.
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Fig. 2. GeeWiz application.

2.3 CROSS-SECTION PROCESSOR

Next, we need to choose a cross-section processor. We will use NITAWLST, the sensitivity version of
the NITAWL cross-section processor. It offers reasonable results with a quicker run time. CENTRMST
offers a more accurate solution, but requires significantly more run time and memory than NITAWLST.
Note that for SCALE 5.1, CENTRMST must be used with ENDF/B-VI or later cross-section data;
NITAWLST can process only ENDF/B-V or earlier resonance data. In SCALE 6, the CENTRMST
module is not used as full-range Bondarenko factors are available for processing with BONAMIST,
yielding excellent sensitivity analysis results with significantly reduced computer-system resource
requirements. See the SCALE 6 Manual Sects. C.8.3.1 and C.9.3.1 for further guidance on use of
cross-section processing modules in TSUNAMI-1D and TSUNAMI-3D calculations, respectively.

2.4 CROSS-SECTION LIBRARY

The cross-section library is the next option we need to select. In our example, we will use the 238-group
ENDF/B-V 238groupndf5 cross-section library to minimize the run time for our example. The
v6-238 cross-section library contains more recent data and is recommended for more accurate results.
As mentioned previously, it requires the use of CENTRMST, which uses more central processing unit
(CPU) time and memory.
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Fig. 3. GeeWiz general information form.

At the bottom of the General window is a box that has Batch5 Arguments. For this example, we will
not select any of these. Finally, click the OK button at the bottom of the screen to complete this section.

2.5 COMPOSITIONS

To input the materials used in our example, click the Compositions button on the left toolbar. When
the Compositions window opens, click the Create button on the top toolbar. On the next menu, click
Basic Compositions, because our case has only UO, and water. We will designate mixture 1 as
UO; and mixture 2 as water. When entering the data for UO,, change the isotopic distribution to reflect
the 10% enrichment by clicking the Edit Selection button under the isotopic distribution report.
Next to 2**U, or 92234, enter 0.0; next to 2°U, or 92235, enter 10.0; next to **U, or 92238, enter 90.0.
We will accept the default temperature of 300 K, which is roughly room temperature. We will also
change the density multiplier to 0.95 to represent 95% theoretical density.

Now that the information for mixture 1 is complete, click the New button at the top of the window, and
again click Basic Composition. GeeWiz automatically increments the mixture number to 2 by the
Mixture label. Select h20 from the drop-down menu. We will assume the default density multiplier
(1) and temperature (300 K) for the water mixture to obtain room-temperature water. Press the OK button

at the top of the window. You can quickly review the entered composition data by viewing the Standard
Basic Compositions table, shown in(@. If everything looks correct, close the window.
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Fig. 4. Standard basic compositions.

2.6 GEOMETRY

With the compositions entered in our model, we see more options open to us on the left toolbar. Click on
the Geometry button to open the 1D geometry form, as shown in . In the Geometry Type
menu, select spherical. We will leave the boundary conditions as they are (left = reflected, right =
vacuum). Click the Insert button above the table, and this will open a new window. The radius of the
UO; sphere is 57.5 cm. Enter that value, select mixture 1 from the menu, and press OK. Click the
Insert button again and repeat the process for water, which will have a radius of 87.5 cm. Check the

inputs in the table, and click the OK button below the table.
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Fig. 5. 1D geometry form

2.7 CELL DATA

Next, we will specify the unit cell data, which provides models for the resonance self-shielding models.
Click on the Cell Data button on the left toolbar. Creating a 1D model usually requires the
MultiRegion option. Click that tab at the top of the window, as shown in Fig. 6. A new cell can be
created by clicking the new cell button on the top toolbar. This window is similar to the geometry
window, and we will input the same dimensions and the same boundary conditions for our spherical case.
Once the data are entered, click the Close button.

Briefly, we will discuss the other options that can be created in the Cell Data window. Lattice Cell
should be used with repetitive lattice geometries, such as fuel rods in an assembly. The infinite
homogenous medium option, labeled InFhommedium, should be used only if there is no interstitial
moderating material. This option assumes that each mixture is infinitely large and its flux spectrum is not
affected by other neighboring mixtures. Any mixture not placed in a Lattice Cell or MultiRegion unit cell
will be treated as an infinite homogenous medium. If we used this option in our case, improper resonance
self-shielding of the uranium cross sections would produce erroneous results.

The use of consistent cell data and geometry models is very important for TSUNAMI calculations, as will
be explained in Sect.
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Fig. 6. Unit cell data

2.8 PARAMETERS

Parameter input allows the user to control the forward and adjoint criticality calculations performed with
XSDRNPM. Choose the Parameters button on the left toolbar. The only parameter that we will
change is the angular quadrature. Specify ISN=32, as shown in , to improve the accuracy of the
calculation, then click OK to close the form.

10
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Fig. 7. Parameter data form.

2.9 SAMS

SAMS is the Sensitivity Analysis Module for SCALE that actually computes the sensitivity and
uncertainty data using data generated in the forward and adjoint criticality calculations as well as the
resonance self-shielding calculations. There are some user controls for SAMS. To access these controls,
press the SAMS button on the left toolbar to open the SAMS data form, as shown in . We will use
the makeimp option (already checked by default) to make implicit sensitivity coefficients, and the
prtgeom and prtimp options to print the sensitivity data by geometry region and the implicit
sensitivities, respectively. Click OK to accept the changes and close the window.

11
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prtimp - print implicit senzitivity coefficients

privalz - SAKMS print volumes of regions

naktml - Supress himl formatted output from SARS

B % e B

[ pmesheyal - print mesh volumes

g ox f} cANCEL| | Reset [-]| |7 Help

Fig. 8. SAMS data form.

At this point the input is complete, so click on the Run button on the top toolbar. You will be prompted
to save the input file. (Enter Example-1D.inp as the file name.)

2.10 TEXT FILE INPUT DESCRIPTION

The input for TSUNAMI-1D is actually a plain text file that can be generated and edited using a basic text
editor. A complete description of the TSUNAMI-1D input file format is provided in Sect. C8.3 of the
SCALE Manual. The text file that is generated by GeeWiz from our example is shown below in .
Note that the line numbers in the left column are not part of the input file. They are included to facilitate
the following description of the input file.
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Number Input File
1 =tsunami-1d parm=(nitawlst)
2 Example 1D
3 238groupndf5
4 read composition
5 uo2 1 0.95 300
6 92235 10
7 92238 90 end
8 h2o0 2 1 300 end
9 end composition
10 read celldata
11 multiregion spherical left bdy=reflected right_bdy=vacuum end
12 1 57.5
13 2 87.5
14 end zone

15 end celldata
16 read parameter
17 isn=32

18 end parameter
19 read geometry

20 spherical vacuum reflected end
21 1 57.5
22 2 87.5

23 end geometry
24 read sams

25 prtgeom
26 prtimp
27 end sams
28 end

Fig. 9. Example TSUNAMI-1D input file.

The first line of the file specifies which SCALE sequence to run and any optional parameters. Here we
are running the =tsunami-1d sequence using parm=(nitawlst), which specifies using NITAWLST for the
resonance self-shielding module. It is important to note that you should use spaces, not tabs, to separate
input parameters. Line 2 is the title for this input. In line 3 we indicate the cross-section library used.
Refer to Table M4.1.1 in Sect. M4 of the SCALE Manual for a list of cross-section library names. Note
that NITAWLST is only appropriate for use with libraries previous to ENDF/B-VI, such as the 238-group
ENDEF/B-V library used here. For ENDF/B-VI and later libraries, CENTRMST or BONAMIST must be
used to correctly process the resonance parameter representation when using SCALE 5 or SCALE 6,
respectively.

The composition data block begins on line 4. Each data block begins with a read... statement and
terminates with a corresponding end... statement. The general format of each composition is as follows:
composition name, mixture number, density multiplier, temperature, isotopic distribution in weight
percent (if applicable). The SCALE basic standard composition names are documented in Sect. M8 of
the SCALE Manual.
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The next block contains unit cell data and begins on line 10. As many unit cells as needed may be
specified. In this case we specify multiregion as the unit cell type and spherical as the geometry type for
the multiregion cell. These keywords are followed by the boundary conditions as seen in line 11. The
multiregion geometry input for each region, or zone, is as follows: mixture number and dimension (in
centimeters). The geometry input is terminated with the keywords end zone followed by the end celldata
keywords to terminate the data block.

The parameter block begins on line 16. Only nondefault parameter values need to be specified. For this
example, isn=32 is specified to change the angular quadrature to 32.

The geometry block is next, beginning on line 19. In this block, the 1D geometry used for the forward
and adjoint XSDRNPM calculations is specified. The input format is similar to the multiregion geometry
input on lines 11-13. The format syntax for the geometry block is documented in Sect. C8.3.3.1 of the
SCALE Manual.

The final data block is the sams block, beginning on line 24. This block includes only changes made to
the default values. We included two more options: prtgeom to print the sensitivities by geometry region
and prtimp to print the implicit sensitivities.

A SCALE input file is always terminated by an end statement beginning in column 1. Once saved, your
input should be ready to execute in SCALE.

2.11 EXECUTION

Within GeeWiz, clicking the Run button on the top toolbar, shown in , will execute the problem in
SCALE. SCALE can be run on a text input file by simply dropping the file on the Run SCALE5.1
shortcut, shown in , in the SCALE 5.1 directory that is added to your desktop by the SCALE
installer. A similar directory and shortcut are provided with SCALE 6. When you execute SCALE with
either method, a DOS window similar to the one in will appear. On an Intel Core2 CPU
(1.86 GHz and 1 GB RAM), the example problem took about 10 min to complete. When execution is
complete, you may close the DOS window by clicking the X at the top right corner.

I Run SCALES.1
e Shiorkout

H‘J'-‘ 2 KB

Fig. 10. Run SCALES.1 drag-and-drop shortcut.

-
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< CAWINDOWSAsystem32vemd. exe - C:iscaled. 1\GeeWizka. bat C: "\primery” c:lscale5. 1cmds... !EE
-]

Ead scaleb.1 called in batch mode.

Ead How executing scale5.1 installed on drive c:
e Temporary working directory=C:szcaleb.1xtmp_ 26875
e Input file = “Example-1D.inp" Output file=""Example-1D.out"’
30E~0E—3ef-Jof - JuE—JoE-Juf - JnE-JoE-Jof-JaE—3eE 3o ~eE—3eF-Jof ~3nf—JoE-Ju-Jaf-eF-JaE-JaE-JeF 3o —eE—ef-Jof—ef-Jef-Juf-Jaf-JaE-Juf-JeE-JoE-Jef—ef-3ef-Jaf—ef—ef-Juf—3af-Jef-Juf-JeE-JoF-JE—JeE-JefJef—ef—Jef-Juf—ef-Jef-Jaf-eE-Jof-Jef-eE-Jef-ef-eE-Jef-BE
How executing tsunami—1d
How executing honamist
How executing nitawlst
How executing xsden

outr innr 1-balance eigenvalue 1-source 1-scatter 1-upscat search

iter itep ratio ratio ratio param
1 3164 —2.21E-84 1.841728 -2 _BBE-8B2 1.6PE+8A8 —8&.98E-B4 ©O.0QE+AB
2 6846 —7.47E-87 1.808874 2_.79E-82 —6.2VE-082 —-3.58E-86 O.00E+AA
3 88A3 -2.2BE-08 a.997259 2.77E-83 -5.31E-03 -8.89E-B8 0O.00E+A8

4 11548 1 .57E-#8 A.9297668 —4_13E-84 3.37E-A3 8.91E-BA8 ©.ARE+AB

Fig. 11. Run SCALE DOS window.

2.12 TSUNAMI-1D RESULTS

Once execution is complete, SCALE returns the results of TSUNAMI-1D to the same directory where
you saved your input file. In this case, plain text output is stored as Example-1D.out,
HTML-formatted output is saved as Example-1D.html, with additional files in directories called
Example-1D.htmd and applet_resources. Additionally, detailed energy-dependent sensitivity
data are available for plotting and use in TSUNAMI-IP in the sensitivity data file (SDF)
Example-1D.sdf. These files are shown in .

s

File Edit \View Favorites Tools  Help
O Back - y fr / Search Folders Elv
Address |13 Cprimer b a Go
. . ~
File and Folder Tasks ¥ ‘J applet_resources "J Example-10.htmd
oOther Places ¥ /‘_ Example-10.hkml O Example-10.inp
HTML Document @ TP File
2 kE 1EBE
Details ¥
Example-10, out " Example-10,sdf
@ oUT File @ SDF Fil
505 KR 415 KE
W

Fig. 12. Files returned to user directory after TSUNAMI-1D calculation.
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A detailed description of the entire output is presented in the next section, but the highlights of
TSUNAMI-1D HTML output are presented here. Note that only the SAMS module output from
TSUNAMI-1D is currently available in HTML format. The plain text output file contains the results
from the resonance self-shielding calculations, the XSDRNPM transport calculations, and the SAMS
sensitivity and uncertainty calculations. To view the output in HTML, launch the HTML browser by
selecting the HTML icon on the top toolbar in GeeWiz. To view the SAMS HTML output, click on the
1. SAMS hyperlink on the list under the job title, example 1d, as shown in Fig. 13. Note that Java
scripts must be enabled to run on your computer’s browser to use some interactive features of the HTML
output. Some browsers will present a warning message regarding ActiveX content. It is recommended
that you select Allow Blocked Content to enable the full functionality of the HTML output. The
blocked content can be permanently allowed by changing the security settings of your web browser.
Please consult with your system administrator to ensure compliance with security protocols.

{2 SCALE OUTPUT - Windows Internet Explorer

) v | Ciiprimer\Example- 10, html v! *1| %] [congle ‘ ol

w o ‘@SCALE SUTPUT ‘ ‘ %o~ B - o ov [Erreas ¢ GFTook -

SCALE OUTPUT

- 2 -:T‘“'r =
C‘i];o Example-1D Cl’y;‘

Select an Output Below

example 1d

1. SAMS

Comments, Suggestions, User Assistance:
Contact SCALE Help
scalchelp@ ol gov
or visit the SCALE website

http://www_ormnl gov/sci/scale

Fig. 13. TSUNAMI-1D HTML output screen.
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Program verification information is then displayed, and other information can be accessed through the

menu on the left side of the screen, as shown Fig. 14.

If any warning or error messages were generated

during the SAMS calculation, they would be displayed in a Messages menu on the left side of the
screen. It is always important to review any messages and assess their potential impact on your results.

(= SAMS - Windows Internet Explorer

EE®
@:1/ = ‘@C:\pnmer\Example—lD.htmd\SAMS.UUUI.htm\ ¥ 42| % ‘ gl ‘p c
& = @sas ‘_‘ B- B - # v [rPage - @hTock v
General ] <t~ SAMS - Program Verification Information __IF..
Information ]‘\-b example 1d 6¢“
Input Data
Results

Dione:

s%“'\s

Program Verification Information

code system scale
version sl |

program sams

creation date | 02_nov_2006

4 My Computer 100% T

Fig. 14. SAMS HTML output main screen.
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Click on the Results menu item to open a new list of results in the menu on the left side of the screen.
Click on the Energy, Region and Mixture Integrated Sensitivity Coefficients
for this Problem option, which is the first listed option, to display the sensitivities listed by
isotope, as shown in The results shown in this table represent the percentage change in K one
would observe by increasing the cross section for each nuclide reaction shown by 1% uniformly in all
energy groups. From the data shown, a uniform 1% increase in the 'H elastic scattering cross section
would result in a 0.022292% increase in Ker. The data shown in the EXxplicit column represent the
sensitivity of ke to the resonance self-shielded cross sections. The data in the Implicit column
represent the additional sensitivity of e introduced by the resonance self-shielding calculation. Data in
the Sensitivity column are the sums of the explicit and implicit data and represent the true expected
sensitivity of Ker to changes in the cross section. The values shown in the Sensitivity column of this
table are the same values that are used in an energy-dependent format from the .sdf file in TSUNAMI-IP.

(= SAMS - Windows Internet Explorer g@@
@ i. ~ | @ Ciiprimer\Example-1D.htmdiSAMS. 0001, heml v: (| X Polins
W | @sams o G- B & - [rrase Tals
General T SAMS - Energy, Region and Mixture Integrated Sensitivity Coefficients for this i
) i - -
Information f~ Problem -
Dot Dati N example 1d 29
=
Results Sensitivity Coefficients for each Nuclide and Reaction
& ]\Erﬁlirt‘i‘e ieil;r;[?;d Nuclide Reaction Explicit Implicit Sensitivity
?fﬂiﬁ“g-" ilﬂﬂﬂi“iﬁmi g total -7.1437E-03 | 0.0000E=00  -7.1437E-03
for this Problem
« Energy and Region Iy scatter 2.2296E-02 | |0.0000E+00 | | 2.2296E-02
Integrated Sensitivity
Coefficients for this g elastic 22202E-02 | | 00C00E=00 | | 22292E-02
Problem
« Sensitivity Coefficients g capture -2.9440E-02 0.0000E+00 -2.9440E-02
by Material Zone
o Total Sensitivity 'H | ngamma | [-29440E-02  |0.0000E+00 | -2 9440E-02
Coefficients by Nuclide
« Total Sensitivity 15y total 1.5951E-02 | |-3.2547E-03 | | 1.2696E-02
Coefficients by Mixture
o Sonat ni 150 scatter 23149E-02 | |-32547E-03 | | 19895E-02
« Probl
C;“ar::?m1ﬁ0" 160y elastic 24236E-02 | [-3.2547E-03 | | 2.0981E-02
o Sy Vi 150 e -10880E-03 || 0.000CE-0D | | -108S0E-03
150 | capture -7.1985E-03 | |-82241E-10 | |-7.1985E-03
16 n camma -0 28NAF-NA -R 2241E-10 -0 2R14F-NA ¥

' My Computer F100% -

Fig. 15. Energy, region, and mixture integrated sensitivity coefficients in TSUNAMI-1D HTML output.

The HTML output file offers some interactive functionality. You can sort the results in each column in
ascending or descending order by clicking on the column heading. An arrow will appear to note the
ordering. To return to the original order, simply reload the page. The Nuclide and Reaction tabs
will be sorted alphabetically, while the Explicit, Implicit, and Sensitivity tabs will be
ordered numerically.

If you scroll through the Results section on the left-side menu, you can see other ways to view the
sensitivity data. The next option we will choose is Total Sensitivity Coefficients by
Mixture. This option presents data integrated by mixture, so it shows how the system K is sensitive to
each mixture, but not specific isotopes or reactions, as shown in . The values shown represent the
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percentage change in Ke that would be observed by making a 1% increase in the density of each mixture.

Thus, for this problem a 1% increase in the density of mixture 1 would result in a 0.18722% increase in
keff.

/2 SAMS - Windows Internet Explorer

FEX
@A + @ coprimerExample- L0, hmd\SAMS. 0001 kil ) [#2][ %] [aos |[2]
e @ | @sams ‘_‘ B - B @ - rPage v Tk
General 1. SAMS - Total Sensitivity Coefficients by Mixture __ 1.
Information Qih» example 1d ]“‘*
Input Data
Results

Sensitivity Coefficients for Total Reaction for each Mixture
+ Energy, Region and These values are equivalent to the sensitivity of k 4 to the density of each mixture
Mixture Integrated = & s
Sensitivity Coefficients
for this Problem

Mixture Sensitivity
o Energy and Region !
Integrated Sensitivity 1 18722E-01
Coefficients for this
Problem 2 §.9128E-03

Sensitivity Coeflicients
by Material Zone

o Total Sensitivity
Coefficients by Nuclide
Total Sensitivity
Coefficients by Mixture
Sensitivity Data Plot
Problem
Characterization
Uncertainty Information

File: /C: {primer [Example-10. htmdjmix-sen0001 kit

) My Computer F100% v

Fig. 16. Total sensitivity coefficients by mixture in HTML output.

To obtain plots of the sensitivity data, select Sensitivity Data Plot from the left menu. A Java

applet version of the Javapeno plotting package loads directly in the web browser, as shown in ,
with all sensitivity data available for plotting. It may be necessary to trust the Javapeiio applet,
depending on the security settings for your web browser.
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= SAMS - Windows Internet Explorer QE'@

@.: 5 v | Ciiprimer|Example-10.htmd5AH5. 0001 il ] [#2[ x| [Gonal |[o]-
W | @sams ] - B - ®h v [rrager @BToos e
General —lr_ SAMS - Sensitivity Data Plot __1f .
Information 4‘43;‘ example 1d @];o
Input Data
&
Results Plot of Sensitivity Data
o Energy. Region and Double-click an item on right side of window to plot, or select multiple items and right click to plot.

Mixture Integrated

Sensitivity Coefficients Fie Options ool Window Help

for this Problem i Kmpl’e’{&"

o Energy and Region =
Integrated Sensitivity :
Coefficients for this Sort List | unsert List
Problem h-1 total A

* Sensitivity Coefficients h-1 scatter
by Material Zone h-1 elastic =

o Total Sensitivity et:capture:

Coefficients by Nuclide -1 nigamma

+ Total Sensitivity e
Coefficients by Mixture ELes

+ Sensitivity Data Plot e

s Problem o-16 capturs
Characterization o016 ngamma

* Uncertainty Information o-16np

o-16ngd
(016 n,alpha
u-235 total B
£
Applet javapena, javapsno started ) My Computer H100% -

Fig. 17. Sensitivity data plot screen.

A plot of the sensitivity of ke to 2°U fission cross sections can be displayed by double-clicking u-235
fission on the right-side menu, as shown in . Note that you can filter the list of data to search
for a desired nuclide reaction by typing the desired data in the box at the top of the list, as well as by

scrolling through the list. The list can also be sorted in ascending order by clicking on the Sort List
button.
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= SAMS - Windows Internet Explorer, E@@

@r + | @ C:Aprimer|Example-10, htrmdySAMS, 0001, html [ #2][2¢) | soou ||2]-
W ‘@SAMS {7 Pl B B v [ErPage - (Toos - T
General o If_ SAMS - Sensitivity Data Plot __If.
Information @L}n:.» example 1d m‘ih.»
Input Data
e
Results Plot of Sensitivity Data
e Energy, Region and Double-click an item on right side of window to plot, or select multiple items and right click to plot.
Mixture Integrated
Sensitivity Coefficients File Opfions Format Window Help
e 235 sion | svampie 1d |
e Energy and Region
Integrated Sensitivity a it ‘
Coefficients for this 5 oooF . . : x - T o Sort List ][ unsort List
Pmb}%"? A S oogkF example 1d w235 figsitn S et £
o Sensitivity Coefficients 3 . Tregral Valus = 0467371 u-235 scatter
by Material Zone o ROrE 1 lu23s slastic
o Total Sensitivity 2 ooosf 4 Juzzsnn
Coefficients by Nuclide - 005 F U235 n2n
« Total Sensitivity 5 ouf
Cuaﬂilcllmts by Mixture 003k 1 |lu-235 ngamma £
o Sensitivity Data Plot b -235 nubar
« Problem 5 002 lu-235 chi
Characterization 2 oof 1 |u-z35 total mixture 1
« Uncertainty Information 2 oo . . 4235 scetter mixture 1
& 10B-04 10E-02 10E00 10802 1.0B04 10B06 U-235 elastic mixture 1
U235 n.n* mibdure 1
Energy (eV) U235 1,20 midure 1 B
¥
Applet javapena, javapeno started 4 My Computer H100% -

Fig. 18. Sensitivity data plot for “u-23S5 fission.”

The uncertainty in ke due to cross-section-covariance data can be viewed in Uncertainty
Information, as shown in . For this system, the total uncertainty in ke due to uncertainties in
the cross-section data is 1.9841% Ak/k. The contributors to this uncertainty are listed in order of

decreasing magnitude in the table.

A more detailed assessment of each output edit is provided in the next section.
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(= SAMS - Windows Internet Explorer

GT; | ci\primer|Example-10.htmd|5AMS.0001. At
e

v|£,', X

[2F

W ‘gsnMs [7‘ - B - e - GTeds -
General Ir.. SAMS - Uncertainty Information __1f.
Information Iﬂo example 1d ]'to
Input Data
~
Results Uncertainty Information
+ Energy. Region and The relative standard deviation of k . (% Ak/K) due to cross-section covariance data is: 1.9841 % Al/k
Mixture Integrated
Sensitivity Coefficients
i contributions to uncertainty in k_.. (% Ak/k) by individual energy covariance matrices:
for this Problem J eff ) Al
+ Energy and Region
Integrated Sensitivity = 3 = 5 5 7 7 L
Coefficients for this ‘ Covariance Matrix ‘Contrlbuhons to Uncertainty in k_. (% Ak/k)
= =
Pmb‘l?n'a : ‘ Nuclide-Reaction | | Nuclide-Reaction ‘ Due to this Matrix
» Sensitivity Coefficients ! | !
';}':ia;ma}ﬁf:m ‘ 230 n,gamma | | 5%, gamma ‘ 1.1358E+00
s Tof ensitivity
Coefficients by Nuclide ‘ B Fssion | 2357 fiecion ‘ 1.0119E+00
o Total Sensitivity ‘ ! ‘
Coefficients by Mixture |  Puan | 2807 ‘ 9 0843E-01
+ Sensitivity Data Plot |
2 Broblen T 5 8376E-01
Characterization T r
« Uncertainty Information | U mibar | U mibar ‘ 1.6208E-01
[ myw | [ =vm | 3 1183E-01
 Bhkion || P 28196E-01 a

Dione:

J My Computer H100% -

Fig. 19. Uncertainty information for TSUNAMI-1D example problem.
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3. TSUNAMI-1D OUTPUT

This section expands on the preliminary explanation of the HTML output provided in Sect. . There
are two ways of viewing the output when using SCALE: as a plain text file or as interactive HTML
displayed in a web browser. By default, the SAMS module creates both the text and HTML-formatted
output. Because it is a more user-friendly way to examine the output data, we will discuss the HTML
output here. The text-based output is described in Sect. F22 of the SCALE Manual.

Beginning with the main screen of the SAMS HTML output shown in , click on General
Information and Program Verification Information, which displays the software name
and version, the computer name, the date of execution, and the time of execution. You can verify that the
correct output file was opened by noting the time and date of execution. If the link Messages appears
in the left frame, clicking on it lists any warning or error messages that occurred during the execution of

SAMS. Be sure to view any warning or error messages. It is always important to review any messages
and assess their potential impact on your results.

Clicking on Input Data, reveals a submenu of data input to the SAMS calculation. The link for
Input Parameters, shown in , reveals the input selected in the SAMS data form of GeeWiz.
The link Summary of Transport Calculations, shown in , provides a summary of the
forward and adjoint transport KENO calculation input parameters and the calculated ke values. It is
always important to ensure that the forward and adjoint ke values closely agree. Any discrepancy
between the calculated values indicates that one of the solutions was not correctly created. For
TSUNAMI-1D, it is very rare that the forward and adjoint solutions do not agree.

(f SAMS - Windows Internet Explorer

é—' =;éCj\pr\mar\Examp\e-lDr‘htmd\SVAMS‘Drﬂﬂljhtrml I 43| X [ peiis
i odr | @sams | - B - o - [5hPage » (G Tods
General ——1f. SAMS - Input Parameters __If.
Information 04_‘\“ example 1d m\i«“

= = J
Input Data

~
« Input Parameters

SAMS Input Parameters

o Summarv of Transport
Calculations

Results Parameter Value

transport solution from: XSDRNPM

forward transport solution on unit: 31

adjoint transport solution on unit: 32

working cross-section library on unit 4

master sensitivity cross-section library on unit 20

short master cross-section library on unit: 11
covariance data library read from file 4dgroupvirec

order of flux moments requested for sensitivity calculations:

make implicit sensitivities: true
print implicit sensitivities: true
print sensitivities by mixture: true

iz

Done

*f My Computer F100% T+

Fig. 20. Input parameters data in HTML output.
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(f SAMS - Windows Internet Explorer g@@

g‘ - j:éC:\pmmer\Examp\a-1Dr‘htmd\SVAMS‘Drﬂﬂljhtrml BIREN |[2]-
W | @sams | G- B o e - Tk
General I SAMS - Summary of Transport Calculation __If_
Information e ' [

@’ example 1d N

Input Data

» Input Parameters Data from Forward and Adjoint Transport Calculations
« Summary of Transport
Calculations

Results Parameter Value
number of neutron groups: 238
mmber of regions:

maximum mixture aumber:

n | k| ke

number of mixing table enfries:
quadrature order of angular fuxes: | 32

maximum order of fixx moments: 5

K ¢ values

Forward Calculation: ke[f: 1.00363125

Adjoint Calculation: k= 1.00364594

<

File:///C:iprimet /Exampls-1D.htmdftr ansportonol  html 4 My Computer H100% v

Fig. 21. Summary of transport calculations in HTML output from TSUNAMI-1D.

Clicking on the Results link opens a list of calculated results. Select the link Energy, Region
and Mixture Integrated Sensitivity Coefficients for this Problem, which is
the first edit list, to display the sensitivities listed by isotope. These are the same results previously
shown in The values presented indicate a percentage change in K that would be observed for a
1% increase in a given cross section across all energy groups. The data shown in the Explicit column
represent the sensitivity of Ke to the resonance self-shielded cross sections. The data in the Implicit
column represent the sensitivity of Ke introduced by the resonance self-shielding calculation. Data in the
Sensitivity column are the sums of the explicit and implicit data and represent the true expected
sensitivity of e to changes in the cross section. The values shown in the Sensitivity column of this
table are the same values that are used in an energy-dependent format from the .sdf file in TSUNAMI-IP.

Because this is an interactive HTML output file, you may sort the list as desired by clicking on the
column headers. By default, the list is sorted by the nuclide’s atomic number, then atomic mass, then
reaction. The Nuclide and Reaction tabs can be sorted alphabetically, while the Explicit,
Implicit, and Sensitivity tabs are ordered numerically; all can be sorted in ascending or
descending order with multiple clicks. An arrow will appear to note the ordering. Click on the
Sensitivity column twice to sort the data in descending order. That sort order will list total
sensitivity coefficients of nuclide reactions beginning with the largest positive sensitivity coefficients, as
shown in . Note that clicking once on the Sensitivity column will sort the data so that the
largest negative sensitivity coefficients are at the top of the table. To return to the default order, simply
reload the page in your web browser.

shows that this system is most sensitive to 25U nubar, where a 1% increase in nubar would result
in a 0.77757% increase in Keg.
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= SAMS - Windows Internet Explorer Q@@

@T - r@ Ci\primeriExample-10.htmd1SAMS.0001, hikml V! || X | || 2]~
o P |@5AM5 | | M- B - dh - [FPage @FTook -
General T SAMS - Energy, Region and Mixture Integrated Sensitivity Coefficients for this .
i -—{ o =
Information 1 Problem | =
S example 1d >
Input Data
2
Results Sensitivity Coefficients for each Nuclide and Reaction
¥ i‘;ﬁieﬁ?;ﬁt:id Nuclide | Reaction Explicit Implicit Sensitivity T
Sensitivity Coefficients B bar 7.7757B-01 | | 0.0000E+00 | | 7.7757E-01
for this Problem
« Energy and Region 23575 chi 7I75TE-01 || 0.0000E+00 7.7757E-01
Integrated Sensitivity
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Problem — —
+ Sensitivity Cocfficients 235y total 3.8594E-01 | |-3.5445E-04 | | 3.8558E-01
by Material Zone =
« Total Sensithity B8y oubar 22243E-01 | | 0.0000E+00 2.2M43E-01
Coefficients by Nuclide =
« Total Sensitivity By chi 22243E-01 | 00000E+00 2.2243E-01
Coefficients by Mixture T e i I
« Sensitivity Datn Plot BYy | fission | | 13384E-01 6.1382E-08 | | 1.3384E-01
Prabl = X i YR =
e o 87| elastic 23926E-02 | | 3.3737E.03 | | 2.7299E-02
o i T e Y1 | scater | | 22296802 | |0.0000E+00 | | 2.2296E-02
H clastic 22202E-02 | 00000E+00 22292E-02
16 Flastic ? 473AE-N2 -3 2847E-N3 7 NARTE-N2 b

4 My Computer T 100% +

Fig. 22. Energy, region, and mixture integrated sensitivity coefficients in TSUNAMI-1D HTML output
sorted by sensitivity in descending order.

The other links under Resul ts in the left frame provide differing ways to view the sensitivity data. The
next option, Energy and Region Integrated Sensitivity Coefficients for this
Problem, displays the data for each mixture. It is similar to the first edit, but if the same nuclide
appears in multiple mixtures, the sensitivity coefficients for that nuclide are distinguished by each mixture
in which it occurs. Clicking on the Sensitivity column twice will sort this list in descending order as
well. This edit is shown in , where the sensitivity of Ke to %0 in mixture 1, UO,, is distinguished
from that for mixture 2, water. Note that even if one of the mixtures was present in more than one
geometrical zone, the cumulative sensitivity for all uses of the mixture would be shown here.
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Fig. 23. Energy and region integrated sensitivity coefficients in TSUNAMI-1D HTML output sorted by
nuclide in ascending order.

Because the SAMS keyword prtgeom was entered in the input file, the optional edit of Sensitivity
Coefficients by Material Zone is next. This edit further distinguishes the sensitivity
coefficients by geometrical zone, allowing you to see the sensitivity data by specific nuclide reactions for
the mixture present in each zone, as shown in . Note the presence of a second menu on the right
side of the screen. This submenu allows you to select the zone for which you wish to view the sensitivity
coefficients. We begin by selecting Zone 1 from the list in the right frame. Once again we can sort the
sensitivity data by clicking on the column headers. Note that the volume of the zone is also shown,
although the sensitivity coefficients are not presented in a per-unit-volume format.
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Fig. 24. Sensitivity coefficients by material zone in TSUNAMI-1D HTML output.

The next output edit, Total
sensitivity data for the total reactions by nuclide and mixture.

equivalent to sensitivity of Ky to the density
atomic density of each nuclide, as shown in Fi

Sensitivity Coefficients by Nuclide, shows only the
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Fig. 25. Sensitivity coefficients by nuclide in TSUNAMI-1D HTML output.

The next edit is Total Sensitivity Coefficients by Mixture, where the sensitivity data
are summed over all nuclides in a mixture so they show how the system ke would respond to changes in
the mixture density, as shown in .
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Fig. 26. Total sensitivity coefficients by mixture in TSUNAMI-1D HTML output.

The link for Sensitivity Data Plot opens a Javapefio applet inside the HTML output in which
you can plot energy-dependent data by nuclide and reaction; nuclide, reaction, and mixture; and nuclide,
reaction and zone by double-clicking items on the right-hand list. Note that you can filter the list of data
to search for a desired nuclide reaction by typing the desired data in the box at the top of the list as well as
by scrolling through the list. The list can also be sorted in ascending order by clicking on the Sort

List button. It may be necessary to trust the Javapefio applet, depending on the security settings for
your web browser. The HTML output with the plot ready for use is shown in

A sample plot is shown in , where the sensitivity of e to '°0 elastic scattering in zones 1 and 2 is
shown. You can generate this plot with the following steps. First, type 0-16 in the filter field just above
the data list on the right side of the plot. This eliminates all data except for those for '®0. Next, scroll
down the list until you see 0-16 elastic zone 1. This is the sensitivity of ket to '°O elastic
scattering in zone 1. Double-click this item in the list to add it to the plot. Next, continue scrolling until
you see 0-16 elastic zone 2. This is the sensitivity of ke to '°O elastic scattering in zone 2.
Double-click this item to add it to the plot. You should now have a plot just like that shown in .
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Fig. 27. Sensitivity data plot in TSUNAMI-1D HTML output with '°O elastic scattering sensitivities for

zones 1 and 2.

The edit of Problem Characterization shows the average fission, capture, and scattering
parameters for the forward calculation of the model, as shown in . Although this is not a
sensitivity or uncertainty edit, it is shown here because SAMS has access to all required data for these
edits, and these data are often useful in code validation, a primary function of TSUNAMI.
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Fig. 28. Problem characterization in TSUNAMI-1D HTML output.

The wuncertainty in ke due to cross-section covariance can be viewed in Uncertainty
Information, as shown in , with additional data shown in . For this system, the total
uncertainty in Ker due to uncertainties in the cross-section data is 1.9841% Ak/k. The contributors to this
uncertainty are listed in order of decreasing magnitude in the table in unit of percent Ak/k for each
covariance matrix.

A covariance matrix describes not only the uncertainty in a particular value, the variance, but also the
shared uncertainty between different values, the covariance. In cross-section-covariance data, the
uncertainty is tabulated as a function of energy for a nuclide reaction to itself or to another nuclide
reaction. Thus, the table of uncertainty data shown in describes what two nuclide reactions are
included in each covariance matrix. Often, the covariance matrix details the uncertainties of a nuclide
reaction and the shared uncertainties for the same nuclide reaction at different energies. In this case, the
covariance matrix is identified with the same nuclide and reaction in both columns. In other cases, the
shared uncertainties between different reactions of the same nuclide or even between different nuclides
are tabulated in the nuclear data libraries. In these cases, the identifiers in each column are different.

The values shown in this output edit are derived from the covariance values but expressed in a more
familiar Ak/k format for the convenience of the user. The total uncertainty can be computed from
individual values by adding the square of the values with positive signs and subtracting the square of the
values with negative signs, then taking the square root. The negative values are the result of
anticorrelations in the cross-section-covariance data. A negative covariance results from a common
uncertainty between two components and actually reduces the overall uncertainty that could have been
observed if the individual uncertainties were not related.
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Fig. 29. Uncertainty information in TSUNAMI-1D HTML output.
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4. DIRECT PERTURBATION CALCULATIONS

The user must ensure that the necessary options are employed for each model to obtain accurate results.
The validity of the energy-integrated sensitivity coefficients can be confirmed through the use of central
difference direct perturbation sensitivity calculations. Through this technique, the sensitivity of Ke to the
number density of a particular nuclide can be obtained. This sensitivity of ke to the number density is
equivalent to the sensitivity of ke to the total cross section, integrated over energy. Because the total
cross-section sensitivity coefficient tests much of the data used to compute all other sensitivity
coefficients, it is considered an adequate test for verification. For each sensitivity coefficient examined
by direct perturbation, the ke of the system is computed first with the nominal values of the input
quantities, then with a selected nominal input value increased by a certain percentage, and then with the
nominal value decreased by the same percentage. The direct perturbation sensitivity coefficient of Keg to
some input value a is computed as

(94 dk 24 k(l+ _ka’
= X = X

S = X—=—x—2%¢ <2
““ k' da k a'-a

where @” and «~ represent the increased and decreased values, respectively, of the input quantity «, and
ka+ and ka, represent the corresponding values of Kg. When direct perturbation calculations are
performed using KENO, the Monte Carlo statistical uncertainties in the computed values of Ky are

propagated tuncertainties in direct perturbation sensitivity coefficients by standard error propagation
techniques a

b
o Etor) of X(ktk‘}2 zx «
(k+_k*)2 k? k a —a

It is important in sensitivity calculations to ensure that the Kt value of the forward and adjoint solutions
closely agree. If the ke values do not agree, then the quality of at least one of the transport calculations
may be in question. Typically, the transport calculation of concern is the adjoint calculation.

To calculate total sensitivities using direct perturbation, the user selects which nuclide or mixture to
modify, determines how much to modify the density of the selected nuclide or mixture, runs the 1D or 3D
calculations, and then uses the equations presented earlier in this section to calculate the total sensitivity.

The user could choose to verify the total sensitivity for each nuclide in each zone; however, this is
generally not necessary. The goal is to verify that the forward and adjoint calculations are adequately
converged and that the forward and adjoint solutions contain adequate spatial and angular resolution.
This may be accomplished by testing a nuclide or a mixture in one or more specific regions of a problem.
For example, in a fuel storage rack model, one might check the total sensitivity of *°U in the fuel pellet
region, the H,O around the fuel pins, and the steel in the storage rack cell wells. This would ensure that
the forward and adjoint solutions were acceptable in the fuel pins, the fuel pin moderator, and the rack
structure. One could also check the sensitivity of the **U in the fuel pellet region, but this is not
necessary.

The size of the perturbation varies first with whether the TSUNAMI calculation is a 1D or 3D calculation.
Verification of a 1D calculation may be performed with relatively small perturbations, typically 1% or

less. The only concern here is that the behavior of Keff should be linear over the range of the perturbation.
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If a 1% perturbation is used, the —1%, nominal, and +1% Keff values should fall very close to a straight

line. Because the 1D convergence criterion is typically smaller than 1 x 107 Ak, the Keff values on the
plus and minus sides should vary by at least 1 x 10 Ak.

Verification of a 3D calculation is a little more complicated because the Monte Carlo statistical

uncertainty is typically larger, and consequently, the variation in Keff due to minor density changes may
not be visible. A rule of thumb for 3D calculations is that the density perturbation should be large enough

so that the high- and low-end Kefs values differ by about 10 standard deviations. For example, if the total
sensitivity for a nuclide has been calculated to be —0.1 (Ak/k)/(Ac/c), we are willing to run our direct

perturbation KENO calculations to a standard deviation of 0.0002 Ak, and the model has a nominal Kgff
value of 0.9, these data and the definition of sensitivity may be used to calculate the size of the

perturbation needed to yield a 10-standard-deviation spread in the Keff values. The definition of sensitivity
is

&Ezﬁf

E=Ef§'

The total fractional density change from high to low is then

1
80y = 80fy == by

The fractional density change required to yield 5 standard deviations’ difference between the nominal
case and the high and low sides is then

& 1
ﬁg‘ﬂ =57 5w ﬂ.ﬂﬂﬂZ;glg = 0.011

Thus, if the density of the selected nuclide or mixture is varied £ 1.1% from the nominal, the high and
low Kegf values should vary by about 10 standard deviations.

As with the 1D direct perturbation calculations, it is important that the perturbations not be too large. The

behavior of Keff between the high and low perturbations should be nearly linear. When doing 3D
calculations, in some cases it may not be possible to meet both the linear behavior and 10-standard-
deviation spread criteria. In such cases, it may be necessary to use more sophisticated techniques or to
accept a qualitative verification.

As a more concrete example of using direct perturbation calculations to verify TSUNAMI-3D sensitivity
results, the following direct perturbation calculation is provided for the model used as an example in
Sect. 7 of this document.

The sensitivity of keff to variation of the **?U total cross section was calculated to be 0.11471 4.2 x 10,
and the Keff value for this model is 1.00262 + 1.9 x 10™.
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When the direct perturbation calculations will be run to a Monte Carlo standard deviation of about

0.0002, the size of the **U density perturbation needed to yield a 10-standard-deviation spread in Keff
values is calculated as follows:

spr 1 . —
ﬁff‘a = mﬁ B c}ﬂc}ﬂszllmzﬁz = (.0087

CSAS25 direct perturbation calculations are then performed for the nominal case and for + 0.9% Ap/p,
yielding the following results:

Keff (p = 0.991 * pyom) = 1.00156 + 0.00019,
Keff (p = 1.000 * pyom) = 1.00262 + 0.00019,
Keff (p=1.009 * prom) = 1.00374 £ 0.00020.

The high-to-low Keff range is then an acceptable 11 standard deviations.

_ (1.00374 — 1.00156)/1.00262 _
$= —lo09—o099L)/Lo00 - L@

The uncertainty on the direct perturbation sensitivity is calculated as shown below.
4
o = ((F}.QGQZE + 0.000197) F}.Qﬂﬂl‘é‘z) \ ((1.&6'&?’4 - 1.QF1156})2
5 =

(100374 — 1.00136)° * 1.00262° 1.0026Z

S 1.000
1.009 - 0991

gs = 0.0183

The **U total sensitivity calculated using the direct perturbation method is then 0.1208 = 0.0153 (13%).
The sensitivity calculated by TSUNAMI was 0.11471 + 4.2 x 10™ (0.4%). The TSUNAMI-calculated
sensitivity value differs from the direct perturbation sensitivity value and by about 0.4 standard
deviations. Anything less than 2 standard deviations is considered acceptable.

Once direct perturbations have been used to verify the sensitivities for a model, it is not necessary to test
the sensitivities of minor variations to the checked model. For example, it may be adequate to test a
single critical configuration model in a critical experiment series if the model variations are not too
extreme.

35






5. UNIT CELL CALCULATIONS FOR TSUNAMI

The sensitivity data values calculated by TSUNAMI-3D and -1D are comprised of an explicit component
and an implicit component. The explicit component is the part of the sensitivity that is due to how the
system multiplication factor changes when the related multigroup cross sections change. The implicit
component is the part of the sensitivity related to how the resonance self-shielding calculations affect the
multigroup cross sections. For example in a water-moderated system, the generation of the self-shielded
28U capture cross sections may be significantly affected by hydrogen scattering. In such a case, the >**U

capture reaction sensitivity includes explicit contributions due to sensitivity of the system Keff value to
variation in the U capture cross sections and an implicit component due to how the hydrogen scattering
affects the resonance self-shielding calculations. The implicit effect can, in some cases, be a major
contributor to sensitivity. Accurately capturing the implicit effect requires use of good unit cell models in
the TSUNAMI-3D and -1D calculations. Poor unit cell modeling is frequently the reason TSUNAMI-
calculated sensitivities and direct perturbation results disagree.

Unit cell modeling is described in Sect. M7, “The Material Information Processor for SCALE,” of the
SCALE Manual. The guiding principle is to try to perform unit cell modeling of each material in a way
that is similar to how the material is used in the transport calculation. If the model is of fuel pins in a
lattice, use the appropriate lattice cell modeling described in Sects. M.7.2.4.2 and M7.3.6 of the SCALE
Manual. In some cases reflecting materials can have a significant impact on the sensitivities of the nearby
resonance absorbers. Capturing these effects in 1D unit cell models can be challenging. Note that the
default unit cell treatment is an infinite, homogeneous material (see SCALE Manual Sect. M7.2.4.1). In
some cases the infinite, homogeneous approximation may not be appropriate.

The first indication that the unit cell modeling may not be adequate will be that the direct perturbation
calculation results disagree with the TSUNAMI-calculated values. If the discrepancy is due to a unit cell
modeling problem, the user may be able to identify which nuclide is causing the problem by doing direct
perturbation calculations for specific nuclides and by using the Javapefio data visualization program to
view the detailed nuclide-, reaction-, and energy-dependent sensitivity data. Very large spikes in one
energy group, as shown in Fig. 30, may indicate a unit cell modeling problem. Another indication might
be SAMS warning messages indicating a very large implicit contribution.

In TSUNAMI-1D calculations, it is usually appropriate to use a multiregion unit cell model that is
identical to the geometry model. The primary exception to this rule is when the 1D model is used with
reflective boundary conditions meant to approximate an array. In this case, a lattice cell unit cell model
should be used.

One-dimensional unit cell modeling for TSUNAMI-3D models can be considerably more challenging. A
fuel transport cask model would likely require one or more lattice cell treatments for the fuel pins, a
multiregion slab cell treatment fuel assembly basket structure that may include neutron absorber panels,
and an infinite homogeneous cell treatment for the thick steel cask body.

If there is no evidence of problems with the implicit sensitivity, the user should explore whether the
appropriate TSUNAMI-3D analysis parameters have been used, such as collecting high enough order flux
moments (see the pnm parameter) or using fine enough mesh flux accumulators (see the mfx and msh
parameters).
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Fig. 30. Example of sensitivity profile indicating a unit cell modeling problem.
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6. FISSION SPECTRUM (CHI) SENSITIVITY CALCULATIONS

Based on recent examinations by ORNL staff, as bolstered by the findings of the Organisation for
Economic Co-operation and Development/Nuclear Energy Agency Working Party on International Data
Evaluation Co-operation Subgroup 26, the fission spectrum sensitivities computed using the classical
approach implemented in TSUNAMI in SCALE 5.0 and 5.1 do not consider the normalization of the
fission spectrum to unity when computing groupwise chi sensitivities. Fission spectrum data are different
from other nuclear data because, by definition, the fission spectrum for a given nuclide must integrate to
one. The classical approach to calculating chi sensitivity coefficients ignores this normalization such that
the sensitivity to each group is computed independent of the offsetting effects that would be observed in
preserving the normalization. In uncertainty calculations, the chi covariance data generated for SCALE
does account for the anticorrelations in the data—if one value is increased, others must be decreased.
However, it has not been proven that this covariance treatment is always equivalent to preserving the
normalization with the sensitivity data. Increasing chi in one energy group without adjusting the others is
equivalent to adjusting nubar, which is already considered separately in the calculation of the nubar
sensitivities. Errors in the shape of the chi distribution could contribute to the system bias, but the
treatment in TSUNAMI in SCALE 5.0 and 5.1 exaggerated the importance of chi for some systems. Due
to compensating adjustments, small variations in the shape of the chi distribution should have little effect
on ker. Differences in the uncertainty in K for a single system based on constrained or unconstrained chi
are small due to the anticorrelations present in the cross-section-covariance data for chi. The TSUNAMI
techniques for SCALE 6 were modified so fission spectrum sensitivities are produced in a constrained
calculation that is equivalent to preserving the requirement that chi data itself integrate to unity. The chi
sensitivities for the TSUNAMI-1D1 sample problem, a homogeneous system of 2-wt-%-enriched UF,
and paraffin, computed with SCALE 5.1 and SCALE 6 are shown in . Here the integral value
shown in the legend is the integral of the groupwise sensitivity coefficients. With SCALE 5.1, when
summed over all nuclides, the sensitivity of Ke to chi should equal 1.0. With SCALE 6, the same sum
should be nearly 0.0. In , the integral values for the *°U chi sensitivities are 0.95 and nearly 0.0
for SCALE 5.1 and SCALE 6, respectively. The integral values for chi sensitivities for **U, not shown,
are 0.05 and nearly 0.0 for SCALE 5.1 and SCALE 6, respectively.
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Fig. 31. Fission spectrum (chi) sensitivities for **U from SCALE 5.1 and SCALE 6.
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7. TSUNAMI-3D EXAMPLE

Now that you have the experience of running a TSUNAMI-1D example and viewing the output data, we
can move on to a more complex case: a fuel assembly. This is a good example of what can be run as a 3D
case in TSUNAMI-3D. The example will be very similar to the “Lattice Cell Example” from Sect. 7.5.1
of the KENO V.a Prirner, with the exception of the new enrichment (10% ***U), a few changes to the
Parameters data, and the addition of SAMS data. For a more detailed description of how to input the
data in GeeWiz, you can visit the KENO V.A Primer® The example begins on page 125 of that
document.

Again, we will use GeeWiz as our means of creating the input file. Note that this example is also shown
using SCALE 5.1, but the same general techniques are applicable in SCALE 6. The title of this example
will be example 3D. In the Application menu, select TSUNAMI3D — tsunami-3d-k5. We will
use the same cross-section processor and cross-section library we used in the previous example:
NITAWLST and 238groupndf5, respectively. With these values entered, as shown in , click OK to
close the General window.

General
Title: |e:-<am|:ule 3D
#pplication: | TSUMAMIZD - tsunami-30-k5 ~l
Sequence; | _J
Parm= | Check [ size
Uze™*  |MITAWLST Lj for cross-section proceszsing
Crogzs-section Librany: | 238groupndfa ﬂ
B atch Arguments
[ -m - print meszages from KENO, SDRM, MORSE to the screen
[~ -p - print block letter banner pages in output
[ - - don't remove termporany working directony at end of job
Mt e zpecified exzting temporan working directon
[ -u - UNI camiage return output farmat
[ - - return optional $S0RM files for plotiing inJavapeno
7 Help | |_ OK | | i Clear | @ CANCEL |

Fig. 32. General information for TSUNAMI-3D example.

Next, we enter the materials that will appear in our fuel assembly. We will use the fuel material from the
previous example, 10% enriched UO,. The burnable poison rods are composed of Al,03;-B4C, having a
density of 3.7 g/cc, and are 1.260 wt % B4C. The boron in the B4C is natural boron. The cladding is
Zircaloy-2 (zirc2), a common material used in industry. The material for the shroud and end plugs in the
rods is Type 304 stainless steel (SS304). Finally, the coolant and moderating material are water. To add
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these materials to the model, click the Compositions button on the left and then click the Create
button. Click on Basic Compositions and enter in the following mixtures:

e mixture 1 as 10% uo2 with a density multiplier of 0.95,

e mixture 2 as b4c with a density multiplier of 0.0126 (weight fraction of B4C in poison),
e mixture 3 as zirc2,

e mixture 4 as $s304, and

e mixture 5 as h2o0.

When you have entered these mixtures, click OK. The Al,O; that occurs in mixture 2 must be created
manually because it is not in the SCALE Standard Composition Library. Click the Create button, but
this time select the Compound (@tom) option. Once the window opens, enter a 2 next to Mixture
and enter a composition name of poisl (which will appear as atompoisl in the input file). Input the
density of Al,O3 as 3.74 (g/cc). We will keep the default temperature but change the density multiplier to
0.9874 (1 — 0.0126), which is the weight fraction of Al,O; in the poison. Then click on Insert
Nuclide to begin building the compound. A new window should open and allow you to select a
Nuclide to Insert. Seclect al from the scroll-down menu and then enter the Atoms per
Molecule as 2. Click OK and repeat for O with a value of 3 for the Atoms per Molecule. Click
OK twice. The compositions should now appear as shown in .

it C:\TSUNAMI Primer\Example-3D.inp - Standard Basic Compositions =Jo/Ees
File Edit View Window Setup Help Import
Gén_e‘ral Mew Open Save Run Ciutput Plots Help Keno3d | Javapenol  HTML
i ‘i Standard Basic Compositions E]@
Cornpositions
Dielete)
88 88 88 56 F& | peeted? | or Ba
call Data Basic Solutions | Compounds| it % Mix Create Edit Comp | Copy Mix Close
— Name [ mx|romi| wE [ ADEN | Tempo) [ 1za | wiP |
Parameters||| = vz | 1 0.95 300 92235 10
92238 90
b 2 0.0126 300
Geometry arc2 | 3 1 300
55304 4 i 300
hzo 5 i 300
Arrays
w3 el -'\f.-
IZ ‘ﬁ' . - - || Ll A
Start R —
g,
88 a8 88 88 P& | pepereg? | or B
Biasing Basic Solutions | Compounds| Wt % Mix Create Edit Comp | Copy Mix Close
Mame | mx | ROTH | ML | ncza | aTeM | vE | Templk) |
PlotData |||-] atompoist 2 374 2 13027 2  0.8874 300
K B016 3
krmart
&
Sams
Ready

Fig. 33. Composition data for TSUNAMI-3D example.
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Next, click on the Parameters button. There are many options for a TSUNAMI-3D calculation, most
of which are the same options available for KENO criticality calculations. We will set several important
parameters to enable the accurate calculation of sensitivity coefficients. For sensitivity calculations, it is
very important that both the forward and adjoint ke calculations and the fluxes computed from those
calculations be well converged. To accomplish this, we will request a large number of histories per
generation and a large number of generations. We will take advantage of KENO’s ability to stop the
calculation when it has converged Ke to within a suitably small standard deviation. On the first tab, Key
Parameters, set the number of generations for the forward calculation, GEN, to 10,000. Also set the
number of histories per generation for the forward calculation, NPG, to 5,000. Also check the boxes next
to FDN to display fission densities and FLX to print fluxes, as shown in . Note that for
TSUNAMI-3D, the number of generations skipped before accumulating Ker and flux data, NSK, is 50.
This is an increase from the default of 3 for NSK when running a standard criticality calculation with
KENO. The reason for this increase is that we do not flux data from nonconverged generations to
contaminate the final solution because the fluxes are the basis of the sensitivity calculations.

For this example problem, it will be sufficient to stop the forward calculation when ke has converged to a
standard deviation of 0.1%, so in the second tab, Numeric Parameters, set SIG = 0.001, as shown in
. For production-level calculations, it may be necessary to converge the solution to 0.01% to
reduce uncertainties in the sensitivity coefficients.

Parameter Data El

K.ey Parameters l Nurneric Parameters] Logical Parameters] 140 Uit Numbers] TSUMNAMI-3D Parameters]

=

GEM = {10000 # of generations

5000 . [ GAS [Group average summary)
e - l— W e FOM [Fizzion densities)

FAR [Fizz. /abs. by region)

v
M5k = |50 Fenerations skipped M FLR [Print Fluxes]

[+ PLT [create 2-D plots)
RES = |550 Gienerations between restart [v RN [Execute KENO]

[ MFP [Compute Region Mean Free Paths)
RHD = FRandom Mumber [1 to 16 hex digits) [N T I

<]

HTML [Generate HTML Formated O utput)

THE = |0 E wecution time [in minutes)

whS = |30 Wiite restart unit number
MBE = (1000 Mumber of Blocks Allocated

;\::;nllsgif‘:ﬁ:;f:iaulls cannot be | e— E| |,? Help | ’— o ‘ \EICANCEL‘

Fig. 34. Key parameters form for TSUNAMI-3D example.
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Parameter Data

X

Key Parameters  Mumeric Parameters l Logical F'alameters] 170 Uit Numbers] TSUMNAMI-3D F'alameters]

BEG = I‘Ii Restart at thiz gen. WTh = ’057 Average weight

MEF. = IF Meutron bank positions WTH = ’7 ‘wizight far zplitting

516 = IW Std. Dew. Teminate Value  WTL = ’m Ruszsian roulette weight
MHFE = IW Fizzion bank pozitions =10 = ’7 # of extra 1-d's

MNLE = |5127 Lenagth of d.a. black #FB = ’07 Extra bank entries
TBA = lmi B atch time [min) #MB = ’07 Eutra bank entries

j:;”i%gl?ss;él?:faulls cannot be | p— EH |? Help | rﬁf oK | ECANCEL‘

Fig. 35. Numeric parameters for TSUNAMI-3D example.

Now we need to set parameters that were developed specifically for TSUNAMI-3D calculations in the
last tab, TSUNAMI-3D Parameters. Here you can control the adjoint calculation separately from the
forward calculation; control the calculation of angular fluxes and angular flux moments, which are
especially important for the sensitivity of ket to scattering cross sections; and add a spatial mesh for flux
accumulation, which is important for capturing differences in the flux characteristics across the system
model. Note that several TSUNAMI-3D parameters are automatically set based on the values selected for
the forward calculation. The number of particles per generation for the adjoint calculation, APG, is
automatically set to three times the value set for the forward calculation. This is required because adjoint
solutions require more sampling than forward solutions, especially for intermediate and fast spectrum
systems. Also, adjoint solutions converge much more slowly than forward solutions, so the number of
generations skipped is defaulted to three times the number skipped for the forward calculation. The
convergence criterion to complete the adjoint calculation, ASG, is set to the same value as the forward
calculation.

We will now make some adjustments to the default values to quickly provide reliable results that
demonstrate TSUNAMI-3D. To accelerate this calculation, we will request only the angular moments of
the flux solution computed to first order by setting PNM = 1. In general, it is recommended that PNM
remain at its default value of 3 to better capture the sensitivity of K to anisotropic scattering, but a
first-order solution will run about twice as fast and will provide reasonable results for this system. We
will also disable the coordinate transform by setting TFM to no. Disabling the coordinate transform will
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speed up the calculation by about one-third and provide accurate results if a spatial mesh is used. Next,
we will introduce a spatial mesh to accumulate the fluxes by setting MFX to yes and entering a mesh
interval size of 5 cm by setting MSH =5. A general recommendation for selecting the interval size for the
spatial mesh is to use one-tenth the overall fuel dimension. For this fuel-bundle model, selecting one-
tenth the bundle width would require a mesh size of about 1.4 cm, which would result in a large number
of intervals along the length of the fuel bundle. TSUNAMI-3D has no limit to how many mesh intervals
can be used, but groupwise fluxes and their angular moments must be computed and stored for each mesh
interval. A problem with millions of mesh intervals is that 238-group fluxes and third-order moments can
require many gigabytes of RAM and result in very long run times. With the 5-cm mesh interval set here,
this problem will run with about 200 MB of RAM. The values selected for PNM, TFM, MFX and MSH
are applied to both the forward and adjoint calculations.

Next, we will make some adjustments to the default parameters related to the adjoint calculation. To
better sample each generation, we will set APG = 30,000. Also, to shorten the overall run time, we will
stop the adjoint calculation when it has converged to 0.5% in ket by setting ASG = 0.005. 1In
production-level calculations, the adjoint solution should be allowed to converge to a lower standard
deviation, such as 0.05%. However, obtaining this level of convergence requires hours of run time. The
final TSUNAMI-3D parameters are shown in Fig. 36.

Parameter Data E|

Key F'arameters] MHurneric F'alametersl Logical F'arameters] [0 Unit Mumbers  TSUNAMI-3D Parameters l

HAD = |0 | order of angular quadrature
Pk = |1 w | order of flus moment

TF = |HO | compute angular fluxes or moments with transformed directions

APG = (30000 number of neutrons per generation for adjoint calculation
ABK = 30000 number of neutran bank positions for adjoint case
AGM = 10100 nurmber of generationsz for adjoint caze

PMF = |NO | print mare fluzes

MF==|YES = | compute mesh fluses

MSH= |9 Size of mesh

PS5 = |HO » | print mesh fluses

Py = |NO » | print mesh volumes

Pt = |NO w | print mesh flus moments i calculated

ASK = 150 number of generations skipped for adjoint calculation [default iz FMSE key parameter)

A5G = (0005 convergence crtena on k-eff for adjoint [default iz numenc parameter S1G]

’;’;\::;;;Ll:jgifls:;;r?:faults cannot be | — E|| ‘? Help | ’— oK | @CANCEL|

Fig. 36. TSUNAMI-3D parameters for TSUNAMI-3D example.
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Next, we will enter cell data for resonance self-shielding of the cross sections. Because we are creating a
fuel assembly that is a repeating lattice of fuel rods, click on the Lattice Cell tab on the Cell Data
form, then select new celll. Select SquarePitch from the pull-down menu for Type of
Lattice. The half pitch of the unit cell is 0.82 cm, and the fuel radius is 0.47 cm. Select the fuel
mixture 1 uU02 and the moderator mixture 5 h20 from the pull-down menus. This case has clad and
gap, so check the box Clad/Gap Exists, which will display additional input fields. Enter a Clad
Radius of 0.545 cm and select the Clad Mixture as 3 zirc2. The Gap Radius is 0.4875 cm, and
the Gap Mixtureis O void. The completed Lattice Cell Data form is shown in .

-

Lattice Cell Data

Unit Cell Dezcription

Tupe of Lattice |SquarePitch =| CELLMI% =

Half Fiteh [em) |D-82 = CELLMIx value should naot be an exizting misture number.
Fuel Fiadius [om) |0.47

Fuel Mizture |1 unz j
toderator Misture 15 hZo j
M Clad/Gap Exists
Clad Radius [cm) |0.545 Gap Radius [cm) |0.4875
Clad Mixture |3 zinc2 j Gap Mixture |EI woid LI

7 Help | rﬁ 0K | E]CANCEL|

Fig. 37. Lattice cell data form for TSUNAMI-3D example.

Next, we will enter the geometry specifications. The basic units are a fuel rod, a burnable poison rod, a
water hole, and the global unit that contains an array of all three types of rods as well as additional
coolant material and a shroud. We begin by creating the first three units. Click on the Geometry button
in the left toolbar to begin a new unit. Enter the Comment for Unit 1 as 10% uo2 rods. The process of
building the rod starts with the innermost region and moves outward. To begin, click on the Cylinder
button on the right. Select the 1 u02 as the mixture for the fuel and input the dimensions of the fuel
rod—Radius = 0.47 cm, Zmax = 182.88 ¢cm, Zmin = —182.88 cm—then press OK. The next region is the
gap, which is assumed to be void. Press the Cylinder button again, select O void from the
Mixture menu, and input the dimensions—Radius = 0.4875 cm, Zmax = 199.84 cm, Zmin = -206.24
cm—then press OK. For the clad, click on Cylinder, select 3 zirc2 in the Mixture menu, and
input the data—Radius = 0.545 cm, Zmax = 199.84 cm, Zmin = —-206.24 cm—then press OK. Now, we
must add the SS304 end caps. Again, press the Cylinder button and select 4 ss304 from the
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Mixture menu. We will enter the same Radius (0.545 cm) but Zmax = 210.34 cm and Zmin =
-210.34 cm. These data add cylinders of SS304 with the same radius as the clad above and below the
clad. Press OK when you have entered these data. The fuel-rod cell also contains water surrounding the
fuel rod in a cuboid with dimensions of the fuel rod pitch. To add this, select Cuboid on the right
toolbar, select 5 h20 from the Mixture menu, and enter the positive and negative values of the half
pitch for +X, —-X, +Y, and —-Y (£0.82 cm, respectively). Enter the same values for +Z and —Z as the fuel
rod (£ 210.34 cm, respectively), then press OK. This completes a unit that contains a fuel rod and its
surrounding water coolant/moderator, as shown in .

i C:\TSUNAMI Primer\Example-30.csp - [Geometry Form] Mi==
:% File Edit Wiew Window Setup Help Import = ||E
= [ & =i iz ko) 2] 2 ) @
T _ Mew | Open | Save | Run | Output | Plots | Help | Kenodd | Javapenol  HTML
H . B | ek | BpR | X ||| X % | @
Compiiions| | LLIKES last =] wat | i close reset
cellData Comment  |10% uoZ rods Eia
Cube
Il Select unit |'I LJ E;
Parameters Cubaid
Unit 1 Geometry [ Global Urit 9
Geametry - - Crylinder
Region | Type | Cormp | Biaz J | J J =]
i zeplinder 1 1 r=047  top=18288 bottorn=-182.88 x-oig=0 v-oig=10 HeﬁCyl
Arrays 2 zoylinder O 1 r=04875 top=19984 bottorn=-206.24 wong=0 w-ong=0 T
3 zoylinder 3 1 r=0545 top=19984 bottorn=-206.24 woig=0 yp-onig=0 ko4
IZ 4 zoplinder 4 1 r=05848  top=210.34 bottom=-210.34 worig=0 v-orig=0 Sphere
Start | 5 cuboid 5 1 + =082 «=-082 +y =082 w=-082 +z=21034 -z=-21034 P
I Her-t.u:Sph
Biasing | |
Plot Data b
Kmart |
3 i
Sams |
< | 3
Ready

Fig. 38. Unit 1 fuel rod geometry data.

Click new to create a new unit and repeat similar steps for Unit 2, titled burnable poison rod. For
the burnable poison mixture (2 b4c, atompoisonl), the Radius = 0.545 cm, Zmax = 160 c¢cm, and
Zmin = -160 cm. The void Radius = 0.545 cm, as there is no gap, with Zmax = 260.48 cm and Zmin = -
160 cm. The clad Radius = 0.645 cm, while Zmax = 260.58 c¢cm and Zmin = -160.1 cm. This unit
includes the surrounding water with dimensions of the half pitch (£ 0.82 cm) for X and Y and the same Z
dimensions as the clad for Unit 2.

Next, create Unit 3, titled water hole (instrumentation), as the instrumentation tube, which
we will assume to be water only. This unit contains only one region, a cuboid of water with the
dimensions of the water cuboid in Unit 2.
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Before we create the Global Unit, which is the fuel assembly unit, we need to create an array to define the
lattice arrangement of the fuel assembly. To do this, click the Arrays button on the left side of the
screen and enter the comment fuel assembly. Click the Create button that appears on the top toolbar of
the Arrays window. The array is designated Array 1 (Number = 1). Our case is a 9 x 9 fuel assembly, so
enter NUX = 9 and NUY = 9. It is easiest to initialize the array with Unit 1 (fuel rods) because that will
require the fewest changes later. Click OK to create the array. With the 9 x 9 array containing all fuel rod
units (Unit 1), we must change eight to burnable poison rod units (Unit 2) and one to the water hole
instrumentation unit (Unit 3). This can be done by clicking on the hand pointer tool on the top of the
right toolbar. Once it is enabled, click on the red box next to Unit 2 and then click on the locations of the
burnable poison rods, shown in . Next, place the water hole in the center of the fuel assembly by
clicking on the green box next to Unit 3 and then clicking on the location of the central instrumentation
tube. The pattern should look like that shown in . When you have completed this pattern, click
Close on the array toolbar.

i C:\TSUNAMI Primer\Example-3D.inp - [Array Form] =Jo&d
.ﬁ. File Edit view Window Setup Help Import — | x
[ i = | o= | &% | B ? >
Géiﬂéral _Mew | Open | Save | Run | Output Flots Help Kenoad Ja\%nq HTHAL
[ - Y - = - L=+ SEHE
- |G|Dha| 1 J |XY—1 |Z 1 —1 1 | Zoom | Zoom | Zdom Feset ;I:n ‘ C;l?:ge
Compasitions| -

— Array Type: SOUARE
Cell Data

v Show All Conmment: |fue| aszembly

A=l
Tz
Parameters

Biasing

Plot Data

Kmart

&

Sams

Array 1 MNX =9 MY = 9 MNZ =1 Level Z=1

Ready

Fig. 39. Array 1 form for TSUNAMI-3D example.

Return to the Geometry Form to complete the global unit. Add a new Unit 4 and name it fuel assembly.
Click on the Array button on the right toolbar of the Geometry Form to add the array to this unit. Select
Array 1 from the pull-down menu (it should be the only array available) and then enter the array
placement coordinates of X-neg = —7.38 cm, Y-neg=—7.38 cm, Z-neg = —210.34 cm to move the origin of
the global unit to the center of the array (9 x half pitch = 7.38 cm, and 210.34 cm is half the assembly
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height). Add a cuboid of water with the dimensions #X = £Y = £7.48 cm, #Z = £210.34 cm, which
defines the water channel surrounding the assembly. A SS304 shroud is added around the bundle using
the Replicate option on the right toolbar. First, select the row in the geometry table that you want to
replicate, in this case it is Region 2, then press the Replicate button. Select 4 ss304 from the
Mixture pull-down menu. The thickness of the shroud is 0.16 cm, so input this value for all X, Y, and
Z fields, and press OK. Finally, a water reflector is added around the assembly. This time you will
replicate Region 3 with a water reflector of thickness #£X = £Y = 7.62 cm, #Z = 15.24 cm. Click on the
Global Unit checkbox to indentify this unit as the outermost unit in the geometry.

With the data for Unit 4 completed as shown in , click Close on the top toolbar on the Geometry
Form.

% C:\TSUNAMI Primer\Example-3D.inp - [Geometry Form] =JoEd
;ﬁ. File Edit VYiew Window Setup Help Import - |8 X
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Compasiions| | kSt Iast frey g\a b |t close
m |
(D Comment |assembly
Cell Data | Cahe
|| Select unit |4 [glabal unit) LJ £
Parameters Cboid
Unit 4 Geometry W Global Unit Boundary _,ﬁ':_ 9
Geametry Conditions Cylinder
Region | Type | Comp | Biaz | ] | | ] I | | | =
1 array amay=1 wheg=-7.38 wheg=-7.38 znheg=-210.34 He;m/'Cyl
Affays 2 cuboid 5 1 4x=748 w=-748  +p=748  y=-7.48 +z=21034 -z=-210.34 —
: 3 replicate 4 1 +4=016 -x=018 +p =016 w=0.18 +z=018 z=016 regions = 1 Lty
IZ 4 replicate & 1 +# =762 x=7E2 + =762 y=7.62 +z=1624 -z=1524  regionz=1 Sphere
Start =y
HemiSph
Biasing |
Plot Data '
Kmart
3
Sams
Ready

Fig. 40. Global unit geometry data for TSUNAMI-3D example problem.

There are additional options on the left toolbar associated with KENO for TSUNAMI-3D: Start, Biasing,
Plot Data, and Kmart. These are the same options available for standard criticality calculations and will
not be discussed here. However, we still need to make the changes to the SAMS parameters that we did
in the TSUNAM-1D example. Click the SAMS button and change the covariance library to
44groupvbrec, the recommended covariance data for ENDF/B-V calculations. Next, click the
checkboxes next to prtgeom and prtiamp to list sensitivities for each geometrical region and to edit the
implicit sensitivity data, respectively. The SAMS data form should appear as shown in . Note that
with SCALE 6 a new covariance library, 44groupcov, will be the only library available.
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%)

SAMS

Covariance data file [covers =]

|44gruupv5rec

pn= |3 w | Legendre order of moments calculation

largeimp = 100 cutoff walue for group-wize implicit sensitiviiies

binzen - produce SEMPRO data

mak.eimp - make implicit zenzitifity coefficients
niacasear - burn aff uncertainty edit

nomix - burn off sensitivities by misture

prtfls - print angular fluses and flus moments

prtgeom - output zensitivities for each geometry region
prtimp - print implicit enzitivity coefficients

privalz - SAKS print volumes of regions

nohtml - Supreszs html formatted output from SARS

I T Y I Y

prezhyal - print mesh volumes

Calculation option;

0 Lzemom - uze flus moments

g ox f} cANCEL| | Reset [5]| |7 Help

Fig. 41. SAMS data form for TSUNAMI-3D example problem.

The input for TSUNAMI-3D is now complete. Save the input file as Example-3D.inp, then press the Run
button to execute SCALE. This calculation will run in about 29 min on a 2.5 GHz Intel Core2 Duo
processor. The forward KENO calculation requires less than 5 min, and the adjoint requires about 22
min.

Open the output by clicking the HTML button in GeeWiz. Because KENO V.a also creates HTML output,
there are three separate output listing available. Below the title of your input file (in our case example
3d), you should see the options 1. KENO V_.a, 2. KENO V.a, and 3. SAMS, as shown in .
The first item displays the results for the KENO V.a forward case, the second shows the KENO V.a
adjoint case, and the third displays the SAMS results. You can return to this page from anywhere in the
HTML output by clicking on the SCALE icons at the top of the page. Clicking on the SCALE icons in
this page will take you to the SCALE website at ORNL, if your computer is connected to the Internet.
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SCALE OUTPUT

i 8 ls

‘;sL“ Example-3D ‘;J—“

Select an Output Below

example 3d

1. KENO V.a

2. KENO V.a
3. SAMS

Comments, Suggestions, User Assistance:
Contact SCALE Help
scalehelp/@ ol gov
or visit the SCALE website

hitp:/www ol gov/sci'scale

Fig. 42. Initial page of HTML output from TSUNAMI-3D example.

It is recommended that users review the forward and adjoint calculations before viewing the SAMS
results to ensure that the calculations do not present any anomalies. Also, the K values for both the
forward and adjoint calculations should be equivalent. Any mismatch in ket outside the statistics likely
indicates that the adjoint calculation was under sampled. The Final Results HTML page for the
KENO V.a forward calculation is shown in , and the one for the adjoint calculation is shown in
. The calculated ke value for the forward case is 0.755 + 0.001 and for the adjoint case is 0.755 +
0.005, so the results agree well. As noted in the previous chapter on reviewing the output, review any
error and warning messages to ensure that the cases ran correctly.
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General _lr. KENO V.a - Final Results __ 1.

-
Information ad»‘*—*— example 3d [
= =
Messages
Input Data
Best Estimate System kerf 0.75474 £ 0.00099

Derived Data
Energy of Average Lethargy of Fission (eV) | 2.87745E-001 = 8§ 88989E-004

Results System v 2 45260E+000 £ 4 89229E-005
« Final Results System Mean Free Path (cm) 3.86752E-001 + 1.19799E-004
+ Problem - —
Characterization Number of Warning Messages 18
o kg Results Number of Error Messages 0
» Fhixes S
o Fissions and kg satisfies the - for normality at the 95 %% level
Absorptions

Congratulations! You have successfully traversed the perilous path through KENO V.a in 4.35583
minutes

Fig. 43. KENO V.a forward calculation final results page for TSUNAMI-3D example.

General st KENO V.a - Final Results __I*
Information a{if«» example 3d N g
= -
Messages
Input Data
Best Estimate System keﬂ 0.7553 £ 0.0050

Derived Data =— =
Energy of Average Lethargy of Fission (V)| 1.42660E-003 = 3.87514E-006

Results System v 9.64702E-001 £ 5.14752E-003
» Dinal Results System Mean Free Path (cm) 3.39204E-001 = 8.24316E-004
¢ Problem = S
e Number of Warning Messages 333
* kg Results Number of Error Messages 0
¢ Fhoes = 3 = x -
. B ke, fails the - test for normality at the 99 %o level
Absorptions

Congratulations! You have successfully traversed the perilous path through KENO V.a in 21.38217
minutes

Fig. 44. KENO V.a adjoint calculation final results page for TSUNAMI-3D example.

The format of the SAMS output is very similar to that presented in Sect. @ The Summary of Transport
Calculations, shown in , includes general information regarding the forward and adjoint KENO
calculations, including the ke results. Also, SAMS generates a warning message if the forward and
adjoint ke values disagree by more than 1%.
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Lol - - SAMS - Summary of Transport Calculation __ Jlif -
Information I(. : xmmple 3 L
* Program Venification - -
Information
» Elapsed Time ¥
Parameter Value i
Input Data
number of neutron groups: 238
Input P: I
: Sulﬁ:la:;ﬂ:gﬂm tmumber of regions: 14
Transport 2 : =
Ealcalations maximum mixture number: 3
number of mixing table entres 52
Results
quadrature order of angular fluxes: 0
maximum order of flux moments: 1
mesh fluxes generated: true
Forward Calculation
histories per generation: 5000
number of generations: 203
K g=0.75474 +/- 0.00099 which occurs for 50 generations skipped
Adjoint Calculation
histories per generation: 30000
number of generations: 641
K ¢ =0.7553 +/- 0.0050 which occurs for 151 generations skipped

Fig. 45. Summary of transport calculation from TSUNAMI-3D example.

The data in the Results section are very similar to those previously discussed for the TSUNAMI-1D
example, but the TSUNAMI-3D results also include statistical uncertainties resulting from the Monte
Carlo calculation. The edit of Energy, Region and Mixture Integrated sensitivity

coefficients is shown in . Note that each value, previously described for TSUNAMI-1D, now
includes Monte Carlo uncertainties.
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General Information SAMS - Energy, Region and Mixture Integrated Sensitivity Coefficients for this Problem __ Ir_
St
o Program Verification BEVTLA QJ», >
Information -
« Elapsed Time
~
Input Data Sensitivity Coefficients for each Nuclide and Reaction
o Input Parameters Nuclide Reaction Explicit Std. Dev. Implicit Std. Dev. Sensitivity Std. Dev. | % Std. Dev.
« Summary of Transport
Calculations g total 51463E-01 |+ | 42126E-02 | |-16076E-03 = O0.7561E-06 | 5.1302E-01 = 42126E-02  821%
Resulis 1y scatter 65213E-01 |+ 41759E-02  |-16071E-03 % 97519E-06 | 65052E-01 = 41759E-02  642%
U i 5211E-01 |+ |4.1759E-02 | |-l 03 |+ | 9.7519E- 5050E-01 | | 4.1759E-02 42%
oo R Mt " elastic 6.5211E-01 4.1759E-0 1.6071E-03 = 9.7519E-06 | 6.50350E-01 4.1759E-0 6.42%
Integrated Sensitivity 1y | captwe | | -13750E-01 [+ 42891E04 | | 48438E-07 |+ | 4.8443E.09 |-13750E.01 = 42891E.04  031%
Coefficients for this Problem
' ngamma = -13750E-01 |+ 42891E-04 @ |-48438E-07 = 48443E-00 | -13750E-01 = 42891E-04  031%
o Energy and Region
Integrated Sensitivity log total 30143E-03 |+ 44899E-05 | 92633E-09 + S56622E-09 |-30143E-03 = 44899E.05  149%
Coefficients for this Problem
log scatter 92276E-07 |+ 17216E-07 | 70522E-09 = 31602E-09 = |92982E-07 = 17219E-07 18352%
» Sensitivity Coefficients by
Region 1oy elastic 89210E-07 |+ 17175E-07 | 70381E-09 + 31600E-09 | 89914E-07 = 17178E-07  19.10%
« Total Sensitivity Cocfficients
by Nuclide 1og na' 31924E-08 |+ 23945E-09 | 14093E-11 '+ 32791E-12 | |3.1938E-08 = 23945E-09  750%
« Total Sensitivity Coefficients
b N 108 | captwe 3.0152E-03 |+ 44857E-05 | | 22111E-09 = 26992E-09 |-3.0152E-03 = 44857E-05  149%
o Sensitivity Data Plot
= it 5E-07 |+ | 5.7187E- 737E- =+ | 3.5344E- 3 SE-07 |+ | 5.7187E- %
o e e e Ry 0B | ngamma  -39205E-07 |+ S7ISTE-09 | 26737E-13 % 3 5344E-13 39205E-07 = STISTE-09 146%
s ety Hennzatog log np 24048E-08 |+ | 4.7527E-10 | | 42347E-12 + 9.6492E13 | | 24044E08 |+ |4.7527E-10 |  1.98%
1o nd -27325B-09 |+ 23006E-12 | 11465E-13 = 59166E-14 |-27324E-09 = 23014E-12  008%
v

Fig. 46. Energy, region, and mixture integrated sensitivity coefficients from TSUNAMI-3D example.

The Sensitivity Coefficients by Region edit, shown in Fig. 47, contains similar
information but is more complex than the Sensitivity Coefficients by Material Zone
edit for TSUNAMI-1D. Because KENO has multiple units, each of which can contain multiple zones, an
additional menu is presented on the right side of the output. The top section of this menu offers a
convenient means of navigating the bottom section of the menu. Selecting a unit from the top menu will
set the bottom menu to the specified unit. From the bottom menu, selecting a region will display the
sensitivity data for that unit and region in the main display frame.

General Information - SAMS - Sensitivity Coefficients by Region __
& P @(i example 3d @QL
Tnformation
+ Elapsed Time
& =
Input Data Sensitivity Coefficients for Unit 1 Region 1 Unit
« Input Parameters
* Summary of Transport Mixture | Nuclide | Reaction Explicit Std. Dev. Tmplicit Std. Dev. Sensitivity Std. Dev. | % Std. Dev. o Uit
Calculations s
1 159 total 19541E-02 |+ 62774E-04  |-12435E-03 |+ | 7.9064E-06 1.8298E-02 |= |62779E-04  343% t:ﬁg
Results Fu
1 15 scatter 20117E-02 | [62753E-04 | |-12435E-03 |+ | 7.9064E-06 1.8873E-02 |+ |62758E-04  333% =i uice v
e 1 16 elasti 19988E-02 |+ 62751E-04  |-12435E-03 |+ | 7.9064E-06 1.8744E-02 |=  62756E-04  335% ; -
Integrated Sensitivity & astie - i 2 " &7 = | o s Region
Coefficients for this Problem 1 169 o' 12840E-04 | |27694E-06 | 00000E+00 + 00000E+00 | & 12840E-04 |= | 27694E-06  216%
« Energy and Region
Integrated Sensitivity 1 150 capture -5.7567E-04 |+ [33254E-06 | |-12601E-09 |+ | 1.1846E-11 | |-57567E-04 |= 33254E-06  058% s
Coefficients for this Problem Unit 1
* Sensitivity Coefficients by 1 69 | ngamma | | -4.6873E-06 |+ 9.0719E-09 | |[-12601E-09 +  11846E-11 -4 6885E-06 |+ | 9.0719E-09 0.15% )
Region e Region1
o Total Sensitivity Caefficients 1 159 np -14376E-06 |+ 66206E-08 | 0.0000E+00 £ 00000E+00 |  -14376E-06 |+ 66206E-08  461% * Region2
by Nuclide + Region3
+ Total Sensitivity Coefficients 1 15 nd -3.0063E-07 |= 16171E-08 | 0.0000E+00 = 00000E+00 | -30063E-07 |= 16171E-08  538% * Regiond
by Mixture « Region 5
« Sensitivity Data Plot 1 150 | nalpha -56925E-04 |= 33113E-06 | 0.0000E+00 = 00000E+00 | -56925E-04 |= 33113E-06  058% =
« Problem Characterization = Wi v . - o ez
oy e 1 215y total 13430E-01 |= 16286E-03 |-28280E-04 |+ 21275E-05 13402E-01 |= 16287E-03  122% I
« Region
1 B3| scatter 26738E-03 |+ 3.0390E-05 | |-73326E-05 + 15191E-06 = 25985E-03 |= 30628E-05  118% o Region 2
- o Region3
1 857 | elastic 11658E-03 |= 23895E-05 |-7.5329E-05 = 15191E-06 1.0905E-03 |= 25040E-05  238% o Region4
1 517 nn' TA5A3E-N3 [+ |1 MAYFNS 2 TR0 [+ [ 2 TINTE-1N TA8A3F-N3 [+ |1 4AIFE-NS N RA% ™ ) -

Fig. 47. Sensitivity coefficients by region from TSUNAMI-3D example.
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The Sensitivity Data Plot for TSUNAMI-3D is also very similar to that for TSUNAMI-1D, but
the values shown in the plot also include error bars representing 1 standard deviation in the sensitivities
resulting from the Monte Carlo calculation. An example plot is shown in [Fig

General Information
+ Program Verification

Tnformation
+ Blapsed Time

Input Data
o Input Parameters
o Summary of Transport

Calculations

Results

Energy, Region and Mixture
Integrated Sensitivity
Coefficients for this Problem
Energy and Region
Integrated Sensitivity
Coefficients for this Problem
Sensitivity Coefficients by
Region

o Total Sensitivity Coefficients
by Nuclide

Total Sensitivity Coefficients
by Mixture

Sensitivity Data Plot
Problem Characterization
Uncertainty Information

Q
%
O.

1r. SAMS - Sensitivity Data Plot __ It

- |1 .
= 2

example 3d

Plot of Sensitivity Data
Double-click an item on right side of window to plot, or select multiple items and right click t

File  Options Format Window Help

U-238 , gairna

o plot.

example 34

Sort List Unsort List

:
Q
-
g
=i
i
Q
=%
B00s example 3d h-1 elastic
= Integral Value = 0.6505001 + 0.04175902
‘B exarple 3 u-235 fission
£ 0w Integral Value = 0.2713441 + 0.001391457 N
o
3 exaraple 3d u-238 n,gamma
Integral Value = -0.077 26095 + 161573854
15 . . . B . . n : n . ; ;
1.0E05 10E-04 10E03 1.0E-02 10E-01 1.0B00 10BEDL 10E02 10E03 10E04 1.0E05 LOBEDG 1.0E07
Energy (eV)

Fig. 48. Sensitivity data plot from TSUNAMI-3D example.
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The Uncertainty Information edit from TSUNAMI-3D is also very similar to that described for
TSUNAMI-1D, but it also includes Monte Carlo uncertainties propagated to provide a statistical
uncertainty on the uncertainties in K due to cross-section-covariance data.

General Information

« Program Verification
Information
« Elapsed Time

Input Data

+ Input Parameters
« Summary of Transport
Calculations

Results

« Energy. Region and Mixture
Integrated Sensitivity
Coefficients for this Problem

« Energy and Region
Integrated Sensitivity
Coefficients for this Problem

 Sensitivity Coefficients by

Region

Total Sensitivity Coefficients

by Nuclide

Total Sensitivity Coefficients

by Mixture

Sensitivity Data Plot

Problem Characterization

Uncertainty Information

SAMS - Uncertainty Information
example 3d

—t

o

Uncertainty Information

The relative standard deviation of k .,

contributions to uncertainty in k__ (% AK/K) by individual energy covariance matrices:

eff
Covariance Matrix Contributions to Uncertainty in k_g (% Ak/k)
Nuclide-Reaction Nuclide-Reaction Due to this Matrix

BT pbar B3 mbar 63252E-01 + 1 61536-04
350 chi B9 chi 5.0340E-01 + 8 2360E-04
50 i T s 3 4160E-01 + 5 1105E-04
'H elastic 'H elastic 2.9840E-01 + 1.2896E-02
2381 g 2330 na' 2.1764E-01 +9.7143E-04

23807 o gamma 23807 n gamma 16632E-01 + 2 5781E-04

160 elastic 180 elastic 1.5888E-01 + 1.3037E-03

B9 fission B3 fission 1.3691E-01 + 2.1259E-04

'H n_gamma 'H n.gamma $.2531E-02 + 1.3589E-04

2380 fission 28U fission 6.0338E-02 + 3.5955E-03

Fig. 49. Uncertainty information from TSUNAMI-3D example.
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8. SELECTION OF BENCHMARK EXPERIMENTS

As described in the previous sections, the accurate generation and interpretation of sensitivity and
uncertainty data for individual systems can help the user gain insight into which processes are important
and which ones may be the primary contributors to computational bias. TSUNAMI offers tools to use
sensitivity and uncertainty information as a means of comparing systems to identify benchmarks
experiments that are similar to the target application. The premise behind this concept is that
computational biases are primarily due to errors in cross-sectional data. If a system has a high sensitivity
in a given energy range to a cross section with large errors, the system is likely to exhibit a computational
bias. If a benchmark experiment is identified that has a similar sensitivity to that of the application, the
computational bias can be quantified with the benchmark, and the bias can be projected to the application
system. This section describes how to use the TSUNAMI tools that assist in identifying important
processes in the application system and finding benchmark experiments that can be useful in their
validation.

8.1 SENSITIVITY DATA DISTRIBUTED WITH ICSBEP HANDBOOK

As described in previous sections, the generation of accurate sensitivity data with TSUNAMI can be time
consuming. Because of the wide use of benchmark experiments from the International Criticality Safety
Benchmark Evaluation Project (ICSBEP) Handbook for criticality safety validations, an effort is under
way to distribute TSUNAMI sensitivity for many benchmarks through the ICSBEP. The handbook can
be ordered, free of charge, at http://icsbep.inel.gov. For 2008 the ICSBEP included 281 SDFs generated
by ORNL using SCALE 5.1 and the 238-group ENDF/B-VI.7 cross-section library that included the
ENDF/B-VILO0 cross section for **U. To use the sensitivity data distributed with the 2008 edition of the
handbook for comparision with application sensitivity data, the applications must be computed with the
SAMS option unconstraintedchi for compatibility with the SCALE 5.1 data included in the
ICSBEP. The files distributed with the ICSBEP were generated as part of a study published as
Application of the SCALE T@UNAMI Tools for the Validation of Criticality Safety Calculations Involving
283, ORNL/TM-2008-196"2 Distribution of additional SDFs is planned for subsequent releases of
ICSBEP.

8.2 EXAMPLE SYSTEM

Because of the availability of SDFs for *’U experiments in the I[CSBEP Handbook, 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 c¢m radius sphere of 220 g U 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 €V. The K calculated for this system is 1.0028 + 0.0002.

Sensitivity coefficients were computed for this system using TSUNAMI-3D from SCALE 5.1. However,

the techniques presented for validation are applicable to data generated with SCALE 5.1 and/or
SCALE 6. The TSUNAMI-3D input file for this case is shown in .
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=tsunami-3d parm=centrmst
app- 1 - 220 gu233/1 no excess acid
Vv6-238g_u233

read comp
U-233 1 0 5.6850E-04 end
N 10 1.1370E-03 end
0 1 0 3.5497E-02 end
H 1 0 6.1898E-02 end
ss304 2 1 end
h2o 31 end

end comp

read celldata
multiregion spherical end

12.20
2 12.45
3 14.45

end zone
centrm data demin=0.2 end centrm

end celldata

read parm
gen=3050
nsk=50
npg=3000
sig=0.00020
htm=no
agn=3050
ask=50
apg=10000
asg=0.001
pnm=3
tfm=yes

end parm

read geometry

global unit 1

sphere 1 1 4
sphere 1 1 6
sphere 1 1 8
sphere 1 1 10
sphere 1 1 11
sphere 1 1 12
sphere 1 1 12.20
sphere 2 1 12.35
sphere 2 1 12.45
sphere 3 1 13
sphere 3 1 13.5
sphere 3 1 14
sphere 3 1 14.45

end geometry

end data

read sams
prtimp
nohtml

end sams

end

Fig. 50. TSUNAMI-3D input listing for 23U Application 1.

8.3 INTERPRETING SENSITIVITY DATA WITH VIBE

VIBE (Validation, Interpretation and Bias Estimation) is a new graphical tool for SCALE 6 that assists
with the interpretation of sensitivity data. Begin by launching VIBE from the SCALE 6 shortcuts. If you
are running VIBE for the first time, you will likely encounter a dialog regarding the DICE (Database for
the International Handbook of Evaluated Criticality Safety Benchmark Experiments) database location.
DICE is distributed with the ICSBEP and provides a convenient means of extracting information
regarding experiments from it. We will revisit DICE in a subsequent section. For now, simply click OK
to dismiss the dialog.

58



Next, we will load sample sensitivity data into VIBE. Begin by selecting Add database
location.. from the File menu as shown in .

B CER
FEN Action  Window  Menu
Add database location... Chrl+L
x =7
New benchmark set. ., Ctrl+

Open benchmark set...  Crl+0

Configuration »

Files in List: 0

Fig. 51. VIBE with file menu.

In the file chooser that appears after selecting Add database location.., browse to the scale6
directory (usually on C: drive, but on S: drive on system used for this demonstration). In scale®6, there
is a directory sequence of primers, then tsunami, and then Files. Inside of the T les directory,
the SDF for the ***U application is provided. To mount this directory, click accept at the level where
the files folder is showing, not the contents of the files folder. The proper location is shown in .
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File Action Window Menu

] E

Please select the location of the file database FY|
Lookin: [ TsuNam D =

@ I Files

My Recent
Documents

@

Desktop

s,

Py Documents

My Camputer
File name: | | [ Accept ]
My Hetwark.
Places Flles of typei | allFiles | [ Cancel ]
Filesin Tree: 0 Files in List: O

Fig. 52. Location of sample file for >**U application.

The directory tree leading to the Fi les directory will appear in the left pane of the VIBE application, as
shown in
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EEX|
Fil Acti window M
[ [N [EN
primers
EH TSUNAMI
=5 Files
' & u-233-application.
< | =
Files in Tree: 1 Filesin List: 0

Fig. 53. VIBE application with directory tree.

A right-click on the SDF will open a pop-up menu with some options, as shown in . Select Open
in Javapeno to view the TSUNAMI data in Javapefio. It may take several seconds for the Javapefio

application to launch with the SDF loaded. Because Javapefio operates with separate windows, the VIBE
application will still be visible after Javapefio loads, as shown in .
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oM Action  Window  Menu

[EE= k]
=) seales
=i primers
) TSUNAMI
=0 Files

-

Remove selected nodes
Refresh

Copy to

Opsn in Javapeno

< m | =

Files in Tree: 1; Selected: 1

£2 Javapena
File  Options

Window  Help

Files in List: 0

Fig. 54. VIBE application with SDF pop-up menu.

£

EX=EQ
59 scales
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(=53 TSUNAMI
= files
L

< i | B

Files in Tree: 1; Selected: 1

—

Reaction List (=] IZ‘

app. 1 - 220 QU233 no excess acid \_

(B

Sort List || unsont List

-1 totel

-1 scatter

h-1 elastic =

h-1 capture

h-t ngamma

c total

¢ soatter
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© elastic
cnn

¢ capturs

c ngamma
cnp

cnd

© nalpha
n-14 total
n-14 scatter
n-14 elastic
n-14 nn
n14n2n
n-14 capture
n-14 n,gamme
n14np
nldngd
nddnt

n-14 n,alpha
o-16 total
o-16 scatter
0-16 slastic
01BN
0-16 capture
0-16 ngamma
a-16np

o016 nd

0-16 nalpha
sitotal

=i scatter v

Files in List: 0

Fig. 55. View of Javapeiio loaded over VIBE.
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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.

P Javapeno

File Opfions Format Window Help
app. 1 - 220 QU233 no excess acid |
u-z33 \ %
Sait List [ unsor List
u-233 n,gamma 233 totel
u-233 scatter
u-233 elastic
u-233 N’
oy ! ! : u-233n.2n
IL- 220 gu233/1 no excess acid u-233 fission & U-233 fission
+ Intearal Value = 0.2030836 = 38437074 capture
a i - 2P0 gu233/1 no excess acid u-233 n,gamma =
E regral Value = -0.09228535 + 3002553E-5 a
u-233 nubar
= u-233 chi
3 = 1 U-233 total mixture 1
= e U-233 scatter misture 1
‘2 u-233 elastic midure 1
- U-233 N’ misture 1
= u-233 n,2n mizture 1
o - u-233 fission mixure 1
B - u-233 capture mixture 1
= U-233 n,gama mixture 1
= U-233 nubar misture 1
Z o u-233 chi mixture 1
g
w 006
-007
008 L : — L ! L
10E-04 10E-02 10E00 10802 10E04 10E06
Energy (eV)
£ | =
Fiesin Tree: 1; Selected: 1 Files in List: 0

Fig. 56. Plotting ***U fission and n,gamma for ***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. For this example, the SDF for the ***U
application will be the only file in the set. VIBE provides two ways to start a new set. One way is to
right-click on the SDF and select Copy to and then New Benchmark Set, as shown in The
other way is to simply drag and drop the SDF from the left pane to the center pane of VIBE. With either
method, a dialog will appear requesting the name of the new set. Enter u-233 application and click OK, as

shown in Fig. 58.
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B visE

File Action Window Menu

(R

EI=E
2123 scalef
=3 primers

=1 TSUNAML
53 s
e Femave selected nades |

Refresh

| Openin Javapeno

Mew Benchmark Set

Fig. 57. Creating a new benchmark set in VIBE.

Input

2

Please enter the new set's name

]

|u-233 applicati-:un|

l

Ok H Cancel ]

Files in List: 0

Fig. 58. Benchmark set name dialog.

At this point, VIBE will add a new window inside the center benchmark set pane, and the right list pane
will show the full directory path to the SDF, as shown in . If more than one benchmark set is
available, VIBE operations are conducted on the currently selected benchmark set window.
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File Action  Window Menu

E9 u-233 application

TSUMAMIFil izt

Files in Tree: 1

£ | S < | ¥
Files in Tree: 1; Selected: 1 Files in List: 1

Fig. 59. VIBE with new benchmark set.

With a simple benchmark set established, a group collapse of the sensitivity data can be performed.
Select Collapse Benchmark Set.. from the Action menu, as shown in In the
Collapse Benchmark Set dialog, 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. Other group structures can be selected from the drop-down menu, but in this
example, the 3-group structure is used. Once this is selected, as shown in , click Col lapse.
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B viBe

Window  Menu

w
)

Collapse Benchmark Set... Chri+E
Query DICE database...  CrHD

< |

u-233 application

[BEES

(2 TSUNAMI
45 files

Files in Tree: 1

Files in Tree: 1; Selected: 1

5:iscales|primers| TSUNAMI|filss\u-233-application. s

< | ¥

Files in List: 1

Fig. 60. VIBE action menu.
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1.100000E+06
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|

(%) Use File name
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Fig. 61. VIBE group collapse dialog.

66



A new table will appear with the collapsed data, as shown in . The collapsed table contains
columns for row number, SDF identifier, computed ke 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 will be used.

B visE [(MEE
File Action Window Menu

| u-233 application =[5 I J

I <\ scale |primers| TSUNAMI | files\u-233-application, s

< | &) < 2|
Files in Tree: 1; Selected: 1 Files in List: 1

1-233 application |

| Row Identifier kcEffective | Uncertainty  Mucide | Reaction 1.0E5-0.625e¥  Std.Dev. | 0625-100000.0e¥  Std,Dev.  100000.0-2.0E7eV  Std Dev
1)u-235 cpplication.sf | 1.00263€0  3.51000E-4/h-1 fatal 1.28774EZ] 2.93680E-) 29185261 2.86027E3 467436E1|  LEOBHES A
2|u-233-sppicationsdf | 1.00283E0] 3.81000E-4/h-1 scatter 23129162 23144263 2.9665%E-1) 28534253 4.67455E-1|  160B42E3
3)u-233-appication.sdf | 1.00283€0) _3.81000E4/h-1 elastic 29129162 29144263 2.9668%E-1 28594253 4.E7455E-1|  1.60B42E3
4)u255 appication sdf | 1.00253€0) 38100064/ 1 lcapture 4 20065E 7 2.61237E 5 AB07IE3] 183806 133715 1L43ETES
5|u-233-appication.sdf | 1.00283E0]  3.81000E-4/h-1 I ganma 42006562 26123765 4.80713E-3) 1838036 L33TIES|  1.437B7ES
6|u-233-appication.sdf | 1.00283£0| _3.81000E4c fotal 65955367, 10190867 1.84776E-5  1,29200E-7) 4.03624E-5) 14955967
7|23 appication sdf | 1.00283€0)  3.81000E4c scatter & 2r7a6E T 101B43ET T.89803E 5| 1.2019E7) S.0365BE 5| 1.49560E 7
8|u-233-spplcation.sdf | 1.00283E0| 3.81000E-4c elastic 62773667, 1.01G43ET 1.34803E5)  1.281%E-7) 40122065 14MBIET
5)u-233-appication.sdf | 1.00283£0| 3.81000E4c ' 0,00000E0  0,00000E0 0.00000€0]  0,00000E0 24384467 18558469
10[u 255 application sdf | 1.00283E0| 3.51000E4[c lcapture AB173E B 7. FPOGUE ] Z.5Z9%E D) 5.1ZE0SE15 346370 9] 20574610
11|u-233-applcation.sof | 1.00283E0| 3.31000E-4|c I ganma 51B173E-B, 7.7P960E-11 2.65299E-0)  5.12605E-15 6.53651E-11|  3.22555E-17
12|u-233-application.sdf |  1.00283E0| _3.81000E-4[c e 00000080 0,00000E0 0.00000E0]  0,00000E0 -1,39000E-13) _0,00000EQ
130275 application sdf | 1.00263E0| _3.51000E4[c n.d 0.00000ED] _ 0,00000ED| 0.00000ED]  0,00000E0 54BZ31E13)  0.00000EQ
14|u-235-application.s&f | 1.00283E0| _3.31000E4]c I alpha 0.00000E0] __0,00000E0 0.00000E0] __0,00000E0 3.39780E-9)_ 2.05503E-10
15|u-233-application.sdf |  1.00283E0| 3.51000E-4n-14  frotal 5.97018E-3, 14905065 1.53106E-3  1.83217E-5, 1.6482763  1.00733E-5
160275 application. sdf | 1.00289E0|  3.61000E4|n 19 fscatter LIM47SE 4| 1.26208ES Z01890E3) 18220865 22602163 055516
17|u-235-application.sdf | 1.00283E0| 3.51000E-4|n-14 |slastic TO4475E4| 1.26206E5 2.01830E-3) 18220865 2.22357E3)  9.5435566
18u-233-application.sdf | 1.00283E0( 3.51000E4j-14 oo’ 0,00000E0]  0,00000E0 0.00000E0]  0,00000E0 4.56216E5) 10551667
| 15|-zsEapplication sf | 1.00263E0]  3.BI000E4[14 n2n 0.00000ED] 0,00000ED| 0.00000EG| 0, 0000GED 2.20424E-8)  9.66880E 11 v
Rows i Table: 199 [ Dscraase Frecision || Increass Pracison |

Fig. 62. VIBE with group collapsed sensitivity data.

When a table is showing in VIBE, the Action menu will present items to manipulate the currently
selected table by closing, sorting, or filtering. To identify nuclide-reaction pairs with high sensitivities,
select Sort Table... Begin by sorting thermal data in descending order so that the most positive
sensitivities will be at the top of the table and the most negative will be at the bottom by setting the Sort
dialog as shown in and clicking Sort.
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Close Selected Table

SleseillTbes < ocalostprimersyTSNBHIT lesh 235-applation =

Collapse Benchmark et... Cirke

Query DICE database...  Ctrl+D

Sart Table... Cltshits

Unsart Table iy

Filter Table... Chrl+F

Ui Table e
< | = < | 5
Fles n Tree: 1; Selected: 1 Files n Liski 1

u-233 applcation |

Rous Identifier k-Effective  Uncertainty  Muclide  Reaction 1.0E-5 - 0.625 e¥ Std. Dev. 0.625 - 100000.0 el Std. Dev 100000.0 - 2.0E7 eV Std. Dew

1[u-233 application.sdf |  1,00283E0|  3.81000E-4 -1 tatal LZEFTAEE]  ZO3EB0ET 20188261 2.86027E-3 4E7436E1|  LEOBHES ~
2\u-233-application.sdf | 1.00233E0]  3.51000E-4 -1 scatter 23123162 28144263 2.9665%-1) 28594263 467455E-1|  1L6OB42ED Z]
3u-233-application, sdf 1.DDZBSED| 3,81000E-4 |h-1 lelastic 2,91291E-2] 2.91442E-3| 2,96689E-1 2,85942E-3| 4.67455E-1 1.60842E-3]
4253 application sdf | 1.0U283E0] _ 3.81000E 4/ L capture 4ZU08SEE ZE1ZHES BT 1E0EE 19EFIES, 14387 S
5|i-233-application sdf | 1.00233E0] _ 3.B1000E4 -1 In,gamma 42006562 261237ES SB071ED)  1BIB0EG .3337IES, 14375768
6u-233-application, sdf 1.DDZBSED| 3.81000E-4/c tatal -5,59553E-7 1.01908E-7| 1,847 76E-5| 1,29200E-7 4,03624E-5) 1,49564E-7|
7|23 application sdf | 1.0U283E0] _ 3.81000E4c seatter E.Z77IE T, 101B43ET 15480 5| 1.29198E 7 FU3EERES|  1LA9GEDE 7
3|u-233-application sdf | 1.00253E0] _ 3.81000E4/c elsstic 62773667, 10164357 1.54803E5|  1.29198E-7 L012Z0ES|  1LABIET
9u-233-application, sdf 1.DDZBSED| 3.81000E-4/c n,n' 0.00000E0 0.00000ED 0.00000E0 0.00000E0 2,43644E-7 1.85564E-9]

10w 255 application sdf | 1.00263E0] _ 3.81000E4[c capture 3AB173E 8, 7.779R0E11 2652990 51260515 3463V0ES 205 ME10

11[u235spplication sf | 1.00283E0| 3.81000E4]c In,gamma 3AB1TIEB, 7.7T9R0E-11 26529960 512605615 GSIFIE-11| 322555617

12|u-233-application sdf 1.DDZBSED| 3.81000E-4/c n,p 0.00000E0 0.00000ED 0.00000E0 0.00000E0 -1.89000E-13 0.00000E0

13w 235 application sdf | 1.00283E0| _3.81000E4[c nd 0,00000E0] __ 0.00000ED 0.00000ED] __0.00000ED 3.48231E 13 0,00000EQ

14ju235-spplication sf | 1.00283E0|  3.81000E4]c I, alpha 0.00000E0] _ 0.00000E0 0.00000E0] _0.00000E0 33978068 2.05503E-10

15|u-233-application sdf 1.DDZBSED| 3.81000E-4)n-14 tatal -3.97018E-3| 1.43050E-5) 1.53106E-3] 1.83217E-5 1.64827E-3 1.00733E-5]

16/u-253 application.sdf | 1.0UZ83ED|  3.81000E-4[n14 [scatter LO4475E4| 1,28206E5 201590E3)  182208E 5 ZZ692IE3| 955516

17|25 application. sf | 1.0028E0| 3.81000E-A|id [elastic LO4475E4| 1.28206E5, 20183063 16220865 22235763 9,546

18|u-233-application sdf 1.DDZBBED| 3.81000E-4)n-14 n,n’ 0.00000E0 0.00000ED 0.00000E0 0.00000E0 4,562 16E-5) 1.05516E-7|

15/u-253 application.sdf | 1002830 3.81000E-4jn14 |,z 0.00000E0]  0.00000ED 0.00000ED]  0.00000ED 2Z0424E 8| 9.66880E 11 v

Rows n Table: 199 [ Dscrsass Frecision || Increass Precidon |

Fig. 63. VIBE action menu with table showing.

Sort by
1.0E-5 - 0,625 e v | (O Ascending

O]:

Fig. 64. VIBE sort dialog for sorting by thermal sensitivities in descending order.

The sorted sensitivities appear as shown in . 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 . Here the capture reactions of *°U and 'H
have the largest magnitudes, followed by 'H. 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.

68



YIBI

Action  Window  Menu

File

u-233 application

[ER=] S\ scaleiprimers| TSLMAMI | ilestu-233-application.
=} scaled
(=1 primers =R |
(=5 TSUNAME =) scales
= Fles =23 primers
Low =53 TsUNAMI
- files
< Il | = < | =
Files in Tree: 1; Selected: 1 Files in List; 1
U233 application
Row Identifier kEffective | Uncertainty  Wuclide Reaction = 1.0E-5-0.625e¥  Std. Dev. | 0.625-100000.0eV Std. Dev.  100000.0-2.0E7e¥  Std, Dev.
198u-233-application sof 1.00283E0)  3.51000E-4u-233  [nubar 6.89694E-1|  1.04735E-4] 2.89037E-1)  1,98033E5 2.12689E-2)  2.59614E-6) ~
195|u-233-application sdf 1.0DZB3E0|  3.51000E-4u-233  [fission TZ1395E-1]  3.71310E4 65204562 9.91951E5 1339426-2]  6.05906E-6 a3
190|u-233-application sof 1.00283E0]  3.51000E-4U-233  |total 6.68804E-2]  4.03552E-4) 30263562 1,20522E4 1556726-2]  1.03731E-5
2|u-233-application.sdf 1.00283E0)  3.81000E-4|r-1 scatter 2.91291E-2]  2.91442E-3) 2.966856-1)  2.85942E3 4.674556-1]  1,60B42E-3)
3|u-233-application.sdf 1.00283E0] _3.51000E-47-1 elastic 29129162 2.91442E-3) 2.96689E-1)  2,85992E3 4.67455E-1]  1,60892E-3)
280-233-application.sdf 1.002G3E0]  3.B1000E-4[o-16  |elastic 2.22679E-3)  L.5656E-4 +.09736E-2]  2,45110E4 TAS369E-1|  4.37916E-4
27 |0-235-application.sdf 1.002B3E0]  3.B1000E-4[o-16  |scatter 2.22679E-3)  L.56656E-4 40973662 2,45110E-4 TAGISIE-1|  4.37936E-4
26 |u-235-application.sdf 1.00253E0)  3.51000E-4o-16 |total 2.21314E-3] 15666264 4.09720E2]  2,45110E4 TA4963E-1|  4.38427E-4
17|u-233-application.sdf 1.00283E0]  3.51000E-4jn-14_ |elastic 10447564 1.Z8206E-5 2.01890E-3]  1,82208E5 2.22357E-3] 9.59368E-6)
16|0-233-application.sdf 1.0D2G3E0]  3.B1000E-4n-14  |scatter TO7SE-4|  1.28206E-5 20160063 1.682208E5 2.26921E-3]  9.55519E6)
191|u-233-application sof 1.002B3E0]  3.B1000E-4U-233  |scatter 5.30346E-5]  3.72775E6) 12973663 34923266 2.56256E-3)  4.49262E6)
192|u-233-application sof 1.00283E0)  3.B1000E-4u-233  |elastic 5.30320E-6] _ 3.727756-6) 1.293886-3|  3.47914E-6 1.011776-3]  2.01489E-6
9|u-233-application.sdf 1.00283E0] _3.51000E-4]c nn 0.00000E0[  0.00000EQ 0.00000E0[  0,00000E0, 24384967 1,85584E-0)
12|0-233-application.sdf 1.00253E0]  3.51000E-4]c np 0.00000E0[  0.00000EQ 0.00000E0[  0,00000E0, -1.69000E-13)  0.00000E0
13|0-233-application.sdf 1.00283E0]  3.51000E-4]c n,d 0.00000E0[  0.00000ED 0.00000E0[  0,00000E0, -3.48231E-13)  0.00000E0
14|0-233-application.sdf 1.00283E0)  3.51000E-4/c n,alpha 0.00000E0[  0.00000E0 0.00000E0[  0,00000E0, -3.39780E-9] 2,05503E-10
18|0-233-application.sdf 1.0028360]  3.61000E-4jn-14_ |n,n 0.00000E0[  0.00000EQ 0.00000E0[  0,00000E0, 4.56216E-5]  1,09516E-7)
18|0-233-application.sdf 1.002G3E0]  3.51000E-4[n-14 |n,2n 0.00000E0[  0.00000EQ 0.00000E0[  0,00000E0, 2.20424E-5]  9.66880E-11
23|0-235-application.sdf 1.00263E0]  3.51000E-4n-14  |nd 0.00000E0[  0.00000E0 0.00000E0[  0,00000E0] -8.18873E-7|  5.06308E-3 ~

Rows in Table: 199

Decrease Predsion || Increase Precision_|

Fig. 65. VIBE with thermal sensitivity data sorted in descending order.

File Action Window  Manu
Bu-233 application
205 5 scaledprimers\TSUNAMTfilesiu-233-application,
=53 scales jud
=+ primers B35
=+ TSUMAMI =0 scales
=3 files
< | < |
Files in Tree: 1; Selected: 1 Files in List: 1
u-233 application
Row Identifier kEffsctive  Uncertainty | Mucide = Reaction = 1.0E-5-0.625e¥  Std.Dev. | 0.625-100000.0eV| Std. Dev,  100000.0-2.0E7 eV Std. Dew,
97 |u-233-application. sdf 1.00283E0|  3.B1000E-4|mn-55  |n,gamma -6.89983E-4) 1.70685E-6 -1.20820E-4) 3.47406E-7 -4.17336E-7| 1.52855E-9) "
91 |u-233-application. sdf 1.00283E0]  3.81000E-4/mn-S5 [total 69121264 1.86084E6 7.35432E-4|  0.34017E-6, 2.75691E-4|  8.02648E-7) 3
146 u-233-application. sdf 1.002535{ 3.81000E-4/ni-58 capture -7.21430E-4) 1.78468E-6 -6.39265E-5| 1.02335E-7 -1.42957E-5| 2.16112E-7
147 |u-233-spplication sdf 1.00283E0)  3.B1000E-4/ni-58  |n,gamma 7. ZI430E-4|  1,7B468E-6 -6.39265E-5|  1.02335E-7 51670766 1.16299E-5)
141 u-233-application. sdf 1.00283E0|  3.81000E-4/ni-58 total -7 E4944E-4) 8.13908E-6 1.28764E-3 6.09167E-8 8.29771E-4 2.3575EE-6
78|u-233-application. sdf 1.00283E0|  3.31000E-4/cr-53 capture -8.85953E-4) 2.18176E-6 -7.76966E-5) 1.24849E-7 -3, 34005E-7| 1.46730E-9
79|u-233-application, sdf 1.00283E0)  3.B1000E-4/cr-53  [n,gamma -B.85953E-4|  2.19176E-6 -7.76966E-5  1.24B49E-7 50513967 1.16670E-9)
73|u-233-application. sdf 1.002935{ 3.B1000E-4/cr-53 ltotal -8.90287E-4) 2.74860E-6 S5.11563E-4 4.02174E-8 2.73693E-4 8.12379%-7
22|u-233-application. sdf 1.DDZBBED| 3.B1000E-4/n-14 n.p -3.91405E-3| 2.47976E-6 -4.68613F-4) 1.84114E-7 -2.43381E-4/ 3.13929E-7)
15|u-233-application, sdf 1.00283E0]  3.81000E-4/n-14  [total -3.970186-3|  1,490S0E5 1.S3106E-3|  1.83217E-5 1.648276-3) 10073365
20)u-233-application. sdf 1.002935{ 3.B1000E-4n-14 capture -4.07466E-3) 2.58154E-6 -4.B7836E-4) 1.91658E-7 -6, 20940E-4/ 1.1503%-6
117 |u-233-application. sdf 1.DDZBBED| 3.81000E-4 Fe-56 capture -4.10777E-3| 1.01621E-5 -3.B0350E-4) 6.55728E-7 -1.32455E-5] 5.57337E-8
118u-233-application sdf 1.00283E0)  3.81000E-4[fe-56  [n,gamma -4.107776-3]  1.01621ES -3.80350E-4|  6.55728E-7 -1.23885E5|  4.56368E-8
112u-2533-application. sdf 1.002535{ 3.81000E-4Fe-56 total -4.32318E-3) <.16095E-5 5.45258E-3 2.87274E-5) 7 .35807E-3 2.18490E-5
1ju-233-application. sdf 1.DDZBBED| 3.81000E-4|h-1 tokal -1.28774E-2| 2.93680E-3 2.91882F-1 2.86027E-3 4.67436E-1 1.60844E-3
4|u-233-application. sdf L.00283E0]  3.81000E-4|h-1 capture -4.20085E-2] 2.81237ES -4.80713E-3] 1.83603E-6 -1.93371E-5| 1.43787E-8
5 u-233-application. sdf 1.002535{ 3.81000E-4|h-1 n,gamma -4.20065E-2/ 2.61237E5 -4.80713E-3| 1.83603E-6 -1.93371E-5| 1.43787E-8
196 u-233-spplication sdf 1.00283E0)  3.B1000E-4|u-233  |eapture -5.25675E-2|  3.21163E-5 -3.932836-2|  2.37170E-5 -3.895726-4|  3.02383E-7) =
197 |u-233-application sdf 1.002935{ 3.81000E-4)u-233 n,gamma -5.25675E-2| 3.21163E-5 -3.93283E-2| 2,37170E-5 -3.89572E-4| 3.02383E-7 v

Rowsin Table: 199 | Decrease Precision || Increase Precision

Fig. 66. VIBE showing bottom of table with thermal sensitivity data sorted in descending order.
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8.4 INITIAL SCREENING OF AVAILABLE EXPERIMENTS WITH VIBE

To begin comparing the sensitivity data for the application with the sensitivities of benchmarks from the
ICSBEP Handbook, insert the handbook DVD in the DVD drive, select Add Database Location..
from the VIBE File menu, and browse to the “Handbook” DVD. Select the folder called Dice, as

shown in , and select Accept.

Please select the location of the file database E|
Look in: a Handbaok (D) v T |E|E|

(5 Co2008

B

My Recent
Documents

iy |

=]

skl

o
k=]

L.'

My Documents

o3

My Cormputer
;_3 File name: D:\Dice
Iy Metwark

Places Files of type! | 41l Files v

Fig. 67. VIBE file chooser to select TSUNAMI data distributed in ICSBEP Handbook.

VIBE will read the handbook DVD and mount the directory containing the TSUNAMI sensitivity data in
the directory tree in the left pane of VIBE. Open the new tree to view the sensitivity files, as shown in
. Selecting the ornl folder will reveal in the status bar at the bottom of the pane that there are
281 files contained in the selected folder and 282 total files in the directory tree. The one additional file is
the application file previously loaded.

Create a new benchmark set to examine the benchmark sensitivity data by dragging the ornl folder to
the empty space in the center benchmark set pane, next to, but not in, the window called u-233
application, as shown in Fig. 69. A dialog will appear requesting the name of the new benchmark
set; enter handbook, as shown in [Fig. 70
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>

hirnfo30600, sdf
hmt0zstal . sdf
hrt0z5t0z2, sdf
lck049t01 . sdf
lck049E02  5df
lck049603, sdf
lckD4 904, sdf
lck049E0S, =dF
lckD4 906 sdf
lck049E07  sdf
lck049t03 . sdf
lck04 909, sdf
lck049E10, 5df
lckD49t1 1. sdf
lck049E1 2 5df
lck049t1 3. sdf
lckD49t1 4. sdf b
Files in Tree: 282; Contained: 251

Fig. 68. VIBE file tree pane with ICSBEP TSUNAMI sensitivity data selected.

Fie Action Window Menu

2 233 application l
EE= 1] ~ 5 {scalesprimers| TSUNAMI|files\u-233-application. s
155 Dice =]
=00 dats o Ei=Ei
=) scales
[ =
-# hmt0zst01, sdf
+ hmko2stoz.sdf
-# Ict45t01.50F
& |ct042t02,sdf d
Beseiiiye Drag an:
& lcto4otn4, sdf 6 99
# Icko4okos. 5o drOp Oml
- & Ict049t06, sdf
& Ict049t07. sdf folder here.
- Ict45t08. scf
® Icto4otng.sdf
- Ict45t10.50F
# Icto4ok11.sdf
® Ick4ok12.50F
-# lct045t13,sdf
o kdstiasd v < | &
Files in Tree: 282; Contained: 281 Files in List: 1
u-233 application ‘
Row Identier {cEffective | Uncertainty | Nudide  Reaction | 1.0ES-0.625eV  Std.Dew, | 0.625-100000.0e¥  Std.Dev.  100000.0-2.0E7e¥ St Dev.
57|u-233-application. sdf 1.00253E0)  3.51000E-4[mn-55  n,gamma £.89933E-4|  1.70635E-6 -1.20820E-4]  3.47406E7 -4.17336E-7) 15286569 ~
91[u-233-application. sdf 1.00283E0]  3.51000E-4[mn-55  |total 6.51212E-4]  1.86084E-6 7.35432E-4|  9.34017E6 2.75691E-4|  5.02648E-T T
146|0-233-applcation. sdf 1.00253€0]  3.51000E-4[-58 |capture 7.21430E-4]__ 1.78968E-6 6.39265E5  1.0233567 14295765 21611267,
147|0-233-application. sdf 1.00283E0]  3.51000E-4[ni-58  |n,gamma 7.21430E-4]  1.76468E-6 6.39265E-5]  1.02335E7 3067076-6] 11629965,
141 |u-233-application. sdf 1.00283E0|  3.81000E-4[ni-58 tatal -7.64944E-4 8.13908E-6 1.28764E-3 6.09167E-6 B8.29771E-4/ 2.35756E-6
78[-233-application. sdf 1.00253E0]  3.51000E-4/r53  |eapture 5.85953E-4  2.19176E-6 7.PEUGEE-S|  1.24G49E7 334005E-7) 1 46790E-5,
79|u-233-application sdf 1.00283E0)  3.81000E-4|cr-53 n,gamma -8.85953E-4 2.19176E-6) -7, 76966E-5 1.24849E-7 -3.05139E-7| 1.16670E-9)
73[u-233-application. sdf 1.00253E0] 3.51000E-4[r53  [total 5.00237E-4]  2.74860E-6 S.11563E-4|  4.0ZIT4E6 2736934 8123797
22|u-233-application. sdf 1.00283E0]  3.51000E-4p-14  |np -3.91405E-3]  2.47976E-6 46861364 1.84114E7 -2.49381E-4) 31392967
15|u-233-applcation. sdf 1.00283€0)  3.51000E-4j-14  |total -3.97018E-3| 1.49050E-5 1.53106E-3]  1.83217E5 1.64827E-3  1.00733€5
20[u-233-application. sdf 1.00283E0]  3.81000E-4[n-14  |eapture -4.07466E-3|  2.58154E-6 -4.87636E-4|  1.91658E-7 -6.20540E-4)  1,15039E-5,
117 |u-233-application. sdf 1.00283E0)  3.81000E-4|fe-56 capture -4.10777E-3 1.01621E-5 -3.80350E-4 6.55728E-7 -1.32455E-5, 5.97337E-8|
118|0-233-application. sdf 1.00263E0]  3.51000E-4fe56  n,gamma “4.10777E-3]  L.OI62IES 3.80350E4|  6.55728E7 12368565 45636865
112|u-233-application. sdf 1,00283E0)  3,61000E-4|fe-56 tatal -4.32318E-3 4.16095E-5) 5.45258E-3 2.87274E-5| 7.35807E-3 2,18490E-5)
1u-233-application sdf 1.00253€0]  3.51000E-4[-1 atal -1.26774E-2]  2.93680E-3 2.018826-1]  2.86027E3 T67436E-1  1.60BHES
4|u-233-application. sdf 1.00283E0]  3.51000E-4/r-1 captre -4.20065E-2|  2.61237E-5 -4.80713E-3]  1.83603E-6 -1937IES| 14378765,
5|u-233-applcation. sdf 1.00253€0]  3.51000E-4/-1 In,gamma -4.20065E-2|  2.61237E5 -4.80713E-3_ 1.83603E-6 -1.9337IES]  1.43787E5,
196|0-233-application. sdf 1.00283E0]  3.51000E-4[0-233  |eapture 5.25675E-2]  3.21163E5 -3.93283E-2]  2.37170E5 38957264 30238367 =
197 |u-233-application. sdf 1.00283E0|  3.81000E-4|u-233 n,gamma -5.25675E-2 3.21163E-5 -3.93283E-2 2.37170E-5 -3.89572E-4, 3.02383E-7 ~

Rows in Table: 199 | Decrease Precision || Increase Precision

Fig. 69. Creation of new benchmark set for data distributed with ICSBEP Handbook.
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9P Please enter the new set's name

~ |handbook |

I O H Cancel ]

L Erm TrTTr T T T Lparm r s

Fig. 70. VIBE benchmark set dialog for ICSBEP Handbook data.

Collapsing the sensitivity data in the same group structure as the application will allow identification of
experiments with sensitivities, and thus computational biases, similar to those of the application. To
perform a group collapse on all experiments in the handbook set, repeat the same process as was
previously performed for the u-233 application set. With the handbook benchmark set window
selected, select Collapse Benchmark Set.. from the Action menu, in the Collapse
Benchmark Set dialog, check the box to use the predefined 3-group structure, and click Col lapse.
The collapse of the 281 files from the handbook DVD may take several seconds to complete. The
procedure will likely occur faster if the SDFs from the handbook are first copied to a local hard drive.
The resulting collapsed data will appear as shown in . 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 =]
Fie Action Window Hlenu
2 pplication
01 D1\ Dice) datalarnlyhmf030KI0, sdf
| E-E3Dice D:\Diceldatalorniihmtozstol sdf
5 £3 data B3 51 D:\Dicedlatslormilmtn25t02. scf
= ‘_J 1 scales D1\ Diceldatalornlict049t01  sdf
- @ hmfoaoeon sdf B py —= D:\Dicedatatorniyict049t0z. sdf
@ hmt0zst1 sdf Efi B handbook =13 D\ Dice dak\ormiyct049¢03, sf
@ hmtD2SH02 sdf E " D:\Diceldataorniict049t 04, sdf
@ Ictna9t0t sef =55 ! D Diceldatatormiicko49t05. sdf
& Kt099t02 s gl D1 \Dicel ks ormict 049t D8, sdf
 ® Ict049t03.5F &0 Dice DiDiceldatatorniict049t07. sdf
® Ictoastos. s B0 data D Dicedatatorniict049t08, sdf
& Ict049t0s, sdf =L DiiDiceldatalormiiicto49tos, sdf
- ® Ict049t06 sdf D:\Diceldatatornilicto4at10.sdf
@ kt049t07 5o D\Dicedakstormilct04at 11 <df
@ k04908 5f D \Diceldlatshornilict049t12,sdf
- @ lct049t09.sof D:\Diceldatatornilicto4at15.sdf
@ kt09ti0.sdf D:\Dicelakatormilict 049t 4, sdf
@ let049t1 1, sdf Files in Tree: 281 D1 Dicedatatornict049t 15, sdf
- @ ktodstiz sdf D:\Dicedatatorniyict04at16.sdf
& kt09t13 s D:\Diceldlatslormilict 049t 17, sdf
i @ ktoastidsd D\ Diceldlatahormilcteot &, sdf v
Files In Tree: 262; Contained: 281 Files in List: 281
1-233 application | handbock |
Row Identier kcEffective | Uncertainky | Mucide  Reaction L.OES-0.625eV  Std.Dev,  0.625-100000.0eV  Std.Dev,  100000.0-2.0E7eV  Std. Dev.
1 pmFo30K00, scf 10031360 4.83000E-4[bebound _[total -7.72156E-6| 31465565 4.60004E-2] 21612663 LEI784E-1| 2728993 A
2 hmfO30000, sdf 1.00313E0 4.83000E-4 bebound scatter -4.83278E-6| 3.16371E-5] 4.60551E-2] 2.161249E-3] 1.65278E-1 2.71B64E-3 =
3 FrFO30E00 s 0031360 4.53000E-4bebound _[elastic 4.83276E6]  3.1637IES FEOSSIEZ 2.16124E3 TZBATIEL]  2.69723E3
4 hmfO30000, sof 1.00313E0 4.,83000E-4 bebound n,2n 0.00000E0 0.00000E0 0,00000E0 0.00000E0 3.68074E-2] 1.54966E-4
5 FrnfO3000 s T.00313E0 _4.53000E-4 bebound _capture 2.69880E 6| 3.61636E6 SA70B9ES]  4.80841E5 1399992 3.73899E5
& FrFO30E00 0031360 4.53000E-4bebound _|n,gamma “2.80080E-6] 36163666 SATOESES  4.80841E5 D.093IIES  9.355%E8
7 hmfO30L00, sdf 1.00313E0 4,83000E-4 bebound np 0.00000E0 0.00000E0 0,00000E0 0.00000E0 -1.30895E-8 0.00000E0
5 FrnfO3000 T.00313E0 4.53000E-4 bebound_|n,d 0.00000E0] __ 0,00000E0 0.00000E0 __ 0.00000EQ “0.57821E-0 _ 0,00000E0
5 FrFOA0KD, s L.O0313ED _ 4.53000E-4bebound |t 0.00000E0] __0,00000E0 0.00000E0__0.00000E0 28251166 10114667
10/hmFO30L00, sdf 1.00313E0 4,83000E-4 bebound n,alpha 0.00000E0 0.00000E0 0,00000E0 0.00000E0 -1.34011E-2| 3. 73364E5
11[nF030600.50F T.00313E0 4.83000E-4c otal .4648E°8]  1.99762E-10 Z5O6REES)  1.14408E6, 12752764 Z.27546E6,
12|mFaz0e00 o L.O0313ED|  4.83000E-4c scatter 4.50311E-8]  1.49727E-10 2EO7TO0ES| 1144356, 126001E-4]  2.27541E6,
13 hmfO30L00, scf 1.00313E0 4.83000E-4|c elastic 4.50311E-8] 1.49727E-10 2.50700E-5] 1.14498E-6| 1.2B962E-4) 2.27501E-6
14[mFO30600 50 T.0D313ED 4.53000E4c n 0.00000E0] _ 0,00000E0 0.00000E0 __0.00000EQ| TDEISIET] 1556988
15|hmFaG0E00 <o 10031360 4.83000E-4c capture “1.66295E-10] _3.50160-19) 13795268 2.044826-13)| “4.73BEE-7] 3.004226-9
16|hmf030c00.scf 1.00313E0  4.83000E-4)c n,gamma 1 ‘EEZQSEVﬂ{ 3.501606-19 1.37952E D) 2.o4meE 13| “3.599666-0) 817363614
17 mF30E00 s L.0D313ED 4.53000EAc np 0.00000E0] __ 0,00000E0 0.00000E0 __0.00000EQ| G.771S6E1L]  0.00000E0
18 hmFO30000, sof 1.00313E0 4,63000E-4|c n,d 0.00000E0 0.00000E0 0,00000E0 D.DDDDDED' -1.86625E-10 0.00000E0
13[Finf030600. 5 T.00313E0  4.83000E-4c n,dleha 0.00000E0] _ 0,00000EQ 0.00000E0] _ 0.00000EQ| 4E0712E7,  3.00106ED v
Rois n Table; 59661 [ Derrsase Frecision || Increass Precison |

Fig. 71. VIBE with group collapsed sensitivity data for benchmarks in the ICSBEP Handbook.
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To examine the availability of sensitivities in the benchmarks that are similar to those in the application,
VIBE’s sorting and filtering capabilities will be used. As shown in , the application is most
sensitive to *°U nubar in the thermal range. Begin by filtering the benchmarks to eliminate all other
reactions except *U nubar. With the handbook table showing, select Fi lter Table.. from the
Action menu. In the Filter dialog, select Nuclide from the first pull-down menu, select IS from
the second pull-down menu, and type u-233 in the specification field. Next, click Add Constraint,
and set the next constraint for reaction is nubar. Ensure that All of These is selected at the
bottom of the dialog so it appears as shown in , and then select Basic Filter to apply the filter
to the table.

B Fitter X
Huclide v |Is | (O MNobMul  |u-233
() Mull
Reaction v | |Is | ()Mot Nl |nubar|
Nl

&dd Constraint (&) AllOF These () Any OF These [ Basic Filker ” Advanced. .. ][ Cancel

Fig. 72. VIBE filter dialog for **U nubar.

The filtered table will appear as shown in . Note that there are now only 232 rows in the table.
Sorting the table by the thermal sensitivity in descending order provides the results shown in .
Note that the highest **U nubar thermal sensitivities are >0.95, where the application sensitivity is 0.69,
as shown in . Although high coverage is provided by these benchmarks, the benchmarks with the
highest thermal sensitivities may exaggerate the bias due to *U at thermal energies, while
underrepresenting important processes at other energies or in other nuclides and reducing similarity to the
application system. Scrolling down through the table, it can be observed that there are many benchmarks
with **U nubar thermal sensitivities near 0.69, as shown in . The number of benchmarks with
sensitivities near 0.69 can be determined using VIBE’s filter capabilities.
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File Action  Window Menu

= -
3 B u-233 application
= I - D\ Diceldat alornl|bmF030£00 scf
=3 Dice D:\Dice\data|ornthmto2stnl, sdf
=g data D:\Dice|dat |ornlthmt025E02, sdf =
= D:\Dice|dat alornlct40t01 . sdf
- hmfo3oto0.sdf D:\Diceldatalorcto45t0z. sdf
# hmkozstor.sof D:\Dice\dat slormlict049t03. sdf
- hmk0zsto2.eof D:\Diceldat alornl|icto49t04. sdf
-® lctodstoL.sdf e D:\Diceldatalorcto49t08. sdf
# lct49t02.scf 200 [:\Dice\dat slornl|icto49t06. sdF
 1ck040k03, 5o =03 Dice D:\Diceldat slornllicto49t07. sdf
- Ich040KD4. s B deta D:\Diceldataloricto49t08. sdf
# Ictodotos.sof &3 omi D \Dice\datalornllcta4at09. 5o
# k04908, scf D:\Dice\dat slornlicto4st10. sdf
-# Ick04ot07. s D:\Diceldatatornicto49tl 1.5df
# lt049ens.sdf D:\Diceldatalornlicta45t1 2. 5df
# k04909, scf D:\Dice\dat slornlicto4at1 3. sdf
- lck04t10. o D:\Diceldat alornliicto4at1 4. sdf
@ Ick049t11.sdf Files in Tree: 281 D:|Diceldatalornficto45t15, sdf
# lt049e12.scf D:\Dice\dat slormlict04t 1 6. sdf
- lck0dotl3.df D:\Diceldat alornliicto49t1 7. sdf
-#_Ict049t14,5df b s iDiceldatatornfict049t1 8, sdf ¥
Files in Tree: 262; Contained: 281 Files in List: 281
u-233 application | handbook |
Row Identiier keEffective  Uncertainty  Nucide | Reaction 1.0E-5-0.625eW  Std.Dev. | 0.625-100000.0eV |  Std.Dev.  100000.0-2.0E7eV  Std. Dew.
11951 juct001t02, sdf 1.00526E0)  5.02000E-4 |u-233 nubar 5. 10663E-1 8.91228E-5) 4.35305E-1 3.39597E-5 5.11735E-2| 7. 79538E-6 ~
12209 |uct00 1403, scf L.00Z31ED|  4.99000E-40233  |nobar SEMZ0E1]  1.104%4E4 3.63065E-1)  2.83857ES 46223862 7.10937E6 =
12544 |uct001404.sof 1.00562E0|  3.00000E-4u233  |nubar S.BO0B3E-1|  4.82543E-5 3.66431E-1  1.50672E-5 3.90755E-2|  3.3459BE-6
12574 jumf001E00:. sdf 1.00082E0 u-233 nubar £.82820E-13 2.73957E-2] 9.64202E-1
12614 |umf 0020 1x. s 1.00004ED U233 jnobar 55702313 2.50262E-2, 7.75854E-1
12654 |umfonztoze. s | 9.99277E-1 U233 |nobar 6.20359E-13 2.65436E-2, 8.63553E-1
12694 |umf00Gt0 L. sof | 9.99950E-1 w233 jnobar 6.36638E-13 3.12209E-2, 9.33485E-1
12734 |umF003t02::, 53F 1.00024ED U233 |nobar 5.96246E-13 3.62101E-2, 9.05591E-1
12662 umfO04t01 %, sdf 1.00784E0 u-233 nubar 1.59B858E-6 3.79781E-2] 9.54954E-1
12950 U 004E02 5o 1.00949E0 U233 jnobar 2.01414E5, 5.02505E-2, 9.43053E-1
13029 |umfODStO s | 9.98495E-1 U233 |nobar 1.69G94E-0 4.40443E-2, 9.45913E-1
13078 jumfO0St02x, sdf 9.98956E-1 u-233 nubar 2,01 708E-5] 7.50913E-2] 9.18216E-1
13108 jumf00BL00 s 1001Z7ED U233 jnobar 5.73989E-13 5. 1303262, 8511231
13318 |usiDOLEOLx. s 3.91019%-1 U233 |nobar 3.11389%E-1 6.17247E-1 7.06337E-2
13528 jusi00 1k023, sdf 5. 85883E-1 u-233 nubar 2,97053E-1 6.27422E-1 7. 47683E-2
13738 |usiD0LL03x. st 9.56459-1 U233 jnobar 2.91403E-1 6. 30602E-1 77223062
13962 |usiDOLt04x. s 3.95599-1 U233 |nobar 3.84151E-1 5.42931E-1 7.20936E-2
14172 jusi0 1k05 >, sdf 9.89535E-1 u-233 nubar 2.87054E-1 6.32275E-1 7.98802E-2
14396 |UsiDOLL0x. s 5585791 U233 jnobar 3.65316E-1 5.55820E-1 7 SO8ILEZ v
Rows n Table: 232 | Derroass Precision || Increass Precision |

Fig. 73. VIBE with *U filter applied to ICSBEP Handbook data.

File  Action 4] Menu
Dy Diceldatalornlihmf030:00.sdf -
D\ Dice\datatornithmt025601  sdf =]
=050 D:\Dicedatalornhbmt025t02, sdf =
=2 =2 scalet D1\ Diceldatalornliictoqgtng  sdf
@ hmFO30t00.5df = D1\Dicedatalornhict040t02.sdf
# hmtozston. sdf D1\Dicedataiormiiicb045003. 5df
® hmt025t02,sdf G ‘ % D:\Diceldatatornlilctn49t04, sdf
@ let04st1. sdf - D1\Dice’datatornhicto4stos. sdf
& lctoasto.sdf 20 i Diceldatatarniicta9t06. sdf
# Ict04gt3,sof =0 e D\ Diceldatstomilct4at07, sof
- ® Ict049t04, 5 B dats oiDiceldatatornlilctoastos. sdf
@ Ict049t0s, scf D1\Dicedataiornhic045t09. sdf
# Ictoastos.sdf D1\Dicedataiormiiicb045t10. 5df
® lch043t07.5df D:\Dicedatatornliicto4st1 1.sdf
@ let04sto8., sdf D1\Dicedatatornhict04st12.sdf
# lct0agto.sdf D1\Dicedatatorniic04st1 3. 5df
® lct04st10.5df D1\Dice\dataiormiiico4st14.sdf
@ lct048t11.5dF Files in Tree: 281 D:{Dicedataiomhlctn4at 5. sdf
# lctoagt12.sdf D1\Dice|datatorniict040t 16, 5df
# Ictoast13.sdf D1\Dice\dataiormiiict045t17. sdf
@ lct4Stl4sdF ¥ /iDiceAdatatornllict049t 18, sdf ¥
Files in Tree: 282; Contained: 251 Files in List; 251

| u-233 application | handbook |

Row Identifier kEffective  Uncertainty HMudlide Reaction  1.0E-5-0.625 eV Std. Dev. 0.625 - 100000.0 eV Std, Dev. 100000.0 - 2.0E7 ev Std, Dew,

35391 just009t04. sdf 1.00189E0)  5.03000E-4u-233 nubar 9.56413E-1 2.37052E-4) 4. 12266E-2) +.05162E-6) 1.81178E-3 2.83824E-7 ~
34527 ust008t01x.sdf 1.00424E0 u-233 nubar 9.55191E-1 4.25880E-2 1.88050E-3 =
35175 |ust009t03, sdf 1.00359E0| 4 74000E-4[u-233 nubar 9.55078E-1|  2.22349E-4 4.24972E-2|  3.93377E-6 1.877256-3  2.76414E-7) =
34959 just009t02Z, sdf 1.00331E0) 4 SE000E-4u-233 nubar 9.53843E-1 2.12631E-4) . 36630E-2 3.B6246E6) 1,94008E-3 2.73630E-7

34743 ust009t01 =df 9.99394E-1|  5.01000E-4ju-233 nubar 9.52827E-1 2.33306E-4) 4. 47256E-2) 4.35079E-6) 2.00254E-3 3.10754E-7

20327 just001t01x.sdf 1,00555E0 u-233 nubar 9.47915E-1 4,93858E-2 2,25377E-3

20513 just001t02x, sdf 1,005S0EQ u-233 nubar 9.45853E-1 5. 13547E-2) 2.34B11E-3

20699 ust001t03x. sdf 1.00501E0 u-233 nubar 9.43922E-1 5.31986E-2 2.43264E-3)

20685 ust001t04x.sdf 1.00499E0 u-233 nubar 9.41857E-1 5.5074%E-2 2.52173E-3)

21071 |ust001£05x.sdf 1.00431E0 u-233 nubar 9,40060E-1 5.68864E-2 2,60749E-3

25513 ust003t10,5df 1.01361E0) 4 82000E-4u-233 nubar 9.25295E-1 2.09584E-4) FIDE%E-Z) 6.45914E-6) 3.58073E-3 5.26253E-7

22071 justDo2t11.sdf 1.01698E0) 4 97000E-4u-233 nubar 9.24081E-1 2.15001E-4) 7. 2256%9E-2) 6.73695E-6) 3.64409E-3) 5.50656E-7

21981 just002t10,sdf 1.00761E0|  5.01000E-4[u-233 nubar 9.14630E-1|  2.14559E-4 B.11172E-2|  7.65277E-6 4,23284E-3|  6.50536E-7

21891 ust002t09,sdf 0.93469E-1)  4,95000E-4ju-233 nubar 9.10108E-1 2.13317E-4) B.53288E-2 8.06015E-6 4.54218E-3 7.00S18E-7

36677 ustD12t08. sdf 1.00311E0)  5.00000E-4u-233 nubar 9.05794E-1 2.12169E-4] 8.51413E-2 8.42215E-6) 4.75665E-3) 7.34143E-7

36690/ust012t07 sdf 1.00637E0|  3,00000E-4(u-233 nubar 9.05700E-1|  1.Z6BO0E-4 B.92421E-2| 50425266 4.75011E-3|  4.38576E-7

59443 |ust017t06. sdf 1.00519E0|  4.99000E-4[u-233 nubar 9.05563E-1|  2.10951E-4 8.93589E-z|  8.42381E-6 4.771826-3|  7.34728E-7

22611 ust002t17 . sdf 1.01430E0) 4 99000E-4u-233 nubar 9.03541E-1 2.07803E-4) A15Z11E-2) 8.51111E6 4.91546E-3 7. 48251E-7

59620 |ust017t07. 5df 1.00424E0|  4.99000E-4u-233 nubar 9.03484E-1 2.104B83E-4) 9.13136E-2 8.62456E-6) 4.89557E-3) 7.54336E-7) bl

RowsinTable: 252 | Decrease Precision || Increase Precision |

Fig. 74. VIBE with **U filter and descending sorting for thermal sensitivities applied to ICSBEP
Handbook data.
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File Action  Window Menu

D:\Dicetdatalrnlihmf030:00 sdf &
D:\Dicetdatalornithmt025t01 sdf =
D:iDiceidats|arniihmt0zstoz, sdf =
D:\Dicetdatalornlict4atot  sdf
® hfoaoton. sdf P
® hmkD2sto.sof handbook D:1Diceidatslomilcto4stos. sdf
-# hnk02Stoz. sdf D:\Dicetdatalornlilct49to, sf
® lctodotorsdf - - DiADicetdstslomiict49t05, sdf
 Ick04t02,5cf =5 0t D:1Diceidatslomilcto4stos sdf
-# Ick04ot03. 50 503 Diee D:iDiceidatalomilct049t07 sdf
# Icto4otod.scf B data D iDicetdatalormiict043t0. sdF
 Ick040t05.scf @ Eyoml D:1Diceidatslomiicto4stos, sdf
#4006, sof D:iDicetdatalornlict4at1n.sdf
® lctoagtoz.sd Di\Dicetdatalomilct4ot 1 sdf
# I049t08.sof DiADicedat slomilct 4ot 12, s
-# lctn4ot0g.sof D:iDiceldat slormlictnast 13, sdf
® lctoagtio.sdf Di\Dicetdatalomilctn4ot14,sdf
# IcoaotLL.sof Files n Tree: 281 DiADicedat slomilct 49t 15, scf
- ltD4ot12.sof D:iDiceldat slormlictoast 16, sdf
@ Itoastiz.sof Di\Dicetdatalomilct4ot1 7, sdf
® l0aotdsd ¥ D:\Direidatslormlilct 43t 1, s i
Files in Tree: 282; Contained: 281 Files In List: 281
| u-233 application | handbook |
Row Identifier k-Effective Uncertainky Nuclide Reaction 1.0E-5 - 0.625 ey Std. Dew. 0.625 - 100000.0 et Std. Dev. 100000.0 - 2.0E7 eV Std. Dew.
51381 |ust016L07. scf 1.00068E0  4,99000E-4u-233  |nubar 5917791 1,35920E-4 2.86955E-1|  2.52966E-5 Z0B669E-2)  3.23640E- ~
51661 [ust01 60, 5o 1000GEED| 4, S6000E-4u-233_ |nubar 6.91565E-1]  1.36163E4 2.87071E-1|  2.51991E5 20865062 3216845, 1
49951 justD16E01,sdf 1,00943E0] 5.00000E-4|u-233 nubar 6.91142E-1 1.35846E-4 2.87497E-1 2,92178E-5] 2.09616E-2 3.23156E-6]
50541 |usk016E03. 53 1.00917€0] 5.00000E-40233__|nubar G.OI048E1]  1.36157E4 2.875706-1| 25269865 ZOSBIEEZ  3.29096E6,
50821 [ust01 604, 5o 1O0456E0|_ 4,95000E-40-233___|nubar 5.9002E-1]  1.36524064 2.876726-1] 25282065 2.10248E2)_ 3.551196-6,
50261 justD16E02 . sdf 1,00810E0] 4,97000E-4|u-233 nubar 6, 90890E-1 1.35381E-4 2.87707E-1 2,91428E-5) 2,10020E-Z| 3.22781E-6]
22161 |ustODZE1 2,50 0.04893E-1]  5.01000E-4u 233 [nubar 68874761 1,37089E4 2.67980E-1| 2496365 236192 3.69028E6
41529 ust01 4E04. 5o 1.01403E0 5.01000E-40-233__ |nubar 5.882526-1)  1.3414564 2.87004E-1| 2 4182365 2ASOIEE-2] 3780266
30463 just006E1 3, sdf 9,95965E-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]
43008 |usEO 141550 1.00049E0_ 4,98000E-40233__|nubar E.871Z7E-1] 1,347 2.67159E-1| 24338765 Z5SE00E2 3.074BEE,
30152 usk0net 1 2.5 D.96159E-1]  5.00000E-4u233  [nubar 5.87007E-1]  1.36636E4 2.01261E-1| 25848665 21330062 3.33031E B
31145 just006E1S, sdf 9,95133E-1 4,99000E-4|u-233 nubar 6.86941E-1 1.36520E-4 2.91305E-1 2,58011E-5] 2,13511E-2| 3.33062E-6/
30811 ustOOBEL 4.5 O.MD4BE-1] 4.5B000E-4u 233 [nubar B.86G42E1] 1249134 2.013926-1| 23633865 21363862 3.0520E6,
41674 usk01 4608, oo 0165360 421000E-4/0-233_|nubar 68645661 1.90960E4 2.80251E-1] 2 371345 2512732 3.78085E6,
47402 juskD 15620, sdf 1,00318E0] u-233 nubar 6.85736E-1 2.95472E-1 1,83321E-2
1460]ust0 14603, 5F 10147260 G.01000E-40233 _ |nubar 6.85561E-1  1.33115E4 28939761 2 4312IES ZAISEEZ  3.829MEE6
32139 ust0Det 8.5 .9G401E-1] 5.00000E-4u233  [nubar 58520861 1.96631E4 29271661 260151ES ZIg4I7E2 3.99097E
31476 \ustO0BE16,5df 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]
31607 ustOOBLL7. 50 9677261 4.9B000E-4u 233 |nubar B.B1026E1  1,95657E4 2.030G0E-1| 25925665 Z16398E2  3.97354E- v
Rows i Table: 232 [ Dstrsass Precision || Increass Pracison |

Fig. 75. Values near 0.69 from VIBE with >**U filter and descending sorting for thermal sensitivities

applied to ICSBEP Handbook data.

Returning to the filter dialog, available from the ACtion menu, add additional constraints to show only

systems with *°U nubar sensitivities with values between 0.67 and 0.71, inclusive, as shown in
Once the filter is applied, the number of matching benchmarks is 33, as shown in .

3

© [muclide v [1s v| @ not bl
Ml

|Reacti0n v| |Is vl (&) Mot Mull
() hull

[LoES-0625ey | [Greater ThanorEqualto | @motndl  [0.67

0l

[LOES-0625e¢ v [LessThanorEqualte %[ @mMatmul [0.71

0 Mull

@) AllOF Th..., () Any OF These [ Basic Filker ” Advanced. .. ][ Cancel ]

Fig. 76. VIBE Filter dialog for thermal **U nubar sensitivities with values > 0.67 and < 0.71.
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IBE

Fle Action ‘Window Hleru
I =
~ D:\Dicedatatormhmf030t00 sdf A
D\ Diceldatalornyhmt025k0 1 sdf E
m D:\Dicelatalormilimt025t02. scf =
D1y Diceldatatornlict049t01 sdf
- ® hmfoaoon sdf D:\Dicedatatorniyict045t0z, sdf
& hmtozsiol sdf D:\Dicel ks ormilct049¢03, sdf
- @ hmtD2Stoz sdf D:\Diceldatahornilict049t0+4. sdf
@ ktoastot sdf D:ADicedatatorniyict045t05. sdf
& Kt099t02 s St D:\Dicel ks ormilct 045t s, sdf
- @ kct049t03.sof D D:\Diceldatahornilict049t07. sdf
@ Ict049t04 sef Bt D1 Diceldatatormilict049t08, sdf
@ 1t049L05, s @ ol 01\ Diceldat stormict049¢09, sdf
- @ Ict049t06,sf D:\Diceldatatornilict049t 10, sdf
- @ kt04sto7.sdf D:\Dicetdatatorniyict4at 11 sdf
& Kt09908 sf D:\Diceldlatstormilict 045t 12, sdf
@ kct049t09,sf D:\Diceldatatornilict049t13.sdf
@ ktoastinsdf D:\Dicetdatatorniyict4at 14, sdf
& kL0911 s Files In Tree: 251 D:\Diceldlatslormilict 045t 15, sdf
@ kctadstt2 sof D:\Diceldatatornilict049t 16, sdf
- @ ktoasttasdf D:\Dicetdatatorniyict04at 17, sdf
P DADicellata orrict 49t . <df b
Files n Tree: 282; Contained: 281 Files In List: 281
u-233 application || handbook |
Rowy Identifier k-Effective Uncertainty Muclide Reaction 1.0E-5 - 0.625 eV Std. Dev. 0.625 - 100000.0 eV Std. Dew. 100000.0 - 2.0E7 ey Std. Dev.
50541|ust016£03, sdf 1.00917E0] 5.00000E-4U-233 nubar 6.91048E-1 1,36157E-4| 2.87570E-1 2.52638E-5] 2.09816E-2] 3.24046E-6) ~
50821 |ust016t04,sdf LOMSEED| 4.99000E-4[u233  |ubar 6.00902E-1|  1.362426-4 28767261 2.52826E-5 2.102486-2 3.25114E6 b
50261 |ustD1Et02.sdf L.ODBI0ED| 4.97000E-A[u 233 |ubar 6.90890E-1]  1.35361E4 287707E-1]  2.51426E5 21002062 3.22781E6
22161 |ust00zt12, sdf 9.94893E-1 5.01000E-4U-233 nubar 6.85747E-1 1,37084E-4 2.878B80E-1 2.49636E-5] 2,32813E-2] 3.64022E-6
41528 ust014t04,sdf L.01403E0[ 5.01000E-4[u233 |ubar 6.852526-1|  1.39196E4 287004E-1]  2.41829E-5 2.450166-2  3.7802666
30453 ustD0ELL3.5df 9.96965E-1)  4.09000E4ju-233 wbar 66716661 1.36137E4 28112261)  2.57091E 21307662 3314476
43008 ust01 4t 15 sdf 1.ODD4SED| _ 4.SB0D0E-4[u-233_ |nubar 6.871276-1|  1,34768E-4 2.87I54E-1]  2.43367E5 2.55600E-2  3.97486E6
30152 |ust006E12. sdf 9.96159E-1 S.00000E-4u-233 nubar 6.87007E-1 1.36636E-4) 2.91261E-1 2.58486E-5) 2.13300E-2] 3.33031E-6
31145 ustD0Et LS. sdf 9.95130E1) 4.09000E w233 wabar G.6011E-L| 13652064 29130561 2.58011E5 21351162 3.3306266
30814|Ust00t 14, sdf 9.9404GE-1|  4.56000E-4/u-233 nubar 6.868426-1|  1.24913E-4 29139261 2.363066-5 2.136366-2 3.05204E6
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 ustD15t20%. 5 10031860 W23 |bar 5.85736E | 2954728 1 183IE2
#1450 Ust01 4t03.5df L.O1472E0 5.01000E-4[u-233_ |nubar 6.855616-1|  1.331156-4 28934761 243121E5 24918262 3.8204266
32138 |ust006E1S, sdf 9.93491E-1 S.00000E-4u-233 nubar 6.85238E-1 1.36631E-4) 2.92716E-1 2.60151E-5] 2.16417E-2] 3.39037E-6
31478 UsD0BLLE. sdf 9.95116E-1) 5.00000E4ju233 wabar 68515061 1.36461E Z9277EEl]  2.80132E5 ZI8E0EEZ 3302096
31807 ustO0et17. sdf 9.937726-1]  4.98000E-4(u-233 nubar 6.84926E-1|  1,35657E-4 2.930306-1]  2.592566-5 2.16398E-2 3.37354E6
22786 ust003t01  sdf 1.00452E0 4. 98000E-4u-233 nubar 6.81597E-1 1,33129E-4 2.93494E-1 2.48656E-5) 2,48101E-2] 3.83681E-6
7612 stDIS2 L .5 1.00505ED W23 |bar 6.74737E-| 5.054HE-1 133056E 2 ||
42083 Usti1 410, sdf 1.O0D0ZED|  4.93000E-4[u-233  |nubar 6.72703E-1|  1,26859E-4 30127461 2.5293%-5 2.585286-2 39569566 v
Rois n Table: 55 [ Decresss Procision ][ Ineresss Precision |

Fig. 77. 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. To open the benchmark SDF in Javapefio for the first benchmark shown
in the table, U233-SOL-THERM-016-003, type ust016t03 in the filter field of the handbook benchmark

set window in the center pane of VIBE, as shown in |
in the tree as long as the filter is applied. Right-click on the .sdf file name and select Open

Only the matching SDF will remain visible

in

Javapeno. After the file is read from the handbook DVD, a new tab containing the sensitivity data will
be added to the Javapefio reaction list, as shown in .

handbook

ust01et03

-0
=+ Dice
B@ data

EIE} ornl

# ust016:03,sdf

Files in Tree: 1

Fig. 78. Handbook benchmark set with filter applied.
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Reaction List |Z| |E|[z|

L233-soltherm-M 6, caze 3 |

| ER
| sorList || unsortList |
h-1 total s
h-1 zcatter

h-1 elastic

k-1 capture

h-1 ngammsa

 total

c scatter

C elastic

cnn'

Fig. 79. Javapeiio reaction list with data for >*U
application and U233-SOL-THERM-016-003.

First, plot the ?*U nubar sensitivity data for the application by selecting the application tab, scrolling to or
filtering for u-233 nubar, right-clicking on u-233 nubar, and selecting Plot In new window
from the pop-up menu, as shown in . Next, select the tab for the benchmark, filter for u-233

nubar, and double-click u-233 nubar in the list, as shown in , to add the benchmark
sensitivity data to the plot of the application sensitivity data.

Py — \ &
Reaction List |'._| |'E| E|

app. 1 - 220 gu2330 no excess acid |

U233 nu | ¥
Sort List Unzort List

W-233 nubar m POt in Besee Wincowm

Mewy Calcualtor Dislog
et Profile Infarmstion

Fig. 80. Javapeiio reaction list for plotting >**U nubar
sensitivity data for 2*U application in a new window.
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Reaction List E'E'E'

i, 1 - 220 gu33N no excess acid
u233-sol-therm-016, case 3

U-233 nu | %
Sort List Un=sort List

Fig. 81. Javapeiio reaction list for plotting **U nubar
sensitivity data for U233-SOL-THERM-016-003.

The resulting plot with the two sensitivity profiles is shown in . 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.

u-233 nubar E|E|EJ

Q.26 app. 1- 220 gu233/1no excess acid u-233 nubar .
Integral Value = 0 5990098 + 10562084 —

0z4r u233-soltherm-016, case 3 w233 nubar .
Integral Value = 09995098 + 1.335102E-4

020

Q08

005

Sensitivity per Unit Lethargy

004

oozt I | .

i ; ; . . R it ; = e,

10B05 10E04 10E03 10E02 10E0L  10E00  10E01  10E02  10B03  10ED4  10B05  10ED6  LOBO7
Energy (ev)

Fig. 82. Javapeiio plot of **U nubar sensitivities for 2*U application and U233-SOL-THERM-016 case 3.

VIBE can also query the DICE database distributed with the ICSBEP Handbook. To access the database,
the VIBE configuration must be set to identify the DICE database on the ICSBEP DVD. To update the
configuration, select Configuration and then Update Configuration.. from the VIBE File

menu, as shown in .
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FEN Ackion  Wwindow  Menu
#dd database location.., CerHL

Mew benchmarlk set, .. Chrl+m

s
Open benchmark set...  Chrl4+0 =

figuration IUpdate Configuration. ..

S Reload Configuration File

Save

Save As... Reset Configuration File. ..

Export Table, ., CEHE Reload DICE Database Sche_r?i i
N B=

Fig. 83. VIBE configuration menu.

In the Configuration Manager dialog, click Browse.. next to Database Location in the

DICE section.

Configuration Manager,

Last-Used Directaties

Open Directory

[ C:\Documents and SettingsiqoliMy Documents

Sawe Directary

Update C:\Documents and Settingsigality Documents Browse. ..

Export Directary

Update Ci\Documents and SettingsqoliMy Documents Browse, .,
DICE

Database Location

Update C:\Documents and SettingstgoliMy DocumentsiDice'databases\Hz

Schemna File

Update  S:scaled\vibe\schema.xml

Group Structures File

[#] Update  S:\scaledtvibelgroup_struckures xml
Server Port

[¥] Update  Port number

Save Cancel

Fig. 84. VIBE configuration manager dialog.

In the file chooser dialog, browse to D:\Dice\databases\H2 and click Accept, as shown in .
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ﬁccept
Look in: |@H2 V| 5] "llEl

D

My Recent
Documents

X

=

Desktop

2>

My Documents

My Computer

File name: :\Dice!databasesiHz | [ Accept ]

Iy Metwork

Places Files of type: | Al Files ) | Cancel

Fig. 85. File chooser to set location of DICE database.

Next, the DICE database is accessed to find specifications of ICSBEP benchmarks in a VIBE benchmark
set. To determine details of the all experiments from U233-SOL-THERM-016, remove the 03 from the
filter on the handbook benchmark set, as shown in . Note that there are 31 benchmarks in this
evaluation. Checking the benchmarks from the table that have ***U nubar thermal sensitivities near 0.69,
only 11 of these 31 benchmarks from U233-SOL-THERM-016 meet the criteria.

handbook:

ust0l6kt

=- D,
=25 Dice
=15 data
=55 arnl
ust016k01 , sdf
ust016E0Z , sdf
ust016E03, sdf

ust01ak04, sdf
vck L EROE AR

Files in Tree: 31 .

Fig. 86. Handbook benchmark set filtered for “ust016t.”

To find details from the DICE database for all 31 benchmarks in U233-SOL-THERM-016, select Query
DICE Database.. from the Action menu. In the DICE query dialog, select Fuel from the left
column, then check the boxes next to Fuel Concentration and Fuel Composition, as shown
in . Under Benchmark Keff and Uncertainty, select Benchmark Keff and
Benchmark Keff Uncertainty, as shown in , and then click View Data.
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g Ouery DICE Database

General Ibems [] Fuel Farm

Fuel

[] Uranium Material

Moderakor

Meutron Absorbing Material [ Plutaniurn Material

Geametry . .
Mixed of Fuel Material

Benchmark Keff and Uncertainty g e R

Energy and Speckra [] Special Fuel Material

Miscellaneous Fuel Concentration {gfL)

Fuel Composition (isotope wkakE

[ Pu (U+Pu) Ratio

[ Yiew Data ] [ Cancel ]

Fig. 87. Fuel options in DICE database query dialog.

[ ] Query DICE Database

General Items Eenchmark Keff

Benchmark Keff Lincertainty:

Meutron Absarbing Material [] Confidence Interval
Geormetry

Benchmark Keff and Uncertainty
Energy and Spectra
Miscellaneous

[ Wiew Data ] [ Cancel ]

Fig. 88. Benchmark ke and uncertainty options in DICE database query dialog.

A new table containing the results of the DICE query will be added to VIBE, as shown in . Here it
can be observed that these experiments have a U 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 and
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 approaches.
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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
. Here U233-SOL-THERM-002 case 1 is shown to have a solution concentration of 200.45 g/l.
However, TSUNAMI data showed matching ***U nubar sensitivity for U233-SOL-THERM-002 case 12
not case 1. Using another DICE query to examine all cases from U233-SOL-THERM-002, shown in @
, reveals that case 12 has a concentration of 277.585 g/l.

D1\Dice|datslorniiust16t01. sdf
D1\ Dice'\datalarnlust 016602, sdf
D:\Dice’dataiarniiust016t0%, sdf
| D1\Dice|dakalorniiust16t04. 5o
® hmf030L00.sdf D1\Dics|datsiorniiust 1606, sdf
@ hmk025t01,sdf D1\ Dicedatalornliust016t07. sdf
% hmt025t02.sdf D:\Diceldatalornliust016t08. sdf
® Ict04gt01 sdf ust 16k D1\Dice|datkalorniiust16t09,sdF
® Ict049t02.5df Son ) D1\Dics|datsiorniiusto16t10.sdF
® Ict049t03.5F 5 & Dice 3 D1\ Dice|datalornliusto16tt 1.sdf
-8 [ct045t04.50F E D:\Diceldatalornliusto16t12.sdf
- 1ct049t05. scf =5 ol D1\Dice|datalorniiusto6t1 3.sdF
® [ct049t06.5df & ustotstal.sdf D1\Dics|datsiormiiusto16t1 4,50
® IchD49t07 5df ® ust0lgtnz.sdf D1\ Dice|datalornliust16t15.sdf —
@ [ct049t08. 5df ® ust016k03.50F D\ Dicedatalornliust16t16.sdf
- 1ct049t09.scf @ usHOBH.sOF D1\Dice|datalorniiust16t17. sdf
& lcto4otin,sdf A cEA ool ¥ D:\Dice'\datalornliust 016618, sdf
# [ct049t11 sdf Files in Tree: 31 D:\Dice|\dataiormiusta16t19, sdf
@ lct49t12, sdf D\ Dicedatalornliust16tz1.sdf
@ lct049t13.sdf D\Dice|datalorniiust16t22. sdf
# Icto49t14.sdf ] Dt st 016823, sdf |
Files in Tree; 282; Conkained: 261 Files in List: 31
u-233 application | handbook | handback: 17
Row EVAL_ID CASE_ID SDF kEffective | Uncertsinty  FISS.CONC U233 U234| U235 U236 U238 KEFF | UNCERTAINTY
1|U233-50L-THERM-016 1ust016t01, sdf 1.00943E0 5.0E-4 203,98 0,975 0.01 0 0 0.014) D.BQE?‘ 0.0037 ~
2[U233-50L-THERM-016 2[usto1et0z.sdf 1.00810ED 49764 203,95 0.975 000 [ o 0,014 0.9983 0.0044 1
3[Uz33-SOLTHERM-16 3[ustO1er03.sdf 1.00317ED 5064 203,98 0.975 000 [ o 0014 o.agsﬁ 0.0038)
4|Uz33-50L-THERM-016 4|usto1et0. sdf 1.00456E0 49964 203,95 0.975 000 [ o 0014 0,992 10,0035,
5|U233-50L-THERM-016 6 ustO16E08, sdf 1.00049E0 5.01E-4 203,98 0,975 0.01 0 0 0.014] D.Qgg_ﬁ‘ 0.0034)
6[UZ33-50L-THERM-016 7 |usto1et07. sdf 1.00085E0 4994 205,95 0.975 000 [ o 0014 1.0008 0,003+
7|Uz33-50L-THERM-016 8|ust016k08. sdf 1.00086E0 4.96E-4 203,95 0.975 000 [ o 0014 10011 0.0028|
8|U233-50L-THERM-016 9 ust016E09, sdf 1.00087EQ 5.0E-4 203,98 0,975 0.01 0 0 0.014) 1 0.0027
5[U233-50L-THERM-016 10/ustO16EL0.5dF 1.00928E0 48264 203,95 0.975 000 [ o o014 1 0.003
10/U233-50L-THERM-016 11justi6tL 1 sdF 1.00850E0 S.02E-4 203,98 0.975 000 [ o 0014 0,992 0.0041
11/0233-50L-THERM-016 12ustO16t12.sdf 1.00984ED 49964 203,95 0.975 000 [ o 0014 0.9992 0.0047)
12|UZ33-50L-THERM-016 13|ustD16k1 3, sdf 1.00946E0 4.63E-4 129.85 0,975 0.01 0 0 0.014] 0.9993 0.0036 o
13[0233-50L-THERM-016 14)ust16tL4.5dF 1.00516E0 S.OIE4 129,85 0975 0.0l [ o 0014 1 0.0028)
14/0233-50L-THERM-016 15ustO16t1S. sdf 1.01156E0 5,064 129,85 0575 0.0l [ o 0014 1 0.0027)
15|U233-50L-THERM-016 16|ustD16k16, sdf 1.01285E0 5.0E-4 129‘85‘ 0,975 0.01 0 0 0.014]  0.9994 0.0031
16/U233-50L-THERM-016 17 |ust16tL 7 sdf 9.95924E 1 4.96E-4 129,85 0975 001 [ o o014 1 0.0028|
17|U233-50L-THERM-016 18|ust16k18.5dF 5.99566E-1 4964 129,85 0975 0.0l [ o 0,014 0.998] 0.0038)
18|U233-50L-THERM-016 19ustO16t19,sdF 3.99737E-1 5,064 129,85 0575 0.0l [ o 0014 1 10,0035,
19|UZ33-50L-THERM-016 21|ust1et2 ] sdf 1.01368E0 S.01E-4 129 ES‘ 0.975 0.01 0 0 0.014] 1‘ 0.0028 v
Rows in Table: 31 Decrease Frecision Increase Precision

Fig. 89. VIBE with table of DICE query results.
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u-233 application | handboaok | handbook; 1 |} handbock: 2| handbook: 3

Fow EVAL_ID CASE_ID SDF k-Effective | Uncertainky — FISS_COMNC
105|U233-500-THERM-002 1|ust00zt0l, sdf 1.00750ED 4,99E-4 200,45
132|J233-50L-THERM-004 1|ust0o4k01 , sdf 1.00461E0 5.02E-4 200,453
153|U233-50L-THERM-008 12|usk00akl 2, sdf 9.96159E-1 5.0E-4 203.8
154 |J233-50L-THERM-006 13 |usk00akl 3, sdf 9,95955E-1 4,93E-4 203.8
155|U233-50L-THERM-006 14|ust00ak14, sdf 9.,94043E-1 4,56E-4 2038
156 |U233-50L-THERM-006 15[ust00ak1S, sdF 9,95133E-1 4.,99E-4 203.8
157 |U233-50L-THERM-006 16[ust00ak16, sdf 9,93118E-1 5.0E-4 2038
158 |L233-50L-THERM-006 17 (usk00akL 7, sdF 0,93772E-1 4.93E-4 203.8
159|U233-50L-THERM-006 15 |usk00ak1 S, sdf 9,93491E-1 5.0E-4 2038
160(U233-500L-THERM-006 19(usk00ak1 9, sdF 0,99731E-1 4,99E-4 203.8
161 (U233-50L-THERM-006 20|usk00ak20, sdf 9,98518E-1 S.01E-4 2038
162 |U233-50L-THERM-008 21 |usk00ak2 1, sdf 0.97874E-1 4.93E-4 203.8
163|J233-50L-THERM-006 22 |uskO0ak2 2, sdf 9,93336E-1 5.0E-4 203.8
164 |U233-50L-THERM-008 23 |usk00RE2S, sdf 9,98317E-1 4,99E-4 203.8
165|U233-50L-THERM-006 24 |usko0atz4, sdf 9,93265E-1 4,93E-4 203.8
166 |U233-30L-THERM-006 25|usk00aEES, sdf 1.00019E0 5.0E-4 2038
173|U233-50L-THERM-012 1|usk012E01, sdf 1.001533E0 4.,85E-4 200.2
174 |U233-50L-THERM-012 Z|usk01z2k02, sdf 1.00150E0 4,93E-4 190.4
244|U233-50L-THERM-016 1|usk016k01, 5df 1.00943E0 5.0E-4 203,95

Fows in Table: 29

Fig. 90. VIBE DICE query results for all U233-SOL-THERM experiments filtered from concentrations

near 200 g/l.

u-233 application || handbook.

R EvaL_ID CASE_ID aDF k-Effective  Uncertainky  FISS_CONC U233 254 233
1 |U233-30L-THERM-002 1|ust00zeal ., sdf 1.00750E0 4,99E-4 £00.43) 0,987 0,003  0.009
2|U233-50L-THERM-002 2|usk00zt0z . sdf 9,96591E-1 2.93E-4 162,77 0,937 0,005 0.009
3|UZ233-50L-THERM-002 3|ust002t03, sdf 1.01302E0 5.0E-4 128,734 0,937 0,005 0.009
4|U233-50L-THERM-002 4|ust002t04, sdf 1.00994E0 4.91E-4 101,685 0.937 0,005 0,009
5|U233-50L-THERM-00z2 5 |usk00z2E05, sdf 1.014535E0 4,97E-4 85,173 0,987 0,005 0.009
6|UZ33-30L-THERM-002 & |ust002t06, sdf 1.00154E0 4,99E-4 Fl.443 0,987 0,003 0.009
F|U233-50L-THERM-002 7|usk002t07  sdf 9,91344E-1 S.01E-4 64,522 0,987 0.005 0.009
@ |J233-50L-THERM-002 B|ust002t03, sdf 1.00503E0 4,97E-4 55.604) 0,987 0.003 0.009
9|U233-50L-THERM-002 Q|ust002t09, sdf 9,9346%9E-1 4.95E-4 44,235 0,987 0,005 0.009

10|UZ233-50L-THERM-002 10uska0ze10, sdf 1.00751E0 5.01E-4 40,852 0,936 0,005 0,009
11(UE33-50L-THERM-00Z 11 |usk002t1 1, 5df 1.01693E0 4,97E-4 34,193 0,987 0,003 0.009
12[U233-50L-THERM-002 12|usk002t1 2. sdf 9,945393E-1 S.01E-4 277585 0,937 0,005 0.009
13[UE33-50L-THERM-00Z 13|ust002E1 3, 5df 9,95133E-1 4,96E-4 3358 0,937 0,005 0.009
14(U233-50L-THERM-00Z 14|ust002t1 4, 5df 1.00403E0 4.99E-4 189,097 0.937 0,005 0,009
15|U233-50L-THERM-002 15|usk002E15, sdf 1.01141E0 5.0E-4 117.549( 0,957 0.005) 0,009
16[UE33-50L-THERM-00Z 16ust00zt1 6, sdf 1.01533E0 5.01E-4 67,341 0,987 0,003 0.009
17(U233-50L-THERM-002 17 |usk002E1 7. sdf 1.01430E0 4,99E-4 0011 0,987 0.00%5 0.009

Rows in Table: 17

Fig. 91. VIBE DICE query results for U233-SOL-THERM-002 benchmarks.
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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, where the
TSUNAMI sensitivity data quickly reveal similarity in terms of the physics of the systems, not just the
characteristics of the compositions.

u-#33 nubar

0.301 app. 1 - 220 gu233/1 no excess acid u-233 nubar
b ntegral Value = 09990993 + 1.086205E-4
0281 - 1233-s0l-therm-002, case 1 (experiment 4) u-233 nubar
anl Integral Value = 09955316 + 1.544521E-4
026F * 1233-s0l-therm-002, case 12 {experiment 22) u-233 nubar
Integral Value = 09990077 + 1.303862E-4

024
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Fig. 92. Sensitivity profiles for 23U nubar from **U application and U233-SOL-THERM-002 cases 1
and 12.

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 (TSUNAMI Indices and Parameters) and TSURFER (Tool for Sensitivity
and Uncertainty analysis of Response Functions using Experimental Results). Remove any text from the
filter field of the handbook window in the center benchmark pane of VIBE so that all 281 benchmarks
are listed. Select Save As.. from the File menu. In this example, a new folder on C: drive called
tsunami is created. Browse to the destination directory, ensure that the file type is set to VIBE
Benchmark Sets (.vdf), and click Save. A new file called handbook.vdT will be saved to
provide easy access to the benchmarks in the ExSITE interface.
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8.5 BUILDING A TSUNAMI-IP INPUT WITH EXSITE

The TSUNAMI-IP code uses sensitivity data from benchmark experiments and target applications along
with the cross-section-covariance data to numerically quantify the similarity of a benchmark to a target
application. ExSITE is the Extensible SCALE Intelligent Input Editor, which is under initial release with
SCALE 6 to assist with TSUNAMI analyses using TSUNAMI-IP, TSURFER, and TSAR (Tool for
Sensitivity Analysis of Reactivity Responses). At the time of this writing, EXSITE is still in development,
so the version released with SCALE 6 may be slightly different than that shown here.

To begin, double-click the ExXSITE icon in the SCALE 6 shortcut menu. EXSITE is based on the
NetBeans development platform for Java, so the initial startup page provides some information on
NetBeans. To close this page, simple click the X on the Start Page tab. In future updates, this start
page will provide information on SCALE.

i Bsite 200804211638
File Edit Wiew Mavigate Faormat Wersioning Tools ‘Window Help

El % HAEBEDE I -0 § - sl "H‘
 StarkPage x| EBne=
& NelBeans y
Welcome to NetBeans IDE 6.1 ‘\

Quick Start Tuterial

What's New

Take a Tour

Add mare taals inko NetBeans IDE delivered by MetBeans team For Deskkop, Web, Enterprise, General Java Programming Swing GUls
Mobile Java development and Ruby, C/CH++, 504, UML development, Plus many third party

plugins For enhanced productivity. Web Apps Java EE T
- 59H Command Window :Process List s x
Info Clean Up

Fig. 93. ExSITE welcome page.

To begin a new input file, click the icon with the green + at the top left of the toolbar. In the input file
wizard, shown in , click Choose File and Location. In the file chooser, browse to the
directory previously created for this example, C:-\tsunami, then enter tsunami-ip.inp as the file name
and click Save. In the input file wizard, click Finish. ExXSITE will load a new blank input file named
tsunami-ip. inp and open the palette for building input files on the right side of the screen, as shown

A

in Fig. 96,

&5



gl New Scale Input File Wizard

Ed

Steps Choose Mew File Mame

1.  Choose New File Name

Scale Input File Mame:  C:\Documents and SettingsiqoliMy Documentslinputl . inp

[ Choose File and Location

= Back Mext = [ Firish ” Cancel Help

Fig. 94. ExSITE new input file wizard.

ﬁ Save

Savein: | IC3) ksunami v 2 ,3||E|
@Desktop

i My Computer
g Local Disk (C1)

& tsunami

x)

File narme: |tsunami—ip.inp | [ Save l

Files of type: |Scale Input File {.in, .inp) V| Cancel

Fig. 95. ExSITE file chooser for TSUNAMI-IP input file.




i Bcite 200804211638 |Z‘ \E|E|

File Edit Wiew Mavigate Faormat WYersioning Tools Window Help

PSS XhEDE J-e-o-g-m-W

45 Esunami-iping [V [=)(T] :palette LI

B-E- 9% Elﬁ‘ e R | EE oD = Input Specifications
I

@ shell @ Esar E Esunami-ip

Q tsurfer TS, uslstats

MyPalette
shell

tsar
tsunami-ip
tsurfer
uslstats

e s

55H Command Window Process List § x

Info Clean Up

Fig. 96. ExSITE with empty input file.

The TSUNAMI-IP input file can be built by typing directly in the input file or by double-clicking the
TSUNAMI-IP icon in the palette. In this example, the TSUNAMI-IP palette will primarily be used.
Double-click the TSUNAMI-IP icon in the palette, and the dialog for TSUNAMI-IP input will appear.
Check the box next to title, to indicate that this input will use an optional title, and enter u-233
application, as shown in . The input blocks for parameter, experiments, and
applications are required. Note that the checkboxes next to each one cannot be turned off. There
are tabs at the top of the dialog for each of these input blocks. Optional blocks for reactions,
covariance, exclusions, and HTML can be enabled as needed by checking the box next to each
one. For each box that is checked, a new tab will appear at the top of the input dialog.
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] Configure tsunami-ip

tsunami-ip | parameter || applications | experiments

Ilse; kitle: |u-233 application | Help
Descriptrve title that is used in the TSUNAMI-IF output. It must not start with read.

parameker Help
Sets the various indices and parameters svailable in TSUNAWI-IP, request output edits and set criteria values

applications Help
Lists of the files to be considered as application systers

ExpEriments Help
List of file narnes to indicate which data 1z to be considered as benchroark experiment svstemns.
Use: [ ] reactions Help
Specific nuclide-reaction pairs for which analysis with certain indices and pararneters are desired.

Use: [ ] covariance Help
List of noclide, MT naraber, and standard desiation walues. The list is nsed to create an energy-covariance roatriv,
Use: [] exclusions

ser inpt reactions to exchude from 0 anl Extenced e calculations.

Use: [ htrl Help
Crerride warious HTML output style options.

Fig. 97. ExSITE TSUNAMI-IP palette dialog.

8.5.1 Applications

Skipping the parameter data for now, click on the applications tab to add the **°U application to
the TSUNAMI-IP analysis. TSUNAMI-IP identifies applications with the path to the SDF for the desired
system. In the applications tab, click Add Applications to enable a field in which a new
application is identified. Click Choose a File and browse to the location of the SDF for the *°U
application, which is S:\scale6\primers\TSUNAMI\primers\u-233-application.sdf,
as shown in . Note that in this example, SCALE 6 is installed on the S: drive. In general SCALE
6 is most likely installed on the C: drive. Once the SDF is located, click OK to close the TSUNAMI-IP
input dialog and add initial data to the TSUNAMI-IP input file. The text of the TSUNAMI-IP input file
will appear in EXSITE as shown in .
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Configure tsunami-i

|tsunam|—|p|| patameter | applications | experiments

Add applications

[ remove J

Use: File Mame: |ners\TSUNAMI\,f|Ies\u-233-app\|cat\on.de [ Choose aFile

The file name (o1 possibly path) for an application file

Fig. 98. ExSITE applications tab for TSUNAMI-IP input with **U application.

i Bite 200804211638

File Edit Wiew Mavigate Format Versioning Tools ‘Window Help

[« +|[=)[D] |:Palette » x
1T E B! Elgl £o = Input Specifications
] =tsunami-ip @she" @tsaf Qtsunami—\p
u-233 application
El read parameter Q tsurfer M1 uslstats
end parameter
[[] read applications ;Y:Iﬂlgtte
Sivscaled) primerst TSUNAMINfiles\ u-233-application. sdf CEEsan
end applications [# tsunami-ip
[l read experiments [+ tsurfer
end experiments [+ uslstats
end
i s |

:55H Command Window |Process List

Info Clean Up

Fig. 99. ExSITE with **U application identified in TSUNAMI-IP input.
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Each of the 281 SDFs for the benchmarks also needs to be entered in the TSUNAMI-IP experiments
block. However, use of the EXSITE dialog to browse to each file would be extremely time consuming.
Recall that a final step in the use of VIBE was to save the benchmark set in the VIBE data file (VDF)
format. ExXSITE provides the ability to import a VDF for use in TSUNAMI-IP. In the EXSITE File
menu, shown in , select Open File... In the resulting file chooser, browse to the location of
the file handbook . vdf, which in this example is the same as the location of the TSUNAMI-IP input
file, C:\tsunami. Set the file type to VIBE Data File (.vdf), as shown in , select the file
handbook . vdTf, and click Open.

FEW Edit  Wiew Mavigate Format

Open File, ..

Save Chel+3
Save s,

B save al Chrl4+Shift+5

Page Setup...
Prink. ..
Prink to HTML. .,

Exik

Fig. 100. ExSITE file menu.

X)

ﬁ()pen
Laak in: |[{‘—;‘|tsunami V| 3 ,ﬂE"El

handbock,vdf

File: narne: handbook, wdf | [ Open ]
Files of tvpe: | VIBE Data File {.wdf) v Cancel

All Files

SCALE Input File {.in, .input, .inp)

WIEBE Data File {,wdf)
EXSITE Language or Cormmand File {xml)

Fig. 101. ExSITE file chooser to load handbook.vdf.

The VDF will load under MyPalette on the right side of EXSITE. Clicking the + sign next to
MyPalette will cause the palette section to open, revealing the icon for the handbook data. To add all
281 experiments to the TSUNAMI-IP input, click in the input file at the end of the read
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experiments line, then double-click the handbook icon under MyPalette. Alternatively, the
handbook data can be added to the input file by dragging and dropping the handbook icon to the end of
the read experiments line in the input file.

& Bxsite 200804211638

Flle Edit View Mavigate Format Wersioning Tools Window Help

XhgH e ;ﬁ"ﬁ"ﬁ']}ﬂ'm“

e

4% tunamiping * x| [ [=(D) [ Palette »x
B-B-QRFRIFL gUlew - Input Specfications
I @ e s
u-233 application E [l
read parameter % tsurfer TS, uslstats
end parameter
read applications 5 MyPalette
Zihocaled) primersy TSUNAMIY £ileshu-233-application. sdf [ handbook
end applications i+ shell
-] read experiments| DIEEE
D:hyDiceldataloraly kmf030600. sdf o St
i+l tsurfer
D:YDicedatalornl hmc0Z5t01. sdf T uslstats
D:YyDiceldatalornly hwt0Z5t02 .sdE
D:hvDiceldatalornlh lct049t01. sdE
D:hyDiceldatalornlh lot049t02 . sdf
D:yDiceldatalornly loc049t03 . sdE
D:hDiceldatalornll lec049t04. sdf
D:hDiceldatalornly lec049t05. sdf
D:yDicet\datalornly lec049t06 . sdf
D:4yDice'datalornly lcc049t07.sdf
D:4Diceldatalornly 1cc049t08.sdf w
w17 s
* 55H Command Window | Process List ¥ x
Irfo Clean Lp

Fig. 102. ExSITE with handbook data added to the palette and to the read experiments input block.

When the TSUNAMI-IP dialog is opened again by double-clicking on the TSUNAMI-IP icon in the
palette, the experiments tab will be populated with the 281 SDFs loaded by the VDF, as shown in
Fig. 105].
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i Co nfigure tsunami-ip

tsunami-ip | parameter || application

r
=1
[=n
o
»
o
1]
=t
=
i
2
=
in

REMOVE || #*
File Mame: |D:\Dice\datalornliust017k01, sdf Choose a File
The file name (or possibly path) for an application file.

REMOVE

File Mame; |D:\Dice\datalornliust0l 7602, sdf Choose a File
The file narne {or posshbly pathy for an application file.

REMOVE
File: Mame: |D:\Diceldatatornliust01 7603, sdf Choose a File
The file nae (or possibly path) for an application file.

REMOVE
File Mame: |0:\Dice\datalornliust017k04, sdf Choose a File
The file nawe (or possibly path) for an application file.

REMOVE
File Mame: |[:4\Diceldatalornliust0l 7E0S, sdf Choose a File
The file narne {or posshbly pathy for an application file.

REMCYE

File: Mame: |D:\Diceldatatornliust0l 7E06, sdf Choose a File
The file name (or possibly path) for an application file.

REMCYE

] L

File: Mame: |D:\Diceldatalornliust0l 7E07 , sdf Choose a File

The file name (or possibly path) for an application file. v

Fig. 103. ExSITE TSUNAMI-IP dialog with handbook experiments loaded.

Items added to the palette can be manipulated or removed by right-clicking in the palette to access a
pop-up menu, shown in .
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: Palette » x
-1 Input Specifications

{%!;}1 shell @ ksar E Esunarni-ip

@‘ tsurfer T3 uslstats

- MyPalette

[ handb| o

+ shell Copy

+ ksar

+ Esunar

+ ksurfel  pemove
+ uslstal

Sort by Tkem Mame
Refresh Palette

Hide Iterm Mames
Show Big Icons
Reset Palette

Palette Mananger...

Fig. 104. ExSITE palette with pop-up menu.

A skeleton TSUNAMI-IP input is now prepared to examine the ***U application and assess the similarity
of the 281 benchmarks distributed with the ICSBEP Handbook for the validation of this application. To
save the input at this point, click the disk icons on the toolbar. Note that EXSITE places an asterisk next
to the file name on its tab when unsaved changes have been made to a file.

8.6 EXAMINATION OF UNCERTAINTIES WITH TSUNAMI-IP

When beginning a TSUNAMI-IP analysis, it is useful begin by quantifying sources of uncertainty in the
application due to uncertainties in the cross-section data. Although the uncertainty information is
available from TSUNAMI-1D or -3D calculations, it has not yet been examined for this application. The
uncertainty analysis functionality of TSUNAMI-IP will be applied to examine the sources of uncertainty
and, therefore, potential sources of computational bias in the ***U application.

8.6.1 Preparation of TSUNAMI-IP Uncertainty Input with ExSITE

In EXSITE, double-click on the TSUNAMI-IP icon in the palette to open the TSUNAMI-IP input dialog
again. Under the parameter tab, input data are organized by functionality with subtabs. Basic
functions, such as the calculation of uncertainties, are available under the Parameter subtab. To
request uncertainty edits, select uncert and uncert_long as shown in .

General options regarding cross-section-covariance data are set in the Covariance Data subtab.
Click the box next to cov_TFix to request that TSUNAMI-IP correct any potentially missing or
corrupted covariance data, and click the box next to use_dcov to substitute default covariance where
data are not available on the SCALE cross-section-covariance data file, as shown in . Output
edits for TSUNAMI-IP are selected on the Output Edits tab. Here select html to request the
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the TSUNAMI-IP input, and then save the input file. TSUNAMI-IP will update as shown in

HTML-formatted output, as shown in . When these settings are completed, click OK to update
Fig. 104

i Co nfigure tsunami-ip

tsunami-ip | parameter |applications experiments

Parameter |C0variance Data | Outpuk Edits | Variable Input | Penalty Calculation Input | SLSTATS Inpuk

Use: [ er_long Help A
Produces extended c_output edit each application compared to each experiment.

Use: [e Help

Corpute B sralues for each application cotpared to each experiment.

Use: [a Help
Corapute G walues.

Use: []inptcase Help
Sets the SCALE fiee form reader to lesve the case of the input data as read.

Use: [la Help
HELP

Use: [ ] prtnotcy Help
HELF

Use: [ te Help

Print alld | and T(z, ) values if the app sensitivity for the particular nuclide-reaction pair is = sencuf.

Use: [te Help
Print all dE and T{E}) walues if the app. sensittvity for the particular roclide-reaction pair is = sencuf.

Use: [w] uncert Help
Comgpnrtes uneettainity in keff'due to covariance data.

1]

uncert_lang Help
Prints extended table of uncertainity in keffdue to covariance data.

<

Fig. 105. ExSITE TSUNAMI-IP input dialog for uncertainty data.

el
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i Co nfigure tsunami-ip

ksunami-ip | parameter | applications || experiments|

Parameter | Covariance Data | Output Edits | Yariable Input | Penalty Calculation Input | USLSTATS Input |

Use: [v] cov_fix Help
Beplace O and large walues on disgonal of cross-section-covarianee data.

Use: [] coverx: | 4d4groupyvcoy Help
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g e b e

Use: [] udcow: |D.E|5 Help
User-defined defanlt fractional uncertainty in eross sections

use_deoy Help
Use udaew for ruclide-reaction pairs not included on the eovariance dats file.
Use: [ | use_icov Help

Use COFARANCE input data in place of adeor value for user inpot pairs that are not on the data file.

Fig. 106. ExSITE TSUNAMI-IP input dialog for covariance data settings.
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tsunami-ip | parameker |a|:u|:u|icati0ns experiments

Parameter | Covariance Data| Output Edits | yariable Input | Penalky Calculation Input | USLSTATS Input

Use: |:| CESUMMary Help A5

Print surnrmary table chrvalues that meet or exceed the ervafie limit,

Use: |:| CSUMMnaty Help
Print surnrmary table chk walues that meet or exceed the cvelue lirit.
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Use: |:| gsurnrnary Help
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I hitrril Help
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Use: []lgal Help |
Print g walues fior fission, capture, and scatter for all nuclides for all experitaents for each application.

Use: [ lagroups Help
HELF

Use: [ lgsum Help

Print a surmary table of g fior each application for each experiment that exceeds Jevalue.
Use: [ plat Help
Produces Javapeno formatted plot {plt) files for integra values and composite sensitrvity data.
Use: [ prtcomp Help

Print "composite” of experiment sensitrvity profiles for reactions selected in REACTTIONY data block.
<

S

Fig. 107. ExSITE TSUNAMI-IP input dialog for output edit settings.
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Fig. 108. ExSITE with TSUNAMI-IP input to compute uncertainties.

8.6.2 Configure ExXSITE to Run SCALE 6

Before executing the TSUNAMI-IP input in SCALE 6, ExSITE must be configured to properly execute
it. Clicking on the arrow next to the SCALE icon on the toolbar will reveal a pop-up menu, as shown in
. Select Go to Run SCALE Configurations to specify settings for running SCALE.
Within ExSITE, multiple run-SCALE configurations can be saved to run different versions of SCALE,
run the same version of SCALE with different options, or run SCALE on remote nodes on a network. In
this example, EXSITE will be configured to run SCALE 6 under Windows using default settings. In the
Configuration dialog, shown in , ensure that the connection type is set to LOCAL, the run
command is BATCHG6, and the SCALE location is set to the root directory of the SCALE install. Here
SCALE 6 is installed on the S: drive, whereas in a typical installation, SCALE is installed on the C: drive.
Note that the configuration dialog can also be accessed by selecting Options from the Tool's menu.

2w g - oS- i

Fun SCALE with Default Configuration

Goko Fun SCALE Configurations

5| i ©

Fig. 109. ExSITE run SCALE menu.
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General Editar Fonks & Colors— Keymap Miscellaneous  55H Settings  Javapeno USLSTATS YibeOptions

Default Configuration = |

Connection Type:[ ocaL v |

Pre Run: [

Post Run: []

Run Command:
!BATCHE; ¥

kaos: & Create a new TMPDIR

m 2 MICE value For SCALE job
' d: no Directory to find the SCALE driver |

i Remove temporary directory at end of job

| P [ Print block letter banner pages in output

| e [] Print messages fram KENG, ¥SDRM, MORSE ta the screen
| ®: [] Don't return XSDRN output files

| ar no Aliases File

- | |System Directary Mame

Rataieters] | outputfile: The output File|

SCALE Location: 5:\scalet

[ Add Configuration ][ Duplicate Configuration ] Default:IDeFault ConFiguration VI

Fig. 110. ExSITE run SCALE configuration dialog.

Continue configuring EXSITE by verifying the settings for Javapefio, USLTATS, and VIBE
configurations as shown in lFig. 111|, lFig. 112!, and lFig. 113|, respectively.
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General Editor Fonts & Colors Keymap Miscellaneaus  S5H Settings Javapeno Scale USLSTATS YibeOptions

Javapeno JAR location: S:\scalesijavapenoljavapeno.jar Find Javapenao Jar

Starting Heap Size: 250

Maximum Heap Size: 500 |y

Extra Options: finHeapFresRatio=20 -%¥: MaxHeapFreeRatio=25 ||  Default Options

Advanced Options

Fig. 111. ExSITE Javapeiio configuration dialog.
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General Editor Fonts & Colors Keymap Miscellaneous  S5H Settings Javapeno Seale LSLSTATS WibeOptions

USLSTATS JAR location: 5:scalediuslstatsiuslstats. jar [ Find USLSTATS J4R
Extra Options: | | Default Cptions
Quiet Mode: [ ]

Analyze: [ |

Fig. 112. ExSITE USLSTATS configuration dialog.
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&% B e & % s w | WY

General Editar Fonts & Colors  Keymap Miscellaneous  5SH Settings  Javapeno Scale UISLSTATS YibeOptions
YIBE JAR Location: Stisealetivibevibe jar Find J4R
Max Heap Size: 51z .
Extra Options: §=reeRati0=20 - MaxHeapFreeRatio=25 | Default Options
DICE Location: [ DiceldatabasesiHzdice. data.db [ Find GICE |

Schema Location: Stiscaledivibelschema, xml Find Schema
Group Structures Location: S:\scaleslvibelgroup_structures.:ml Find Group Structures

Fig. 113. ExSITE VIBE configuration dialog.

8.6.3 Using ExSITE to Run TSUNAMI-IP

To execute SCALE, first select the tab for the input file to run. Here there is only one tab available, the
tab for the file tsunami-#p. inp. In general, more than one input file can be open at the same time,
and output files or other types of text files can be open simultaneously. To run the tsunami-ip.inp
input using the default configuration from the SCALE configurations dialog, simply click the SCALE
icon on the toolbar. When the job starts, the Process List tab will update to include the running

process, as shown in .

:55H Command Window Process List F x
Default Configuration (C:\tsunamiltsunami-ip.inp)

Fig. 114. ExSITE process list window with TSUNAMI-IP input running.
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S5H Command Window : Process List ¥ x
Default Configuration {C:'tsunami'tsunami-ip.inp) (FINISHED, Exit ¥alue: 1)

Fig. 115. ExSITE process list window with TSUNAMI-IP input completed.

8.6.4 Using ExSITE to Open TSUNAMI-IP Output

The SCALE output files are opened by selecting the desired input file tab in EXSITE, then clicking the
output button on the toolbar for the desired output format, as shown in . The plain text output file
will open in a new tab in ExSITE, and the HTML output will open in the default web browser. Here click
on the HTML output icon to view the TSUNAMI-IP output.

Open text Open HTML

output file
=@ - ﬁ - TESL ~ *”:'_’i

Fig. 116. ExSITE toolbar icons to open output files.

output file

8.6.5 Viewing TSUNAMI-IP HTML Output

The HTML output, requested with the TSUNAMI-IP parameter html, will open in the default web
browser, which is Internet Explorer in this example, as shown in .

Clicking the the hyperlink for TSUNAMI-IP will open the program verification page for TSUNAMI-IP,
where other output edits can be selected from the menu on the left, as shown in

The warning messages from the code execution can be reviewed by clicking on Messages in the menu
on the left side of the screen, then clicking on Warning Messages, as shown in . Here the
warning messages report only adjustments made in the cross-section-covariance library because use_dcov
and cov_fix were entered in the parameter data.

Under the Input Data submenu in the HTML output, the input parameters are listed, as shown in
. Here the input can be verified, and a short description of each input parameter is provided. The
Applications List, shown in , provides a brief description of each system identified as an
application. Similarly, the Experiments List, shown in , provides a brief description of
each system identified as an experimental benchmark. The edit HTML Format Options, shown in
, provides a list of options used to format the HTML output.
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E OUTPUT - Windows Internet Explorer

K 5~ | @ citsunamitsunaniip.heml

File Edit View Favorites Tools Help

W ‘ESCALE oUTRUT

[+ % |

B~ B oo~ [Frager @Toosy

.+ SCALE OUTPUT

tsunami-ip J
Select an Output Below

u-233 application

1. TSUNAMI-IP

Comments, Suggestions, User Assistance:
Contact SCALE Help
scalehelp@orml gov
or visit the SCALE website

http/svww ornl gov/sci/scale

Fig. 117. SCALE initial screen for TSUNAMI-IP HTML output.

/2 TSUNAMI-IP - Windows Internet Explorer

@ i - [ @ cotesunamitsunamicp heme TSLNAMI-IP.0001 heml

&[4[ x] [
© Fle Edt View Favortes Tooks  Help

w o [@TSUNAMHP lil

B~ B b - [hPage v (FTeok
wenrl - TSUNAMI-IP - Program Verification Information r
Information I].. > X

u-233 application Qit-*

Messages

Input Data

Results

Tools for Sensitivity and UNcerrainty Analysis Methodology [mplementation

Program Verification Information

code system scale

version 6

3

Fig. 118. TSUNAMI-IP program verification page in HTML output.
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Windows Internet Explorer

~ | @ Cytsunami\tsunami-ip. it TSUMAMIL-IP. 0001, html

v 42|12 ] |a

[E28

© Fle Edt View Favorites Tools Help

WO | @rmane

= > 3 »
o - |5k Page - iCF Tools -

General
Information

Messages
* Warning Messages
Input Data

Results

e

TSUNAMI-IP - Warning Messages __ I
u-233 application ﬂh‘

‘Warning Messages

Covariance Warnings in creating working COVERX library

WARNING: cov_fix applied for b-10 n.p
Default standard deviation data vale 0.0500 will replace 0.0000 for group 15
Default standard deviation data vale 0.0500 will replace 0.0000 for group 16
Default standard deviation data vale 0.0500 will replace 0.0000 for group 17
Default standard deviation data vale 0.0500 will replace 0.0000 for group 18
Default standard deviation data vale 0.0500 will replace 0.0000 for group 19
Default standard deviation data vale 0.0500 will replace 0.0000 for group 20
Default standard deviation data vale 0.0500 will replace 0.0000 for group 21
Default standard deviation data vale 0.0500 will replace 0.0000 for group 22
Default standard deviation data vale 0.0500 will replace 0.0000 for group 23
Default standard deviation data vale 0.0500 will replace 0.0000 for group 24
Default standard deviation data vale 0.0500 will replace 0.0000 for group 23
Default standard deviation data vale 0.0500 will replace 0.0000 for group 26
Default standard deviation data vale 0.0500 will replace 0.0000 for group 27
Default standard deviation data vale 0.0500 will replace 0.0000 for group 28
Default standard deviation data vahe 0.0500 will replace 0.0000 for group 29
Default standard deviation data vahe 0.0500 will replace 0.0000 for group 30
Default standard deviation data vahe 0.0500 will replace 0.0000 for group 31
Default standard deviation data vahe 0.0500 will replace 0.0000 for group 32
Default standard deviation data vahe 0.0500 will replace 0.0000 for group 33
Default standard deviation data vahe 0.0500 will replace 0.0000 for group 34
Default standard deviation data vahe 0.0500 will replace 0.0000 for group 335

Fig. 119. TSUNAMI-IP warning messages in HTML output.

/2 TSUNAMI-IP - Windows Internet Explorer E@@

G .y v | Citsunamittsunami-ip, htmd| TSUNAMI-IP. 0001 it v | (| %] |00 |2~
File Edit View Favorites Tools ]
W & ! 2 TSUNAMT-IP I_ B - B - @ v [rPage v EToos
General —lr. TSUNAMI-IP - Input Parameters __1f-
Information @» u-233 application G.:i:}':*
Messages
T WOrKCo" TaTST /PO IO COP e W OTKITE, CO VAT A e Gl T D [0 HE TCMr T Ui eCToT - 5
= Wi g MEscapes sencut= 0.0100 Cutoff value for ignoring low valued sensitivities in nuclide-reaction specific edit tables.
Il]pllt Data Value used in calculation of completeness parameter. Group-wise sensitivity for the application is counted as validated by the
senfac= 0.9000 ‘ L i > 3 G SN
D if the v from the exp is greater than the application sensitivity times senfac.
o Input Parameters El 2
« Applications List uncert true Computes uncertainty in response due to covariance data.
* Expa;_ﬁ:ﬂFeﬂts L?E}pﬁ uncert_long true Prints extended table of uncertainty in response due to covariance data. sets uncert to true.
« HTML Format ons
wse deov o Use user-defined defanlt covariance data, udcov, for nuclide reaction pairs not included on the covariance data file. The user-defined
Results - data will be used in the fourth penalty assessment as well as the computation of c(k) and uncertainty calculations.
User-defined default value of standard deviation in cross-section data to use for muclide-reaction pairs for which covariance data are
udcov= 0.0500 .
not available on the selected data file.
) User-defined default correlation value to use for nuclide-reaction pairs for which covariance data are not available on the selected
udcov_corr= 1.0000
- data file.
) _ User-defined default correlation in cross-section data to use for nuclide-reaction pairs for which covariance data are not available on
udcov_corr_type= zone
the selected data file. (long, zone, short)
) User-defined default value of standard deviation in cross-section data to use for fast data for nuclide-reaction pairs for which
udcov_fast= 0.0000 . .
covariance data are not available on the selected data file.
. User-defined default value of standard deviation in cross-section data to use for intermediate data for nuclide-reaction pairs for which )
udcov_inter= 0.0000 . :
- covariance data are not available on the selected data file.
) _ User-defined default value of standard deviation in cross-section data to use for thermal data for nuclide-reaction pairs for which
udcov_therm= 0.0000 . ;
covariance data are not available on the selected data file.
use_diff_groups false Allow sensitivity data files to have different energy group structures. v

Fig. 120. TSUNAMI-IP input parameters in HTML output.
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{2 TSUNAMI

Windows Internet Explorer

&

- | @ ci\tsunamiltsunami-ip htmd| TSUNAMI-TP, 0001 htral

a, | #] x| [so00e

: File: i Edit  View Favorites  Tools He.\np

W |'_’.éTsuNAM1—1P ‘__| PR B B v [hPage - ook T
General - 1r. TSUNAMIIP - User Input Applications Used in this Analysis __IF.

Information cll]j& u-233 application c'(i];**

Messages

o Warning Messages
Input Data

Input Parameters
Applications List
Experiments List
HTML Format Options

Results

User Input Applications Used in this Analysis

APPLICATION DESCRIPTION

Title: app. 1 - 220 gu233/1no excess acid

Name: app. 1 - 220 gu2331

Type: keff Format: Relative

Filename: S-\scale6'primers\ TSUNAMTI files\u-23 3 -application sdf | 238 groups = 199 Sensttivity profiles

= TSUNAMI-IP - Windows Internet Explorer

Fig. 121. TSUNAMI-IP applications list in HTML output.

@; - \@c:\tsunam\\tsunami—ip.htmd\TsuNAMI—IP.oom.html "‘ healbss |

: File Edit  View Favorites  Tools  Help

W I@Tsummm lil i~ B - - [rPage - ook - 7
General ) <l TSUNAMIIP - User Input Experiments Used in this Analysis __1* -

Information Qih—b u-233 application (li&*

Messages

o Warning Messages
Input Data

Input Parameters
Applications List
Experiments List
HTML Format Options

Results

User Input Experiments Used in this Analysis

EXPERIMENT

DESCRIPTION
Title: hmf30 - dep-u-reflected cylinder of heu and be
1 Name: hmf30 - dep-u-reflec Type: keff Format: Relative
Filename: D-\Dice\data\ornl hmf030t00.sdf | 238 groups | 164 Sensitivity profiles
Title: hmt0235, case 1
2 Name: hmt023, case 1 Type: keff Format: Relative
Filename: D-\Dice'\data\ornlhmt025t01.sdf | 238 groups | 342 Sensitivity profiles
Title: hmt023, case 2
3 Name: hmt023, case 2 Type: keff Format: Relative
Filename: D' Dice'data\ornl hmt025t02 sdf | 238 groups | 342 Sensitivity profiles
Title: 1ct049, casel, maracas, hu=2
4 Name: Ict049, casel, marac Type: keff Format: Relative
Filename: D! Dice'data\ornllct049t01.sdf | 238 groups | 228 Sensitivity profiles

Title: 1ct049, case 2. maracas_ h'u=2

Fig. 122. TSUNAMI-IP experiments list in HTML output.

105



/= TSUNAMI-IP - Windows Internet Explorer g@@

g o v | @ ciytsunamittsunamiqip. hmd| TSUNAMI-IP.0001. bt v [#2|[%] [ [[2]-

File Edit Wiew Favorites Tools Help

WA @A = B- B m o hPae - @Tods - T
General wlf- TSUNAMI-IP - HTML Format Options ___If.
Information a&{*—b— u-233 application a\,i:i‘:"'
E 3
Messages

s Warning Messages

PARAMETER | VALUE DESCRIPTION
Input Data g
bg_cl= PapayaWhip | Background color
o Input Parameters N )
« Applications List hl ci= Maroon Color used for major headings
: Exfim;: :';I;:Sgpﬁms h2 ch= Navy Color used for sub-headings
tut_cl= Black Color for plain text
Results = T =
Ink_ch= Navy Color for hyperlinks
Ink dec= none Decoration for hyperlinks (none, underline, overline, line-through, blink)
vink_ch= Navy Color for visited hyperlinks
max_ch= Red Color for maximum values in tables
cut_ch= Blue Color for vahues in tables that exceed cutoff values
ud_ch= Blue Color for values in tables that use default covariance data
ui_cl= Red Color for vahes in tables that nse user-input covariance data

udfix_ch= RoyalBlie | Color for values in tables that use default corrected covariance data

uifix_clr= Green Color for values in tables that use user-input corrected covariance data

Fig. 123. TSUNAMI-IP HTML format options in HTML output.

The Results section of the HTML output shows the results requested by the TSUNAMI-IP parameter
data. In this initial calculation, only the Extended Uncertainty Assessment is listed under the
Penalty and Uncertainty Assessment submenu, as shown in . Here the uncertainty
in kegs of the application is 1.067 % Ak/k. This indicates that to a 1o confidence, the relative bias of the
application is expected to be less than 1.067%. In this extended edit, the contributions to this uncertainty
from each covariance matrix are listed in order of descending magnitude. Here the primary contributors
to uncertainty are *°U chi, 'H elastic, and '°O elastic. Uranium-233 nubar, identified with the highest
sensitivity, is the fifth highest source of uncertainty in ket due to uncertainties in the cross sections.
However, >*U contributes four of the top six sources of uncertainty. Further understanding of the sources
of uncertainty can be gained by plotting the sensitivity data for these top contributors and the covariance
data for the same contributors using Javapefio.
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o 1 efastic I elastic
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2530 nubar 253U nubar
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U fission 'U fission
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g n.gamma g n_gamma

the standard deviation of keff ( % dk/k ) is: 1.067E+00 & 3.676E-04 percent
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Values colored Blue represent default covariance data
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-~
Applications

+ Application #1
app. 1- 220 gu2331

Fig. 124. TSUNAMI-IP extended uncertainty edit in HTML output.

8.6.6 Viewing Sensitivities and Uncertainties with Javapefio

Returning to Javapefio, which will still have the data files open from Sect. 8.3, prepare a plot of the top
six contributors to uncertainty for the *°U application, as shown in . To view the uncertainties in
the cross section, use Javapefio to open the 44groupcov covariance file, which is available in the
S:\scale6b\data directory. Select Open Dataset.. from the Javapefio Fi le menu; then browse
to the 44groupcov file, as shown in ; select the file; and click Open. To plot the standard
deviation of U chi as a function of energy, right-click on the covariance matrix u-233-chi to
u-233-chi and select Plot Std. Dev. By Energy in New Window, as shown in .
To add the other standard deviations to same window, right-click the desired matrix and select Plot

Std. Dev. By Energy, as shown in . The standard deviations for the six top contributors to

uncertainty in the *’U application are shown in Fig. 129.

Examining Figs. 125 and 129 together, it can be observed that U chi and **U nubar have the highest
sensitivities, followed by the high-energy sensitivity for 'H elastic scattering. However, *°U n,gamma
has the highest uncertainty in the fast region. In a prototype version of Javapefio, to be released through
the SCALE website after the release of SCALE 6, the sensitivities shown in can be multiplied by
the uncertainties shown in to form an energy-dependent approximation to the uncertainty in Keg
due to uncertainties in the cross sections, as shown in The data shown in this plot are
approximate because only the standard deviation in the cross section is considered. The off-diagonal
terms of the covariance matrices are neglected. However, these types of approximate plots provide
insight into the energy dependence of the uncertainty. In , the uncertainty of ke due to U chi,
using the unconstrained chi calculation, is observed at high energies. There is also a significant
contribution from 'H and '®O elastic at high energies. Although this is a thermal application, the
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U n,gamma, nubar, and fission contributions to Ke uncertainty arise from cross-section uncertainties at
both thermal and intermediate energies.

Exercises of this type are useful in understanding potential sources of bias caused by errors in the cross
sections. Validation of the application with similar critical experiments, where available, will quantify
the value of the bias within the bias uncertainty.

B u-233 fission

045 i 2l

app. 1- 220 gu233/ no excess acid u-233 chi b

Integral Value = 10 + 1 204349Fd  ——— o

040t app. 1- 220 gu233/l no excess acid h-1 elastic = d

’ Integral Value = 0.7932732 + 00043885 —————— o
app. 1- 220 gu233/l no excess acid o-16 elastic

Integral Value = 0.1585692 + 5 26328E4 oS

0357 app. 1- 220 gu233/A no excess acid w-233 ngarmrma T 1

Integral Value = -0.09228535 + 3992553E5

Q app. 1- 220 gu233/ no excess acid u-233 nubar o
a 030 Integral Value = 09589998 + 1 0656208E4 ——— -+ 7
,E 220 gqu233/ no excess acid u-233 fission
7] Integral Value = 0.2030836 + 3.843797E-4
=~ 025
=
=) L
o 0.20
U
=1
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=
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=
k)
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.00
005 1

1 1 1 1 1 1 1 1 1 1 1 1
10E05 1.0E-04 10E03 10E02 10E0L 1.0EOD 1.0EOL 1.0EO2 1.0EQ3 1.0E04 1.0EQS 1.0E0S 1.0EO7
Energy (V)

Fig. 125. Javapeiio plot of sensitivities from ***U application for top six contributors to uncertainty.
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Fig. 126. Javepeiio file chooser to open “44groupcov” covariance file.

Reaction List :

a0, 1 - 220 U233 N0 excess acid

wirec ornl-1052008
[ER

Sort List [ unsortlist |

U-233-nubat to u-233-nubar
u-233-total to u-233-total
u-233-nn'to u-233-n,n'
U-233-n,2n to W-233-n,2n
U-233-fizsion to u-233-fission
U-233-n gamma 1o u-233-n garmma
U-233-elastic to u-233-elastic
u-233-elastic to u-233-total
u-233-elastic to w-233-n,n'
u-233-elastic to W-233-n,2n
U-233-elastic to u-233-fizsion
u-233-elastic to W-233-n gamma
U-233-n gatmima to u-233-total
u-233-fizsion to u-233-total
u-233-fizsion to u-233-n gamma
pu-240-fission to u-233-fission
pu-241 -fizsion to u-233-fizsion

U hito i
Plat in Meswe Window:

Mewy Calcusitor Dislog
Plot St Dew. By Group in Mesy Winclosw

iy Eneray in Mew v

Fig. 127. Plotting standard deviation of cross-section-covariance
matrix in a new window using Javapeiio.
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Reaction List
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=]
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rh-103-elastic to rh-103-elastic
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b i
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h-1-total to h-1-n gamma Flat Stol. Dev. By Group

Plot
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Fig. 128. Plotting standard deviation of cross-section-covariance
matrix using Javapefio.
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Fig. 129. Javapeiio plot of standard deviations of cross sections for U application.
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Fig. 130. Energy-dependent uncertainty plot created with post-SCALE 6 Javapeiio.

8.7 EXAMINATION OF GLOBAL SIMILARITY WITH ¢,

A widely used index for similarity assessment is the correlation of K uncertainties, known as ¢,. The ¢
index quantifies the amount of shared uncertainty in the K¢ values of an application and a benchmark due
to cross-section uncertainties. A Cx value of 1.0 means that the uncertainties for the application and the
benchmark are all generated from the same nuclides and reactions at the same energies, whereas a Cy
value of 0.0 means that uncertainties of the two systems are completely unrelated. To request the
calculation of ¢y values from TSUNAMI-IP, simply add the letter ¢ to the TSUNAMI-IP input. With ¢
added to the input, TSUNAMI-IP will calculate the ¢y values so they will be available for use in output
edits or as screening criteria for other assessments. However, the c¢ values will be printed only if an
output edit is requested. If all ¢, values are desired, enter values in the parameter data. If only a summary
of values that exceed a threshold criteria is desired, enter csummary in the parameter data. In the
summary edit, only experiments with ¢, values that meet or exceed the value set with the cvalue=
parameter are listed. By default, the threshold criterion is set to 0.9, so only experiments with a similarity
to the application of at least 90% will be listed.

To request TSUNAMI-IP to calculate and print the ¢y values through ExSITE, either type ¢, csummary,
and values, in parameter block of the input, or toggle these parameter inputs using the palette. A
convenient way to directly access the parameter palette is to open the subpalette for TSUNAMI-IP by
clicking on the + next to tsunami-ip near the bottom of the palette, then drag the TSUNAMI-IP
palette icon parameter into the parameter section of the input file, as shown in . A palette
dialog will open that shows only TSUNAMI-IP parameter data. In the Parameter subtab, check the
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box next to C, as shown in . In the Output Edits subtab, check the boxes next to csummary
and values, then click OK. ExSITE will update the TSUNAMI-IP input as shown in .
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Fig. 131. Opening TSUNAMI-IP parameter palette in ExSITE.
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Fig. 132. ExSITE palette dialog for TSUNAMI-IP parameter input.
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Fig. 133. ExSITE with TSUNAMI-IP input updated to compute and print c, values.

113



To rerun the input with the updated parameters, click the SCALE icon. When the process list indicates
the job is complete, refresh the HTML output to view the additional output edits. As shown in ,
the Results section now contains a new submenu for Global Integral Indices. Here the
Integral Index Values edit shows the results for each experiment compared to the application.
This is the output edit requested with the values parameter. If more than one application had been
input, the menu on the right side of the browser would provide access to the output edit for each
application. The columns of the values output table can be sorted by clicking on the column heading. For
each experiment, the values table lists the experiment number, ordered according to the input listing; a
descriptor for the experiment, which in this case is the title record from the SDF; the type of sensitivities
coefficients on the file, which are all ket sensitivities in this case; the value, which in this case represents
the computed ke values from each SDF; the uncertainty in the computed value due to cross-section-
covariance data, which is present because uncert is included in the parameter input; and the ¢y value of
the experiment compared to the application.

In , the first ¢, values listed compare the **’U application to HEU-MET-FAST experiments and
provide Ci values near 0.0. These are expected results because these experiments have almost no features
similar to those in the application. Sorting the results by ¢, value in descending order reveals the
experiments that are most similar to the application. As shown in , the most similar experiments
are from the U233-SOL-THERM-013 and -016 evaluations and have c¢ values very close to 1.0.
However, in the output edit, the title on the SDF does not show the case number. The exact case can be
identified in the Applications List edit under Input Data, or the TSUNAMI-IP parameter
input usename can be input to identify the experiments and applications according to their filenames
instead of the title on the SDF.

From the listed in ¢y values, it is evident that there are many experiments with high, ¢, > 0.9, similarity to
the application. To view only those experiments, use the Cx Summary edit, shown in . Here
there are 198 experiments with ¢, > 0.9. Each of the experiments is listed in the output along with its ¢y
value relative to the application.
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Fig. 134. TSUNAMI-IP integral index values edit in HTML output.
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Fig. 136. TSUNAMI-IP ¢, summary edit in HTML output.

8.8 EXAMINATION OF NUCLIDE-REACTION-SPECIFIC SIMILARITY

Additional capabilities are available in TSUNAMI-IP to assess similarity on a nuclide-reaction-specific
basis and to identify specific components of the target application that are not validated by available
benchmarks. If inadequacies in the benchmark set are identified, the characteristics of experiments that
meet the validation requirements of the target application can be determined from the TSUNAMI data,
and optimized new experiments can be designed. Several options are available in TSUNAMI-IP to
examine similarity or coverage in terms of sensitivity and uncertainty criteria for individual nuclide-
reaction pairs.

The integral index “g,” referred to as “little g,” determines the coverage of a nuclide reaction in terms of
the amount of overlap the experiment sensitivity profile provides relative to the corresponding sensitivity
profile of the application. This index is normalized between 0 and 1, where O indicates that the
experiment provides no coverage for the nuclide reaction, and 1 indicates that the experiment is at least as
sensitive as the application in every energy group. If the sensitivity of the experiment exceeds that of the
application, the little-g index will still give a value of 1, as it does not consider overcoverage as reducing
similarity. To request little g, enter Ig in the TSUNAMI-IP parameter data or in the palette dialog, as
shown in .

The extended ¢y edit offers two means of interpreting similarity in terms of uncertainty information. First,
the ¢y contribution edit details the amount of the overall ¢, between a given experiment and application
from each covariance matrix. The sum of the individual contributions is the ¢, value. It is instructive to
examine the ¢y contributions of the application compared to itself to see the values of ¢y contributions
from an experiment with an ideal ¢k of 1.0. Any change in the ¢y contributions between an experiment
and the application indicates a reduction in similarity. To facilitate the examination of the ¢y
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contributions for the application compared to itself, the first edit available in this output section is for
experiment O, the application.

To provide an easier means of examining nuclide-reaction-specific coverage, the individual ¢y index was
added to TSUNAMI-IP for SCALE 6. The individual ¢ is computed with the same data as ¢, but it is
independently normalized between —1 and 1 for each nuclide-reaction pair. It has an advantage over the
little-g index in that overcoverage by an experiment will reduce similarity as will undercoverage. It also
has an advantage over the Cy contribution in that similarity in terms of each nuclide reaction in the
application for each experiment is normalized from —1 to 1.

To request the extended ¢ edit, which includes both the ¢, contribution and the individual ¢, for each
experiment compared to each application, enter ¢_long in the TSUNAMI-IP parameter data, as shown in
h.

ExSITE with an updated TSUNAMI-IP input to use SDF file names in output edits, usename; compute
little-g values, 1Q; and compute ¢ contributions and individual ¢, values, c_long, is shown in .
Save this input file and execute SCALE to compute the new results.
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Fig. 137. ExSITE TSUNAMI-IP parameter palette dialog
with selections for nuclide-reaction-specific similarity.
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Fig. 138. ExSITE with TSUNAMI-IP input updated to include nuclide-reaction-specific similarity
assessments.

8.8.1 Littleg

Refreshing the HTML output after the job completes reveals a new submenu in the Results section,
Nuclide-Reaction-Specific Integral Indices. This submenu contains two edits, one for
Nuclide-Reaction-Specific Integral Index Values, which contains little g, and
Extended cx Edit, which contains the ¢, contribution and individual ¢, values. Examining the
Nuclide-Reaction-Specific Integral Index Values reveals the edit shown in .
Here the little-g values are shown for all nuclides with fission, capture, or scatter sensitivities exceeding
0.01 in magnitude in the application. The first edit is for “experiment 0,” the application compared to
itself. Here by definition all little-g values are 1. The double menu on the right side of the browser
provides access to edits of all combinations of applications and experiments. The top menu provides a
shortcut into the bottom menu. Clicking on an application in the top menu will set the bottom menu to
that application. Selections in the bottom menu control the data that are displayed in the center pane of
the browser. Selecting the data for “Experiment #246” produces the output shown in .
Experiment #246 is U233-SOL-THERM-016 case 3, which was previously examined with VIBE and
Javapefio in Sect. @, and has a very high ¢, value of 0.9946 relative to the U application. For little g,
sensitivity for 'H scatter has the largest magnitude, and little g demonstrates fair coverage with a value of
0.8459. The sensitivity with the second highest magnitude is *’U fission, and little g demonstrates
excellent coverage with a value of 0.9947. The ~85% coverage of the application by the experiment for
'H scatter can be visualized using Javapefio, as shown in , where the sensitivity of the application
exceeds that of the experiment in the fast region. The inability of little g to identify overcoverage is
demonstrated in , where the experiment is more sensitive than the application, especially in the
thermal region. For U fission, the little g value is 0.9947, indicating almost complete coverage.
However, any bias in thermal region could be exaggerated in the experiment relative to its use in the
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application. It is conceivable that these exaggerated biases in *°U fission could mask biases in other
nuclide reactions in the application.

To request little-g edits for nuclides and reactions other than those shown in the Nucl ide-Reaction
Specific Integral Index Values edit, the Igall parameter can be used to display fission,
capture, and scatter little-g values for all nuclides, or the reactions block can be used to identify
nuclide reactions for further analysis with little g. These specifications will not be further reviewed here,
but they are documented in the TSUNAMI-IP manual.

@
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Fig. 139. TSUNAMI-IP nuclide-reaction-specific integral index values for 23U application compared to
itself in HTML output.
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Fig. 140. TSUNAMI-IP nuclide-reaction-specific integral index values for ***U application compared to
U233-SOL-THERM-016 case 3 in HTML output.

u-233 fission

020

0l6r

Q08T

Sensitivity per Unit Lethargy
=

0041

1233-sol-therm-016, case 3 h-1 scatter

Integral Value = 0671554 + 0004345509
app. 1- 220 gu233/1 no excess acid h-1 scatter
Integral Value = 0.7932733 + 0.0043883

0.00

10E05 10E-04

1.0E-03 10E-02 10E01

1.0E00

10E01

Energy (eV)

10E02

1.0EDS

1.0E0G

10E07

Fig. 141. Javapeiio plot of 'H scatter for ***U application and U233-SOL-THERM-016 case 3.
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Fig. 142. Javapeiio plot of **U fission for **U application and U233-SOL-THERM-016 case 3.

8.8.2 Extended cy

The Extended c output edit includes both the ¢, contribution and individual ¢, edits. Like the little-g
edit, the extended ¢k values are controlled with a double menu on the right side of the browser. Also like
the little-g edit, Experiment #O0 provides the values for the application compared to itself, as shown in
. Here, as in the extended uncertainty edit, the values are listed by covariance matrix in order of
descending magnitude of ¢y contribution. Because the ¢y values are based on uncertainties, where the
experiment is compared to itself, the extended cy table will be in the same order as the extended
uncertainty edit. In the ¢y contributions edit, the individual values sum to the ¢ value. In the case of the
application compared to itself, the ¢ value, and thus the sum of the ¢y contributions, is 1.0.

The individual ¢y values for the application compared to itself are all, by definition, 1.0. However, there
are no individual ¢, values for the cross-reaction or cross-nuclide-covariance data, such as **°U elastic to
233 , . . . . .

U n,n’, shown in . Also note that these cross-covariance matrices often produce negative Cg
contributions due to the shared uncertainty of two reactions. The common uncertainty can be double
counted unless the cross-covariance matrices are used to remove the duplication of uncertainty.

Examining the extended ¢ edit for the **U application compared to U233-SOL-THERM-016 case 3,
shown in , it can be seen that the top contributors to Cy are the same as those for the application
compared to itself. Also, the magnitudes of the contributions are very similar to those of the application
compared to itself. These similar contributions to Cx as the “ideal experiment,” the application itself, lead
to the high ¢, value of 0.9947. Also, the individual cy values are all very high at nearly 1.0. Thus,
although the sensitivities differ in some energy ranges, when weighted with the covariance data including
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significant correlations between energy groups, the impact of the sensitivity differences on the
uncertainty-weighted similarity assessment is minimized.
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Fig. 143. TSUNAMI-IP extended c, edit for **U application compared to itself in HTML output.
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Fig. 144. TSUNAMI-IP extended c, edit for U application compared to U233-SOL-THERM-016 case 3

in HTML output.
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9. BIAS ASSESSMENT WITH ¢, TRENDING

The bias and bias uncertainty for the ***U application can be determined through a trending of ¢, values
using the statistical techniques documented in NUREG/CR-6698, Guide for Validation of Nuclear
Criticality Safety Calculational Methodology— and the computer code USLSTATS! 2 Because the Ck
measures the similarity of a benchmark experiment to an individual application, a separate trending
analysis must be conducted for each application of interest. This differs from the trending techniques
presented in NUREG/CR-6698, where the bias and bias uncertainty are determined as a function of the
specified trending parameter, and then the bias and uncertainty functions are evaluated at the value of the
trending parameter corresponding to each design system that falls within the range of applicability of that
parameter. Due to the definitions and normalizations of Cy, when used as a trending parameter, the
evaluation of the bias and uncertainty will always occur at the trending parameter value of 1.0, which
corresponds to the application. Furthermore, all benchmark experiments will have a ¢, value <1.0 in
relation to the application. Thus, the evaluation of the bias and uncertainty will always require some
degree of extrapolation outside the range of the trending parameters. The evaluation of the computation
bias is achieved through linear regression of the ke values, but the uncertainty in the bias is a nonlinear
function whose value will increase as the extrapolation from the experimental data increases.

9.1 USLSTATS TRENDING ANALYSIS

A new interactive version of USLSTATS was released with SCALE 6. USLSTATS 6 supports a new
input format, similar to other SCALE modules, and TSUNAMI-IP can generate USLSTATS input files
for subsequent trending analysis. A discussion of the methodology of USLSTATS is beyond the scope of
this document but can be found in NUREG/CR-6698.

9.1.1 Generating USLSTATS Input Files with TSUNAMI-IP

To request TSUNAMI-IP to generate a USLSTATS input file for each application using the ¢, values for
all experiments, enter the keyword uslstats in the parameter data. To include only experiments with Cy
values exceeding the “cvalue” threshold criterion, enter uslsummary. These parameters are available in
the EXSITE palette dialog for TSUNAMI-IP input under the USLSTATS Input subtab, as shown in

Fig. 143

Alternatively, the auto-completion feature of EXSITE can be used to assist with the input preparation.
Pressing Ctrl-space while typing in the input file will activate the auto-completion menu. As shown in
, when U is entered in the text file, all valid input parameters that begin with u will be listed in the
pop-up menu. Using the arrow keys to navigate through the dialog will present additional information
about each keyword. To use the selected keyword in the input, press Enter when the keyword is
selected.

Once uslstats and uslsummary are added to the input file, run the case again. Where the TSUNAMI-IP
input file is tsunami-ip.inp, the USLSTATS input files are stored in a new directory called
tsunami-ip.uslstats, as shown in . Two USLSTATS input files were generated in this
calculation. The file tsunami-ip_0001_ck 0001.usl contains all ¢, values relative to the
application. If there was a second application in this analysis, a second file called tsunami-
ip_0002_ck_0001.usl would be generated to trend the ¢y values for the all experiments relative to
the second application. The USLSTATS input file generated with only ¢ values exceeding the “cvalue”
criterion is named tsunami-ip_0001_ck_ sum_0001.usl.
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Fig. 145. ExSITE palette dialog for TSUNAMI-IP USLSTATS input parameters.
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Fig. 146. ExSITE auto-completion for TSUNAMI-IP parameter data.
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Fig. 147. Location of directory containing
USLSTATS input files generated by TSUNAMI-IP.
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Fig. 148. USLSTATS input files generated by TSUNAMI-IP.

9.1.2 Use of USLSTATS to Determine Bias and Bias Uncertainty Values

USLSTATS can be opened from EXSITE with the input file preloaded by selecting the USL icon in the
ExSITE toolbar, as shown in Fig. 149.

Launch
USLSTATS

d-w-a-g-oe -y

Fig. 149. ExSITE toolbar icon to launch USLSTATS.

USLSTATS will open with the two input files loaded, as shown in Fig. 150. USLSTATS uses a nested
set of tabs to identify cases and the associated input and output files. The upper level of tabs is used to
select the case, and the lower level of tabs is used to select the input and output files. The tsunami-
ip_0001 ck sum_0001.usl file, shown in , uses the default settings for the parameter data.
These data can be edited directly in USLSTATS, or TSUNAMI-IP can be rerun with modified parameters
for USLSTATS input file generation. To execute the USLSTATS analysis using the default parameters,
select the desired input file and select Analyze File from the Action menu, as shown in Fig. 151|.
When the calculation completes and the output loads, USLSTATS will update as shown in Fig. 152.
Note that the upper tsunami-ip_0001_ck_sum_0001 tab now contains three files, the .usl input
file, the .out text output, and the .html HTML output. Also, the top level of tabs now contains an
additional tab for Plots. Clicking on the tab for plots will load the plot files in the applet version of
Javapeiio within the USLSTATS application, as shown in . Note that under the PIOts tab, the
Javapefio applet contains an additional submenu to control Javapefio. To close the data list on the right
side of the plot, select Hide Reaction List from the Javapeiio Window menu, as shown in

Fig. 154
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USLSTATS - Oak Ridge Mational Laboratory

File Wiew Action Options

tsunami-ip_0001_ck_0001 tsunami-ip_DDDI_ck_sum_DDDl|

tsunami-ip_0001_ck_sum_0001 ,usl

=uslstats e
tsunami-ip cik) »>= 0.9000 trend for S:%scalef’ primers) TSUNAMIL\files\u-233-application
read parameter
p= 0.999 =
one_minus_gamma= 0.950
alpha= 0.950
¥min= 0.000
¥max= 1.000
Siga= —-1.000
adwin wargin= 0.050
tsunami
end parsgeter
read data

0.9249 1.0053 0.0031
0.9694 1.0023 0.0030
0.9027  0.9865 0.0030
0.9575 0.9956 0.0030
0.9285 0.9895 0.0030
0.9654 0.933% 0.0030
0.9470 0.9866 0.0030
0.9729 0.59833 0.0030
0.96831 0.9335 0.0030
0.9639 0.59333 0.00z29
0.9775 0.5840 0.0030
0.9453 0.9936 0.0030

Fig. 150. USLSTATS with input files loaded.
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SLSTATS - Oak Ridge National Laboratory ]

File Wiew RSN Options

=

ksunammi-ip_ nami-ip_0001 _ck_surn_0001 |

tsunami-ip_0001_ck_sum_0001.usl

=uslstats
tsunami—-ip c(k) »>= 0.9000 trend for 3:\scaleghprimers' TSUNAMIYfiles'u-Z33-application
read parsmmeter
p= 0.999 _
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end parameter

read data
0.9249 1.0053 0.0031
0.9694 1.0023 0.0030
0.%0z7 0.9865 0.0030
0.95%75 0.9%56 0.0030
0.%295 0.598%5 0.0030
0.%894 0,9859 0.0030
0.9470 0,9566 0,0030
0.9729 0.9838 0.0030
0.9651 0.9835 0.0030
0.9639 0.9833 0.00z29
0.9775 0.9540 0.0030
0.94583 0.993¢6 0.0030

Fig. 151. USLSTATS action menu to analyze files.

USLSTATS - Oak Ridge National Laboratory

File Wiew Action Options
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o A e e e e e e i e e e e e S e e i e e e i i i e e i i e e e e e e e e e e e i i
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Oak Ridge National Laboratory
ool o o o o o o o o o o o o o
Date of analysis: January 21, 2009
Time of analysis: 12:42:11 PH
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tsunami-ip ci{k) »>= 0.9000 trend for S:hscalef) primers) TSUNAMI\files\u-233-application
read parsmeter
p= 0.999
one_minus_gamma= 0.250
alpha= 0.950
Xxmin= 0.000
xmax= 1.000
Siga= —1.000
admin margin= 0.050

| <€

Fig. 152. USLSTATS with text output showing.
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USLSTATS - Oak Ridge National Laboratory

File Wiew Action Options

tsunani-ip_0001_ck_0001 | tsunami-ip_0001_ck_sun_0001 | Plats |

File Options Format  Window  Help

 bsunami-ip c(k) >= 10,9000 trend For S:\scales|primers|TSUMAMIIFilesiu-233-apphcation | Feunami-ip ck) == 0.9000 trend for 57\ scaleeyprimersy TSLNAMIfilesiu-233-application |
| En
>= 0.9000 trend for 8:scale6 ' primers’ TSUNAMI fil [ — o
103F . r , : -
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USLi1 USL(1]
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k-eff
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Fig. 153. USLSTATS with plot showing.

B UsLSTATS - Dak Ridge Mational Laboratory

File Wiew Action Options

tsunani-ip_0001_ck_0001 | tsunami-ip_0001_ck_sum_0001 | Plats |

File Options  Format

tsunami-ip ck) == 0,901 = 0.9000 trend For 5:scalesprimers) TSUMAMIfiles\u-233-application

[
= 0.9000 tre tsunami-ip clk) == 09000 trend for S:BcaIeB\primers\TSUNAMI\fiIeswl-l?33-applicaﬁon Sort List ][ Un=ort List
E T T T T —
1.03 ! k-eff values
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Lo1 LUSL(1)
LUSL(2)
1.00
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— .
L
QIJ 0.58 }
= o7l |
096 |
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e L.

Fig. 154. USLSTATS with Javapeiio applet window menu.
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USLSTATS - Oak Ridge National Laboratory

File Wiew Action Options
ksunari-ip_0001_ck_0001 | ksunarmi-ip_0001_ck_sum_0001 | Flots
File ©Options  Format  Window  Help
{ Esunami-ip c(k) = 0.9000 krend For 5:iscaledprimers| TSUMAMI|Filesiu-233-application |
tsunami-ip ¢(k) >= 0.9000 trend for S:\scale6' primers' TSUNAMI ' files'u-233-application
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k-eff values *
102F Ko 00 ——
kix) - wix)
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e
08B T T
*
[T i
"‘QI'J 0S8
= oot 1
055 b
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Fig. 155. USLSTATS trend plot for experiments with c, > 0.9 for B30 application.

The values of the computational bias and bias uncertainty can be determined from the equations for the
linear fit of Key, “k(x),” and the quadratic bias uncertainty, “w(x),” by evaluating these functions at
x =1.0. Recall that the trending parameter, X, is Cx and that a ¢, value of 1.0 is the extrapolation to the
application. Also, a table of values can be created using Javapefio, and the values can be read from the
table where ¢, = 1.0. To create a table of values in Javapeilo, right-click on the plot and select Create
Table, as shown in . Extracting data from the last row of the table shown in , k(1.0) is
the bias with a value 1.00497% Ak/k. The bias less the bias uncertainty for the 95/95 confidence interval
requested with the default parameter data, k(1.0) — w(1.0), is 0.987975% Ak/k. The difference of these
two values gives the bias uncertainty, w(1.0), with a value of 0.016995% Ak/k.
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USLSTATS - Oak Ridge National Laboratory:

File Wiew Action Options
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tsunami-ip cik) == 0.9000 trend For 5:\scaledprimers TSUMAMIfilesu-233-application |
tsunami-ip ¢(k) >= 0.9000 trend for S:\scale6' primers' TSUNAMI ' files'u-233-application
103 F T T T T T T T T N T —
k-eff values
102fF kix)
kix) - wix)
UL
USR2)
) *
¥ I
4 J
Format Options
OonaF Set Titles .
Set Ranges
LEsr Format Axes 1
084 Fill Plat ]
_______ o .----+--  Reload Plot
QB3I 7
: ; ; ; ; ; Perform Operations f—
051 052 093 054 085 058 Update Configuration File =] 100
Trending Parameter, x Apply Corfiguration File to the Plat
Add Constant ——

Fig. 156. USLSTATS with Javapefio pop-up menu.

B UsLSTATS - Dak Ridge Mational Laboratory
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Fig. 157. USLSTATS with Javapeifio table of results.
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The same procedure can be repeated for the USLSTATS input that includes all ¢, values, or the cvalue
criterion can be changed in TSUNAMI-IP to include more or fewer experiments.

9.1.3 Improving Results by Including Experimental Values

In the preceding analysis, a few assumptions were made, which can be improved through the use of
VIBE. First, the experimental Kes was assumed to be exactly 1.0 for all experiments. Although many
experimental cases in the ICSBEP Handbook do have experiment K values of 1.0, many others have
values slightly above or slightly below 1.0. 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 can be replaced with the actual values.

If VIBE was closed from the previous exercises, it can be easily reopened from within EXSITE by
pressing the VIBE button on the toolbar, as shown in Fig. 158.

Launch VIBE

d--m-m-gg - vs-|if

Fig. 158. ExSITE toolbar icons to launch VIBE.

Once VIBE has launched, the previously saved benchmark set for the handbook SDFs can be loaded by
selecting Open benchmark set.. from the Fi le menu, as shown in , then browsing to the
location were the handbook . vdT file was saved. In this case the .vdf file was saved in C:\tsunami .

After selecting the file, as shown in , click Open.

B viBe
FEN Action  Window  Menu

Add database location... e+l v |

x

Mew benchrark set. .. Cerl-+r
Open benchmark sek...  Chrl+O
ConFiguration b
Exit

Fig. 159. VIBE file menu item to open an
existing benchmark set.
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Please select the benchmark file to lnad...

Look in: |[E:|tsunami V| .3 }3||E

|7 applet_resources
|5 ksunami-ip. htmd
My Recent [EJ tsunari-ip.uslstats
Dacuments El handboo f

= g
\\/ 2 \@i
]
=)

My Docurments

@

My Cornputer

m

File name: |handbcu:k.vdf | [ Dpen ]
Iy Metwork,

Places Files of Eype: |'u'IBE Benchmark Sets (*.vdf) “ | Cancel

Fig. 160. VIBE file chooser to open the handbook benchmark set.

When the benchmark set loads in VIBE, perform a DICE query to list the benchmark ke and benchmark
ket uncertainty, as shown in Fig. 161

File Action ‘Window Menu

— D\ Dice’idataornfhmAO30L00, sdf -~

handbook CEX D1 \Dicedatslomihmt0zStoL s
Y D:\Dicedataarnlhmt02stoz, sdf X
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=] D D D\ Dicedatalornlckn4gtz, sdf W |
=] E) Dice D:\Dicedatalornlckn49t03, sdf
=i data D1\ Dicetdata ornhickn49t04, sdf
3 orml D:\Dicedatalornhicti45t0s, sdf
D:\Dicedata)ornlct04 9006, sdf
Query DICE Database |§| D:\Dicedatalornllct04ot07, sdf
— D:\Dicetdatalornhlct049t08, sdf
Eeﬂleral Items Benchmark Keff D+ Dicedatalornlckn4t0g, sdf
el e e e A b Yl i vy D:\cha\data\ornl\\ctuwt 10,sdf
Maderatar Renchmark kert Hncertainty D\ Diceldataormlictos4st 11, sdf
MNeutron Absorbing Material [[] Confidence Interval D\ Diceldatalarnlict4ot 12, sdf

GBUFHEW D\ Dicedatalornlict 04t 13, sdf

b 5 < D:\Dicedata|ornlilct049t 14, sdf
netay. and Spectta Di\Dicedatalormhick040t 15, sdf
R D\ Dicedatalormhict40t 16, saf
D:\Dicedatalornlck049t 1 7, sdf
D:\Dicedata\ornlilct049t 18, sdf
Files in T D:\Dicedata\ornlimefO0ik01.sdf
D\ Dice'datal,arnlymei0nskon, sdf
D:\Dicelidatalornfimem00 101, sdf
D:\Dicedatalarnlimem00 LH02, sdf
D:\Diceldatalornlimem00 1403, sdf
D:\Dicedata|arnlymemin b4, sdf
D:\Dicedatalornlimem00 105, sdf
D:\Dicedatalornlmem00 106, sdf
D:\Dicetdatalornfimem00 1k07, sdf
D\ Dicelidatalornlmem00 108, sdf
D:\Dicedatalornlimem00 LH09, sdf
D:\Dicedatalornlimem001E10, sdf
D\ Dicetdatalornlimem00 k11, sdf e

Al nd Lin

Files in Tree: 0 Files in List: 281

Fig. 161. VIBE DICE database query for benchmark K and K uncertainty.
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| )
A~
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Files in Tree: 0 Files in Lisk: 281
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Row EVAL_ID CASE_ID SDF k-Effective | Uncertainty = KEFF | UNCERTAINTY
1 HEU-MET-FAST-030 1 |hmFO30E0D. sdf 1.00313E0 4.83E-4 ok 0.0009 ~
| 2 HEU-MET-THERM-025 1 |hmk0Z5t01 , sdf 1.01226E0 4.94E-4|  1.0037 0.0047 =
| 3HEU-MET-THERM-025 2hmk02st02, sdf 1.00757E0 S.0E-4)  1.0007 0.0054
| 4|LEU-COMP-THERM-04% 1 [lcto49t0l sdf 9.90164E-1 5.02E-4 1 0.0034
| 5|LEU-COMP-THERM-049 2|lck049t02 sdf 9.90213E-1 S.01E-4 ok 0.0034
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| 7 LEU-COMP-THERM-049 4|lct049t04 sdf 9.91802E-1 4.82E-4 ! 0.0034
| 8|LEU-COMP-THERM-049 5|lct049t05 sdf 9, 89486E-1 4.91E-4 1 0.0042
| 9|LEU-COMP-THERM-04% 6|lck049t06 sdf 9.91937E-1 +.9E-4 1 0.0042
| 10|LEL-COMP-THERM-049 7 lck049807 sdf 9.90652E-1 5.02E-4 ok 0.0042
| 11 |LEU-COMP-THERM-049 8/Ict049t03. sdf 9.905312E-1 5.02E-4 ok 0.0042
| 12|LEU-COMP-THERM-049 9lct049t09 sdf 9.55949E-1 4.99E-4 ! 0.0037
| 13 |LEW-COMP-THERM-04% 10{lct049t10,5df 9.91273E-1 4.96E-4 1 0.0037
| 14 |LEU-COMP-THERM-049 11[lct049t11 sdf 9,90535E-1 4.96E-4 1 0.0037 ~

Rows in Table: 251

Fig. 162. VIBE query results for benchmark K and K uncertainty.

Although no mechanism currently exists to directly incorporate these results into the USLSTATS input,
with a bit of data manipulation, the desired results can be achieved. From the VIBE Fi le menu, select
Export Table.., as shown in . In the export dialog, shown in , select . tXt to save
the table as a text file. Note that a table export will also save group collapsed sensitivity data in the SDF
format. After clicking on . tXTt, save the file in the C:\tsunami directory as handbook. txt,

as shown in Fig. 165,.

Window  Menu

Ackian
Add database location.., Cerl+L x_i
Mew benchmark sek...  Chrl+M
Open benchmark set...  Chrl+0

Zonfiguration [

Save Chrl+3
Save As,,,

Fig. 163. VIBE file menu item to export data
in a table.
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Export Table

\:‘i) How do you want to export the current table?

fas bt | [F'.s sdf ] [Cancel ]

Fig. 164. VIBE export dialog.

B please select the file to save...
Save in: |@ tsunami v| 3 F_’-?||E

). 30pIet resources :

|5 tsunami-ip, htrnd

My Recent [C3) tsunami-ip.uslstats
Documents

]

| LB

o
|

2>

My Docurnents

My Computer

File: name: |handbook | [ Save l

My Metwork,

Flaces Files of type: |Te><t Files (*,bxt) w | Cancel

Fig. 165. VIBE file chooser to export table data.

After some manipulations using Excel, the data in the table can be converted into the TSUNAMI-IP input
format, where the benchmark ke values are designated with ev= for experimental value, and the
benchmark ke uncertainties are designated with uv= for uncertainty value. The spreadsheet used to
prepare this input is provided with SCALE as
C:\scale6\primers\TSUNAMI\Ti les\handbook-data.xls. Future plans call for tighter
integration of VIBE and ExSITE so the use of Excel to manipulate the data will eventually not be
required. ExSITE with the updated TSUNAMI-IP input is shown in .
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Clean Up

Fig. 166. ExSITE with TSUNAMI-IP input including benchmark K¢ and benchmark K uncertainty

values.

After executing the TSUNAMI-IP calculation
updated USLSTATS data appear as shown in

d opening USLSTATS with the updated input files, the

an
Fig. 171. In the read data section of the input, the

values on each row represent an experiment with its C¢ value, the ratio of the calculated-to-measured Keg
values, and the relative experimental uncertainty. Note that the values shown in differ from
those shown in and more accurately represent the experimental data.
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USLSTATS - Oak Ridge National Laboratory.

File Wiew Action Options
ksunami-ip_0001_ck_0o01 | ksunari-ip_0001_ck_surn_0001 |
bsunami-ip_0001_ck_sunn_0001 . usl
Fuslstats W,
tsunami-ip (k) »>= 0.9000 trend for S:hscalef) primers) TSUNAMINfiles\u-233-application
read parswmeter
p= 0.999 =
one_minus_gamma= 0.950
alpha= 0.950
¥min= 0.000
wmwax= 1.000
Sigma= -1.000
admin wargin= 0.050
tsunami
end parsameter
read data
0.%249 1.0038 0.00z6
0.%2¢94 1.00z23 0.00z5
0.%20z7 0.9565 0.0065
0.9575 0.9956 0.0061
0.%295 0.9535 0.0051
0.9654 0.955%9 0.0060
0.9470 0.9566 0.0055
0.972% 0.9838 0.0055
0.9651 0.9835 0.0067
0.963% 0.9533 0.0052
0.92775 0.9540 0.0056
0.92080 0.9853 0.0074 3

Fig. 167. ULSTATS input using benchmark K and benchmark K¢ uncertainty values.

Repeating the USLSTATS analysis provides similar results to those from the previous analysis, with the
trend plot shown in . Here many of the benchmark Kes uncertainty values have increased relative
to the initial assumption of 0.3% Ak/k. The bias decreased slightly to 1.00487% Ak/k, and the bias
uncertainty increased to 0.019365% Ak/k.
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B USLSTATS - Oak Ri dge Mational Laboratory

File ‘“iew Action Options

ksunami-ip_0001_ck_0001 | tsunarmi-ip_0001_ck_sum_0001 | Plots

File Cptions ‘Window  Help
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Fig. 168. USLSTATS trend plot including benchmark ke and benchmark K uncertainties for
experiments with ¢, > 0.9 for 2*U application.

9.2 GAP ANALYSIS

Because the bias and bias uncertainty analysis procedure detailed in the previous section includes
extrapolation from experiments to the application in terms of uncertainty, there will always be a gap that
must be spanned. The statistical treatment of USLSTATS accounts for extrapolations in terms of known
quantities, such as small concentrations or spectral variations for applications that fundamentally contain
the same materials as many experiments. However, there may be a gap in the validation for certain
materials that are present in the application but not present in available experiments. In some cases a
material is tested in a benchmark, but the experiment is insufficiently sensitive to the desired material,
either spectrally or simply in terms of magnitude. If the material is absent from the trending analysis, the
statistical analysis cannot adequately predict what impact the material might have on the computational
bias. However, using the uncertainty data for the application, the magnitude of the bias, although not the
sign, can be bounded.

The TSUNAMI tools present a gap analysis methodology for quantifying an additional margin to
subcriticality due to uncertainties in the safety application that exceed the area of applicability of the
critical experiment suite selected for validation. Where the material is completely absent from the
experiments, the uncertainty of the application due to the given material can be extracted from the
TSUNAMI-IP extended uncertainty edit, shown in . Where the material is present in the
experiments but provided inadequate coverage, the TSUNAMI-IP penalty calculation determines the
uncertainty remaining after the coverage for each groupwise, nuclide-reaction-specific sensitivity from
the suite of benchmark experiments and deducts it from the sensitivity of the safety application. The
penalty procedure is described in detail in the SCALE manual section for TSUNAMI-IP.
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To request the penalty assessment for the application, enter penalty in the TSUNAMI-IP parameter data.
To view an extended edit of the penalty contribution from each covariance matrix, enter penlong in the
TSUNAMI-IP parameter data, as shown in .

il Exsite 200804211638
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Fig. 169. ExSITE with TSUNAMI-IP input updated to perform penalty calculations.

After running the updated TSUNAMI-IP input and refreshing the HTML output, the Penalty and
Uncertainty Assessment submenu will contain entries for Penalty Summary, shown in

Fig. 170, and Extended Penalty Assessment, shown in Fig. 171. As shown in Fig. 124, the

original uncertainty of the application due to uncertainties in the cross section is 1.067% Ak/k. After the
coverage provided by the 281 experiments from the handbook is applied, the remaining uncertainty, as
shown in , is 0.0164% Ak/k. Thus, approximately 99% of the potential sources of computational
bias are accounted for in the validation suite available for the **U application. The remaining uncovered
or undercovered data are revealed in the extended penalty assessment of . Here the remaining
uncertainties are due to components of the stainless steel tank. However, in other applications, exotic
structural components or poisons, such as fission products, may not have adequate validation coverage,
and the TSUNAMI gap analysis techniques can provide justification for establishing additional margin to
subcriticality.
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~+ | @ cittsunamiytsunamiip, hmd\TSUNAMI-IP 0001 bkl

] [#2 /[ %] [cocal

File Edt View Favorites Tools Help

o ‘?TSUNAMHP

= By - B i [rawe v (Teds -

General
Information

Messages
Input Data

Results

¢ Global Integral Indices
« Nuclide-Reaction
Specific Integral
Indices
+ Penalty and
Uncertainty
Assessment
o Penalty Summary
o Extended Penalty
Assessment
o Extended
Uncertainty
Assessment

Ar. TSUNAMI-IP - Penalty Summary

. | S
;L]“O u-233 application ;&0

Standard Deviation in the Application Response Due to Uncovered Sensitivity Coefficients

APPLICATION TYPE | PENALTY UNCERTAINTY UNITS

Application #1 S:\scalef\primers' TSUNAMI files\u-233-application | keff [ 1.6401E-2 + 6.3420E-5

% divk

Fig. 170. TSUNAMI-IP penalty summary edit in HTML output.
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Fig. 171.
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The coverage provided by the benchmark set can be visualized with the composite sensitivity data feature
of TSUNAMI-IP. When prtcomp is entered in the TSUNAMI-IP input, as shown in the palette dialog in
, a new SDF will be generated with a composite of the best-matching sensitivity data from all
experiments for each nuclide-reaction pair specified in the reaction data block of TSUNAMI-IP.

| Configure parameter El

Parameter | Covariance Data | Oubput Edits | ywariable Input | Penalty Calculation Input | USLSTATS Input

Use: [] crsummary Hel
Frint summary table of ¢, values that meet or exceed the cryalue limit.

Use: [] csummary Hel|
Frint summary table of o, values that meet or exceed the cvalue imit.

Use: [ ] esummary Hel|
Frint summary table of E_  values that meet or exceed the evalue imit.

2 fal fel [a] [a] f

Use: [] gsummary Hel
Print surnmary table of G values that meet or exceed the gvalue limit,

Use: [+] html Hel|
Generate output in HTML format in addition to the standard output text

Use: []Igal Hel

Print g values for fission, capture, and scatter for all nuclides for all experiments for each application,

Use: [] lggroups [E
HELF

Use: [] lgsum @
Print a summary table of g for each application for each experiment that exceeds lgvalue,

Use: [] plat @
Produces Javapeno formatted plot {plt) files for integra values and composite sensitivity data,

Use: [+] pricamp @

Print "composite” of experiment sensitivity profiles for reactions selected in REACTIONS data block,
Use: [] premkrix
<

T
v | &
<

Fig. 172. ExSITE palette dialog for TSUNAMI-IP output edit parameters.

To add a reactions input block using EXSITE, open the main palette dialog, and check the box next to
reactions. A new tab will appear at the top of the palette dialog, as shown in . To examine
composite coverage for the top three reactions in the extended penalty edit, enter the appropriate data in
the reactions block using either the palette dialog or manual entries, as shown in Fig. 174.
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Fig. 173. ExSITE palette dialog to add reactions block to TSUNAMI-IP input.
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Fig. 174. ExSITE with TSUNAMI-IP input updated to add reactions data.

After running the calculation and refreshing the TSUNAMI-IP output, a new submenu for Coverage
and Completeness Assessment will be available. Opening the Composite Sensitivity
Data Plot edit will load the composite SDF in Javapefio. For each nuclide-reaction pair requested in
the reactions block, three profiles are available for plotting. The Application data represent the
sensitivity of the application itself. The Composite data represent the sensitivity for each group from
any experiment considered in the calculation that best matches the sensitivity of the application, truncated
so that they cannot exceed the sensitivity value of the application itself. The Cut Composite is the
same as the composite, except that only experiments with ¢x values exceeding cvalue are included.
Experiments with lower ¢ values are “cut” from the calculation. The cut composite sensitivity profiles
are the ones used in the calculation of the penalty.

As shown in , the application sensitivity for *°Fe elastic scattering, shown in green, slightly
exceeds the composite data, shown in red, in most energy groups. However, the application sensitivity is
approximately twice the magnitude of the cut composite profile, shown in blue, for most energy groups.
From this plot, it appears that experiments with lower ¢; values are more sensitive to *°Fe elastic
scattering that those with higher ¢, values. Although these sensitivities are available and therefore the
cross sections are validated with at least one experiment, it is not clear how to assess the bias due to this
material through trending analysis because the other materials in the experiments are dissimilar from
those in the application.
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Fig. 175. TSUNAMI-IP composite sensitivity data plot in HTML output.
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10. BIAS ASSESSMENT WITH TSURFER

A new capability for SCALE 6 allows the prediction of computational biases with the nuclear data
adjustment tool TSURFER, which is based on a generalized linear least squares approach. TSURFER
identifies a single set of adjustments to nuclear data that will result in the computational models all
producing ke values close to their experimental ke value. Then the same data adjustments are used to
predict an unbiased ke value for the application and an uncertainty on the adjusted Kez value. The
difference between the originally calculated ket value and the new postadjustment Ke value represents the
bias in the original calculation, and the uncertainty in the adjusted value represents the uncertainty in this
bias. If similar experiments are available to validate the use of a particular nuclide in the application, the
uncertainty of the bias for this nuclide is reduced. In TSURFER, experiments that are dissimilar from the
application can still provide useful information for bias assessment if at least one material demonstrates
similar sensitivities to those of the applications. If similar experiments are not available to validate a
particular nuclide, the uncertainty in the bias for the given nuclide is high. Thus, with a complete set of
experiments to validate important components in the application, a precise bias with a small uncertainty
can be predicted. Where the experimental coverage is lacking, a bias can be predicted with an
appropriately large uncertainty. As users gain experience with TSURFER, it is expected to become a
preferred tool for rigorous bias and bias uncertainty determination, particularly for applications for which
nearly identical critical experiments are not available.

The input for TSUNAMI-IP and TSURFER are similar in many ways. Both codes require SDFs to
identify the applications and experiments, and both codes allow corrections to be made to the cross-
section-covariance data. Because of the similarities of the input file, it is convenient to save the existing
tsunami-ip.inp file as tsurfer.inp using Save As.. from the EXSITE File menu, then
change the sequence specification record at the top of the input from =tsunami-ip to =tsurfer, as shown in
Fig. 176. Note that ExSITE underlines several parameters, identifying them as errors in the TSURFER
input. These parameters from TSUNAMI-IP are not valid in TSURFER and must be deleted. However,
the parameters related to covariance data remain valid and should be left in the input for use in the

TSURFER analysis.

The experiment, ev=, and uncertainty, Uv=, values that were optional input to TSUNAMI-IP are required
in TSURFER.
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Fig. 176. Conversion of TSUNAMI-IP input to TSURFER input using ExSITE.

Once the invalid input parameters are deleted, the palette dialogs for TSURFER can be used to input
additional input parameters. In the Calculation Options parameter tab, shown in , the
ref_app is defined as 282nd SDF in the input file, the **U application. The reference application is
used for additional output edits regarding sources of bias. Many applications can be input to TSURFER,
but only one can be defined as the reference application. In the Output Edits parameter tab, shown
in , the option to print cross-section adjustments, print_adjustments, is enabled, and the
usename parameter from the TSUNAMI-IP input is preserved. In the Covariance Data tab, shown
in , the cov_Tix and use_dcov options from TSUNAMI-IP are preserved, and the TSURFER
parameter to return the postadjustment cross-section-covariance library to the user’s directory,
return_adj_cov, is set. The updated TSURFER input is shown in .
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Fig. 177. ExSITE palette dialog for TSURFER calculation options parameters.
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Fig. 178. ExSITE palette dialog for TSURFER output edits parameters.
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Fig. 179. ExSITE palette dialog for TSURFER covariance data parameters.
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Fig. 180. TSURFER input with updated parameter data in ExSITE.

An additional important input to the TSURFER calculation is the set of correlations between experiment

Keff values. For purposes of this example, it was assumed that all experiments within any one ICSBEP
Handbook evaluation were 90% correlated and that there were no correlations between experiments in
different evaluations. This approximation is arbitrary. In reality, the same fuel rods, plates, or solutions
are used in multiple evaluations, and the correlations are far more complex than the simple assumption
used here. However, this provides an approximate input for TSURFER and will be sufficient for
demonstration purposes. There is currently an effort under way through the ICSBEP to quantify
correlations between experimental configurations and provide that information through DICE. It is hoped
that when these data are available, VIBE will be able access these correlations to provide convenient
input for TSURFER. For now, the 90% correlations are input to the corr block of TSURFER, as shown
in . Note that experiments in the corr block are identified by number. The number corresponds
to the order of all SDFs input to TSURFER, whether they are applications or experiments. To simplify the
input, the experiments have been moved to before the applications, so the correlation values will
correspond to the experiment number. A spreadsheet used to prepare the corr input is provided with
SCALE as C:\scale6\primers\TSUNAMI\Ti les\handbook-data.xls
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Fig. 181. TSURFER correlation data in ExSITE.

This input may require approximately 30 min to execute. When the execution is complete, open the
HTML output file using the button on the EXSITE toolbar.

The TSURFER HTML output is arranged similarly to the TSUNAMI-IP HTML output, as shown by the
program verification page in . The warning messages page includes the same covariance
warnings as TSUNAMI-IP, but it also includes an additional message regarding the corr data block.
Here it notes that the correlation coefficient between an experiment and itself must be 1.0. In the corr
block, a value of 0.9 was assigned to some experiments’ self-correlation, referred to as the diagonal
element of the correlation matrix. TSURFER automatically corrects these diagonal terms to provide for
shorter user input.

Many of the entries in the Input Data submenu are similar to those from TSUNAMI-IP or are
self-explanatory. The input response list, shown in , lists all SDFs whether they are applications,
experiments, or tagged to be omitted from the calculation. The uses of these SDFs are identified in the
USE column as expt, appl, or omit, respectively. Also, the calculated and experimental values are
listed.
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Fig. 182. TSURFER program verification page in HTML output.
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Fig. 183. TSURFER warning message in HTML output.
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Fig. 184. TSURFER input response list in HTML output.

Under the Results submenu, the Application and Bias Summary edit, shown in ,
lists all applications (here only the *°U application is included) in an edit that includes the original ke as
Calculated Value, the original uncertainty in ke due to cross-section uncertainties as Prior Std
Dev (%), the relative bias in the application computed through the TSURFER data adjustment
procedure as Relative Bias (%), the absolute bias as Bias, the ke value that would be computed
if the adjusted cross sections were used as Adjusted Value, and the uncertainty in this adjusted Keg
value if the adjusted cross-section-covariance data were used as Adjusted Std Dev (%).

In this case the bias computed with TSURFER is 0.259% Ak/k, and the bias uncertainty, in terms of a
single standard deviation of the adjusted results, is 0.0785% Ak/k. Note that the bias uncertainty is
defined as the uncertainty in the adjusted ke value. The reduction in this uncertainty relative to the
original uncertainty in the application, 1.0666% Ak/k, is due to inclusion of additional information, the
critical experiments, in the validation process. Here the uncertainty is reduced to approximately 8% of its
original value, confirming that the benchmarks selected lead to adjustments in the cross sections that are
the largest sources of uncertainty, and thus the largest potential sources of computational bias, for this
application.

Further examining the results for this application, the individual sources of bias can be identified
according to the impact of the adjusted cross section on the application’s K value. TSURFER ranks the
bias contributions according to an L1 norm, which is based on the absolute values of the groupwise
cross-section adjustments. The top contributors to bias for the *°U application are shown in .
Comparing the TSURFER-predicted contribution to bias with the top sources of uncertainty shown in
, one finds that the **U reactions and '°O elastic rank at top of both tables. However, 'H elastic
scattering, the second highest source of uncertainty, appears as the sixth highest source of bias. For all
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nuclides and reactions, the bias contribution is approximately the same or less than the uncertainty shown
in , as the adjustments in the cross sections are bounded with a 3 of 1.2.
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Fig. 185. TSURFER application and bias summary in HTML output.

The Adjustment Summary edit, shown in , details the impact of the data adjustments on each
experiment. An overall consistency should be achieved between the calculated and experimental values
after the adjustment procedure. Where an experiment must be adjusted too far outside its uncertainties to
achieve consistency between its calculated and experimental values, the experiment is omitted from the
calculation. The y* filter is used to achieve this consistency. The input parameter target_chi sets the
level of desired consistency, and chi_sq_Filter sets the method for filtering experiments. These
techniques are described in more detail in the TSURFER manual. In , two experiments shown

were omitted by the x” filtering procedure to achieve the default target value of 1.2 using the default
delta_chi technique.

In this calculation, 100 experiments were omitted by the stringent default y” criteria, as shown in the
Problem Dimension edit in Fig. 187.
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Fig. 186. TSURFER adjustment summary in HTML output.
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Fig. 187. TSURFER problem dimension edit in HTML output.

Because the input parameter print_adjustments was entered, the details of the individual cross-section
adjustments can be seen in the Cross-Section Adjustments edit shown in . Here the
percent changes in the individual groupwise cross sections, in the SCALE 44 group structure, are shown
along with the uncertainty in the cross section before, (Prior), and after, (Adjusted), the
adjustment procedure. The sensitivity coefficients for the reference application are shown, and the impact
of the adjustment on the application bias is given for each group as both a relative contribution and a
contribution to the L1 norm.

The nuclide-reaction-dependent output tables are selected with the menu on the right side of the browser,
where the nuclide-reaction pairs are listed in order of descending contribution to the bias of the reference
application. Viewing the U chi table, the group with the largest adjustment is group 1; however, the
largest contribution to bias, the product of the adjustment and the sensitivity of ke to the adjustment, is
observed for group 10.
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Fig. 188. TSURFER cross-section adjustments in HTML output.

Under the Plots submenu, the XS Adjustments plot provides a means of visualizing the relative
changes in the cross sections using the applet version of Javapefio. A plot of the cross-section
adjustments for the top five contributors to bias for the *U application is given in . A maximum
positive adjustment of ~7.5% is observed for **U fission, and a maximum negative adjustment of ~8.0%
is observed for **U n,gamma.

Because this input file was called tsurfer. inp, a Javapeno-formatted plot file is returned to the user
directory with the name tsurfer.xs-adjust.plt. In a version of Javapefio that will be released
after SCALE 6, the energy-dependent cross-section adjustments can be multiplied by the energy-
dependent sensitivity of the application’s Ker to the cross sections to form an energy-dependent bias
resulting from a specific nuclide-reaction pair. As shown in , the application bias is dependent on
which cross sections were modified in the adjustment procedure and how sensitive the application is to
those adjustments. For example, the maximum adjustment for ***U fission occurs around 20 keV.
However, the application is not very sensitive to the cross section in this energy range, and the bias due to
this adjustment is small. In the intermediate energies, the adjustment is on the order of 1%, but the
application is more sensitive at these energies, so a larger bias contribution results. Also, as the thermal-
and fast-energy cross sections are reduced where the intermediate-energy cross sections are increased, a
negative contribution to the bias is observed for thermal and fast ,energies and a positive contribution to
the bias is observed for intermediate energies.
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Fig. 189. TSURFER cross-section adjustment plot in HTML output.
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Fig. 190. Plot of energy-dependent bias and sensitivity for 2**U fission for ***U application.

Because the TSURFER bias uncertainty is simply the uncertainty in the adjusted, or unbiased,
cross-section data, the adjusted covariance matrix resulting from the TSURFER procedure can be used to
provide contributions to the bias uncertainty by individual covariance matrices using the extended
uncertainty edit of TSUNAMI-IP. Similar to the extended penalty assessment from Sect. @, an extended
uncertainty assessment with a postadjustment covariance matrix reveals components in the application
that are not validated with the selected benchmarks. Because the input file is called tsurfer . 1np and
return_adj cov was entered in the TSURFER parameter input, the postadjustment covariance
library is returned to the user’s directory as tsurfer.adj.cov. The SCALE “shell” module can be
used to copy the adjusted covariance data to the SCALE temporary directory, as shown at the top of the
input in . The short TSUNAMI-IP input shown in can be use to compute the

uncertainties of the U application that remain after the adjustment procedure.
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Fig. 191. ExSITE with TSUNAMI-IP input to compute postadjustment uncertainties.

The contributions to the uncertainty in the bias are shown in the TSUNAMI-IP extended uncertainty edit
in . Here anticorrelations in the adjusted covariance data become important components in the
reduced uncertainty. Because all cross sections are adjusted from the same set of benchmark
experiments, the number of cross correlations in uncertainties for different nuclides and reactions greatly
increases. Where sufficient quality benchmarks are available to validate a given nuclide reaction, the
uncertainty in that nuclide reaction is reduced. However, due to correlations introduced in the adjustment
procedure, the uncertainty in the cross section may be increased if only limited benchmarks that have
significant sensitivities to a given nuclide reaction are available.
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Fig. 192. TSUNAMI-IP extended uncertainty edit using postadjustment covariance data.

In comi aring the results shown in to the original uncertainties before the adjustment, shown in
Fio

4, the uncertainties for all nuclide-reaction pairs are reduced, and new cross correlations are
introduced, further reducing the uncertainty.
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11. CONCLUSIONS

This primer has presented examples in the application of the SCALE/TSUNAMI tools to generate Kef
sensitivity data for 1D and 3D models using TSUNAMI-1D and -3D and to examine uncertainties in the
computed ke values due to uncertainties in the cross-section data used in their calculation. The proper
use of unit cell data and need for confirming the appropriate selection of input parameters through direct
perturbations were described.

The uses of sensitivity and uncertainty data to identify and rank potential sources of computational bias in
an application system and TSUNAMI tools for assessment of system similarity using sensitivity and
uncertainty criteria were demonstrated. Uses of these criteria in trending analyses to assess computational
biases, bias uncertainties, and gap analyses were also described. Additionally, an application of the data
adjustment tool TSURFER was provided, in which specific details of sources of computational bias were
identified.

These examples do not provide an exhaustive review of all possible applications of the TSUNAMI tools.
However, it is hoped that they provide the interested reader with enough information to apply the
TSUNAMI tools of SCALE 6 in practical analyses.

Those wishing to learn about the TSUNAMI techniques are encouraged to attend a TSUNAMI training
course, typically offered twice a year by the SCALE staff at ORNL.
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