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Learning goals

e Understand the stochastic sampling approach 1o uncertainty
quantification in Sampler

e Learn how to propagate model input parameter uncertainties
and nuclear data uncertainties through a SCALE segquence

e Explore available analysis capabilities
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Sampler is a stochastic sampling sequence for stafistical
uncertainty analysis

 Sampleris a versatile uncertainty quantification tool that can be applied in
combination with any SCALE sequence

« Sampler calculates the uncertainty in any result of a SCALE calculation by
propagating two basic types of input uncertainty through the calculation:
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SCALE vision: Complete uncertainty quantification in all

SCALE simulations

“Complete” means that every value (number)
for an input parameter in the model is
associated with an uncertainty that is
propagated to the uncertainty in calculated
results

— Known as the best-estimate plus uncertainty
(BEPU) methodology

— Must include

» every input parameter
cross sections, clad thickness, fuel temperature,
decay constant, compositions, etc.

« every SCALE sequence
TRITON, Polaris, ORIGEN, MAVRIC, eftc.

— Must capture non-linearity, Af %= g—iAx, that may

be infroduced in time-dependent problems
and that may not be resolved with first-order
perturbation theory methods (such as
SCALE/TSUNAMI)
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Users conftrol the input parameter uncertainties, but not
the nuclear data uncertainties

Input parameter uncertainties Nuclear data uncertainties

» Users control input parameter
uncertainties

o Sampler permits specifications:
- Standard deviation

— Distribution (normal, linear, betaq)
- Minimum/maximum values

o Sampler permits dependance
between multiple perturbed
Input parameters

* Based on user-provided
specification, Sampler creates
perturbation of input
parameters
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Users do NOT conftrol nuclear data uncertainties

Nuclear data uncertainties (covariance data) are taken from
evaluated libraries and other resources (see next slide)

Generation of nuclear data perturbations is non-trivial:
— What are the appropriate distributions¢ Normale Log-normale

- How can we consider cross-correlations between two reactions,
potentially between two different nuclides?

— What happens if there is a gap in uncertainty information?
- What can we do if the covariance data is not mathematically
correct (e.q., covariance matrices not positive semidefinite)e

Perturbed nuclear data libraries were pre-generated and are
provided in SCALE's data directory (“perturb” directory)
Users generally use those provided perturbed libraries

SCALE 6.3 does not provide tools for users to generate nuclear data
perturbations



There are several components of nuclear data uncertainties

Cross sections (XS) covariance data in SCALE:

ENDF/B-VII.T or ENDF/B-VIII.O, supplemented by other
sources (low-fidelity data, JENDL, ...)

Fission product (FP) yields covariance data in SCALE

ENDF/B-VII.1 standard deviations, with correlations
generated by combining independent and cumulative
fission yields

Decay data covariance data in SCALE

ENDF-VII.T, modified to include branching correlations due
to the constraint that branch sum=1.0

Kinetics data uncertainties in SCALE

Delayed neutron fractions (beta) and decay constants
(lambda) based on R. J. Tuttle*
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Incident Neutron Energy (eV)

*R. J. Tuttle, "Delayed Neutron Data for Reactor Physics Analysis”, Nucl. Sci. Eng.,
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Generation of provided perturbed nuclear data libraries

Cross Section Decay Data FP Yield Covariance
Covariance data Uncertainties data

XSUSA*

1,000 sets of perturbed 1,000 sets of perturbed A, 1,000 sets of perturbed
Cross sections Q, branching fractions FP yields

* Nuclear data perturbations were pre-generated with XSUSA*

« Several assumptions were made during the generation of these perturbations:
*  Normal distribution
« Truncation of normal distribution to avoid negative (unphysical) data
*  Mathematic problems with covariance matrices are resolved by adjusting covariance matrices

« 1,000 sets of perturbed data are available in the SCALE data directory, sub-directory “perturb”

* XSUSA is a tool developed by GRS, not provided with SCALE. See M. L. Williams, et al. (2013), A Statistical Sampling Method
for Uncertainty Analysis with SCALE and XSUSA, Nucl. Techn., Vol. 183, pp. 515-526. DOI: 10.13182/NT12-112 SCALE 6.3| Last Updated: October 2025
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Critical perspective on nuclear data uncertainties

« When examining uncertainties in results due to nuclear data uncertainties, engineering
judgement and experience must be considered:

— We have been predicting a 16 uncertainty in k 4 of ~500 pcm in LWRs for years

- However, validation data shows that we can predict k4 for these reactors more accurately
than within 500 pcm

- Therefore, we conclude that the impact of nuclear data uncertainties is likely overestimated

« Propagated nuclear data uncertainty is useful to compare systems

— For example, the 16 uncertainty in k4 in a thermal UO, system is ~500 pcm, whereas it is ~850
pcm in a fast Pu metal system

— This indicates that we have better knowledge of cross sections affecting criticality in systems
that use UO, fuel and that have a thermal neutron spectrum

e The covariance data provided in nuclear data libraries has gaps and sometimes differs
significantly between different library versions

e The cross sections provided in the ENDF/B libraries are adjusted to many critical
experiments; the corresponding covariance data was not adjusted to any application

%OAK RIDGE
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Sampler performs three steps

o | . Generation of perturbed SCALE inputs

* Input files contain perturbed model input parameters (perturbed geometry,
material composition, etc.)

* Nuclear data perturbations are enabled either by linking directly to the pre-

generated perturbed library, or by applying pre-generated perturbation factors to
the nominal nuclear data library

mm 2. Management of SCALE input execution

e Execution of all individual SCALE runs by calling scalerte on each SCALE input
* Threading permits execution of multiple inputs in parallel
e (Users can also manually run all inputs, for example on a computing cluster)

3. Analysis of results

* Extraction of requested output responses (k¢ Nuclide concentrations, etc.)
* Calculation of standard deviation, correlation factors, etc.

%OAK RIDGE
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Sampler’s uncertainty propagation through a coupled neutron-
transport depletfion calculation to obtain uncertainties in nuclide
Inventory
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Sampler provides several plots and statistics for uncertainty
quantification of requested responses

Example: Impact of FP yield and decay data uncertainties for 235U fission burst
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Sampler’s analysis capabillities

« Sampler automatically calculates mean values and standard
deviations for requested output responses

e Users can request the following additional values to be
calculated:

— Pearson correlation coefficient

— Covariances between output responses

— Correlation matrix between output responses
— Covariance matrix between output responses
—- RZ sensitivity index (see next slide)
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Sampler's analysis capabilifies — RZ sensifivity index

« RZis a sensitivity index (more accurately: squared multiple correlation coefficient) that is used
in Sampler calculations that propagate cross section uncertainties to output responses

e R2captures the contribution to the uncertainty in the output response of interest that is
caused by the uncertainties of a given nuclide reaction, including the fraction of
uncertainties that the given nuclide reaction has in common with other nuclide reactions due
to interdependencies (correlations)

e In easier words: R? answers the question “What are the most important contributors to the
observed uncertainty in the response and what is their rankinge”

« Characteristics of R%:
« 0SR%2<T
-« R2=0, if the response is not correlated to any of the cross sections of a nuclide reaction

-« R2=1,if the response is a linear function of only the cross sections of the given nuclide
reaction

« R2only captures linear effects

« R? isimplemented for the analysis of cross section uncertainties (not yet fission yields, decay

data, or kinetics data)
%QEAK RIDGE

ional Laboratory




%OAK RIDGE

National Laboratory

Sampler Input




Sampler input blocks

=sampler

read parameters
P Sampler parameters: what to perturb, how

many samples, libraries etc.

end parameters

read variable [myVariable] Variable: a variable in the SCALE input that * glternative:

)\

— | is allowed to be modified by Sampler

(e.g., fuel pin radius) read case [myCase]

end variable import=/path/to/file

~<<
d R : : T
read response lmyResponsel _ | Response: quantity of interest for statistical end case
analysis (e.9., Ks)
end response <
read analysis [myAnalysis] Analysis: type of analysis performed on
> | defined responses** (e.qg., correlation
: coefficient between two responses)
end analysis _
read case [myCase]* B
sequence=t-depl/origen/opus Case: one or more SCALE sequences that
> | calculate output quantities of interest ** Note that the mean value
end sequence (e.g., CSAS model) and the standard deviation
are by default calculated for
end case each defined response.

end
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Specification of perturbations




PARAMETERS block — Samples, execution, and print control

o Sample control:
— n_samples=<number of samples>

— first sample=<number of first sample> (default: 1)

e« Run confrol:
— run cases=[yes|no] —1f "no”, only the sample input files are generated

— force run=[yes|no] —If “yes”, enforces re-run of all sample inputs even if output files
are present

o Qutput control:

- plt=[yes|no] — Produce plot file histograms with response distributions that
can be viewed with Fulcrum)
— csv=[yes|no] —If "yes”, produce CSV files with response data in individual tables
- print data=[yes|no] — Print per-sample values in the main output
- print chi2=[yes|no] — Print chi-square normality test in the main output

Defaults indicated in bold
%OAK RIDGE
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PARAMETERS block — Perturbation types

* Model input parameter perturbation: Requires VARIABLE
~ perturb geometry=[yes|no] — Perform input file perturbation definitions (see next slides)

* Nuclear data perturbation:

- perturb xs=[yes|no] — Cross section perturbation
. — Name of the multigroup library that is to be perturbed (e.g., xn252v7.1)
* mg factors library=<path> — Path to the multigroup perturbation factors (default: ${DATA}/ perturbb/56n.v7.1)
 coverx library=<path> — Path of the covariance library (default: ${DATA}/ scale.rev08.56groupcov?’.1)
» perturb kinetics=[yes|no] — When perturbing XS, perturb decay constants of delayed neutron groups
- perturb yields=[yes|no] — FP vyield perturbation
— perturb decay=[yes|no] — Decay data perturbation
Nuclear data perturbations are Cross section perturbations library="xn252v7.1"
limited to a sample size of 1,000 require specification of “library”. .
because 1,000 pre-generated This library name must match the  sequence=csas6
nuclear data perturbations are multigroup library that is used in 2;%2;;5%61
available with SCALE. the used SCALE sequence. o '

% OAK RIDGE Defaults indicated in bold
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VARIABLE block - input parameter perturbbation

* Available distributions for sampling composition
and geometry input parameters:

— Uniform: uniform distribution over an interval Example uniform distribution
_ : i definition

- Normal: normal distribution, optionally truncated

— Beta: beta distribution within interval

read variable[rfuel]
distribution=uniform

A variable can also be defined as dependent minimum = 0.40
. maximum = 0.42
from another variable: end variable
— Distribution type “expression”
— Expression definition supports basic arithmetic Example expression definition

operations and the use of other defined variables :
read variable[cl u238]

e The variable can be associated with specific distriblftionlzoegprjss;;r;
. . expression=" .0-cl u "
cases by adding a list of cases P -

end wvariable

* Variable block requires specification of
perturb geometry=yes in the Sampler

parameters block
%Q{XKRIDGE
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VARIABLE block — Normal distribution

Definition
read variable[var_id]
distribution=normal

value=pu
stddev=c

c
d

end variable

PDF

Example ' 34.1% | 34.1%

read variable[cl u235]
distribution=normal
value=95.0
stddev=0.05

end variable

%OAK RIDGE
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VARIABLE block — Beta distribution

Definition
read variable[var_id] 25 0\ e geBe0f |
distribution=beta
minimum=c
maximum=d
beta a=a
beta b=

nmnnio

NNEF UL
T ® |
UGN W = U

RRRRK g
TITRN TR T

end variable

PDF

Example

read variable[rclad]
distribution=beta
beta a=2
beta b=6
minimum=0.45
maximum=0.50

end variable

0.4 0.6 0.8
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VARIABLE block — Allowed operations in expression

] 343, xy
B +3,+(3),

B sy

B 3.3+, x

e 3y

A 315,y

B 3,y

AR 313, Xy

= Fpe

B 33, iy

T sy

S 3 oy

3<=3, x<=y

B = oy

and  landl,x==yandy==z

or  lorl,x==yory==z
nand | 1nand 1, 1nand0, xnandy
xor | 1xorl,1xor0Q,xxory

mor  |1norl, 1nor0, xnory

abs(1),abs(-1),abs(x),abs(y)
min(1),min(1,2,3,4,5.x,y).etc
max(1).max(1,2,3,4,5.x.y).etc
avg(1),avg(1,2,3.4,5.x,y).etc
sum(1),sum(1,2,3,4,5,x,y).etc
mul(1),mul(1,2,3.4,5,x,y).etc

%OAK RIDGE
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| Operator | Example

floor(x) | floor(1)=1, floor(-1.0)=-1.0, floor(-1.1)=-2.0

| Operafor | Example
_ floor(1)=1, floor(-1.0)=-1.0, floor(-1.1)=-2.0

ceil(1)=1,ceil(-1.1)=-1
round(1.1)=1,round(1.5)=2,round(1.9)=2
roundn(1.15,1)= 1.2, roundn(1.519,2)= 1.52
cos(0.0)=1

sin(0.0)=0

tan(0.0)=0

sec(0.0)=1

csc(1.0)=1.1884

coft(1.0)= 0.642093

sinh(1.0)=1.1752

cosh(1.0)= 1.54308

tanh(1.0)=0.761594

log(2.7182818)=1

log10(10.0)=1

exp(1)=2.7182818
clamp(-1,1,+1)=1,clamp(-1,-5,+1)=-1
inrange(-1,1,+1)=1,inrange(-1,-5,+1)=0
sgn(+1)=1,sgn(-1)=-1,sgn(0)=0,sgn(5)=1

sart(1)=1.sqrt(4)=2
root(4,2)=2,root(8,3)=2
frue

False

if(x>y,x,y) =x

SCALE 6.3| Last Updated: October 2025
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Using placeholders to apply defined variables

A placeholder inside the
SEQUENCE block is defined via
#{variable_id}. Sampler will replace
this placeholder by a variable
value when building the sample
input file.

* No expressions are allowed

e Variable must exist

Nominal composition block

Sampler variable definition

read variable[u235 wo]
distribution=normal
value=5.00
stddev=0.01
min=4.98
max=5.02

end variable

read variable[u238 wo]
distribution=expression
expression="100.0 - u235 wo"

end variable

...........
aa,
LN
ey
.
.
.
N,
.
.
.
.
.
.
.
0
.
O

read composition
uo2 1 den=10.4 900
92235 5.0
92238 95.0 end
end composition

%
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Composition block with placeholders

read composition
uoZ2 1 den=10.4 900

o

o
o
q

end composition




Veriftying the variable definition

=sampler
read parameters
n samples = 5
perturb geometry = yes
. . force run = yes
e shellis a valid SCALE sequence and run cases - yes
supports basic shell commands snd parameters
. . read case[my_ case]
« Using shell as sequence in the sequence—shell
1 echo NORMAL= #{MY NORMAL}
Sampler input offers an easy way to coho UNIFORM-= # { QEEREENRE
test the sampled variables end sequence
end case

« Use “echo” in shell fo print sampled read variable [M¥ NORMAL)
VG”ObleS distribution=normal

minimum=-2 value=-1 maximum=0 stddev=2
end variable

read variable[MY UNIFORM]
distribution=uniform
minimum=-2 value=-1 maximum=0
end variable
end

%@DAKFUDGE
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RESPONSE block

« The RESPONSE block is used to collect quantities of interest from the sample calculations

 Responses can be entered once and shared across all selected cases, or they can be
entered inside a specific CASE block and only be evaluated for that case

« Sampler calculates mean value and standard deviation for all responses
- Results printed in the .out file
- Default parameter csv=yes causes mean values, standard deviations,, etc. to be printed into CSV files
- Default parameter PTP=yes causes histograms, scatter plots, etc. to be printed into PTP files

e Further analysis of responses can be requested through ANALYSIS block (see later)

Available types:
_ e grep — Regular expression from the text output file
r:ad rzzggnse [r_id] « origen_nuclides — Concentrations from ORIGEN concentration (F71) file
e:
yB o e opus_plt — Data from OPUS-generated PLT file
[type-specific—-params]

end variable « friton — TRITON’s homogenized cross-sections (xfile016)
e stdcmp — Concentrations from TRITON's standard composition files
e variables — Perturbed input parameter

%OAK RIDGE
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RESPONSE block — GREP response

e A generic regular expression o Grep supports the POSIX character
(regexp) mechanism is provided to  classes
allow extraction of results from ftext - [[:digit:]] matches a single digit 0-9
output file - [[:space:]] matches a single space or tab

. “grep” is executed with the “-0” - "+"isused fo match one or more repeats

OpﬂOﬂ which returns the matched - """ s used to match zero or more repeats

portion of the line (and not the - . matches any character
whole line) - "“\.” matches a period
o Usually, two expressions are
necessary: one to find the line of Example to grep k. response
inferest, and another to extract only |read responsemykeff]
i type = grep
The deSIred VO'U@ regexp="keff = [[:digit:]]\.[[:digit:]]*"
regexp="[[:digit:]]\.[[:digit:]]*"
end response

%NOAK RIDGE
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RESPONSE block — GREP response shortcuts

Regular expression shortcuts for SCALE sequences

regexp = ":kenova.keff:" k-eff from KENOS / CSASS sequence
e A common GREP response is keff regexp = ":kenova.ealf:" EALF from KENOS / CSASS sequence
. . regexp = ":kenova.nubar:" nu-bar from KENOS / CSASS sequence
* Greppmg_’rhls OUTp,UT value can regexp = ":kenovi.keff:" keff from KENO6 / CSAS6 sequence
be Comp“COTed with POSIX regexp = ":xsdrn.lambda:" lambda from XSDRN / CSAS1 sequence
o SCALE shortcuts simplify the regexp = ":scale.number:" matches any number (e.g. “1", “1.0", “1.23e-7", “-0.3")

GREP definition

+  ‘“regexp” gets the ki value
«  ‘eregexp” gets the uncertainty (error) in the k. value
« The uncertainty of interest is the standard deviation of the ki values; the

stafistical uncertainty in each k. value is neglected in Sampler, as usually done
in such uncertainty analyses.

Target response in output file

best estimate system k-eff 0.99352 + or - 0.00019

GREP response with POSIX

read response[mykeff]
type = grep
regexp = ”best estimate system k-eff[[:space:]]+[[:digit:]]1+\.[[:digit:]]+"
regexp = "[[:digit:]]\.[[:digit:]]+"

end response

GREP response with shortcut

read response[mykeff]
type = grep
regexp = ":kenova.keff:"
eregexp = ":kenova.keff:"
end response

OAK RIDGE
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RESPONSE block — ORIGEN_NUCLIDES response

units

nuclides

flename

format

precision

%NOAK RIDGE
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moles

User-selected at the time of
post-processing

(ho need to rerun sampler to
look at different nuclides!)

*.samplerfiles/
${SUBDIR}/
${OUTBASENAME}.f71

binary
16 digits

* Analysis of nuclide concenirations in the
ORIGEN concentration file (.f71 file)

e Traditionally, this file has file name "ft71f001"
In the SCALE temporary working directory
${TMPDIR}

e Sampler copies the file automatically into a
specific subfolder for a sample:
${TMPDIR}/£ft71£001 =>

* .samplerfiles/my pert c00001/my pert c00001.£71

- Sampler must find this file; otherwise, it repeats the
calculation!

- The copy command for the file must succeed or the
post-processing does not work.



RESPONSE block — ORIGEN_NUCLIDES response (cont.)

read response[moles]

type = origen nuclides

mixture = 1

nuclides = rn-200 rn-221 rn-222
rn-223 rn-224 rn-225
rn-226 end

end response

%NOAK RIDGE
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» Selected nuclides can include any
of the 2,237 nuclides on the 71 file

e Selected mixture is a case number
on the /1 file

o Case number depends on the
sequence that generated the /1
file:

— TRITON: case number is mixture number
— Polaris: case number is material number

— ORIGEN: case number is ORIGEN case id



RESPONSE block — OPUS_PLT response

units

nuclides

flename

format

precision

%NOAK RIDGE
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User-selected

User-selected at time of running all the
sample inputs via powerful ranking or
explicit selection

* samplerfiles/${OUTBASENAME}.<n> plt
(where <n>is a very long integer
starfing at 0)

text

5 digits

Analysis of OPUS results from OPUS result file
(plt file)

OPUS extracts data from an ORIGEN
concentration file (.f71 file)

 OPUS calculates additional quantities based

on this data: decay heat, activity, spectral
data, efc.

— See SCALE manual chapter 5.1.7 for more details
on OPUS

Each “=opus” call (OPUS sequence in
Sampler input) creates a numbered *.plt file
from an ORIGEN concentration file

The Sampler response accesses the file by
the ndataset number (depletion step)


https://scale-manual.ornl.gov/origen/opus-module.html

RESPONSE block — OPUS_PLT response (cont.)

' first call to opus results in *0.plt file ' access *0.plt contents

=opus read response[mycuries]
data="ft71£001" ~_| type=opus_plt
library="end/dec" [ ndataset=0

units=curies nuclides=rn-222 total end
nrank=40 end response
symnuc=rn-222 end
end
time (d) °
OPUS .plt file
. . nuclide
« By default, OPUS lists the top 40 nuclides
0.000e+00 3.653e+03 3.653e+05 3.653e+07 3.653e+09 3.653e+11
1 M M M u238 8.001e-05 8.001le-05 8.001e-05 8.001le-05 7.989e-05 6.852e-05
contributing to the units of interest
pa234m 0.000e+00 8.001e-05 8.001e-05 8.001le-05 7.989e-05 6.852e-05
. . . . 234 0.000e+00 2.238e-09 2.256e-07 1.968e-05 7.989e-05 6.852e-05
* For example, if units=curies, then the top 40 nuclides pb210 00006400 1.0896-17 1.3476-10 7.0866-06 7.9896-05 ¢.8526-05
; . .. . bi210 0.000e+00 1.089e-17 1.347e-10 7.086e-06 7.989¢-05 6.852e-05
Con'l'ﬂbuhng ‘I'O OC'I'|V|'|'y are |nC|Uded po210 0.000e+00 1.08%e-17 1.347e-10 7.086e-06 7.989%e-05 6.852e-05
00218 0.000e+00 1.484e-16 1.347e-10 7.086e-06 7.989¢-05 6.852e-05
. . . . rn222 0.000e+00 1.484e-16 1.347e-10 7.086e-06 7.989e-05 6.852e-05
° O |y | bl | d ‘I‘h pl‘l‘ f | b ra226 0.000e+00 1.484e-16 1.347e-10 7.086e-06 7.989e-05 6.852e-05
N avaiaple nucliges In S e can S th230 0.000e+00 1.029e-13 1.0356-09 7.086e-06 7.989e-05 6.852e-05
. bi214 0.000e+00 1.484e-16 1.347e-10 7.086e-06 7.989e-05 6.852e-05
requested in the response block
00214 0.000e+00 1.484e-16 1.346e-10 7.084e-06 7.987e-05 6.850e-05
. . pa234 0.000e+00 1.280e-07 1.280e-07 1.280e-07 1.278e-07 1.096e-07
L Thls |nC|UdeS US@fUl total Ond subtotal £1210 0.000e+00 3.117e-20 2.828e-14 1.488e-09 1.678e-08 1.439¢-08
at218 0.000e+00 2.969e-20 2.693e-14 1.417e-09 1.598e-08 1.370e-08
. eLy £1206 0.000e+00 1.458e-23 1.803e-16 9.488e-12 1.070e-10 9.174e-11
° TO ge‘l’ 'I'he ndq‘l‘qse‘l‘ number ngh‘l‘ |'I' S Useful 'I'O run rn218 0.000e+00 2.969e-23 2.693e-17 1.417e-12 1.598e-11 1.370e-11
’ hg206 0.000e+00 2.068e-25 2.559e-18 1.346e-13 1.518e-12 1.302e-12
M M 1 M 209 0.000e+00 2.650e-24 2.404e-18 1.265e-13 1.426e-12 1.223e-12
the nominal calculation first fo confirm the
. ore . . subtotal 8.001e-05 2.402e-04 2.404e-04 3.307e-04 1.119e-03 9.593e-04
OVGllOmey Ond n0m|ng Of fhe p|'|' f||es fotal 8.001e-05 2.4026-04 2.404e-04 3.307e-04 1.119-03 9.593c-04
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Response post-processing

generates CSV results files for L ny sampler.inp

—— my sampler.out

further analysis with external tools | = frsamier samlertites

cl pert 00000.out
cl pert 00001.inp

. M M o o o
Standard deviation L lations
—— response table.dynamic.l.corr.step000l.csv
¢ /\\/EarC]QJEES —— response_ table.dynamic.Z2.corr.step0013.csv
—— covariances
° |ﬂdIVIdUCI| SOmple VO|UeS —— response_ table.dynamic.l.cov.step000l.csv
—— response_ table.dynamic.Z.cov.step001l3.csv
. —— histograms
o Correlation between responses e
—— histories
L x
. .ptp
« Covariances between | response_tables
—— response_ table.dynamic.l.avg.csv
rEBSF)C)rWSEES —— response table.dynamic.l.stddev.csv
—— response table.dynamic.l.val.csv
—— response_ table.dynamic.Z.avg.csv
Note: Our CSV files are semi-colon (;) separated— —— response_table.dynamic.2.stddev.csv
—— response_ table.dynamic.Z.val.csv

not comma (,) separated—to avoid international

—— running averages

incidents where "," may be used as the decimal L— *.ptp
" " n ”»
.0."3,14" inst . . —— scatter plots
(e.g."3 stead of "3.14”) s
% OAK RIDGE
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Response post-processing generates

Case €1, response crles. 227, stop 6

PTP results files for visualization with Fulcrum

B Unperturbed keff - godiva

» Scatter plofs showing AR )
— All data points L L
— Average result and nominal result

e Histograms
 Running averages

Bo-siE ;‘!jﬂ (1) 200 400 00 800 1000 1200 1400 1600 1800 2000 2200 2400
Case godiva, response keff Sample Number
10046
, ot o e
tomel owem oo Hwp bbb E ST e e ST TR T i
10040 i ‘ [ . 2
LoozBl m222_uq.final.samplerfiles » histograms | |
o R R I HHH HHHHEHHH e e e I— i
10034 -
10032
ol N : Date modified T
-~ ame ate modaie e
E iz::z Name Date medified Type "
g b a ) . - /23016 4438 B o | scatter_plot.cl_curies.rn222 step00001.ptp 37272016 4:38 PM PTP File
st v . st .pt f2f G d: W
. il i ) L histogram.cl_curies, m222.step000Lptp - 3/2/2016 ] scatter_plot.cl_curies.m222.5tep00002.ptp ~ 3/2/2016 4:35 PM  PTP File
g o i i i | histogram.cl_curies.m222:step00002,ptp /2B AZEPM - PIPL ) (other plotcl_curies.m222.step00003.ptp 3272016 435 P PTP File
% Lo i HE IRt R i L histogram.cl_curies.n222.stepl0003.ptp  3/2/2016438PM  PTPI [ copver plorel curies.m222step00004.ptp  3/2/2016438PM  PTP File
§ o AR L | Y histogram.cl_curies.n222.step00004.ptp  3/2/2016 438 BM - PTRN [ ceamer plot.cl_curies.m222.5tep00005.ptp  3/2/2016438PM  PTP File
L. i i | L || histogram.cl_curies.rn222.step00005.ptp  3/2/20016 438 PM  PTRY [T caner nlot.cl_curies.m222.step00006.ptp  2/2/2016 438 PM PTP File
. B A L | histogram.cl_curies.rn222.step00006.ptp ~ 3/2/2016 438 M PTPY |7 catter plotel_curiestotalstepl0001.ptp  2/2/20164:32 PM PTP File
izzzs ! I I I i i i __| histogram.cl_curies.total.step00001.ptp 3/2/2016 4:38 PM PTP | ] scatter_plot.c1_curies.total.step00002.ptp 3/2/2016 4:38 PM PTP File
osess e paaian Dl B |_| histogram.cl_curies.total.step00002.ptp 3/2/2016 4:38 PM PTR || scatter_plot.cl_curies.total step00003.ptp ~ 3/2/20164:32 PM PTP File
o - A i | nistogram.cl_curies.total.step00003.ptp  3/2/2016438PM PTPY [ scatter_plot.cl_curies.total.step00004.ptp  3/2/2016 438 PM  PTP File
002 e e || histogram.cl_curies.total.step00004.ptp 3/2/2016 4:38 PM PTP | | scatter_plot.cl_curies.total.step00005.ptp ~ 3/2/2016 4:38 P PTP File
- - . P sample Number (1] nistogram.cl_curiesitotal.step00005.ptp  3/2/20164:38 PM PTP{ | | scatter_plot.cl_curiestotalstep00006.ptp  3/2/2016 438 PM TP File
| histogram.cl_curies.total.step00006.ptp 3/2/2016 438 PM PTP File
%OAK RIDGE [ histogram.cl_moles.m222.step00001 ptp ~ 3/2/20164:38 PM PTP File
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ANALYSIS block

read analysis [analysis name]

Allows users to analyze type = TYPE
relgﬂoﬂship beTweeﬂ target = tresponsel tresponse?2 ... end
responses sources = sresponsel sresponseZ ... end

end analysis

o ANy response type at any
depletion step/index

Analysis types

 Relationship evaluated pearson_corr

between “target” and

“source” responses covariances _
correlation matrix
e Results written in CSV files in target responses are ignored for this type
“response_tables” subdirectory covariance matrix
target responses are ignored for this type
r2

sensitivity index for nuclear data uncertainty analysis

%OAK RIDGE
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ANALYSIS block — Target and source response definition

e caserresponse.sub(instance) used to identify user defined case-
dependent responses

— case: user-defined Sampler case name
— response: user-defined response name under the Sampler case

— sub: sub-response for the response (e.g., nuclide names for origen_response type),
not specified if there is none
— instance: index

« Occurrence of grep response match in output (e.g., for multiple depletion calculations with multiple k-
eff results in the output)

« Time/depletion step for nuclide concentration

o Starts with O (default)

o “last”: the last occurrence

o “all”: creates a list of responses for all indices from 0 to last

 Examples : mycl:myorig. (15), mycl:myorig. , mycl:mykeff(all)

%OAK RIDGE
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ANALYSIS block: covariances

« Covariance calculation between each response in the sources response
list and the targef response list

read analysis [cov_with U235 initial]
type = covariances
targets = mycasel:app.u-235(0)

sources = mycasez:exp.u-235(last), mycaseZ:ex.pu-239(14)
end

end analysis

« Calculated covariances:
— cov(mycasel:app.u-235(0), mycase2:exp.u-235(last))
— cov(mycasel:app.u-235(0), mycase2:ex.pu-239(14))

%NOAK RIDGE
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ANALYSIS block: pearson_corr

 Pearson correlation coefficient between each responses

read analysis [do they have same sensitivity]
Cype = pearson_ corr
targets = mycasel:app.u-238(0) end
sources = mycasez:exp.u—-235(last) mycaseZ:ex.pu-239(last) end

end analysis

e Calculated covariances: Is the Pearson correlation
_ - i} - _ coefficient the same as
cor(mycasel:app.u-238(0), mycase2:exp.u-235(last)) similarity coefficient ¢, ?
— cor(mycasel:app.u-238(0), mycase2:.ex.pu-239(last))

%NOAK RIDGE
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ANALYSIS block: correlation _matrix and

covariance matrix

o Correlation (covariance) calculation between responses in the sources
response list (tfargef responses are ignored for this type)

read analysis [iso_ck]
type = covariances

sources = cl:rcal.u-235(0), cl:rcal.pu-239(last)
end

end analysis

e Calculated matrixes:
— cov(clirrcal.u-235(0), clircal.pu-239(last))

- var(mycase2:.exp.u-235(last)) clircal.u-235(0) clircal.pu-239(last)
— var(mycasel.app.u-235(15)) |clircal.u-235(0) varl cov
cl:rcal.pu-239(last) CoV var2

%NOAK RIDGE
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ANALYSIS block: R?

» R2 calculation for responses in the target response list, for all nuclide reactions of all
nuclides listed in the sources

read analysis [whos fault large dk]

type = r2
targets = cl:response keff (last) end
sources = h-1 u-235 u-238 end

end analysis

e For eachresponse, results include a ranked list of the following three values for each
nuclide reaction: R? / 95% confidence interval / 95% significance bound

« Results must be carefully inspected to determine if R results are above the significance
bound

* Results must be examined with caution: correlations between reactions impact the
ranking; understanding of these correlations is required to correctly interpret results

- Most common example is the correlation between elastic and inelastic scattering causing large R? values
for elastic scattering although this reaction may not be a significant uncertainty contributor

— Ranking should not be blindly taken, but expert judgement and additional analyses must be applied
% OAK RIDGE
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Parametric study

PARAMETRIC block allows investigating the
impact of one or more modeling parameters on
selected model responses

 The parameter values are selected from a user
defined range of variation in equal intervals (uniform
distribution).

o All combinations of different modeling parameters
are analyzed if there are more than one modeling
parameter.

« Sampler generates a summary table of the
parametric study, including values for which the
minimum and maximum of each response occurs.

« Sampler generates PTP plot files showing the
dependency of each requested response on each
variable.

%OAK RIDGE
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Example: Investigation of the effect
of the moderator density and the fuel
temperature on kg4

read variable[mod dens]
distribution=uniform
minimum = 0.5
maximum = 0.9
end variable
read variable[fuel temp]
distribution=uniform
minimum = 700.0
maximum = 900.0
end variable
read parametric
variables = mod dens fuel temp end
n_samples = 10 6 end
end parametric

Parametric study involves 10 x 6 = 60
samples to adequately cover combinations
of density and temperature
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How to convert a standard SCALE input into a Sampler input

Ensure that the SCALE
sequence input in question is
accurate and runs successfully

2.  Wrap the sequence input in

sequence and case blocks,
and assign the case an
arbitrary identifier

3. Add aparameters block and

%

enable perturbation of choice

OAK RIDGE

National Laboratory

=sampler
read parameters
n_samples=100
perturb xs=yes
perturb geometry=yes
end parameters
read case[my_ case_ id]
sequence=csas5
sample problem 1
v7.1-252
read comp
uranium 1 den=18.76 1 300 92235 93.2 92238 5.6 92234 1.0
92236 0.2 end

case 2c8 bare

end comp
read geometry
unit 1
cylinder 1 1 5.748 5.3825 -5.3825
cuboid 0 1 6.87 -6.87 6.87 -6.87 6.505
end geometry
read array
gbl=1 ara=1 nux=2 nuy=2 nuz=2 fill f1
end array
end data
end sequence
end case
end

-6.505

end fill




How to convert a standard SCALE input into a Sampler input

=sampler

read parameters
n_samples=100
perturb xs=yes
perturb geometry=yes
library="xn252v7.1"”
end parameters

read case[my case id]

4. G. For nUC|eGr dGTG sequence=csas5
per‘l‘urbgﬂong: sample problem 1 case 2c8 bare
xn252v7.1
- Change the nuclear data read comp
|ibr0ry alias in the sequence uranium 1 den=18.76 1 300 92235 93.2 92238 5.6 92234 1.0
to the actual flename 92236 0.2 end
end comp
— Add this library name into read geimetry
unit
the Somp?,ler porgme’rers cylinder 1 1 5.748 5.3825 -5.3825
block as "library cuboid 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505

end geometry
read array
gbl=1 ara=1 nux=2 nuy=2 nuz=2 fill fl1 end fill
end array
end data
end sequence
end case
end
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How to convert a standard SCALE input into a Sampler input

4. b. For input parameter
perturbations:

— Add variable blocks

- Add corresponding
placeholders into SCALE
sequence

%OAK RIDGE
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=sampler

read parameters
n_samples=100
perturb xs=yes
perturb geometry=yes
end parameters

read variable[my var]

end variable
read case[my case id]
sequence=csasb
sample problem 1 case 2c8 bare
v7.1-252
read comp
uranium 1 den=18.76 1 300 92235 #{my var}
92238 5.6 92234 1.0 92236 0.2 end
end comp

read array
gbl=1 ara=1 nux=2 nuy=2 nuz=2 fill fl1 end fill
end array
end data
end sequence
end case
end




How to convert a standard SCALE input into a Sampler input
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=sampler

read parameters
n_samples=100
perturb xs=yes
perturb geometry=yes
end parameters

read variable[my var]

end variable

read case[my case_id]

sequence=csas5

sample problem 1 case 2c8 bare

v7.1-252

read comp

uranium 1 den=18.76 1 300 92235 #{my var}

end data
end sequence

end case
end

SCALE 6.3| Last Updated: October 2025
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Sampler execution

e The following steps are executed when running @
Sampler input:

1. Subdirectory “${BASENAME}.samplerfiles” is created

2. Sample input files are generated and stored in this new
subdirectory

3. Sample inputs are run
Post-processing is performed

5. Results of the post-processing and analyses (CSV and
PTP files) are stored in sub-folders within
“${BASENAME}.samplerfiles”

* Important note on the post-processing: Sampler must
find all expected output files to avoid friggering a re-
run of inputs and unintentional overwriting of outputs:

— *.out file with statement “SCALE is finished" and no
execution error

- *f71 and/or *.plt, depending on the requested responses

%OAK RIDGE
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£ sampler_response.samplerfiles

sampler_response.inp
sampler_response.msg W

sampler_response.out

@ sampler_response.samplerfiles »

T ST LU LTI

cl_pert_00001.out

8 cl_pert_00001.png

cl_pert_00001.5ystem.f33
cl_pert_00001.116
cl_pert_00001.terminal
cl_pert_00002
cl_pert_00002.f71
cl_pert_00002.idc
cl_pert_00002.inp
cl_pert_00002.msg
cl_pert_00002.out
cl_pert_00002.png
cl_pert_00002.system.f33
cl_pert_00002.t16
cl_pert_00002.terminal
cl_pert_00003
cl_pert_00003.f71
cl_pert_00003.idc
cl_pert_00003.inp
cl_pert_00003.msg
cl_pert_00003.out
cl_pert_00003.png
cl_pert_00003.system.f33
cl_pert_00003.t16
cl_pert_00003.terminal

. correlations

_| covariances

histograms
histories

_ response_tables

. running_averages

= scatter_plots




Advanced Sampler execution Enable threading in Fulcrum

1. Click on "SCALE 6.3.3"
and find the “Customize”

o Sampler supports threading:
- Threading enables parallel execution of sample inputs 3 E,,_;scme 633 B .
- Threading is enabled via the “-1" parameter B k—
- Example command line call: scalerte -I 4 my sampler.inp

. . .. 2. Add arguments: one
- Threading can be enabled in Fulcrum by customizing the SCALE call flag or value per line

Mame SCALE6.3.3

o Sample inputs can be run manually if desired:
1. Use Sampler to generafte sample inputs (using run cases=no)

Executable [Applications/SCALE-6.3.3.

Arguments m

Submit sample inputs to computing cluster 4' k
Ensure successful completion of calculations and collect results
Call Sampler for post-processing

> LN

Reminder: Sampler must find all expected output files to avoid triggering a
re-run of inputs and unintentional overwriting of outputs! Missing files or
incorrect paths are the most common cause of issues when performing post-
processing after manually running sample inputs.
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Sampler input generation fips & tricks

Inspect generated sample inputs without running them by using
run_ cases=no

Ensure nominal and first sample calculation run successfully (sample O and
sample 1) before running all samples

- Also check that they are providing different results

Test variable definitions with echo commands in a shell sequence

Double-check paths if you are using any
- If using the ${DATA} variable, ensure this is correctly set in the environment

— If using injection files, ensure these are correctly copied to the ${TMPDIR} so that they
can be found during SCALE input execution

— Check the input file for sample 1 to confirm all listed paths are valid

%NOAK RIDGE
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Advanced variable definition with SIREN

o SCALE Input Retrieval ENgine (SIREN) is a package which provides an XPath-like interface
to the SCALE input deck represented by a Document Object Model (DOM).

e |In Sampler, the user can specify siren="path” to have the respective token(s)
replaced by a variable value.

« Example: The variable c1_u235 value is inserted as the weight percent of 23°U in the basic
standard composition declared as “uranium” in the CSASS sequence.

e Detailed information on SIREN can be found in SCALE manual chapter 6.4.6

read variable[cl u235]

distribution=normal

value=95.0

stddev=0.05

siren="/csas5/comps/stdcomp[decl='uranium’]/wtpt pair[id='92235']/wtpt"
end variable

%NOAK RIDGE
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https://scale-manual.ornl.gov/sampler.html#scale-input-retrieval-engine-siren

Grepping output responses that are not in the *.out file

Example: Grepping the fast total cross section from the T16 file (TRITON or Polaris output file)

Step 1. Add a “sequence=shell” case to the Sampler input to print the target result to the output

sequence=shell
Option A: grep "' *Energy group *1" -A 2 ${OUTDIR}/S$S{BASENAME}.tl6 | grep
Shell* | "*[[:space:]][[:space:]]1" | awk -v label="total fast= " "{print label,\$1}"

end sequence

Ootion B: sequence=shell
ption b. python3 myTloParser.py —grep "' *Energy group *1” —label "total fast= "

Python™ end sequence

Step 2: Add a grep response for the target value to the Sampler input: * Remember that grep
statements must always be on

a single line because each line
in a shell sequence is executed

read response[totalxs]

type=grep separately with SCALE.
regexp="total fast= *:scale.number:"
regexp=":scale.number:" ** Python scripts can be used for easier grepping or

additional pre-processing of results. Ensure that the
python script is available in the shell by copying it to
the ${TMPDIR} or by using absolute paths.

end response
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Insights info application of nuclear data perturbations

For each nuclear data type, SCALE provides 1,000 pre-
generated nuclear data perturbations

Cross sections:

—  The "Sample*” files in the “${DATA}/ perturb/56n.v7.1" folder are AMPX
multigroup libraries that store perturbation factors

- SCALE module Clarolplus multiplies these perturbation factors with the
multigroup cross sections in the selected master library (e.g., v7.1-56)

- Sampler adds a Clarolplus input to the beginning of each input

Decay data:

- The “end7dec*" files in the “"${DATA}/perturb/” folder are binary decay libraries
that store perturbed decay data (not perturbation factors)

- Sampler adds a link to a perturbed decay data library to the beginning of
each input

Fission Yields:

- The*® " files in the “${DATA}/perturb/" folder are binary libraries that store
perturbation factors

— File "${DATA}/perturb/yieldxsdir"” links each binary library to a specific actinide
and energy

-  SCALE module multiplies these perturbation factors with the
applied fission yield data

- Sampler adds a YieldSampler input to the beginning of each input

=shell
1n -sf ~/data/scale.rev04.xn56v7.1 £t89£001
ln -sf ~/data/perturb/56n.v7.1/Samplel £t87£001
end
=clarolplus
in=89
out=88
var=87
isvar=10
bond=yes
sam=1
end
=shell
mv £t88£f001 xn56v7.1
unlink £t87£001
unlink £t89£001
mv £t10£001 crawdadPerturbMGLib
end
=shell
ln -sf ~/data/perturb/end7dec 0000 end7dec
end

=t-newt parm=bonami
sampler sensitivity
xn56v7.1

read composition
u-2351 0 le-5 300 end
u-238 1 0 le-4 300 end
h-1 1 0 le-2 300 end
end composition

end model

end
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Problem 1: Propagation of fuel tfemperature uncertainty 1o PWR
pin cell decay heat and nuclide concentrations

1. Copy “pwr_pin_triton.inp” to “sampler_pwr_fuel_temp.inp”
— Note that this is a TRITON-NEWT depletion of a PWR pin cell to a burnup of ~30 GWd/MTU

2. Modify the TRITON input to obtain a Sampler input

— Sample size: 10 —opus

~ Fuel temperature perturbation: uniform distribution between 873 K and 973 K f?‘gaz"ftzlfggg )
ibrary="en ec

- Add OPUS sequences based on the inputs listed on the right to obtain nrank=40
decay heat and nuclide concentrations for U-235, Pu-239, Cm-244, units=watts
Nd-148, Cs-137, Sm-149, Gd-155 end

3. Run Sampler using 4 threads =opus

data="ft71£001"
library="end7dec"

4. Analyze the results:

case=1
—- What is the decay heat uncertainty2 Why are there 4 sets of nrank=40
results for decay heat? Symnuc=uzs3o puz3d cmzdd
’ ndl48 c¢csl137 sml49 gdl55 end
— What are the nuclide concentration uncertainties?e units=gram

end

- Where can you find the mean values, standard deviations, and all

individual results for each sample@
%NOAKRIDGE
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Solution 1;

« Decay heat uncertainty is ~0%, i.e. decay heat is

not impacted by fuel tfemperature

* There are 4 sets of results for decay heat because

the /71 file has 4 cases: 1, 0, -1, -2 (see TRITON {71
file description)

e EOL nuclide concentration uncertainties:

- U-235:0.11%

—  Pu-239:0.26%
- Cm-244:0.12%
— Nd-148:0.01%
- Cs-137:0.00%
- Sm-149:0.26%
- Gd-155:0.16%

e Mean values and standard deviations of all

responses are printed at the end of the .out file.

e Mean values, standard deviations, and all

individual results for each sample are available in
CSV files in the response_fables subdirectory.
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=sampler

read parameters
n_samples=10

perturb geometry=yes
run_cases=yes

end parameters

read variable [fueltemp]
distribution=uniform
minimum=873
maximum=973

end variable

read case[pwr pin]

sequence=t-depl parm=(bonami, addnux=2)
PWR pin example

v7.1-56

read comp

uo2 1 0.95 #{fueltemp} 92235 4.0 92238 96.0 end
zirc2 2 1 595 end

h2o0 3 den=0.7135 1 579 end

boron 3 den=0.7135 653e-06 579 end

n 4 den=0.00125 1 595 end

end comp

end sequence
sequence=0pus
end sequence
end case

end
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Problem 2: Propagation of cross section uncertainfies to
PWR pin cell decay heat and nuclide concentrations

1. Copy “pwr_pin_triton.inp” or input from problem 1 to “sampler_pwr_pin_xs.inp”
— Note that this is a TRITON-NEWT depletion of a PWR pin cell to a burnup of ~30 GWd/MTU

2. Modify the TRITON input to obtain a Sampler input

=opus

- Sample size: 10 data="ft71£001"
~ Enable cross section perturbations _orary fendidect
— Ensure the "library” parameter has the same name as the TRITON input units=watts
- Add OPUS seguences to obtain decay heat and nuclide concentrations end
for U-235, Pu-239, Cm-244, Nd-148, Cs-137, Sm-149, Gd-155 ~opus
. data="ft71£001"
3. Run Sampler using 4 threads library="end7dec"
case=1
4. Analyze the results: RS
symnuc=u235 pu239 cm244
- What is the decay heat uncertainty? nd148 cs137 sml49 gdl55 end
- What are the nuclide concentration uncertainties? unEsTgran
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Solution 2:

« EOL decay heat uncertainty is ~0.14%, i.e. cross

section uncertainties have only a small impact on
decay heat

e EOL nuclide concentration uncertainties:

- U-235:0.52%

- Pu-239:1.46%

- Cm-244:11.61%
- Nd-148:0.31%

- Cs-137:0.03%

- SmM-149:2.18%
- Gd-155:17.60%

e Mean values and standard deviations of all

responses are printed at the end of the .out file.

e Mean values, standard deviations, and all

individual results for each sample are available in
CSV files in the response_fables subdirectory.
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=sampler

read parameters
n_samples=10
perturb xs=yes
perturb_geometry=no
run_cases=yes

end parameters

read case[pwr_pin]

sequence=t-depl parm=(bonami, addnux=2)
PWR pin example

v7.1-56

read comp

uo2 1 0.95 923 92235 4.0 92238 96.0 end
zirc2 2 1 595 end

h20 3 den=0.7135 1 579 end

boron 3 den=0.7135 653e-06 579 end

n 4 den=0.00125 1 595 end

end comp

end sequence
sequence=opus
end sequence
end case

end




Problem 3: Cross section uncertainty and sensifivity
analysis for a PWR pin cell k¢

« Goal: Determine k. uncertainty due to nuclear data - Add analysis block:
for a simple LWR pin and identfify top contributors to this . Type:R2
uncertainty using R?
+ Targefs: k. response
* Prepare: « Sources: relevant nuclides in the model
— Use “sampler_lwr_xs_r2_starter.inp” and rename to _ Add appropriate sample size

“sampler_wr_xs _r2.inp” ~un indut Using thread
- Confirm that the nuclear data library in the T- - NUnINPUTUSInG Threading

XSDRN model is consistent with the one in the  Analyze:

Sampler parameter block - Check if Sampler calculation was run successfully:

—  What is the minimum sample size for the R? warning and error messages, sensitivity analysis
calculation of this problem, given the default output in out/msg files, csv file generated

applied covariance library? _ What is the k; uncertainty?

- What are the relevant nuclides of this problem? _ Open sensitivity analysis result file:

 Update and run input: * samplerfiles/response_tables/response_table.anal

- Add response block fo grep kg from T-XSDRN using ysis.analysis_d.csv

regular expression shortcut (note that XSDRN - How many statistically significant values for R? did
provides “lambda’) you obtain?

—  Which reaction did you not expect?
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Solution 3:

» Uncertainty in k is ~0.56%, as typical for LWRs

o With 500 samples, 22 statistically significant LWR pin, keff
values are obtained for R2 when requesting ’

analysis of R, for all nuclides in the system g'ig 1 """""""
. . 4. 2 m Value
« Consider both statistical error bars and 040 || 4 ] o
significant bound o lw L 95% sign.
» Elastic scaftering reactions are sometimes 03 (o~ o4 o !+
found among significant contributors v 0.25 ‘ —

. . ot statisticall
because of the correlation with other 0.20 ’significant {noise)
significant reactions 0.15

- Load covariance library with Fulcrum and check for 0.10
correlations 0.05
- Also use TSUNAMI and check list of top contributors to 0.00
develop understanding of your model o 6 G
c}\ G}\ c»}\
u-238 ‘b@ AP N
mt=1 total R \‘j ,-{J/ \t\
mt=1018 chi ,.,_JOQQ , :\' Qf\
=102 n,
ENDF 7.1 e & ==
covariance mt=18 fission
library records M2 eastic

u-238-mt=2 elastic to u-238-mt=102 n,gamma
u-238-mt=2 elastic to u-238-mt=18 fission
u-238-mt=2 elastic to u-238-mt=2 elastic

u-238 mt=2 elastic - Std dev by energy
%géﬁlﬁiggg u-238 mt=2 elastic - Std dev by group
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Problem 4: Similarity analysis of PWR LEU and HALEU fuel
with respect to nuclear data uncertainties

1.
2.

Copy “sampler_pwr_xs.inp” from problem 1 to sampler_pwr_ck.inp

Duplicate pwr_pin case (read case[pwr_pin]... end case) and rename the second
case to pwr_pin_haleu (read case[pwr_pin_haleu]... end case)

Modify the Triton sequence under pwr_pin_halue case

— Increase pin enrichment to 11% and burnup to 70 GWd/MTU

read burndata
power=40.0 burn=1750 nlib=14 end
end burndata

Add new response blocks to capture k_inf and Pu-239 inventory

Add a new analysis block to investigate similarity of k_inf at the end of LEU depletion to

k_inf at 6, 8, 10, 12, 14th depletion steps of the HALEU fuel

Add a new analysis block to investigate similarity in Pu_239 productions at MOC, EOC

regexp = "k-eff =[[:space:]]+[[:digit:]]+\.[[:digit:]]1+"

Analyze the results: regexp = "[[:digit:]]+\.[[:digit:]]+"

— Does HALEU fuel behave similar fo the LEU fuel ¢

— Does the similarity decrease with increasing burnup<¢, n_samples ¢

RIDGE

%.0AK
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read response [nucpu]
type = origen nuclides
nuclides = pu-239 end
mixture = 1

end response




Solution 4:

 LEU and HALEU fuel show similar trends with respect
to changes in Nuclear Data. Eigenvalues show
similar sensitivities. We can convince ourselves if we
can simulate LEU fuel we should be able to
simulate HALEU fuel with the same accuracy.

Pearson Corr pwr_pin:kinf.6
pwr_pin_haleu:kinf.0 0.748
pwr_pin_haleu:kinf.6 0.889
pwr_pin_haleu:kinf.8 0.921
pwr_pin_haleu:kinf.10 0.946
pwr_pin_haleu:kinf.12 0.962
pwr_pin_haleu:kinf.14 0.971

o PuU-239 inventories also show high similarity with
burnup. However, the similarity is stronger with
burnup regime rather than burnup value.

Pearson Corr pwr_pin_haleu:nucpu.pu239.2 pwr_pin_haleu:nucpu.pu239.6 pwr_pin_haleu:nucpu.pu239.14
pwr_pin:nucpu.pu239.2 0.970 0.970 0.951
pwr_pin:nucpu.pu239.3 0.964 0.972 0.965
pwr_pin:nucpu.pu239.6 0.939 0.962 0.977

e For accurate analysis, number of samples should
be increased until analysis results converge.
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=sampler
read parameters

L TRITON input #1 -
read case[pwr_pin]

end case
T TRITON input #2 -
read case[pwr_pin haleu]

end case

Voe—_—— SAMPLER responses
read response[nucpu]

type = origen_nuclides

read response[kinf]
type = grep

end response
Ve SAMPLER analysis

end
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Summary

e« Sampler’s key features are:

— Propagation of model input parameter and nuclear data uncertainties to results of
any SCALE sequence

- Streamlined sample input file generation

— Support of multiple distributions and consideration of dependencies for input
parameter uncertainties

— Propagation of cross section, fission yield, decay data, and kinetics data uncertainties
— Analysis of results covering standard and advanced statistical metrics

— Analysis results provided in formats for visualization in Fulcrum and for further post-
processing with external tools

e Incoming new features in SCALE 7:
— New distribution type “custom_values” in VARIABLE block
- Target value search
— Advanced similarity assessment

%NOAK RIDGE
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