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PERT card overview

« Uses differential operator method' to compute first- and second-order tally

variations due to density, composition, and reaction cross-sections

« Can have multiple PERT cards in one MCNP input deck to study tally

variations for several sets of nuclides, reactions, and energy ranges

« METHOD option tells MCNP to calculate either the perturbed tally (METHOD=-

1, -2, -3) or the change in the unperturbed tally (METHOD=1, 2, 3)
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Sensitivity analysis via the PERT card

« The PERT card can be used’ to compute tally sensitivities with respect to
nuclear data
— For each nuclide, reaction, and energy range, write one PERT card with METHOD=2
— Parse the MCTAL file for the unperturbed tally (c,) and tally variation (Ac;)

— Calculate the first-order sensitivity as S ; = 24

P-Co
— p is an arbitrary perturbation size (typically choose p = 1)
« PERT cards can also be used to calculate the statistical uncertainty of the
sensitivities
— Treating ¢, and Ac; as independent, only METHOD=2 is needed
— To account for correlation between c, and Ac;, need METHOD=2, -2
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Difficult to use PERT card capability by hand

« User must add the following to their MCNP input deck

— Create a *fictitious” material that is copied from an existing material
= Multiply original nuclide fraction by 1 + p

!

» Multiply original material density by %
— Write PERT cards for all nuclides, reactions, energy ranges, and methods
» User must parse the output MCTAL file for tally results and their corresponding
uncertainties to calculate

— Tally sensitivities to nuclear data
— Uncertainty in sensitivities due to Monte Carlo statistics
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Easy PERT simplifies the process

Python tool that is run from the command line
— Uses Faust’ to modify the MCNP input deck and write outputs in a JSON format
- Uses MCNPTools? to parse the output MCTAL file

User provides an existing MCNP input deck and specifies nuclides, reactions,
energy ranges, and methods

Tool handles

— Calculating modified fractions and material densities
— Writing a modified MCNP input deck

— Parsing the output MCTAL file into a JSON format



Easy PERT demo

- Start with an existing MCNP input deck «+ Main Python script is used to perform

$ conda activate faust2,

L each of the steps
5 cat m(np.FUND—N(ER[—PU—HES r\ULT—BBl—G@7.|‘1.inp

very simplified MCNP lnput "deck for FUND-NCERC-PU-HE3-MULT-001-601.keff to compare keff values against SENSMG result.
c cell cards.
100 100 -1.96039000e+01 i eRP ball.

+

o/ T T—

R . B (faustz) 1 $ ./easy_pert.py -h

. :;‘(’E:T :;ngii and 0.57 nickel reflector. usage: easy_pert. py [-h] {wr‘lte,parse combine,sensitivity} .
Gap between 0.5" and 1.8" nickel reflector.

300 300 -8.79058000e+00 .0" nickel reflector.

ose o ap between 1.0" and 1.5" nickel reflector

hoe 400 -8.749040000+00 p .5" nickel reflector.

oae o +a4 imp: 1.5" and 2.0" nickel reflector.

500 500 -8.71850000e+00 +94 i "o" mickel reflector

ose o 0 : Gap between 2.0" and 2.5" nickel reflector.

600 600 -8.72040000e+00 +95 - nickel reflector.

o6 @ + i Gap between 2.5" and 3. nickel reflector.

700 700 -8.793320000100 i $ 3.0" nickel reflector.

o7e o +71 i $ void between assembly and problem boundary.

oss o 9 lmp n=6 $ outside of problem.

"Easy PERT" is a Python tool designed to make the MCNP code PERT card more accessible. The typical workflow is:

1. Writing all required PERT card entries to an existing set of input decks ("write™)
2. performing the MCNP code calculation
3. parsing the output MCTAL files ("parse")

IAdditional utility functions, such as:

* Combining JSON files ("combine™)
* Computing sensitivities ("sensitivity") are also available.

c surface cards.

3.79380000e+00 $
3.85672000e+00 $ BeRP ball and @.5" nickel reflector.
.11937000e+00 $ 0.5" reflector.
5.13207000e+00 $ Gap between ©.5" and 1.0" nickel reflect
6.38937000e+00 $ 1.0" nickel reflector.

0207000e+00 $ Gap between 1.0" and 1.5" nickel reflector.
7.65937000e+00 $ 1.5" nickel reflector.
7.67207000e+00 $ Gap be 1.5" and nickel reflector.
8.92937000e+00 $ 2.0" nickel reflector.
8.94207000e+00 $ Gap be’ 2.0" and 2.5" nickel reflector.
1.01993700e+01 $ 2.5" ni reflector.
1.02120700e+01 $ Gap between 2.5" and 3.@" nickel reflector
.14693700e+01 $ " nickel reflector.
1.50000000e+01 $ problem boundary.

For more information regarding each command, type ".\easy_pert.py <command> -

optional arguments:
-h, --help show this help message and exit

commands :
{write,parse,combine,sensitivity}
write Tool for writing PERT cards to an existing MCNP code input deck.
parse Tool for parsing PERT card results from MCNP code MCTAL files.
combine Tool for combining JSON files.
sensitivity Computes sensitivities via the MCNP code PERT card method.
(faust2) a a 3 $ -

cards
10 40 85 110

.00000000000000E .969 1871 .03641312841130E-08
.99896082485731E-08
.19413303032538E-08
.21594897733660E-07
.22418673725673E-07 E - 14000000000000F 07

EEXY B
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Easy PERT demo

» Use the “write” command to add required PERT card entries to your existing

input deck

(faust2)

: easy_pert.py write [-h] -e E -mcn MCN -ccn CCN [CCN

$ ./easy_pert.py write -h
-n N -rxn RXN [-u {eV,keV,MeV}] [-d {n,r,,, }] [-fmcn FMCN]

[-p P] [-methods {1,-1,2,-2,3,-3} [{1,-1,2,-2,3,-3} ...]] -i I [-rR]

[Tool for writing PERT cards to an existing MCNP code input deck.

loptional arguments:
-h, --help
-u {eV,kev,MeV}
-d {n,r,,, }
-fmcn FMCN

-pP

show this help message and exit

Group structure units.

Delimiter for group structure file. The "n” and “r° options will be escaped, as expected.

Material card number for the fictitious material defining the PERT card perturbation. Must not match an
existing material card number.

Relative perturbation s . The default size is recommended but another value can be chosen at the
user's discretion.

-methods {1,-1,2,-2,3,-3} [{1,-1,2,-2,3,-3} ...]

-r R

Required arguments:
=@ [E
-mcn MCN
-ccn CCN [CCN ...

-n N
-rxn RXN
-iI
(faust2)
input_deck=mcnp

FUND-NCERC-PU-HE3-MU
roup_structure_5

Desired PERT card method(s). For example, "-m 1 -1" will perform the first- and second-order
perturbations and return the difference in the unperturbed tally and the perturbed tally, respectively,
in the MCTAL file. Please see the MCNP manual for more detail.

Random seed used in the MCNP calculation. If no seed is provided, MCNP will use a default value.

Group structure path. Must be a text file with values separated by delimiters allowed by the “d° flag.

Material card number of the material for which the PERT cards apply.

Cell card number(s) of the cell(s) for which the PERT cards apply. All cells must contain the same

material.

Complete ZAID and library extension for which the PERT cards apply (e.g. 239.00c").

MT number for which the PERT cards apply. Please see the MCNP manual for a listing of valid entries.

MCNP input deck path.
3 $ ./driver.sh write

001-007.rl.inp

vim_MeV.inp

\w\r\ilt\e 1]
./easy_pert.py write -i mcnp.FUND-NCERC-PU-HE3-MULT-001-007.rl1.inp -e group_structure_51_wim_MeV.inp -mcn 100 -ccn 100 -n 94239.
[@0c -rxn 18 -u MeV -d n -fmcn 9979 -p 1. -methods 2

Writing PERT cards to MCNP input decks.

(faust2) a

$ -



Easy PERT demo

» The tool takes care of making the fictitious material, calculating the fictitious
density, and writing all of the relevant PERT cards

c fictitious material for use with the PERT card
materials cards. ¢ using p=1.0, nuclide=94239.00c

o979
BeRP ball. 6012.00c ©.00454853

100 6012.606c 54853000e-83 11023.00c ©.000258307

31069.00C ©.0006858
11023.00c 2.58307000e-04 O (T T
31069.00¢

SR ER=(0 73181.00C @.06233361
31071.00c 4.55256000e-04 74182 .00C 0.000608751
73181.00¢ 2.33361000e-03 74183.00¢ 0.000328717
74182.00C 6.08751000e-04 74184.00c 0.000703705
74183.00C 3.28717000e-04 74186.00c ©.000653009
74184.00c 7.03705000e-04 EEEEB00E DEAXEHET
74186.00¢C

92236.00C 0.000197532
-53009000e-04 94238.00C 0.000154199

92235.006c

92236.00C

.515670060e-04 94239.00c 1.852004
.97532000e-04 94240.00C 0.0583805
94238.00¢
94239.00c

E oo oo

NUVTUTOVUREOONNWOAN DN
OOOOHOOOOOOOOOOD

.54199000¢-04 94241.00C 0.000561676
.26002000e-01 94242.00c ©.000273395
94249.00¢ 5.83805000e-02 95241i?eiea.eeisgg;g 76580849855271 000000e-11, 2.969370¢-09 method=2

_ ce = mat= . . e- N . e- method=

SEHLLEOE S/ ENIe- cell=100 mat=9979 .76580849855271 .969370e-09, 1.036410¢-08 method=2
94242.6@c 2.73395600e-04 cell=100 mat=9979 .76580849855271 .036410e-08, 2.998960e-08 method=2
SEANLEEE A SASTATIR=EE :n cell=100 mat=9979 .76580849855271 .998960e-08, 4.099090e-08 method=2

c 0.5" nickel reflector. :n cell=100 mat=9979 .76580849855271 .099090e-08, 4.944450e-08 metho
m20e 5011.80c 1.30276000ec-04 in cell=16@ mat=9979 .76580849855271 .944450¢-08, 7.194130e-08 method=2




Easy PERT demo

 After performing the MCNP calculation to get a MCTAL file, use the “parse”
command to parse the tally information into a JSON format

" T ———
(faust2) : $ ./easy_pert.py parse -h
usage: easy_pert.py parse [-h] -e E -mcn MCN -ccn CCN [CCN ...] -n N -rxn RXN [-u {eV,keV,MeV}] [-d {n,r,,, }] [-fmcn FMCN]
[-p P] [-methods {1,-1,2,-2,3,-3} [{1,-1,2,-2,3,-3} ...]] -mctal MCTAL [-t T] [--pert_only] “attributes
"comments”: "
Tool for parsing PERT card results from MCNP code MCTAL files. ‘tally_numbe:
perturbed”:
optional arguments: o
-h, --help show this help message and exit "data”:
-u {eVv,kev,MeV} Group structure units. values”™: [
-d {n,r,,, } Delimiter for group structure file. The "n’ and “r° options will be escaped, as expected. ,
-fmcn FMCN aterial card number for the fictitious material defining the PERT card perturbation. Must not match an “uncertainti
existing material card number.
P Relative perturbation size. The default size is recommended but another value can be chosen at the
user's discretion.
-methods {1,-1,2,-2,3,-3} [{1,-1,2,-2,3,-3} ...]
Desired PERT card method(s). For example, "-m 1 -1" will perform the first- and second-order
perturbations and return the difference in the unperturbed tally and the perturbed tally, respectively,
in the MCTAL file. Please see the MCNP manual for more detail.

Required arguments:
e E Group structure path. Must be a text file with values separated by delimiters allowed by the ‘d° flag.
-mecn MCN Material card number of the material for which the PERT cards apply.

~ccn CCN [CCN ... Cell card number(s) of the cell(s) for which the PERT cards apply. All cells must contain the same
material.

N Complete ZAID and library extension for which the PERT cards apply (e.g. "94239.eec").

-rxn RXN MT number for which the PERT cards apply. Please see the MCNP manual for a listing of valid entries.

-mctal MCTAL MCNP MCTAL file containing PERT card results.

-t T Tally number for which the PERT cards results are desired.

--pert_only Flag for writing only the PERT card results to file. Useful if the unperturbed and perturbed tally
results are calculated in separate runs with different random seeds to avoid correlations in the
statistical uncertainties.

(faust2) 3 $ ./driver.sh parse
input_deck=mcnp.FUND-NCERC-PU-HE3-MULT-001-007.r1.inp

group_structure=group_structure_51_wim_MeV.inp

command=parse

[[ parse \w\r\ilt\e 1]

[[ parse \p\a\ris\e ]]

./easy_pert.py parse -mctal mcnp.FUND-NCERC-PU-HE3-MULT-001-007.rl.pert.m -e group_structure_51_wim_MeV.inp -mcn 10@ -ccn 100 -n

94239.00c -rxn 18 -u MeV -d n -fmcn 9979 -p 1. -methods 2 -t 1
Parsing MCTAL file.
(faust2) : $
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Summary and future work

» A powerful use-case for the MCNP code PERT card is calculating tally
sensitivities to nuclear data’

« Writing PERT card entries and parsing output MCTAL files is tedious and error-
prone

« Easy PERT makes use of existing tools (Faust? and MCNPTools?3) to handle
writing PERT card entries and parsing the output MCTAL files

« Early in development process, so upcoming capabilities are
— Calculating sensitivities
— Combining MCTAL files from separate runs into one JSON file

» Looking forward to feedback, suggestions, and friendly testers



Questions?

Contact: arclark@lanl.gov

2/23/21
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