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WELCOME

' * Logistics
~ « |ntroductions

— CASL Staff
— Attendees

e Training Packages
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VERA Physics Components

POE Energy Innovation Hub

Interoperability Chemistry M-L'Lirzj?;s H-I;';rar:ﬁ:;s Neutronics

~+ Method of

Isti Commercial Chemistry Fuel I subchannel |
CharaCtenStICS. CFD (MAMBA, Performance Thermal-Hydraulics m‘ep'fé?r:ng?;;sg}ﬂg
(MOC) neutronics MAMBA-BDM) (BISON-CASL) (CTF) , Insilico, S

tOOI Reactor System

'CRUD Deposition | ERALGS :
(RELAP-5, RELAP-T) P / Isotopics
e Monte Carlo

MAMBA-BDM)

. Indust
neutronics tool e

CFD Cross Sections
(Hydra-TH) (AMPX/SCALE)

e Subchannel thermal-
hydraulics tool

~ * Fuel performance

Geometry / Mesh / Solution Transfer
(DTK)

Ld Physics Coupling / Solvers / UQ
tool 77 (MOOSE, Trilinos, PETSc, DAKOTA)

- Computational fluid Input/ Output
dynamics tool e

» Chemistry tool

Today’s workshop is focused on the fundamentals of running the VERA Core
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Presenter
Presentation Notes
Note that the physics components will be addressed in a separate 4-hr session.  This slide is a reminder only
Check with John & Matt on diagrams.  Replace peregrine with BISON-CASL.


;. Versions & Platforms

* VERAIs designed to operate on Linux, and has been
~successfully built on:
— Redhat Enterprise
~ SUSE
— Ubuntu
— CENTos
— Fedora

* Periodically released

NUCLEAR

l‘* U.S5. DEPARTMENT OF
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Presenter
Presentation Notes
Check with Mark or Ross on platforms


®
R ASL_ Availability

e VERAIs currently authorized for government use only

— Commercial / non-commercial licensing Is expected to be
available in 2015

— Educational licensing is expected to be available in 2015

 Educational course modules are being deployed at selected
U.S. universities and will be expanded to additional
universities by the end of 2015

 Approval for use is restricted based on U.S. Export Control
regulations

Learn more about U.S. export control here: |- & “ o
http://www.state.gov/strateqgictrade/overviewho, 74 = s

ﬁ*"”% NUCLEAR
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Presenter
Presentation Notes
Andrew recommended to take last bullet and put it in the box??

http://www.state.gov/strategictrade/overview/
http://www.state.gov/strategictrade/overview/
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Contact Info

Website:
— www.casl.gov

VERA questions:
— support@casl.gov
Bugs, enhancement requests:

— support@casl.gov

CASL / VERA News:

e To subscribe, send email to CASL-
update@casl.gov with “subscribe” in

the subject.
Join the VERA Working Group
— A User Portal website is being

developed
— Look for an invitation later this year

U.S. DEPARTMENT OF NUCLEAR
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Presenter
Presentation Notes
Also mention annual fee.

mailto:CASL-update@casl.gov
mailto:CASL-update@casl.gov

RLASL Objectives for Today’s
Workshop

Learn about the basic VERA core simulator inputs
— Block structure

— Geometry and symmetry options

— Specifying core conditions and depletion steps

— Turn coupled subchannel thermal-hydraulics “on” and “off”

Get hands-on practice modifying inputs and submitting jobs
— Experience using smaller machines and high performance machines

« Locate the output of interest in VERA's output files
 Experience some post-processing visualization options

More in-depth tutorials wil be available in the Fall |

?“’% NUCLEAR
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@3_/\:" VERA Quick Start

o Introduction to VERA's common Input

e 4 Hands-on tutorials

— Neutronics simulation of a 2D fuel rod cell
— Neutronics simulation of a 2D fuel rod lattice

— Neutronics simulation of a single fuel assembly (3D) at hot full
power with thermal-hydraulic feedback and depletion

— Neutronics simulation of a 3D small reactor core using quarter-
core symmetry

e Demonstration

— Setup, execution and results for a 3D core with thermal-hydraulic
feedback and depletion

~ws | NUCLEAR
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| @/\:" Today’s Workshop Problems

*
‘.-l

* Provide the foundation for you to
execute a full core problem

e Covers:

— VERA input structure and typical inputs
for the core simulator for a
Westinghouse 4-loop NSSS with 17x17
fuel

— Basic coupled neutronics and
subchannel thermal-hydraulics cases

— Code execution on local machines and
High Performance Computers

A single example problem, starting with building a pin cell and
progressing to the full core simulation

NUCLEAR
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Presenter
Presentation Notes
Note that due to time constraints, we will not run a full-sized problem, but will do a “small core” and will provide a demonstration of the full-sized PWR problem.


“EL/A\SL.  Today’s Workshop Problems

ADOE Energy Ir
v

» Doesn't provide:

In depth training of VERA and VERA
methodology

In depth descriptions of each input
keyword

Discussions on the numerical approach
and convergence options

Practice running VERA's fuel
performance, chemistry and CFD tools

Training on the post-processing
software
» VERA currently relies on non-CASL

post-processing tools such as VisIT
and ParaView.

 Future VERA releases may have a
post-processing tool

10 CASL-U-2015-0067-000

Four hours is just enough time to get started'

NUCLEAR




@3_/\:" VERA Quick Start

* In-class hands-on cases are limited in both size and
fidelity based on time available and classroom computing

resources

* .
The single assembly and small core examples were computed at

a much coarser resolution with looser convergence criteria to

allow faster run time

* . .
Accuracy was sacrificed for run time

e Tutorials to be published on the CASL website

» More advanced courses to be developed in CASL
phase 2 (2015 to 2020)

— If you'd like notifications, please subscribe at
CASL-update@casl.gov

~ws | NUCLEAR
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SR A\SL_ VERA User Interface

12

e The VERA Common Input
[VERAIN] products intuitive and
consistent input to all of the
VERA Core Simulator
components

— VERAIn is used to run the VERA
physics toolset, with the exception
of the CFD tool

— VERAIn generates XML files from
the User’s ASCII input deck

— The VERAIn Users Manual is
provided in your documentation

package and can be found in your
VERA Dbuild in the /doc subdirectory

. VERAIn is the primary User Interface with VERA core simulator

crd_map
1

————————

————————

[ASSEMBLY]
ti t1 w stinghou 17x17"

npi
ppi t h 1.260

fuel w21 10.257 94.5 / 2.110
fuel w26 10.257 94.5 / 2.619
fuel w31 10.257 94.5 / 3.100
ell 1 0.4096 0.418 0.475 / U2l he zirc4d
ell 2 0.4096 0.418 0.475 / U226 he zirc4d
ell 2 0.4096 0.418 0.475 / U3l he zirc4d
ell 4 0.561 0.602 / mod Aircd
ell 5 0.418 0.475 / h Aircd
ell 6 0.475 / ircd
ell 7 0.475 / mod
Jatti LATZ21
4
11
111
4 1 1 4
11111
111114
4114111
11111111
111111111
Jatti AT26
4
2 2
2 2 2
4 2 2 4
2 2 2 2 2
2 22 224
4 2 24 2 2 2
222 2 2 2 2 2
222 222 2 22

CASL-U-2015-0067-000

.............

w ENERGY

ENERGY



e

IOE Energy Innovati
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.~ The VERAIn Standard Input Deck is divided into several [BLOCKS]:

SIAU=

* Describes core operating parameters at
a particular point in time

CORE

« Describes core size and layout of

assemblies, rods, inserts, and detectors
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Presenter
Presentation Notes
Speak to text based input. Relied heavily on experienced analysts for the input design.  May move to GUI sometime later.


POE Energy Innovation Hub

The VERAIn Standard Input Deck is divided into several [BLOCKS]:

ASSEMBLY

Standard Input Deck

* Describes each unique fuel assembly in the core design

INSERT

« Contains geometry and physical description of burnable poisons (BPs)
and/or thimble plugs

CONTROL

« Contains geometry and physical description of control rod assemblies

DETECTOR

« Contains geometry and physical description of detector strings
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POE Energy Innovation Hub

- CASL-U-2015-0067-000

The VERAIn Standard Input Deck is divided into several [BLOCKS]:

Standard Input Deck

maa EDITS

» Specifies axial levels at which power and/or neutronics-T/H coupling will
be solved

COUPLING

» Defines the convergence parameters for coupling the different physics
codes

mmd MPACT

« Transport code

sl COBRATF

« Subchannel thermal-hydraulics code

#%%  U.S. DEPARTMENT OF

NUCLEAR
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E/\SI_ BRE AK - CASL-U-2015-0067-000
Is everyone logged on?
Using the directions printed on your RSA token,
connect to Leza’s wireless router and
ssh onto Leza for QST-1 and QST-2

When Lise Meitner finished school at age 14, she was barred from higher education, as were all
girls in Austria. But, inspired by the discoveries of William Rontgen and Henri Becquerel, she was
determined to study radioactivity. When she turned 21, women were finally allowed into Austrian
universities. Two years of tutoring preceded her enrollment at the University of Vienna; there she
excelled in math and physics and earned her doctorate in 1906. She wrote to Marie Curie, but
there was no room for her in the Paris lab and so Meitner made her way to Berlin. There she
collaborated with Otto Hahn on the study of radioactive elements, but as an Austrian Jewish
woman (all three qualities were strikes against her), she was excluded from the main labs and
lectures and allowed to work only in the basement. In 1912, the pair moved to a new university and
Meitner had better lab facilities. Though their partnership was split up physically when she was
forced to flee Nazi Germany in 1938, they continued to collaborate. Meitner continued her work in
Sweden and after Hahn discovered that uranium atoms were split when bombarded with neutrons,
she calculated the energy released in the reaction and named the phenomenon “nuclear fission.”
The discovery—which eventually led to the atomic bomb (“You must not blame scientists for the
use to which war technicians have put our discoveries,” Meitner would say in 1945)—won Hahn the
Nobel Prize in 1944. Meitner, overlooked by the Nobel committee, refused to return to Germany
after the war and continued her atomic research in Stockholm into her 80s.

Lise Meitner (1878 - 1968) Taken entirely from: http://www.smithsonianmag.com/science-nature/ten-historic-female-scientists-you-should-
Photo: the Granger Collection, NY know-84028788/#zifPE7kBYlgGG00w.99
Read more at: http://en.wikipedia.org/wiki/Leza Meitner

Dr_-,-'—*’)_::_ U.S. DEPARTMENT OF NUCLEAR
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Presenter
Presentation Notes
Make this a break time to get everyone logged on.  

http://www.smithsonianmag.com/science-nature/ten-historic-female-scientists-you-should-know-84028788/zifPE7kBYIgGG00w.99
http://www.smithsonianmag.com/science-nature/ten-historic-female-scientists-you-should-know-84028788/zifPE7kBYIgGG00w.99
http://en.wikipedia.org/wiki/Lise_Meitner
http://en.wikipedia.org/wiki/Lise_Meitner
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A DOE Energy Innovat ion Hub

Quick Start Tutorial #1
Neutronics analysis
of a 2D fuel rod cell
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SR NSI Quick Start Tutorial # 1
2D Fuel Rod Cell

« Simple two-dimensional fuel rod cell )
- U0, fuel pellet HH .
— Zircaloy-4 cladding | Egﬁf
— Pressurized water moderator with soluble rb

boron = .
— Pellet-clad gap with helium backfill

e Eigenvalue problem typical of PWR l e gy
reactor analyses oz

 Beginning-of-life (BOL) conditions ‘Bl

 Hot zero power Bl
=
Tutorial #1 Fuel
Rod Arrangement

Exercise objective: learn the basic
steps associated with running VERA
e Y

CASL-U-2015-0067-000 EN ERGY
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Rl NS Files you will find in the qst-1
folder

cd gst-1

Open the tutorial #1 input deck:
vi gst-1.inp

e gst-1.inp - the input for this case
e run-gst-1 - the script that runs this case

e gst-1-mpact-params — a file that includes the MPACT
parameters to run this case

— we won't be talking about these parameters in this tutorial

- Open gst-1 to modify the inputs for the case ‘

?ﬁ"% NUCLEAR

%)) EN ERGY ENERGY

20 CASL-U-2015-0067-000



SR ASL Q17
gt Edit |nput Deck

ks [cASEID]

title "CASL AMA Benchmark Problem 1A - Pin Cell- Public’
[STATE] md STATE
title QsT-1
S 08
tinlet .
tfuel 900 K — « [STATE] block describes reactor
modden 0.743 I g/fcc

boron 700 ! ppm core operating parameters
feedback off (statepoint values) at a particular
~|feomel point in time. Can change during run
1 apitch 1.26
rated 0.01 0.01
height 1.0

core_shape
1

assm_map
AS5YL

bc_rad reflecting
bc_top reflecting
bc_bot reflecting

[ASSEMBLY]
title "pin cell”
npin 1
ppitch 1.26
fuel U3l 10.257 94.5 / 3.1

cell PIN1L 0.4096 0.418 0.475 / U3l he zirc4

- .
i » 3 'Iat'glﬁf LATL
axial ASSY1l 0.0 LAT1 1.0
[MPACT]
o include gst-l-mpact-params
% U.S. DEPARTMENT OF NUCLEAR
21 CASL-U-2015-0067-000 'ENERGY | enerey



<kl AS QST#1
2%3 Input - [STATE]

Input Parameter | Description
[STATE]

title Os5T-1

title Title for the simulation Pinier 800 «
EEESLH g?g4§ I g/cc
power operating power oo’ 't ppm
(percent of rated power) feedback oft
tinlet inlet temperature (F, K, or C) | @ange 0 565 K\
tfuel fixed fuel temperature (F, K, or C) s change to 565 K
modden fixed moderator density (g/cc)
boron soluble boron concentration (ppm) —y(hange to 1300
sym core fraction to run problem in /
(full or qtr) /Refer to your vi )
feedback flag for T/H feedback (on or off) ﬁglrgr\?v?trr:deillijt?:ga?éri?tr
VERA uses fixed metric units, | forget to save your
_ with the exception of tinlet and tfuel kd'ted 12 2 /

EEEEEEEEEE

22 CASL-U-2015-0067-000 %%!é EN ERGY

ENERGY
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23

Running the VERA Core

» To run the VERA core simulator Simulator
using VERAIn, the user typically prepares and

launches a run script.

cd /fhome/user

 The first part of the script usually provides the |cscsr

cares=8

locations of the code executables and ¢ set executabies

necessary libraries, as well as specifying the  emelisyinsmieriuier —awiroe *
number of cores to be used to run the job. "

* The commands that must be executed include [ehe eamie= e

echo data = SMPACT_DATA

parsing the input for the various physics to be |
included in the simulation and then launching ez

che

the physics codes once the input has been  |ere1_rareins v s

parsed b

date

 The MPACT.ini initialization file is specified for =2

echo " Running MPACT Job on Scores cares"

use in the run script with the “-init” option ek o scores sene seaseot

date

| These steps can be done
‘ manually (line by line) without a run script
gt'% U.S. DEPARTMENT OF NUCLEAR

CASL-U-2015-0067-000 %%M& ENERGY | encroy




QST#1
Run Scripting

Calls the initialization file
\ parse input ‘ f

perl $parser.pl --init $case.inp $case.xml

',._ DOE Energy Innovation Hub

run Neutronics

apiun -n $cores SMPACT.exe Scase.xml

aprun on Titan;
mpirun on Leza

Note that for this case we are running neutronics
without using the coupled thermal-hydraulics option,

since the script doesn'’t call CTF

#%%  U.S. DEPARTMENT OF

(@) ENERGY

NUCLEAR
ENERGY

b  CASL-U-2015-0067-000
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SWDOE Energy Innov

ation Hub

Job Submission QST#1

Running the case on Leza

CASL-U-2015-0067-000

Your run script should look like this:

#! /bin/bash
cd /home/user

# Toad development enwvironment
source /projects/vera/gcc-4.6.1/load_dev_env.sh

case=qst-1
cores=2

# set executables

parser=/home,/tet /VERA. base/VERA/. ... /react2xml.p]l

exe=/home,/tet /VERA. base/Builds/.... /MPACT. exe
exgort MPACT_DATA=/home /tet/tools/.... /test_data
pw

date

echo case = %case

echo input = $case.inp
echo executable = %fexe
echo data = SMPACT_DATA
echo

# parse input
rm $case.xml

echo "

echo " Parsing VERA input"

echo "

?EFT fparser --init $case.inp $case.xml
5 -1 $case.xml

date

# run neutronics

echo "

echo " Running Job on $cores cores”

echo "

mpirun -n $cores %exe 3case.xml

date

[ Type: .Jrun-gst-1 |

U.S. DEPARTMENT OF NUCLEAR

'%%! ' ENERGY | enErGY



B ASL VERA processing &

26

output files

o $case.xml —the VERAIn parsed input to the codes

 $case.log — a record of the information echoed to the screen
during the run

« $case.out — a human-readable output file

« $case.h5 — a standard hdf5 formatted file containing inputs and
outputs

o $case.silo — a file generated from the h5 file that is readable by
VIisIT or ParaView for visualization

?ﬁ"% NUCLEAR

%)) EN ERGY ENERGY

CASL-U-2015-0067-000
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WDOE Energy Innovation Hub

To view simulation output,
[type: cat gst-1.log; ]

or
For full output that
includes pin powers, XS
data, materials, etc.,

[type: cal gst-1.out

keff = 1.1862057
\

000:00.
000:00.
000:00.
000:00.
000:00.
000:00.
000:00.
000:00.
000:00.97
000:01.

000:01.07
000:01.08

000:01.
000:01.
000:01.

08
08

000:02.12
000:02.17
000:02.17
000:02.17
000:02.17

000:02.

25

000:02.

30

00:03.99

000:04.05
000:04.05
000:04.086

Processing
Processing
Generating

Input...
X5 Libraries...
Materials..
Generating Reactor Geometry...
Generating Reactor Mesh...
Initializing Parallel Environment..
Settin? up angular quadrature...
Initializing mesh. ..
Generating Input Edits...
Initializing Base MOC Sweeper...

setting up modular rays...

Ferforming ray tracing...

Setting up long rays...

Allocating base solution variables...

allocating solution variables...
Initializing Multi-group Fixed Source Solver...
Initializing Eigenvalue Solwver...

adding eigenvalue accelerator...

-CMFD acceleration is being used (MG LS, Node-Major)
...with PO boundary update
...NOT using angle decomp processors

Initializing Feedback Solver...
Initializing Multistate Solwver...

Ca1cu1ating Equivalence Xs... —

solving subgroup FsP. ..

Group 10 cat 1 92238 57 6.0173e-07

Group 10 Cat 2 92235 79 9.6357E-07
40091 73 7.7760E-07

Group 10 cat 3

Group 26 cat 2

92235 77 B.6730E-07
Group 26 Cat 3 40091 71 9.7891E-07
Group 26 Cat 4 72177 35 7.3579e-07

solving state 1,/1..
Using TCPD in All Regions..
performing EiEenva1ue calculation..

iter eff norm_keff norm_fissrc —
0 1.0000000 1.000000E-06 1.000000E-06
MG-CMFD 2 4 1.1860684 1.564463E-11
1G-INNER 1 94 1.449512E4+00
1 1.1860684 1.B60684E-01 1.411213E-02
MG-CMFD 2 7 1.1882253 6. 589541e-12
1G-INNER 1 a4 7.164976E-02
2 1.1882253 2.156862E-03 7.930201e-04
MG-CMFD 2 7 1.1862059 9.541049e-12
1G-INNER 1 a4 2. 604590E-04
32 1.1862059 2.187175E-05 3.241345E-06
MG-CMFD 2 7 1.1862057 9, 53B489e-12
= 1 a4 8. 940696E-05
3 1.1862057 1.723222e-07 6.42B715e-07
convergence criteria satisfied
Finished

21 CASL-U-2015-0067-000
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ST#1
Viewing Results

— Residuals of the self-
shielding equivalence XS
calculation

U.S. DEPARTMENT OF

ENERGY

— Eigenvalue iterations
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A DOE Energy Innovat ion Hub

Quick Start Tutorial #2
Neutronics analysis of a
2D fuel lattice
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WDOE Energy Inno

 Results permit comparison of

the normalized fission reaction .
rate distribution among the Eﬁmﬁube -
fuel rods Fyrex fod

Exercise objective: learn how to specify |

z%G_ AS] Quick Start Tutorial # 2
2D Fuel Lattice

 Simple two-dimensional array
of PWR fuel rods

Zircaloy-4 cladding

Pressurized water moderator with
soluble boron

Pellet-clad gap with helium backfill
Beginning-of-life (BOL) conditions
Hot full power _
Pyrex burnable absorbers —

QST#2 1/8th symmetry

assembly lattices and to run using Symmetric | . iice

boundary conditions

CASL-U-2015-0067-000

?ﬁ"% NUCLEAR
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Presenter
Presentation Notes
If another screen show input file


Rl NS Files you will find in the qst-2
folder

Open the tutorial #2 input deck:
cd ../qst-2
Vi gst-2.inp

e Qst-2.inp - the input for this case
* run-gst-2 - the script that runs this case

e Qst-2-mpact-params — a file that includes the MPACT
parameters to run this case

— we won't be talking about these parameters in this tutorial

- Open gst-2.inp to modify the inputs for the case ‘

?ﬁ"% NUCLEAR

%)) EN ERGY ENERGY

30 CASL-U-2015-0067-000



Energy Innovation Hub

ASSEMBLY

V)

[ASSEMBLY] block contains the
geometry and physical description of
the nuclear fuel assemblies.

QST#2 Input

[STATE]
title q5T-2
power a.a

tinlet 363 K
tfuel 365 K
noddean @743 ! @fcc
boran 1388 ! ppm
sym full
teedback afft

[CORE]
size 1
apitch Zl.58

heignt 1.@
rated @.a1 8.8l

core_shaps
1
assm_Rap
ASSY
insert_map
FY
oc_rad reflecting
bc_tap reflecting
bc_bat reflecting
[ASSEMELY |
npLn 17
ppitch 1.26
Tuel USL 18.257 94.5 F 3.1

cell 1 8.4896 9 41E @.475 S U3l he zircd
cell 2 @.561 9.682 1 mod zircd

lattice LAT

et ot et e
el et et ek
b e e
e
bl bl ot el
[EYEpEpN
]

1 1
111 11
axtal ASSY 8.8 LAT l.@

[IMSEAT]

title “Pyres"

npLr 17

nat pyrex 2.34249  b-18  5.519452-83
b-11  &.512452-23
o-16  5.3588e-1
na-z3 4.le-2
al-27 le-z
si-88 3.77e-1

cell 1 2.214 @.231 8.241 9.427 8,437 8.484 f he =5 he bdc he ss

rodmap LAT-PY

axial PY a.% LAT-FY 1.9

[HPALCT]
include gst-Z-mpact-params

MENT OF

GY

NUCLEAR
ENERGY



SHA] QST#2 Input -

WDOE Energy Innovation Hub
Upper Core Flate - ) )
For the 2D lattice, you will
Top Nozzle . .
I describe the mid-plane of the
i [ ]
L fuel rod lattice ASSENBLY]
ppitch 1.26
fuel U31 18.257 94.5 / 3.1
T cell 1 0.4896 0.418 0.475 / U31 he zircd
&T cT &r cell 2 @.561 8.682 / mod zircd
Fl
_ _ _ . _ . _ 'Lai:tir:e LAT
111
7117
_ T p P GT 11111
111117
Achive Fael 1 7117111
[ sl = < = 111111111
P @ axial AS5Y 8.8 LAT 1.8
[ sl [ & [ e
|
e
We will take advantage of symmetry and only
___ model 1/8" of the lattice for this exercise;

other allowed symmetry is 1/4 lattice or full lattice

Bottom Noz=le

-_'E?' U.S5. DEPARTMENT OF NUCLEAR

32 CASL-U-2015-0067-000 %!6, ENERGY | enercy




X QST#2
Input - [ASSEMBLY ]

npin 17 number of rods along the
edge of an assembly

ppitch 1.26 cell pitch (cm)

[ASSEMBLY]
npin 17
ppitch 1.26

fuel U31 1@.257 94.5 / 3.1

cell 1 B.40096 @.418 0.475 / U31 he zircd
cell 2 8.561 B.602 / mod zircd

.
0o
0o

lattice LAT
1
11
111
7117
11111
111117
7117111
11111111
111111111
axial ASSY 2.8 LAT 1.0

#2%%,  U.S. DEPARTMENT OF N UCLEAR

.9, ENERGY | enercy




QST#2
Input — Local Materials

Define the fuel material and enrichment:

POE Energy Innovation Hub

fuel U3l 10.257 94.5 / 3.1
L ! L !
user defined density % of theoretical enrichment
fuel name (g/cc) density
[ASSEMEBLY]

npin 17
ppitch 1.26

fuel U31 18.257 94.5 / 3.1

cell 1 9.4096 ©.418 8.475 / U31 he zircd

cell 2 @.561 @.602 / mod zircd
lattice LAT ASSEMBLY
1

« Describes each unique fuel assembly in the
core design

2]
4
(&)
o
®)
(B)
0
()
e
)
=
>
'©
(&)
o
L)
8
p -
()
4
)
S
()
=
Y—
()]
(A

o s e
P b b b
[l el il

b b b

[

=

[

11
11
11
11
11
11
11
LA

axial ASS5Y 0.8 LAT 1.@

#%  U.S. DEPARTMENT OF N UCLEAR
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A DOE Energy Innovation Hub

QST#2
Input - [ASSEMBLY |

cell 1 0.4096 0.418 0475 [ U3l he zircd
cell 7 0561 0.602 / mod  zirc4
user defined radii for each materials
cell name concentric cell composing
S— (or “ring”) (cm) each ring
fu;l 331.10.25? 94.5 / 3.1
se1 7 0lser 0,603 /| mod sived 0.475 0.418 0.4096

/Create a new guide A
thimble cell 2 having an
inner and outer radius

of 0.561 and 0.602cm
\respectively

|

/

Refer to your vi command summary for help with editing; don’t
save yet, we have more edits to do!

|

35 CASL-U-2015-0067-000
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Presentation Notes
Have them add cell 2


: @r NS QST#2
g Input - [ASSENIBLY]

To define the lattice, | ~Lattice LAT cell 2
each location in the 1 guide (ASSENBLY]
array is given a cell 11 tube ppiteh 1.26
type 1 1 1 fuel U31 18.257 %4.5 / 3.1
| 211 cell 2 0 0561 0602 7 nod sircd
1 1 1 1 1 lattice LAT
111112 11
2112111 7119
Two cell types are 11111111 111117
used in our 1/8t 11 1(@{\1 111 iiiih
symmetry lattice: |
Ce” 1 fuel axial AS5Y ©.9 LAT 1.@
v cell 1 fuel
cell 2 guide tube Refer to your vi ) . .
R 4 command summary for Modify your lattice input to
. O use your new cell 2 by
help with editing; don’t :
| changing the 7s to 2s
g save yet, we need one

\/nore edit! -

. DEPARTMENT OF NUCLEAR

oy LS
./ ENERGY | eNercY

36 CASL-U-2015-0067-000



37

To define a local material, a
definition must be provided:

QST#2

Input -

material —

2.34 b-10 6.81945E-03

density
(g/cc)

mat pyrex
/ / b-11 3.01805E-02

0-16 5.35000E-01
na-23 | 4.10000E-02

user defined

al-27 1.00000E-02

isotopes, as named | SI-00 / 3.77000E-01

material
name
[INSERTI
title "Pyrex"
npin 17
mat pyrex 2.34249 b=1@ 6.81945e-83

b-11  6.81945e-83
o-16  5.3580e-1
na=23 4.le-2
al=27 le=2

5i-8@ 3.77e-1

cell 1 @.214 98.231 2.241 0.427 @.437 @.4B4 / he ss he| bdc|he ss

rodmap LAT-PY
|

. 1 [ Change to pyrex}

axial PY 8.0 LAT-PY 1.8

in material library weight fraction

« Contains geometry and physical
description of burnable poisons (BPs) _J
and/or thimble plugs

Refer to your vi command summary for help
with editing; don't forget to save your edited
file :x

E

CASL-U-2015-0067-000

@E 'ENERGY
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Presenter
Presentation Notes
Need to mention what materials are built in.  What fraction is this?
Point out title was “Pyrex” but VERA not case sensitive, so pyrex, Pyrex, PYREX are interchangable.
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AT

PDOF Energy Innovation Hub

On a local
machine like

QST#2

Job Submission/Output

On Leza

Type: ./run-qst-2

Leza, unless
you run the
case in the
background,
the log file will
scroll on your
screen.

keff = 1.1074028
\

000:

000:

000:
000:

000:
000:
000:
000:
000:

001:

001:

001+
001"

02.

0z.

02.
0z.

21

21

52
32

Processing X5 Libraries...
Generating Materials...
Generating Reactor Geometry...
Generating Reactor Mesh...
Initializing Parallel Environment...
Sett'in.cl] up angular guadrature...
Initializing mesh...
Generating Input Edits...
Initializing Base MOC Sweeper...
setting up modular rays...
performing ray tracing...
setting up long rays...
Allocating base solution variables...
Allocating solution variables...
Initializing Multi-group Fixed Source Solver...
pefault convergence norm is being used
Default step algorithm is being used
Default solve a gl]orithm is being used
Initializing Eigenvalue Solver...
Adding eigenvalue accelerator...
-CMFD acceleration is being used (MG LS, Node-Major)
...with PO boundary update
...using angle decomp processors
Initializing Feedgack Solver...
Initializing Multistate Solver...
Calculati ng Equivalence Xs...
solving subgroup FsP...
Group 10 Cat 1 92238 16 9.6003e-12
Group 10 cat 2 92235 16 3.9510e-12
Group 10 cat 3 40091 16 2.8370E-12

Group 26 Cat 2 92235 16 2.8083e-12
Group 26 Ccat 3 40091 16 1.3180e-12
Group 26 Cat 4 72177 14 1.7503e-07
solving state 1/1...

Using TCPO in A1l Regions...

performing Eigenvalue Calculation...

iter eff norm_keff norm_fissrc
0 1.0000000 1.000000E-04 9,990000E-01
MG-CMFD 4 88 1.1030873  7.252942e-07
1G-INNER 1 94 7.377167E-01
1 1.1030873 1.030873E-01 6.578645E-03
MG-CMFD 2 it 1.1053073 2.312306E-04
1G-INNER 1 5.320560€E-02
2 1.1053073 2.219933e-03 5.329453e-04
1.1073589 2.272270E-04 1.815394E-05
1 it 1.1074028 3.501897E-04

1 94 7

1.1074028 4.397498E-05 3

.465707E-05
.132485E-06
Convergence criteria satisfied
Finished

Residuals from the self-

shielding equivalence
XS calculation

—— FEigenvalue

iterations

CASL-U-2015-0067-000
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39

output files

o $case.xml —the VERAIn parsed input to the codes

 $case.log — a record of the information echoed to the screen
during the run

« $case.out — a human-readable output file

« $case.h5 — a standard hdf5 formatted file containing inputs and
outputs

o $case.silo — a file generated from the h5 file that is readable by
VIisIT or ParaView for visualization

?ﬁ"% NUCLEAR

%)) EN ERGY ENERGY
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Output

 To view pin powers,|type cat gst-2.out

k-eff = 1.1074028

3-D Pin Powers

Assembly 1at ( 1, 1)

VX 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 1.0106 0.9990 0.9938 0.9997 1.0092 1.0294 1.0330 1.0368 1.0383 1.0368 1.0330 1.0294 1.0092 0.9997 0.9958 0.9990 1.0106
2 0.9990 0.9831 0.9789 0.9785 1.0082 1.0568 1.0419 1.0451 1.0707 1.0451 1.0419 1.0568 1.0082 0.9785 0.9789 0.9831 0.9990
3 0.9958 0.9789 0.9523 0.9269 1.0100 0.0000 1.0692 1.0712 0.0000 1.0712 1.0692 0.0000 1.0100 0.9269 0.9523 0.9789 0.9958
4 0.9997 0.9785 0.9269 0.0000 0.9526 1.0363 1.0212 1.0205 1.0266 1.0205 1.0212 1.0363 0.9526 0.0000 0.9269 0.97853 0.9997
5 1.0092 1.0082 1.0100 0.9526 0.9907 1.0399 1.0034 0.9630 0.9229 0.9630 1.0034 1.0399 0.9907 0.9526 1.0100 1.0082 1.0092
6 1.0294 1.0568 0.0000 1.0363 1.0399 0.0000 1.0079 0.9123 0.0000 0.9123 1.0079 0.0000 1.0399 1.0363 0.0000 1.0568 1.0294
7 1.0330 1.0419 1.0692 1.0212 1.0034 1.0079 0.9564 0.9210 0.8813 0.9210 0.9564 1.0079 1.0034 1.0212 1.0692 1.0419 1.0330
& 1.0368 1.0451 1.0712 1.0205 0.9630 0.9123 0.9210 0.9250 0.9232 0.9250 0.9210 0.9123 0.9630 1.0205 1.0712 1.0451 1.0368
9 1.0383 1.0707 0.0000 1.0266 0.9229 0.0000 O.8813 0.9232 0.9347 0.9232 0.8813 0.0000 0.9229 1.0266 0.0000 1.0707 1.0383

10 1.0368 1.0451 1.0712 1.0205 0.9630 0.9123 0.9210 0.9250 0.9232 0.9250 0.9210 0.9123 0.9630 1.0205 1.0712 1.0451 1.0368
11 1.0330 1.0419 1.0692 1.0212 1.0034 1.0079 0.9564 0.9210 0.8813 0.9210 0.9564 1.0079 1.0034 1.0212 1.0692 1.0419 1.0330
12 1.0294 1.0568 0.0000 1.0363 1.0399 0.0000 1.0079 0.9123 0.0000 0.9123 1.0079 0.0000 1.0399 1.0363 0.0000 1.0568 1.0294
13 1.0092 1.0082 1.0100 0.9526 0.9907 1.0399 1.0034 0.9630 0.9229 0.9630 1.0034 1.0399 0.9907 0.9526 1.0100 1.0082 1.0092
14 0.9997 0.9785 0.9269 0.0000 0.9326 1.0363 1.0212 1.0205 1.0266 1.0205 1.0212 1.0363 0.95Z26 0.0000 0.9269 0.9785 0.9997
15 0.9958 0.9789 0.9523 0.9269 1.0100 0.0000 1.0692 1.0712 0.0000 1.0712 1.0692 0.0000 1.0100 0.9269 0.9523 0.9789 0.9958
16 0.9990 0.9831 0.9789 0.978> 1.0082 1.0568 1.0419 1.0451 1.0707 1.0451 1.0419 1.0568 1.0082 0.978> 0.9789 0.9831 0.9990
7 1.0106 0.9990 0.9938 0.9997 1.0092 1.0294 1.0330 1.0368 1.0383 1.0368 1.0330 1.0294 1.0092 0.9997 0.9958 0.9990 1.0106

?' U.5. DEPARTMENT OF NUCLEAR
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= ;a%ﬂ"/\':-l QST#2
ParaView by Kitware

ParaView

 Open-source, multi-platform data analysis and
visualization application

 Developed to analyze extremely large datasets
using distributed memory computing resources

e Builds
visualizations to
analyze data using
gualitative and
guantitative
techniques

U.5. DEPARTMENT OF

M {9) ENERGY

CASL-U-2015-0067-000

NUCLEAR
ENERGY
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Another good viz package is VisIT


PSR A\SL_ QST#2

‘A DOE Energy Innovation Hub

¢ Visualizing the Results
- ParaView

1. Transfer gst-2.silo file from the server to your machine or your USB drive
(see handout)

Open ParaView from the USB drive
Open the output file, gst-2.silo
Click “Macros” from main toolbar

Select “Add new macro...” and choose “gst-2-macro.py” (located on the
USB drive in the “macros” folder)

6. Click “gst-2-macro” on toolbar

ok

B

-
W ParaView 4.2.0 64-bit

File Edit View Sources Filters Tools gatalystl Ma(ms'ﬂalp

P B ova F 2K KA PG imd 0 E
L e - J ) RBE st A [(BE E @ et msm st
E 9 '_ '.7.__"“ T @ ): ;;  (80) (19| Extract Location [1 ce B O
' Pipeline Browser & X | OLlayout #1 X +
ﬁbui\ﬁn: ¥ . 30 B DN B RO OB R RenderView! [m)([B](0)[x]
i I
rF @
|
P

& & U.S. DEPARTMENT OF NUCLEAR

.2/ ENERGY | enercy
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QST#2
Viewing the Results

ParaView

pin_powers
1.075283

1.04
1

0.96
—5092

0.881009

NUCLEAR

_.4- U.S. DEPARTMENT OF
2/ ENERGY I ENERGY
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3%3 /\':'I Please log off of Leza BREAK

CASLU-2015-0067-000 [Type “exit”]in your access window,
and then disconnect from Leza’s wireless access point .....

SYSTEM SPECIFICATIONS: It’s time to log on to Titan!
* 18,688 compute nodes, each Connect to the local broadband access
Wligzc 2.2 GHz AMD Opt and then
— 1b-Lore 2. yA pteron .
6200 CPU ssh onto Titan for QST-3 and QST-’Ar N

— NVIDIA Tesla K20x GPU
« 299,008 cores
* 710 TB total system memory 200 cabinets e
« $97 Million 4,352 ft2 (404 m2) ¢
» Ranked 3" in energy efficiency 8.2 MW peak ‘
power

OAK RIDGEJE

National Laborator

#H2 rcom r in the Worl i
44 CASL-U-ZOlS-OOG?-ﬁ)u p e CO p Ute t e O d 'é%!ié‘" EN ERGY
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A DOE Energy Innovation Hub

Quick Start Tutorial #3
Neutronics analysis of a
3D hot full power
fuel assembly with depletion
and thermal-hydraulics feedback

_}-’g_.l_k U.S. DEPARTMENT OF NUCLEAR

(@) ENERGY | Eneroy




E%}__ AS] Quick Start Tutorial # 3 -
™ 3D Hot Full Power Assembly

* Neutronics with thermal-hydraulic feedback sy
 Demonstrates capability to predict: rorwazas [
— eigenvalue
B pln power dIStrIbUtlon IGTI' ::CS::TeBZtr:::Z Poison / Thimble Plug Guide Tube
— fuel temperatures
— coolant conditions 0 o O s
* Two depletion steps e e el el e e
Fuel rod and il 6T 6T 6T 6T
Thimble o e P
Arrangement GT 6T o1 1

Exercise objective: set up and run a fuel assembly

___geometry using symmetric boundary conditions . v
(0 ENERGY |ty
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Rl NS Files you will find in the gst-3
folder

[)pen the tutorial #3 input deck}

cd ../gst-3
Vi gst-3.inp

e Qst-3.inp - the input for this case
* run-gst-3 - the script that runs this case

o gst-3-mpact-params — a file that includes the MPACT
parameters to run this case

— we won't be talking about these parameters in this tutorial

e (st-3-cobratf-params — a file that includes the MPACT
parameters to run this case

{ Open gst-3.inp to modify the inputs for the case J

?ﬁ"% NUCLEAR

%)) EN ERGY ENERGY
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QST#3
Input

POE Energy Innovation Hub

[5TATE]
(state parameters)

‘gee?backhoff J
eplete hours 0 1 2 STATE
[core]
(core parameters) \ )

e hestinghouse 17x17" « [STATE] block describes reactor core
Ppitch 1.26 operating parameters (statepoint
fuel U31 10.257 94.5 / 3.1 values) at a particular point in time. Can
ST 00l QS 0AT U N TS e instrunenc | CNIANGE UriNG run.
call 3 0.418 0.475 / he zircs4 ! plenum
cell 4 0.475 / zircd ! end plug
cell 5 0.475 / mod ! empty
lattice FUEL ’
2
11
2112
11111 sl ASSEMBLY
2112111
111111111 T o
Jattice pLen _ * [ASSEMBLY] block contains the
i3 geometry and physical description
3333 of the nuclear fuel assemblies.
5333333
33333333
333333333
lattice PLUG
2
44
44 4
2442
4 4444
4 44442
2442444
44444444
4444444434

4, U.S.DEPARTMENTOF | NIl JGLEAR

ENERGY | eneroy

¢ : |
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QST#3 Input

axial As5Y 6,053
GAP 10,281
PLUG 11.951
FUEL 377711
PLEN 393,711
PLUG 395, 381
GAP 387,51

DOE Energy Innovation Hub

grid END inc 1007 3.866
grid HID zirc4 875 3.810

grid_axial
END  13.5864
MIDF 75,2
MID 127.4
NID 179.6
MID 231.5

NID 284.0
. N TS END 326, 2
Tower_nozzle =5 6,053 6250.0 ! mat, height, mess {g)

upper_nozzle =5 5,827 625000 ! mat, height, mass {g)

« Specifies axial levels at which ‘ fe01TS]

axial_edit_bounds

power and/or neutronics-T/H i

15,817

coupling will be solved T

77,105
104, 3
125,495
129, 305
153.5
177,695
181. 505
205, 7
229,895
233. 705
2579
282.085
285,905
3101

334, 295
338.105
351, 6666
3vF. 711

[MPACT]
include gst-3-mpact-params

[COBRATF]
include gst-3-cobratf-params

U.S. DEPARTMENT OF NUCLEAR

ENERGY | encroy




BLA\SL QST#3
Input - [STATE]

feedback on flag for T/H feedback (on or off)
deplete hours012  Depletion units (“EFPD”, “GWDMT”,
“hours”) and list of exposure steps
[STATE]
title 'state 1°
power 100.0
_ _ Tlow 100.0
We will run using thermal- tinlet  565.0 K ,

. . ressure 2250 ' psia
hydraulic feedback, so edit oror 1300 | ppmB
your input so that it is “on” sym qrr

Xenon equil
_ _ tfuel 600 K
For this case, we would like to modden  0.743 ! g/cc
deplete at 0, 1 and 2 EFPD; feedback off
edit the input appropriately deplete hours 0 1 2

All caps required!

T

,_' T d%( 5. DEPARTMENT OF NUCLEAR

- .I'I .
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Input -

QST#3

cell 1 0.409 0.418 0475 [ U31 he zircd —— fuel

cell 2 0.561 0.602 [/ mod zirc4 —— guidefinstrument tube
cell 3 0418 0475 / he  zirc4 —— plenum

cell 4 0475 |/ zircd —— end plug

cell 5 0475 |/ mod ——> emply

\ v )| v /
radii materials
To define the lattice, each unique cell is defined. [pglﬁ%%gh 177"

Inserts are defined using this same format.
Control rods are defined the same way, but within
their own block

o1 CASL-U-2015-0067-000

fuel U3l 10.257 94.5 / 3.1

cell 1 0.4096 0.418 0.475 / U31 he zircd
cell 2 0.561 0.602 / mod zircd
cell 3 0.418 0.475 / he zirc4
cell 4 0.475 / zircd
cell 5 0.475 / mod
lattice FUEL

2

11

111

2112

11111

111112

2112111

‘?’3?@{{ U.§. DEPARTMENT OF NUCLEAR
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LR NS

-A)'.'.D& Energy Innovation Hub

Using the cells defined
previously,
each unique lattice
pattern must be defined
For this example, 1/8™
symmetry is used

Five cell types used:

fuel

guide tube
plenum
end plug
moderator

QST#3

Input - [ASSEMBLY ]

lattice FUEL cell 2 lattice PLEN
2 : 2
11 guide 3 3
111 tube 333
2112
11111 23312
1111 33333
2112111 333334
11111111 2332333
1111 1111 33333333
cell 1 fuel 333333333
lattice PLUG lattice GAP
2 2
4 4 35
4 4 4 255
2 442 2552
4 4444 255355
4 44442 555552
2442444 2552555
444444434 55555555
4444444434 5555555655

Remember that the lattice pattern likely changes in the axial direction!

52 CASL-U-2015-0067-000
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ADO“F Energy Innovation Hub

413937 em
406,337 em
Top Hozzle
397 5] em
385381 cm et bl | 593,711 cm
Flemam illllllllli
37771l em
Active Fael
10281 cm
Botiomm Hoz=le

Lowrer Cove Flate

QST#3 Input - [ASSEMBLY ]

assembly label

T

axial ASSY
GAP
PLUG
FUEL
PLEN
PLUG
GAP

6.053
10.281
11.951
320
393.711
395.381
397.51

~

cm; modify the

The top of our fuel
stack is at 377.711

\input appropriately. Y

CASL-U-2015-0067-000 *

The fuel assembly is built
axially by stacking up lattice
definitions.

All axial elevations are
relative to the top of the
bottom core plate (the fuel
assembly seating surface).

lattice GAP

iunkJunwn fd unwn b
LS RS R S R S R |
LR R R R R R |

LN L B wn wn B
rLawneaen

[ R, RV, § W)

Lawn

wviun

w

axial ASSY 6.053
GAP 10.281
PLUG 11.951
FUEL 320
PLEN 393.711
PLUG 395. 381
GAP 347.51

grid END inc 1017 3. 866
grid MID zircd 875 6.5

grid_axial
END 13.884
MID 75.2
MID 127.4

i 1-'.-':'.:_;:_., u.s. uEPARTIiENT OF NUCLEAR
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*

‘.l

AT

A DOF Energy Innovation Hub

413937 em
UpperCore Flate

406357 em
Top Hozle

Flemam

Active Fael

g i 3B B 8
a = i b o b
B 5 g g g 3

)
H

(i)

=

Botiomm Hoz=le

00em
—
-50ecm

QST#3 Input - [ASSEMBLY |

grid END

grid MID

grid_axial  END
MID
MID
MID
MID
MID
MID
END

inc 1017 3.866

zircd 875 3.810

grid label, material,
mass (g), height (cm)

grid label, material,
mass (g), height (cm)

Grid elevations are from bottom of
13.884 bottom nozzle to the axial
75.2 centerline of the grid. The bottom

of the bottom nozzle (or the top of

L2 the lower core plate is always
179.6 defined as zero in VERA.
2318 553333335
284.0 wxial sz g0z

PLUG 11.951
— - aim
388.2 Gap 397.51

/For our problem )
the mid-grid is
3.810cm tall.

Modify the input

Kappropriately. )

CASL-U-2015-0067-000

grid END inc 1017 3. 866
grid MID zircd4 875 6.5

grid_axial
END 13.

2]
=

MID 75.
MID 127.
MID 179,
MID 231.
MID 284,
MID 336.
END 3E8.

RS W e e T SN

lower_nozzle ss 6.053 6250.0
upper_nozzle ss §.827 6250.0

. U.S. DEPARTMENT OF NUCLEAR
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| %'_/\':" QST#3 Input — [ASSEMBLY]

lower nozzle ss 6.053 6250.0  lower nozzle
material, height
(cm), mass (g)

upper_nozzle ss 8.827 6250.0  upper nozzle
material, height
(cm), mass (g)

55 CASL-U-2015-0067-000

413937 em
Uppercom e -
40635 em
Top Hazz=le
= 397.5lem ——
| 395711 em
Plemm 388 2 em
EXERNN-
A otive Fael
15884 cm
11.951em
8055 em — AN
Bottom Hozzle
00em

-50em

8.827 cm

6.053 cm

U.S. DEPARTMENT OF NUCLEAR
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KL NS QST#3
2%3 Input - [EDITS]

413937 em
Upper Core Plate
406 337 em
oy Ho 297 Stem o « The axial edits define both
| 937 e END 388.2 the visualization data
Flermm Hm-g“m lower_nozzle ss 6.053 6250. points written, but also
upper_ L B27 . .
controls the mesh used in
377l em
EDITS] solving
axial_edit_bounds
mesem 11.951 « Thus, the number of axial
44.336 locations directly
2840cm 77.105 influences how many
125.495 processors are used
129, 305
231 Bem 153.5 * These are the user-
Ak Soer 20 specified mesh locations.
ctive Fuel 205.7
199 5em 229.895 The code adds others
257.9 automatically above and
282.095 .
285. 905 below the active fuel.
127 4em 310.1
v 334.295 « Using this small number
e 261. 8686 of axial locations is not
R recommendEd. CASL
uses a 3" axial mesh for
13 88em most applications
11951 cm
1 6053 em
BD‘H&:II'I.‘I.NDE]E *'" 4 U.S. DEPARTMENT OF NUCLEAR

0.0em
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Presenter
Presentation Notes
Add note – these elevations are the minimal recommended for solution.  More are obviously better, but this dierectly influences the number of cores needed on your computer.  


QST#3
Run Scripting

S | parse input ]

perl $parser.pl --init $case.inp $case.xml

s L run T/H Preprocessor
H aprun -n 1 $COBPRE.exe --xmlfile=$case.xmi

: run Neutronics-T/H

d aprun -n $cores $MPACT.exe $case.xml

Note the addition of the subchannel component since

we are using the coupled thermal-hydraulics option

NUCLEAR

%5, U.S. DEPARTMENT OF
Ll W
%, ENERGY | ENERGY
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Type: gsub run-gst-3

Running Job on 16 cores

Titan will reply

with a number.

E

MPACT v1.0.0 ( rev: 4063 SHAL:
(built: 13:19:18 Nov 26 2014)

xecuting case: qst3

by tet on natasha.ornl.gov at 13:16:21, mar. 03, 2015...

This is your job
number.

To see where
your job is in the
queue,

type gstat

Once it is running, view
your output on Titan as
it is computed:

type tail —f {job #}

000:

000:
000:

04.

04.
04.

Processing Input...
Processing X5 Libraries...
Generating Materials...
Generating Reactor Geometry...
Generating Reactor Mesh...
Initializing Parallel Environment...
setting up angular quadrature...
Initializing mesh...
Generating Input Edits...
setting up modular rays...
performing ray tracing...
Initializing Base MOC Sweeper...
setting up long rays...
Initﬁa?izing PS 2D1D Sweeper...
.with LFLAT axial TL spatial treatment
.with Is0 axial TL angular treatment
.with axial TL splitting
In1twaT1z1ng Nodal Sweeper.
-one-nNode SP3 is be1ng used
..with radial TL splittin
Initializing Multi-group Fixed Source Solver...
Initializing eigenvalue solver...
adding eigenvalue accelerator...
-CMFD acceleration is being used (MG LS, Node-Major)
.with PO boundary update
.not using angle decomp processors

000:04.58 InitﬁaTiz1ng COBRA-TF Interface.

reading
reading
Reading
reading
reading
Reading
reading
reading
Reading
reading
reading
Reading
reading
reading

Reading

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

Subroutine

cross check

GROUP 1
GROUP 2
GROUP 3
GROUP 4
GROUP 7
GROUP 8
GROUP 9
GROUP 10

GROUP 11
GROUP 12
GROUP 13
GROUP -14
GROUP 15
GROUP 17
GROUP 18
setin finished.

of the input values finished

E E?

ST#3
Job Submission/Output
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State 2

Starting State 3

CASL-U-2015-0067-000

2118 Ol salwving scace 273, ..

D0E:1E.01 perfarming DepleTian. ..

OIE:1E. 01 surmup =  QLOSES M0 Qe 1.00 =rrFo
Q02:1E.01 predicoor STEg. ..

O0Z:19 .85 compuring =quiTibrium menon concencracion. ..
D0Z:24.11 —alling cobra-TF. ..

RNk 0 =oen 1 Energy STArage = 2E15. 3533723004040
EEUT 0 mTan 100 =nergy STOrade = 1. Z10EEEEE ] S1907T
Sanik Lo 2= 200 Energy STOrage =  O.44RIIDLELERS1INID

CoMmErgence feached, =nding PEeuda Transi<nc
Muber of STEDE = 12
guancicy wvalue (K) crioeria &)
OasT

Global Energy Galanoe = . 0. 0130
alobal mMass salance = .00 00100
Eluid Energy STarags = O.04EE 0. 5000
MIEE STOFEgE = 0.0838 0. 20030
zal1d Energy STArage = Q.3112 0. 5000
svaraging orF ouoput disTribucions
max pin-average cool Demperacure = ST _SEE rod rm 11 Tevelw
min pin-average cool Demperacure = FEE.OF1 rod rm 5l Tavalwm
man pin-averade Clad TemperaTure = 35Z.8ST rod rm 30 levelw
min pin-average clad cemperaturs = ZE2.0Z1 rod e Il laval=
max pin-average Tusl Temperature = E13.993 rod e 2 laval=
min gin-average Tuel Temperature = ZEZ.OZ1 rod e Il laval=
Limear heat raoe given in *—n: ongut 41e [ o] = 1EF _SHZE

Linear heat raoe obcained from nmeucronice coupling W/ cm] = 157 SWEE
rower T3 model [w] = SL17500.00

ACTTwe Tangoh of mode] (o] = 385.T78
b r fus]l rods = TI.Z50D
MUEDE M QUide TUBRE = 8.2500

OUCTRT TRMpRraturs wak 599.975 m...
maximu cenmerling fuel temperature wak 1410.055 E...

mMayimum Demperacure Change wac 2. 4043550201 &

mancimum moderacor densicy change was 1. ;:«:5:2-—:]5. a1 o

2145 &8 using Tord 1n &11 =E&J1ans. ..

O0Iz45. 48 Z 1.3071113 1.3E594
ME-TMFD Z IlE 1. 509487
305 L 5 5

0z 7.3aT1rge=-0z

2L .
3 1.3094ET1 I.32 =-03 4. 532E40=-02
caneergence criteria sacisTed
COrrectar STeg. ..
compuTing _.:|J1115-r1r EENGN COnCENTraTian. ..
=al1ing cobra-TF.
1]

0 =oep 200 =nergy sCarage
_.a"r-.araa"u & maached, =nding Peeuda Transienc
MuEbEr of STEDE = 1]
quancity valug (8] criteria (&)

1l

clobal =nergy Salance = 0.0002 0.0100
G1obal Mans Ealance = .00 Q.01
Fluid =nergy SCorage = 0. 00EF 0. 5000
MIEL STOrage = 0. OEE 0. 5000
s011d Energy SCOrage = 0. 08T 0. 5000
ik 0 mTan 40 Energy STArade = 4. 539730531515 555 002
Averaging oTF dumput disTribucians
may pin-average Cool Temperature = 5277 at rod re 11 Teval= Z1
min gin-averags cool Temperaturs = ZE1. at rod ne= El Taval= 1
max pin-average clad oemperacure = S5§5_E7 ac rod rm 20 Tevel= 14
min pin-average clad Demperacure = F§ & rod re T lavalw 1
man pin-average Tuel TeMperaTur: = 5T ar rod re Sr:l Taval= 11
min min-average fue] DemperaTurs = ZE1. ar rod re 7o levelw 1
Linkar heat race given in oTF onpuc ™1 [efou] = 1EZ. 99:-5

Linkar heat rate obtained from neucranics coupling [wWoom] = 1E2.9035
PowRr T2 model [W] = £S17300.00
&ACrTiwe Tengch af madel
uber fuel rods = 7
rumbar guide Tubgs = &_Z500
OUCT&T TemMperature wak S8 8W1 m. ..
mMaximu cenmerling fue] Temperaturs wWask 1525.159 E...
MaNiMUN TEMpEratured Changs wWas 5. 787413201 E...
Manimum modiratar densiTy Change was Z.8512ER=-03 Qicc
.24 weing Tord in &11 megionc
24 3 1.PDEMET1 ZLET

L5ITELDE -0

lz-1mMER 1
¥ 4 1.7097359 I.4aEeTlE-04
riteria satisfed

330302
TOMR Mgenie
BUrnUD =
enchalgy, in k3,03, Was:
Frassure, 10 "Pi. ak
Flo, '|"I SR, WEED

i = 1. 200TET

1. i;Zl "ﬂ‘f. 1. ii\El
004n0L 139 !-C|'|-;1"|: sTate 373,
00410419 parfarming :'E:ﬂil:h:l"l

S0@E0T

STED STOrEgE = L5230, S1aT44LEE0EED
LU 7= ] STOrage = 3. SEI1TAISIZ
0 =oep SCarage = 1. 1Z44R04EEETTOUEE

0. L0E110ENTAELASETED

ST#3
Output

~ TH

Neutronics

— T-H

Neutronics
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keff

CASL-U-2015-0067-000

Linear heat rate given in CTF Input file [W/cm]
Linear heat rate obtained from neutronics coupling [w/cm]

Power to model [wW] = 4417500.00

182.9938
182.9938

Active length of model [cm] = 365.76
Number fuel rods = 72.2500
Number guide tubes = 6. 2500

outlet temperature was 599.989 K...

Maximum centerline fuel temperature was 1516.983 K...

Maximum temperature change was 1.141441E+01 K..

Maximum moderator density change was 7.5811254E-05 g/cc...
004:18.25 Using TCPO in All Regions...

004:18.25 4 1.2097369 2.498621E-04 4.335403E-02
MG-CMFD 2 218 1.2086668 7.639570E-01
NOD AL 5 5 4,928967E-03
1G-INNER 1 2.492891E-03
004:37.12 5 1.20868668 1.070147E-03 3.848977E-02

004:37.12 Convergence criteria satisfied
004:37.12 Corrector 5tep...
004:37.12 Computing Equilibrium Xenon Concentration...
004:42.85 Calling Cobra-TF...
Rank 0 step
Rank 0 5Step
Convergence Reached,
Number of Steps =
quantity ua1ue (1]

821.01010070875918

1 Energy Storage =
= 0.36941243585378830

100 Energy Storage
Ending Pseudo Transient

criteria (%)

Linear heat rate given in CTF Input Tile [w/cm]

Linear heat rate obtained from neutronics coupling [W/cm]

Power to model [W] = 4417500.00

Active length of model [cm] = 365.76

Number fuel rods = 72,2500

Number guide tubes = 6. 2500
outlet temperature was 599.989 K...
Maximum centerline fuel temperature was 1495.792 K...
Maximum temperature change was 1.673892E+01 K...
Maximum moderator density change was 5.686108E-04 g/cC...

005:02.85 Using TCPD in A1l Regions...

i8z. 9938
182.9938

Global Energy Balance = 0. 0008 0. 0100

Global Mass Balance = 0.0096 0. 0100

Fluid Energy Storage = 0.0077 0.5000

Mass Storage = 0.0182 0. 5000

501id Energy Storage = 0.0841 0. 5000

Averaging CTF output distributions

max pin-average cool temperature = 327.730 [C] at rod n= 11 level= 21
min pin-average cool temperature = 231.913 [C] at rod = 81 level= 1
max pin-average clad temperature = 356.577 [C] at rod n= 20 level= 14
min pin-average clad temperature = 291.914 [C] at rod n= 7 level= 1
max pin-average fuel temperature = 863.253 [C] at rod = SD Tevel= 11
min pin-average fTuel temperature = 291.314 [C] at rod n= Tevel= 1

005:02.85 5 1.208B6668 1.070147E-032 3.848977E-02
MG-CMFD 2 218 1.2086447 5.471743E-01
5 5 4,076575E-03

1 1.807508E-03
005:21.35 1.2086447 2.212243E-05 32.624015%E-02
005:21.35 Convergence criteria satisfied
005:21.35 Burnup = 0.0768 MWD,/ kgHM
005:21.36 Finished

2.00 EFPFD keff = 1.208645

?ﬁ'@

“@

QST#3
Output
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output files

o $case.xml —the VERAIn parsed input to the codes

 $case.log — a record of the information echoed to the screen
during the run

« $case.out — a human-readable output file

« $case.h5 — a standard hdf5 formatted file containing inputs and
outputs

« $case.silo — files generated from the h5 file that is readable by
VIsIT or ParaView for visualization. For gst-3 you will have
three silo files, one for each depletion step.

NUCLEAR

CASL-U-2015-0067-000 %!f‘? EN ERGY ENERGY
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Axially-Integrated 2-D Assembly Powers

yix 1
1 1.0000

Axially-Integrated 2-D Pin Powers

Assembly lat( 1, 1)

yix 1
1 0.0000
2 10311
3 1.0301
4 0.0000
5 1.0264
6 1.0267
7 0.0000
8 1.0083
9 0.9783

2 3 4
1.0311 1.0301
1.0126 1.0117
1.0117 1.0132
1.0325 1.0392
1.0082 1.0144
1.0069 1.0077
1.0236 1.0222
0.9946 0.9885
0.9779 0.9739

5 6 7
0.0000 1.0264
1.0325 1.0082
1.0392 1.0144
0.0000 1.0407
1.0407 1.0258
1.0406 1.0490
0.0000 1.0283
1.0115 0.9851
0.9728 0.9689

8
1.0267
1.0069
1.0077
1.0406
1.0490
0.0000
1.0140
0.9690
0.9568

9

0.0000 1.0083
1.0236 0.9945
1.0222 0.9885
0.0000 1.0115
1.0283 0.9851
1.0140 0.9690
0.9807 0.9517
0.9517 0.9404
0.9513 0.9457

0.9783
0.9779
0.9739
0.9728
0.9689
0.9568
0.9513
0.9457
0.9536

1-D Core Powers

=

N UM WN R

Midpint ~ Minz
25000  0.0000
8.0265 5.0000
14.0020 11.0530
18.8840 16.9510

35.1865 20.8170

63.9255 49.5560

80.2000 78.2950

94.2025 82.1050

9 1183975 106.3000
10 132.4000 130.4950
11 146.4025 134.3050
12 170.5975 158.5000
13 184.6000 182.6950
14 198.6025 186.5050
15 222.7975 210.7000
16 236.8000 234.8950
17 250.8025 238.7050
18 274.9975 262.9000
19 289.0000 287.0950
20 303.0025 290.9050
21 327.1975 315.1000
22 341.2000 339.2950
23 354.9868 343.1050
24 374.7898 366.8686
25 386.9890 382.7110
26 393.2000 391.2670
27 396.9220 395.1330
28 400.6105 398.7110
29 406.9235 4025100

30 4151
CASL-U-2015-0067-000

370 411.3370

Maxz Power
5.0000 0.0000
11.0530  0.0000
16.9510  0.000
208170 0.175

0
9

49.5560 0.3900
78.2950 0.7023
82.1050 0.8225
106.3000  1.0020
130.4950 1.1559
1343050 1.1591
1585000 1.2859
1826950 1.3545
186.5050  1.3030
210.7000 1.3919
2348950 1.3851
238.7050 1.2889
262.9000 1.3289
287.0950 1.2384
290.9050 1.0989
315.1000 1.0679
339.2950 0.8647
343.1050 0.6759
366.8686 0.5427
382.7110 0.2806
391.2670 0.0000
395.1330 0.0000
398.7110 0.0000
402.5100  0.0000
411.3370  0.0000
418.9370  0.0000

ST#3
Output

e To view pin powers,
vi gst-2.out file

e In vi, search for “Axially”
by typind /Axially

e EXit vi by hitting the
[escapelkey, then typing

U.5. DEPARTMENT OF NUCLEAR

oé%»_' ENERGY | eneroy
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Visualizing the Results

ParaView

1.

ok

6.

-
M ParaView 4.2.0 64-bit

Transfer gst-3_0001.silo file from Titan to your machine or your USB drive

(see handout)

Open ParaView from the USB drive
Open the output file, gst-3_0001.silo
Click “Macros” from main toolbar

Select “Add new macro...” and choose “gst-3-macro.py” (located on the
USB drive in the “macros” folder)

Click “gst-3-macro” on toolbar

@ .J’-_':
N

Pipeline Browser

File Edit View Sources Filters Tools gatalystl Macroslﬂelp

BRI o F 28 KA E mb o E
¢ - 2} —] g § S U P 4 P o Y e JHE

gst-3-macro  gst-4-macro

Extract Location

B X | Olayout #1 X +

T
[ buitin:

30 B P EB B OB = RenderView1l @

CASL-U-2015-0067-000
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QST#3
Visualization

ParaView

&

pin_powers \

1528358
1.2
0.8
04

0

F#T%%  U.S. DEPARTMENT OF NUCLEAR

CASL-U-2015-0067-000 .4, ENERGY | encray




WIDOE Energy Innovation Hub Vis alizati
@ ParaView File Edit View Sources Filters Tools Catalyst Macros Help

®_@ . . . . M ParaView 4.2.0 64-bit
. P& B8 »mad ?2m KAaAD> DD F meo
'H ‘ri':l S ¢ | @ pin_modtemps A o Surface B & E' i

H O 0 0 8 @ § & O™y Fxctiocaton [ 0F g O

Pipeline Browser
26 Properies

Click here to see
results for other
parameters

Apply Reset 3t Delete ?

Search ... (use Esc to clear text) 8%

= Properties (6-fastest_00( s ] =

pin_modtemps
-3.253e+02

Meshes =
3D_Pin_Maesh =320

Materials

Cell Arrays
ffl pin_cladtemps
£ pin_fueltemps 300
il pin_moddens
£l pin_modtemps
il pin_powers
£ pin_volumes

2919e+02

cooooO

Point Arrays

r o = Display (GeometryRepre Bl

i U.S. DEPARTMENT OF NUCLEAR

@; ENERGY | eneroy
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Quick Start Tutorial #4
3D small reactor core
thermal-hydraulic feedback
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&I‘/\':.l Quick Start Tutorial # 4
Small Reactor Core

3D core with quarter core
symmetry

57 assemblies (total)

Three different fuel
enrichments

BOL HFP isothermal
v conditions

g »
i

NUCLEAR

) EN ERGY ENERGY

67 CASL-U-2015-0067-000



Rl NS Files you will find in the qst-4
folder

[Open the tutorial #4 input deckj

cd gst-4
vi gst-4.inp

e gst-4.inp - the input for this case
e run-gst-4 - the script that runs this case

e (st-4-mpact-params — a file that includes the MPACT
parameters to run this case

— we won't be talking about these parameters in this tutorial

Open gst-4.inp to modify the inputs for the case

?ﬁ"% NUCLEAR

%)) EN ERGY ENERGY

68 CASL-U-2015-0067-000



QST#4
Energy Innovation 1[-4:'“] I n p u t

title 'Case 1°

power 100.0

tinlet 565.0 K

ressure 2250 ! psia

oron 1300 ! ppmB

?grgdback g%rz

xenon equil

tfuel 600 K

modden  0.743 ! g/cc

[corE]

size 9 ! assemblies across core

apitch 21.5

rated 1007.19 38.9 M, Mlbs/hr

height 306.337 e /
_sh . .

e 11000  [CORE] Describes core size and
911111110 layout of assemblies, rods, inserts,
111111111
111111111 and detectors
011111110
001111100
000111000

assm_map

L R
L R
Wi

lower_plate ss 5.0 0.5 ! mat, thickness, vol frac
upper_plate ss 7.6 0.5
bc_rad wvacuum
[ASSEMBLY]
title "westinghouse 17x17"
npin 17

ppitch 1.260

fuel U2l 10.257 94.5 / 2.110
fuel U26 10.257 94.5 / 2.619
fuel U3l 10.257 94.5 / 3.100

cell 1 0.4096 0.418 0.475 / U2l he zircd
cell 2 0.4096 0.418 0.475 / U26 he zirc4
cell 3 0.4096 0.418 0.475 / U3l he zircd
cell 4 0.561 0.602 / mod zircd ! guide/instrument tube
cell 5 0.418 0.475 / he zircd4 ! plenum
cell 6 0.475 / zircd ! plug
cell 7 0.475 / mod ! empty
Tattice LAT21
4
11
111
4114
11111
111114
4114111 U.S. DEPARTMENT OF
11111111 d NUCLEAR
ENERGY | tnera
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size 9

apitch 23
rated 1007
height 306.337

/For this problem,\

we'd like to
analyze an
assembly pitch of
21.5cm. Change
the input
appropriately.

CASL-U-2015-0067-000

38.9

Input -

# of assemblies across the flats

assembly pitch

QST#4

rated power and flow; MWth and Mibs/hr

total axial distance from bottom core plate

to upper core plate

[corE]
size 9
apitch 23
rated 1007.19 38.9
height 306.337

core_shape

000111000
001111100
011111110
111111111
111111111
111111111
011111110
001111100
000111000
Assm_map

3

2 3

321

231

11

upper_plate ss 7.

lower_plate s5 5.0 0.5
0.5

I assemblies across core

' Mw, Mlbs/hr

' mat, thickness, wol frac

P
=
£l
-

} JE|
?,;;@;_‘49“

T
i

'(-"@-ﬁ U.S. DEPARTMENT OF

NUCLEAR

NERGY | enercy
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core_shape map of either 0's or 1's
indicating assembly

locations

QOO HMFEMEHOOO
OCOHRKHHEKRMKHOO
O = O
=
e e e s
e e e e e
O MHEMEMHKMERFEO
OO HKMHEHKMHMHMFEHOO
COO0OHKHHOOO

[CORrRE]
size a ' assemblies across core
apitch 23
rated 1007.19 38.9 ' Mw, Mlbs/hr
height 306.337

core_shape

000111000
001111100
0111111140
111111111
111111111
111111111
011111110
001111100
000111000
assm_map

3

2 3

321

231

11

lower_plate ss
upper_plate ss

' mat, thickness, wvol frac

e
- =
oo
wwLn

{u;*“'—%g& U.S. DEPARTMENT OF NUCLEAR

1 CASL-U-2015-0067-000 .9, ENERGY | enercy
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WDDE Energy Innovation Hub

: Input -

assm_map 3 octant symmetry map of
2 3 assembly types, as defined in
3 2 1 ASSEMBLY block
2 3 1
1 1
[CORE]
size 9 ! assemblies across core
ap'itgh %SD" 19 38.9 ! Mw, M1bs/hr
Enrichment (%) height 306.337 ~
core_shape
000111000
001111100
011111110
111111111
111111111
111111111
011111110
001111100
000111000
assm_map
3
2 3
321
231
v 11
lower_plate ss 5 0 0.5 ' mat, thickness, vol frac
upper_plate ss .6 0.5

Today we'd like to try a different core loading pattern where the lower
enriched fuel is located on the core periphery. Modify your input,
swapping the positions of type 1 and type 3 assemblies.

i %% U.S. DEPARTMENT OF NUCLEAR
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View your output
on Titan as it is

type tail f {job #}

keff

CASL-U-2015-0067-000

000:
000:
000:
000:
000:
000:
000:
000:
000:

000:
000:

000:
000:

000:
000:
000:
001:
001:
001:
001:
001:
001:

.43
.43
. 50

Processing Input...
Processing X5 Libraries...
Generating Materials...
Generating Reactor GEOmMELry. ..
Generating Reactor Mesh...
Initializing Parallel Environment...
Settin? up angular quadrature...
Initializing mesh.
Generating Input Edits.
setting up modular rays
performing ray tracing.
Initializing Base MOC Sweeper...
setting up long rays.
In1t131121ng Ps 201D Sweeper
C.with LFLAT axial TL spatial treatment
...with Iso axial TL angular treatment
.with axial TL splitting
In1t1a11z1ng Multi-group Fixed Source Solver.
Initializing Eigenvalue Solver.
Adding eigenvalue acceTerator
-CMFD acceleration is being used (1G Ls)
...with PO boundary update
..not using angle decomp processors
InitiaWizing Equilibrium Xenon Calculation...
Initializing Feedback solver...
Initializing Multistate Solver...
SoTvﬁng Sstate 1/1...
Ccomputing Equilibrium Xenon Concentration...

Using TCPO 1in A1l Regions...
Performing EiEenva1ue calculation. ..
iter norm_keff norm_fissrc
0 1.0000000 9,990000e-01 9.990000E-01
MG-CMFD 10 1.0879996 5.584375E+01
MG-CMFD 20 1.1152087 2.987059E+01
MG-CMFD 30 1.1261371 1.956113e+01
MG-CMFD 40 1.1308703 1.386926E+01
MG-CMFD 50 1.1330909 1.030431e+01
MG-CMFD 60 1.1342211 7.955864E+00
MG-CMFD 7 1.1348425 6.354747E4+00
MG-CMFD 80 1.1352085 5.221314e400
MG-CMFD 90 1.1354366 4.384074E+00
MG-CMFD 100 1.1355846 3.738767E+00
MG-CMFD 110 1.1356829 3.222572E+00
MG-CMFD 120 1.1357487 2.797453e4+00
MG-CMFD 130 1.1357923 2.439863E+00
MG-CMFD 140 1.1358203 2.134649e+00
MG-CMFD 150 1.1358374 1.8715371e+00
MG-CMFD 160 1.1358466 1.643325E+00
MG-CMFD 170 1.1358502 1.444437e400
MG-CMFD 180 1.1358500 1.270621E+00
MG-CMFD 190 1.1358472 1.118414e400
MG-CMFD 200 71 1.1358427 0.849434E-01

1G-INNER 1 94 2.365391E-01
Computing Equilibrium Xenon Concentration.
Using TCPO in A1l Regions..

1 1.1358427 1.358427E-01 4.106636E+00

1 71 1.1255560 3. 2B6467E+01
1G 1 94 1.141620e-02
2 1.1255560 1.028663E-02 7.622226E-02

Convergence criteria satisfied
Finished

y.

QST#4
Output
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ASL QST#4

Axially-Integrated 2-D Assembly Powers

y/X 1 2 3 4 5
1 2.6832 2.2360 1.8077 0.9414 0.2752
2 2.2360 2.1821 1.4260 0.8116 0.1759
3 1.8077 1.4260 0.7768 0.2666 0.0000
4 0.9414 0.8116 0.2666 0.0000 0.0000 ! ! ! !
5 0.2752 0.1759 0.0000 0.0000 0.0000 ® TO VIeW pln powers’ VI Or ||St

Axially-Integrated 2-D Pin Powers the .OUt flle’ qSt-B-OUt

Assembly 1 at ( 1, 1)

s L R T SN S N SO SO (in vi, search for “Axially”

0.0000 2.7054 2.7160 0.0000 2.6928 2.6874 0.0000 2.6348 2.6305

2 2.7054 2.7832 2.7750 2.7392 2.7611 2.7437 2.6947 2.6982 2.6567 ! :
3 2.7160 2.7750 2.7651 2.7497 2.7664 2.7368 2.7045 2.7003 2.6744 by typlng /AXIa”y)
4 0.0000 2.7392 2.7497 0.0000 2.7454 2.7424 0.0000 2.7053 2.6301
5 2.6928 2.7611 2.7664 2.7454 2.8244 2.7926 2.7844 2.6435 2.6098
6 2.6874 2.7437 2.7368 2.7424 2.7926 0.0000 2.6413 2.5802 2.5975
7 0.0000 2.6947 2.7045 0.0000 2.7844 2.6413 2.5969 2.5750 2.5334
8 2.6348 2.6982 2.7003 2.7053 2.6435 2.5802 2.5750 2.4790 2.5334
9 2.6305 2.6567 2.6744 2.6301 2.6098 2.5975 2.5334 2.5334 2.5454

Assembly 2 at ( 2, 1)

y/x 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 2.3220 2.3733 0.0000 2.4144 2.3970 0.0000 2.3667 2.3284 0.0000 2.2751 2.2563 0.0000 2.1921 2.1537 0.0000 2.0295 1.9360
2 2.3490 2.4201 2.4283 2.4573 2.4510 2.4102 2.4086 2.3876 2.3013 2.3288 2.2999 2.2507 2.2377 2.1942 2.1214 2.0663 1.9611
3 2.3601 2.4231 2.4356 2.4503 2.4559 2.4194 2.4002 2.3829 2.3099 2.3240 2.2918 2.2583 2.2412 2.1886 2.1269 2.0687 1.9695
4 2.3214 2.4257 0.0000 2.4572 2.4369 0.0000 2.3937 2.3553 0.0000 2.3009 2.2816 0.0000 2.2280 2.1911 0.0000 2.0736 1.9352
5 2.3095 2.3703 2.4948 2.4930 2.4959 2.4112 2.4001 2.3699 2.2901 2.3111 2.2910 2.2506 2.2763 2.2253 2.1785 2.0224 1.9263
6 2.2904 2.3177 2.3720 0.0000 2.4657 2.4010 2.3684 2.3491 2.2775 2.2907 2.2605 2.2396 2.2486 0.0000 2.0711 1.9757 1.9079
7 2.2329 2.3004 2.3207 2.3465 2.4381 0.0000 2.3290 2.2933 0.0000 2.2396 2.2189 0.0000 2.2260 2.0922 2.0240 1.9608 1.8562
8 2.2307 2.1984 2.2754 2.2637 2.2904 2.3193 2.2881 2.2604 2.1900 2.2040 2.1834 2.1627 2.0882 2.0196 1.9807 1.8689 1.8542
9 2.2166 2.2064 2.1808 2.2123 2.2062 2.1906 2.2023 2.1686 2.1152 2.1139 2.1011 2.0429 2.0101 1.9701 1.8970 1.8729 1.8377

Assembly 3 at ( 3, 1)

y/x 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 2.1411 2.0887 0.0000 2.0383 1.9902 0.0000 1.9221 1.8655 0.0000 1.7777 1.7380 0.0000 1.6487 1.5987 0.0000 1.4932 1.4452
2 2.1592 2.1419 2.0886 2.0783 2.0437 1.9807 1.9602 1.9223 1.8209 1.8247 1.7788 1.7147 1.6862 1.6344 1.5651 1.5253 1.4619
3 2.1734 2.1428 2.0959 2.0715 2.0476 1.9882 1.9525 1.9163 1.8269 1.8185 1.7717 1.7195 1.6878 1.6298 1.5691 1.5257 1.4700
4 2.1384 2.1421 0.0000 2.0779 2.0267 0.0000 1.9439 1.8871 0.0000 1.7968 1.7572 0.0000 1.6766 1.6284 0.0000 1.5294 1.4424
5 2.1183 2.0950 2.1537 2.1112 2.0878 1.9816 1.9506 1.9035 1.8088 1.8058 1.7682 1.7129 1.7177 1.6580 1.6122 1.4894 1.4305
6 2.1077 2.0442 2.0403 0.0000 2.0616 1.9776 1.9270 1.8888 1.8013 1.7913 1.7461 1.7067 1.6956 0.0000 1.5266 1.4499 1.4193
7 2.0557 2.0357 2.0043 1.9925 2.0493 0.0000 1.9041 1.8484 0.0000 1.7583 1.7186 0.0000 1.6891 1.5607 1.4963 1.4439 1.3785
8 2.0498 1.9596 1.9866 1.9405 1.9436 1.9436 1.8936 1.8492 1.7590 1.7532 1.7143 1.6755 1.5972 1.5217 1.4768 1.3828 1.3759
9 2.0571 1.9993 1.9494 1.9513 1.9151 1.8834 1.8700 1.8164 1.7502 1.7203 1.6923 1.6237 1.5708 1.5240 1.4474 1.4076 1.3756
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QST#2
Visualizing the Results

ParaView

1. Transfer the gst-4.silo file from Titan to your machine or your USB drive

(see handout)

2. Open ParaView from USB drive
3. Open file gst-4.silo
4. Click Macros from main toolbar
5. Select “Add new mactro...
6. From the USB drive in the “macro” folder, select “gst-4-macro.py” and open
7.  Click “gst-4-macro” on toolbar
"l ParaView 420 64-bit - ) - (=@ ]
File Ed,i-t, View §u_urces_ Filters  Tools gatalyﬁw Help
PE BR oaF 28 KAb PG mo o E
S 2 m— — ] e § Y SR R S [ R [
v EQCUPREOEL® W svxoamn [ 22 3 07
- 4 P i
-
*4' 1 H. U.S. DEPARTMENT OF NUCLEAR
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| Visualization
ParaView

pin_powers
2.552997
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VERA Demonstration:

Westinghouse 4-loop reactor
3D with
thermal-hydraulic feedback
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Presentation Notes
Note that the ANFM class won’t do this one.
Need to add 


Quick Start Tutorial # 5
Full Core

‘AD IE Energy Innovation Hub

-

|« \Watts Bar Unit 1 Cycle 1 Depletion G
-!-! =+ From BOC HZP to EOC
— 441 EFPD
o 32 state points
| * Highfidelity solution B
’
& 1200* | ¢ I\/lleasuredI
i 1000 ==fe=\/ERA-CS (47-group H-1 TCP0)
- | E 8 yﬁ\\
*‘a,' % 600 i\.~
L4 § N
g 400 \Q"
&l N
A A 0 i
N}- * 0 50 100 150 ZOOEFPDSZSO 300 350 400 450 —
7& CASL-U-2015-0067-000 *P E-ﬁmEﬁﬁEFY EHI(E:I;E'%'R




QST#5
Control Rods

POE Energy Innovation Hub

 Control rods need to be specified in three blocks
STATE] — describes the bank (for that state)

(CORE] - describes the locations in the core

CONTROL] - specifies geometry and makeup of rods (very similar
to ASSEMBLY block)

NUCLEAR

l:* U.S5. DEPARTMENT OF
{9} ENERGY | tNerey




,f QST#5 Input - [CORE]

Energy Innovation Hub

Input Value Description
parameter

_ﬁf crd_map 1
1 - 1
1 |
1 - - -1
.1.1..
~ay 111
"
crd_bank b - A-D-C -
- - - - - SB - -
A - C - - - B -
- - - A - sC - -
D - - - D - SA 8
A - SB - SD - - - \
> C - B -SA -
. = = - - 10
11
%r-"u L v
13
=
“‘-’5~ 14

15

80 CASL-U-2015-0067-000

H

G

map indicating rod locations

(octant core symmetry) A “dash”
represents an assembly location
without a control rod

map of specific control rod banks
(quarter core symmetry)

I

SC

SA

SB

SD

SA

i,

. U.S. DEPARTMENT OF NUCLEAR

/ENERGY | enercy
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=G QST#5
i Input — [CONTROL]

npin 17 # of pins

stroke 365.125 230 distance between fully inserted and fully
withdrawn (cm);
total # of rod steps.
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A'DDE !_:':-1-r-_::-,-' nnovation Hub

Input -

QST#5

cell A 0382 038 0484 [/ ac he ss
cell B 0373 0386 0484 [/ bd4c he ss
cell P 0.386 0.484 |/ he ss —— plenum
cell G 0484 |/ SS  —— endplug
Y Y
radii materials
[CONTROL]
title ;B4c with AIC tips"
gglgktr 365.125 230 ! approx for 1.5875 steq
cell A 0,382 0.386 0.484 / aic he ss
cell B 0.373 0.386 0.484 / bdc he ss
cell P 0.386 0.484 / he ss5 ! plenum
cell G 0.484 / s5 ! plug
rodmap AIC
A A E:_
// 71 T3 S
v y Al Zalll
ﬁ U.S. DEPARTMENT OF NUCLEAR

CASL-U-2015-0067-000
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QST#5
Energy Innovation Hub Input —_ [CONTROL]

rodmap AIC rodmap B4C
A- - A aic cell 5 -
_____ o SIIB
A--A-=- s T a_ %
o empty
rodmap PLEN rodmap PLUG
P__p G--6
_____ = . ___g¢
P--P - - - G--6G- - -
cell A aic cell P plenum
cell B bdc cell G plug

5%, U.S. DEPARTMENT OF NUCLEAR

.9, ENERGY | eneray




A DOF Energy Innovation Hub

LSBL N\S
v

Parameter Label height (cm)

axial 1 15.131
PLUG 17.031

AIC 118.631

. B4C 377.711

PLEN  388.411
PLUG 390.311

$137113d Ot"ﬂ —bi

L
Ll
IVIHILVIN H3gdosaY

B8 Dl AU

S | P AR CH R

—

84 CASL-U-2015-0067-000

QST#5

Input - [CONTROL]

[DETECTOR]

rodmap PLEN

————— ]

P--P - - -
rodmap PLUG

G- -G

————— G

G--G- - -

title "Pyrex"
npin 17

cell ¥ 0.214 0.231 0.241 0.427 0.43

. U.S. DEPARTMENT OF NUCLEAR

ENERGY | enercy




'i‘ _ QST#S
Q‘ . T re—t— Input —_ [STATE]

" "
’ - M Input Value Description
- “ll parameter

rodbank SA 230 control rod bank name and number of
£ SB 230 steps withdrawn (0 is fully inserted)
SC 230
SD 230
4™ A 230
B 230
C 230
D 186
o 4 ST e 2
" e Control rod moves e 35
v can be added by | deplere ereo 2268
including a new bower  C 89,4
B tinlet 557.7
=r Y ISTATE] block o e 520 &
[5TATE]
. title "Case 25"
B Forexample: e, B,
Hoas Erpp o73.2 .
*;‘ *..;;5;_._}. U.S. DEPARTMENT OF NU LEAR
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RESULTS
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Presentation Notes
For future tutorial need to add script and submit slides
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-A)'.'.D& Energy Innovation Hub

ParaView
Ny
v
» wil
CASL-U-2015-0067-000

QST#5

Visualization

pin_powetrs

-2.190e+00

2

04

2.013e-02
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Contact Info

Website:
— www.casl.gov

VERA questions:
— support@casl.gov
Bugs, enhancement requests:

— support@casl.gov

CASL / VERA News:

e To subscribe, send email to CASL-
update@casl.gov with “subscribe” in

the subject.
Join the VERA Working Group
— A User Portal website is being

developed
— Look for an invitation later this year
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