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VERAView

Description

Platforms and Implementation

»  1: VERAView Version 2.3.20::11_all.h5
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» Application Basics

Core 2D View @ V B = X|| CoreAxial 2D View @ YV 7V B = X|Aassembly 2D View e 7 B X A"Z‘g':
HGFEDGCBA 1.95 4oL G FEDCB A 195 12345678 091011121314151617 1
47 1[5 e
a0 p== a0 2. e o ] o o] 00
: e : s Bl e -
[ ] 15 Ri==s=s 15 4 Bl 15
¥ ; : i
2 kd - 12 © [ === 12 .
1.0 33 : 1.0 7 ] o] oo o o 10
27 8 o] o] o] ] ] o]
CE 2 e 0.8 9 [l Jeslim |l |l Jfslie] 08
05 51 i 05 ol ] o] o oo o] 05
19 o e ] v o] e ] ]
- 02 1 : 02 il el el 02
° 13— ] = -Wﬂgu o] vfv o] -
0.0273 1 0.0273 L] 2 O 2 2 O 0.0273
09 4] | |
I g e S pin_powers: Axial 157.532, exposure 6.145 [ 2 el il
e s v [
pin_powars: Assy Row 12, Pin Col 5, axposure 6,145 pin_powers: Assy (D-12), Axial 157.532, exposure 6.145
= = = 20
Axial Plots @ 7 8 = X| TimePiots @ 7 8 = X| Table view e v 8 =X
:‘5:3(/‘:05112). exposure 6.145 — pin_modtemps@(4.5) ;s:{‘(us-)u). Axial 157.532 — pn_powers@(45) | Assy (D-12); Axial 157.532; exposure 6.145
® ) pin_powers —_ fro et ’ T Eponerselio ) | pataset (4,5) (16,16) :
025 050 075 "100  Li__ o iatemps@(1s.is) pin_powers 1.508262 1.228262 |
= Fin fueltemps@(d.5) crit_boron 654.3943
30 = el 6.14492 -
\ L powersgias) s . exposure X ; ;;%;
00 | N e X
! 150 2
= 250
5 i 2125 \—\ <
= 20{[1 2 5
K= K S 100 Bl -
X 150 i b I3
i £ 075 6 %
100 {f | e
! 050 4
B 025 2
o 0
03 04 05 06 07 08 09 10 11 0 2 4 6 8 10 12 1 1 1
pin_modtemps,... 1e3 exposure
State: i . ' . \/ " i i
| 1 10 6

The Consortium for Advanced
| / \ S I Simulation of LWRs 2
A DOE Energy Innovation Hub




VERAView : Description

* An interactive graphical user interface (GUI) for the
visualization and engineering analysis of VERA output

* True multi-physics analysis tool
* Neutronics, thermal-hydraulics, fuel performance
 All displayed together

* Displays data at the field rod / coolant channel level
» Calculates coarser quantities

« Assembly, axial, core, radial, and radial assembly
average and RMS datasets

 Implicitly displays data in a simplified PWR geometry




VERAView : Description

« Reads VERA output files but not connected directly to
VERA codes

« Data from any reactor methods can be displayed

* Needs only a core_map, axial_mesh, number of pins
indicator, and dataset(s) to display

* Designed to be used with no experience or training

* Not a replacement for Vislt, ParaView, or other
general purpose (i.e, complex) data visualization tools

* Mostly 2D views with a couple of basic 3D
visualizations




VERAView : Description

« Exports data as comma-separated values (CSV) for

Import to Excel or other spreadsheet apps

HGFEDCBA 227
K . 1
9 s N
10 Copy Displayed Data
1 Copy Selected Data
12 Copy Image
13 Edit Data Scale...
14 B[ |WF™
15 ::_:..J Find Maximum

Find Minimum

Fit Width

Hide Labels

Hide Legend

pin_powers: Axia  Unzoom

» Creates and exports images and animations

https://newton.ornl.gov/xfer/epm/final-vessel.anim.gif.html
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9 1.474144 1.562685 1.651807 1.655013 1.672061 1.714977 1.684725 1.68
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https://newton.ornl.gov/xfer/epm/final-vessel.anim.gif.html

VERAView : Description

* Analysis capabilities
* Find maximum, minimum values
« Create derived datasets (average, RMS)
» Create difference datasets

| JON Create Derived Datasets
Find Maximum > All Assemblies > All State Points L ecibatasst
Find Minimum > ‘ Current Assembly g | Current State Point Source Dataset: p9|pin_powers Select..
2. Select Axes Over Which to Derive
[ NON ) Difference Dataset Creation

j—
O}

Assembly Axial Pin Preset: radial

1. Sel D:
Select Datasets 56 49 17,17

Comparison Dataset: p9|pin_powers Select...

Reference Dataset:  plO|pin_powers Select...

3. Select Derivation Method
2. Select Methods

wecrod AT @ s Fcir
Difference: Delta Interpolation:  Cubic Root Mean Square l

e Standard Deviation

3. Enter Difference Dataset Name
New Dataset: radial_pin_powers

Difference Name: diff_pin_powers Select Dataset

Create Create and Close

Create Create and Close ﬁ‘
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VERAView : Description

» Developed as a (very) rapid prototype with
frequent stakeholder feedback }

Rapid
1.Prototype  Prototyping

« Good for “friendly users”
« Some fringe features only lightly tested Do e

» Designed to be extensible

* Framework for adding custom widget
Implementation

* Open source

https://github.com/CASL/VERAView



https://github.com/CASL/VERAView

VERAView : Platforms and Implementation

* Python-2 desktop application P

Python python

sssss -Platform GUI Library

* matplotlib plotting > 3D rendering

pﬁM@W image operations

- h5py HDFS5 file 1/0

aNumPy array processing and calculations

@' SciPy interpolations




VERAView : Platforms and Implementation

» Anaconda Python distribution

e https://www.anaconda.com/

« Cross-platform with all required VERAView packages

g

ER Windows - Linux A

 VERAView installers include Miniconda2, a lighter
version with all required packages

v
v
A

ANACONDA

PT AT



https://www.anaconda.com/

VERAView : Application Basics

Title Bar L
Menu Bar ——»
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VERAView : Application Basics

e Current selections LIS S 8

‘,

W
a
%

e Coordinates |

-

o — T8 - __A
ssembly/detector (column, row

pin_powers: Axal 157.532, exposure 0

* Pin/channel (column, row)

* Node Rass
m-
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pin_powers: Assy (C-13), Axial 157.532, exposure 0
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VERAView : Application Basics

« Current selections (cont'd)

Assy (D-12), exposure 1.23 —— pin_powers@{E,B)
Chan/Pin (8, 8) . — i
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. . »\
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VERAView : Application Basics

« Selections in one widget are shared with all other widgets
« Can be toggled for each individual widget

v Axial Value

v Coordinates

v Selected Dataset

v Scale Mode

v State Point/Time
Edit...

AN

—

» Sliders added for convenient selection
 Axial level
« Statepoint (time)




VERAView : Dataset Types

« VERAOULt file is in HDF5 format

 Hierarchical with groups (directories) and leaf datasets

[B] vera_p9.h5

- () CORE

e () INPUT

e (L) STATE_0001
e (L) STATE_0002
e (L) STATE_0003
e (L) STATE_0004
e (L) STATE_0005
e (L) STATE_0006
e (L) STATE_0007
o (L) STATE_0008
e (L) STATE_0009

(%] vera_p9.h5
g

& apitch
B axial_mesh
) channel_area
@ channel_cell_height
& channel_volume
B core_initial_mass
B core_map
& core_sym
B8 initial_mass
label_format
& nominal_linear_heat_rate
B pin_surface_area
B pin_volumes
B rated_flow
rated_flow_units
B rated_power
xlabel
ylabel

¢ ‘@ STATE_0001

& average_flux
fb1o

b10_depl
bank_labels

& bank_pos

) boron

@ bypass

& channel_density
& channel_massflux
& channel_pressure
B channel_temps
& channel_void

B comp_ids

8 coolden

ff detector_response
ff exposure

@ exposure_efpd

8 exposure_hours
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VERAView : Dataset Types
* Primary types

channel (npiny+1, npinx+1, nax, nass)

detector (ndetax, ndet)
fixed detector (nfdetax, ndet)

fluence (nz, theta, nr)

pin (npiny, npinx, nax, nass)

radial_detector (ndet, )

scalar ()

subpin_cc (nsubtheta, npiny, npinx, nsubax, nass)
SRS | mismai



VERAView : Dataset Types
 Derived types

__ Type | Shae

:assembly (nax, nass)
-axial (nax)
:chan_radial (npiny+1, npinx+1, nass)
.core ()
‘node (4, nax, nass)
-radial (npiny, npinx, nass)
-radial_assembly (nass)
-radial_node (4, nass)




VERAView : Dataset Types

» DataModel class
« Encapsulates all /O for VERAOuUt file
* Finds maximum/minimum values
* Reads datasets
* Creates derived datasets

« DataModelMgr class
* Manages multiple open files
* Reads datasets

DataModel

—

[
|

Open Files

*

Has |1
| DataModelMgr |

l J




VERAView : Widgets

 Panels in a VERAView frame/window

Core 2D View @ 7V 8 = X| coreAxial 2D View @ Y V 8 = X| Assembly 2D View ) X
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350
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© <]
= a
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025 050 075 100 125 150 175 200 225 0 2 4 6 8 10 12 14 16
pin_powers exposure
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VERAView : Widgets

 Available on the toolbar and menubar (File->New)
« Based on dataset types in the open file(s)
 Tool tip specifies the name

Axial Plots |

Detector 2D Multi View

Time Plots

Assembly 2D View

Table View

Core Axial 2D View
Volume 3D View

- Data Analysis View
Core 2D View Volume Slicer 3D View y




VERAView : Core 2D View

» Displays assemblies in current symmetry
* Individual fuel rod values displayed

* Assembly quantities shown as numbers pin

Core 2D View

H
8
Core 2D View
1.69 i
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e ]

A

radial_powers: exposure 0

Channel I

channel_void: Axial 336.169, exposure 1.23

Types
channel

:assembly

) :chan_radial
Selects :node

:radial
:radial_assembly
:radial_node

assembly
channel/pin
** | node

Core 2D View
H G F E D c B A 127

+0.988 0.939 1.03 1.00 1.10 1.05 1.07. 12
50939 1.01 0.919 1.09 1.06 1.06 0894 .
© 1.03 0919 1.07 1.05 1.09
1.00 1.09 1.05 1.09 1.04 P20
110 1.06 1.09 0.900 0.934
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radial_asy_radial_powers: exposure 0
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VERAView : Core Axial 2D View

Displays vertical cut along assembly column or row

* Individual fuel rod values displayed

Core Axial 2D View

A 0.000158

channel |_void: Assy Row 12, Chan Col 8, exposure 1.23

Core Axial 2D View
10

pin_powers: Assy Col G, Pin Row 8, exposure 1.23

0.016

Core Axial 2D View

Selects

Types

assembly | channel

axial level

pin

:assembly
:node

node_powers: Assy Row 8, Nodes 1,2, exposure 0

253
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VERAView : Assembly 2D View

Lattice view of selected assembly

* Individual fuel rod values displayed, numbers when

they fit
Selects Types
channel/pin channel
sseny 20 v 2ndary channel/pin | pin _
12 4 5 6 7 8 9 10 M 12 13 14 15 16 17 :Chan rad|a|
Yz olessfolessess 21220 T
:radial
J2col2solossfesi 247 224219)
DEEEE ol e
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 GG
g2c0los4 o [ 22sle = ‘
) 1e-04.
g2 c2|2s2loss 28 241 : oo
3 = 1e-04.
21 |20 2ol 4 - o
ol e =
4e-05
Yol e =
7 77006 R
2 cs|2o [ [222l257 a e
‘°@@@@@ ; —
gl , -~ -Eg=_-_g8s
11 ssecs IO Y eoals
e [2s4[Jll[zo 244 @DIHDIED.@ * -
12| 96006
250 [240 252 228 [o0s o4 |2 [22s 22223 a2 2 B (X1 A4 X7 (X7 i
20 [25o(2.50J[225 ﬁ@.@.ﬂ@.. "
258 [240(2472.50 246 Jff242]o.co [ .04 2| g as a8 | X7 XD i
16|
250 [250(2.47(2.45] 2.1 | B34 [oo72.se[ 5227 | X7 B2 B | YT X
17|
v )l ) ) ) ) ) ) ) ) ) ] ] e e "
pin_powers: Assy (B-9), Axial 335.280, exposure 0 channel_void: Assy (D-12), Axial 336.169, exposure 1.23
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VERAView : Detector Multi View

* Plots of detector, fixed detector, and radial detector
values at detector locations

e Plots or numbers Selects Types

assembly/detector  detector
fixed_detector
radial_detector

B A 214
20
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08
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D [

D
>
>
>
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Axial (cm)

sy (D-12),
)

VERAView : Axial Plots

* Plots with axial level as the Y-axis
* Multiple datasets, two scales
« Shows plots for current and secondary selections

, exposure
. Det (D-12)

parcs_p9|pin_powers,...
025 050 075 100 125

—— par|detector_res|

ponse

—— verjdetector_response
—— par|pin_powers@(5.4)
= ver|pin_powers@(5.4)

150 175 200 225
xposure 1.229 — ver|pin_fueltemps@I(5.4)
— verjpin_fueltemps@(16,16)
—eripin_powers@(5.4)
= — erjpin_powers@(16,16)
vera_p9|pin_powers
025 050 0.75 100 125 150 175 200 225
300
250
200
150
100
50
o T T T T T T T T
025 0.50 075 100 125 150 175 200
parcs_p9|detector_response,...
03 04 05 0.6 07 08 09
Selects | Types vera_pslpin_fueltemps

axial level | anything with an axial dimension
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VERAView : Time Plots

* Plots with time as the X-axis Selects | Types

time channel

* Multiple datasets, two scales detector

fixed_detector

« Shows plots for current and secondary fluence

. pin
selections radial_detector

_ . scalar

Assy (D-12), Axial 157.532 — rar|pin_powers@(3.4) .
Pin (5, 4), Det (D-12) — par|pin_powers@(3,16) Su bpln CC

— par|pin_powers@(16,16) -

= par|detector_response :assem bly

:axial

:chan_radial

225
\\ Assy (D-12), Axial 157.532 — wpnynCOFE
200 Pin (6, 4), Det (D-12) — werlpin_lonerzao &
\ — woex ;NOME
—erjdeteft F e
L1751 \ :radial
i 225 4 . .
8100] \ .0 | :radial_assembly
= 200 { 1 .
8 L L5 o iradial_node
1125 - £175 4 i
= 2 L1s0 S
‘% g 150 §
a 100 4 011725 125 S]
ml = 100 ©
(=T U
2075 o5 L g
8 ﬁ 075 4 075 '%
E Q
0.50 4 T 050 g8 §|
0.25 025 ©
0.25 Q
00 25 50 75 10.0 125 15.0 175
00 25 50 75 100 125 50 . exposure
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VERAView : Table View

« Shows dataset values at current coordinates Types
. channel
and tlme detector
gt . fixed_detector
« Additional columns for secondary selections | e
pin
Table View o v 8B =X radial_detector
Assy (D-12); Axial 157.532; exposure 1.229 scalar
Dataset (6,4) (16,7) (4,15) :assembly
par|boron 848.4 -axial
par|detector_response 0.0128985 -chan radial
par|exposure 1.229 . . =
par|keff 1 Table View :core
par|nodal_powers 0.2134 Assy (B-4); Axial 124.868; exposure 1.549; Fluence r=35. .noc!e
ver|boron 840.3723 Dataset :radial
ver|channel_pressure 1565.577 TT— :radial_assembly
ver|channel_void 0.002040424 5.5¢ exposure ?‘549247
ver|detector_response 1.388785 keff 0.7342351
ver|exposure 1.229048 power 100
ver| k?ﬁ 0.9999997 vessel_fluence_group001 4.776968e+18
ver|pin_powers 1.611144 vessel_fluence_group002 8.362626e+18
ver|power 99.7 vessel_fluence_variance_group001 7.024052e+34
vessel_fluence_variance_group002 1.569659e+35
vessel_flux_group001 4.931349e+12
vessel_flux_group002 8.844322e+12
vessel_flux_variance_group001 3.977706e+23
vessel_flux_variance_group002 6.880595e+23




VERAView : Vessel Core 2D View

» Shows vessel fluence datasets
« Currently only quarter symmetry

pin_lhr: Axial 200.806, vessel_tally/binned_fluence (flux/mean) at 203.550, exposure_efpy 19.88

300

250

200

150

100

50

344 1.06

3.46

1e+19

8e+18

6e+18

4e+18

2e+18

0.00206
dsinned_fluence

Types
fluence

Selects
fluence r
fluence theta

AAAAA
33333

22222
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VERAView : Vessel Core Axial 2D View

« Shows vessel fluence vertical slice

Angle: I 1 I I 1 I I ‘l I I 1 I I 1 I
0 39
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pin_powers: vessel_flux_group001 th=40deg, exposure 12

Angle: ./
0
2.85
25
"
2.0
123
* 1.5
n
o 1.0
00 0.5
| |
4 0.0861

0||

pin_powars: vessel_fuence_groupDd1 th=35dag, exposura 1.549

Types
fluence
Selects
fluence r
fluence z
4.78
4e+18
3e+18
2e+18
1e+18
0e+00
0.000
vessel_fluence_group001




VERAView : Widgets

« Widget framework

» Event handlers and propagation

 Renderin
ende 9 Widget
I I I
PlotWidget TableView DataAnalysisView RasterWidget
) 4
AxialPlot TimePlots Assembly2DView Core2DView
CoreAxial2DView Detector2DMultiView




VERAView : Demo

Live Demo!

THE TECHNOLOGY DEMO

THE SOFTWARE
ISN'T 10032
COMPLETE.

V

IF IT HAD A USER
INTERFACE YOU
WOULD SEE SOME-
THING HERE. ..
HERE. . .AND SOME-
QIMES HERE.

AND THEN YOUD
BE SAYING, "I
GOTTA GET ME
SOME OF THAT.”

{
ANY
QUESTIONS?
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Additional Slides



VERAView : Dataset Types

» Dataset types determined by shape

« Can be overridden by an attribute

* Dimensions

nass Number of assemblies

nax Number of axial mesh points
npin Number of pin rows and columns
ndet Number of detectors

ndetax, nfdetax

Number of detector/fixed detector axial mesh
points




VERAView : Dataset Types

 Dimensions determined
» Explicitly from CORE datasets

« CORE/npin, CORE/nass poab-y

iz

- Implicitly from CORE dataM
i

« CORE/axial _mesh

« CORE/core_map -

« CORE/detector_map
 CORE/detector _mesh
« CORE/pin_volumes

 Implicitly from STATE 0001/pin_powers

apitch
axial_mesh
channel_area

channel_cell_height

channel_volume

label_format
nominal_linear_heat_rate
pin_surface_area
pin_volumes

rated_flow
rated_flow_units
rated_power

xlabel

ylabel




