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Gas Detector Optimization

* in:Flux has many in-built capabilities for performance-based gas
mapping, including:
* Interface for assigning leak frequencies
* Input of wind rose with associated probabilities

 Generation of the full matrix of simulations, each with a scenario
frequency

* Automatic setup, generation and run of the full matrix
* Risk-based visualizations, such as exceedance of gas concentrations

e Gas detector optimization using the Greedy Algorithm and the Genetic
Algorithm to minimize detector counts while providing appropriate
coverage.

* The gas detector layout can be exported to Detect3D for
comparison between scenario and geographic methods.
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Risk Manager: Leak Frequencies

* The Risk Manager window coordinates the leaks frequencies, wind rose, and
scenario matrices. Here, leaks are shown for the simulation.

neFlux — .
File View Project Help
bl ® O F =2 e Y o @ | camera:

Project Items | Add Item | Edit ltem

5 & - | [Elschedule  No Simulations Running * | b Run || Auto-Link Tasks (0)*

i

4 in:Flux
Risk Manager
Leak Frequencies | Wind Conditions | Simulation Summary
High Pressure Leaks
Name Location Rotation Elevation Hole Size Pressure Temperature Fluid Flow Rate Leak Group Leak Frequency
HP Release 01 (A7 .,17.08.039) meters L -180 0 10 mm 10 bar(g) 10 °C METHANE v 0421 kgfs Flange 001 ¥ B.00E-06 [1/yr]
HP Release 02 (469 ,17.36 ,079) meters Lt -180 90 10 mm 10 bar(g) 10 °C METHANE v 0421 kofs Flange 001 v 8.00E-06 [1/yr]
HP Release 03 (471 ,17.87 ,031) meters |~§ [ 0 10 mm 10 bar(g) 10 °C METHANE ¥ 0121 ka/s Flange 001 v B8.00E-06 [1/yr]
HP Release 04 (469 ,1343 , 039) meters I-\S -180 0 10 mm 10 bar(g) 10 °C METHANE v 0121 kgfs Flange 002 w2 B8.00E-06 [1/yr]
HP Release 05 (469 ,13.69 ., 0.78) meters I’E -180 90 10 mm 10 bar(g) 10 °C METHANE ¥ 0121 kgfs Flange 002 e B8.00E-06 [1/yr]
| HP Release 06 (47,1405 ,039) meters Ly 0 0 10 mm 10 bar(g) 10 °C METHANE v 0121 kgfs Flange 002~ B.00E-06 [1/yr]
| HP Release 07 (47,991 ,045) meters Ly -180 0 25 mm 10 bar(g) 10 °C METHANE v 0755 kgfs Flange 003 ¥ 9.50E-06 [1/yr] 4
HP Release 08 (469 .10.23 ,082) meters L 0 %0 25 mm 10 bar(g) 10 °C METHANE v 0755 kgfs Flange 003 ¥ 9.50E-06 [ 1/yr] P Relealsggm
HP Release 09 (4681053 ,038) meters L o 0 25 mm 10 bar(g) 10 °C METHANE ¥ 0755 kafs Flange 003 ¥ 9.50E-06 [ 1/yr] i
HP Release 10 (468,612 ,046) meters Lt -180 0 10 mm 10 bar(g) 10 °C METHANE v 0421 kgfs Flange 004 v 1.00E-05 [1/yr]
HP Release 11 (469,647 ,078) meters  b¢ 0 90 10 mm 10 bar(g) 10 °C METHANE v 0421 kgfs Flange 004 ¥ 1.00E-05 [1/yr]
HP Release 12 (469,677 ,048) meters Lt 0 0 10 mm 10 bar(g) 10 °C METHANE v 0421 kofs Flange 004 v 1.00E-05 [ 1/yr]
Pruperty Editor
Property: | Hole Size v | [25 mm
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Risk Manager: Wind Rose

« The Wind Rose tab can be used to set the environmental conditions on the
site. Wind speed data can be entered for all directions, or for each direction
individually.

Risk Manager

Leak Freguencies | Wind Conditions | Simulation Summary

Wind Direction 418 Wind Rose
Direction Probability WORTH
Southerly (180°) 2.1 %
South-Westerly (225°) 7.0%
Westerly (270°) 87 %
North-Westerly (315°) 13.9%

Wind Speed: All Directions

Min Speed Max Speed (Auto) Probability ﬁ
1 mfs 39.0%
5 mfs 29.2% WEST
10 mfs 24.4%
15 mfs 55% @
I validate
Properties
Calm Wind Probability: 2 % Reference Height: |10 meters
Ambient Temperature: | 10 °C Roughness Length: | Default (z0 = 0.01 meters)  ~ SOUTH
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Risk Manager: Scenario Matrix

* The full scenario matrix is shown on the final tab. The user can select all
simulations to be added, or a sub-set containing only the highest frequency
events.

Risk Manager — O X
Leak Freguencies | Wind Conditions | Simulation Summary

All Scenarios Project Manager

Name Wind Cenditicn Leak Frequency Consequence Risk In Project Total Scenarios; 858
[:E HP Release 01 on Northerly, 3 m/s Northerly, 3 m/s HP Release 01 5.43E-07 [1/yr] 1 5.43E-07 [ 1/yr] No In Project: 0 (0.0%)
HP Release 01 on Northerly, 7.5 m/s Northerly, 7.5 m/s HP Release 01 A.073E-07 [ 1/yr] 1 4.073E-07 [1/yr] No Selected: 0 (0.0 %)
HP Release 01 on Northerly, 12.5 m/s MNortherly, 12.5 m/s HF Release 01 3.394E-07 [1/yr] 1 3.394E-07 [ 1/yr] No Total Frequency: 1.065E-04 [ 1/yr |
/. /- : / 7. - 7. - "
HP Release 01 on Northerly, 15 m/s Northerly, 15 m/s HP Release 01 619E-08 [1/yr] 1 619E-08 [ 1/yr] No In Project: 0 [ 1/yr ] (00%)
HP Release 01 on North-Easterly, 3 m; North-Easterly, 3 m/s HP Release 01 6.516E-07 [ 1/yr] 1 6.516E-07 [ 1/yr] No Selected: 0 [ 1/yr] ©0%)
HP Release 01 on North-Easterly. 751 Morth-Easterly. 7.5 m/s HP Release 01 A.887E-07 [ 1/yr] 1 4.887E-07 [1/yr] No
Total Risk: 1.065E-04 [ 1/yr ]
HP Release 01 on North-Easterly, 12.5 North-Easterly, 12.5 m/s HFP Release 01 A.073E-07 [ 1/yr] 1 4.073E-07 [1/yr] No
In Project: 0.00EQ0 [ 1/yr] (0.0 %)
HP Release 01 on North-Easterly, 15 n Nerth-Easterly, 15 m/s HP Release 01 9.143E-08 [1/yr] 1 9.143E-08 [ 1/yr] No
Selected: 0.00EQ0 [ 1/yr] (0.0 %)
HP Release 01 on Easterly, 3 m/s Easterly. 3 m/s HP Release 01 6.082E-07 [ 1/yr] 1 6.082E-07 [ 1/yr] MNo
HP Release 01 on Easterly, 7.5 m/s Easterly, 7.5 m/s HP Release 01 A.561E-07 [1/yr] 1 4.561E-07 [1/yr] No
HP Release 01 on Easterly, 12.5 m/s Easterly, 12.5 m/s HF Release 01 3.801E-07 [ 1/yr] 1 3.801E-07 [ 1/yr] No
HP Release 01 on Easterly, 15 m/s Easterly, 15 m/s HP Release 01 8.533E-08 [ 1/yr] 1 8.533E-08 [1/yr] No
HP Release 01 on South-Easterly, 3 m; South-Easterly, 3 m/s HF Release 01 3.258E-07 [ 1/yr] 1 3.258E-07 [ 1/yr] No
HP Release 01 on South-Easterly, 7.5 1 South-Easterly, 7.5 m/s HP Release 01 2.444E-07 [ 1/yr] 1 2444807 [1/yr] Ne
HP Release 01 on South-Easterly, 12.5 South-Easterly, 12.5 m/s HF Release 01 2.036E-07 [ 1/yr] 1 2.036E-07 [ 1/yr] Mo
HP Release 01 on South-Easterly, 15 n South-Easterly, 15 m/s HP Release 01 A571E-08 [ 1/yr] 1 4.571E-08 [1/yr] Ne
Property Editor
Property: | Consequence ¥ | |1
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Risk CFD Simulations

* Once the simulations are added to the project, they are automatically
scheduled and need no further input from the user. Thousands of CFD
simulations can be added at this time.

in:Flux - x

File View Project Help

A Ll @ ©- £ B2 @ Y o @ |[H | camera: -om Q O T k- Eschedue ‘Scutherly,Sm/s(Current) > | @ stop || Auto-link Tasks (0} | 4

Project Items | Add Item | Edit ltem N
Scheduled Simulations

4 in:Flux Name Progress Notes
“ Ef‘jae‘"f Southerly, 3 m/s 25% Running on DESKTOP-EHQEV25. A |i|
& Refinery.stl
Southerly, 7.5 m/s 0% Scheduled to run on DESKTOP-EHQBV25
! Inflows Southerly, 12.5 m/s 0% Scheduled to run on DESKTOP-EHQBV25
4 Ventilation Simulations Southerly, 15 m/s 0% Scheduled to run on DESKTOP-EHQBV25
Uk L South-Westerly, 3 m/s 0% Scheduled to run on DESKTOP-EHQBV25
Uk South-Westerly. 7.5 m/s 0% Scheduled to run on DESKTOP-EHQBV25
Ok South-Westerly, 12.5 m/s 0% Scheduled to run on DESKTOP-EHQBV25
Ok South-Westerly, 15 m/s 0% Scheduled to run on DESKTOP-EHQBV25 o
Ok ®
Ok ® Completed Simulations
Ok C N . N
Ok Name Status Time Finished (UTC) Run-Time
Ok C .
El h = 2
External Ventilation Simulation Southerly, 3 m/s
Unstarted Simulations
le |SEa|:h x ‘
5 e — Progress
Visible [}
“ Information
Name Southerly, 3 m/s
Domain (9171, 103,63, 0) [ meter{ - |
Domain Size {293.76, 226.32, 56.58) [ meter
Guide Visible O
Geometry Refinery.stl
HVAC
4 Mesh
Mesh Visible O
Mesh Color #B4FFFFFF E‘ e
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Post-Processing

* Once the simulations are complete, a risk data-set can be added to the
project. This combines the data from all the selected simulations and allows
for further analysis.

inFlux : 96dispersion.ifx = X

File View Project Help

Sl | ® ©- § 8 @ Y < @ |[ camera: Ol Q O 0|1 & - Elschedule:  No Simulations Running * | P Run || . Auto-link Tasks (0)r | ,

Project Items | Add Item | Edit Item

4 in:Flux - 96dispersion
4 Geometry
# Refinery.stl
Inflows
Ventilation Simulations

I Dispersion Simulations

4 Risk Analysis
4 Data Sets
% Risk Data 01
Risk Contours
Risk Isosurfaces
4 Monitors
Points
Lines
Regions

Risk Dataset Risk Data 01

[i=|Ga {ip;y:n
4 Appearance
Visible )
Show Label O
4 Information
Name Risk Data 01
Variable METHANE Volume Fraction, %LFL|
Domain (-9.18, -9.41, 0) [ meters ] to (E
4 Mesh
Mesh Visible O
Mesh Color #GAFFFFEF B
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Exceedance Contours

* Contours of exceedance of the selected property in the risk data set can be
used. The contour below shows exceedance of 20% LFL methane
concentration by frequency.

in:Flux : 96dispersion.ifx = X
File View Project Help
1 P @ O # ® = | | camera: - QO O 0| K -|E)schedule  NoSimula *~ | b Run Auto-Link Tasks (0)* |

Project Items | Add Item | Edit Item

Ventilation Simulations
Dispersion Simulations

4 Risk Analysis
4 Data Sets
[] # Risk Data 01
4 Risk Contours
V] W Exceedance of 20 %LFL at = 3 meters
= sk D s = Exceedance of 20 %LFL
= NS e i
Risk Isosurfaces == P . | Frequency, [ 1/yr]
| S g { 1.00e-04
4 Monitors
Points 9.00e-05
Lines 2
Regions

— 8.00e-05

4 Visualization 7.00e-05

[¥] Legend \ ; T T 6.00e-05
Contours 3 ! .
5.00e-05
/
RiskContour Exceedance of 20 %LFL at z = 3 meters ‘.\ Sy 4.00e-05
e s ) : : : L 300e-05
4 Appearance é ;" 3 2 — 2.00e-05
Color Method Color Map ) -~ 4
- = 1.00e-05
Clipped e
Color I Blue v ) 0.00e+00
» Color Map Jet128
Number of Intervals 20 EI
Visible [v]
4 Information
Auto-name V]
Name Exceedance of 20 %LFLatz =
Plane XY Plane
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Gas Detector Optimization

 The Greedy Algorithm or Genetic Algorithm can be used to output the
scenario coverage dependency on the number of detectors. The analysis is
instant, and the graph can be read to get the proposed detector layout.

Problem Definition

Gas Detector Optimization (Risk Data 01)

4 Algorit.ﬁr; o

4 Detector Setup

Detected Gas
Paint Alarm
Open-Path Alarm

4 Required Coverage

100N Target

200N Target
Target Basis

Optimization Algorithm | Greedy Algorithm

Point Detector Locations 2000 Monitor Peints

Open-Path Detector L... 0 Monitor Lines

METHANE

Scenario

[]
=
20 %LEL 5]
5 LELm 5]

90 % 21
50 % o1

Detector Layouts

Gas Detector Layout 02
Point Detector Alarm: 20 [ %LEL]
Open-Path Detector Alarm: 5 [ LELm ]

Gas Detector Layout 03
Point Detector Alarm: 20 [ %LEL]
Open-Path Detector Alarm: 5 [ LELm ]

12 detectors
90.63 % 1ooN
50.00 % 200N
Scenario-Based

9 detectors

91.67 % TooN
22.92 % 200N
Scenario-Based

Solution

100= | = 100N Coverage
_5 = 200N Coverage,
90—

80—

Display: Scenario Based

- O X

Auto
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Gas Detector Optimization

* The layout is based on the optimization algorithm chosen, which takes
proposed detector locations and calculates the optimal arrangement.

in:Flux : 96dispersion.ifx

File View Project Help

Sl | ® ©- § 8 @ ¥ o @ |8 camera: o Q O T | 5 R | Elschedule:  No Simulations Running ~ | b Run || . Auto-link
Project Items | Add Item | Edit Item

[[] k2 Northerly, 3 m/s
[ k= Northerly, 7.5 m/s
[ ks Easterly, 3 m/s
[ Easterly, 7.5 m/s

[ <]

I Dispersion Simulations

4 Risk Analysis Y = | ‘ﬂ?nitor Point 1069
=4 [Monitor Point 1830
s

4 Data Sets
[ & Risk Data 01
4 Risk Contours

[] W Exceedance of 20 %LFL at z = 3 meters
&  RiskData01

Risk Isosurfaces

4 Monitors
b Points

RiskContour Exceedance of 20 %LFL at z = 3 meters

(=] [ searcn ®

4 Appearance

Color Method Color Map &
Clipped |
Color I Blue EI
» Color Map Jet128

Number of Intervals 20 @
Visible O

4 Information
Auto-name
Name Exceedance of 20 %LFLatz =
Plane XY Plane o
PO ER
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Gas Detector Matrix

For each optimized layout, users may export the associated detector matrix

or Detect3D project file. The matrix shows which detectors go into alarm for
simulations in the in:Flux project.

each of the completed

[saf

Edward A. Miller

File Home Insert
L & Calibri
Paste (B copy - T
- <F Format Painter
Clipboard w
Al -
A B

==

5| simulation Name

3| HP-007 onNortherly, 7.5 m/s
4| HP-00S on Westerly, 7.5 m/s
5|  HP-003 onNortherly, 7.5 m/s
6 | HP-D11onWesterly, 7.5 m/s
7 HP-003 on Easterly, 7.5 m/s
8 | HP-0100n Southerly, 7.5 m/s
9 | HP-007 onEasterly, 7.5 m/s
10| HP-DO4 on Westerly, 7.5 m/s
11| HP-D11 on Northerly, 7.5 m/s
12| HP-DO7 on Southerly, 7.5 m/s
13 HP-009 on Westerly, 7.5 m/s
14| HP-012 on Northerly, 7.5 m/s
15| HP-002 on Westerly, 7.5 m/s
16|  HP-D10 on Easterly, 7.5 m/s
17| HP-DO4 on Northerly, 7.5 m/s
18|  HP-DOS on Northerly, 7.5 m/s
19 HP-004 on Easterly, 7.5 m/s
20|  HP-011on Easterly, 7.5 m/s
21| HP-006 on Easterly, 7.5 m/s
22|  HP-D11 on Southerly, 7.5 m/s
23| HP-DOS on Westerly, 7.5 m/s
24| HP-DO3 on Southerly, 7.5 m/s
25 HP-010 on Northerly, 7.5 m/s
26|  HP-003 on Westerly, 7.5 m/s
27|  HP-006 on Southerly, 7.5 m/s
28|  HP-DO4 on Southerly, 7.5 m/s
29|  HP-DOS on Easterly, 7.5 m/s
30|  HP-DO1 on Southerly, 7.5 m/s
3 HP-010 on Westerly, 7.5 m/s
32|  HP-001on Westerly, 7.5 m/s
33|  HP-00S on Easterly, 7.5 m/s
34|  HP-DOS on Easterly, 7.5 m/s
35|  HP-DOS on Westerly, 7.5 m/s
36|  HP-DOS on Northerly, 7.5 m/s
37|  HP-001on Northerly, 7.5 m/s
38|  HP-008 on Southerly, 7.5 m/s
39|  HP-012 onWesterly, 7.5 m/s
40|  HP-DDLonEasterly, 7.5 m/s
41| HP-D0Z on Easterly, 7.5 m/s
42| HP-008 on Southerly, 7.5 m/s
43 HP-005 on Seutherly, 7.5 m/s
44| HP-D02 on Southerly, 7.5 m/s
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Alignment
3 F
Frequency, 1/yr  Risk, 1/yr
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o o
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3.76471E-05 3.765E-05
o o
2.35284E-05 2.353E-05
9.41176E-06 9.412E-06
o o
2.35294E-05 2.353E-05
o o
3.76471E-05 3.765E-05
2.35284E-05 2.353E-05
2.35284E-05 2.353E-05
3.76471E-05 3.765E-05
3.76471E-05 3.765E-05
3.76471E-05 3.765E-05
9.41176E-06 9.412E-06
] o
9.41176E-06 9.412E-06
2.35294E-05 2.353E-05
o o
9.41176E-06 9.412E-06
9.41176E-06 9.412E-06
3.76471E-05 3.765E-05
9.41176E-06 9.412E-06
o o
o o
3.76471E-05 3.765E-05
3.76471E-05 3.765E-05
] o
2.35284E-05 2.353E-05
2.35294E-05 2.353E-05
9.41176E-06 9.412E-06
o o
3.76471E-05 3.765E-05
3.76471E-05 3.765E-05
9.41176E-06  9.412E-06
9.41176E-06 9.412E-06
9.41176E-06 9.412E-06

Merge & Center ~

G

100N
Detection

YES

General

$-% 9

O Tell me what you want to do

[} Number

H

200N
Detection

NO
NO
NO
NO

15 Share

s O
Sort & Find &
Filter~ Select~

O Comments

R @ 2 AutoSum =

Fill~

& Clear~

Neutral

B R s | [atotaion ]
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Conclusions

 The optimized gas detector layout can be exported to Excel or
Detect3D (.d3d) project files.

* Both point and open-path detectors can be used.

 Many different layouts can be generated, to compare variables
such as performance target and alarm settings.

e Users can compare optimization results from the Greedy
Algorithm and the Genetic Algorithm

e Just like Detect3D which included optimization algorithms for
flame detection, in:Flux bases the layout on user input for
potential locations for detectors.

* This analysis does not require any expertise in CFD, and typical
setup times are less than 1 hour.
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