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Abstract

The testing script is to provide a method of inspections to HYyRAM (v1.0.0.244
Alpha) application features. This document will lead participants through the use of
the application to make sure the application performs as designed. If a feature of the
application becomes non-working, this script will relay useful information back to the
designers of the application so that the feature can be fixed. This is essential to keep
the application updated and performing as designed so that the users of this program
can be satisfied. There will be frequent updates of this document to ensure proper
testing of future application versions.
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INTRODUCTION

1.1 Purpose

The testing script is to provide a method of inspections to HyRAM (v1.0.0.244 Alpha)
application features. This document will lead participants through the use of the application to
make sure the application performs as designed. If a feature of the application becomes non-
working, this script will relay useful information, with the help of the participants, back to the
designers of the application so that the feature that broke can be fixed. This is essential to keep
the application performing as designed and to ensure that any new features that are put into the
application do not break other features. This enables the project development lead to guarantee
that the users of the HYyRAM program are satisfied. There will be frequent updates of this
document in conjunction to HYyRAM updates to ensure proper testing of future application
versions.

1.2 Brief Description of HyRam

HyRAM is a software toolkit that integrates data and methods relevant to assessing the safety of
hydrogen fueling and storage infrastructure. The HyRAM toolkit integrates deterministic and
probabilistic models for quantifying accident scenarios, predicting physical effects, and
characterizing the impact of hydrogen hazards (thermal effects from jet fires, thermal pressure
effects from deflagrations) on people and structures. HyRAM incorporates generic probabilities
for equipment failures for 9 types of components, and probabilistic models for the impact of heat
flux on humans and structures, with computationally and experimentally validated models of
hydrogen release and flame physics. Version 1 can be used to quantify the likelihood and thermal
consequences associated with gaseous hydrogen releases from user-defined hydrogen
installations.

1.3 Initial Notes

There is a syntax associated with this script. For example, when italicized text is seen, that
represents the name of a file. Likewise, when bold text is seen, that denotes that there is a button
or link that has the same name seen within the program. For example, if the document states,
“first go to File, then to Load Workspace,” it is meant to be taken as “move mouse to the tab

labeled file, then click. Then move mouse to Load Workspace, then click.”
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2. QRA MODE
QRA Mode stands for quantitative risk assessment that uses algorithms to measure the risk
associated hydrogen fueling stations. To test the Scenario Stats and Risk Metrics in QRA Mode,
first load the workspace titled, HyRAM Testing Script - QRA Mode.HyRAM. To accomplish
loading the workspace, first go to File, then to Load Workspace. Then navigate to where
HyRAM Testing Script - QRA Mode.HyRAM is located and click the file. Then click Open. The
instructions must be precisely followed to ensure proper testing of the application. In addition,
the numerical results that are received should be EXACTLY the same as shown in this

document.
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2.1 Edit System Description Input

To begin inputting values, first click the System Description button. It is circled in orange. The

following screen should pop up:

File Help

GQRAMode | Physics | PBD Mode |

System Description

The system description input window contains information about the system design, the facility or site design, and the operational
envir . This screen is part of the documentation of the analysis inputs. Analysts should also retain additional documentation,

including P&IDs, facility diagrams, etc.

Componerts | System F | Facilty F |

# Cylinders
# Valves

o

o

o

# Instruments o
# Joirts. 1]
o

1]

o

o

# Hoses

Pipes (length)
# Filters

# Flanges

Components

This tab contains a description of the system in terms of the number of compenents of each type. This information typically comes
from a P&ID.
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2.1.1 Edit Components

To start editing the parameters, click the tab labeled Components in the current window. It is
circled in orange:

File Help
[GRaWode | Prysies | PED Mode System Description
Input
The system description input window contains information about the system design, the facility or site design, and the operational
[ System Description ] environment. This screen is part of the documentation of the analysis inputs. Analysts should also retain additional documentation,
[ s " ] including P&IDs, facility diagrams, etc.
{ Data / F J | Components, | System Parameters | Facility Parameters |
( G Models ] Component Court Urit
3 0
# Cyfindsrs )
# Valves o
# Instruments 0
# Joints. 0
# Hoses o
Pipes {Jength) 0 Meter
[ Scenario Stats ] prr— 2
[ Fisk Metrios ] # Flanges 0

Components

This tab contains a description of the system in terms of the number of components of each type. This information typically comes
from a P&ID.

When that screen opens, continue to edit the values in the table to reflect the following:

B
[ | P | M

- | System Parameters | Facility Parameters |
T Componert Court Uit
= # Cylinders 0

# Valves 5

# Instruments 3

# Joints 35

H Hoses 1

Pipes (ength) 20 Meter v
# Fitters 0

H Hanges 0 I
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2.1.2 Edit System Parameters

2.1.2.1 Piping

To continue editing the parameters, click the next tab labeled System Parameters in the current
window. Itis circled in orange:

File Help
[GRAMece  Psios | PBD Mods | System Description
Input
The system description input window contains information about the system design, the facility or site design, and the operational
[ System Description ] environment. This screen is part of the documentation of the analysis inputs. Analysts should also retain additional documentation,
[ Ea— ] including P&IDs, facility diagrams, etc.
g T
[ Dats / Probabilties. ] - System Parameters ' Facility Parameters
—
[ G Models ] Piping | Vehicles |~
Vanable
Pipe Wal Thickness
Intemal Temperature
Intemal Pressure
Extemal Temperaturs
Extemal Pressure
l Scenaro Stats ]
[ Risk Metics ]

System Parameters

This tab contains design and operating parameters of the system, including pipe diameter, operating pressure and temperature, and
ambient pressure and temperature.

When that screen opens, make sure that the current tab that is selected is labeled Piping. It is
circled in red. Then continue to edit the values in the table to reflect the following:

TR | o B

Components | System Parameters |Faci:yFﬂ'ﬂndﬂ'5|

- Variable: Walue Uit
Fipe Wal Thickness 0.065 Inch -
Intemal Temperature 15 Celsius -
Internal Pressure 35 MPa -
Bdemal Temperature 15 Celsius -
Extemal Pressure 0101325 MPa -

Note
We are currently editing the Piping tab within System Parameters.
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2.1.2.2 Vehicles

Then click the next tab to the right of Piping labeled Vehicles. It is circled in orange:

File Help
[GRAMece | Pyses | PBDMoc | System Description
Input
The system description input window contains information about the system design, the facility or site design, and the operational
[ System Description ] environment. This screen is part of the documentation of the analysis inputs. Analysts should also retain additional documentation,
l F— ] including P&IDs, facility diagrams, etc.
[ Data /Py ] I em Parameters | Facilty Parameters |
[ Consequence Models ] Fiping (| Vehicles
anzble
Pipe Wall Thickness
Intemal Temperature
Intemal Pressure
Extemal Temperature
Extemal Pressure
[ Soenario Stats ]
[ Risk Metncs ]

System Parameters

This tab contains design and operating parameters of the system, including pipe diameter, operating pressure and temperature, and
ambient pressure and temperature.

When that screen opens, make sure that the current tab is labeled Vehicles. It is circled in red.

Then continue to edit the values in the table to reflect the following:

desian, the il

”‘ | Components | System Parameters ‘Fmpm|

=

Note

We are currently editing the Vehicles tab within System Parameters.

Variable Value
b 20

Unit

nFuelingsPerVehicle Day 2
nVehicleOperating Days 250
[ Annual demands (calculated) 10000
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2.1.3 Edit Facility Parameters
2.1.3.1 Facility
To continue editing the parameters, click the next tab labeled Facility Parameters in the current

window. Itis circled in orange:

File Help
[GRAMece  Psios | PBD Mods | System Description
InpLt
The system description input window contains information about the system design, the facility or site design, and the operational
[ System Description ] environment. This screen is part of the documentation of the analysis inputs. Analysts should also retain additional documentation,
[ E— ] including P&IDs, facility diagrams, etc.
[ Data / Probabilities ]
[ G Models ]
Output
l Scenaro Stats ]
[ Risk Metics ]

Facility Parameters

This tab contains a description of the facility or site where the hydrogen system is located.

When that screen opens, make sure that the current tab is labeled Facility. It is circled in red.
Then continue to edit the values in the table to reflect the following:

Facility Parameters

Value Uit
Meter -
Meter -
Meter -

Note
We are currently editing the Facility tab within Facility Parameters
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2.1.3.2 Occupants

2.1.3.2.1 INPUT DETAILS

Then click the next tab to the right of Facility labeled Occupants. It is circled in orange:

File Help
[QRAMoce | Pryscs | PD Mode | System Description
Input

The system description input window contains information about the system design, the facility or site design, and the operational

[ System Description ] environment. This screen is part of the documentation of the analysis inputs. Analysts should also retain additional documentation,
[ E— ] including P&IDs, facility diagrams, etc.
[ Data /P ] [ Parameters || Faciiy Parametars ||
[ Ce Models ] Faciitd | 0
Variable Value Unit
Meter
Meter
Meter
Output
[ Scenario Stats ]
[ Risk Metrics ]

Facility Parameters

This tab contains a description of the facility or site where the hydrogen system is located.

When that screen opens, make sure that the current tab is labeled Input Details. It is circled in
red. Then continue to edit the values in the table to reflect the following:

P ——

: - | Components I F&Hﬂﬂpﬂ'ﬂﬂdﬂ'&| Facilty Parameters |

Value Uit

Warking hours per year

SN ———

Note

We are currently editing within the Occupants tab within Facility Parameters. In addition,
also note that the current tab is Input Details.
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2.1.3.2.2 Distribution

Then click the next tab to the right of the Input Details labeled Distribution. It is circled in
orange:

File  Help
[GRAMece  Fhysios | PSD Mode | System Description
Input
The system description input window contains information about the system design, the facility or site design, and the operational
[ System Description ] environment. This screen is part of the documentation of the analysis inputs. Analysts should also retain additional documentation,
[ E— I including P&IDs, facility diagrams, etc.
( Data / F ] [c | System [ Faciity Parameters |
[ Consequence Models ] Occuparts
input Detaie|
Qutput
[ Scenario Stats ]
[ Risk Metrics ]

Facility Parameters

This tab contains a description of the facility or site where the hydrogen system is located.

When that screen opens, make sure that the current tab is labeled Distribution. It is circle in red.
Then continue to edit the values in the box to reflect the following:

Components | Systemn Parameters | Facilty Parameters
Fai_llrl Occupants |_

Locations

Choose Distribution: [Nmmd -

Mu {mean): 0
Sigma {std. dev.): 17 Meter v

This distibution distibutes wordkers around the
hydrogen release nomally based on the specified
mean distance and standard deviation.

Note
We are currently editing within the
Occupants tab within Facility
Parameters. In addition, also note
that the current tab is Distribution.
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2.2 Edit Scenarios — Feature Not Ready

Do not evaluate this section. This feature will be implemented at a later time. Please move onto
the next section.

2.3 Edit Data / Probabilities Input

To continue editing parameters, click the Data / Probabilities button in the input section of the

application. It is circled in orange:

File Help
ORAMsde | Physes | PED Ve | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
[ System Description ]

Data / Frobabilties DX crparent Leaks | Companert Faiirs | lgion Prbabiics
—— Compressors | Cylinders | Fiters | Flanges | Hoses | Joints | Pipes | Valves | |

Vanance
158003
132004
5556005
4.31e-008
G 5.11e-003
[ Scenario Stats ]

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were
loped from a Bayesi; lating process using generic leak probabilities and available hydrogen data. The development of these
ies is d d in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These p are used to calculate the probability of random leaks from a system.
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2.3.1 Component Leaks
2.3.1.1 Compressors

To continue editing parameters, click the Component Leaks tab. It is circled in orange:

File Help
ORAMsde | Physes | FED Moce | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
System Description
Scenarios

g

g

]
Lot

Componert Leag Component Failures | Ignition Probabilties.
L
mpressors | Cyiinders | Fiters | Aanges | Hoses | Joints | Pipes | Valves | 1

[ Models
Variance
1586003
1.32e-004
5.556-005
4316008
(e 5.11e-009
[ Scenario Stats ]

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were
loped from a Bayesi: lating process using generic leak probabilities and available hydrogen data. The development of these
probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These s are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Compressors. It is circled in

red. Then continue to edit the values in the table to reflect the following:

[ | e | P en Bata/Prababiliies
Component Leaks |Cmmm1en‘_Fm I Ignition Pmbibﬂles|
Compressors) Cyiinders | Fiters | Flanges | Hoses | Joints | Pipes | Vaives | Instuments
ﬁ Leak Size Mu Sigma Mean Variance
e
» -1.72 0.21 1.83e-001 1.58e-003
0.10% -352 0.48 2.23e-002 1.32e-004
1.00% -5.14 0.79 8.01e-003 5.55e-005
10.00% -8.84 0.34 2.06e-004 4 3e-008
100.00% -11.34 1.37 3.04e-005 5.11e-009
Note :

Some values in the different
tables are not available for
editing. Such values in this case
include the Leak Size, Mean,
and Variance.
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2.3.1.2 Cylinders

To continue editing parameters, click the next tab labeled Cylinders. It is circled in orange:

File Help

[GRAMece | Payses | PEDMoce | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
[ System Description ]
( Data /| ] | Component Leake | Componert Faiures | lgniion P |
[ Consequence Models ]
Mu Sigma Variance
062 6.46e-013
061 443013
062 213013
063 7.36e-014
Output 067 247014
[ Soenario Stats ]
[ Risk Metrics ]

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were

developed from a Bayesian updating process using generic leak probabilities and available hydrogen data. The development of these
probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These parameters are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Cylinders. It is circled in red.

Then continue to edit the values in the table to reflect the following:

e T '
% Componert Leaks | Component Failures | Ignition Probabilties |
?\ : Compressors( Cyinders)| Fiters | Flanges | Hoses | Joints | Pipes | Valves | Instnuments

I

Leak Size Mu Sigma Mean Varance
4 -13.84 062 1.182-006 6.46e-013

S 0.10% -14.00 08l 598007 443013
1.00% -14.40 0g2 6.80=-007 215013
10.00% 1496 063 1.90e-007 736014
Note
. . 100.00% -15.60 D87 2 05%-007 247014
Some values in the differ

tables are not available for
editing. Such values in this case
include the Leak Size, Mean,
and Variance.
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2.3.1.3 Filters

To continue editing parameters, click the next tab labeled Filters. It is circled in orange:

File Help
[RAMoce | Pryses | PBDHode | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
[ System Description ]
( Data /| | | Component Leaks | Componer Faiures | gntion P |
[ Consequence Models ] |l | Cytinders | Fifters .| Aanges | Hoses [ Joints | Fipes [ Valves [ Instumerts
Sigma Variance
158 7.18e-002
152 2.30e-003
148 1.64e-003
0.89 5.67e-005
Output 095 7.16e-005
[ Soenario Stats ]
[ Risk Metrics ]

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were

developed from a Bayesian updating process using generic leak probabilities and available hydrogen data. The development of these
probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These parameters are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Filters. It is circled in red.

Then continue to edit the values in the table to reflect the following:
ECNENE —
Component Leaks | Component Faiures | Ignition Probabilties |

=e— : Leak Size Mu Sigma Mean Varance
4 -5.25 158 377002 7.18e-002

S 0.10% 529 152 1,60e-002 230e-003
1.00% 534 148 1.44e-002 1.64e-003

Note 10.00% 538 0.3 £.87e-003 5.67e-005
Some values in the di 100.00% 543 0.9 £.94e-003 7.16e-005

tables are not available for
editing. Such values in this case
include the Leak Size, Mean,
and Variance.
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2.3.1.4 Flanges

To continue editing parameters, click the next tab labeled Flanges. It is circled in orange:

File Help

[GRAMece | Payses | PEDMoce | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
[ System Description ]
( Data /P ] | Component Lecks | Component F P |
[ Consequence Models || | Compressors | Cylincers | Fiters J\Hanges) | Hoses | Joirts [ Pipes [ Valves [ Instruments
Mu Wariance
-392 9.13e-002
8.84e-005
-833 9.47e-004
1.41e-009
Quiput 6.53e-009
[ Soenario Stats ]
[ Risk Metrics ]

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were

developed from a Bayesian updating process using generic leak probabilities and available hydrogen data. The development of these
probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These parameters are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Flanges. It is circled in red.

Then continue to edit the values in the table to reflect the following:
w_m

T | e | Deia/Frobebiies ‘

Componm Leaks |WFm mﬁmm|
. 2 |Cmnesm|ﬂ]i1da’s|ﬁas Flanges J-hsealJorilebes |Ua‘vea|h§nmais

—— Leak Size Mu Sigma Mean Varance

h-&.w 166 7 86e-002 9.136-002

0.10% £.12 1.25 4.82e-003 2.842-005

AN 1.00% 833 220 272003 9.41e-004

B 10.00% 1054 0.83 3.74e-005 1.41e-003

Note 100.00% 1275 1.83 1.55¢-005 £.53¢-009
Some values in the different tables-are

not available for editing. Such values in
this case include the Leak Size, Mean,
and Variance.
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2.3.1.5 Hoses

To continue editing parameters, click the next tab labeled Hoses. It is circled in orange:

File Help
[RAMoce | Pryses | PBDHode | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
[ System Description ]
( Data /P ] | Component Lecks | Component Faiues | |
[ Consequence Models || | Compressors | Cylincers | Fiters [ Flanged| Hoses | Joirts [ Pipes [ Valves [ Instuments
Wariance
9.82e-008
157e-008
1.11e-008
8.92e-009
Quiput 5.82e-009
[ Soenario Stats
[ Risk Metrics

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were
developed from a Bayesian updating process using generic leak probabilities and available hydrogen data. The development of these
probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These parameters are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Hoses. It is circled in red. Then

continue to edit the values in the table to reflect the following:

% T Component Leaks | Component Failures | Ignitian thm|
- | Compressors | Cylinders | Fiters | Fl ﬁe:m|m|vam|hm
&—— Leak Size Mu - Sigma Mean Vanance
h £.81 027 1.15¢-003 9,82:-008
— o 0.10% -3.64 055 2.06e-004 1.51e-008
N 1.00% 377 054 1.79%-004 1.11e-008
10.00% -2.89 055 1,60e-004 £.92¢-009
Note 100.00% 5.86 0.85 7.47e-005 5.82e-009
Some values in the different

tables are not available for
editing. Such values in this case
include the Leak Size, Mean,

and Variance.

Page 22 of 84




2.3.1.6 Joints

To continue editing parameters, click the next tab labeled Joints. It is circled in orange:

File Help
[GRAMece | Pyses | pBDHoce | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
l Scenarios ]
[ Data / Probabi ]| Companert Leaks [C: Faiures | laiton Probabifies
[ Ci Models ] |Cmuesm|Cyi1de’s|Fiﬂ's|ngeﬁ|Hosei(J°‘mi |Vdvei|hsmme13
Mean Variance
7.05e-005 1.35e-010
3.56e-006 9.84e-012
7.80e-006 1.54e-011
6.962-006 157011
Output - 6.21e-006 145011
l Scenario Stats ]
[ Risk Metics ]

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were
developed from a Bayesian updating process using generic leak probabilities and ilable hydrogen data. The develop of these

probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These parameters are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Joints. It is circled in red.
Then continue to edit the values in the table to reflect the following:

[
== Data/Probabilties
o
I E—

= Component Leaks | Component Failures | Ignition Probailties |
>
|Cmnesm|C3iidas|Fiﬂ's |nges|§-io5&z@l’bea |Vﬂm|hmts

S Leak Size Mu Sigma Mean Wariance
h-ﬁ.&? 0.15 7.05¢-005 1356010

0.10% 1283 0.76 3.562-006 9842012

e ———— \\ 1.00% 1187 048 7.902-006 154011

Note 10.00% 1202 053 £.962-006 1572011
Some values in the diffell...100.00% 1215 057 £.21e-006 1456011

tables are not available for
editing. Such values in this case
include the Leak Size, Mean,
and Variance.
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2.3.1.7 Pipes

To continue editing parameters, click the next tab labeled Pipes. It is circled in orange:

File Help
[RAMoce | Pryses | PBDHode | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
[ System Description ]
( Data /| ] | Component Leaks | Componert Faiures | lgniion P
[ Consequence Models || | Compressors | Cylinders | Fiters | Rianges | Hoses |
Wariance
41601
126011
827012
233012
Quiput - 7.3%e012
[ Soenario Stats ]
[ Risk Metrics ]

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were
developed from a Bayesian updating process using generic leak probabilities and available hydrogen data. The development of these
probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These parameters are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Pipes. It is circled in red. Then

continue to edit the values in the table to reflect the following:

vy
[ e | o Data/Probabilies

| e 1
S J

— ( :nmpnnent Leaks |mpm | mﬁmm|
Compressors | Cylinders | Fiters | Fianges | Hoses | JointsQ Pipes )| Valves | Instuments
Leak Size M Sigma Mean Variance
h 1186 0.66 8 78006 4166011
memE 0.10% 1253 0,69 4.57e-006 1.26e-011
: 1.00% 1387 1.13 1.80=-006 8.27e-012

Note 10.00% -14.58 1.16 912007 2332
100.00% -1573 1.7 6.43e-007 7.3%e-M2

——

Some values in the differd
tables are not available for
editing. Such values in this case
include the Leak Size, Mean,
and Variance.
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2.3.1.8 Valves

To continue editing parameters, click the next tab labeled Valves. It is circled in orange:

File Help
[RAMoce | Pryses | PBDHode | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
[ System Description ]
( Data / P ] | Component Leaks | Componert Faiures | lgniion P
[ Consequence Models ] |W|m|m|nm|m|m|m@m|
Leak Size Sigma Variance
9 .50e-007
9.67e-008
1.4%e-008
9.86e-010
Quiput 1.09e-009
[ Soenario Stats
[ Risk Metrics

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were

developed from a Bayesian updating process using generic leak probabilities and available hydrogen data. The development of these
probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These parameters are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Valves. It is circled in red.
Then continue to edit the values in the table to reflect the following:

et
[@in | s | e

—
% Zomponent Leaks |Dm-mem | lgnition thm|
— = Carprssons | s | s | onges | Foses | ot | Poes (00 nsurrts
oo - Leak Size Mu Sigma Mean Varance
h 5.18 0.17 571003 9906007
0.10% 727 0.40 7.50e-004 967008
ks - 1.00% 968 0.9 9.92:-005 149008
A ——————— \\ 10.00% 1032 0.63 413005 9.86¢-010
Note 100.00% 1200 133 1.49-005 1.08-009

Some values in the different
tables are not available for
editing. Such values in this case
include the Leak Size, Mean,

and Variance.
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2.3.1.9 Instruments

To continue editing parameters, click the next tab labeled Instruments. It is circled in orange:

File Help
[RAMoce | Pryses | PBDHode | Data/Probabilities
Input
This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)
[ System Description ]
[ Dats /F ] | Component Leaks | Componert Faiures | lgniion P |
[ Consequence Models ] |W|m|m|nm|m|m|m|wﬂm
Leak Size Mu Sigma Mean Variance
732 068 4 00e-007
-850 079 6.80e-008
-9.06 0.90 3.68e-008
7.18e-008
Output 148 9.85e-008
[ Soenario Stats ]
[ Risk Metrics ]

This tab contains probability distributions for random leaks from 9 component types for 5 leak areas. The probabilities were
developed from a Bayesian updating process using generic leak probabilities and available hydrogen data. The development of these
probabilities is documented in SAND2009-0874.

Mu and sigma are parameters of the lognormal distribution. These parameters can be used to estimate average (mean) leak rates or
to propagate uncertainty about leak rates. These parameters are used to calculate the probability of random leaks from a system.

When that screen opens, make sure that the current tab is labeled Instruments. It is circle in red.

Then continue to edit the values in the table to reflect the following:

|
\
-omponent Leaks | Component Failures | Ignition Probabilties |

iy
[ |

M Sigma Mean Variance
0.01% -7.32 0.68 8.31e-004 4 00e-007
e 0.10% -8.50 0.75 2.78e-004 &.80e-008
1.00% -5.06 0.90 1.73e-004 3.68=-008
10.00% 517 1.07 1.84e-004 718008
Note

. . 100.00% 10020 1.48 1.11e-004 5.85e-008

Some values in the differémc

tables are not available for
editing. Such values in this case
include the Leak Size, Mean,
and Variance.
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2.3.2 Component Failures — Feature

Not Ready

Do not evaluate this section. This feature will be implemented at a later time. Please move onto

the next section.

2.3.3 Ignition Probabilities

To continue editing parameters, click the Ignition Probabilities tab. It is circled in

System Description

Scenarios

Data / Probabilities

‘ Component Leaks | Component Failures | lanition Probabilties il

Y HyRAM - & = | B ||
File Help
QRAMode | Physics | PBD Mode Data/Probabilities
Input

This input window contains the probability data used to quantify the events contained in the scenario models (ESDs and FTs)

Consequence Models lgnition Flow Rate Thresholds (kag/s)

Output
l Scenano Stats ]
[ Fiskc Metrios ]

001 Add Hydrogsn

Release Rate
ka/s (ka/s)

=0.01

Immediate
lgnition
Probability

Docosaeciod | |* FLlAM c.ooo

0.2300

Delayed
lgnition
Probability

0.0000
0.1200

This tab contains ignition probability data based on the flow rate of a given hydrogen leak. Add
and remove flow rate thresholds using the list on the left and modify ignition probabilities for a
given range offlow rates in the grid on the right. All flow rates are in kg/s

This tab contains hydrogen-specific ignition probabilities. The default probabilities were derived from methane ignition probabilities,
as documented in (Tchouvelev, 2007).

Tchouvelev, A; Hay, R. & Benard, P. Comparitive risk estimation of compressed hydrozen and CNG refueling options, Proceedings of National Hydrogen Association Conference, 2007

When that screen opens, add a new Ignition Flow Rate Thresholds by typing in the following

number and click add. Add is circled in
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h Component Leaks I Component Faj]u_r&gl lgnition Probabilities |_

lgnition Flow Rate Thresholds (kgsfs)

=

=2

E
Aas

[ Delete Selected | |

Make sure this
number is inputted
into the textbhox!

Do the same for another Ignition Flow Rate Threshold. The diagram is below:

Component Leaks | Component Failures | lanition Probabilities

lgnition Flow Rate Thresholds (kg/s)
6.25| Q{gf’s\ fka/s)

| Delete Selected |

Make sure this number
is inputted in the
textbox!

Select the lowest (0.01) ignition flow rat threshold, and then press Delete Selected. The button to

Delete Selected is circled in orange:
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Component Leaks | Component Failures | lgnition Probabiltties

Ignition Flow Rate Thresholds (ua/s)

Add r
0.125 | | ﬁe
6.23 £.25 ka/s g/
P e ——

Delete Selected I m

0.014

0.125

26.25

After deleting the lowest threshold value, the threshold list should look like the following:

| Component Leaks | Component Faﬂu&g| Ignition Probabilities |

Ignition Flow Rate Thresholds {lkg/s)

0.125 Add Hydrogen Immediate Delayed
6.2 Release Rate Ignition lgnition
6.25 kgs ka/s) Probability Probability
Doltia € o 3 0.0000 0.0000
0.1256.25 0.0000 0.0000
=6.25 0.2300 0.1200
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To continue editting values, edit the values in the table to reflect the following:

(St

Immediate Delayed
Ignition Ignitian
Probakbility Probability
0.0080 0.0040

0.0530 0.0270

0.2300 0.1200

2.4 Select Consequence and Harm Models
To continue editing parameters, click the Consequence Models button in the input section of the

application. It is circled in orange:

& HyRAM

File Help
[GRAMode | Physics | PBD Mods |

Input

[ System Description ]

[ Scenarios ]

Data / Probabilities

p————
Cl Consequence Models »

Consequence and Harm Models

This enables selection of the models used to calculate the physical effects of ignited releases and the probability of harm from a

known physical effect.

Output

[ Scenario Stats ]

[ Fisk Metrics ]

Physical Consequence Models ‘ Harm Mndds‘

v]

Notional Nozzle Model: [Birch2

7)

Flame Radiation Madel: lHouf;"Schefer (straight flame)

Deflagration Model [Bauwensr‘Ekmo

This input window enables selection of the models which are used to calculate physical effects of ignited hydrogen releases.
The notional nozzle model is used to calculate the parameters of sonic hydrogen releases from a given hole. ONLY BIRCH2
MODEL IS AVAILABLE (11/2014). TARGET: Early 2015.

The Flame Radiation Model is used to calculate the parameters of jet flames, including radiant fraction, flame residence time,
heat flux and flame length. Houf & Schefer {2007) is the ‘straight flame’ model. Curved flame model is from Ekoto et al.

m
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2.4.1 Physical Consequence Models

To continue editing parameters, click the Physical Consequence Models tab. It is circled in

m@g

& HyRAM g
File Help
GHA Mode | Bl BEEURCES Consequence and Harm Models
Input

known physical effect.

[ System Description
[

Scenarios

[ Data / Probabilities _Physlcal Consequence Models . Ham Mndels‘

This enables selection of the models used to calculate the physical effects of ignited releases and the probability of harm from a

[ Consequence Models

Notional Nozzle Model lBlrchZ ']
Flame Radiation Model: lHuuf/Sdﬁfer (straight flame) ‘]
Deflagration Model [Eauweﬂs/Ekmo ']

Output

[ Scenano Stats ]

[ Risk Metrics ]

MODEL IS AVAILABLE (11/2014). TARGET: Early 2015.

This input window enables selection of the models which are used to calculate physical effects of ignited hydrogen releases.

The notional nozzle model is used to calculate the parameters of sonic hydrogen releases from a given hole. ONLY BIRCH2

The Flame Radiation Model is used to calculate the parameters of jet flames, including radiant fraction, flame residence time,
heat flux and flame length. Houf & Schefer {2007) is the ‘straight flame’ model. Curved flame model is from Ekoto et al. -

[om | »

When that screen opens, make sure that the current tab is labeled Physical Consequence

Models. It is circled in red. Then continue to edit the values in the form to reflect the following:

ical Consequence Models

MNotional Mozzle Model: [Birc:hZ

Flame Radiation Model: [Hm_rffsmefer (straight flame})

Deflagration Model:  CFD

Note
Only the Deflagration Model
changed in this diagram.

Page 31 of 84



Consequence and Harm Models

the modals used
Jenown physieal sffect.

When selected CFD, a new table should appear. It will look like this:

Variable 0.01% Leak 0.1% Leak 1.0% Leak 10% Leak 100% Leak
0.0000 0.0000 0.0000 0.0000 0.0000
Impulse 0.0000 0.0000 0.0000 0.0000 0.0000
Edit the values inside that table to reflect the following:
""v- FEO o \Consequence and Harm Models
E—n.:mtm [enowm physical effact.
Variable 0.01% Leak 0.1% Leak 1.0% Leak 10% Leak 100% Leak
2500.0000 2500.0000 5000.0000 16000.0000 30000.0000
Impulse 250.0000 500.0000 1000.0000 2000.0000 4000.0000
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2.4.2 Harm Models

To continue editing parameters, click the Harm Models tab. It is circled in

Input

System Description

Scenarios

Data / Probabilities

&4 HyRam e i ]
File Help
QRA Mode Physics PBD Mode

Consequence and Harm Models

known physical effect.

‘ Physical Consequence Madeld || Ham Modeis ¢

This enables selection of the models used to calculate the physical effects of ignited releases and the probability of harm from a

Consequence Models

Output

Scenano Stats

Risk Metrics

Themal Probit

Thermal Probit Model Eisenberg

Themal Exposure Time:  0.0000

Overpressure Probit Model:  |Collapse

All models available EXCEPT “Debris.” (05/2014) Target: TBD

Energy, 2011, 36, 23812388

This input window enables selection of the probit models which are used to calculate the probability of harm from a known physical
effect. The differences between the models and guidance on selecting models is documented in (LaChance 2011).

LaChance, 1 Tchouvele, A. & Engebo, A Development of uniform harm criteria for use in quantitative risk analysis of the hydrogen infrastructure International Journal of Hydrozen

When that screen opens, make sure that the current tab is labeled Harm Models. It is circled in

red. Then continue to edit the values in the table to reflect the following:

[

e

Conaerc and Hatm el

|

*hysical Consequence Models K Ham Models )

Themal Probit

Themal Probit Model: [ Eizenberg

Themal Bxposure Time:  &0.0000

Second T]

Owverpressure Probit Model: | Collapse

Page 33 of 84




2.5 Output Results

2.5.1 Scenario Stats
To output the scenario stats, click the Scenario Stats button. It is circled in orange:

[GRAMece | Pryscs | FBD Mode Scenario Stats
Input
Calculate the annual frequency of accident scenarios, cut-set probabilities, and importance measures.
[ System Description ]
[ Data / Frobabil ] | EndState Categories Type
— [C] Explosion @ Fiter
[ ] [T Jet fire ® Grow
[7] Mo ignition
Seenario Ranking | Cut Sets | Importance Measure
End State Avg PLL
Rank Seenano Type Everts/Year Contrbution
Output 3 100pct Release No Ignition 000071471
2 | 100pct Release Jet fire 0.00003669
——— 3| 100pot Release Explosion 0.00001770
4 | 10pct Releass Mo Ignition 0.00116683
Risk Metrics ]
5| 10pct Releass Jet fire 0.00000849
& | 10pct Release Explosion 0.00000421
7 | Ipct Release Mo Ignition 0.00148741
8| 1pct Release Jet fire 0.00001083
5| 1pct Release Explosion 0.00000537
10 |0.1pct Release Mo lgnition 0.00495318
11 |0.1pct Release Jet fire 0.00003605
12 |0.1pct Release Explosion 0.00001738
13 10 Dnct Release Mo lanition 0 03448706
This output tab contains the probabilities of the risk scenarios documented in the ESD. These probabilities can be interpreted as the
expected annual frequency (E [events/yr]).
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2.5.1.1 Scenario Ranking

To check the results, click the Scenario Ranking tab. It is circled in orange:

[GRaMose | Pysics | PBD Moce | Scenario Stats
Input
Calculate the annual frequency of accident scenarios, cut-set probabilities, and importance measures.
[ System Description ]
l Scenarios ]
[ Data /P ] | End Stale Categories Type
[C] Explosion @ Fiter
[ Congeguence Models ] ] Jetfire & Gow
[T] Mo ignition
| Scenario REWS I Importance Measure
End State Avg. PLL
Rark Scenario Type Everts/Year Cortribution
Output » 100pct Release Mo Ignition 0.00071471
2| 100pct Release Jet fire 0.00003669
[ Scenario Sials 3| 100pct Release Explosion 0.00001770
4 |10pct Release Mo Ignition 0.00116683
[ Risk Metrics
5 | 10pct Release Jet firz 0.00000249
& | 10pct Release Explosion 0.00000421
7| Ipct Release Mo Ignition 000148741
8 | 1pct Release Jet fire 0.00001083
5| 1pct Release Explosion 0.00000537
10 | 0.1pct Release Mo Ignition 0.00495318
11 |0.1pct Release Jet firz 0.00003605
12 |0.1pct Release Explosion 0.00001788
1310 0nct Belease Mo lonitinn, 0 (2448908

This output tab contains the probabilities of the risk scenarios documented in the ESD. These probabilities can be interpreted as the

expected annual frequency (E [events/yr]).

Then compare the received results to the following results:
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~ Rank Seenario 'IE;SEStatE E:gi:'rtsf‘r’ear Elcgll:rtribmicn
] 100pct Retease No Ignition 0.00071471 0.00%
2 [ 100pct Release Jet fire 0.00003665 h8.5h %
3 [ 100pct Release BExplosion 0.00001770 Y e
4 | 10pct Release Mo lgnition 0.00116683 0.007%
5| 10pct Release Jet fire 0.00000845 1427%
& | 10pct Release BExplosion 0.000004:21 186%
7| 1pct Release Mo Ignition 0.00148741 0.007%
& | 1pct Release Jet fire 0.00001083 095 %
9 | 1pct Release Bxplosion 0.00000537 001 %
10 | 0.1pct Release Mo Ignition 0.00495318 0.00%
11 | 0.1pct Release Jet fire 0.00003605 0.00 %
12 | 0.1pct Release Explosion 0.00001788 0.00 %
13 10 Mnct Belesse __ Mo lonitinn 0 03443506 0 (N5




2.5.1.2 Testing the Grouping and Filtering of Results

To filter the results, click the Explosion checkbox to filer results to only explosions. The

Explosion checkbox is circled in orange.

End State Categories Type
@ Fitter
Jet fire =
) Grou
Mo ignition g

Scenario Ranking | Cut Sets | Importance Measure

The results will narrow down to the following:

m:""‘ —— e e e e g e AR
< e
T

vt

F—
Scanmres. ]
e P | | eenmcmom  1p

ok Sowa

oms 3/ 0 e

© it o

——r— 5 ot e

e 120 bt ke
B, s oo

w
[
oo £T]

I

Scenario Ranking | Cut Sets | Importance Measure

Rank Seenario 'IE';geState E:gi;rtsf‘r‘ear Eltgll:rtributiun
3 [ 100pct Release Explosion 0.00001770 A
& | 10pct Releasze Explosion 0.00000421 1.86%
5 [ 1pct Release Explaosion 000000537 001 %
12 | 0.1pct Releasze Explosion 0.000017388 0.00 %
15 | 0.07pct Release Explosion 0.00012443 0.00 %
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2.5.2 Risk Metrics
2.5.2.1 Gas and Flame Detection Used
To output the risk metrics, click the Risk Metrics button. It is circled in orange:

[GRaMose | Pryscs | FBD Moce | Risk Metrics
Input
Calculate the risk in terms of FAR, PLL, and AIR

[ System Description ]

[ Scenarios ]

[ Data / Probabif ] Uss (Gas and Fiame Detsclion

[ Consequence Models ] Walue Unit

7687204 | Fatalities/systemyear

Fatal Accident Rate (FAR)/100M exposed hours 0.1755 | Fatalities in 10”8 person-ho
Average individual risk (AIR) 3510e-06 | Fataliies/year

* The risk metrics integrate both probability and consequences of hydrogen risk scenarios.
o FAR (Fatal Accident Rate) is the expected number of fatalities in 100million exp d hours (approxi ly 1000 worker
careers).
o AIR(Average Individual Risk) is the expected number of fatalities per exposed individual.
o PLL(Potential Loss of Life) is the expected number of fatalities per system-year.

ADDITIOAAL METBICS ~A M BE ADNEN WWITH VOIIR INDIIT

Then compare the received results to the following results:

Use (Sas and Flame Detection

Rigk Metric Value Uit
bk 768704 | Fatalties/system-year

Fatal Accident Rate (FAR)/100M exposed hours 0.1755 | Fatalties in 1078 personto...

Average individual risk (AIR) 3.510e-06 | Fatalties Avear
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2.5.2.2 Gas and Flame Detection Off
To check the results with Gas and Flam Detection turned off, uncheck the checkbox labeled Use

Gas and Flame Detection. It is circled in orange:

C@e Gas and Flame Da@
Risk Metric Walue Unit
Dl ooimiior  RCTE—
Fatal Accident Rate (FARW100M exposed hours 0.1755 | Fatalities in 1078 person-ho...
Average individual risk (AIR) 3.510e-06 | Fataltiesyear

Compare the following with the received results with the following:

N izl Metric Value It
Potertial Loss of Life (PLL) 8.541e-04 | Fatalties system-year
Fatal Accident Rate (FAR) 100M exposed hours 0.1950 | Fatalities in 10™8 person-o...
Average individual risk (AIR) 3.500=-06 | Fatalties fvear
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3. PHYSICS MODE
Physics mode is used to simulate hydrogen release and flame physics. To test the Jet Flame
feature, first load the workspace titled, HyRAM Testing Script - Physics Mode.HyRAM. To
accomplish loading the workspace, first go to File, then to Load Workspace. Then navigate to
where the said file is located and click the file. Then click Open. The instructions must be
precisely followed to ensure proper testing of the application. In addition, the numerical results
that are received should be EXACTLY the same as shown in this document.
3.1 Gas Plume Dispersion — Feature Not Ready
Do not evaluate this section. Please move onto the next section
3.2 Overpressure — Feature Not Ready
Do not evaluate this section. Please move onto the next section
3.3 Jet Flame

3.3.1 Edit Plot T/Plot ISO Parameters
To start editing the Jet Flame parameters, first click the tab labeled Physics. It is circled in

&5 HyRAM [E=H ol =
File  Help
QRA Model,_ | Physics:

No narrative has been defined for this element.

No narrative has been defined for this element.
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Then, select Jet Flame. It is circled in orange.

=N E=H ==
File Help
QRA Mode | [Prysics | PBD Mode | No narrative has been defined for this element.

[ —_— ]

[ Plot/Save lso Suf |

[ Plot T/Plot lso ]

No narrative has been defined for this element.

Then, select Plot T/Plot Iso. Itis circled in orange.

File Help
GRA Mode ‘ Physics | PED Mode | Calls routine PlotT, to plot flame temperature and trajectory as a function of position (x, y).
l Gas Plume Dispersion ]
I (Overpressure ]
I Jet Fame ]
Input | Output
l Cold Gas Plume Dispersion ]
Notional Nozzle Modsl: |Birch2 -
Plot routine
@ FlotT © Plotlso
Variable Walue Unit
3 0 Kelvin -
Ambient Pressure 0 Fa -
Plot/Save I Sut Hydrogen Temperaturs: o Kelvin -
Hydrogen Pressure o Pa -
Flot T/Flot ko i Leak Diameter [} Weter -
[ QRad l Relative Humidity o .
Leak Height from Floor §y0) 0 Meter -

Calls routine PlotT, to plot flame temperature and trajectory as a function of position (x, y). Press [ cseite | 5fter setting input to

icalculate and view output.
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When that screen opens, continue to edit the values in the table to reflect the following:

-y
N s o P,
e

— — .
| ckmAreveem .

—

Variable Walue Uit

Ambiernt Temperature 28815 Kelvin -

Ambiert Pressure 101325 Fa -
' Hydrogen Temperature 287.8 Kelvin -

Hydrogen Pressure 4136850 43638 Pa -

Leak Diameter 0.0 Meter b

Relative Humidity 0.89

Leal Height from Flaor 60) 1 Meter -

3.3.2 Output Results — PlotT

Before outputting the results for multiple models, the plot routine needs to be set as PlotT. To set

the plot routine, click the radio button labeled PlotT. It is circled in orange below:

File Help
ORAMode | [Physics | PBD Mods |

CETIEE ~ T S—————

Gas Plume Dispersion

|
|
l

( Flot/Save Iso Suf

( Plot T/Flot Iso

( QRad

talls routine PlotT, to plot flame temperature and trajectory as a function of position (x, y).

Input | Output

Notional Nozzle Model: [Eirch2 -

Wariable Value Unit
Ambient Temperature 288.15 Kelvin
Ambient Pressure 101325 Pa
Hydrogen Temperature 2878 Kelvin
Hydrogen Pressure 4136850.4368 Pa

r Leak Diameter 0.0 Meter
Relative Humidity
Leak Height from Floor fy0)

Calculste

The Notional Nozzle Model describes the expansion of an und panded jet. An effective release diameter, velocity, and
thermodynamic state are calculated after the complex shock structure, at the point where the pressurized source has expanded to
atmospheric pressure. See Ruggles and Ekoto, International Journal of Hydrogen Energy, 2012, for more comprehensive model

descriptions.

Now that the proper plot routine has been set, the outputs of multiple models must be checked.
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3.3.2.1 Yuceil/Otugen Notional Nozzle Model
Check to make sure that the Notional Nozzle Model is set to Yuceil/Otugen. The location for the
combo box is circled in orange.

File Help

GRA Mode ‘ Physics | PED Mode | Calls routine PlotT, to plot flame temperature and trajectory as a function of position (x, y).
l Gas Plume Dispersion ]
l Overpressure ]
l Jet Flame ]
Input
[ Cold Gas Plume Dispersion ]
Notional Nozzle Model: [Birch E
N — ———
Plot routine
@ PlotT @ Plotlso
Variable Walue Unit
3 288.15 Kelvin -
Ambient Pressure 101325 Fa -
l T ] Hydrogen Temperature 2878 Kelvin -
Hydrogen Pressure 413685.4368 Pa -
[ Plot T/Plot so ) Leak Diameler 001 Weler ~
[ QRad l Relative Humidity 0.89 .
Leak Height from Floor §y0) 1 Meter -

The Notional Nozzle Model describes the expansion of an under-expanded jet. An effective release diameter, velocity, and
thermodynamic state are calculated after the complex shock structure, at the point where the pressurized source has expanded to
atmospheric pressure. See Ruggles and Ekoto, International Journal of Hydrogen Energy, 2012, for more comprehensive model
descriptions.

Click the combo box and then select Yuceil/Otugen. Yuceil/Otugen is circled in orange below:

[ T

e
Plot routine

BirchZ
FlotT Flotlsa  Ewan/Moodie
® O Plotleo | retad/Bellon
Maolkow
uceil Ctugen

= Warable
b
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Then, to check the output, click Calculate. It is circled in orange. It may take a minute to finish

the calculation. When it is finished calculating, the following should be displayed:

T T T 2500

N 20 1 2250

2000

1750
15}

1500

y (m)

1250

(M) a1njesadwal

41000

4750

4500

-2 0 2 4 6 8 10
x (m)

Compare the images. If the results does not match the image above, please see the last page in
this document.
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3.3.3 Output Results — Plotlso
3.3.3.1 Single Point Radiation Source
Before outputting the results for multiple models, the plot routine needs to be set as Plotlso. To

set the plot routine, click the radio button labeled Plotlso. It is circled in orange below:

File  Help
QRA Mode: ‘ Physics. ‘ PED Mode | Calls routine PlotT, to plot flame temperature and trajectory as a function of position (x, y).
I Gas Plume Dispersion I
I Qvermpressure. I
[ Jet Flame |
imput [ Output |
[ Cold Gas Plume Dispersion |
Notional Nozzie Mods: [Birch -
Plot routine
@ PlotT{ @ Pletls,
Variable Value Unit
4 288.15 Kelvin -
Ambiertt Pressure 101325 Pa -
[ —— ] Hydrogen Temperature 2678 Kelvin -
Hydrogen Prassure 413685 4368 Pa -
[ £l T/Rol so ) Leak Diameter 001 Meter -
[ QRad ] Relative Humidity [i}
Leak Height from Floor f0) 1 Meter -
The Notional Nozzle Model d ibes the expansion of an und panded jet. An effective release diameter, velocity, and
thermodynamic state are calculated after the complex shock structure, at the point where the pressurized source has expanded to
atmospheric pressure. See Ruggles and Ekoto, International Journal of Hydrogen Energy, 2012, for more comprehensive model
descriptions.

Then, check to make sure Single point radiation source is the selected option. It is circled in

orange below:

Radiation Source Methodology: [Elgiepﬂltmdmm SOUNCE -
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3.3.3.1.1 Yuceil/Otugen Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Yuceil/Otugen. The location for the
combo box is circled in orange.

File Help
QRA Mode: ‘ Physics ‘ PED Mode ‘ Calls routine PlotT, to plot flame temperature and trajectory as a function of position (x, y).
[ Gas Plume Dispersion J
[ Overpressure J
[ Jet Flame ]
inpui '} |
Cold Gas Plume Dispersion =
l ]< nal Nozze Model: | Bich B
Plot routing
) PlotT @ Plotlso Radiation Source Methodology: [S’@epwlrmimmm b
Variable Value Unit
» 288.15 Kelvin b
Ambient Pressure 101325 Pa -
[ Plot/Save so Suf ] Hydrogen Temperature 2878 Kelvin -
Hydrogen Pressure 413685.4368 Pa b
[ Hlol 1Pt bso, ] Lesk Dismter [T Heter -
[ QRad ] Relative Humidity a
Leak Height from Floor {y0) 1 Meter b

The Notional Nozzle Model di ibes the ion of an und ded jet. An effective release diameter, velocity, and
thermodynamic state are calculated after the complex shock structure, at the point where the pressurized source has expanded to
atmospheric pressure. See Ruggles and Ekoto, International Journal of Hydrogen Energy, 2012, for more comprehensive model
descriptions.

Click the combo box and then select Yuceil/Otugen. Yuceil/Otugen is circled in orange below:

Input |D|_m_¢|

Notional Nozzle Model: |Bireh

) Birch
Plot routine Birch2 I
FlotT Plotlsa | Ewans/Moodie bms integrated =
© @ Harstad./Bellan :
Molkow

— Tuceil /Ctugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When

it is finished calculating, the following should be displayed:

plotIso Output

15.9

z [m] 7.77

-0.331
-8.44
6.08]
[m] 4.05
y 2.03'

0 24.8 15.5 6.2 -3.1 -12.4
X [m]
S 1 R
0.0 7.5 15.0 22.5 30.0

heat flux [kW/m " 2]

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.3.2 Multiple Radiation Sources, Integrated
Before outputting the results for multiple models, the plot routine needs to be set as Plotlso. To
set the plot routine, click the radio button labeled Plotlso. It is circled in orange below:

File Help
QRA Mode: ‘ Physics. ‘ PED Mode | Calls routine PlotT, to plot flame temperature and trajectory as a function of position (x, y).
T |
( Overpressurs |
[ Jet Flame |
input | Outout |
[ Cold Gas Plume Dispersion |
Notional Nozze Model: [Bich v
Plot routine
Variable Value Unit
» 288.15 Kelvin b
Ambiert Pressure 101325 Pa -
[ Plot/Save Iso Suf ] Hydrogen Temperature 28748 Kelvin -
Hydrogen Pressure 413685.4368 Pa -
[ Flot T/t Isa J Leak Diameter 001 Meter -
[ QRad ] Relative Humidity o
Leak Height from Floor {0} 1 Meter -
The Notional Nozzle Model describes the expansion of an und panded jet. An effective release diameter, velocity, and
thermodynamic state are calculated after the complex shock structure, at the point where the pressurized source has expanded to
atmospheric pressure. See Ruggles and Ekoto, International Journal of Hydrogen Energy, 2012, for more comprehensive model
descriptions.

Then, check to make sure Multiple radation srouces, integrated is the selected option. It is
circled in orange below:

ey
CRaMi | [ | BN
[ conmomwn

O |

v
P —

— T E— K
T —

Radiation Source Methodology: |Mﬂﬂem¢imm sources, integrated P
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3.3.3.2.1 Yuceil/Otugen Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Yuceil/Otugen. The location for the
combo box is circled in orange.

File  Help
GRA Mode ‘ I Physics ‘ FPED Mods | Calls routine PlotT, to plot flame temperature and trajectory as a function of position (x, y).
l Gas Plume Dispersion I
I Owerpressure l
I Jet Aame: l
Input
[ Cold Gas Plume Digpersion ]
Notionial Nozzle Model: [Birch b
S — ——
Plot routine
@ PlotT (@ Plotlso
Wariable Value Unit
3 288.15 Kelvin b
Ambient Pressure 101325 Pa b
[ Plot/Save lso Suf ] Hydrogen Temperature 2878 Kelvin -
Hydrogen Pressure 413685.4368 Pa -
[ ot 7 Plot Jso J Leaic Diameter 001 Meter -
| QRad ] Relative Humidity 0283
Leak Height from Floor 0} 1 Meter -
The Notional Nozzle Model describes the expansion of an und panded jet. An effective release diameter, velocity, and
thermodynamic state are calculated after the complex shock structure, at the point where the pressurized source has expanded to
atmospheric pressure. See Ruggles and Ekoto, International Journal of Hydrogen Energy, 2012, for more comprehensive model
descriptions.

Click the combo box and then select Yuceil/Otugen. Yuceil/Otugen is circled in orange below:

Input ||:1m_¢|

Motional Nozzle Model: h

Plot routine gﬁz |
Plat T Flotlso  Ewan/Moodie _

o © Harstad/Bellan Lm.mgmd -
Mollcow

— Tuceil/Ctugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When

it is finished calculating, the following should be displayed:

Wi e
s [y | Mo i e Tt e o g S Ay a4 o o oA 1
T
e
Plotiso Output
ey 4
»
|
m
|

plotlso Output

15.9
z [m] 7.77
-0.331
-8.44
B
6.08!
y [m] 4.05/
2.03
02438 : 6.2
x [m]
15.0 22.5 30.0

heat flux [kW/m ™ 2]

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.4 Edit QRad Parameters
To start editing the QRad Parameters, click the QRad button. It is circled in orange.

wa HyRs = |EcE =<5
File Help
RA Mod PBD Mod -
2Lz ‘ fhiscs | oce Jet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013}, which
- ludes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are H
I Gas Plume Dispersion ] output.
[ E— [ s ey —— -
-4
l Jet Flame ] 1181 Cmriman mndnl hrnabe tin tha flamn inta cammante alane it frainntans and cime $ha hant fluv anntrihidiane aF o naint S
Input | Output
I Cold Gas Flume Dispersion ]
Notional Nozzle Modsl: [Birch2 -
Radiation Source Methodology: lMtMemdam sources, ']
Variable Value Unit
» 288.15 Kelvin -
Ambient Pressurs 101325 Pa -
Hydrogen Temperature 2878 Kelvin -
[ Flot/Save lso Suf ] Hydrogen Pressure 413685.4368 Pa -
Leak Diameter 001 Meter -
[ BlotsT Blotileo ] Relative Humidity 0.89
QRad } Leak Height from Floor fy) 1 Meter -
X Radiative Heat Flux Poirts (m): 0 1elements
¥ Radiative Heat Flux Foints {m): 0 1 elements
Z Radiative Heat Flux Poirts (m): 0 1 elements
Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Then, check to make sure that the table reflects the following:

= —

— _— | "u"ariat;le Value Unit
] Ambiert Temperature 30 Celsius -

' Ambient Pressure 101325 Pa -

1 Sa— Hydrogen Temperature 0 Celsius -

Hydrogen Pressure 35 MPa -

\ Leak Diameter 1 Meter -

Relative Humidity A

Leak Height from Floor 60} Mda' -
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Then, edit the flux points to reflect the following. The flux points’ textboxes are circled in

e oy
=L Ut flames are caiculated using the model described by Ekoto et al. (Intemational Conference on Hydrogen Safety, 2013), which
alease radlitivs haat flx

= \

The braks up the flame |

X Radiative Heat Flux Points (m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.08,0.09,0.99 10 elemerts
Y Radiative Heat Flux Points m): 0.01,0.02.,0.03,0.04,0.05,0.06,0.07,0.08,0.09,0.99 10 slemerts
Z Radiative Heat Flux Points m): 0.01,0.02.0.03,0.04,0.05,0.06,0.07,0.08,0.09,0.99 10 clemarts
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3.3.5 Output Results

3.3.5.1 Single Point Radiation Source

Before outputting the results for multiple models, the plot routine needs to be set as Single point
radiation source. To set the plot routine, click the combo box and then click Single point

radiation source. The combo box is circled in orange below:

B =]
[Fle | 1aetp

GRAMods | [Prysica | PBD Mode

et flamas are calculated using the madel described by Ekota et al. {International Conference on Hydrogen Safety, 2013), which
lincludes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are |
| outpur.

[set input varisbles for the QRad function.
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3.3.5.1.1 Birch Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Birch. The location for the combo
box is circled in orange.

Help

QRANods |[Physes | PBO Vode

!Iet flames are calculated using the model described by Ekoto et al. (I ional Confe on Hydrogen Safety, 2013), which
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are
[ Gas Plume Dispersion ] vy
[ —— [ ———— =
I Jet Flame ] #i_Casiran madnl hraabe im tha flama intn cammnnte alane e beninctnns and cume tha hant i cantribidinne a8 2 naing %
Input | Output
[ Cold Gas Plume Dispersian ]
Notional Nozzle Mu( E hd D
Radiation Source Methodology: | Multiple radiation sources, integrated -
Variable Value Unit
» 288.15 Kelvin -
Ambient Pressure 101325 Pa -
Hydrogen Temperature 2878 Kelvin b
[ — ) Hydrogen Pressure 4136854368 Pa -
Leak Diameter o Meter -
[ ot 1ot b0, ] Relative Humidity 0.2 .
[ QRad ] Leak Height from Floor §0) 1 Meter -

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99

10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99 10 elements
Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-S model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Birch. Birch is circled in oranoge below:

Imput |[)Lm|

MNotional Nozzle Model:

- Birch2
Radiation Source Methaor Ewan/Maadie

Harstad/Bellan

Wariable Malkow
Yuceil Ctugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When
it is finished calculating, the following should be displayed:

Flm =
~ Shp— X {m} Y im] Z {m} Fluze (lkW.m”2)

N Iu.muu 0.0100 107.6619
AN 0.0200 0.0200 0.0200 107.6742
0.0300 0.0300 0.0300 107.6865

0.0400 0.0400 0.0400 107.6929

0.0500 0.0500 0.0500 107.7112

0.0600 0.0600 0.0600 107.7236

0.0700 0.0700 0.0700 107.7359

0.0800 0.0800 0.0800 107.7483

0.0500 0.0900 0.0900 107.7606

0.9500 0.5900 0.3900 108.8780

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.1.2 Birch2 Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Birch2. The location for the combo
box is circled in orange.

Help

QRANods |[Physes | PBO Vode

!Iet flames are calculated using the model described by Ekoto et al. (I ional Confe on Hydrogen Safety, 2013), which
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are
[ Gas Plume Dispersion ] vy
[ —— [ ———— =
I Jet Flame ] #i_Casiran madnl hraabe im tha flama intn cammnnte alane e beninctnns and cume tha hant i cantribidinne a8 2 naing %
Input | Output
[ Cold Gas Plume Dispersian ]
Notional Nozzle Mu( E hd D
Radiation Source Methodology: | Multiple radiation sources, integrated -
Variable Value Unit
» 288.15 Kelvin -
Ambient Pressure 101325 Pa -
Hydrogen Temperature 2878 Kelvin b
[ — ) Hydrogen Pressure 4136854368 Pa -
Leak Diameter o Meter -
[ ot 1ot b0, ] Relative Humidity 0.2 .
[ QRad ] Leak Height from Floor §0) 1 Meter -

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99

10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99 10 elements
Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-S model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Birch2. Birch2 is circled in orance below:

Imput |[UPLI|

Motional Nozzle Model:

Radiation Source M

Harstad/Bellan

Variable Malkow
Yuceil/Ctugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When
it is finished calculating, the following should be displayed:

[ ==
N | xm Y (m) Z m) Flu (W/m"2)
E——— u_mm 0.0100 2746325
0.0200 0.0200 0.0200 2746792
0.0300 0.0300 0.0300 2747259
0.0400 0.0400 0.0400 2747725
0.0500 0.0500 0.0500 2748192
0.0600 0.0600 0.0600 2748659
0.0700 0.0700 0.0700 2749126
0.0800 0.0800 0.0800 2749593
0.0900 0.0900 0.0900 2750061
0.3300 0.5900 0.9900 2792436

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.1.3 Ewan/Moodie Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Ewan/Moodie. The location for the
combo box is circled in orange.

Help

QRANods |[Physes | PBO Mode

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013), which bl

includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are El
[ Gas Plume Dispersion ] vy
[ —— [ S———— Ex
I Jet Flame ] #i_Casiran madnl hraabe im tha flama intn cammnnte alane e beninctnns and cume tha hant i cantribidinne a8 2 naing %
Input | Output
[ Cold Gas Plume Dispersian ]
Notional Nozzle Mu( E hd D
Radiation Source Methodology: | Multiple radiation sources, integrated -
Variable Value Unit
» 288.15 Kelvin -
Ambient Pressure 101325 Pa -
Hydrogen Temperature 2878 Kelvin b
[ — ) Hydrogen Pressure 4136854368 Pa -
Leak Diameter o Meter -
[ ot 1ot b0, ] Relative Humidity 0.2 .
[ QRad ] Leak Height from Floor §0) 1 Meter -

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99

10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99 10 elements
Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Ewan/Moodie. Ewan/Moodie is circled in orange below:

Imput |[;~Lm|

Birch2

Radiation Source Me‘tEE' wan Moodie
Harsta
Variable Malkow
Yuceil/Ctugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When
it is finished calculating, the following should be displayed:

1 ==
R [xe Y {m) Z m) Fox (W/m"2)
E——— u_mm 0.0100 70.4353
0.0200 0.0200 0.0200 704422
0.0300 0.0300 0.0300 70,4430
0.0400 0.0400 0.0400 70.4559
0.0500 0.0500 0.0500 70.4627
0.0600 0.0600 0.0600 70,4655
0.0700 0.0700 0.0700 70.4764
0.0800 0.0800 0.0800 704232
0.0900 0.0900 0.0900 70.4901
0.5500 0.9900 0.9900 711085

Compare the images. If the results does not match the image above, please see the last page in

this document.

Page 58 of 84



3.3.5.1.4 Harstad/Bellan Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Harstad/Bellan. The location for
the combo box is circled in orange.

Help
QRANods |[Physes | PBO Mode

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013), which
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are El

Gas Plume Dispersion output.

Radiation Source Methodol

i Cniiran madal hraale nn tha flama indn cramante alane e frninctans and coume tha hant fliuv rantribidinne ~F 2 naing %
Input | Output

Notional Nozzle Mu( E - D

Radiation Source Methodology: | Multiple radiation sources, integrated -

Jet Flame

[
[ Overpressure
I
I

Cold Gas Plume Dispersion

Variable Value Uit
» 28815 Kelvin
Ambient Fressure 101325 Fa
Hydrogen Temperature 2878 Kelvin
[ — ] Hydrogsn Pressurs 413685 4368 Pa

Leak Diameter [T Meter
[ Plot T/t lsa ) Relative Humidity 089
[ QRad ] Leak Height from Floor ) 1 Meter -

Affafafla]«

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99 10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99

10 elements

Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Harstad/Bellan. Harstad/Bellan is circled in orange
below:

Input |[;-Lm,¢|

Birch2 |

Radiation Source Methoe Ewan/ '

<= Harstad/Bellan
Variable Malkow
Yuceil Otugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When
it is finished calculating, the following should be displayed:

[ ==
e X {m) Y {m) Z m) Flu (cW/m"2)
e u.mm 0.0100 365124
0.0200 0.0200 0.0200 365709
0.0300 0.0300 0.0300 36.6284
0.0400 0.0400 0.0400 36,6961
0.0500 0.0500 0.0500 36.7439
0.0600 0.0600 0.0600 36.8017
0.0700 0.0700 0.0700 36.8597
0.0800 0.0800 0.0800 69177
0.0900 0.0900 0.0900 36.9759
0.9900 0.9900 0.9900 425833

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.1.5 Molkov Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Molkov. The location for the
combo box is circled in orange.

QRANods |[Physes | PBO Vode

!Iet flames are calculated using the model described by Ekoto et al. (I ional Confe on Hydrogen Safety, 2013), which bl
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are El
Gas Plume Dispersion output.

Radiation Source Methodol

i Cniiran madal hraale nn tha flama indn cramante alane e frninctans and coume tha hant fliuv rantribidinne ~F 2 naing %
Input | Output

Notional Nozzle Mu< E - D

Radiation Source Methodology: | Multiple radiation sources, integrated -

Jet Flame

[
[ Overpressure
I
I

Cold Gas Plume Dispersion

Variable Value Unit
4 288.15 Kelvin
Ambient Pressure 101325 Pa

Hydrogen Temperature 2878 Kelvin

Affafafla]«

( Flot/Save lso Suf ) Hydrogen Fressure 4136854368 |Pa

Leak Diameter [T Meter
I Plot T/Plot Iso ]

Relative Humidty 0.89 .
[ QRad ] Leak Height from Floor ) 1 Meter -

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99 10 elements

Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99 10 elements

Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-S model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Molkov. Molkov is circled in orange below:

Imput |[UPLI|

- Birch2
Radiation Source Methor Ewan,/Moodie

w
Variable v
Yuceil/Ctugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When
it is finished calculating, the following should be displayed:

[ ==
B Liml Y m) Z fm) Flox (W/m"2)
E——— u_mm 0.0100 75.0869
0.0200 0.0200 0.0200 75.0944
0.0300 0.0300 0.0300 75.1018
0.0400 0.0400 0.0400 75.1093
0.0500 0.0500 0.0500 75.1168
0.0600 0.0600 0.0600 75.1243
0.0700 0.0700 0.0700 75.1317
0.0800 0.0800 0.0800 75.1352
0.0900 0.0900 0.0900 75.1467
0.9900 0.9900 09900 75.8224

Compare the images. If the results does not match the image above, please see the last page in
this document.
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3.3.5.1.6 Yuceil/Otugen Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Yuceil/Otugen. The location for the
combo box is circled in orange.

Help
QRANods |[Physes | PBO Mode

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013), which bl
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are El

Gas Plume Dispersion output.

Radiation Source Methodol

i Cniiran madal hraale nn tha flama indn cramante alane e frninctans and coume tha hant fliuv rantribidinne ~F 2 naing %
Input | Output

Notional Nozzle Mu( E - D

Radiation Source Methodology: | Multiple radiation sources, integrated -

Jet Flame

[
[ Overpressure
I
I

Cold Gas Plume Dispersion

Variable Value Uit

» 28815 Kelvin
Ambient Fressure 101325 Fa

Hydrogen Temperature 2878 Kelvin

[ — ] Hydrogsn Pressurs 413685 4368 Pa

Leak Diameter [T Meter

[ Plot T/t lsa ) Relative Humidity 089

[ QRad ] Leak Height from Floor ) 1 Meter -

Affafafla]«

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99 10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99

10 elements

Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Yuceil/Otugen. Yuceil/Otugen is circled in orange below:

Imput |[;~Lm|

- Birch2
Radiation Source Methor Ewan,/Moodie
Harstad/Bellan

Variable Malkow
uceil/Ctugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When

it is finished calculating, the following should be displayed:

"‘r‘:"’f ==
S IN—
i s [Xm) Y im) Zim) Fuox (W/m2)

\ S I 0.0100 0.0100 1065.2708

""‘“"”‘“‘“““““\"" 0.0200 0.0200 0.0200 105.2828

0.0300 0.0300 0.0300 105.2948

0.0400 0.0400 0.0400 1053068

0.0500 0.0500 0.0500 105.3188

0.0600 0.0600 0.0600 1053308

0.0700 0.0700 0.0700 1053428

0.0800 0.0800 0.0800 1053548

0.0500 0.0500 0.0500 105.3668

0.9500 0.9500 0.9500 106.4530

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.2 Multiple Radiation Sources, Integrated
Before outputting the results for multiple models, the plot routine needs to be set as Multiple
radiation sources, integrated. To set the plot routine, click the combo box and then click
Multiple radiation sources, integrated. The combo box is circled in orange below:

o ==

File | talp
GRAMods | [Prysica | PBD Mode

et flamas are calculated using the model et Hydrogen Safety, 2013), which
lincludes bucyancy and wind carrections. Release conditions are 5 p-:\'i d below and radiative heat flux at various locations are I
loutput.

aingle point radiation source

e e, s iple radiation sources, integrated

[Set input varisbles for the QRad function.

3.3.5.2.1 Birch Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Birch. The location for the combo
box is circled in orange.
% HyRAM

Help
QRANods |[Physics | PBD Mode |

E=5|ECH =<

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013), which 2

ludes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are H
[ Gas Plume Dispersion ] vy
[ — | [Radiztion Sourcs Mathod Ex
I Jet Flame ] LB el romalis o b Al fods: cnammaafs =l B Gr=fesinme o sroms fhe (baat dher secirlbrdirres =0 = caf S
Input | Output
I Cold Gas Plume Dispersion ]
Notional Nozzle Mu( Birch hd D
Radiation Source Methodology: | Multiple radiation sources, integrated -
Variable Value Unit
r 28815 Kelvin -
Ambient Pressure 101325 Pa -
Hydrogen Temperature 2878 Kelvin -
[ Plot/Save lso Suf ] Hydrogen Pressure 413685 4368 Pa -
Leak Diameter 0.01 Meter -
[ ot JPot Jeo ] Relative Humidity 0.8 .
[ QRad ] Leak Height from Floor 0} 1 Mater -

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99

10 elements
Y Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements
Z Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09,0.99 10 elements

Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.
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Click the combo box and then select Birch. Birch is circled in oranoge below:

Input | Output

Motional Mozzle Model: | Bi -

- BirchZ2
Radiation Source Methoe Ewan/Maodie

Harstad/Bellan

Variable Malkow
. Yuceil /Otuaen

Then, to check the output, click Calculate. It may take a minute to finish the calculation. When

it is finished calculating, the following should be displayed:

ML":"’* ==
“ e [xm Y im) Zim) Pl fcW/in"2)

— 0.0100 0.0100 108.4195

Y 0.0200 0.0200 0.0200 108.4293
0.0300 0.0300 0.0300 108.4391

0.0400 0.0400 0.0400 108.4489

0.0500 0.0500 0.0500 108.4588

0.0600 0.0600 0.0600 108.4686

0.0700 0.0700 0.0700 108.4784

0.0800 0.0800 0.0800 108.4882

0.0900 0.0900 0.0900 108.4981

09900 09900 09900 109.3858

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.2.2 Birch2 Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Birch2. The location for the combo
box is circled in orange.

P LRAN
Help
QRANods |[Physes | PBO Vode

!Iet flames are calculated using the model described by Ekoto et al. (I ional Confe on Hydrogen Safety, 2013), which
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are

Gas Plume Dispersion output.

Radiation Source Methodol

i Cniiran madal hraale nn tha flama indn cramante alane e frninctans and coume tha hant fliuv rantribidinne ~F 2 naing %
Input | Output

Notional Nozzle Mu< E - D

Radiation Source Methodology: | Multiple radiation sources, integrated -

Jet Flame

[
[ Overpressure
I
I

Cold Gas Plume Dispersion

Variable Value Uit

» 28815 Kelvin
Ambient Fressure 101325 Fa

Hydrogen Temperature 2878 Kelvin

[ — ] Hydrogsn Pressurs 413685 4368 Pa

Leak Diameter [T Meter

[ Plot T/t lsa ) Relative Humidity 089

[ QRad ] Leak Height from Floor ) 1 Meter -

Affafafla]«

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99 10 elements

Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99 10 elements

Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-S model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Birch2. Birch2is circled in orange below:

Imput |[UPLI|

Motional Nozzle Model:

- irch2
Radiation Source Methot Ewan,/Moodie

Harstad/Bellan

Variable Malkow
Yuceil/Ctugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When
it is finished calculating, the following should be displayed:

FI:::' ==
. s X fm) Y im) Zm) Pl fW/m2)

= e il (107100 0.0100 0.0100 122 0786

- WM\N 0.0200 0.0:200 0.0200 122.0521
0.0300 0.0300 0.0300 1221055

0.0400 0.0400 0.0400 1221150

0.0500 0.0500 0.0500 1221324

0.0600 0.0600 0.0600 122 1455

0.0700 0.0700 0.0700 1221553

0.02300 0.0300 0.0300 1221728

0.0500 0.0500 0.0500 122 1862

0.9500 0.9500 0.9500 123.4025

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.2.3 Ewan/Moodie Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Ewan/Moodie. The location for the
combo box is circled in orange.

Help

QRANods |[Physes | PBO Mode

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013), which bl

includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are El
[ Gas Plume Dispersion ] vy
[ —— [ S———— Ex
I Jet Flame ] #i_Casiran madnl hraabe im tha flama intn cammnnte alane e beninctnns and cume tha hant i cantribidinne a8 2 naing %
Input | Output
[ Cold Gas Plume Dispersian ]
Notional Nozzle Mu( E hd D
Radiation Source Methodology: | Multiple radiation sources, integrated -
Variable Value Unit
» 288.15 Kelvin -
Ambient Pressure 101325 Pa -
Hydrogen Temperature 2878 Kelvin b
[ — ) Hydrogen Pressure 4136854368 Pa -
Leak Diameter o Meter -
[ ot 1ot b0, ] Relative Humidity 0.2 .
[ QRad ] Leak Height from Floor §0) 1 Meter -

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99

10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99 10 elements
Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Ewan/Moodie. Ewan/Moodie is circled in orange below:

Imput |[;~Lm|

Birch2

Radiation Source Mw‘a‘g’%
Harsta E
Variable Malkow
Yuceil/Ctugen
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Then, to check the output, click Calculate It may take a minute to finish the calculation. When it

is finished calculating, the following should be displayed:

E’i ==
= & == = X Y Zim) Fluoe (cW/m™2)
— u.mm 0.0100 113.8707
L 0.0200 0.0200 0.0200 113.2816
0.0300 0.0300 0.0300 113.8925
0.0400 0.0400 0.0400 113.9034
0.0500 0.0500 0.0500 112.9143
0.0600 0.0600 0.0600 113.9253
0.0700 0.0700 0.0700 113.9362
0.0800 0.0200 0.0800 113.9471
0.0900 0.0900 0.0900 113.9580
0.9900 0.9500 0.9900 114.9453
e e ——

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.2.4 Harstad/Bellan Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Harstad/Bellan. The location for
the combo box is circled in orange.

Help
QRANods |[Physes | PBO Mode

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013), which
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are El

Gas Plume Dispersion output.

Radiation Source Methodol

i Cniiran madal hraale nn tha flama indn cramante alane e frninctans and coume tha hant fliuv rantribidinne ~F 2 naing %
Input | Output

Notional Nozzle Mu( E - D

Radiation Source Methodology: | Multiple radiation sources, integrated -

Jet Flame

[
[ Overpressure
I
I

Cold Gas Plume Dispersion

Variable Value Uit
» 28815 Kelvin
Ambient Fressure 101325 Fa
Hydrogen Temperature 2878 Kelvin
[ — ] Hydrogsn Pressurs 413685 4368 Pa

Leak Diameter [T Meter
[ Plot T/t lsa ) Relative Humidity 089
[ QRad ] Leak Height from Floor ) 1 Meter -

Affafafla]«

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99 10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99

10 elements

Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Harstad/Bellan. Harstad/Bellan is circled in orange
below:

Input |[;-Lm,¢|

Radiation Source Methoe El:*.lz

<jagad;" Bellan
Variable Malkow
Yuceil Otugen
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Then, to check the output, click Calculate. It may take a minute to finish the calculation. When

it is finished calculating, the following should be displayed:

- ==
|
X m) Y m) Z m) i (W/m™2)
e e () 01100 0.0100 0.0100 90,2414
\ 0.0200 0.0200 0.0200 30.2780
0.0300 0.0300 0.0300 30.3147
0.0400 0.0400 0.0400 30.3514
0.0500 0.0500 0.0500 30.3881
0.0600 0.0600 0.0600 30.4250
0.0700 0.0700 0.0700 30.4618
0.0800 0.0800 0.0800 30.4988
0.0900 0.0900 0.0900 30,5358
0.9300 0.9900 0.9900 340471

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.2.5 Molkov Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Molkov. The location for the
combo box is circled in orange.

P LRAN
Help
QRANods |[Physes | PBO Vode

!Iet flames are calculated using the model described by Ekoto et al. (I ional Confe on Hydrogen Safety, 2013), which
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are El

Gas Plume Dispersion

joutput.

Radiation Source Methodol

i Cniiran madal hraale nn tha flama indn cramante alane e frninctans and coume tha hant fliuv rantribidinne ~F 2 naing %
Input | Output

Notional Nozzle Mu< E - D

Radiation Source Methodology: | Multiple radiation sources, integrated -

Jet Flame

[
[ Overpressure
I
I

Cold Gas Plume Dispersion

Variable Value Uit

» 28815 Kelvin
Ambient Fressure 101325 Fa

Hydrogen Temperature 2878 Kelvin

[ — ] Hydrogsn Pressurs 413685 4368 Pa

Leak Diameter [T Meter

[ Plot T/t lsa ) Relative Humidity 089

[ QRad ] Leak Height from Floor ) 1 Meter -

Affafafla]«

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99 10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99

10 elements

Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-S model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Molkov. Molkov is circled in orange below:

Imput |[UPLI|

- Birch2
Radiation Source Methor Ewan,/Moodie

Variable < Holkmr
Yuceil/Ctugen
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Then, to check the output, click Calculate. It is circled in orange. It may take a minute to finish
the calculation. When it is finished calculating, the following should be displayed:

= S—
*im) Y {m) Z m) Fluee (cWAm™2)

T p—s 0.0100 0.0100 0.0100 1127375

\ 0.0200 0.0200 0.0200 1127482

0.0300 0.0300 0.0300 1127588

0.0400 0.0400 0.0400 112 7655

0.0500 0.0500 0.0500 1127802

0.0600 0.0600 0.0600 1127505

0.0700 0.0700 0.0700 1122016

0.0800 0.0800 0.0200 1128123

0.0500 0.0500 0.0500 112.8230

0.9500 0.9500 0.9500 113,785

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.5.2.6 Yuceil/Otugen Notional Nozzle Model

Check to make sure that the Notional Nozzle Model is set to Yuceil/Otugen. The location for the
combo box is circled in orange.

Help
QRANods |[Physes | PBO Mode

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013), which bl
includes buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are El

Gas Plume Dispersion output.

Radiation Source Methodol

i Cniiran madal hraale nn tha flama indn cramante alane e frninctans and coume tha hant fliuv rantribidinne ~F 2 naing %
Input | Output

Notional Nozzle Mu( E - D

Radiation Source Methodology: | Multiple radiation sources, integrated -

Jet Flame

[
[ Overpressure
I
I

Cold Gas Plume Dispersion

Variable Value Uit

» 28815 Kelvin
Ambient Fressure 101325 Fa

Hydrogen Temperature 2878 Kelvin

[ — ] Hydrogsn Pressurs 413685 4368 Pa

Leak Diameter [T Meter

[ Plot T/t lsa ) Relative Humidity 089

[ QRad ] Leak Height from Floor ) 1 Meter -

Affafafla]«

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.02,0.09,0.99 10 elements
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99

10 elements

Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.

Click the combo box and then select Yuceil/Otugen. Yuceil/Otugen is circled in orange below:

Imput |[;~Lm|

- Birch2
Radiation Source Methor Ewan,/Moodie
Harstad/Bellan

Variable Malkow
uceil/Ctugen
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Then, to check the output, click Calculate. It is circled in orange. It may take a minute to finish
the calculation. When it is finished calculating, the following should be displayed:

- _—
U ——
# {m} Y {m) Zim) Fluee W /m™2)
e eSS () (1100 0.0100 0.0100 154.6549
\ 0.0200 0.0200 0.0200 154.6795
0.0300 0.0300 0.0300 154.7041
0.0400 0.0400 0.0400 154.7287
0.0500 0.0500 0.0500 154.7533
0.0600 0.0600 0.0600 1547779
0.0700 0.0700 0.0700 154.8025
0.0800 0.0800 0.0800 154.8272
0.0900 0.0900 0.0900 154.8518
0.9500 0.9900 0.9900 157.0838

Compare the images. If the results does not match the image above, please see the last page in

this document.
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3.3.6 Re-edit QRad Parameters

To reedit the QRad Parameters, click the Input tab. It is circled in orange:

QRAMode |[Physcs | PBD Mode

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydrogen Safety, 2013), which o

lud

— buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are H
[ Gas Plume Dispersion ] A
I fyepesaun ] Radiation Source Methodol
[ Jet Flame ] L coree ol ol oo b Al At crmereis koo B Sosfmsfineenn crrd] e Bk (bt Ao sreirilbrdfrers o6 @ cofet A
:\HM’ Qutput
[ Cold Gas Plume Dispersion ]
Notional Nozle Model: [Bich -
Radiation Source Methodalogy: | Multiple radiation sources, integrated -
Variable Value Unit
4 288.15 Kelvin A
Ambient Pressure 101325 Pa -
Hydrogen Temperature 2878 Kelvin -
[ Plot/Save lso Suif ] Hydrogen Pressure 413685 4368 Pa -
Leak Diameter 0.01 Meter -
[ Elot 1ot o ] Relative Humidity 0.3
( GQRad ] Leak Height from Floor y0) 1 Meter -

X Radiative Heat Flux Poirts fm): 0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.08,0.09.0.99

10 elements
Y Radiative Heat Flux Points m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.08,0.39 10 elements
Z Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99 10 elements

gy: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
es from a single point at flame center.

Radiation Source Methodol

Check to make sure that the Notional Nozzle Model is set to Yuceil/Otugen. The location for the

combo box is circled in orange.

Help
QRANods |[Physes | PBO Mode

!Iet flames are calculated using the model described by Ekoto et al. (International Conference on Hydragen Safety, 2013), which bl

Tud,

buoyancy and wind corrections. Release conditions are specified below and radiative heat flux at various locations are H
[ Gas Plume Dispersion ] output
[ Svemrmssire | |Radiation Source Methadology
l Jet Flame ] temn mmadnl heaabe tm the flamn intn cnmmmante alane ite frainetans and cime the haat floe cantribiotiane af 2 naint 52
Input | Output
[ Cold Gas Plume Dispersian J
Notional Nozzle Mu( Birch hd D
Radiation Source Methodology: | Multiple radiation sources, integrated -
Variable Value Unit
4 288.15 Kelvin -
Ambient Pressure 101325 Pa -
Hydrogen Temperature 2878 Kelvin -
[ — ) Hydrogen Pressure 413685 4368 Pa -
Leak Diameter 001 Meter -
[ Elot 1ot b0, ] Relative Humidity 0.2 .
[ GRad ] Leak Height from Floor (y0) 1 Meter -

X Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,009,039

10 elemerts
Y Radiative Heat Flux Poirts {m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.02,0.09.0.99 10 elements
Z Radiative Heat Flux Poirts m): 0.01,0.02,0.03,0.04,0.05,0.06,0.07.0.08,0.09.0.99 10 elements

Radiation Source Methodology: The Multi-Source model breaks up the flame into segments along its trajectory and sums the heat
flux contributions at a point from each segment. The Single-Source model assumes that all of the radiant energy from the flame
emanates from a single point at flame center.
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Click the combo box and then select Yuceil/Otugen. Yuceil/Otugen is circled in orange below:

input | Output |
L Birchz?
Radiation Source Methot Ewan/Maadie
Harstad/Bellan
Varahle Molkow
uceil/ Ctugen

Then, edit the flux points to reflect the following. The flux points’ textboxes are circled in

orange.

¥ Radigtive Heat Fux Poirts (m): 0.1.0.3.061586 § elements
¥ Radiative Heat Flux Points jm): 0.3.0.5.09673 £ elements

7 Radiative Heat Flux Points (m): 0.2.0.6.0.8.4.5.10 £ elements

Page 78 of 84



3.3.6.1 Check Output of Modified Parameters
To check the output, click Calculate. It may take a minute to finish the calculation. When it is

finished calculating, the following should be displayed:

s =

't {m) Z {m) Flze fW/m™2)
0.3000 0.2000 1545020
0.5000 0.6000 155.3905
0.5000 0.2000 156.1426
6.0000 4.0000 156.5843
7.0000 5.0000 167.0438
5.0000 10.0000 167.8404

Compare the images. If the results does not match the image above, please see the last page in
this document.

3.4 Cold Gas Plume Dispersion — Feature Not Ready

Do not evaluate this section. This feature will be implemented at a later time. Please move onto

the next section.

3.5 PBD Mode- Feature Not Ready

Do not evaluate this section. This feature will be implemented at a later time. Please move onto

the next section.
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4. USER SURVEY

[IDid you receive the same values as shown in this document? If not, please give more
information about what you received and possible steps to reproduce the results in the area
provided.

[IWas the document correct about the steps that were required to take to complete the task? If
not, please elaborate in the area provided.

[JWas there at any time during the course of this document, that the steps described to you were
unclear? If so, please give more information in the area provided.

Additional Comments\Questions\Suggestions\Concerns

Thank you for your feedback.

Please return this form to Owen Parkins (823/3226) or email to oparkin@sandia.gov
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