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Authorities look to NFPA 2 for standards on how to site hydrogen
fueling stations

Can follow prescribed separation distances:

• Different distances for different exposures

• Some distances able to be reduced with mitigations
(barrier wall, insulation, etc.)

• Justification for some (gaseous) separation distances
provided in annex

,/ Separation distance reductions in NFPA 2 2011 and
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Table 7.3.2.3.11(a) MInImuinDisiarice(D)frornOutdoor (GH01 %sterns to Expomires—TwIcal Maximum PlpeSize

Prfssure
15 60 >250t0 >3000 tO >7500t0

1250 peg S3C00 psig s7500 pdg s15000 peg

ntemN Pipe Diameter (ID)
xo3.4to >1724to
9.7241cPa 40,6134 kPa
d=52.5,„„

020,68410 >51,711 to
41,n11fPa 403,42119a
d=7.31,,,„ d=7.16„,,

Group 1 Exposures m ft rn ft rn ft m ft

(a) Lot lines
(b) Air Int:km(1-1VAC, compressors other)
(c) Operable openings in buildings and structurim
Id) Ignition awroes Rich as open flames end Helding

12 40 14 46 9 29 10 34

Group 2 Expoares rn ft m ft rn ft rn ft

(a) Exposed permns other than thom mnAdng the sysban 6 20 7 24 4 13 5 16
(b) Parked cars

GrOup 3 ExpOStreS m ft m ft m ft m ft

(a) Buildingsof noncombustible non-firefated
construction
. :

17 6 19 4 12 4 14

again in 2020 enabled by Sandia-led scientific analyses

Or alternative means and measures (AM&M):

• Demonstrate acceptable protections and risk for non-
compliance to prescribed separation distance(s) to

2-58 HYDROGEN TECHNOLOGIESCODE

Table 9.3.2.3.1.6(A) Minimum Dislance from Elul k Liquefied H )(frown (LH 01 System to Exposires

Type of Ey:pos.3re

Total Bulk Liquefied HOrogen lLH0) garage
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0
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15,076 ga
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75,000gal
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1. Lot Mum
2. Air intakest Petting, sentllating or air conditioning

equipment I HVAG. compreswrs other]
3. Wed openings
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7.6
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Operable openingsln buildings and structures
4. ignition mina:sewn es opal fl errs/rid yielding
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50
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Or full performance-based design:
Group 2

5. Pim:sof public amid*
6 Parked cars (diearce mai Le maawred from Me

container fill connection)

75
25

23
7.6

75
25

23
7.6

75
25

23
7.6

Group 3

• Simulate all required design scenarios in NFPA 2 Chapter 5
7. Building or structure
(a) BuildincpronBructed of noncontutinie or
Ilmite(leornixialbiemateials
(1) sprinkleral building or structure or
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Risk can be used to inform siting decisions (AM&M) and/or
separation distances

Quantitative risk assessment (QRA) requires

Data on frequency and size of leaks

Models for consequences of leaks

Calculation of harm due to exposure

• QRA can inform decisions based on acceptable
risk for a specific or typical system

— 2 x 10-5/yr selected by NFPA separation
distance working group (average frequency of
fatalities at US gasoline stations)

— Typical (gaseous H2 storage) system modeled
using HyRAM models
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HyRAM 2.0 can be installed as a windows executable and as an open-
source software, users have access to the source code

Hydrogen Risk Assessment Mr X + ❑ X

C I0 r-tps energy sandia.govAransportatron-wergy/hym

Flydrogen Risk Assessment Model (HyRAM) tome I Tommy moor r Itydroam r OA •

github \ CD ne E

HYRAM
The HyRAM toolkit is the first-ever software toondt that integrates deterministic and probabilistic models for

quantifying accident scenarios, predicting physical effects, and characterizing hydrogen hazards' impact on people and

structures. HyRAM incorporates generic probabilities for equipment failures and probabilistic models for heat-flux

impact on humans and structures, with computationally and experimentally validated models of hydrogen release and

flame physics.

The initial modules can be used to quantify the likelihood and thermal consequencro associated with gaseous

hydrogen releases from useedelined hydrogen installations. Future development activities will integrate additional

consequence models and develop user interfaces for additional audiences. When completed, the toolkit will enable

industry-. SDOs (standards development organizations), and COO (code development organizations)-led quantitative

risk assessment and performance-based engineering with state-of-the-art, validated science and engineering models.

The HyRAM software is available under an open source license.

Access the source code for HyRAM via GitHubr

VIEW SCUM:EWE*

Download the more recent build of the Windows-only installer:

DOWNLOAD HYMN

Overview Documentation Contacts

Overview

Developing hydrogen rodre and standards is challenging because the relevant models and information span

mumme science erre engineering insure inre. The Hyrin—M tore-len miegiares reale-of-the-an models and data for

assessing hydrogen safety. HyRAM providre a common platform for stakeholders conducting quantitative risk

Transportation Energy

2019 DOE-Vehicle Technologies Office

Cyber-Security of CM-Road

Transportation Meeting

< CoEvolution of lhofuels

Fuel Cells

Hydrogen Publications

< Storage

< Materials 8 ComponentsCompatilalny

Hydrogen Behavior

Hydrogen Infrasoucture

Hwhogon Production

< Market TransformaDon

< Predicovehrnulatton of Engines

< Enemy Storage Componerm and
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0 GrtHub sandralabs/hyram X + ❑

—> C 0 0 Gitblub lur (US) I htlpvilgrthub.conursandialabs/hyrarn •tt *1 ce gdhub —>

Branch( maw x New pull request

Ilik CD z

▪ belehrha Updated READMErnd with link to hyram.sandiaow

First commit of HyRAM open source

First commit of HyRAM open source

▪ python_contributions First commit of HyRAM open source

▪ .gitignore First oummit of HyRAM open source

COPYING.Ort FXst comrfit of HyRAM open source

README.md Updated READMEmd with link to hyram.sandia.gov

▪ THIRD-PAITIN-LICENSES.VI first commit of HyRAM open source

Late. comma 22P6m. on Jun 28

4 months ago

4 months ago

4 months ago

4 months ago

4 months ago

4 months ago

4 months ago

▪ ADP

181 middleware

CW READMEnre

The Hydrogen Risk Assessment Model

This document describes the Hydrogen Risk Assessment Model ("HyRAM") application development The application

comprises a frontend GUI written in Cif and a 'PyHyRAM" backend module written in Python. Additional description and

documentation, as well as a Windows installer, can be found at httpri/hyram.sandia.gov/.

Step-by-reep instructions are included for setting up a Co development environment using MS Visual Studio 2017 ('MSVS").

Similar setup instructions are provided for backend python development In addkioti basic usage of the backend as a

standalone python module is is provided.

TABLE OF CONTENTS

A. Repository Layout

Ce GUI Development

0.1 Solution Layout

52 Set Up Python

8.3 Set Up Solution in MSVS

8.4 Installer Project Setup

8.5 Misc. Notes

hyram.sandia.gov github.com/sandialabs/hyram 
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HyRAM 2.0 enables consistent, traceable and rigorous QRA for
specific systems

1( User inputs system description

✓ Number of components

✓ Pressure

✓ Nominal pipe size

1( Generic data for scenarios and
probabilities an be updated if
data is available

1( Consequence models can be
selected

➢ Risk metrics calculated

➢ Scenarios can be saved

$1 I-RAM — 0 X

File Tools Help

011olode I PhOm

Wad
Conducting anaysis (this rnay take several minutes)
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Model flexibility enables QRA beyond hydrogen refueling stations

• Users able to edit the

parameters of the

existing fault tree (FT) or

substitute their user-

defined FT results from

external FT software

• Updated HyRAM

methodology enables

users to alter the risk

analysis for different

applications

MEM

Legend:

OR Gate: A + C

AND Gate: A • B C

Transfer Gate: See other FT

OR AND H2

Release

• Default value for I-12 release

• Edit user-defined

probability for 1-12 release

Individual
Component

Leaks

CIS Leak P 1% Leak FT Itt LTA FT PM Leak FT

Data/Probabilities
Probability data quantifying the events contained in the scenario models (ESDs and FTs)

Component Leaks Component Failures Ignition Probabilities Chnsitsdrons

Comp soon gOiogers Filters Flanges Hoses done Pipes Valves instruments EaraCarnponenta1 EaraCeennonente2

Leak Size Mu Soma Mean Variance

IMI-1.7198 02103 1.83E-001 1.58E-003

0m% -3.9185 04801 223E-002 1.32E-000

1% -51394 07898 801E-003 5.55E-005

10% -88008 08381 206E-004 431E-008

100% -11 3365 1 3689 300E-005 511E-009

1001641
elease fro

AccIdents and
Shutdown
Failures for

Indoor RefuelIng

• Default values

• Edit number of

INN Leak FT components and

component probabilities

• Default values

• Edit component failure

mode probabllltles

• Edit user-defined

probability for H2 releases

beyond component leaks

Data/Probabilities
Probability data quantifying the events contained in the scenario models (ESDs and FTs)

Component Leaks Component Failure,-j lemon Probabildros Charbutions

Accident end shutdcran feilure parameters included in 10096 leak release cialoulaton

Component Failures

Component Failure Mode Distribution Type Parameter A Parameter 13

Pop-off Beta 0.5 610415.5

Nozzle Failure to close ExpectedValue 0.002

Manual valve Farlure to close ExpectedValue 0.001

Solenoid valve Feriae to close EvectedValue 0.002

Solenoid valve Common-cause failure ExpectedValue 0.00012766 aiMr.
Accidents

Component Failure Mode Distribution Type Parameter A Parameter B

Overpressure during f.. Accident Beta 3.5 310289.5

Pressure rehef valve Failure to open LogNortnal -11.7359368859313 0.687849415803714

Dimon Accident Beta 31.5 610384.5

Breakaway œuphng Failure to close Beta as 5031
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The HyRAM GUI also contains an Engineering Toolkit for some

common calculations

• Equation of state

• Tank mass

• Mass flow rate

• TNT mass equivalence

• Valid for high pressures (soon
to be updated for cryogenic
temperatures)

Temperature. Pressure and Den*, Tank Mass Mass Row Rate TNT Mass Equivalence

Calculate.

a Temperature

Temperature Kehnn -1 I 
a Pressure

Pressure Pa -I I
(.* Denary

Density KiogramCubicMater -I

Ternperature

Pressure

TNT Mass Equivalence

I Pa

Volume CulscMeter

Mass Mogan

- I 

NaN

Temperature. Pressure and Densiy Tank Mass TNT Mass Equivalence

input Output

Temperature rKelvin

Pressure Pa

Volume L..  -
Office Demeter Meter

Release Type 0 Steady 0 Blowdown

"31

Calculate Mass Flow Rate

Temperature. Pressue and Density Tank Mass Mass Row Rate i TNT Mass EgLivalence

Flammable Vapor Release Mass:

Nel Heat of Combushon

Egsvalent TNT Mass.

Klogram -1
Explosive Energy Yield r4. 0-100):

JouleKg

!glow=

-1
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A variety of validated physical models are used in HyRAM, which can
be used independently from QRA

• Unignited dispersion

— Distance to certain concentration

• Flame model

— Temperature field

— Heat flux field

Overpressure for delayed
_ r •

White contour is at 0 04

ll%
z = 0.00 e x = 2.59 N

r Di
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The underlying Python modules can be inspected, updated, and/or
used independently

• Physics modules based on intuitive
object oriented structure

• Implemented as a python package

• Additional details of simulations can
be explored

• First access to upcoming module
releases (e.g. CoIdPLUME - before
implementation in Windows GUI)

• Incorporation of user-preferred
physics models possible

In [I]: from altRAM import phys

In [2]: H2 = phys.Gas(T = 40, P = 5e5);

air = phys.Gas(T = 295, P = 101325, species =

['air']);

orifice = phys.Orifice(d = 0.001);

release = phys.let(H2, orifice, air);

release.solve(Ymin = .001);

release.plot_moleFrac_Contour();

solving for the plume... done.

te contour rs. at

3 4
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9 L➢ Code organization, ease of use and documentation critical for outside development and use
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The CoIdPLUME model has been validated with laboratory data

I
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• Experimental results shown by
shading and thick, dashed lines

• CoIdPLUME model results are
thin, solid lines
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➢ Model accurately simulates mole fraction, temperature, and velocity -- can be used as a predictive tool



Sandia National Laboratories itFCHydrogen and Fuel Cells Program

Upcoming additions to HyRAM

• Incorporate validated physics models for hydrogen behaviors

• liquid/cryogenic release behavior

• deflagration (unconfined) and detonation models

flow/flame surface interactions

pooling and vaporization

• barrier walls

• ignition

• Include additional data/probabilities

• liquid hydrogen system component failures and leak frequencies

• effectiveness of detection

• Quantify risk reduction from hydrogen system mitigation features

• Extension to other fuels (e.g., CNG, LNG)

'419111M

1111 1111 lirDACGEN eu-SK RSStvSMLn, muuLL2.
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Summary

itFCHydrogen and Fuel Cells Program

• HyRAM 2.0 is an open-source toolkit for QRA or physics simulations of hydrogen systems

QRA and physics simulations can be used to inform siting decisions or separation distances

• Underlying source code can be used to explore the details of the calculations

• The team at SNL is working to expand and enhance the toolkit

• External use, feedback and development is welcomed and encouraged
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Thank you!

Ethan Hecht

Sandia National Laboratories
ehecht@sandia.gov 
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