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@ HYPER EMERGENCY PLAN

1. ABOUT THISDOCUMENT

Thisemergency plan has been developed%of | Qa | @ RNR ISy whiShisSpendBrkas { G GA2Y
part of the Washington EnergyCryogenic§WECryo)service centeby the Hydrogen Properties for

Energy Research (HYPER) Thts plaris formatted based orsafety plasRS @St 2 LISR o6& 2 {! Qa
Labandapprovedby the Department of Energy (DOE) Hydrogen Safety Panel.

1.1. DOCUMENTSCOPE

The emergency plan was formulated based on the requirementdfePA 2Hydrogen Technologies
Code Sectiord.6.The plarshall include

1 The type of emergency equipmeatailable and the locatior{Sectior3 of this document

1 A brief description of any testing amaintenance programfor the availablemergency
equipment.(Sectior3 of this document

1 Anindication that hazard identification labeling is provided for each storage @eetiord of
this documenk

The location of posted emergency procedurgectiors of this document

A Safety Data sheet (SDSequivalentfor GH andLH stored or used on the sitéSectiorns of
this documeny

1 Alist of personnel who argesignatedand trainedto be liaison personnel fahe fire
department andand who are responsibl®r the following:(Sectiorb of this documenjt

o Aiding the emergency responderspre-emergency planning
o ldentifying the locations of the Gldnd LH stored or used

0 Accessing SBS

0 Knowing the site emergency procedures

1 Alist of the types and quantitiedf GHand LH found within the facility (Sectior of this
documeny

This document will guide the safe conduct ofvadirk andserve as a resource to emergency responders
should an emergency response be necessary at thisT$iintent of this document is to serve as a
generalsafety resource for this site, but not tlocument information unique to any particular
experiment. Ddicated Safety Plans for every HYPER lab experiment have been @eMelaover the
unique safety hazards and operational procedures of each experiment.

1.2. UNDERSTANDINGI HISDOCUMENT

1.2.1.UNITS

The units of measurim this document are given in U.S. Customaritd{inchpound units)
International System (SI) Units may folltve inchpound units inLJ-r NBy § KSaAaxz 4 GKS | dz
(for example, where a system or part was designed in such)units
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1.2.2.QTATIONS

Citations to referenced standardsay be given throughout this document to indicaiaterialadopted
from or responding to specific standards requiremenitisese citations will benclosed in square
brackets and consist ofshortened abbreviation of the standardhe section of the starard may be
optionally includedseparatedirom the standard abbreviatiohy asingle colon.

For exampleNFPA 2: Hydrogen Technologies Code, 2020 Ebtithre National Fire Btection
Associatiorwould be referenced in this document by the tag [NFPAf 2]referenceto the specific
section 15.31.1.7.2 was needed, the reference would be tagged with [NFPA 2 : 15.3.1.1.7.2]

A list of citations and shortened abbreviatiarderenced irthis document is given in Appendix
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2. STE INFORMATION

This documentvas last update®/3/2020 1:15:00 PMAs of the time of the last revision of this
document, the following experiments are being operated on:site

1 The Mobile Hydrogen Generation Unit (MH@&W mobile hydrogen production, liquefaction,
and dispensing unit designed tefuel unmanned vehicles with liquid hydrogen. This is a mobile
piece d research equipmentvith both gaseous and liquid hydrogen storage on board.

The locations iad detailed information for hazards associated with this experiment have been included
in the site information in this sectiohis information shall be updated &xperimentabperations on
the site changeC2 NJ Y2 NB Ay T2 NX I ( A 2HYPERS&SGy PBh. OK SELISNAYSyYy (i Q2

2.1. STE LOCATION

This test site is located nebiniversity Stores on Dairy Road. The address and image of the site location
are listed below.

Address:
438 SWairy Rd.
Pullman, WA 99164
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2.2. STE LAYOUT

Thelayout of this site is shown belowhe Mobile Hydrogen Generation Unit (MHGUWhesexperiment
currently being operated at the site. Please see the MHGU Safety Plan for more informatios on thi
experiment andts safety consideration®ue to the nature of the experiment running on the site,
sections of the site are electrically classified as Clads/sion 1 Group B and Clads Division 2Group
B. These areas have been shown on thelajteut.
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2.3. LOCATIONS OHAZARDS

Hazards on the site are highlighted in the following sections.

2.3.1. HYDROGENSTORAGE

Compressedaseous hydrogen is stored on the sitfuel experimentabperations In addition, MHGU
is currentlyactive on this sitendhas hydogen generation included as part of the experiment.
Hydrogen is generated by a PEM electrolyranels to the gaseous storage buffand is then liquefied
in a liquid hydrogen storage dewar. The locationkyafrogen on the site is shown below.
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2.4. STE EQUIPMENTTESTING ANDMAINTENANCEPROGRAMS

Regular testing and maintenanaee needed to keep this site operationahd up to standards. For ease
of implementationand to promote compliance with the maintenance prograhe HYPER l&ias tried

to keepmaintenance oran annual or semesterly basis where feasible. This allows the lab to schedule
regular time at the beginning of each semester to ensure equipment maintenance is up to date and
perform necessarinspectionsin some cases, testing, inspecti@and/or maintenance is required more
often oron an asneeded basisA clipboardwill be attached to the inside office trailer door with a
physical log to track maintenance tasks as they occur, and prdeigéed instructions on performing
maintenance.

This section describes required testing, inspection, and maintenance for the site only. Régsfiireg]
inspection, and/omaintenanceof safety equipment associated with the site is included in Se&ian

2.4.1. ANNUALMAINTENANCETASKS

1 Confirmation of vent stack grounding per CGA.& Electrical resistance across the vent stack
to groundshall be measured. This resistance value must be less than 10 Ohms.

1 Testing of ent stack pressure reliefs. Pressure reliefs on the site plumbing mastialtbe
inspected and then tested to cracking pressure. Pressure must be verifieca®raged and
indicated on the site P&ID diagram.
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2.4.2. SEMESTERLWAINTENANCETASKS

1 Leak check dll site plumbing A helium leak checkt standard operating pressuretould be
performed on all site plumbing p&STM E499/E499KI11 Test Method A.

2.4.3. ASNEEDEDMAINTENANCETASKS

1 Leak check at bottle swaps. Lines and fittings shahd@ected,and a hydrogen leak checker
shall be used to verifgottles are leakight every time hydrogen bottles are swappiedout of

the bottle racks on site.

1 Leak checlafter equipment replacement. A helium leak check at standard operating pressures
should be pegormed on site plumbing afterepaired, replaced, or changed equipment. Follow
ASTM E499/E499KI11 Test Method A.
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3. EMERGENCYEQUIPMENT

3.1. DESCRIPTION OAFETY EQUIPMENT

3.1.1. AFETYDOCUMENTATION

Aclearly labeled red binder shall be kept on site contaitivegEmergency Plafor this site Similar red
binders will be kept on site containing the Safety Plans for each experiment operated on site. These
binders shall be stored in the Office Trailand should be kept up to date.

3.1.2. FIREEXTINGUISHERS

Fire extinguishrs for the outdoor test center have been chosen based on recommendations from NFPA
10 and2. Per NFPA 2, Section 217, fire extinguishers for lequid hydrogen fueling facility shall be

selected based on NFPA 10 extra (high) hazandirementsfor Clas B hazardgxcept that the

maximum travel distance to a 80Begtinguisher shalbe permitted to be 100ft These requirements are
given below from NFPA 10Table 6.3.1..and NFPA 2, Section 11.2.7

Basic Minimum Extinguisher Rating Maximum TraveDistance to Extinguishers
40-B 30 ft
80-B 100 ft

Based on this design criterion, we have seledtede (3) 4A40B:Cextinguishers to service the site.

3.1.2.1.LOCATIONS

A 4A40B:C fire extinguisher shall bmunted to the outer wall of the office trailer, theorth end of the
gas bottle enclosureand insidehe MHGUexperiment on site. These locations are shown below.
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3.1.3. PERSONAIPROTECTIONEQUIPMENT(PPE)

The following personal protection equipment is made availablsimand should be used as described
in the sections belowin addition to this PPE, all personal visiting or working on the site should wear
long pants(no shorts, skirts, or dresses) amgshlesslosedtoed shoes or bootsShoes or boots with a
meshed or light weave have the potential to sagkliquids and are less damage resistant, and
therefore are not satisfactory for site safety.

3.1.3.1.SAFETYGLASSES OROGGLES

Safety glasses or goggles are an important piece of safety equipment to protect your eydlgifigm
debris while working with equipmeanPer WSU Policy, safety glasses or googles mussdmat all
times while working on the site, which is considered a laboratory space.

3.1.3.2.FIRERATEDCLOTHING

NFPA 2112 fireated clothingmust be worn on site while hydrogen is in u€éothing should be

sufficient to cover both upper and lower body (such as coveriltspveralls with jackepants and

jacket, etc.) as required by NFPA 2113¢drogen is considered to be in use at any time when hydrogen
is flowing through the gas manifold, within an expeent, or if liquid hydrogen is being stored on site.

3.1.3.3.ORYOGENICLOVES

Cryogenic gloves are critical for protecting hands faygogenic burns while handling cryogenic fluid
transfers. Cryogenic gloves will be worn while transferring liquid hydrogether cryogens on this site.
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3.1.3.4.FACESHIELDS

In addition to safety glasses orggles, face shields must be worn during cryogenic fluid transfers to
protect the facefrom splashes or spills of cryogenic fluieiace shields will be wosmshile transferring
liquid hydrogen or other cryogens on this site.

3.1.3.5.FLASHLIGHTS

Flashlights are present onsite in teeent of a power outage at nightf. needed, a flashlight may be
found mountedoutsidethe officetrailer door.

3.1.4. HYDROGENDETECTION

Hydrogen detection shall Hastalled on site in the gas bottle storage area. This hydrogen detediior
trigger a visible and audible alarm at ¥ the Lower Flammability Limit {effinpd at 1% hydrogen by
volume At %2 the LFL (2% hydrogen by volume), this detector shall teggematic shutoff of the
hydrogen source valves the gaseous hydrogen storage bottles.

3.1.5.HYDROGENENTS

Dedicated vents for hydrogen have been included on both experiments tested at this site, as well as the
hydrogen manifolduilt into the site gas storag These hydrogen ventgave beerdesignedn

accordance witlCGA &.5t 2014:Hydrogen Vent System&s the standardtates, a fire on the vent

stack of any hydrogen system is expected and should be considered a design event rather than an
emergencyThe standardand thus the design of all vent stacks on the s$iges been designed t@nsure

that operations are safe even in the event of a vent stack fire.

WARNINGASs signage at the site indicates, never spray water on a hydrogen ventdgtabkrge. Cold
(up to-423 °F) gaseous hydrogen venting from the stack can instantly freeze water on the outlet and
potentially obstruct the discharge area. An obstructed discharge can resultangebus pressure build
in the system equipment where &ne is no means to safely release the pressure.

3.1.6.STELIGHTING

Lighting is available on site to light the work avdaen working at nightBe aware that this lighting is
tied into facility power and backup power is not provided. In the event of a powexgafflashlights are
availableto provide alternate lightingExtreme care should be taken in dark conditionggrasind is
uneven in places@bles, cords, pipes, and other equipment mayehe ground and diicult to see in
the dark.

3.2. SAFETYEQUIPMENTTESTING ANDMAINTENANCEPROGRAMS

Regular testing and maintenance are needed to keep this site operational and up to standards. For ease
of implementation and to promote compliance with the maintenance program, the HYPER lab has tried
to keep maintenance oan annual or semesterly basis where feasible. This allows the lab to schedule
regular time at the beginning of each semester to ensure maintenance is up to date and perform
necessary inspections. In some cases, testing, inspection, and/or maintenaegaiisd more often or

on an asneeded basis.

This section describes required testing, inspection, and maintenansafiety and emergency
equipmentonly. Required testing, inspection, and/or maintenanc@fmanentequipmentassociated
with the site ismcluded in Sectiog.4.
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3.2.1. ANNUALMAINTENANCET ASKS

1 Hydrogen detector calibratiamhe hydrogen detector must be calibrated witho and 2%
hydrogen calibration bottles annually.

3.2.2. SEMESTERLWIAINTENANCETASKS

1 Check emergency flashlight batteri@&sure the emergency flashlight mountedtsidethe
office trailer doorhas working batteries by briefly turning on the flashlight. Ensure the flashlight
is turned off again when done.

9 Calibrate hydrogen detectors. Hydrogen detectors should be recalibrated with 1% and 2% by
volume calibrated hydrogen ixtures.

3.2.3. MONTHLYMAINTENANCETASKS

9 Fire extinguisher inspection. Fire Extinguishers shall be inspected perlQEPast once a
month while this site is in operatiofnspection shall include a check of the following:

(0]

O O O O

Location in the designated place

Visibility of the extinguisher

Access to the extinguisher

Pressure gauge reading or indicator is in the operable (green) condition.

Fullness determined by hefting

3.2.4. ASNEEDEDMAINTENANCETASKS

1 PPE Replacement. All PPE should be inspected every time beforedDae@aged or worn PPE
should not be usedyut rather discarded and replaced with new PPE.

1 Safety Documentation Update. Any changes to the site shall be coupled with a review of safety
documentation, including this Emergency PlHiwhanges to the safetyodumentation are
made, updated documents shall be printed and placed in the red safety binders oAlbiid
safety documentation should be discarded immediately to prevent it from being confused for
up-to-date information.
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4. HAZARD IDENTIFICATIONLABELING

Hazard identification labeling and safety warnings have been provided at several locations on the site.
Sectiord.1gives an overview of the types labeling present on the site and how to read them. The rest
of this chapter gives detailed information on the hazard labels placed at locations across the site.

4.1. HOW TO READ HAZARD LABELING

Most safety warnings and hazard labeling are-egfilanatory. Som of the standardized pictographs
and hazard information may require explanation and are described in this section.

4.1.1. GHSHAZARDPICTOGRAMS

The Global Harmonized System (GHS) for safedyhazard communications is a system developed by
the United Nations tetandardize safety pictograms and information such that they maynbeediately
recognizable anywhere in the worl@he followingGHSpictograms may be used on site to describe
hazards.

Pictogram Descriptionof LocationsOnsite Where PictogramMay Be Used
Pictogram

PhysicaHazards

GHSO02: Nearhydrogenstorageareas.Thisincludesgasbottle racksin the gas
Flammabé storageenclosureand liquid hydrogenor gaseousydrogenbuffer
storagein experimentson the site.

GHSO04: Neargaseousydrogen,helium,and/or nitrogenstorageareas This
Compressedsas | includesthe gasstorageenclosureaswell asbuffer storagevolumesin
experimentson site.

More informationon GHBJA OG 2 3INJF Y& YI @& 0SS F2dzyR G 2{!' Q& 9y DANI
here: https://ehs.wsu.edu/ohschemhazardcommunication/ohghspictograms/

4.1.2. NFPAHAZARDDIAMOND

The NFPA Hazard Diamond is a standardized method for describing hazards present, alescsiteed

in NFPA 704: Standard Systemtfoe Identification of the Hazards of Materials for Emergency Response
CKA& Aa |ftaz2 O2ftt2ldAaltte (1y2&yFyR Xa aRSFSHESR |j b2
emergency personnel an indication of the rigkssed by hazardous materials orethite.
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As can be seen in the diagram above, the left blue square represents a hazditu hthe upper red

square represents a fire hazard, and the right yellow squepeesents a reactivity hazard. The hazard
rating goes from low to high as numbers go from 0 to 4. A 0 in any square represents no hazard of that
type, while a 4 is very daagous. In the bottom white square, symbols represent specific information

that may be important tdirst responders, such as the presence of oxidizers, strong acids or bases,
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4 Deadly
3 Extreme danger

2 Hazardous

1 Slightly hazardous
0 Normal material

Health
hazard

Specific
hazard
OX  Oxidizer
ACID Acid
ALK Alkali

COR Corrosive
WY Use no water
7 & Radioactive

Flash points:

4 Below 73 °F

3 Below 100 °F

2 Above 100 °F not exceeding 200 °F
1 Above 200 °F

0 Will not burn

Reactivity

4 May detonate

3 Shock and heat may detonate
2 Violent chemical change

1 Unstable if heated

0 Stable

corrosive materialsyater reactive materials, or radioactive materials.

4.2. MAIN GATE INFORMATION

Theseveral signs angostedon the main rolling gate at the entrance to the sitgarningabout
authorizedpersonnelrequirements, the NFPA Hazard Diamond rating for the sitetlamdangerof
liquified hydrogenon site. For detailed desption of how to read the NFPA Hazard Diamond, see

section4.1.2 These signs indicate the following requirements:

1 Only authorized personnel may be present on site.

1 Nosmoking allowed on site.

1 No open flames of any kind on site.
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£.DO NOT ENTER
 AUTHORIZED
¥ PERSONNEL ONLY sz

%

’\ .\ﬁ\ & \’ P "; ¢
S ; o UWEFIED HYDIIOGE"
" / Suoxmo
\‘ FLAMES

4.3. GASBOTTLE STORAGEI DENTIFICATION

The several signs are posted on the main rolling gate at the entrance to the site, warning about
authorized personnel requirementandthe NFPA Hazard Diamond rating for the site. For detailed
description of how to read the NFPA Hazard Diamond, see sectid?2 These signs indicate the
following requirements:

1 Only authorized personnel may be present on site.

DAk X XX

¢ DO NOT ENTER

4" AUTHORIZED
8 ’PERSONNEL ONLY g

a \
. \ ¢ J /N /N
4 \ \ N\ ) N\ o\

4.4. HYDROGENVENT STACK INFORMATION

Hydrogen Vent Stacksealabeled with the sign below, reminding emergency response personnel that
water shouldneverbe sprayed at or down the vent stack when responding to a fire incident.

WARNINGASs signagéndicates, never spray water on a hydrogen vent stack discharge. Cold-4g8to
°F) gaseous hydrogen venting from the stack can instantly freeze water on the outlet and potentially
obstruct the discharge are&ven in cases where cold hydrogen is nospre, water can fill the vent
stack and cause an obstructiohn obstructed discharge can result inanderous pressure build in the
system equipment where there is no means to safely release the pressure.

Pagel5 of 89



} HYPER EMERGENCY PLAN
' Hydrogen Research Station

DO NOT SPRAY WATER

ONOR IN THE
VENT OPENING
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5. STE COMMUNICATIONSPLAN

5.1. PERSONNEL RAINING

Personnel must undergo certain trainings before being allowed on site, allowgeliorm workon sitg

or allowed to operate an experiment on sif€hese requirements are listed in the sections belaw

shall be reviewed prior to leaving for the site to ensureratjuired trainings have been methanges to
equipment being used, operations being performed, or hazardous materials located on site may change
the training requiremerg. [NFPA 2:4.11.2.7]

5.1.1. BEFOREVISITING THESTE

HYPER Lab personnel who need to visit the site must go through the HYPER Lab on boarding process and
complete all general HYPER Lab trainimgguding those required under the terms of their WSU
employment.Specific trainings ragred to visit this site include:

1 HazardCommunications Training. [NFPA 2:4.11.Tr2ining shall be provided to enable
personnelto recognize and identify hazards, including where compressed or liquified gasses are
stored, dispensed, handled, or used gite. Personnel shall also be trained where they can find
hazad safety information and how to understand such information and signage.

1 Emergency Plan. [NFPA 2:4.13] T.his document shall be providéal personnel, and they shall
understand its contentsas well as the emergency procedugesd Evacuation Plashescribed in
thisdocument.

Guests visiting the site must be accompanied by trained HYPER Lab personnel, and at minimum shall
have potential risks and dangers associated with the site explainedt.Buests should be informed
of evacuatiomprocedure andnstructed to evacuate the site in the event of an emergency.

5.1.2.BEFORBNORKING ON THSTE

Personnel working on this site must complete the requiremeattsve. In addition, they shall complete
additional trainings necessary to compldtee work they are intended to do on the site. This includes

1 Physical and Health Hazard Properties. [NFPA 2:4.1P2t2bnnel shall be trained in the
nature of the materials they are using, including possible physidaalth hazards and the
symptoms of acute or chronic exposure as provided by the Bidsshall include hydrogen and
compressed gas bottle safety trainings if either is to be present on site during the course of
work.

1 Dispensing, Using and Process[iNFPA 2:4.11.2.3] Personnel shall be trainetthénspecific
safeguards applicable to the dispensing, processing, or use of any materials or equipayent
will need to employ through the course of their work on site.

1 Actions in an Emergency. [NFPA 2:2H8] Personnel shall be trained in the necessary actions
to take in the event of an emergendycluding the operation and activation of emergency
controls prior to evacuation per the Evacuation Plan.
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5.1.3.BEFOREOPERATING ANEXPERIMENT ON THISTE

Personnel perating an experiment on this site must complete all requirements ablovaddition, they
shall complete additional training necessary to work with the hazardous materials necessary to operate
the experiment.

9 Storage. [NFPA 2:4.11.2.4] Personnel shaitdired in the storage arrangements and site
specific limitations on storage of hydrogen and other hazardous materials on site.

1 Transport (Handling). [NFPA 2:4.11.2.5] Personnel shall be trained in how to safely and properly
transport materials required for operating the experiment. This includes safe compressed gas
bottle transport, handling, and use.

9 Safety Plan. Personnel shiadive access to, and full understanding of Safety Plan developed
for the experiment. Personnel shall understand all operating and emergency proceiduties
Safety Plan. The Safety Plan must be up to datenatida currentapproval for use prior to
operation.

5.2. PROJECTLIAISONS

The followingsections list contact information for personnel trained to help emergency persamraei
AHJ to better understand this site aptbcedures to follow in the event of an emergency.

5.2.1. EMERGENCRESPONSEIAISON.S)

Emergncy Responskiaisons are persons trained and knowledgeabtlénlayout, hazards, safety
equipment, emergency procedures, and operatiorita$ site. These personnel are expected to be
capable otommunicatinghazards and emergency proceduassociatedvith this siteto emergency
personnel in the event of an emergency at the site

Emergency Responsgaisons are expected to be capable of the following: [NFRAR3.2]
1 Aid emergency responders in pptanning responses to emergencies at this site.
1 Identify locations where hazardous materials, including &td LH, are located

1 Have access to this document, including all relevant SDSs.

1

Be knowledgeable in the information contained in this documaruding all site emergency
response procedures.

Emergency Responsgaisondor this siteare:

Dr. Jacob Leachman

Email: jacob.leachman@wsu.edu
Cell Number: (208) 816288
Office Number: (509) 333711

Dr. lan Richardson

Emailiirichardsor@wsu.edu
Cell Number(360) 5098438
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5.2.2. EXPERIMENTAILLIAISON S)

ExperimentalLiaisons are persons trained and knowledgeable in the hazards, emergency procedures,
and operation ofan experiment or experiment(s) locatedtais site. These personnel are expected to

be capable of communicating hazards and emergency proesdassociatedith the experiment they

are operating athis site to emergency personnel in the event of an emergency at the site.

Experimental Liaisons are

Dr. lan Richardson
Email: irichardson@wsu.edu
Cell Number: (360) 568438
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6. EMERGENCYROCEDURES

This section details the expected emergency response in the event one of the following incidents occurs.
In the event of an emergency, always follow the evacuation plan to evacuategsamtial personnef

it is safe to do so. Personnel essential to the safe performance of emergency procedures should follow
the relevant emergency procedures if it is safe to do so. Following completion of emergency procedures,
these personnel should evacuate to a safgalice and await emergency responders.

These emergency procedures shall be printed and included in a red safety notebook mounted to the
inside of the door

6.1. EVACUATIONPLAN

In the event evacuation is required by the procedures in this section, in the emargeocedures for
the experiment being operated on site, or due to unsafe conditions on site the evacuation plan
diagramed below should be followeBeople should proceed in an orderly azalitiousmanner to exit
through the rolling gate. If unsafe conidihs are presenbetween you and the siteshelter in place
behind the steel storage container at the south end of the site until conditions improve.

1
\\
|
\ T
\ A\
/ﬁ\_] = LGAS BOTILE RACK
\
\_[IGHT & seci}mw CAMERA

/STORAGE CONTAINER

} TRANS MER-/(;
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6.2. FIRE

6.2.1. GENERALFIREINFORMATION

Hydrogen has a high flammability range and low energy of ignition. AsIH, rires are common and
expected in the event of hydrogen release or venting. A fire on the vent stack of any of the hydrogen
systems should be considered a design event and not an emergency.

The best way to stop an unintended hydrogen fire is to reenihe fuel source by shutting of the

hydrogen flow at the source valve. Attempts to extinguish a fire before the hydrogen source is shut off
or depleted is likely to cause reignition events and may create a detonation on reignition rather than
deflagration Cooling water may be used around the fire on the bulk tank and other equipment but
should not be used to extinguish the fire or aimed at the vent stack.

WARNINGAS signage at the site indicates, never spray water on a hydrogen ventigabkrge. Cold
(up to-423 °F) gaseous hydrogen venting from the stack can instantly freeze water on the outlet and
potentially obstruct the discharge area. An obstructed discharge can resultaingebus pressure build
in the system equipment where tine is no means to safely release the pressure.

6.2.2. NON-HYDROGENFIRE

In the event a fire occurs onsite or near the sitg,tb keep the fire away from areas containing
hydrogen In the event of danger, follo&rror! Reference source not founérror! Reference source
not found. to get to a safe distance and wait for emergency response.

9 Three fire extinguishers are available on silse these to try to put out a fire before it can near
hydrogen.

1 Inthe event of a fire, stop operation or venting of hydrogen equipment. Hydrogen generation
and hydrogen SOURCE VALVEs should be shut off if possible until the fire is dealt with.

6.2.3.HYDROGENFRE

In the event a hydrogen fire occurs in the onsite equipment, follow the emergency fire procedures
specified in the Safety Plan of the associated equipment. In the event of danger, EshowReference
source not found Error! Reference source not fountb get to a safe distance and wait for emergency
response.

9 |Ifitis safe and possible to do so, shuttbe SQRCE VALVE and any hydrogen generation
onsite in order tostarve the fire of fuel.

1 Be aware that hydrogen flame can be invisible, especially in bright dayHgttogen also has
little radiant heat, meaning you can get very close to a flame without iegliZreat all
hydrogen handling equipment as potentially dangerous in the event of a fire.

6.3. HYDROGEN_EAK INONSITEEQUIPMENT

In the event a hydrogen leak is detected, follow the procedures specified in the Safety Plan of the
associated equipment. In thevent of danger, follovError! Reference source not foundtrror!
Referencesource not foundto get to a safe distance and wait for emergency respoAdeakis likely

to be detected by thdnydrogen detector on site. Site procedure for respondingydrogen detected by
this detectoris as follows:
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1 1-2% Hydrogen by volume: Detector will initiate an alaonmdicate the presence of hydrogen.
Personnel should be aware of this and monitor the situation. If venting, or otherwise releasing
hydrogenintentionally, theintentionalhydrogenrelease sbuld ceaseuntil the detector has
verified hydrogen concentration has fallen below 1% by volume. Care should be tken if
hydrogen release is restarted to avoid tripping the alarm again.

1 2-4%hydrogen by volume. Detector will continue the ataand will activate an automated
shutoff of the hydrogen source valves in the onsite hydrogen storage. Any other hydrogen
source or generation should be shut off. Personnel should prepare for evacuation of the site if
the situation does not improve.

1 4+% hyrogen by volume. A hydrogen fire is now a likely event anditeeshall be evacuated.
6.4. WEATHEREVENTS

6.4.1.LIGHINING

In the event of a nearby lightning storm, the equipment should not be operateduHt & currently in
progress, all additional work shoub&é postponed until the storm abateElectrical storms could hit the
vent stacks on site, causing the potential for dangerous conditionshyanpgen leak is at an increased
risk of igniting in these conditions.

6.4.2. TEMPERATURIEXTREMES

Work should not be pgormed inextreme weather with the potential to cause harm to personnel. The
temperature limits for work on this site are below.

6.4.2.1. HIGHTEMPERATURES

Work shall not be performed on site in temperatures exceeding BEMhen work is being performed
on this sie at high temperatures below this limit, water and electrolytes shall be made available to
ensure personnel stay hydrateBroper care should be taken to avoid sunburn, heat exhaustion, and
other dangerous conditions that can occur when working in hotiemments.

6.4.2.2.LOWTEMPERATURES

Work shall not be performed on site in temperatures belowA.3Vhen work is being performed on this
site at low temperatures above this limit, proper winter clothing should be weansonnel should
consider that this site ilatively unsheltered and exposed to wind, conditions can seem colder than
other parts of campus.
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7. SAFETYDATA SHEETS

Thesafety data sheets for hazardous materials used at this site are listed in Appendix B. SDS may be
found for the following materials:

1 Gaseous Helium
1 Gaseous Hydrogen
9 Liquid Hydrogen

T Methanol

1 Acetone

1 409®

T Windex®

A complete list of all the SDS for the eatifYPER lab may be found in TFRB 108B, above the chemical
cabinet. SDSs are also stored in the files for the Safety Channel on Microsoft Teams.
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8. CHANGELOG

8.1. 2020-01-14 Z DOCUMENTADAPTATION

This document has been adapted from thecemberl2™, 2019 revision of thitHGUSafety Plary
The Protium Company under WSU Contract 28%h2 formatting of the document was kept from the
MHGU Safety Plan, howeve contents have been updated to metbie guidelines ilNFPA 2:
Hydrogen Technologies Co@820 Editiorsection 4.6.

8.2. 2020-02-27 7 NAME CHANGE FINALIZATION

This document has changed name from the-BGRYO Outdoor Test Center to the HYPER Hydrogen

Research Station, and the corresponding docotmaimber has changed to HYRERHRS001. This is
toNBLINS&ASY(l GKS aAGS Y2NB dzyAF2Nyfe | ONpaa Fff 27
review with Dr. Jake Leachmand arising from site/MHGU HAZOP procsese tweakedand added

across the document téinalize the initial revision of thidocument.SDS documents were moved to

AppendixB, while the list o5DS made available was kept in chapter 7.
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APPENDIXA: REFERENCEJTATIONS

A.1 STANDARDS USED

The following standards have been used in creating this docuaradthe emergency procedures
developed for this siteShortened abbreviations for theference of eaclstandardare given in square
brackets before each standard in the list.

1
1

= =/ =4 =4

[CGA &.5]CGA &.51 2014:Hydrogen Vengystems

[CGA 4.1]CGAS1.11 2019: Pressure Relief Device Standarddart I Cylinders for
Compressed Gases

[CGA 4.2]CGA 4.2t 2019: Pressure Relief Device Standaréart 2 Portable Containers
for Compressed Gasses

[GGA 81.3]CGAS1.3t 2008: Pressure Relief Device Standarélart 3 Stationary Storage
Containers for Compressed Gasses

[NFPA 2NFPA 2: Hydrogen Technologies Code, 2020 Edition
[NFPA 10NFPA 10Standard for Portable Fire Extinguishers, 2018 Edition
[NFPA 55NFPA 55: Compressed Gases and Cryogenic FluigQ2a&dition

[NFPA 704NFPA 704: Standard System for thentdieation of the Hazards of Materials for
Emergency Responsz017 Edition

[NFPA 2112FPA 2112Standard on FlamResistant Clothing for Protection of Industrial
Personnel Against Sheturation Thermal Exposures from FR618 Edition

[NFPA 2113NFFA 2113: Standard on Selection, Care, Use, and Maintenance ofRissistant
Garments for Protection of Industrial Personnel Against Sharation Thermal Exposures from
Firg 2020 Edition
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APPENDIXB: SAFETYDATA SHEETS(SD )
B.1 HELIUMSDS

Safety Data Sheet

Helium

\VANCED SPECIALTY GASES®

www.advancedspecialtygases.com

Section 1: Product and Company Identification

Advanced Specialty Gases
135 Catron Dr. Reno, NV 89512
775-356-5500

Product Code: Helium

Section 2: Hazards Identification

Warning

Hazard Classification:
Gases Under Pressure

Hazard Statements:
Contains gas under pressure; may explode if heated

Precautionary Statements

Storage:
Protect from sunlight.
Store in well-ventilated place.

Section 3: Composition/Information on Ingredients

| Chemical Substance | Chemical Family | Trade Names |

Advanced Specialty Gases page 1 of 4
Generated by the SDS Manager from AsteRisk, LLC. All Rights Reserved Generated: 11/18/2015 18:50:54
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