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- Introduction

- Hydrogen leak

- Detection methods

- Aviation legislation and recommendations
- Importance of visual inspection on aircraft
- Hydrogen detection tape Is a solution

- Case study
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Hydrogen Leakc Safety Concerns

Hydrogen has the lowest volumetric energy densitgmpressed to high pressure (350/700 BAR) or
Liquified (253 C).

Leaks are Hard to Detedtlydrogen is odourless, colourless and tasteless!
Highly flammable rangdgnition can occur at a volumetric ratio of hydrogen to air between 4%o

Low ignition energyHydrogenair mixtures can ignite with 1/10 the effort of igniting gasolirair
mixtures.

Hrst element of the periodic tableExtremely light and very buoyant
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Important elements in the design of safe
hydrogen systems.

Safe Use of Hydrogen | Department of Energy



https://www.energy.gov/eere/fuelcells/safe-use-hydrogen
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Revenue losse
Shutdown losses
Incidents damage losses
Performance losses
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Hydrogen Leak- Environmental Damage Wjerot

Hydrogen is a potent indirect greenhouse  gas, its leakages could undermine
the climate benefits of decarbonisation efforts.

1 kg of leaked hydrogen has an greenhouse gas effect equivalent to
15 0 37 kg of CO,

15-37 kg
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Whereisthe Poblem?

Many potential leak point s Hard to find the exact location of the leak

BT R ~
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Robust sensors for hydrogen leak
detection IS verymportant

Key challenges associated with hydrogen sensors are

- Response time - Durabillity
- Sensitivity - Accuracy
- Localization - Cost

- Functionality :
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Common Hydrogen LeakDetedion Methods

Ultrasonic leak Imaging Thermal / Infrared Cameras
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ap
Leak Detection Sensor for Fuel Cell Vehicles

NniISSHaAa

supply @ Nissha FIS, Inc.
immediately if

: Also used
hyd:’cz::ltlezak = at hydrogen- '

filling stations

Thermal
conductive sensor
that detects hydrogen
leaks with high degree

of sensitivity without
degradation of
sensitivity

air Q2 >>> =
Hydrogen leak

detection sensor
—
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The most important components in a hydrogen aircraft are:
A LH2 fuel system for the distribution, vaporization, and

Afact- basedstudyofhdrogenfe"" : ' . ) .
economics, and climateimpact by 2050 . feeding of LH2 to the fuel cells or turbines: LH2 requires

| . cryogenic cooling down to 20 degrees Kelvin. These

temperatures must be handled by pipes, valves, and
compressors; boebff needs to be kept lovgnd leakage and
embrittlement of material avoided

Component engineering: Safe and reliable LH2 storage,
distribution, and propulsion

Reliable and optimized LH2 system layout with redundancy,
highly durable componentkeakage and venting management,
and optimized point of vaporizatignncluding certification
procedures adapted to LH2 equipment standards.

Clean Sky:z
12
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IATA

~ACT SHEET 7:

_iquid hydrogen as a potential low-
carbon fuel for aviation

The hydrogen flame is invisiblend the gas is odorless making it difficult to detect leaks
or to fight a hydrogen fire if it that cannot be seen. Since H2 is such a small molecule
leaking through cracks or pores is a possibility if the tank is not properly insulated, an
this is associated to a higher risk due to the reasons outlined before, demonstrating
that proper insulation is fundamental.

IATA Fact She@019
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https://www.iata.org/contentassets/d13875e9ed784f75bac90f000760e998/fact_sheet7-hydrogen-fact-sheet_072020.pdf
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= Q FINANCIAL TIMES

HOME WORLD UK COMPANIES TECH MARKETS CLIMATE OPINION WORK & CAREERS LIFE & ARTS HTSI

Special Report Aerospace and Defence

Aerospace & Defence . 5 . .
Planemakers step up hydrogen tests in push to Mathias Andriamisaing head of

clean aviation the zero emissiordemonstrator

Investment in sustainable fuel technology will be critical o achieving zero-emissions by p rog ram m eat AI rb us

2050, say executives

o
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storing the hydrogen inside the

F ANODNI FOd a2S yS
demonstrate it is possible to

safely transport hydrogen on an
aeroplane We need to be able

to manage things like leaks a
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DOT/FAA/ITC-19/16

Federal Aviation Administration
William J. Hughes Technical Center
Aviation Research Division

Atlantic City International Airport
New Jersey 08405

Energy Supply Device Aviation

Rulemaking Committee

April 2019
Final Report
This document is available to the U.S. public

through the National Technical Information
Services (NTIS), Springfield, Virginia 22161.

This document is also available from the
Federal Aviation Administration William J. Hughes
Technical Center at actlibrary.tc.faa.gov.

A

U.8. Department of Transportation
Federal Aviation Administration

E.5.1 Emergency Power System Aircraft Interfaces

All the interfaces to the aircraft are summarized in Table 15. This system is classified as Critical
to the aircraft, but the overall level of integration is probably less than an APU, depending on
the oxygen supply and the heat rejection.

Table 15. Emergency Power Interface Descriptions and Applicable Standards

Interface Type Interface Description Applicable Standards®, 25.XXXX

Emergency bus 115V AC, 28V DC
3 1351, 1353, 1357, 1431, 1301, 1309,
Electrical System Batteries on emergency power bus used for | 15 "130c 1362

starting and recharged when operational

Cockpit interface control and monitoring to
include power On/Off/Standby and
Warnings of Hz leaks, fuel capacity
(calculated and reported by system)

Controls Indicators 1302, 1322, 1357(f),

Interface Type Interface Description Applicable Standards*, 25.XXXX

Maintenance computers, bit, health
monitoring

External low pressure Ha vent, external drain

2 , 1317, 851, 831,
(ODA with water vapor), 1301, 1309, 899, 1316, 1317, 851, 831

869 modified, 1183, 1185, 1187, 863

External Safet: Box sufroundsystem modified, 865, 17xx, fire detection and
% ¥ Venting may occur after use on ground suppression regs, looking at new regs for
Hydrogen leak detection/monitoring wz21eak detection on aircraft, Hz

losion reg,
Fire detection and suppression eXponone

Periodic coolant checks and replacement, air
filter, maintenance log for bit

Maintenance Refueling total 100Ib approx., may need 1529, 1729, 21.50,
tooling or split to smaller canisters

External H; input for system test

E.3.2.3 Medevac Aircraft Interfaces

Table 13. Medevac Interface Description Summary (example of stand-alone power)

Interface Type Interface Description Summary Applicable Standards® § 25.XXXX

Dedicated wire harness, routed through the
aircraft. Subject to applicable CFR/CS part 25
EWIS regulations, with no other connection to | 1301, 1309, 1351, 1353, 1357, 1360,
any other electrical system on the aircraft. 1365, 17XX

Internal battery for self-starting and
monitoring.

Electrical System

System health indicator and emergency
shutoff needed on flight deck. Medical crew
will operate the fuel cell system from a control
panel located on the fuel cell in the cabin.

Controls Indicators 1322

System is contained within an enclosure. H:
leakage monitoring in enclosure. Hz venting
line from system needs accommodation to
outside of aircraft.

1309, 1316, 581 or 954 (for the
venting outside), 899, 17XX, 851, 831,
1183, 1185, 863, 865

External Safety

Protium

Technologies
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Quantifying the Hazard

Leak:Refers to a leak in the hydrogen system. The consequencesigh aressurdeak are more
hazardous than &w pressurdeak.

Low Leakage (0 to 25% LH1f% volumetric Htoncentration
Medium Leakage (25 to 50% LH)to 2% volumetric Honcentration).
High Leakage (>50% LHER2%) volumetric Honcentration).

F.2.2.2 Microflames

A small leak in a hydrogen system could ignite, burn undetected for a long time, and potentially
degrade surrounding materials or ignite any hydrogen release that may occur nearby (Butler et
al., 2009). Hydrogen leaks can support combustion at flow rates much lower than leaks of other
gaseous fuels.

16



'II | Protium

eeeeeeeeeeee

@ Mitigating the Leak Hazard
F.6 OPERATIONAL AND MAINTENANCE HAZARDS

Maintenance procedures should also be developed accordigg g5.1529
and 25.1729 to ensure proper maintenance for safe continued operation of

FCS.

For instance, In these maintenance procedures could be included

- Periodicallycheck all connections in the hydrogen fuel system feaks

- Leakchecks should also be conducted after repair or replacement of any
fuel system lines or valves.
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@ Mitigating the Leak Hazard
F.2.2.6 Hydrogen Detonation Mitigation

As a good practice, the higiressure line should be minimizethe
release duration, due tdhe time required to detect the lealand
operate the valve should be reduced as much as possible. The leak
detection time and time of shutting down hydrogen supply line is
therefore a critical parameter for safety.

Hazardous AreaDefined as an area or space in which a hazardous condition, such as an explosive gas
atmosphere may be present in such quantities as to require precautions for the construction, installation and
use of apparatus, in order to comply with the intended applications for civil aircraft. Refer to IEC 60079
Standards family.
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Safetyc Hydrogen Leak Check

- Periodicallycheck all connections in the hydrogen fuel system feaks

- Leakchecks to be conducted after repair or replacement of any fuel
system lines or valves.

- Leakidentification after positive gas leakage warning

System must beactiveand hydrogen is flowing

ThisA Yy ONBIF 85a GKS 2LISN} G§2NRa SE
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Laurchof b | { Hyfragen Detedion Tape

Advancing Safety with Color-Change Hydrogen Detection Tape

Space Shuttle Endeavor arrives at launch
P Ty S O pad 39A on August 9, 2007 in preparation
T — for mission STS-118. A leak developed in
the Orbiter Midbody Umbilical Unit, or
OMBUU (inset ), which loads liquid
hydrogen and liquid oxygen into the

spacecraftd fuel cells.

A color-changing hydrogen-detection
tape, seen in b eige, which was developed
by Kennedy Space Center and the University
of Central Florida in the mid-2000s, was
applied to the OMBUU and helped to detect
the leak8 source. The technology went on to
be used for every subsequent Shuttle launch
up until STS 134, the programa

penultimate misson. 20

https//spinoff.nasa.gov/Spind2016/ps 5.html
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HAnHHY ARTEMISRIBogan Leak

\J

The Telearaph 4% CNBC SWINEWS
grap z\

ARTEMIS

e Mokt Voot s NASA working to repair fuel leak on Artemis 1: NASA moon launch
Artemis 1 launch: Nasa b}lllgle§ s?cond moon rocket and plans to launch postponed after hydrogen leak
attempt at grOUlldbreaklng lnISSIOI] to Anemis miSSion Iater this month Its first mission, a 42-day uncrewed flight around the moon, will test the huge rocket

MOOI] and the Orion spacecraft that astronauts will eventually travel in.
f VY inm

” Michael Shoets

(f share ) (W) (D) . .
~ d —— Save o
: R s s e i s . | i heotia e - R
POINTS this month, but needs o clear a series of obstacles. poss | .

* The agency's team aims to complete the removal and replacement of faulty seals on
the rocket’s fusling system by the end of Thursday.
[

* NASA needs a waiver from the US. Space Force in order to launch on its requested

next target dates of Sept. 23 and Sept. 27, 3
¥

TRENDING NOW

Here are the side effects
£ to expect from your P ANy
¥ omicron-specific Covid b~

booster shot
b

Ukraine moving ‘towards
victory, Zelenskyy says:

reciaimed territory

Nasdaq cioses higher on
Waednesday as stocks B T

stabilize following
massive seil-off #

m
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Nitto

Innovation for Customers

Nitto DX-2106H Hydrogen Detectio n Tape =

et S
/7

Hydrogen

Detection Tape

Protium

Technolo gies
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Hydrogen

Detection Tape

SAFETY LIES IN YOUR HANDS
A BLANKET OF PROTECTION WITH H2 LEAK DETECTION
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Innovative Hydrogeheak Location Detector

"Hidentifies the leak& location with a visible and permanent color change.
"HProactively detects hydrogen leaks
"HEasyto check vertical and bottom faces Nitto

"HSafer to detect leak Silicone adhesive layer with H,
detection pigment y

Hydrogen
Detection Tape

. will permanently

- change color,

even when Before After

the flow of
hydrogen gas
has stopped.

1mil Polyimide backing




Cola-Changing Adhesivelape
Product : DX-2106H

Nitto Hydroge n Detection Tape

0 Can detect aslittle as1% H, (99% Air or N, )

d Wide operating temperature range (- 70AC to 100AC)

Time (hr)

Time to reach to 85% color change vs. Temp.
100% H2, Flow rate 6ml/min, 30ml vial

-20 0 20 40

Temperature (°C)
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80
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% Level of Color Change

100

80

60

40

20

0

.

/

/

ﬁ i 4

‘/ /'//

| ¥
A/ //(
{‘/

0 5 10 15 20 25 30
® 100% H2 A 3% H2in Air * 2%H2 in Air 1% H2 in Air

35 (hrs)
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RecommendetUsage

Nitto DX-2106H Hydrogen Detection Tape
Butterfly application method

Hydrogen

Detection Tape

Before leak  After/
detection dete(

Nitto
DX-2106H

NITTO HYDROGEN DETECTION TAPE

APPLICATION TECHNIQUES

Protium

Technologies

Application Manual

Updated: February 2020 This manual replaces all previous versions

Ensure that the substrate surface is clean, dry and free of any

debris, oils, loose particles, etc.

Nitto's hydrogen detection tape is a Pressure Sensitive Adhesive [
(PSA) tape and requires pressure applied by hand or roller. v
Not every situation will allow for DX-2106H to be easily
wrapped around the substrate. In challenging areas, apply DX-
2106H using the “Butterfly Wrap” (shown right) method. This
not only will help encapsulate the surface, but it also helps with
preventing any escape route for hydrogen gas, thereby allowing
you to identify a potential leak.

Wrinkles or pop-ups, when applying the tape, may cause the
color-change more easily. This can be recognized because the
color-changed area will become irregular, which allows for
leaking gas to contact more of the tape.

To see contrast of the color-changed area versus the non-changed area, apply tape around an area
larger than the expected leak location. If the color of the whole tape is changed, it may be difficultto
recognize the leak point. It is better to apply the tape over a wider area.

PRECAUTION REMINDER

This product is intended for use as a localized hydrogen gas indicator and should be used as part of a
comprehensive gas detection system. Note: It is not able to prevent gasleaks.

Color change speed depends on hydrogen gas % concentration, flow rate, and temperature. Higher
concentration, flow rate, and temperature cause a faster color-change. 1% hydrogen balance in 99% air
may not cause a change in color, depending on the condition.

Although this tape has been tested for its hydrogen gas detection ability under 60°C, 40°C x 95%RH and
-5°C for 3 months or more, the product is only warrantied to conform to speciation’s defined by Nitto.
When a color-change is observed, it is highly recommended to recheck for hydrogen gas leak with a
hydrogen gas detector.

Under high temperatures (~ 200°C/ 392°F), organic materials including but not limited to finger prints
adsorb on the adhesive surface and can generate gases that may potentially cause the tape to change
color.

“Spot” color-change may be observed under high temperature conditions or after long term outside UV
exposure (shown right). A “Spot” color-change is not caused by a hydrogen gas leak. In case of a gas
leak, an “area” color-change is observed.

“Spot” color change example

25
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AHE° Powea Sation FieldTrial Results

Obijecti ve: Deploy and observe Nitto DX-2106H Hydrogen
Leak Detection Tape at critical and potential leak locations
for preventati ve maintenance and contin uous monitoring

Test Period: 90 Days 6 Active Engagement and Auditing
Initi al Tape Installation Date: 04/18/2019

A Number of Applied Locations: 22
A Number of Applied Tape Areas: 44
A Timeto Install: 120 minutes

PUBLIC SERVICE

— COMPANY OF
ltto OKLAHOMA

An AEP Company

BOUNDLESS ENERGY™ 26
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AEP Field Trial Application Locations

Power Facility Application Areas & Examples:

Inside Distribution

A H, Bulk Sorage Area

A Pressure / Purity Monitoring Cabinets Nitto

A Inside Distribution and Critical Piping

A H,How Meters PUBLIC SERVICE
COMPANY OF

A Generator Belly OKLAHOMA

A H, Coolers & Dryers ——

A Various Hange Connections / Valves/ Fttings/ Bc.

—_— —-m ==

Bulk Sorage

s




P - Locaton # 2 Hydroga Purity (Unit 4)

A ocation: UPPER Flange

A eak Indicated (04/19)

Hange tightened and tape
reapplied

Protium

Technologies

A Location: LOWER Flange
A Leak Indicated ( 04/19)

Hange tightened and tape
reapplied. >> Leak
Indicated at audit (04/22)

Nitto

PUBLIC SERVICE
COMPANY OF
OKLAHOMA

An AEP Company

BOUNDLESS ENERGY™

28
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ARP - Locaton # 3 Hydroge Didribution Pigng (Unt 4)

A Location: Indoor

= 4

N

mk"‘»""

S “_"?%-" Ile—‘-‘l ;. ® s

A Leak Indicated ( 06/14 )

b
2

F
N
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-~ o '& G |

W e
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o — )
| © —
E V/ Nitto
WE 1/
A OKLAHOMA

BOUNDLESS ENERGY"

»
s
]
A
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P - Locaton # 9 Unt 1 Hydroga Cooler

A ocation: Indoor

Protium

Technologies

A eak Indicated ( 06/1 3)
A Hand held sensors used to verify

hydrogen leak

Nitto

PUBLIC SERVICE
COMPANY OF
OKLAHOMA

An AEP Company
BOUNDLESS ENERGY™
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P - |_ocaton # 16 Flarge to Undergrouml Pigng

A Leak indicated on 05/24

A HRange addressed and tape reapplied

A Leak source mitigated during 06/14 audit
A Pipe Temp: 77.2 Deg. F

PUBLIC SERVICE

- COMPANY OF
Nitto L=
BOUNDLESS ENERGY™
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AHRP- Locaton # 16 Flarge to Undergrouml Pigng

Nitto

A Date: 05/03
A Moisture bubbles observed

following recent heavy rain A Moistu re bubbles noticed following recent PUBLIC SERVICE
storms heavy rain storms (05/03) ORLAHOMA
A Sanding water inside flange ( enclosed by e

tape ) 0 Sill effective for H, detection
32
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AEP - Location # 18 Flange fro m Underground to Feed Generator
- A Leak Indicated (05/31)

Action:

A Hand held monitor from distance ( 1 3 8lo ihdication
A Made hole in tape and moni tored again 8 Leak Indicated

Operator Feedback ( P Mendoza o Riverside

" Tape had changed color again. |went around the tape with two different
"~ gasdetectarsand did n get any alarms.| poked a hole in the tape and

) cheded with both monitors. Theyellow monitor is what the operators usually
use to look for hydrogen leaks.The monitor did n &arm when it was a foot
or so away from the flange. When | placed the monitor next to the hole |
made, it alarmed. When it was away from the flange, there were no alarms.
Placed next to the hole | made, it alarmed. The tape was then removed,
and | tried to find a leak with snoop. No bubble s. Once the testing was
completed, new tape was installed.

PUBLIC SERVICE

- COMPANY OF
.tt OKLAHOMA
o 33
BOUNDLESS ENERGY™
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AP FieldTrial ummary

Init ial ( 90 Day ) Results: (44 ) Locatons Applied 8 ( 9 ) with positive Hydrogen leak indication

20.45%Positve Hydrogen leak indication

Nitto

PUBLIC SERVICE
COMPANY OF
OKLAHOMA

EEEEEEEEEEEEEEEE
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DX Tape 0 Low Temp. Exposure Test

A Location Details: Hydrogen Facility Vent System & The purge connection on vent line. DX-2106H
applied directly where no possible leak would occur adjacent to connection. Trailer pressurized
to 20 PSIG and vented through line.

Time:0min./ 82Deg. K28 £) Time:2min./ 20Deg.F(-7 £)



