National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE

ALTERNATIVE METHODS AND MATERIALS ANALYSIS
INFLATION OF WEATHER BALLOONS
WITH HYDROGEN GAS
FIRE PROTECTION ENGINEER REPORT
for the

NATIONAL WEATHER SERVICE
UPPER AIR INFLATION BUILDING

Weather Service Office, Majuro
Long Island Rd., Rairok
PO Box 78
Majuro, MH 96960
Marshall Islands

Prepared by:

FP2FIRE, INC
1140 Indian Peak Road, Golden, CO 80403
303-642-3547

Revision 1
July 31, 2016
Prepared by:

Reviewed by:

Martin T Gresho, FPE
FP2FIRE

Scott M. Heyworth, FPE
FP2FIRE

Revision
0
1

Description
Original Issue
Revised per NWS comments, HOGEN room ventilation rate, discussion of venting H2 storage
vessel, and other editorial changes.

2

Page 1 of 67

Date
06/16/2016
07/31/2016

National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE
CONTENTS
1.

EXECUTIVE SUMMARY ...................................................................................5

2.

PURPOSE ...............................................................................................................5

3.

REGULATORY DRIVERS ..................................................................................6

4.

SCOPE ....................................................................................................................7

5.

BACKGROUND ....................................................................................................9

6.

ANALYSIS ............................................................................................................10
6.1 UPPER AIR INFLATION BUILDING DESCRIPTION................................10
6.2 JUSTIFICATION ............................................................................................26
6.2.1 Hydrogen Leak Prior to Balloon .......................................................30
6.2.2 Balloon Leak/Burst During Filling ...................................................31
6.2.3 Balloon Leak/Burst After Filling During Handling Prior to Release31
6.3 STAFF TRAINING & QUALIFICATIONS ...................................................32
6.4 DESCRIPTION OF PROPOSED ALTERNATIVE (EQUIVALENT) METHODS
AND MATERIALS ...................................................................................32
6.4.1 Storage of Hydrogen .........................................................................32
6.4.2 Hydrogen Generation Equipment .....................................................33
6.4.3 Ventilation.........................................................................................33
6.5 APPLICABLE CODE REQUIREMENTS......................................................33

7. DURATION AND BENEFIT.....................................................................................34
7.1 DURATION OF PROPOSED AMM ..............................................................34
7.2 BENEFIT .........................................................................................................34
8. OTHER REQUIREMENTS ......................................................................................34
8.1 AUTOMATIC FIRE SPRINKLER SYSTEM ................................................34
8.1.1 Requirements ....................................................................................34
8.1.2 Compliance .......................................................................................35
8.2 FIRE ALARM SYSTEM .................................................................................35
8.2.1 Requirements ....................................................................................35
8.2.2 Compliance .......................................................................................35
8.3 PORTABLE FIRE EXTINGUISHERS ...........................................................35
8.3.1 Requirements ....................................................................................35
8.3.2 Compliance .......................................................................................35
8.4 EXPLOSION CONTROL ...............................................................................36
8.4.1 Requirements ....................................................................................36
8.4.2 Compliance .......................................................................................36
8.5 VENTILATION ...............................................................................................37
8.5.1 Requirements ....................................................................................37
8.5.2 Compliance .......................................................................................38
8.6 ELECTRICAL CLASSIFICATION ................................................................38
8.6.1 Requirements ....................................................................................38
8.6.2 Compliance .......................................................................................40
Page 2 of 67

National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE
8.7 EGRESS REQUIREMENTS ...........................................................................40
8.7.1 Requirements ....................................................................................40
8.7.2 Compliance .......................................................................................40
8.8 EXCESS FLOW CONTROL REQUIREMENTS ..........................................40
8.8.1 Requirements ....................................................................................40
8.8.2 Compliance .......................................................................................41
8.8 OTHER REQUIREMENTS AND ISSUES ....................................................41
9. CONCLUSIONS .........................................................................................................43
SUMMARY OF REQUIREMENTS ..................................................................43
SUMMARY OF FINDINGS ...............................................................................45
APPENDIX A – AUTHOR QUALIFICATIONS .........................................................62
APPENDIX B – BUDGET ESTIMATE FOR MAJURO UAIB ......................................63
APPENDIX C – EXAMPLE OF HMIS & HMMP ...........................................................65

Page 3 of 67

National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE
TERMS
AHJ
AMM
ASME
BOM
CFR
CGA
DOT
FPE
GH2
GMT
HISS
HMEx
HMIS
HMMP
IBC
IFC
IFGC
ITM
LFL
MAQ
MAWP
MFM
NBIC
NEC
NFPA
NTP
NWS
O&M
P&ID
STP
UAIB
UAS
UFL
U.S.
UTC
WSO

authority having jurisdiction
alternative methods and materials
American Society of Mechanical Engineers
Bill of Materials
Code of Federal Regulations
Compressed Gas Association
U.S. Department of Transportation
Fire Protection Engineer
gaseous hydrogen
Greenwich Mean Time
hydrogen installation safety system
Hazardous Materials Expert
Hazardous Material Inventory Statement
Hazardous Material Management Plan
International Building Code
International Fire Code
International Fuel Gas Code
inspection, testing and maintenance
lower flammability limit
maximum allowable quantity
maximum allowable working pressure
mass flow meter
National Board Inspection Code
National Electrical Code
National Fire Protection Association
normal temperature and pressure
National Weather Service
Operation and Maintenance
Piping and Instrumentation Diagram
standard temperature and pressure
Upper Air Inflation Building
Upper Air Station
upper flammability limit
United States
Coordinated Universal Time
Weather Service Office
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1. EXECUTIVE SUMMARY
This report serves as an Alternative Methods and Materials (AMM) report to justify filling of
balloons with gaseous hydrogen (GH2) at the Majuro National Weather Service (NWS) Upper
Air Inflation Building (UAIB) located on the island of Majuro, in the Marshall Islands. The
AMM request is an important step in the process toward converting this site from a noncompliant state to a code-compliant state by justifying the use of hydrogen as a fill gas.
Brief Summary of Steps for the Conversion Process
1. The AMM (this report) justifies filling balloons with a flammable gas – hydrogen.
2. The AMM contains requirements for installing key active engineered features as a
primary part of the justification.
3. If the site decides to implement a conversion as described herein, the AMM should be
provided to the local approving authorities for review/approval along with the final
design documentation package for the modifications at the site.
4. Keeping this AMM report together with the design package is logical and recommended.
5. The engineered features described herein (if implemented) shall be developed, approved,
installed, commissioned, maintained, and documented.
6. The current installation is not code compliant and uses both helium and hydrogen.
7. Cost estimate is $50K for the engineered upgrades and specialty parts assuming that the
regional NWS construction staff performs the installation (costs not included) with 1
week of on-sight installation oversight by an FP2 Fire Protection Engineer (FPE)
followed by commissioning of the system and training of the local operators.
2. PURPOSE
Filling balloons with hydrogen is not in compliance with prescriptive requirements of the
applicable codes. This report provides the technical basis for an AMM request, as allowed by
the International Fire Code (IFC), to fill weather balloons with hydrogen gas at the NWS UAIB
at Majuro, as shown in Figure 1.
2015 IFC §104.6.4 Administrative. Application for modification, alternative methods or materials and the
final decision of the fire code official shall be in writing and shall be officially recorded in the permanent
records of the fire code official.
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FIGURE 1 – Location of UAIB on NWS Majuro Site1

3. REGULATORY DRIVERS
The Fire Code authority having jurisdiction (AHJ) for fire prevention at this NWS Site is
primarily the NWS itself using the concept of “self-governance.” The local Majuro Fire
Department focuses its resources on operational emergency responses and does not provide fire
prevention and code compliance regulation and enforcement at the NWS site. While this
approach appears markedly different from the regulatory model prevalent in the United States
(U.S.) where the Fire Code AHJ is typically associated with the local fire department, it is a
common approach at facilities located in remote areas of the U.S., especially for governmental
installations.
The NWS utilizes current fire and building codes at the Majuro, Weather Service Office (WSO)
to provide a level of fire safety equivalent to that provided in facilities located within the U.S.
Accordingly, the 2015 IFC and 2015 International Building Code (IBC) as well as the current
editions of applicable Codes and Standards published by the National Fire Protection Association
(NFPA) will be utilized for this analysis.
The 2015 IFC prohibits the filling of balloons with hydrogen:
2015 IFC §5305.8 Use of compressed gas for inflation. Inflatable equipment, devices or balloons shall
only be pressurized or filled with compressed air or inert gases.
1

Image from Google Earth.
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Similarly, both 2016 NFPA 2, Hydrogen Technologies Code, and 2016 NFPA 55, Compressed
Gases and Cryogenic Fluids Code contain requirements that prohibit filling balloons with
hydrogen.
NFPA 2 §7.1.22 Use of GH2 for Inflation. Inflatable equipment, devices, or balloons shall not be
pressurized or filled with GH2.
NFPA 55 §7.3.1.10 Use of Compressed Gases for Inflation. Inflatable equipment, devices, or balloons
shall only be pressurized or filled with compressed air or inert gases.

While these codes are applicable and do prohibit filling of balloons with hydrogen, alternate
approaches are also acceptable when specifically justified. This report provides a technical
justification for filling weather balloons with hydrogen for the purpose of lifting radiosondes into
the upper atmosphere at the Majuro WSO located in Majuro, Marshall Islands.
4. SCOPE
This AMM justification applies to the UAIB at the Majuro WSO located in Majuro, Marshall
Islands. Majuro is located in the Western Pacific as shown on the Google earth images in Figure
2.
This report does not provide a detailed design for modifications that will be required to perform
balloon inflations with hydrogen in accordance with this analysis. However, many key code
requirements for such a project are identified.
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FIGURE 2 – Relative Locations of Majuro and Majuro WSO2

2

Images from Google Earth.
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5. BACKGROUND3
The mission of the NWS is to “Provide weather, water, and climate data, forecasts and warnings
for the protection of life and property and enhancement of the national economy,” per the NWS
website. One tool that the NWS uses to collect data in support of this mission is the use of
“lighter than air” balloons used to lift an instrument called a radiosonde high into the
atmosphere.
The radiosonde is a small, expendable instrument package (weighing ~400 grams) that is
suspended below a large balloon inflated with hydrogen or helium gas. A typical "weather
balloon" sounding can last in excess of 2 hours, and the radiosonde can ascend to over 35 km
(about 115,000 feet) and drift more than 300 km (about 180 miles) from the release point. The
radiosonde is suspended by a string 25 to 35 meters (~80 to 115 feet) below the balloon to
minimize contamination of the temperature measurements from heat shedding off the balloon
skin. See Figure 3.
Figure 3 – Typical Balloon Ascending

When released, the balloon is about 1.5 meters (5 feet) in diameter and gradually expands as it
rises owing to the decrease in air pressure. When the balloon reaches a diameter of 6 to 8 meters
(20 to 25 feet) in diameter, it bursts. A small, orange colored parachute slows the descent of the
Text for the “Background” Section was originally drafted and delivered by Mr. Hiram Escabi, of the National
Weather Service at a presentation on August 19, 2014 at the NWS Facility in Morehead City, NC. Text has been
paraphrased for use in this report.
3

Page 9 of 67

National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE
radiosonde, minimizing the danger to lives and property. At the present time, data is not
collected while the radiosonde descends.
Upper air observations are taken twice a day globally, including the U.S. at 1200 hours and 0000
hours Greenwich Mean Time (GMT) / Coordinated Universal Time (UTC).
Although all data from the flight are used, data from the surface to the 400 hPa (~6 psi) pressure
level (about 7 km or 23,000 feet elevation) are considered minimally acceptable for NWS
operations. Thus, a flight may be deemed a failure and a second radiosonde released if the
balloon bursts before reaching the 400 hPa (~6 psi) pressure level or if more than 6 minutes of
pressure and/or temperature data between the surface and 400 hPa (~6 psi) are missing.
NWS records observations at 102 Upper Air Stations (UASs), including 92 NWS facilities in the
U.S. and its territories as follows: 69 in the conterminous U.S., 13 in Alaska, 9 in the Pacific, and
1 in Puerto Rico. NWS also supports the operation of 10 other stations in the Caribbean.
Less than 20 percent of the approximately 70,000 radiosondes released by the NWS each year
are found and returned for reconditioning. These rebuilt radiosondes are used again, reducing the
cost of the weather balloon program.
Radiosonde observations are applied to a broad spectrum of efforts. Data applications include:






Input for computer-based weather prediction models;
Local severe storm, aviation, fire weather, and marine forecasts;
Weather and climate change research;
Input for air pollution models; and
Ground truth for satellite data.

Both hydrogen and helium are viable lifting gases that can be used to fill weather balloons.
Helium is an inert gas and hydrogen is a flammable gas. Currently, hydrogen is available at
lower cost than helium. Hydrogen can be generated on site through the use of an electrolyzer
(which makes hydrogen gas from water using electricity) or a reformer which creates hydrogen
from natural gas. Hydrogen can also be purchased in compressed gas cylinders.
Hydrogen, the lighter of the two gases, lifts 31.8 grams per cubic foot at sea level while helium
lifts 28.2 grams per cubic foot at sea level.
Currently, 35 NWS UASs use helium as a lifting gas and 67 NWS UASs use hydrogen as a
lifting gas. The NWS has been using hydrogen as a lifting gas since the 1960s.
6. ANALYSIS
6.1 Upper Air Inflation Building Description
Construction Type: Type I-A (Precast Concrete Walls; Roof is concrete topping on precast concrete
planks). Roof is sloped, not flat – offering good natural venting for hydrogen.
Area: 409 gross sq. ft. 1st Floor (229 gross sq. ft. Filling Room and 180 gross sq. ft. Hydrogen
Generator Room. Note that the Radome is a separate structure at this facility and is located at grade
level, not on top of the UAIB.
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Height: 20 ft.-9 in. max. Roof over Inflation Room slopes from 16’-0” at eave up to 20’-9” at monoslope ridge.
Number of Stories: 1
Occupancy Classification: F-1 (Moderate-hazard Industrial)
Sprinklers: No
Current Fill Gas: Hydrogen. Hydrogen is made on site using an electrolyzer located in the Hydrogen
Generator Room and stored in an outdoor storage pressure vessel.
Indoor Hydrogen Storage: None. All hydrogen is stored in the outdoor pressure vessel.
Outdoor Hydrogen Pressure Vessel: A hydrogen storage/use pressure vessel is located outside the
UAIB. (See Figure 4)
Figure 4 – Hydrogen Storage / Use Pressure Vessel

Hazardous Materials: Hydrogen is stored on site in a horizontal pressure vessel. Per the pressure
vessel stamp data plate (See Figure 5) the following basic data is legible for the pressure vessel:





2,000-gallon water capacity
250 psi MAWP (maximum allowable working pressure)
2007 year of construction
Manufacturer: South Gate Engineering.

The exterior of the pressure vessel appears to have been painted, perhaps more than once. This is an
important preventive maintenance practice, commendable in this corrosive environment near the
ocean, and should be continued as needed. The legibility of the pressure vessel data plate/stamp is
important and applying additional paint on this area should be avoided. Currently the data
plate/stamp is legible and the area was masked prior to painting. This commendable practice should
continue.
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Figure 5 – Hydrogen Storage / Use Pressure Vessel – Manufacturer’s Stamp

Hydrogen is stored at up to 200 psi and supplied by a hydrogen generator. The quantity of hydrogen
at standard temperature and pressure (STP) can be calculated by using the Ideal Gas Law as follows:
𝑃𝑉 = 𝑛𝑅𝑇
Where:
P = pressure of GH2 in pressure vessel = 200 psi = 1,379 kPa
V = volume of pressure vessel = 2,000 gal. = 7,571 liters
n = amount of hydrogen in moles
R = gas constant = 8.314 (liters·kPa/K·mol)
T = Temperature = 20°C = 68°F = 293K.
Then rearranging to solve for n yields:
𝑛=

(1379 𝑘𝑃𝑎)(7571 𝑙)
𝑃𝑉
=
= 4286 𝑚𝑜𝑙 𝑜𝑓 𝐻2
𝑅𝑇 (8.314 𝑙 ∙ 𝑘𝑃𝑎⁄
)(293𝐾)
𝐾 ∙ 𝑚𝑜𝑙

Using Boyle’s Gas Law which states that 1 mole of any gas occupies 22.4 liters at STP to convert to
the amount of hydrogen at atmospheric pressure that is in the pressure vessel at 200 psi yields:
(4286 𝑚𝑜𝑙 𝑜𝑓 𝐻2 )(22.4 𝑙⁄𝑚𝑜𝑙 ) = 96,006 𝑙 = 3,390 𝑓𝑡 3
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So the pressure vessel will contain about 3,390 cubic feet of hydrogen when pressurized to 200 psi.
This quantity of hydrogen is:
 Above the Outdoor Maximum Allowable Quantity (MAQ) per control area, and,
 Below the threshold for Bulk storage (5,000 ft3) per 2016 NFPA 2.
Note that 200 psi is the normal upper limit for pressure in the pressure vessel from the hydrogen
generation system so the quantity of hydrogen is calculated at that value. If the pressure vessel were
pressurized with hydrogen to the MAWP of 250 psi, then it would contain 4,237 cubic feet of
hydrogen and the same requirements for greater than Outdoor MAQ but less than Bulk would apply.
Note that addition of a second 2,000-gallon pressure vessel has been proposed as a possibility at
some sites for improved operational flexibility. This increase would invoke additional requirements
for “Bulk” (greater than 5,000 cubic feet) hydrogen gas storage per NFPA 2 which are not currently
applicable.
The storage and use of gaseous hydrogen outside the building is acceptable in significant quantities.
Per IFC TABLE 5003.1.1(3) the MAQ for an outdoor control area is 3,000 cu. ft. At greater than
3,000 cu. ft. outdoors there are administrative requirements that are required – namely the
development of a Hazardous Material Management Plan (HMMP) and a Hazardous Material
Inventory Statement (HMIS) for the site. The requirements for >MAQ quantities outdoors are not
extensive for a flammable gas, so code compliance can be achieved easily either above or below
MAQ. Since the Fire Code AHJ primarily focuses on emergency response and NWS is primarily
responsible for “self-governance” of fire prevention code provisions, the development of an HMMP
and HMIS are cited as Observations rather than Findings. However, the local Fire Dept. could
require these documents at some point in the future. (See Observation 2016-1).
There is no evidence on the pressure vessel that periodic inspections are performed such as markings
or an inspection tag. No documented records of inspections were available for review. Pressure
vessel manufacturers often recommend an annual inspection for pressure vessels. Lacking
documentation from the pressure vessel manufacturer, an inspection frequency of 10 years or one
half the estimated remaining service life is recommended by the 2007 National Board Inspection
Code (NBIC), a common document invoked for inspection of pressure vessels. Pressure vessel
inspection is also regulated by the U.S. Department of Transportation (DOT) per the Code of Federal
Regulations (CFR) which does not apply in the Marshall Islands; and the American Society of
Mechanical Engineers (ASME) Boiler and Pressure Vessel Code.
Excerpt from 2007 National Board Inspection Code4 §4.4.7:

4

National Board Inspection Code 2007 Edition, National Board of Pressure Vessel Inspectors, 1055 Crupper
Avenue, Columbus, Ohio.

Page 13 of 67

National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE

2015 IFC § 5303.2 Design and construction. Compressed gas containers, cylinders and tanks shall be
designed, fabricated, tested, marked with the specifications of manufacture and maintained in accordance with
the regulations of DOTn 49 CFR Parts 100-185 or the ASME Boiler and Pressure Vessel Code, Section VIII.

The in service date for this pressure vessel is 2007 so an inspection per the NBIC by a qualified
pressure vessel inspector is due in 2017 or earlier (See Finding 2016-1).
Per NWS personnel, the pressure vessel has a pressure relief device (see photo in Finding 2016-2)
set to relieve at 225 psi but does not route vented gas to an approved vent stack as required by the
fire code. (See Finding 2016-2).
2015 IFC § 5303.3 Pressure relief devices. Pressure relief devices shall be in accordance with Sections
5303.3.1 through 5303.3.5.
2015 IFC § 5303.3.1 Where required. Pressure relief devices shall be provided to protect containers,
cylinders and tanks containing compressed gases from rupture in the event of overpressure.
Exception: Cylinders, containers and tanks where exempt from the requirements for pressure relief
devices specified by the standards of design listed in Section 5303.3.2.

The connection of the hydrogen line was leaking slightly at the time of the inspection. SNOOP Leak
Detector was sprayed on the fittings at the dispensing connection which then indicated a slow leak
requiring repair. The leak is upstream of the isolation valve so the pressure vessel must be drained
and inerted prior to repair. In addition, the supply pressure gauge is broken and requires replacement
to obtain a visual confirmation of tank pressure (See Finding 2016-3). See Figure 6 for photos of the
leaking fitting and damaged gauge.
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Figure 6 – Hydrogen Pressure Vessel – Maintenance Issues

Hydrogen Source - The hydrogen is generated on-site using a HOGEN (made by Proton) hydrogen
generator (See Figures 7 and 8) which is an electrolyzer and makes hydrogen by separating water
molecules (H2O).
Figure 7 – Hydrogen Generator – Faceplate and Manufacturer’s Label
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Figure 8 – Hydrogen Generator – Connections

The hydrogen generator produces hydrogen at a maximum rate of 40 ft3 per hour at a pressure of up
to 200 psi. At this production rate, the generator will recover from a balloon fill (which requires
about 65 ft3) in under two hours. Therefore, the generator would be operating about 4 hours per day
when there are two launches per day.
The high pressure output line flows to the 2,000-gallon pressure vessel outdoors using stainless
steel piping as required by code. Hydrogen is required to be piped in 300 series stainless steel
per the 2015 International Fuel Gas Code (IFGC).
2015 IFGC §704.1.2.3 Piping design and construction. Piping and tubing materials shall be 300 series
stainless steel or materials listed or approved for hydrogen service and the use intended through the full
range of operating conditions to which they will be subjected. Piping systems shall be designed and
constructed to provide allowance for expansion, contraction, vibration, settlement and fire exposure.

In the Hydrogen Generator Room (primarily) fiberglass/plastic Unistrut is used to support the gas
tubing. While this installation does not meet the requirement for resistance to fire exposure because
the existing Unistrut would fail faster in a fire than metal Unistrut, replacement is not warranted
because the fire risk in this room is low due to a negligible combustible loading. Repairs /
replacements should be made using metal Unistrut and stainless steel is recommended for this
environment.
A stainless steel vent line directs hydrogen and water from the electrolyzer to the outdoors.
Currently, the vent line does not extend to the outdoors with a vent cap as required by
manufacturer’s instructions, NFPA 55 (supersedes NFPA 50A) and Compressed Gas Association
(CGA) G-5.5 (See Finding 2016-4).
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Text excerpted from page 24 of 72 of HOGEN S SERIES 2 HYDROGEN GENERATOR
Installation and Operation Instructions, PD-0100-0001, Revision M with emphasis added:

2016 NFPA 2: §6.16* Vent Pipe Termination. Hydrogen venting systems serving pressure relief devices
discharging hydrogen to the atmosphere shall be in accordance with CGA G-5.5, Hydrogen Vent Systems.
[55:10.2.3]

Figure 9 – Hydrogen Generator Vent Termination

The electrolyzer is designed for operation in a non-classified (non-hazardous) electrical area.
Therefore, no electrical classification (e.g. explosion-proof lights or other specialized electrical
equipment) is required in the room. Per the manufacturer, the unit uses internal powered ventilation
and an internal hydrogen gas detector which shuts the unit down upon detection of gas at 30% of the
Lower Flammability Limit (LFL), or 1.2% concentration in air. These engineered feature combine
to allow use of the hydrogen generator in a room that is electrically unclassified.
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Per the manufacturer’s instructions room ventilation is required to provide a steady flow of outside
air (at least 73.3 SCFM) when the unit is in operation per the following sample calculation for
calculation excerpted from page 15 of 72 of HOGEN S SERIES 2 HYDROGEN GENERATOR
Installation and Operation Instructions, PD-0100-0001, Revision M:

The Hydrogen Generator Room does not have active ventilation (only passive). Although the
existing air transfer grilles are located well to promote venting of hydrogen from the building, the
passive configuration does not meet the 73.3 SCFM requirement and may not provide enough fresh
air to the hydrogen generator (See Finding 2016-19).
Signage and Labels – All hydrogen piping is stainless steel but not all piping is labelled for the
material it conveys (hydrogen) and the direction of flow as required by the 2015 IFC. (See Finding
2016-5)
2015 IFC §5303.4.3 Piping systems. Piping systems shall be marked in accordance with ASME A13.1.
Markings used for piping systems shall consist of the content’s name and include a direction-of-flow arrow.
Markings shall be provided at each valve; at wall, floor or ceiling penetrations; at each change of
direction; and at not less than every 20 feet or fraction thereof throughout the piping run.

Additionally, the pressure vessel itself requires both NFPA 704 signage as well as a HYDROGEN
label. An NFPA 704 placard at the entry to the hydrogen pressure vessel enclosure is adequate to
meet the NFPA 704 placarding requirement. Locate the 704 placard near the existing sign shown in
Figure 10. (See Finding 2016-6)
2015 IFC §5003.2.4.2.1 Marking. Above-ground stationary tanks shall be marked as required by Section
5003.5.
2015 IFC §5303.4.1 Stationary compressed gas containers, cylinders and tanks. Stationary compressed
gas containers, cylinders and tanks shall be marked with the name of the gas and in accordance with
Sections 5003.5 and 5003.6. Markings shall be visible from any direction of approach.
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2015 IFC §5003.5 Hazard identification signs. Unless otherwise exempted by the fire code official, visible
hazard identification signs as specified in NFPA 704 for the specific material contained shall be placed on
stationary containers and aboveground tanks and at entrances to locations where hazardous materials are
stored, dispensed, used or handled in quantities requiring a permit and at specific entrances and locations
designated by the fire code official.
2015 IFC §5003.6 Signs. Signs and markings required by Sections 5003.5 and 5003.5.1 shall not be
obscured or removed, shall be in English as a primary language or in symbols allowed by this code, shall
be durable, and the size, color and lettering shall be approved.

Figure 10 – Signage Location

Separation from Hazards – The hydrogen pressure vessel at Majuro is adequately separated from
vegetation.
The hydrogen system has a ¼ turn indicating shutoff valve but it is not labelled with the required
signage. (See Finding 2016-7)
2015 IFC §5003.2.2.1 Design and construction. Piping, tubing, valves, fittings and related components
used for hazardous materials shall be in accordance with the following:
4.

Manual emergency shutoff valves and controls for remotely activated emergency shutoff valves
shall be identified and the location shall be clearly visible, accessible and indicated by means of a
sign.

Helium cylinders are used for inflation gas when the hydrogen system is unavailable. Helium
cylinders are stored in two small combustible (plastic) garden sheds at the rear of the building as
shown in Figure 11.
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Figure 11 – Helium Cylinder Storage

The cylinders stored in these sheds are nested into metal racks which appear adequate for the
purpose assuming they are secured to the floor. However, the number of cylinders in the racks
exceeds the capacity of the racks and the excess cylinders are secured with nylon rope. The
racks are needed inside these sheds because the shed walls are both combustible and offer
insufficient structural strength for attaching cylinder storage mounts directly. The cylinders
should be secured inside the racks with a metal chain and the number of cylinders within a rack
reduced to the number that a rack can contain. In addition, the racks shall be securely fastened to
the floor. (See Finding 2016-8).
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2015 IFC §5303.5.3 Securing compressed gas containers, cylinders and tanks. Compressed gas
containers, cylinders and tanks shall be secured to prevent falling caused by contact, vibration or seismic
activity. Securing of compressed gas containers, cylinders and tanks shall be by one of the following
methods:
1.
2.
3.

Securing containers, cylinders and tanks to a fixed object with one or more restraints.
Securing containers, cylinders and tanks on a cart or other mobile device designed for the
movement of compressed gas containers, cylinders or tanks.
Nesting of compressed gas containers, cylinders and tanks at container filling or servicing
facilities or in sellers’ warehouses not accessible to the public. Nesting shall be allowed provided
the nested containers, cylinders or tanks, if dislodged, do not obstruct the required means of
egress.4.
Securing of compressed gas containers, cylinders and tanks to or within a rack,
framework, cabinet or similar assembly designed for such use.
Exception: Compressed gas containers, cylinders and tanks in the process of examination, filling,
transport or servicing.

The storage sheds each require signage warning of the compressed gas hazard. (See Finding
2016-9)
2015 IFC §5003.5.1 Markings. Individual containers, cartons or packages shall be conspicuously marked
or labeled in an approved manner. Rooms or cabinets containing compressed gases shall be conspicuously
labeled: COMPRESSED GAS.

Furthermore, an NFPA 704 placard is recommended for this hazardous materials storage area despite
being below the permit quantity for inert and simple asphyxiant compressed gases to assure that the
cylinders are not mistaken for hydrogen cylinders by responding firefighters. (See Observation
2016-2).
In addition, consider replacing the plastic sheds with a durable permanent structure built in
accordance with the 2015 IBC and designed for wind loads in the area or create an outdoor
storage location for the helium cylinders with storage racks. The sheds appear to have little or no
foundation/footing or slab to sit on. (See Observation 2016-3).
Although helium was not in use at the time of the inspection so the process used for transporting
cylinders from the storage sheds to the dispensing location was not observed, there is no paved
path connecting the two areas, creating the possibility of a cylinder handling accident due to
uneven or soft terrain. Consider creating a paved path between the storage and dispensing
locations. (See Observation 2016-4).
Helium cylinders are dispensed at a separate (from the storage) location adjacent to the existing
hydrogen pressure vessel as shown in Figure 12. The tubing and flex line shown are adequate
for helium use. A quick disconnect is provided to ease connection of a helium regulator (not
shown) that can be attached directly to the helium cylinder.
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Figure 12 – Helium Dispensing Station

All helium cylinder caps were installed during the inspection. This commendable practice should
continue. Helium cylinders show visible signs of corrosion as shown in Figure 13. Corrosion is a
sign that can require a compressed gas cylinder to be removed from service. It is recommended that
a cylinder inspection program be developed to inspect the cylinders for unacceptable corrosion and
treat cap threads with a corrosion inhibitor when corrosion is found on the cap threads. In this
environment stockpiling of compressed gas cylinders should be avoided. Compressed gas cylinders
should be depleted and sent back to the supplier on a regular basis, such as yearly (See Finding
2016-10).
IFC §5303.12 Leaks, damage or corrosion. Leaking, damaged or corroded compressed gas containers,
cylinders and tanks shall be removed from service. Leaking, damaged or corroded compressed gas systems
shall be replaced or repaired in accordance with the following:
1.

Compressed gas containers, cylinders and tanks that have been removed from service shall be
handled in an approved manner.

2.

Compressed gas systems that are determined to be leaking, damaged or corroded shall be
repaired to a serviceable condition or removed from service.
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Figure 13 – Helium Cylinder Corrosion

Compressed gas cylinders must be separated from combustible materials by at least 10 feet. The
cylinders are currently installed inside combustible plastic garden sheds adjacent to a grassy area as
shown in Figure 14. Combustible vegetation should be removed and/or gravel/aggregate installed to
minimize regrowth (See Finding 2016-11).
2015 IFC §5303.7.2 Combustible waste, vegetation and similar materials. Combustible waste, vegetation
and similar materials shall be kept not less than 10 feet from compressed gas containers, cylinders, tanks
and systems. A noncombustible partition, without openings or penetrations and extending not less than 18
inches above and to the sides of the storage area is allowed in lieu of such distance. The wall shall either
be an independent structure, or the exterior wall of the building adjacent to the storage area.
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Figure 14 – Helium Cylinder Vegetation Exposure

The building floor layout is shown in drawing FP-1 (attached). The balloon filling room features a
metal fill table with metal legs and a table mounted fill valve, as shown in Figure 15. Table surfaces
and edges are smooth to prevent damage to the balloon. The existing metal table is a good feature
for hydrogen balloon inflation and should be retained.
Figure 15 – Fill Table
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For hydrogen use, a manual ¼ turn emergency shutoff valve is required both near the fill table and
near the hydrogen storage. The valves provided are acceptable but lack required signage. The
valves need to be identified with a permanent sign stating “EMERGENCY SHUTOFF”. (See
Finding 2016-7).
2015 IFC §5003.2.2.1 Design and construction. Piping, tubing, valves, fittings and related components used
for hazardous materials shall be in accordance with the following:
1.

Piping, tubing, valves, fittings and related components shall be designed and fabricated from materials
that are compatible with the material to be contained and shall be of adequate strength and durability
to withstand the pressure, structural and seismic stress and exposure to which they are subject.

2.

Piping and tubing shall be identified in accordance with ASME A13.1 to indicate the material
conveyed.

3.

Readily accessible manual valves or automatic remotely activated fail-safe emergency shutoff valves
shall be installed on supply piping and tubing at the following locations:
3.1. The point of use.
3.2. The tank, cylinder or bulk source.

4.

Manual emergency shutoff valves and controls for remotely activated emergency shutoff valves shall
be identified and the location shall be clearly visible, accessible and indicated by means of a sign.

5.

Backflow prevention or check valves shall be provided when the backflow of hazardous materials
could create a hazardous condition or cause the unauthorized discharge of hazardous materials.

6.

Where gases or liquids having a hazard ranking of:
Health Class 3 or 4
Flammability Class 4
Instability Class 3 or 4
in accordance with NFPA 704 are carried in pressurized piping above 15 pounds per square inch
gauge (psig) (103 kPa), an approved means of leak detection and emergency shutoff or excess flow
control shall be provided. Where the piping originates from within a hazardous material storage room
or area, the excess flow control shall be located within the storage room or area. Where the piping
originates from a bulk source, the excess flow control shall be located as close to the bulk source as
practical.

Note that regulating the hydrogen to 15 psig or less at the supply eliminates the need for excess flow
control or detection and automatic shutoff with the current system. See Figure 16 for photos of a
balloon inflation.
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Figure 16 – Balloon Inflation

6.2 Justification
The filling of weather balloons with hydrogen (a flammable gas) is more hazardous than filling
them with helium (an inert gas). Hydrogen is much lighter than air (vapor density of 0.07
compared to air at 1.0), has no odor, and has a lower flammability limit (LFL) of 4% by volume
in air and an upper flammability limit (UFL) of 75%. Figure 17 presents the output sheet for
hydrogen from Hazardous Materials Expert (HMEx) Assistant Software version 6.2.0, which
summarizes the hazards and properties of hydrogen in terms useful for proper application of fire
code requirements.
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Figure 17 – Properties of Hydrogen
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In general, fire codes require that hydrogen be contained within approved storage containers
(typically pressurized in cylinders or pressure vessels for gaseous hydrogen), and then contained
within approved piping systems (typically 300 series stainless steel) from the storage container to
the point of use. Pertinent code citations from the 2015 IFC are provided below with particular
areas of applicability emphasized. .
2015 IFC §5003.2 Systems, equipment and processes. Systems, equipment and processes utilized for
storage, dispensing, use or handling of hazardous materials shall be in accordance with Sections 5003.2.1
through 5003.2.8.
2015 IFC §5003.2.1 Design and construction of containers, cylinders and tanks. Containers, cylinders
and tanks shall be designed and constructed in accordance with approved standards. Containers,
cylinders, tanks and other means used for containment of hazardous materials shall be of an approved
type. Pressure vessels shall comply with the ASME Boiler and Pressure Vessel Code.
2015 IFC §5003.2.2 Piping, tubing, valves and fittings. Piping, tubing, valves, and fittings conveying
hazardous materials shall be designed and installed in accordance with ASME B31 or other approved
standards, and shall be in accordance with Sections 5003.2.2.1 and 5003.2.2.2.
2015 IFC §5003.2.2.1 Design and construction. Piping, tubing, valves, fittings and related components
used for hazardous materials shall be in accordance with the following:
1.

2.
3.

4.

5.
6.

Piping, tubing, valves, fittings and related components shall be designed and fabricated from
materials that are compatible with the material to be contained and shall be of adequate strength
and durability to withstand the pressure, structural and seismic stress and exposure to which they
are subject.
Piping and tubing shall be identified in accordance with ASME A13.1 to indicate the material
conveyed.
Readily accessible manual valves or automatic remotely activated fail-safe emergency shutoff
valves shall be installed on supply piping and tubing at the following locations:
3.1. The point of use.
3.2. The tank, cylinder or bulk source.
Manual emergency shutoff valves and controls for remotely activated emergency shutoff valves
shall be identified and the location shall be clearly visible, accessible and indicated by means of a
sign.
Backflow prevention or check valves shall be provided when the backflow of hazardous materials
could create a hazardous condition or cause the unauthorized discharge of hazardous materials.
Where gases or liquids having a hazard ranking of:
Health Class 3 or 4
Flammability Class 4
Instability Class 3 or 4
in accordance with NFPA 704 are carried in pressurized piping above 15 pounds per square
inch gauge (psig) (103 kPa), an approved means of leak detection and emergency shutoff or
excess flow control shall be provided. Where the piping originates from within a hazardous
material storage room or area, the excess flow control shall be located within the storage
room or area. Where the piping originates from a bulk source, the excess flow control shall
be located as close to the bulk source as practical.
Exceptions:
1. Piping for inlet connections designed to prevent backflow.
2. Piping for pressure relief devices.

At the Majuro UAIB, the hydrogen is currently transported from the pressure regulator through
the in-slab conduit to the base of the fill table using stainless steel tubing. This is acceptable.
Near the base of the fill table and near the hydrogen storage vessel, the stainless steel transitions
to a braided flexible hose, which is not acceptable (See Finding 2016-12).
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2015 IFGC §704.1.2.3 Piping design and construction. Piping and tubing materials shall be 300 series
stainless steel or materials listed or approved for hydrogen service and the use intended through the full
range of operating conditions to which they will be subjected. Piping systems shall be designed and
constructed to provide allowance for expansion, contraction, vibration, settlement and fire exposure.

The helium fill line is similarly constructed. The braided hydrogen hose and the braided helium
hose are both connected to an indicating 3-way valve (acceptable) and then to the fill valve via
stainless steel tubing.
From the fill valve to the balloon fill nozzle, a flexible hose is utilized. The flexible fill hose
from the fill valve to the balloon fill nozzle needs to be fairly light and flexible for proper
balloon inflation and its use is justified in this analysis. See Figure 18 for a photo of the fill
valve and 3-way valve.
Figure 18 – Fill Valve and 3 Way Supply Valve

Because the flexible fill hose and particularly the balloons themselves are not approved
containers/piping for hydrogen these are the areas where compliance with prescriptive code
requirements is not possible for this application and equivalent safety must be achieved using
alternate means. This evaluation demonstrates that equivalent fire safety can be achieved using
the means described herein. The existing fill hose utilizes friction type hose connections (hose
clamp on one end and twisted wire on the other) that are not positive threaded connections as
shown in Figure 19. These are unacceptable for hydrogen use and shall be replaced with the
NWS approved hose (See Finding 2016-13).
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Figure 19 – Friction Connections on Fill Hose

There are several release scenarios possible for the balloon filling operation including:




Hydrogen leak in the fill hose prior to reaching the balloon.
Balloon leak/burst during filling.
Balloon leak/burst after filling during handling prior to release.

Each hazard will be addressed below. In addition, see Section 6.3 for a discussion on NWS staff
training / qualifications which describes how the NWS has been safely conducting flammable
gas balloon filling operations for the past ~50 years.
6.2.1 Hydrogen Leak Prior to Balloon
This hazard has two main sections: the piping system before (described in the direction of flow)
the flexible fill hose and the portion after the fill hose. The piping prior to the flexible fill hose
will be constructed of 300 Series stainless steel as required by code (see above) after the
conversion to hydrogen and will not be addressed further here.
The flexible hose leading to the balloon fill nozzle or the fill nozzle connection to the balloon
could leak. The fill station uses a fill valve that shuts off the flow of lifting gas when the desired
buoyancy (normally 1400-1600 grams but adjusted slightly based on weather conditions at the
time of release) is achieved. When the balloon is filled sufficiently to pull up on the attaching
chain, the fill valve stops the flow of gas. Gas is provided to the fill valve at ~15 psi at the point
of discharge and a fill normally takes about 7 minutes.
If the fill hose were to leak, then the automatic shutoff feature of the fill valve could be defeated
and the entire connected volume of hydrogen could be released into the fill room if no operator
action were taken. Normally the trained and attentive employees would notice a delay in the
normal fill time or hear a leak in the hose and take corrective action to shut off the gas flow.
However, an approach that relies on manual operator action alone is insufficient for fire safety.
A “belt and suspenders” approach providing robust redundancy is warranted. Physical
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engineered features combined with operator training and actions are superior. The following
safety feature(s) are proposed as mitigation:
1. A hydrogen inflation safety system combined with automatic gas shutoff installed in
the hydrogen supply piping. The safety function of the hydrogen safety system is to
automatically shut off the flow of hydrogen gas if the mass of hydrogen flowed is
excessive. A flow meter will measure the quantity of hydrogen flowed per fill event (a
batch process) and shall be set to automatically shut off gas flow with a normally closed
solenoid valve at ~150% of the expected fill volume for a given balloon. The balloons
used require about 65 ft3 (1.84 m3) of hydrogen to achieve the desired lift. For these
balloons the flow meter shall be set to measure and then shut off hydrogen gas flow at
about 100 ft3 (2.83 m3) of hydrogen. The safety system shall be required to be reset for
each fill event. If a volume of greater than 100 ft3 (2.83 m3) ever flows for a given fill
event, then the gas flow shall automatically be shut off.
2. Room ventilation system with interlock. A ventilation system as described in Section
8.5 shall be provided. The ventilation system shall include an interlock to prevent the
flow of hydrogen if the ventilation system is not operating. The ventilation system does
not need to be normally on but does need to be on during and after a fill event. The
ventilation shall run for at least 60 minutes once activated (sufficient time to perform a
balloon launch). This function shall be achieved automatically.
3. Limited available volume of hydrogen. The available volume of hydrogen shall be
limited to no more than a single pressure tank. If a second pressure tank is provided, then
the manifold shall not allow more than one tank to be in use. This limits the volume of
hydrogen that could be released if all other safety features failed.
6.2.2 Balloon Leak/Burst During Filling
If the balloon were to leak or burst during filling, similar conditions to a leaking fill hose could
be created. Therefore, the mitigation proposed is the same for this scenario as for the hose leak
scenario. The design of the balloon fill table is smooth with no sharp edges that could puncture
the balloon.
6.2.3 Balloon Leak/Burst After Filling During Handling Prior to Release
This necessary step in the launching process requires an operator to handle the balloon directly.
The balloon and its payload must be carried outdoors to a release point and released. This
creates some exposure to the operator during this time. The hazards here are best addressed
administratively and are outside the scope of the fire code. Regardless, appropriate
administrative controls to mitigate this hazard are:
1. Operator Training. Operators shall be trained prior to performing balloon operations
involving hydrogen and at least annually thereafter. Such training shall be documented
and records of the training shall be available.
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2. Documented Procedure. Operator training shall address the requirements of the
NATIONAL WEATHER SERVICE MANUAL 10-1401, Operations and Services
Upper Air Program NWSPD 10-14 Rawinsonde Observations.
3. Procedure Revision: The NWS Manual 10-1401 shall be revised to address hydrogen
filling procedures using the mitigations discussed above. Specifically, operation of the
flow meter, ventilation system and the limited available volume of hydrogen shall be
addressed in the manual and training completed prior to the filling of weather balloons
with hydrogen.
4. High Wind Helium Fill. During periods with sustained wind speeds greater than 30
mph, filling balloons with hydrogen is potentially dangerous to the operator. The filled
balloon with the radiosonde attached must be carried outside of the UAIB for release by
the operator. In high wind situations the balloon could strike the operator and burst. This
would be harmless if the hydrogen did not ignite but harmful if it did. Although ignition
is unlikely and the NWS has good operating history, this risk to personnel can be avoided
by providing provisions to fill balloons with helium during these conditions.
6.3 Staff Training & Qualifications
The NWS has been performing balloon fills with hydrogen at many locations across the country
safely for many years. There is an existing procedure (NATIONAL WEATHER SERVICE
MANUAL 10-1401, Operations and Services Upper Air Program NWSPD 10-14 Rawinsonde
Observations) that addresses the hazards of performing these operations. While some revision of
the procedure content is needed to address the additional safety requirements of this analysis, the
bulk of the procedure is adequate and demonstrates an awareness of the hazards by the NWS.
Staff performing balloon fills are trained professionals and this is a major factor in their personal
safety as well as the general fire safety of this operation.
6.4 Description of Proposed Alternative (Equivalent) Methods and Materials
6.4.1 Storage of Hydrogen
Hydrogen will not be stored inside. This assures that the facility remains a Group F-1
occupancy.
Hydrogen located outside the building can be provided with weather protection, constructed to
the requirements of the International Building Code (IBC), as follows:
2015 IBC 414.6 Outdoor storage, dispensing and use. The outdoor storage, dispensing and use of
hazardous materials shall be in accordance with the International Fire Code.
2015 IBC 414.6.1 Weather protection. Where weather protection is provided for sheltering outdoor
hazardous material storage or use areas, such areas shall be considered outdoor storage or use when the
weather protection structure complies with Sections 414.6.1.1 through 414.6.1.3.
2015 IBC 414.6.1.1 Walls. Walls shall not obstruct more than one side of the structure.
Exception: Walls shall be permitted to obstruct portions of multiple sides of the structure, provided
that the obstructed area is not greater than 25 percent of the structure’s perimeter.
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2015 IBC 414.6.1.2 Separation distance. The distance from the structure to buildings, lot lines, public
ways or means of egress to a public way shall be not less than the distance required for an outside
hazardous material storage or use area without weather protection.
2015 IBC 414.6.1.3 Noncombustible construction. The overhead structure shall be of approved
noncombustible construction with a maximum area of 1,500 square feet.
Exception: The maximum area is permitted to be increased as provided by Section 506.

6.4.2 Hydrogen Generation Equipment
Hydrogen generation equipment is utilized for this location and is acceptable.
6.4.3 Ventilation
Active ventilation of the fill room is required. Currently the fill room has passive vents installed.
This is a key mitigation should a leak occur. The ventilation system shall be interlocked with the
hydrogen fill system such that beginning a fill event is not possible unless the ventilation system
is running and that a fill cycle is terminated automatically if the ventilation system fails. A
physical interlock shall be used to verify that the ventilation system is running. The system shall
include a run timer that keeps the system running for at least 60 minutes once activated. Other
aspects of the ventilation system shall be as described in §8.5 of this report.
6.5 Applicable Code Requirements
For designing a hydrogen gas storage and supply system the following is a partial listing of code
requirements that apply:
2015 IFC 5803.1.3 Emergency shutoff. Compressed gas systems conveying flammable gases shall be
provided with approved manual or automatic emergency shutoff valves that can be activated at each point
of use and at each source.
2015 IFC 5803.1.3.1 Shutoff at source. A manual or automatic fail-safe emergency shutoff valve shall be
installed on supply piping at the cylinder or bulk source. Manual or automatic cylinder valves are allowed
to be used as the required emergency shutoff valve when the source of supply is limited to unmanifolded
cylinder sources.
2015 IFC 5803.1.3.2 Shutoff at point of use. A manual or automatic emergency shutoff valve shall be
installed on the supply piping at the point of use or at a point where the equipment using the gas is
connected to the supply system.
2015 IFC 5803.1.4 Ignition source control. Ignition sources in areas containing flammable gases in
storage or in use shall be controlled in accordance with Section 5003.7.
2015 IFC 5803.1.4.1 Static-producing equipment. Static-producing equipment located in flammable gas
storage areas shall be grounded.
2015 IFC 5803.1.4.2 Signs. “No Smoking” signs shall be posted at entrances to rooms and in areas
containing flammable gases in accordance with Section 5003.7.1.
2015 IFC 5803.1.5 Electrical. Electrical wiring and equipment shall be installed and maintained in
accordance with Section 605 and NFPA 70.
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2015 IFC 5803.1.5.1 Bonding of electrically conductive materials and equipment. Exposed noncurrentcarrying metal parts, including metal gas piping systems, that are part of flammable gas supply systems
located in a hazardous (electrically classified) location shall be bonded to a grounded conductor in
accordance with the provisions of NFPA 70.
2015 IFC 5803.1.5.2 Static-producing equipment. Static-producing equipment located in flammable gas
storage or use areas shall be grounded.

7. DURATION AND BENEFIT
7.1 Duration of Proposed AMM
This is intended to be a permanent operation so this AMM does not have an expiration date.
7.2 Benefit
The primary benefit of this proposal is improved safety combined with continued cost savings.
Hydrogen is less expensive than helium. While this site could use helium as a primary lift gas,
helium is significantly more expensive and helium is a limited resource on earth. This scarcity
results in market volatility for helium prices. Use of hydrogen will result in predictable and reduced
operating costs for the NWS allowing them to perform their vital public safety mission more cost
effectively. When combined with the requirements contained within this analysis, filling weather
balloons with hydrogen can be performed in a manner that increases fire safety.

8. OTHER REQUIREMENTS
8.1 AUTOMATIC FIRE SPRINKLER SYSTEM
8.1.1 Requirements
There are various regulatory drivers for fire sprinkler systems based on construction type,
building area, building height, occupancy classification(s) and hazards. For a non-sprinklered
building of Type I-A construction (non-combustible with no exposed structural steel) with an F-1
occupancy, the base allowable area and height per 2015 IBC Table 506.2 is unlimited area per
story with no height limitation (unlimited) per IBC Tables 504.3 and 504.4 respectively.
Regardless of construction type, a fire sprinkler system is required for Group F-1 occupancies
when the floor area exceeds 12,500 sq. ft. per 2015 IFC §903.2.4.
The presence of hazardous materials such as hydrogen in quantities greater than the MAQ per
indoor control area could also trigger a requirement for fire sprinklers. The base MAQ for
indoor storage of flammable gas such as hydrogen is 1,000 cu. ft. There is no MAQ for helium
which is not a hazardous material per fire code definitions.
Storage of hydrogen cylinders or pressure vessels outdoors is permissible and does not trigger a
requirement for sprinklers. Weather enclosures, if utilized, shall comply with the provisions of
the 2015 IBC in order to qualify as outdoor storage; otherwise, sprinklers may be required if
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constructed as an indoor control area. For example, the wall construction may not exceed 25%
of the enclosure perimeter.
8.1.2 Compliance
Sprinklers are not provided in the UAIB and none are required.
8.2 FIRE ALARM SYSTEM
8.2.1 Requirements
A manual fire alarm system (manual pull stations, water flow switches (if sprinklered) and
notification) is required when a Group F occupancy is two or more stories in height and has an
occupant load of 500 or more above or below the lowest level of exit discharge per 2015 IFC
§907.2.4.
8.2.2 Compliance
This building has an occupant load <<500 so a fire alarm system is not required. None is
provided.
8.3 PORTABLE FIRE EXTINGUISHERS
8.3.1 Requirements
Per IFC §906, portable fire extinguishers are required throughout new and existing Group F
occupancies.
8.3.2 Compliance
Portable fire extinguishers are provided at the building of sizes, types and locations that comply
with requirements of IFC §906. Inspection, testing and maintenance (ITM) of the extinguisher
appears to be non-compliant. Fire extinguishers require both monthly inspections and annual
maintenance and testing. There is no inspection tag and the gauge shows an unacceptable stored
pressure and there is no evidence that the extinguisher has had annual inspections by a qualified
person as shown in Figure 20 (See Finding 2016-14).
2013 NFPA 10 §7.1.2 Personnel.
2013 NFPA 10 §7.1.2.1* Persons performing maintenance and recharging of extinguishers shall be
certified.
2013 NFPA 10 §7.2.1.2* Fire extinguishers and Class D extinguishing agents shall be inspected either
manually or by means of an electronic monitoring device/system at intervals not exceeding 31 days.
2013 NFPA 10 §7.2.2 Inspection Procedures. Periodic inspection or electronic monitoring of fire
extinguishers shall include a check of at least the following items:
(1) Location in designated place
(2) No obstruction to access or visibility
(3) Pressure gauge reading or indicator in the operable range or position
(4) Fullness determined by weighing or hefting
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(5) Condition of tires, wheels, carriage, hose, and nozzle for wheeled extinguishers
(6) Indicator for non-rechargeable extinguishers using push to-test pressure indicators

Figure 20 – Portable Fire Extinguisher in UAIB

8.4 EXPLOSION CONTROL
8.4.1 Requirements
In accordance with 2015 IFC §911.1 explosion control (such as deflagration venting) is required
when the quantity of flammable gas stored (indoors) exceeds the MAQ or where a significant
explosion hazard exists.
8.4.2 Compliance
Not required. The quantity of hydrogen indoors will be < MAQ so the MAQ will not trigger a
requirement for explosion control. In addition, the safety control systems will limit the quantity
of hydrogen that can be released such that an explosion, while remotely possible, will be
significantly reduced such that the explosion hazard presented does not warrant explosion
control. Safety interlocks, exhaust ventilation and fill limits will reduce the likelihood of an
explosion and provide adequate mitigation so that explosion control is not warranted since
flammable vapors or fumes, as defined by the IFC, will not develop within the Fill Room.
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2015 IFC § SECTION 202 GENERAL DEFINITIONS
FLAMMABLE VAPORS OR FUMES. The concentration of flammable constituents in air that
exceeds 25 percent of their lower flammable limit (LFL).

The LFL for hydrogen is 4% by volume in air, so the IFC considers hydrogen vapors flammable
if more than 1% by volume in air exists. The dimensions of the Fill Room are ~14.3 ft. x 16 ft. x
18’4.5” (average) ft. for a total volume of 4,208 cu. ft. The typical fill of a balloon is 65 ft3 to
achieve ~ 1400-1500g of lift. If a typical balloon were to burst the amount of hydrogen released
instantly would be ~65 ft3. Therefore, if the 65 cu. ft. of hydrogen were released in the Fill
Room, the worst-case volumetric concentration of hydrogen in air would be 1.5%, below the
LFL of hydrogen but slightly above the IFC definition for flammable vapors or fumes,
determined as follows:
65𝑓𝑡 3 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛
= 1.5% 𝑏𝑦 𝑣𝑜𝑙𝑢𝑚𝑒
4,208 𝑓𝑡 3 𝑟𝑜𝑜𝑚 𝑣𝑜𝑙𝑢𝑚𝑒
If the fill nozzle were allowed to free flow into the room the flow rate would be ~5.7 CFM,
based on measurements taken during the commissioning of a similar system installed at
Morehead City, NC, where a balloon filled to 74 ft3 took 13 minutes at full flow.
74𝑓𝑡 3
= 5.7 𝐶𝐹𝑀
13 𝑚𝑖𝑛
Therefore, the flow rate needed to assure that enough outside air is drawn in to assure that the
mixture remains non-flammable is,
𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =

𝐶𝐹𝑀𝑎𝑖𝑟 =

5.7 𝐶𝐹𝑀ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛
𝐶𝐹𝑀ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 = 570 𝐶𝐹𝑀𝑎𝑖𝑟
⁄
0.01 𝐶𝐹𝑀
𝑎𝑖𝑟

Hydrogen cannot flow unless the exhaust ventilation system is running due to the safety
interlock. The exhaust ventilation system must provide a minimum of 570 CFM to ensure that
flammable vapors or fumes do not exist. See Section 8.5 below for more information on the
ventilation system. Also, localized hydrogen concentrations in the vicinity of the fill valve will
be mitigated by using electrically classified equipment (for hazardous locations) as discussed in
Section 8.6 below.
8.5 VENTILATION
8.5.1 Requirements
Mechanical exhaust ventilation is not mandatory if the quantity of hydrogen indoors is <MAQ
per IFC Sections 5004.3.1 and 5005.1. However, based on the use of the building for filling
balloons with hydrogen and the increased possibility of a hydrogen release, active ventilation
shall be installed for defense in depth in accordance with the following requirements from the
2015 IFC. (Sections that are not required for this building are included for completeness but
shown as strikethrough text and added text is shown as underline):
2015 IFC SECTION 5005 USE, DISPENSING AND HANDLING
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2015 IFC §5005.1 General. Use, dispensing and handling of hazardous materials in amounts exceeding
the maximum allowable quantity per control area set forth in Section 5003.1 shall be in accordance with
Sections 5001, 5003 and 5005. Use, dispensing and handling of hazardous materials in amounts not
exceeding the maximum allowable quantity per control area set forth in Section 5003.1 shall be in
accordance with Sections 5001 and 5003.
2015 IFC §5005.1.9 Ventilation. Indoor dispensing and use areas shall be provided with exhaust
ventilation in accordance with Section 5004.3.
2015 IFC §5004.3.1 System requirements. Exhaust ventilation systems shall comply with all of the
following:
1.

Installation shall be in accordance with the International Mechanical Code.

2.

Mechanical ventilation shall be at a rate of not less than 1 cubic foot per minute per square foot of
floor area over the storage area.

3.

Systems shall operate continuously during balloon filling operations unless alternative designs are
approved.

4.

A manual shutoff control shall be provided outside of the room in a position adjacent to the access
door to the room or in an approved location. The switch shall be a break-glass or other approved
type and shall be labeled: VENTILATION SYSTEM EMERGENCY SHUTOFF.

5.

Exhaust ventilation shall be designed to consider the density of the potential fumes or vapors
released. For fumes or vapors that are heavier than air, exhaust shall be taken from a point within
12 inches (305 mm) of the floor. For fumes or vapors that are lighter than air, Eexhaust shall be
taken from a point within 12 inches of the highest point of the room.

6.

The location of both the exhaust and inlet air openings shall be designed to provide air movement
across all portions of the floor or room to prevent the accumulation of vapors.

7.

Exhaust air shall not be recirculated to occupied areas if the materials stored are capable of
emitting hazardous vapors and contaminants have not been removed. Air contaminated with
explosive or flammable vapors, fumes or dusts; flammable, highly toxic or toxic gases; or
radioactive materials shall not be recirculated.

8.5.2 Compliance
The balloon fill building shall be provided with active exhaust ventilation in compliance with the
above requirements.
8.6 ELECTRICAL CLASSIFICATION
8.6.1 Requirements
Electrical classification is required in areas where released hydrogen is expected to be present at
ignitable concentrations as part of normal operations (Class I, Division 1) or where hydrogen can
be expected to be released and accumulate in ignitable concentrations as part of an abnormal
event such as a leak (Class I, Division 2).
For the balloon filling process, the entire filling room could be conservatively classified as Class
I, Division 2, however, for hydrogen balloons filled as described in this analysis, such an
approach is overly conservative.
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Any released hydrogen will diffuse and rise in air rapidly. The NWS uses high quality balloons
that expand to several times the inflation diameter at ground level when launched before they
pop. The balloons are very flexible. As a result, a balloon suddenly popping inside the fill room
is unlikely. A leak due to an undetected defect (hole) in a balloon or a leak in the fill line could
occur. In either case, the low pressures of the hydrogen fill (~15 psi max. at point of discharge
into balloon) mitigates the potential of a leak significantly. For the leaks that are credible, it is
likely that the observer would hear the leak or notice that the balloon is not inflating normally
and terminate the fill manually. In a case where that did not occur, the leak rate would be limited
to 5-6 cfm that flows from the system. Leaks at this low release rate will diffuse rapidly in the
air to below the (hazardous) LFL level, and be exhausted by the ventilation fan.
Due to the engineered safety features required for this activity, the relatively small volume of
hydrogen that could potentially be released, and the experience and training of the NWS staff in
performing these operations safely, the only area that should be classified as Class I, Division 2
is a 5 ft sphere around the fill valve (the immediate area of a potential leak). The installation of
classified electrical equipment in the fill room and outside of this sphere is not warranted.
Due to the diffusion of hydrogen in air the ventilation system will quickly exhaust any released
hydrogen.
Pertinent code citations from NFPA 70, National Electrical Code (NEC), defining Class I,
Division 1 and 2 locations are provided below with emphasis added:
2014 NFPA 70 Article 500.5
(B) Class I Locations. Class I locations are those in which flammable gases, flammable liquid–produced
vapors, or combustible liquid–produced vapors are or may be present in the air in quantities sufficient to
produce explosive or ignitible mixtures. Class I locations shall include those specified in 500.5(B)(1) and
(B)(2).
(1) Class I, Division 1. A Class I, Division 1 location is a location
(1) In which ignitible concentrations of flammable gases, flammable liquid–produced vapors, or
combustible liquid–produced vapors can exist under normal operating conditions, or
(2) In which ignitible concentrations of such flammable gases, flammable liquid–produced
vapors, or combustible liquids above their flash points may exist frequently because of repair
or maintenance operations or because of leakage, or
(3) In which breakdown or faulty operation of equipment or processes might release ignitible
concentrations of flammable gases, flammable liquid–produced vapors, or combustible
liquid–produced vapors and might also cause simultaneous failure of electrical equipment in
such a way as to directly cause the electrical equipment to become a source of ignition.
(2) Class I, Division 2. A Class I, Division 2 location is a location
(1) In which volatile flammable gases, flammable liquid–produced vapors, or combustible liquid–
produced vapors are handled, processed, or used, but in which the liquids, vapors, or gases
will normally be confined within closed containers or closed systems from which they can
escape only in case of accidental rupture or breakdown of such containers or systems or in
case of abnormal operation of equipment, or
(2) In which ignitible concentrations of flammable gases, flammable liquid–produced vapors, or
combustible liquid–produced vapors are normally prevented by positive mechanical
ventilation and which might become hazardous through failure or abnormal operation of the
ventilating equipment, or
(3) That is adjacent to a Class I, Division 1 location, and to which ignitible concentrations of
flammable gases, flammable liquid–produced vapors, or combustible liquid–produced vapors
above their flash points might occasionally be communicated unless such communication is
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prevented by adequate positive-pressure ventilation from a source of clean air and effective
safeguards against ventilation failure are provided.
Informational Note No. 1: This classification usually includes locations where volatile flammable
liquids or flammable gases or vapors are used but that, in the judgment of the authority having
jurisdiction, would become hazardous only in case of an accident or of some unusual operating
condition. The quantity of flammable material that might escape in case of accident, the adequacy
of ventilating equipment, the total area involved, and the record of the industry or business with
respect to explosions or fires are all factors that merit consideration in determining the
classification and extent of each location.
Informational Note No. 2: Piping without valves, checks, meters, and similar devices would not
ordinarily introduce a hazardous condition even though used for flammable liquids or gases.
Depending on factors such as the quantity and size of the containers and ventilation, locations
used for the storage of flammable liquids or liquefied or compressed gases in sealed containers
may be considered either hazardous (classified) or unclassified locations…

8.6.2 Compliance
Class I, Division 2 electrical equipment will be provided within a 5-ft. radius (sphere) of the
balloon fill valve.
8.7 EGRESS REQUIREMENTS
8.7.1 Requirements
Egress from both the Balloon Filling Room and the Hydrogen Generator Room is code
compliant and adequate except as discussed below. The number of exits, common path and
travel distance requirements are all met. See Drawing FP-1 (attached).
8.7.2 Compliance
Egress from the inflation building is provided by one door direct to the exterior from the Hydrogen
Generator Room and one door direct to the exterior from the Fill Room. The rollup doors, although
frequently open (at least one) while the building is occupied, cannot be credited for building egress.
One door exits through the hydrogen storage area in violation of the principle of the same or
decreasing hazard along the egress path and cannot be credited. Only one exit from the building is
required. “NO EXIT” signs (stickers are acceptable) should be installed on the inside of the door
leading to the hydrogen storage area that does not lead to a legal exit. (See Finding 2016-15).
8.8 EXCESS FLOW CONTROL REQUIREMENTS
8.8.1 Requirements
Because the pressure of hydrogen gas in the system will initially be above 15 psi (actual will be
~ 23 psi at the regulator output), excess flow control is required per 2015 IFC §5003.2.2.1 (6).
2015 IFC §5003.2.2.1 Design and construction. Piping, tubing, valves, fittings and related components
used for hazardous materials shall be in accordance with the following:
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6.

Where gases or liquids having a hazard ranking of:
Health Class 3 or 4
Flammability Class 4
Instability Class 3 or 4
in accordance with NFPA 704 are carried in pressurized piping above 15 pounds per square
inch gauge (psig) (103 kPa), an approved means of leak detection and emergency shutoff or
excess flow control shall be provided. Where the piping originates from within a hazardous
material storage room or area, the excess flow control shall be located within the storage
room or area. Where the piping originates from a bulk source, the excess flow control shall
be located as close to the bulk source as practical.

The design criteria for the system needs to control the gas pressure for hydrogen to be less than
15 psi at the point of discharge per NWS procedures and to reduce the potential for an electrical
static spark from the gas flowing through a nozzle discharging at ambient pressure. The actual
regulator setting needed to achieve a discharge pressure of 15 psi will vary for an individual
installation based on the flow losses incurred in the tubing system (e.g., length, number of bends,
number of fittings, etc.). Assuming 23 psi is a reasonable estimate of the regulator setting
needed to obtain 15 psi at the discharge nozzle.
Therefore, excess flow control is required.
8.8.2 Compliance
The safety system will provide excess flow control by shutting off gas flow automatically if flow
above 100 cu. ft. is detected. This arrangement meets the requirements for excess flow control.
8.8 OTHER REQUIREMENTS and ISSUES
Waste Materials and Vegetation – The UAIB as well as the associated Radome have vegetation
too close to the buildings that must be removed. Also, rubbish has accumulated near the UAIB
(abandoned electrical equipment, broken lawnmower, etc.) See Figure 21. Accumulation of
vegetation and rubbish shall not be allowed (See Finding 2016-16).
2015 IFC §304.1 Waste accumulation prohibited. Combustible waste material creating a fire hazard shall
not be allowed to accumulate in buildings or structures or upon premises.
2015 IFC §304.1.1 Waste material. Accumulations of wastepaper, wood, hay, straw, weeds, litter or
combustible or flammable waste or rubbish of any type shall not be permitted to remain on a roof or in any
court, yard, vacant lot, alley, parking lot, open space, or beneath a grandstand, bleacher, pier, wharf,
manufactured home, recreational vehicle or other similar structure.
2015 IFC §304.1.2 Vegetation. Weeds, grass, vines or other growth that is capable of being ignited and
endangering property, shall be cut down and removed by the owner or occupant of the premises.
Vegetation clearance requirements in urban-wildland interface areas shall be in accordance with the
International Wildland-Urban Interface Code.
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Figure 21 – Vegetation and Rubbish Near UAIB and Radome

Open electrical equipment. Inside the box containing the Hydrogen Safety System an open
uncovered receptacle exists as shown in Figure 22 (See Finding 2016-17). Also, the existing
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hydrogen fill valve control system is sitting loose in the enclosure and should be mounted either
inside or exterior to the enclosure (See Finding 2016-18).
Figure 22 – Open Electrical Receptacle

9. CONCLUSIONS
Based on the proper implementation of the requirements described in this report, the professional
opinion of the author is that the filling of weather balloons with hydrogen can be accomplished
in a safe manner.
Summary of Requirements
 Gas Safety System
 Limits the mass of hydrogen that can be flowed for each fill event to no more than
100 ft3.
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 Requires manual reset for each fill event.
 Automatically shuts off flow of hydrogen through a normally closed solenoid
valve located outdoors.
 Ventilation System and Interlock
 570 CFM minimum.
 Exhausted within 12 inches of ceiling since hydrogen is lighter than air.
 Exhaust ventilation must be on to initiate gas flow and interlocked to gas safety
system so there can be no flow of gas if ventilation system is not operating.
 Must run for 60 minutes once activated.
 Limit Connected & Available Hydrogen
 The manual ¼ turn valves at the hydrogen supply pressure vessel and at the fill
table shall be normally closed and only opened when performing a balloon fill.
 The automatic solenoid valve shall be normally closed.
 Classified Electrical Near Fill Valve.
 The 5 ft. sphere around the fill valve shall be Class I, Division 2, Group B for
hydrogen.
 Operator Training
 Critical element for operator safety. Safe operating procedure must be
documented.
 NATIONAL WEATHER SERVICE MANUAL 10-1401, Operations and
Services Upper Air Program NWSPD 10-14 Rawinsonde Observations must be
revised or supplemented to reflect requirements contained in this evaluation.
 Operators must be trained to the procedure initially and at least annually for a
refresher.
 Training must be documented and records available.
 Code Compliance
 All other elements of the system shall be code compliant except for the use of a
balloon and fill hose as described in this report.
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Summary of Findings
There are eighteen (19) findings and four (4) observations for the Majuro UAIB.
Majuro Site Finding 2016-1 Pressure Vessel Inspection. The 2,000-gallon, 250 psi MAWP
pressure vessel used for storage of hydrogen onsite requires periodic inspection by a qualified
inspector in accordance with the requirements of a nationally accepted standard such as the 2007
NBIC or the ASME Boiler and Pressure Vessel Code. The maximum interval between
inspections is 10 years. No evidence of inspection was available. This pressure vessel was
placed in service 9 years ago in 2007 and is due for an inspection in 2017 per 2007 NBIC section
4.4.7:

2015 IFC § 5303.2 Design and construction. Compressed gas containers, cylinders and tanks shall be
designed, fabricated, tested, marked with the specifications of manufacture and maintained in
accordance with the regulations of DOTn 49 CFR Parts 100-185 or the ASME Boiler and Pressure
Vessel Code, Section VIII.

Recommendation(s):
1. Perform an inspection of the pressure vessel with a qualified inspector per the
NBIC. Obtain the services on an inspector from a company that also has an “R
Stamp” (repair) capability per the NBIC so that the same company can perform
any needed repairs and place the pressure vessel back into service.
2. Based on the results of the inspection determine the acceptable time period for the
next inspection and determine the estimated remaining service life of the pressure
vessel.
Majuro Site Finding 2016-2 Hydrogen Pressure Vessel Pressure Relief Device and
Vent – Per NWS personnel the existing hydrogen storage pressure vessel has a pressure
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relief device set to relieve at 225 psi. The discharge from both the relief valve and the
vent/purge valve need to be routed to a gas vent stack per code.
Figure 23 Pressure Relief Valve and Vent5

2015 IFC § 5303.3 Pressure relief devices. Pressure relief devices shall be in accordance with
Sections 5303.3.1 through 5303.3.5.
2015 IFC § 5303.3.1 Where required. Pressure relief devices shall be provided to protect
containers, cylinders and tanks containing compressed gases from rupture in the event of
overpressure.
Exception: Cylinders, containers and tanks where exempt from the requirements for pressure
relief devices specified by the standards of design listed in Section 5303.3.2.
5303.3.2 Design. Pressure relief devices to protect containers shall be designed and provided in
accordance with CGA S-1.1, CGA S-1.2, CGA S-1.3 or the ASME Boiler and Pressure Vessel
Code, Section VIII, as applicable.
5303.3.3 Sizing. Pressure relief devices shall be sized in accordance with the specifications to
which the container was fabricated and to material-specific requirements as applicable.
5303.3.4 Arrangement. Pressure relief devices shall be arranged to discharge upward and
unobstructed to the open air in such a manner as to prevent any impingement of escaping gas
upon the container, adjacent structures or personnel.
Exception: DOTn specification containers having an internal volume of 30 cubic feet or less.
5303.3.5 Freeze protection. Pressure relief devices or vent piping shall be designed or located so
that moisture cannot collect and freeze in a manner that would interfere with the operation of the
device.

5

Note that photo is from Yap but the same fittings exist at Majuro.
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Recommendation: Install an approved pressure relief device and appropriately sized
piping to route gas flow to a hydrogen gas vent stack or confirm with the tank
manufacturer that a pressure relief device is not required.

Majuro Site Finding 2016-3 Hydrogen Storage / Piping System Maintenance. The
fitting connection at the hydrogen pressure vessel to the piping system has a slight leak
and the pressure gauge for the hydrogen supply line is broken.
2015 IFC § SECTION 5303 GENERAL REQUIREMENTS
2015 IFC § 5303.12 Leaks, damage or corrosion. Leaking, damaged or corroded compressed gas
containers, cylinders and tanks shall be removed from service. Leaking, damaged or corroded
compressed gas systems shall be replaced or repaired in accordance with the following:
1.

Compressed gas containers, cylinders and tanks that have been removed from service shall be
handled in an approved manner.

2.

Compressed gas systems that are determined to be leaking, damaged or corroded shall be
repaired to a serviceable condition or removed from service.

2015 IFC § SECTION 5305 USE AND HANDLING OF COMPRESSED GASES
2015 IFC § 5305.3 Piping systems. Piping, including tubing, valves, fittings and pressure regulators,
shall comply with this section and Chapter 50. Piping, tubing, pressure regulators, valves and other
apparatus shall be kept gas tight to prevent leakage.

Recommendation:
1. Drain/vent and inert the hydrogen pressure vessel, then repair the leaking fitting.
2. Replace the broken gauge.
3. Develop a program to leak test all fittings at least annually.
Consider the following sequence when inerting or refilling:
Inerting
1. Turn off and isolate electrolyzer from pressure vessel.
2. Vent pressure vessel down to atmospheric pressure using the vent on top of the
vessel routed to a vent stack.
3. Close vent valve.
4. Connect water supply to the bottom of the vessel and fill vessel with water.
5. Vessel is now inerted except for a small gas pocket of hydrogen above the water.
Refilling:
1. With top vent valve closed, open bottom drain valve and drain water from vessel.
2. When water flow stops, turn on the electrolyzer and open valve to begin charging
pressure vessel with hydrogen.
3. Stop filling when vessel pressure reaches 15 psig.
4. Open drain valve and remove any additional water.
5. Close drain valve and refill vessel with hydrogen to normal pressure (200 psig)
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Majuro Site Finding 2016-4 Hydrogen Generator Vent Pipe Design. Piping for the
hydrogen vent line needs to be in accordance with CGA G-5.5 Hydrogen Vent Systems.
The vent line lacks a vent cap, discharges directly next to the building and lacks other
required design features. Hydrogen stack fires are an expected event so discharge near a
building is not acceptable. Examples of acceptable and unacceptable vent stack designs
are contained within CGA G-5.5. (See Figures 23-26 for excerpts).
2016 NFPA 2: §6.16* Vent Pipe Termination. Hydrogen venting systems serving pressure relief devices
discharging hydrogen to the atmosphere shall be in accordance with CGA G-5.5, Hydrogen Vent Systems.
[55:10.2.3] Figure 23 – Acceptable Vent Stack Design Example6

6

Note that not all features apply to warm (gaseous) hydrogen vent stack design.
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Figure 24 – Unacceptable Vent Stack Design Example

Page 49 of 67

National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE
Figure 25 Examples of Acceptable Vent Stack Terminations from CGA G-5.5
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Figure 26 Examples of Unacceptable Vent Stack Terminations from CGA G-5.5

Recommendation: The hydrogen vent shall be redesigned to meet the requirements of
CGA G-5.5.

Page 51 of 67

National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE
Majuro Site Finding 2016-5 Hydrogen Piping Marking. Piping for hydrogen in the
vicinity of the pressure vessel is not labelled with all markings as required by code.
2015 IFC §5303.4.3 Piping systems. Piping systems shall be marked in accordance with ASME A13.1.
Markings used for piping systems shall consist of the content’s name and include a direction-of-flow
arrow. Markings shall be provided at each valve; at wall, floor or ceiling penetrations; at each change
of direction; and at not less than every 20 feet or fraction thereof throughout the piping run.

Recommendation: Install required signage and markings.
Majuro Site Finding 2016-6 Hydrogen Marking and NFPA 704 Hazard
Identification Sign. The pressure vessel requires both NFPA 704 signage as well as a
HYDROGEN label. An NFPA 704 placard at the entry to the hydrogen pressure vessel
enclosure is adequate to meet the NFPA 704 placarding requirement.
2015 IFC §5003.2.4.2.1 Marking. Above-ground stationary tanks shall be marked as required by
Section 5003.5.
2015 IFC §5303.4.1 Stationary compressed gas containers, cylinders and tanks. Stationary
compressed gas containers, cylinders and tanks shall be marked with the name of the gas and in
accordance with Sections 5003.5 and 5003.6. Markings shall be visible from any direction of
approach.
2015 IFC §5003.5 Hazard identification signs. Unless otherwise exempted by the fire code official,
visible hazard identification signs as specified in NFPA 704 for the specific material contained shall
be placed on stationary containers and aboveground tanks and at entrances to locations where
hazardous materials are stored, dispensed, used or handled in quantities requiring a permit and at
specific entrances and locations designated by the fire code official.
2015 IFC §5003.6 Signs. Signs and markings required by Sections 5003.5 and 5003.5.1 shall not be
obscured or removed, shall be in English as a primary language or in symbols allowed by this code,
shall be durable, and the size, color and lettering shall be approved.

Recommendation: Install required signage and markings.

Majuro Site Finding 2016-7 Emergency Shutoff ¼ Turn Valve Identification. The
hydrogen system has a quarter-turn indicating shutoff valve but it is not labelled with the
required signage.
2015 IFC §5003.2.2.1 Design and construction. Piping, tubing, valves, fittings and related
components used for hazardous materials shall be in accordance with the following:
4.

Manual emergency shutoff valves and controls for remotely activated emergency shutoff
valves shall be identified and the location shall be clearly visible, accessible and indicated by
means of a sign.

Recommendation: Provide EMERGENCY SHUTOFF VALVE identification.

Majuro Site Finding 2016-8 Secure Helium Cylinders. The helium cylinders stored in
the two plastic sheds need to be secured to prevent a tip over and accidental valve shear.
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Use of the existing steel frames is acceptable but cylinders must be limited to the capacity
of the storage frames and secured with chains not ropes. Additionally, the frames must
be secured to the floor.
2015 IFC §5303.5.3 Securing compressed gas containers, cylinders and tanks. Compressed gas
containers, cylinders and tanks shall be secured to prevent falling caused by contact, vibration or
seismic activity. Securing of compressed gas containers, cylinders and tanks shall be by one of the
following methods:
1.
2.
3.

4.

Securing containers, cylinders and tanks to a fixed object with one or more restraints.
Securing containers, cylinders and tanks on a cart or other mobile device designed for the
movement of compressed gas containers, cylinders or tanks.
Nesting of compressed gas containers, cylinders and tanks at container filling or servicing
facilities or in sellers’ warehouses not accessible to the public. Nesting shall be allowed
provided the nested containers, cylinders or tanks, if dislodged, do not obstruct the required
means of egress.
Securing of compressed gas containers, cylinders and tanks to or within a rack, framework,
cabinet or similar assembly designed for such use.
Exception: Compressed gas containers, cylinders and tanks in the process of examination,
filling, transport or servicing.

Recommendation(s):
1. Install a floor slab or foundation beneath the sheds and anchor the cylinder
nesting storage racks into the concrete; or
2. Replace the sheds with a structure in compliance with the building code and
mount either nesting racks or wall mounted cylinder mounts. Chain all cylinders;
or
3. Remove the sheds and store helium cylinders outdoors in wall mounted racks.
The exterior of the hydrogen pressure vessel enclosure wall could be utilized if a
pad was poured for the cylinders to sit on.
Majuro Site Finding 2016-9 Compressed Gas Hazard Warning Sign. The helium
cylinders are used for inflation gas when the hydrogen system is unavailable. Helium
cylinders are stored and used (dispensing) in two sheds next to the inflation building.
This area requires signage warning of the compressed gas hazard.
2015 IFC §5003.5.1 Markings. Individual containers, cartons or packages shall be conspicuously
marked or labeled in an approved manner. Rooms or cabinets containing compressed gases shall be
conspicuously labeled: COMPRESSED GAS.

Recommendation: Provide COMPRESSED GAS warning signage.

Majuro Site Finding 2016-10 Compressed Gas Cylinder Corrosion. Helium
cylinders show visible signs of corrosion including the threads for the caps on several
cylinders.
IFC §5303.12 Leaks, damage or corrosion. Leaking, damaged or corroded compressed gas
containers, cylinders and tanks shall be removed from service. Leaking, damaged or corroded
compressed gas systems shall be replaced or repaired in accordance with the following:
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1.

Compressed gas containers, cylinders and tanks that have been removed from service shall be
handled in an approved manner.

2.

Compressed gas systems that are determined to be leaking, damaged or corroded shall be
repaired to a serviceable condition or removed from service.

Recommendation: Corrosion is a sign that can require a compressed gas cylinder to be
removed from service. It is recommended that a cylinder inspection program be
developed to inspect the cylinders for unacceptable corrosion and treat cap threads with a
corrosion inhibitor when corrosion is found on the cap threads. In this environment
stockpiling of compressed gas cylinders should be avoided. Compressed gas cylinders
should be depleted and sent back to the supplier on a regular basis, such as yearly.

Majuro Site Finding 2016-11 Combustible Vegetation Hazard at Helium Sheds.
Compressed gas cylinders must be separated from combustible materials by at least 10
feet. The helium cylinders are currently located in a combustible shed that is adjacent to
a grassy area.
IFC §2015 IFC §5303.7.2 Combustible waste, vegetation and similar materials. Combustible waste,
vegetation and similar materials shall be kept not less than 10 feet from compressed gas containers,
cylinders, tanks and systems. A noncombustible partition, without openings or penetrations and
extending not less than 18 inches above and to the sides of the storage area is allowed in lieu of such
distance. The wall shall either be an independent structure, or the exterior wall of the building
adjacent to the storage area.

Recommendation: The combustible vegetation should be removed or gravel/aggregate
installed to minimize regrowth.
Majuro Site Finding 2016-12 Braided Hose in Hydrogen Service. There are locations
near the fill table and near the hydrogen storage pressure vessel where the stainless steel
tubing transitions to braided flexible hose.
2015 IFGC §704.1.2.3 Piping design and construction. Piping and tubing materials shall be 300
series stainless steel or materials listed or approved for hydrogen service and the use intended through
the full range of operating conditions to which they will be subjected. Piping systems shall be designed
and constructed to provide allowance for expansion, contraction, vibration, settlement and fire
exposure.

Recommendation: Replace these sections with stainless steel tubing.

Majuro Site Finding 2016-13 Friction Fittings on Hydrogen Balloon Fill Hose. The
existing hose from the fill valve to the balloon fill nozzle utilizes a hose clamp at one end
and twisted wire at the other. Friction fittings are not acceptable for hydrogen service.
Recommendation: Replace the existing hose with the NWS standard fill hose with
threaded fittings on each end.
Page 54 of 67

National Weather Service
Upper Air Inflation Building
Majuro, Marshall Islands
AMM Analysis

Revision 1

FP2FIRE Proprietary Document

Do not use, copy, plagiarize or distribute without written approval from FP2FIRE

Majuro Site Finding 2016-14 Fire Extinguisher ITM. Portable fire extinguishers are
provided at the building of sizes, types and locations that comply with requirements of
the IFC; but ITM of the extinguishers appears to be non-compliant. Fire extinguishers
require both monthly inspections and annual maintenance and testing. The inspection tag
is missing, and the gauge shows an unacceptable stored pressure. There is no evidence
that the extinguisher has had annual inspections by a qualified person.
2013 NFPA 10 §7.1.2 Personnel.
2013 NFPA 10 §7.1.2.1* Persons performing maintenance and recharging of extinguishers shall be
certified.
2013 NFPA 10 §7.2.1.2* Fire extinguishers and Class D extinguishing agents shall be inspected
either manually or by means of an electronic monitoring device/system at intervals not exceeding 31
days.
2013 NFPA 10 §7.2.2 Inspection Procedures. Periodic inspection or electronic monitoring of fire
extinguishers shall include a check of at least the following items:
(1) Location in designated place
(2) No obstruction to access or visibility
(3) Pressure gauge reading or indicator in the operable range or position
(4) Fullness determined by weighing or hefting
(5) Condition of tires, wheels, carriage, hose, and nozzle for wheeled extinguishers
(6) Indicator for non-rechargeable extinguishers using push to-test pressure indicators

Recommendation: Perform proper ITM on fire extinguishers per the requirements in
NFPA 10, Standard for Portable Fire Extinguishers.
Majuro Site Finding 2016-15 Post NO EXIT Signs. Egress from the inflation building
is provided by one exit door direct to the exterior from the Hydrogen Generator Room
and one door direct to the exterior from the Fill Room. The rollup doors, although
frequently open (at least one) while the building is occupied, cannot be credited for
building egress. One door exits through the hydrogen storage area in violation of the
principle of the same or decreasing hazard along the egress path and cannot be credited.
2015 NFPA 101§7.10.8.3* No Exit.
2015 NFPA 101§7.10.8.3.1 Any door, passage, or stairway that is neither an exit nor a way of exit
access and that is located or arranged so that it is likely to be mistaken for an exit shall be identified
by a sign that reads as follows:

NO
EXIT
2015 NFPA 101§7.10.8.3.2 The NO EXIT sign shall have the word NO in letters 2 in. (51 mm) high,
with a stroke width of 3/8 in. (9.5 mm), and the word EXIT in letters 1 in. (25 mm) high, with the word
EXIT below the word NO, unless such sign is an approved existing sign.
2015 NFPA 101§A.7.10.8.3 The likelihood of occupants mistaking passageways or stairways that lead
to dead-end spaces for exit doors and becoming trapped governs the need for exit signs. Thus, such
areas should be marked with a sign that reads as follows:
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NO EXIT
Supplementary identification indicating the character of the area, such as TO BASEMENT,
STOREROOM, LINEN CLOSET, or the like, is permitted to be provided.

Recommendation: Post a “NO EXIT” sign (stickers are acceptable) on the inside of the
door leading to the hydrogen storage area.
Majuro Site Finding 2016-16 Vegetation and Rubbish Near UAIB and Radome.
Vegetation currently is directly adjacent to both the UAIB as the combustible Radome.
In addition, rubbish is located around the perimeter of the UAIB.
2015 IFC §304.1 Waste accumulation prohibited. Combustible waste material creating a fire hazard
shall not be allowed to accumulate in buildings or structures or upon premises.
2015 IFC §304.1.1 Waste material. Accumulations of wastepaper, wood, hay, straw, weeds, litter or
combustible or flammable waste or rubbish of any type shall not be permitted to remain on a roof or in
any court, yard, vacant lot, alley, parking lot, open space, or beneath a grandstand, bleacher, pier,
wharf, manufactured home, recreational vehicle or other similar structure.
2015 IFC §304.1.2 Vegetation. Weeds, grass, vines or other growth that is capable of being ignited
and endangering property, shall be cut down and removed by the owner or occupant of the premises.
Vegetation clearance requirements in urban-wildland interface areas shall be in accordance with the
International Wildland-Urban Interface Code.

Recommendation:
1. Remove and discard the rubbish and vegetation.
2. Establish a 5 ft. “no vegetation” zone within 5-ft of the perimeter of the building
by installing gravel or aggregate in this zone. This is prevention for building
damage from a slowly moving wildland fire.
Majuro Site Finding 2016-17 Open Electrical Junction Boxes. There is an open
receptacle that could cause a shock hazard inside the enclosure that also contains the
hydrogen fill valve control system.
2015 IFC §605.6 Unapproved conditions. Open junction boxes and open-wiring splices shall be
prohibited. Approved covers shall be provided for all switch and electrical outlet boxes.

Recommendation: Install a cover plate over the open receptacle.

Majuro Site Finding 2016-18 Mount Hydrogen Fill Valve Control Box. The control
box for the hydrogen fill valve control system is sitting loose inside an enclosure on the
UAIB exterior. This defeats the safety function of the red light to indicate that the system
is energized.
Recommendation: Mount the box outside the enclosure so the safety light is visible.
Majuro Site Finding 2016-19 Passive Ventilation in Hydrogen Generator Room.
The hydrogen generator room requires at least 73.3 SCFM of active ventilation for a
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hydrogen generator that generates hydrogen at a rate of 40 ft3 per hour per manufacturer’s
instructions yet only passive ventilation is provided.
Recommendation.
1. Install active ventilation to provide at least 73.3 SCFM of fresh air into the room
per mfg. instructions.
2. Confirm with manufacturer or perform a calculation to confirm that the existing
passive ventilation is adequate to maintain both internal ventilation in the
hydrogen generator and non-classified electrical in the room. Obtain a letter from
the manufacturer if they concur.

Majuro Site Observation 2016-1 Develop HMMP and HMIS. Flammable gas
quantities exceed 3,000 cu. ft. Therefore, an HMMP and HMIS are required per the IFC.
2015 IFC §5001.5.1 Hazardous Materials Management Plan. Where required by the fire code
official, an application for a permit shall include a Hazardous Materials Management Plan (HMMP).
The HMMP shall include a facility site plan designating the following:
1.

Access to each storage and use area.

2.

Location of emergency equipment.

3.

Location where liaison will meet emergency responders.

4.

Facility evacuation meeting point locations.

5.

The general purpose of other areas within the building.

6.

Location of all above-ground and underground tanks and their appurtenances including, but
not limited to, sumps, vaults, below-grade treatment systems and piping.

7.

The hazard classes in each area.

8.

Locations of all control areas and Group H occupancies.

9.

Emergency exits.

2015 IFC §5001.5.2 Hazardous Materials Inventory Statement (HMIS). Where required by the fire
code official, an application for a permit shall include an HMIS, such as Superfund Amendments and
Reauthorization Act of 1986 (SARA) Title III, Tier II Report or other approved statement. The HMIS
shall include the following information:
1.

Product name.

2.

Component.

3.

Chemical Abstract Service (CAS) number.

4.

Location where stored or used.

5.

Container size.

6.

Hazard classification.

7.

Amount in storage.
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8.

Amount in use-closed systems.

9.

Amount in use-open systems.

Recommendation: Develop a HMMP and a HMIS for the site. Since the Fire Code AHJ
primarily focuses on emergency response and NWS is primarily responsible for “selfgovernance” of fire prevention code provisions, the development of an HMMP and
HMIS are cited as an Observation rather than a Finding. However, the local Fire Dept.
could require these documents at some point in the future. These documents should be
provided to the Fire Dept. voluntarily for pre-planning purposes and familiarization with
the NWS site.
Majuro Site Observation 2016-2 NFPA 704 Hazard Identification Sign for Helium
Storage Area. An NFPA 704 placard is required at the helium storage sheds if the total
gas storage capacity ever exceeds 6,000 cu. ft. (e.g. – approximately 20-24 compressed
gas cylinders); the IFC Ch. 1 permit quantity.
2015 IFC §105.6.9 Compressed gases. An operational permit is required for the storage, use or
handling at normal temperature and pressure (NTP) of compressed gases in excess of the amounts
listed in Table 105.6.9.

2015 IFC §5003.5 Hazard identification signs. Unless otherwise exempted by the fire code official,
visible hazard identification signs as specified in NFPA 704 for the specific material contained shall
be placed on stationary containers and aboveground tanks and at entrances to locations where
hazardous materials are stored, dispensed, used or handled in quantities requiring a permit and at
specific entrances and locations designated by the fire code official.
2015 IFC §5003.6 Signs. Signs and markings required by Sections 5003.5 and 5003.5.1 shall not be
obscured or removed, shall be in English as a primary language or in symbols allowed by this code,
shall be durable, and the size, color and lettering shall be approved.

Recommendation: Install NFPA 704 placard on helium storage sheds. Though the helium
storage area generally contains less than 6,000 cu. ft., it is a best management practice to post the
storage area with an NFPA 704 placard so that responding firefighters clearly understand the
hazard(s) and do not mistake this area for a hydrogen storage area.
Majuro Site Observation 2016-3 Replace Sheds in the Helium Storage Area. Replace the
plastic sheds with a durable permanent structure.
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Recommendation: Replace the plastic sheds with a durable permanent structure built in
accordance with the 2015 IBC and designed for wind loads in the area or create an outdoor
storage location for the helium cylinders with storage racks. The sheds appear to have little or no
foundation/footing or slab to sit on.
Majuro Site Observation 2016-4 Provide Hardscape Path for Helium Storage / Use Areas.
Although helium was not in use at the time of the inspection so the process used for transporting
cylinders from the storage sheds to the dispensing location was not witnessed, there is no paved
path connecting the two areas, creating the possibility of a cylinder handling accident due to
uneven or soft terrain, particularly after tropical storms.
SECTION 5305 USE AND HANDLING OF COMPRESSED GASES
2015 IFC §5305.10 Handling. The handling of compressed gas containers, cylinders and tanks shall
comply with Sections 5305.10.1 and 5305.10.2.
2015 IFC §5305.10.1 Carts and trucks. Containers, cylinders and tanks shall be moved using an
approved method. Where containers, cylinders or tanks are moved by hand cart, hand truck or other
mobile device, such carts, trucks or devices shall be designed for the secure movement of containers,
cylinders or tanks. Carts and trucks utilized for transport of compressed gas containers, cylinders and
tanks within buildings shall comply with Section 5003.10. Carts and trucks utilized for transport of
compressed gas containers, cylinders and tanks exterior to buildings shall be designed so that the
containers, cylinders and tanks will be secured against dropping or otherwise striking against each
other or other surfaces.

Recommendation: Create a paved path between the storage and dispensing locations.
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Appendix A – Author Qualifications
Author
Martin T. Gresho is the President of FP2FIRE, INC which is a small consulting engineering
company specializing in Fire Protection Engineering services. Mr. Gresho is a registered
professional Fire Protection Engineer (CA-1989, CO-2012, and WY-14878) with experience in
both the industrial and the commercial sectors of fire protection and code enforcement with an
emphasis in hazardous materials requirements and general fire safety code compliance. Mr.
Gresho has performed Fire Hazards Analyses for numerous industrial facilities as well as code
analyses for various commercial facilities. Mr. Gresho served as the Fire Marshal at Sandia
National Laboratory’s California site for 15 years with oversight responsibility for all fire
protection systems and code compliance site-wide. Mr. Gresho also serves on several NFPA
Technical Committees charged with development of new code (NFPA 2 Hydrogen – Chair 20052015; NFPA 55 Industrial and Medical Gases – Principal; NFPA 400 Hazardous Materials –
Principal). Mr. Gresho has experience with both laboratory and industrial application of
hydrogen technologies. Mr. Gresho has a Master’s degree in Environmental Engineering (1995,
Colorado School of Mines) and a Bachelor’s degree in Mechanical Engineering (1985,
University of California, Davis). Mr. Gresho is an active firefighter on the Coal Creek Canyon
Volunteer Fire Department as an Emergency Medical Responder, Firefighter 1 and HAZMAT
Operations level responder.
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Appendix B – Budget Estimate for Majuro UAIB
Subject: Budget Estimate – Install Hydrogen Installation Safety System (HISS).
Here is an initial budget estimate for getting a HISS installed at additional NWS sites.
Included:
1. Scoping Visit and prepare site specific justification for not complying with the Fire Code. AMM
Analysis prepared by Fire Protection Engineer (FPE). (Completed for Majuro)
2. Prepare site specific design including:
a. 300 Series Stainless Steel tubing for hydrogen from source to fill valve.
b. Component location drawings showing HISS electronics, Mass Flow Meter (MFM),
controller, regulators, valves, etc.
c. Helium design changes. Hydrogen primary + helium as backup.
d. Hydrogen signage per fire code.
e. Construction drawings – site layout.
f. Piping and Instrumentation Diagram (P&ID) for system.
g. HISS Wiring diagram.
h. Create Bill of Materials (BOM).
3. Submit site specific design and AMM to local authority having jurisdiction (AHJ), if needed, and
NWS for review.
4. Incorporate review comments.
5. Procure specialty parts in advance:
a. MFM
b. Power supply
c. Fill room ventilation fans
d. HISS control buttons
e. Fan relay
f. Controller
g. High/Low current switches
h. Regulator wall mounts with flexible pigtail
i. Swagelok fittings:
i. Quick connects for MFM
ii. ¼ turn isolation valves
iii. Specialty fittings to connect valves, regulators, MFM etc.
iv. Tees, couplings, etc.
j. Regulators, hydrogen and helium (NWS standard part)
k. Solenoid valves (NWS standard part)
l. Desiccant bag (NWS standard part)
m. Tubing cush clamps
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6.
7.
8.
9.
10.
11.

n. HISS enclosure
o. Signage
Pre assemble HISS, program the controller, and bench test.
Ship all parts to site.
Provide on-site support during 5-day install.
Commission and calibrate entire HISS on 4th day.
Provide onsite operator hands on training and familiarization presentation. (5th day)
Finalize design and prepare as-built documentation.
a. Installation plan
b. Electrical plan per Installing contractor markups
c. P&ID
d. Wiring diagram
e. Narrative
f. Operation and Maintenance (O&M) Manual

Budget Estimate for Design and Specialty Gas Parts: $41K.
Construction Costs Estimate:
1. Install HISS
2. All Construction performed by regional NWS personnel with oversight by FP2.
3. Install all gas tubing (NWS)
4. Install helium lines (NWS)
5. Install signage (NWS install, Sign provided by FP2)
6. Support commissioning.
7. Utilize existing hydrogen supply.
Estimated Cost $50K
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Appendix C – Example of HMIS & HMMP

Hazardous Material Inventory Statement
Provided in accordance with 2015 International Fire Code §5001.5.2 Hazardous Materials
Inventory Statement (HMIS).
Facility Location
National Weather Service
Sterling Field Support Center
43741 Weather Service Road
Sterling, VA 20166
Product Name
Hydrogen
Component
Hydrogen
Chemical Abstract Service
1333-74-0
(CAS) number
Location where stored or used.
1. Outside next to Autosonde Balloon launcher
– see facility site plan.

2. Balloon inflation building
Container size.

Hazard classification.
Amount in storage.
Amount in use-closed systems.
Amount in use-open systems

Autosonde: 2 cassettes (12 packs of compressed
gas cylinders). ~216 cu. ft. each and 2,600 cu. ft.
per cassette (at maximum fill).
Balloon Inflation Bldg: 1,240 cu. ft in compressed
gas tanks.
Flammable Gas
5,200 cubic feet (Autosonde)
1,240 cu. ft. (Balloon Bldg.)
5,200 cubic feet
None
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Hazardous Material Management Plan
Provided in accordance with 2015 International Fire Code §5001.5.1 Hazardous Materials
Management Plan. Where required by the fire code official, an application for a permit shall
include a Hazardous Materials Management Plan (HMMP). The HMMP shall include a facility
site plan designating the following:
5001.5.2 Hazardous Materials Inventory Statement (HMIS).
Facility Location
National Weather Service
Sterling Field Support Center
43741 Weather Service Road
Sterling, VA 20166
Product Name
Hydrogen
Location of Emergency
Hydrogen shutoff valve location is shown below.
Equipment
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Location where liaison will meet On Weather Service Rd. east of Autosonde a safe
emergency responders
distance away.
Facility evacuation meeting point Not applicable for outdoor storage. Area is open
locations
and uncongested.
The general purpose of other
See graphic map.
areas within the building
Location of all above-ground
See graphic map.
and underground tanks and their
appurtenances including, but not
limited to, sumps, vaults, belowgrade treatment systems and
piping.
The hazard classes in each
Flammable gas
area.
Locations of all control areas
None. Outdoor storage.
and Group H occupancies.
Emergency exits.
None. Outdoor storage
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