[image: image8.emf][image: image8.emf]

In-Person Meeting – approved Minutes
AGENDA
March 30th, Monday, 2-6pm   (afternoon soda/cookie/snack refresh)
March 31st, Tuesday, 10:30am-3:30pm (1 hour lunch)
April 1st, Wednesday, 10:30am-3:30pm (1 hour lunch)

MONDAY, March 30, 2009
1. Opening.
a. The meeting was called to order at approximately 2:00PM ET.
b. Darren Meyers welcomed the attendees.
c. Greetings and self-introductions were made.
2. ADMINISTRATIVE ISSUES. 2:15p ET, Staff Blake, Hall, May and Meyers led discussion and recommended an open discussion about the “Open Letter” and administrative issues facing the HIPOC.  The panel proceeded by directing staff to make changes as formally agreed upon by the members.
a. Charter. Gresho requested a discussion of the charter. Question whether HIPOC should expand its scope to include “other North American C&S.” Staff offered background w.r.t. DOE’s interest in “North American harmonization.” ASSIGNMENT:  Staff to write letter to DOE to clarify intent of DOE interest in North American harmonization.  Mueller offered a compromise where we temper the language to “sharing information.” DOE clarified that they would rather leave the “door open” to the proposition that BNQ or other North American interested C or S promulgator interact with the HIPOC in this regard.  It was also noted that the HIPOC is not a large enough body for North America harmonization and that it is currently better equipped to handle US consistency.   Motion1:  Marty (Iby), Remove “other North American C&S,” from Scope. Discussion ensued. Motion2:  Iby (John) offered softening up the language so that we are able to “draw from/upon” other C&S, not just North American (e.g., Uniform Codes, DIN EIN Standards). DOE clarified, “How do you “harmonize” w/o having the ability to “take action” in implementing new and emerging technologies.” Discussion ensued (Scheffler, Mueller, Cairns, George, Richards, Gresho).  Mueller; While the goal may be to “harmonize,” sometimes you have to lead in order to effect change. Iby; As things change, we need to be able to change. DOE clarified that, “…the goal is to make sure that the two primary U.S. C&S bodies that scope out the bulk of our demonstration projects are communicating.” Iby (John) withdrew Motion2. Vote the motion:  (2-5-1) Motion1 fails.  It was ultimately agreed upon that the option should be kept open for HIPOC to explore in the future.
b. Composition. Motion3:  Marty (Iby); It is my belief that having NFPA 2, 52, 55 Chairs (or their designees) as voting members, and not eligible to be Chair of HIPOC would be productive. Discussion ensued. Mueller, offered that the Charter spell-out “11 members” 3 from ‘x’, 3 from ‘y’, and xyz; knowing full-well that DOE has final and binding authority over appointments. Richards and Mueller were “comfortable” with the present representations and appointments. Four (4) industries (Energy, Industrial Gas/Chemical, OEM, and Fuel Cell); 3 NFPA; 3 Fire Code Enforcement Professionals; 1 Research/Academic. Approved (7-0-1). Voting members designate their own alternate, as reviewed and approved by DOE. HIPOC agreed on a strong endorsement of Chuck Henrici to take on the NFPA 55 voting role.
i. Contact Information. Marty led discussion. Any objection among panelists to develop a contact list of phone and emails for panelists and alternates to be shared among panelists and alternates only. No objection.
ii. Industry Lead. Marty led discussion; I don’t understand the idea that there exists a “perceived” conflict of interest if a code official or fire safety official were to chair the HIPOC. ASSIGNMENT:  Staff to rewrite Charter to allow anyone, exclusive of sitting chairs of ICC Code Development Committees or NFPA Technical Committees to be HIPOC Chairs or Vice Chairs. Richards – “Why NFPA2?” Because NFPA2 has a “gap-filling” component. But Staff pointed out NFPA 505 Industrial Trucks, has added Hydrogen to its scope; and 853 Installation of SFCPP’s; and 30A has coverage for Motor Vehicle Repair Garages. Iby … I could make the argument that one should be Fire, Building, Mechanical and Fuel Gas. 
c. Administration.

i. Roles & responsibilities. Marty, don’t hammer out the text now, but ASSIGNMENT: Staff shall articulate the five roles of Chair, Vice, Panelists, Alternates, Staff, Interested parties; for subsequent review and approval by HIPOC.
ii. Rules of Order. As stated in the DOE NREL Staff memo. Discussion ensued sharing the good (i.e., swift) and the not so good (i.e., cumbersome). Agreed. RRO or RRO (revised). Go w/ RRO-revised, (laminated). Paul May offered NFPA to help ($) defray cost.  Appendix B of RRO were distributed as cliff notes were made available.  
d. Other issues.  Mueller, offered for consideration the subject of “industry-sponsored” (i.e., back-door) code changes. Motion4: Mueller (Richards) TABLED until Staff complete ASSIGNMENT: Staff to clean up Article III. Objectives, Item 2 as follows…“Develop or facilitate HIPOC-sponsored proposals that …” Clean it up.
3. Election Results.  Marty moved Motion5: Hold a new election based upon newly defined Charter. Motion died for lack of a 2nd.
4. Meeting concluded. Staff concluded meeting (5:45p ET).
TUESDAY, March 31, 2009

5. HIPOC CALL TO ORDER. –Vice Chair, Scheffler, called the meeting to order at approximately 10:35am ET.
6. Roll Call and Attendance Taken.
	#
	Panelists
	
	Present
	Category

	1
	Robert Boyd
	bob.boyd@linde.com 

Alt. – josepht@airproducts.com
	Y/n
	Industrial Gas & Chemical

	2
	Iby George
	ibygeorge@co.clarke.ga.us
Alt. – rjd@davidsoncodeconcepts.com  
	Y/y
	Code Enforcement

	3
	Marty Gresho
	mtgresh@sandia.gov
Alt. – cbhenrici@juno.com (pending 11)
	Y/n
	NFPA 2 / NFPA 55

	4
	Brian Ladds
	Brian.Ladds@calgary.ca 

Alt. – zajaca@michigan.gov
	Y/n
	Code Enforcement

	5
	Greg Milewski
	Gregory.Milewski@shell.com
Alt. – t.b.d.
	N/-
	Energy Company

	6
	John F. Mueller
	JMueller@dos.state.ny.us 

Alt. – mmallick@dos.state.ny.us
	Y/n
	Code Enforcement

	7
	Nancy Pehrson
	nancy.pehrson@centerpointenergy.com 
Alt. – t.b.d.
	N/-
	NFPA 52

	8
	Mark Richards
	Mark.Richards@versa-power.com
Alt. – aharris@nuvera.com 
	Y/n
	Fuel Cell Industry

	9
	Bob Schefer
	rwsche@sandia.gov 
Alt. – will@sandia.gov 
	N/y
	Academic/Research

	10
	Glenn Scheffler
	GWSSol@aol.com 
Alt. - eugene.steele@gm.com 
	Y/n
	Fuel Cell Hydrogen Vehicles

	11
	Chuck Henrici
	cbhenrici@juno.com (pending DOE rvw)
	~
	NFPA 55

	
	
	Quorum?
	Yes/No
	

	
	Guests
	
	
	

	11
	Anna Stukas
	astukas@angstrompower.com 
	N
	Angstrom Power

	12
	Tony Androsky
	androsky@usfcc.com 
	N
	USFCC

	13
	R. Stephenson
	rodys@earthlink.net 
	N
	Self

	14
	Julie Cairns
	CSA America
	Y
	CSA

	15
	Richard Papa
	CSA America
	Y
	CSA

	16
	Juana Williams
	NIST Fuel Quality & Metrication
	Y
	NIST

	17
	Allan Coutts
	URS, Washington Safety Management
	Y
	URS – WSM

	18
	Jim Ohi
	Consultant
	Y
	Consultant

	19
	Antonio Ruiz
	U.S. DOE – HFCIT
	Y
	U.S. DOE

	20
	Robert Petsinger
	CNG Services International, Inc.
	Y
	CNG Svcs - NFPA

	
	Staff
	
	
	

	S 
	Chad Blake
	Chad_Blake@nrel.gov 
	Y/-
	NREL

	S
	Karen Hall
	khall@ttcorp.com
Alt. – gbromaghim@ttcorp.com 
	Y/y
	NHA

	S
	Paul May
	pmay@nfpa.org 
	Y
	NFPA

	S
	Darren Meyers
	dmeyers@iccsafe.org 
	Y
	ICC


7. REVIEW AND APPROVE AGENDA. Approved!
8. APPROVAL OF MINUTES.  Marty would like to create a “running list” of approved proposal. Iby would like this to be accessed via a hot-link.  Staff proposed using NHA H2 Safety Report site and “Raindance” as the sites for locating proposals. All proposals shall be in .pdf and non-editable.  The minutes of the February meeting were approved.
The most up-to-date Minutes may be downloaded from:   Iby (Marty) Approved as modified unanimous. http://www.hydrogenandfuelcellsafety.info/hipoc/index.asp  
6. OLD BUSINESS. 
a. General Report on NFPA –Activities & Technical Committee Meetings
Marty:  The initial draft of the NFPA 2 – 2011. Soliciting Proposals (i.e., substantive comments // not editorial fixes) due by May 29th. This was a “monstrous editorial effort,” and NFPA’s first-ever use of a “templative approach” to an “extract-document.” 
NFPA2 is adding an exploratory Chapter on “Explosion Protection”, and soliciting Scoping improvements to this NEW material. NFPA 45 Laboratories, 52 Vehicle Fueling, 55 Storage and 853 Installation SFCPP were major “extract-chapters.”  Boyd: Anything from 86c (now 86 Ovens & Furnaces) – Use of H2 in a protective atmosphere in a manufacturing process? No. Glenn:  Can you explain “Explosion Protection”?  Concern is over duplicative efforts.  Marty: Indoor and outdoor … An NFPA 2 ROP Meeting for mid-August in Pittsburgh. ASSIGNMENT: Staff to contact Marty for schedule of the next NFPA 2 public meeting. The NEW “Explosion Protection” Chapter will be extract-material from NFPA 69 – Explosion Protection Systems. 
Discussion then moved toward the NFPA 52 NITMAM and strategy for sponsoring a HIPOC presence at the June NFPA Annual Business Meeting, Chicago, IL, in support. ASSIGNMENT:  Staff to locate space for HIPOC during June Mon 9th, Tues 10th, and Wed 11th, 2009 (Hearings start at 2pm on June 10th, 2009). ASSIGNMENT:  Staff to provide the HIPOC with a copy of the NFPA 2 NITMAM. 
b. Report from ICC – Final Action Hearings Results (Meyers)
Staff:  Presented ICC’s June 1st, 2009 Code Change Deadline.  Discussion ensued relative to processing ‘A’ cycles and ‘B’ cycles. It was mentioned that there are several BOD’s open to further changes.  ASSIGNMENT: Staff to draft a letter for IBC, IFC and IMC be linked either on the ‘A’ cycle or the ‘B’ cycle.  Without exception, it is HIPOC’s belief that at the very least, the IBC and IFC. Iby inquired whether State Code Enforcement Associations could help with this matter. Yes, please do so.
c. HIPOC Bulk Definitions Proposal-IFC_Ch35
Staff requested clarification of language from the February 4, 2009 minutes. Discussion ensued.  It was agreed that the actions taken during the FEB 4 meeting were clearly in favor of the proposals which point directly to NFPA 55 for Separation Distances.  However, additional debate ensued relating to the question of certain ICC factions which prefer to have enforcement content directly in the IFC.

Are we (HIPOC) going to get “caught in some kind of crossfire” on the ICC hearing room floor w/o a back-up plan. I think we have to be prepared to respond to the people that want to know why HIPOC did not insert the table into the IFC directly. ASSIGNMENT:  Coordinate this language w/ NFPA 55/2.
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(Draft)


(Gresho Comments)
d. HIPOC Separations Proposal-IFC_Ch35 Table in IFC
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(Draft)


(Gresho Comments)
e. HIPOC Separations Proposal-IFC_Ch35 Reference 55
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(Draft)


(Gresho Comments)
TASK LIST.  

Marty/Robert:  HIPOC Panelists will receive the “consolidated” 6c – 6e proposal. Marty and Robert will work together to draft the reason statement. The reason statement will be circulated to the HIPOC on or before April 10th. The Panel shall review for discussion at the Wednesday May 6th teleconference.
HIPOC (as a whole):  
(1) Panelists will coordinate and conduct a HIPOC review of TOC NFPA 2. Each panelist is asked to review the T.O.C. and volunteer for reviewing entire chapters based on their subject matter expertise.

(2) Panelists will coordinate and conduct a HIPOC review of the NFPA 52 NITMAM.
f. HIPOC Ventilation in Public Garages Proposal-IMC_Ch.4.  Motion7: Glenn (Marty) Approved 8-0: Withdraw this item ‘f’. Glenn has been in touch w/ SAE. No need to go in and address the ventilation issue in the I-Codes.
The meeting adjourned at approximately 4:00PM ET until  the following day, which was called to order at approximately 10:30am ET, APRIL 1, 2009.

(1) HIPOC review of TOC NFPA 2
All


5

John Mueller

4, 16


(Mark Mallik)
Marty Gresho
recues



(unassigned)
Chuck Henrici
~



(unassigned)

Iby George

1, 6, 4


(Robert Davidson 7, 19)

Brian Ladds

16, 20


(Andrea Zadjac)
Mark Richards

10, 12


(Aaron Harris)
Glenn Scheffler
13, 17, 18

(Mike Steele)
Bob Boyd

8, 10, 11, 13, 15 
(Tom Joseph 8, 10, 11, 13, 15)
Bob Schefer

9, 14


(Bill Houf 9, 14)

Unassigned …
2, 3
Due date NOON, Friday May 1st before (May 6th meeting). Section, (page), Issue, Proposed Resolution. Staff to develop and circulate a template for Panelists to respond to

June 9-11
(2) HIPOC review of the NFPA 52 NITMAM. This is really an item between NFPA 52 and NFPA 55. We’ve already agreed to schedule a HIPOC meeting for June (8, Paul May?) 9-10, NFPA Annual Business Meeting, Chicago, IL.  MOTION8: for general support of NFPA 52 NITMAM. Iby (Glenn) Approved 8-0-0.
g. Outdoor Shelter of 6-Pack IBC414.6 and IFC BULK and IFC MAQ conflicts as relate to “newly consolidated” 6c – 6e Proposal. 
Comments to Marty ASAP. ASSIGNMENT:  Staff to provide .pdf’s of IBC text, and 2009 IFC to all Panelists.
h. Status of CGA Indoor Fuel Dispensing Proposal. (Joseph) Discussion ensued relative to whether the present indoor fueling/dispensing approach is adequate.
There is currently no complete proposal (existing, new or otherwise) for HIPOC to examine at this time that would provide more direction to (through) ICC regarding indoor fueling. Spirited, and sometimes confidential, discussions ensued including the following related issues: "fast fill" times; adiabatic heating (PDT) during compression and filling; current status of the SAE J-2601 fueling protocol (Draft TIR) ; Concerns "during fill" regarding the "duty cycle" of the tanks: fast fills and projected number of fills over the usable vehicle life -- that could cause an incident, particularly of concern during an indoor fill.   It was noted that Warehouses went to battery powered lift truck (in lieu of carbon monoxide and flammability issues), and the need for adequate venting of hydrogen generated during battery charging is a known issue that requires management in the building code.

ASSIGNMENTS: Glenn to talk to Chris and Bill Houf and Bob Schefer and Mark Richards about narrowing the issues in order for R&D to define an appropriate problem and run a series of modeling exercises. Bob Boyd asked to reach out to Industry independently to report back to the HIPOC and NFPA. The whole SAE 2579 tank approach is "brand new" and has only been applied to vehicles that have been on the road a relatively short amount of time, adding separate requirements for heavy duty vehicles (long service time) and vehicles that fill frequently (up to 3 to 6 times per day) will take time before the SAE 2579 is complete. Glenn, Mark, and Bob to review the old "indoor refueling" proposal, and report back to the HIPOC on the matter via e-mail on or before May 6th.
i. Upcoming Significant Dates
Wednesday, May 6 (11a ET, 10a CT, 9a MT, 8a PT). Two hour call proposed with concept to move the HIPOC to an ‘end of month schedule. ** WITH EXCEPTION OF CONFIDENTIAL **
June 1st ICC PROPOSAL DEADLINE.

June full-day on 9th, then ½-day on 10th
(2:00p Some of the HIPOC may testify at NFPA 2 on 10th-11th). In-person meeting coincident with NFPA Annual Business Meeting, Chicago, IL.

August NFPA 2

October 15-31. ICC Code Hearings and ABM, Baltimore, MD
7. NEW BUSINESS.
a. Election Results
b. HIPOC Chair.  Richards requests the panel revisit HIPOC Chair issue in deference to DOE’s comments.
c. Liquid leaks … Separation distances?
d. DOE’s comments.

Appreciative. Thank you for your time. Harmonization is important to DOE and the overall National Hydrogen Effort.
e. ASSIGNMENT:  Staff to develop a “template executive session” clause.

f. Marty’s Additional Proposal – IFC 3501.1 Scope.
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8. NEXT MEETING(S).
9. ADJOURNMENT. (4:00p ET)
HIPOC MTG 03-30-2009
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3502.1

Proponent: Thomas Joseph, Chair, Hydrogen Industry Panel on Codes (HIPOC)


1. Revise definitions as follows:

CHAPTER 35 


FLAMMABLE GASES AND FLAMMABLE CRYOGENIC FLUIDS

3502.1 Definitions. The following words and terms shall, for the purposes of this chapter and as used elsewhere in this code, have the meanings shown herein.


Bulk Hydrogen Compressed Gas System. An assembly of equipment, consisting of but not limited to, storage containers, pressure regulators, pressure relief devices, vaporizers, manifolds, and piping, with a storage capacity of more than 400 ft3 (scf) (11 m3) 1,000 scf (28.3 m3;2.4 kg) of compressed hydrogen gas including unconnected reserves integral to the system. The bulk system terminates at the point where the gas supply, at service pressure, first enters the supply line. The containers are either stationary or portable, and the gas is stored as a compressed gas. [[Revisions consistent ICC AHC H2G and SAE intent to address the amount of GH2 that could conceivably be expected on a vehicle (circa 2003 why is this relevant?), but also tied to IFC MAQ’s in Table 2703.1.1(1) consistent with the onset of infrastructure requirements (sprinklers, cabinets, etc)]]

Bulk Liquefied Hydrogen Gas System. An assembly of equipment, consisting of but not limited to, storage containers, pressure regulators, pressure relief devices, vaporizers, manifolds, and piping, with a storage capacity of more than 39.7 gal (150 L) 45 gal (170.3 L) of liquefied hydrogen including unconnected reserves integral to the system. The bulk system terminates at the point where the gas supply, at service pressure, first enters the supply line. The containers are either stationary or portable, and the gas is stored as a cryogenic fluid. [[Revisions consistent with IFC MAQ’s in Table 2703.1.1(1) for the onset of infrastructure requirements.]]

Reason:  

The definitions for both a Bulk Hydrogen Compressed Gas System and for a Bulk Liquefied Gas System were added to the IFC in the 2009 code development cycle.  The definitions are needed to improve code harmony with NFPA 55 and were inserted to achieve that goal.  However, HIPOC believes that the basis for the demarcation points in NFPA 55, which are now included in the IFC) for a system being defined as bulk are not well established and that using 400-ft3 as the demarcation point for gaseous hydrogen systems is too restrictive.  Membership of HIPOC includes several members of the NFPA 55 Technical Committee as well as the former staff liaison and when queried about the basis for using 400-ft3 it was revealed that the basis for 400-ft3 is historical in nature, not specifically documented, and loosely tied to the 1963 edition of NFPA50A (which was subsequently merged into NFPA 55) when bulk was defined as greater than two ‘K’ bottles containing roughly 255-ft3 each (7.2-m3; 0.62-kg) of gaseous hydrogen. 

Therefore HIPOC proposes to revise the demarcation threshold for both gaseous and liquid bulk hydrogen systems to be consistent with the levels above which quantity based controls are invoked by Chapter 27 of the IFC via table 2703.1.1(1).  The controls invoked by Table 2703.1.1.(1) may include a requirement for sprinklers, gas cabinets or ventilated enclosures, control areas, more restrictive (hazardous) occupancy classifications, etc.  For gaseous systems, Table 2703.1.1(1) sets the threshold at 1,000-ft3 and the HIPOC proposal revises the definition of a Bulk Hydrogen Compressed Gas System to be consistent with that quantity.  For liquefied systems Table 2703.1.1(1) sets the threshold value at 45-gal.  

Concurrent to this proposal for the IFC, HIPOC will submit a proposal to NFPA 55 (and other NFPA documents as required) to revise the definitions of bulk hydrogen systems to be in harmony with this proposal.















The HIPOC requests the IFC Code Development Committee vote in favor of this proposal.
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2202.1, 2209.3.1, Table 2209.3.1, 3501.1, (NEW), 3502.1, Table 3504.2.1(1), 3504.2.2

Proponent: Thomas Joseph, Chair, Hydrogen Industry Panel on Codes (HIPOC)


1. Add new definition to Section 2202.1 as follows:

2202.1 Definitions. The following words and terms shall, for the purposes of this chapter and as used elsewhere in this code, have the meanings shown herein.


GASEOUS HYDROGEN SYSTEM. An assembly of piping, devices and apparatus designed to generate, store, contain, distribute or transport a nontoxic, gaseous hydrogen containing mixture having at least 95-percent hydrogen gas by volume and not more than 1-percent oxygen by volume. Gaseous hydrogen systems consist of items such as compressed gas containers, reactors and appurtenances, including pressure regulators, pressure relief devices, manifolds, pumps, compressors and interconnecting piping and tubing and controls.  

2. Revise as follows:

2209.3 Location on property. In addition to the requirements of Section 2203.1, Generation, compression, bulk storage and dispensing equipment shall be located in accordance with Sections 2209.3.1 through Section 2209.3.3.

Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95 kg) or less at NTP.


2209.3.1 Separation from outdoor exposure hazards. Generation, compression and dispensing equipment shall be separated from other fuels or equivalent risks to life, safety and buildings or public areas in accordance with Table 2209.3.1. Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95 kg) or less at NTP. 

2209.3.1 Location of dispensing operations and equipment. Dispensing operations and equipment shall be located above ground, outside. In addition to the requirements of Section 2203.1, the point of transfer dispensing shall be located in accordance with the following:

1.
Not beneath power lines.


2.
Ten feet (3048 mm) or more from the nearest building or lot line that could be built on, public street, sidewalk or source of ignition.

Exceptions: 

1. Dispensing equipment need not be separated from canopies that are constructed in accordance with the International Building Code and that provide weather protection for the dispensing equipment.

2. Dispensing points shall be permitted to be located at a lesser distance from buildings or walls constructed of concrete or masonry materials or of other materials having a fire resistance rating of at least not less than 2 hours, but at least 10 ft (3048 mm) from any building openings.

3.
Twenty-five feet (7620 mm) or more from the nearest rail of any railroad track and 50 feet (15 240 mm) or more from the nearest rail of any railroad main track or any railroad or transit line where power for train propulsion is provided by an outside electrical source, such as third rail or overhead catenaries.


4.
Fifty feet (15 240 mm) or more from the vertical plane below the nearest overhead wire of a trolley bus line.

3. Delete Table 2209.3.1 in its entirety:

Table 2209.3.1 MINIMUM SEPARATION FOR GASEOUS HYDROGEN DISPENSERS, COMPRESSORS, GENERATORS AND STORAGE VESSELS


4. Revise as follows:

CHAPTER 35 


FLAMMABLE GASES AND FLAMMABLE CRYOGENIC FLUIDS

3501.1 Scope. The storage and use of flammable gases shall be in accordance with this chapter. Compressed gases shall also comply with Chapter 30 and cryogenic fluids shall also comply with Chapter32. Bulk hydrogen compressed gas systems shall also comply with NFPA55.


Exceptions:


1.
Gases used as refrigerants in refrigeration systems (see Section 606).


2.
Liquefied petroleum gases and natural gases regulated by Chapter 38.


3.
Fuel-gas systems and appliances regulated under the International Fuel Gas Code.


4.
Hydrogen motor fuel-dispensing stations and repair garages and their associated above ground hydrogen storage systems designed and constructed in accordance with Chapter 22.


5.
Pyrophoric gases in accordance with Chapter 41.


5. Add new definition to Section 3502.1 as follows:

3502.1 Definitions. The following words and terms shall, for the purposes of this chapter and as used elsewhere in this code, have the meanings shown herein.


PIPING SYSTEM. Where used in this chapter, “piping system” refers to all fuel piping, tubing, valves, joints and fittings from the outlet of the point of delivery to the outlets of the equipment shutoff valves.

6. Revise as follows:

TABLE 3504.2.1 FLAMMABLE GASES OTHER THAN HYDROGEN — DISTANCE FROM STORAGE TO EXPOSURES (no change to table contents)

3504.2.1 Distance limitation to exposures. Outdoor storage or use of flammable compressed gases shall be located from a lot line, public street, public alley, public way, or building not associated with the manufacture or distribution of such gases in accordance with Tables 3504.2.1(1) and 3504.2.1(2).


3504.2.2 Bulk hydrogen gas storage systems. The minimum distance from outdoor, bulk hydrogen compressed gas systems and bulk liquefied hydrogen gas systems to specified exposures shall be in accordance with Table 3504.2.1(2) based on the maximum internal diameter of the piping system over the range of pressures specified.

Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95kg) or less at NTP. [[Revisions consistent ICC AHC H2G and SAE intent to address the amount of GH2 that could conceivably be expected on a vehicle (circa 2003), but also tied to IFC MAQ’s in Table 2703.1.1(1) for fully sprinklered/ventilated cabinets. A new definition of “Bulk Hydrogen Compressed Gas System” has been added to IFC Section 3502.1 which limits storage capacity to 400scf (11m3; 0.95kg) [[400scf rooted in 1963 ed. of NFPA50A and that circa 1963 bulk was defined as greater than one ‘k’ bottle.]] before being deemed a bulk system, subject to NFPA 55. The specific volume of hydrogen gas is 191.3 ft3/lb (11.9 m3/kg) at 68 ºF (20 ºC) and 1 atm, and the specific volume of liquid hydrogen is 0.226 ft3/lb (0.014 m3/kg) at –423 ºF (–253 ºC) and 1 atm. However, hydrogen is commonly stored at high-pressures up to 3600 or even 5000 psig (250 to 350 bar) at ambient temperatures. Therefore, the ideal gas relationship cannot be used accurately at gas storage pressures. The resulting deviation from the ideal gas law is always in the form of a compression factor — the gas occupies less space than the ideal gas law predicts.]]

3504.2.2.1 Determination of system pressure. System pressure for bulk hydrogen compressed gas systems and bulk liquefied hydrogen gas systems shall be determined by the maximum operating pressure of the storage array with content greater than 400 standard cubic feet (11 m3; 0.95 kg), irrespective of those portions of the system elevated to a higher pressure.

2209.3.1.1 3504.2.2.2 Barrier wall construction–gaseous hydrogen. The outdoor separation shall be allowed to be reduced to 5 feet (1524 mm) where a 2-hour fire barrier interrupts the line of sight between equipment, other than dispensers, and the exposure within the radial distance as indicated by the tabular value. The height of the barrier shall be a minimum of 6 feet (1829 mm), but not less than 1.5 times the height of the equipment, measured vertically. The length of the wall shall be not less than 1.5 times the maximum diameter or length of the tank.


2209.3.1.2 3504.2.2.3 Location of equipment. Equipment shall be located from the enclosing walls at a distance not less than one tank diameter. When horizontal tanks are used, the distance from any one enclosing wall shall be not less than one-half the length of the tank or a minimum of 5 feet (1524 mm).

7. Add new Table 3504.2.1(1) as follows:

TABLE 3504.2.1(2) MINIMUM SEPARATION FOR FLAMMABLE GASES – HYDROGEN

		NO.

		EXPOSURE

		DISTANCE (a), PRESSURE AND MAXIMUM PIPING SYSTEM I.D. (b)



		

		

		>15 to ≤250


psig


(>103.4 to ≤172.4)


kPag


2.067 in. max I.D.


(52.50 mm)

		>250 to ≤3,000


psig


(>172.4 to ≤20 684)


kPag


0.747 in. max I.D.


(18.97 mm)

		>3,000 to ≤7,500 psig


(>20 684 to ≤51 711)


kPag


0.312 in. max I.D.


(7.92 mm)

		>7,500 to ≤15,000 psig


(>51 711 to ≤ 103 421)


kPag


0.282 in. max I.D.


(7.16 mm)



		1

		Lot lines [established as the greater distance of (c) or (d)]

		40 ft., (12.19 m)

		45 ft., (13.72 m)

		30 ft., (9.14 m)

		35 ft., (10.38 m)



		2

		Exposed persons other than those servicing the system (e)

		20 ft., (6.10 m)

		25 ft., (7.62 m)

		15 ft., (4.57 m)

		15 ft., (4.57 m)



		3

		Building construction type:

IV and V (f, k)

I, II and III (g, k)

Exterior wall fire resistance rating ≥ 2 hrs (h)

		15 ft., (4.57 m)


15 ft., (4.57 m)


5 ft., (1.52 m)

		20 ft., (5.82 m)


20 ft., (5.82 m)


5 ft., (1.52 m)

		10 ft., (3.05 m)


10 ft., (3.05 m)


5 ft., (1.52 m)

		15 ft., (5.05 m)


15 ft., (3.05 m)


5 ft., (1.52 m)



		4

		Exterior wall openings:

Openable (c)

Unopenable (f)

		40 ft., (12.19 m)


15 ft., (4.57 m)

		45 ft., (13.72 m )


20 ft., (5.82 m)

		30 ft., (8.75 m)


10 ft., (3.05 m)

		35 ft., (10.38 m)


15 ft., (4.31 m)



		5

		Air intakes (c)

		40 ft., (12.19 m)

		45 ft., (13.72 m)

		30 ft., (9.14 m)

		35 ft., (10.38 m)



		6

		Fire barriers to shield bulk system from exposure (h)

		5 ft., (1.52 m)

		5 ft., (1.52 m)

		5 ft., (1.52 m)

		5 ft., (1.52 m)



		7

		Electrical equipment and devices not classified for use in hazardous locations (see Section 2209.2.3) (i)

		15 ft., (4.57 m)

		15 ft., (4.57 m)

		15 ft., (4.57 m)

		15 ft., (4.7 m)



		8

		Overhead utilities (electric power, building service or hazardous materials piping) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15. ft., (4.31 m)



		9

		Ignition sources (c)

		40 ft., (12.14 m)

		45 ft., (13.72 m)

		30 ft., (9.14 m)

		45 ft., (13.72 m)



		10

		Parked vehicles (e)

		20 ft., (5.94 m)

		25 ft., (7.62 m)

		15 ft., (4.57 m)

		15 ft., (5.05 m)



		11

		Flammable gas storage systems:

Non-bulk (f)

Bulk (j)

		15 ft., (4.57 m)


15 ft., (4.57 m)

		20 ft., (5.82 m)


15 ft., (4.57 m)

		10 ft., (3.05 m)


15 ft., (4.57 m)

		15. ft., (4.31 m)


15 ft., (4.57 m)



		12

		Aboveground flammable gas or cryogenic system vent or fill openings, underground piping and components (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15. ft., (4.31 m)



		13

		Belowground physical hazard or health hazard material storage (other than flammable gases) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15. ft., (4.31 m)



		14

		Aboveground physical hazard or health hazard material storage (other than flammable gases) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15 ft., (4.31 m)



		15

		Combustible waste material (see Section 304.1.1) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15 ft., (4.31 m)



		16

		Slow burning combustible solids (heavy timber, coal, compost) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15 ft., (4.31 m)





For SI:  1 in. = 25.4 mm.  1 foot = 304.8 mm.  1 psig = 6.895 kPag

a. In terms of radius that defines a hemisphere from the source when not interrupted by an intervening wall or fire barrier without through penetrations and measured along the natural and unobstructed line of travel.


b. The piping with the largest internal diameter in the system shall used to establish the piping system internal diameter regardless of the length of the piping system. Where shut off valves are not connected directly to the source of supply, all interconnecting piping between the source connection and points downstream shall be included in the determination of maximum piping system internal diameter. See NFPA 55 for designs requiring alternative piping system internal diameters.

c. Unignited jet concentration decay distance to 4% mole (volume) fraction hydrogen.


d. Distance (Drad) for radiation heat flux level of 500 Btu/hr∙ft2 (1 577 W/m2) for exposure at the lot line [see Table 2209.5.4.3.6 (1)].

e. Distance (Drad) for radiation heat flux level of 1,500 Btu/hr∙ft2 (4 732 W/m2) for exposure to personnel for a maximum of three (3) minutes [see Table 2209.5.4.3.6 (1)].


f. The greater of the distance (Drad) for radiation heat flux level of 6,340 Btu/hr∙ft2 (20 000 W/m2) for ignition of wood or the visible flame length.


g. The greater of the distance (Drad) for radiation heat flux level of 8,000 Btu/hr∙ft2 (25 237 W/m2) for exposure to non-combustible materials or the visible flame length.

h. Not less than the minimum clearance necessary for ready access to service equipment and accessories (see Sections 3504.2.2.2 and 3504.2.2.3).

i. Equipment or devices approved for use in Class I, Division 2, Group B hazardous (classified) locations which are installed and operated in accordance with the applicable provisions of the ICC Electrical Code.

j. Other non-liquefied, flammable gas systems shall be permitted to be co-located where the output of the aggregate system is designed to deliver mixed or blended product for delivery into the user’s system. The separation distance indicated requires a minimum separation between gaseous and liquid systems integrated into a single system where the liquid source is vaporized, compressed and stored in the gaseous state.

k. The dispenser and point of transfer for dispensing need not be separated from canopies constructed in accordance with Section 406.5 of the International Building Code, under which fuels are dispensed.

Reason:  The evaluation of separation distances for bulk gaseous hydrogen systems has been the subject of joint investigations by the U.S. Department of Energy (DOE), Office of Hydrogen Infrastructure and Fuel Cell Technologies (HFCIT), Sandia National Laboratories (SNL) in Livermore, California, the Ad Hoc Committee for Hydrogen Gas (AHC H2G) circa 2000-2006, and more recently an NFPA joint task group comprised of members of NFPA’s Hydrogen Technology and the Industrial and Medical Gases Technical Committees. This joint task group (TG) examined the exposure distances published in the 2005 Edition of NFPA 55 and 2006 ICC International Fire Code (IFC) for the purpose of validation or revision of NFPA 55 based on a scientific approach that could either be substantiated through testing or through generally accepted scientific means.

In addressing the question of separation distances, additional direction and correlation of inter-IFC and intra-I-Code references (e.g., IFC to IFGC, IFC to IBC and IFC to IMC) regarding gaseous hydrogen as a flammable gas and liquefied hydrogen as a flammable cryogenic fluid has been provided during the 06/07 and 07/08 code development cycles leading to the 2009 IFC Edition. As summarized briefly, it is the opinion of the HIPOC that such direction and correlation must be viewed in the context of consolidations in scope relative to hydrogen as an industrial gas and cryogen in the NFPA Standards set and the work of the AHC H2G leading up to the 2006 IFC Edition addressing gasified and liquefied hydrogen as a vehicular fuel.


The distinction to be made clear is whether the membership sees value in the I-Codes providing tools for the fire official to address field installation, siting, operations, testing, servicing, maintenance, dispensing and storage systems associated with commercial production and dispensing of hydrogen as a vehicular fuel much like petroleum, LNG and CNG fuels are addressed in IFC Chapter 22, leaving the details of industrial gas and chemical production-levels for hydrogen to the more sophisticated, and broadly inclusive revisions to NFPA 55.

NFPA Standards council actions spanning the three years 2004 - 2006 did much to change the circumstance of U.S. standards affecting hydrogen as a vehicular fuel.


In 2004 NFPA Standards Council action 04-4-26 expanded the scope of NFPA 52 – CNG Vehicular Fuel Systems Code to subsume the scope of NFPA 57 - LNG Vehicular Fuel Systems Code and add content addressing gaseous and liquefied hydrogen as a vehicular fuel. 

In 2005 NFPA Standards Council action 05-1-11 affirmed official withdrawal of NFPA 50-2001, Standard for Bulk Oxygen Systems at Consumer Sites (Withdrawn); NFPA 50A-1999, Standard for Gaseous Hydrogen Systems at Consumer Sites (Withdrawn); and NFPA 50B-1999, Standard on Liquefied Hydrogen Systems at Consumer Sites (Withdrawn); followed by the reissuance of NFPA 55-2005, Standard for the Storage, Use, and Handling of Compressed Gases and Cryogenic Fluids in Portable and Stationary Containers, Cylinders, and Tanks, with a significantly expanded scope that effectively subsumed the content of the aforementioned Standards (50, 50A and 50B).

Standards Council action 05-10-9 then established a new Hydrogen Technology Technical Committee (ultimately becoming NFPA 2, Hydrogen Technologies Code) to address the safe storage, use, and handling of all forms of hydrogen. In approving the project, the Council noted that the NFPA 52 and 55 Technical Committees would continue to have primary responsibility for their subject areas and their existing documents, while NFPA 2 would conveniently assemble all requirements applicable to hydrogen technologies presently found in NFPA 52 and 55 and others as needed.

Over the course of such actions, NFPA 52 and NFPA 55 were re-scoped and completely revised to divide the question of hydrogen as a vehicular fuel; with NFPA 52 addressing the design, installation, operation and maintenance of testing, service, maintenance, dispensing and storage systems associated with vehicles, and NFPA 55 addressing the “…installation, storage, use and handling of compressed gases and cryogenic fluids in portable and stationary containers, cylinders, equipment and tanks in all occupancies,” inclusive of GH2 and LH2.

F191-06/07. Approval of this code change maintained Chapter 32 as the generic chapter applicable to all cryogens while distinguishing the scope of Chapter 35 as the material specific chapter for liquefied hydrogen as a flammable cryogenic fluid.


F282-07/08, Approval of this code change As Modified, deleted Exception 4 accompanied by additional text to Section 3501.1, Scope, intending that the more specific requirements of Chapter 22 (Section 2209) apply along with language clarifying that Chapter 35 is to be used in conjunction with the GH2 system provisions of the IFGC and the industrial-level of production covered in NFPA 55.


Since Chapter 35 now contains material specific provisions for “bulk” hydrogen systems as well as the terms “bulk hydrogen compressed gas system” and “bulk liquefied hydrogen gas system,” it is no longer necessary to retain current Table 2209.3.1 which may cause undue confusion and interpretive delay.  Accordingly, and with more current consequence based approach to hydrogen storage separations developed by SNL, the HIPOC is now able to direct the fire marshal and field inspector to a separations table balanced between simplicity and usability on the one hand and accuracy and analytical power on the other. 

The general provisions of Chapter 22 and 35 have been modified to address general design and safeguards for bulk hydrogen compressed gas systems” and “bulk liquefied hydrogen gas systems” associated with the commercial use of hydrogen as a motor fuel, while recognizing that there are also specific requirements in Chapter 22 that are applicable to service stations and applicable sections of the NFPA 55 Standard applicable to level of production indicative of industrial gas and chemical-based levels of production. Therefore, Chapter 35 is the logical choice for locating these provisions given the hazard specific approach to hazardous materials used by the IFC.


To the issue of separation distances; the determination of separation distance was initially approached through the use of a consequence based approach where the consequences of a release of hydrogen from a system resulted either in ignition and its attendant jet flame, or in an envelope of unignited gas which was subject to dispersion. 


Studies by Houf and Schefer of SNL predicted the radiative heat flux at various distances resultant from the ignition of turbulent-jet releases of hydrogen from systems at various pressures. In addition the concentrations of an unignited hydrogen jet in the surrounding air, and the envelope of locations where the concentration falls below the lower flammability limit for hydrogen was determined.1 Understanding the consequences of release in terms of thermal flux or the boundaries of the unignited cloud could then be used to determine distances which were believed to be appropriate based on the consequence of a release. The consequence approach is referred to as a “deterministic approach” by the laboratory as distances are determined based on consequence alone.

Another consequence based approach was found in a project sponsored by NFPA to determine appropriate separation distances for certain installations of bulk gaseous hydrogen systems which was also reviewed by the task group, and comparisons made to the existing requirements in the 2005 Edition of NFPA 55.2

As the TG evaluated the impact of the deterministic tables it became apparent that the probability of occurrence of events could have a bearing on determining a reasonable level of safety. Both ICC and NFPA 55 together address the installation of bulk hydrogen systems used for any application. Whether the installation is to serve an industrial use or emerging technology using hydrogen as an alternative fuel, the code and the standard have a common basis where the safety of the user and employees as well as members of the public is of concern. Recent work undertaken by the DOE to develop a scientific basis for control of this material has resulted in substantial technological advancement in the safety aspects involved in the use of hydrogen as an alternative fuel. Whether the material is used as a vehicle fuel or whether it is used in classic industrial processes, the hazards of a bulk installation are similar. It was also recognized that use as an alternate fuel would have an impact of increasing the number of installations such that there would be broader exposure to the public at large.

The work of the TG builds upon DOE Hydrogen Safety & Risk Assessment Workshops held March 2005, March 2006, and February 2007, and the efforts of SNL risk and reliability department. LaChance, in a paper discussing the use of risk in determining acceptable separation distances3 explains the focus of on-going work to provide a defensible analysis strategy for risk and consequence assessment of unintended releases from hydrogen systems, generally referred to as a scientific basis for the establishment of separation distances, describes the work in pertinent part as follows:

As part of the DOE HFCIT Program, SNL is developing the technical basis for assessing the safety of hydrogen-based systems for use in the development/modification of relevant codes and standards. The project impacts most areas of hydrogen utilization, including bulk transportation and distribution, storage, production and utilization. Sandia is developing benchmark experiments and a defensible analysis strategy for risk and consequence assessment of unintended releases from hydrogen systems. This work includes experimentation and modeling to understand the fluid mechanics and dispersion of hydrogen for different release scenarios, including investigations of hydrogen combustion and subsequent heat transfer from hydrogen flames. The resulting technical information is incorporated into engineering models that are used for assessment of different hydrogen release scenarios and for input into quantitative risk assessments (QRA) of hydrogen facilities.

The QRA’s are used to identify and quantify scenarios for the unintended release of hydrogen, identify the significant risk contributors at different types of hydrogen facilities, and to identify potential accident prevention and mitigation strategies to reduce the risk to acceptable levels. The results of the QRA’s are one input into a risk-informed codes and standards development process that can also include other considerations by the code and standard developers. Examples of these other considerations can include the results of deterministic analyses of selected accidents scenarios, the need for defense-in-depth for certain safety features (e.g., overpressure protection), the use of safety margins for high-pressure components, and requirements identified from the actual occurrences at hydrogen facilities.

In order to evaluate risk, a history of leakage data from high pressure compressed gas systems was needed. Hydrogen-specific leak data was provided by one of the major suppliers through the use of a five year documented collection of leak data from both industrial and fueling uses. This data was augmented with data from other sources after being reviewed for applicability and representative values were selected. The source documents considered in augmentation of hydrogen specific data included the following publications:

1) “Determination of Safety Distances,” European Industrial Gases Association, IGC Doc 75/07/E, 2007.


2) A.W. Cox, F.P. Lees, and M.L. Ang, “Classification of Hazardous Locations,” Institution of Chemical Engineers, May 2003.


3) C.H. Blanton and S.A. Eide, “Savannah River Site Generic Data Base Development,” WSRC-TR-93-262, Westinghouse Savannah River Company, June 30, 1993.


4) John Spouge, “New Generic Leak Frequencies for Process Equipment,” Process Safety Progress (Vol. 24, No. 4), December 2005.


A hierarchy was developed by SNL that gave hydrogen specific data the highest priority followed by non-gas-specific data when available for high pressure components. Piping and instrumentation drawings (P&ID’s) were then prepared to define a standard bulk supply system in terms of modules that may be found in the typical system. The P&ID’s were reviewed by suppliers and their “typical nature” verified.

Frequency and size of leaks encountered were evaluated across a number of systems including both industrial and fueling operations. The leak/failure data was then applied to “typical” fitting counts (components) integral to each of the modules identified in the P&ID’s for each of the components. The failure data was based on the most recent five year history for high pressure systems. Hydrogen specific data was provided by the Compressed Gas Association (CGA). This data was augmented by failure data from other resources obtained by researchers from SNL and combined to quantify a probability for failure on a component by component basis, e.g., hoses (pigtails), valves, elbows, tees, pipe, gauges, etc. The analysis resulted in a “probability-for-failure” being developed for each component which could then be wrapped into failures expected across the spectrum of the various modules included in the array of “typical” P&ID’s developed.

A Bayesian approach to the determination of probability was used in the analysis of data by researchers at SNL. "Bayesian" refers to Thomas Bayes (1702–1761) and Bayes's theorem which has been in use for more than two hundred years as the Bayesian interpretation of probability. A Bayesian approach is a method of statistical inference in which evidence or observations are used to update or to newly infer the probability that a hypothesis may be true – In the case of separations investigations that a particular event may occur. The technical approach and supporting details can be found in the published articles and informational articles referenced in the supporting documentation to this change.4 The advantage of the Bayesian approach is that it can combine data from different sources to include uncertainty. This approach differs with what had been done by other sources and attempts to aggregate separations data. For example, judgment can be used as a means to determine risk, however, the method does not provide for uncertainty. Such methods are qualitative at best. 


By comparison the use of specific leak data results in a quantitative approach. The tables developed for inclusion in Chapter 22 are said to be risk-informed, and not risk based. The difference being that integral to the risk tables are a series of decisions based on the applicability of various factors. For example, with respect to thermal flux one could use a series of exposures ranging from “no harm” to “fatality,” and those exposures could then be taken from the point of various receptors (e.g., workers, personnel on property, where the installation is located, people off the property, etc.). One of the primary decisions made by the TG was that in the final analysis the risk presented for the typical GH2 installation (either industrial or fueling applications) was that it should present no greater risk to the public in terms of fatalities or injuries than does an existing gasoline service station. The average frequency of a fatality or injury associated with the operation of a single gasoline station has been reported to be approximately 2 x 10-5 events/yr (0.00002) and 7 x 10-4 events/yr (0.0007), respectively.5 

Other key outcomes from the SNL research include the following:


Lower Flammable Limit – Four (4) Percent H2 by Volume.

In scenarios where the concern is that a plume of un-ignited gaseous hydrogen (GH2) from a release may reach an ignition source, the separation distance was determined using a computational fluid dynamics (CFD) model to determine the distance required to reduce the GH2 concentration to 4% mole fraction (i.e., by volume). A concentration of 4% hydrogen in air has been shown to be the lower bounds of an ignitable mixture under ideal (i.e., quiescent) conditions for burning. As such, 4% is the established lower flammable limit (LFL) for hydrogen mixtures in air. In other situations, such as the design of flammable gas detection systems, target concentrations of 2% (50% of LFL), or 1% (25% of LFL) GH2 by volume are commonly used to provide a factor of safety and account for uncertainties in the configuration that may affect the detection system. This fact could lead one to conclude that 1% or 2% should be used as the basis for establishing a separation distance as well. However, the inherent uncertainties associated with detection systems such as room configuration, ventilation rates, etc., that drive the conservatism when designing a hydrogen detection system, do not exist in the case of the CFD model, and therefore no additional reduction of the conservative 4% value is warranted.

Three (3) Percent of Internal Pipe Diameter (I.D.) as Presumed Leak Size.

The development of separation distances for hydrogen facilities can be determined in several ways. A conservative approach is to use the worst possible accidents in terms of consequences. Such accidents may be of very low frequency such that they would likely never occur. Although this approach bounds separation distances, the resulting distances are generally prohibitive. The current separation distances do not reflect this approach. An alternative deterministic approach that is often utilized by code and standard development organizations and allowed under some regulations to select accident scenarios that are more probable but do not provide bounding consequences. In this approach, expert opinion is generally used to select the accidents used as the basis for the prescribed separation distances. Although anecdotal experience often forms the basis for the selection of the accidents, the frequency of accidents can also be used as a selection criterion.

A detailed description of the process used and the results achieved are provided in the forthcoming SNL article supporting this change.5 The process follows guidance by NFPA published in March 2007 that encourages NFPA Technical Committees to use risk concepts in their decision making process.6 A risk-informed process, as opposed to a risk-based process, utilizes risk insights obtained from quantitative risk assessments (QRA’s) combined with other considerations to establish code requirements. The QRA’s are used to identify and quantify scenarios for the unintended release of hydrogen, identify the significant risk contributors at different types of hydrogen facilities, and to identify potential accident prevention and mitigation strategies to reduce the risk to acceptable levels.


The risk-informed approach included two considerations: the frequency of hydrogen system leakage and the risk from leakage events. Unfortunately, hydrogen component leakage data is very limited. Past QRA’s of hydrogen facilities have thus been forced to utilize leakage rates based on data from non-hydrogen facilities. The European Industrial Gas Association (EIGA)7, for example, assessed the frequencies presented in five different sources, and then used values that were deemed appropriate for the assessment rather than performing any further analysis.

Rather than selecting a value from different generic sources, a different approach was utilized in SNL’s assessment. Data from different sources were collected and combined using Bayesian statistics.8 Such an approach has three major advantages over the approach utilized by EIGA and other QRA guidance documents. First, it allows for the generation of leakage rates for different amounts of leakage. Second, it generates uncertainty distributions for the leakage rates that can be propagated through the QRA models to establish the uncertainty in the risk results. Finally, it provides a means for incorporating limited hydrogen-specific leakage data to establish estimates for leakage rates for hydrogen components. Limited hydrogen-specific leakage data was obtained through the efforts of the CGA for use in the Bayesian analysis. Component leak frequencies as a function of leak size were generated for several hydrogen components. The hydrogen-specific leakage rates were used to estimate the leakage frequency for four example systems (i.e., “typical” P&ID’s) used as the basis for the risk evaluation used in the study. The cumulative probability for different leak sizes was then calculated to determine what range of leaks represents the most likely leak sizes. The results of this analysis indicated that leaks less than 0.1% of the component flow areas represent 95% of the leakage frequency for these example systems. Leak areas less than 10% of the flow area are estimated to result in 99% of the leaks that could occur based on the results of the analysis.

The risk resulting from different size leaks was also evaluated for four standard gas storage configurations. The risk evaluation indicated that the use of 0.1% of the component flow area as the basis for determining separation distances results in risk estimates that significantly exceed the 2 x 10-5 events/yr (0.00002) risk guideline selected by the TG, particularly for 7,500 psig (517.12 bar) and 15,000 psig (1034.21 bar) systems. On the other hand, use of a leak size equal to between 1% and 10% of the component flow area results in risk estimates that are reasonably close to the risk guideline. The fact that the risk estimates are a factor of two higher than the risk guideline for the 7,500 psig (517.12 bar) and 15,000 psig (1034.21 bar) example systems was weighed against the uncertainties in the QRA models, most of which result in conservative risk estimates. 


Based on both the results of the system leakage frequency evaluation and associated risk assessment, a diameter of 3% of the flow area corresponding to the largest internal pipe diameter downstream of the highest pressure source in the system. The use of a 3% leak area results in capturing an estimated 98% of the leaks that determined to be probable based on detailed analysis of the typical systems employed. Typical systems to include components have been established in the form of P&ID’s and incorporated into the work so that the basis for the statistical determinations reached can be documented.


Selected Radian Heat Flux Values.  The values for radiant heat flux values used in development of the separation distance tables appear below, and coincide with the work of the AHC H2G to establish maximum radiant heat exposure criteria for alternative venting applications [see Table 2209.5.4.3.6(1)]:

a. 1,577 W/m2 (500 Btu/hr∙ft2)


b. 4,732 W/m2 (1,500 Btu/hr∙ft2)


c. 20,000 W/m2 (6,340 Btu/hr∙ft2)


d. 25,237 W/m2 (8,000 Btu/hr∙ft2)


The basis for using each value is as follows:

a) 1,577 W/m2 (500 Btu/hr∙ft2) is used as the no harm value. This heat flux is defined by API 521 as the heat flux threshold to which personnel with appropriate clothing may be continuously exposed.9 This value is slightly less than what the Society of Fire Protection Engineers determined to be the no harm heat flux threshold (540 Btu/hr∙ft2), that is, the maximum heat flux to which people can be exposed for prolonged periods of time without experiencing pain.10

b) 4,732 W/m2 (1,500 Btu/hr∙ft2) is defined by API 521 as the heat flux threshold in areas where emergency actions lasting several minutes may be required by personnel without shielding but with appropriate clothing.11 It is also defined by the IFC as the threshold for exposure to employees for a maximum of 3 minutes.12

c) 20,000 W/m2 (6,340 Btu/hr∙ft2) is the generally considered the minimum heat flux for the non-piloted ignition of combustible materials, such as wood.13

d) 25,237 W/m2 (8,000 Btu/hr∙ft2) is the threshold heat flux imposed by the International Fire Code for non-combustible materials.14

Pressure as a Controlling Parameter in Lieu of Volume.

The traditional approach of using volume as a determinate in the establishment of separation distance was revised in favor of using pressure as the determinate factor. The work of Houf and Schefer demonstrated that the flame radiation heat flux and flame length varied with the pressure of gas released across a given orifice.15 In cases where the high pressure leak of hydrogen was unignited a turbulent jet is formed and the area of the flammable envelope can be calculated.


Peak flows were used as a means to determine acceptable distances and comparisons were made to contents. It was determined that once the threshold for a bulk supply had been exceeded gas pressure, not volume was the determining factor in establishing the radiant flux or the unignited jet concentration. Detailed analysis over a series of tank pressures of 17.24 bar (250 psig), 206.84 bar (3,000 psig), 517.12 bar (7,500 psig) and 1034.21 bar (15,000 psig) over a range of leak diameters were examined.


Transient effects varying the quantity and pressure decay over time were ruled out as controlling parameters. Volume was then considered to be at its worst case which assumed that pressure was constant due to the volume contained. This is especially true for large systems typically encountered in commercial refueling and industrial applications. Small systems using small diameter tubing are accounted for by the use of tables that allow the user to calculate the benefit from the use of small diameter systems.
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2209.3.1, Table 2209.3.1, 3501.1

Proponent: Thomas Joseph, Chair, Hydrogen Industry Panel on Codes (HIPOC)


1. Revise as follows:

2209.3 Location on property. In addition to the requirements of Section 2203.1, Generation, compression, bulk storage and dispensing equipment shall be located in accordance with Sections 2209.3.1 through Section 2209.3.3. [[Marty, et. al. NOTE that Section 2209.3.2.4 directs the user to Chapters 30 and 35 for storage of gaseous hydrogen]]

Exception: Closed systems with a hydrogen capacity of 1,000 scf cubic feet (28 m3; 2.4 kg) or less at NTP.


2209.3.1 Separation from outdoor exposure hazards. Generation, compression and dispensing equipment shall be separated from other fuels or equivalent risks to life, safety and buildings or public areas in accordance with Table 2209.3.1. Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95 kg) or less at NTP. 

2209.3.1 Location of dispensing operations and equipment. Dispensing operations and equipment shall be located above ground, outside. In addition to the requirements of Section 2203.1, the point of transfer dispensing shall be located in accordance with the following: [[Consistent with NFPA 52 TC Action on ROP 52-85 Log #231 Final Action: Accept in Part]]

1.
Not beneath power lines.


2.
Ten feet (3048 mm) or more from the nearest building or lot line that could be built on, public street, sidewalk or source of ignition.

Exceptions: 

1. Dispensing equipment need not be separated from canopies that are constructed in accordance with the International Building Code and that provide weather protection for the dispensing equipment.

2. Dispensing points shall be permitted to be located at a lesser distance from buildings or walls constructed of concrete or masonry materials or of other materials having a fire resistance rating of at least not less than 2 hours, but at least 10 ft (3048 mm) from any building openings.

3.
Twenty-five feet (7620 mm) or more from the nearest rail of any railroad track and 50 feet (15 240 mm) or more from the nearest rail of any railroad main track or any railroad or transit line where power for train propulsion is provided by an outside electrical source, such as third rail or overhead catenaries.


4.
Fifty feet (15 240 mm) or more from the vertical plane below the nearest overhead wire of a trolley bus line.

3. Delete Table and Sections in their entirety:

Table 2209.3.1 MINIMUM SEPARATION FOR GASEOUS HYDROGEN DISPENSERS, COMPRESSORS, GENERATORS AND STORAGE VESSELS

2209.3.1.1 Barrier wall construction–gaseous hydrogen. The outdoor separation shall be allowed to be reduced to 5 feet (1524 mm) where a 2-hour fire barrier interrupts the line of sight between equipment, other than dispensers, and the exposure within the radial distance as indicated by the tabular value. The height of the barrier shall be a minimum of 6 feet (1829 mm), but not less than 1.5 times the height of the equipment, measured vertically. The length of the wall shall be not less than 1.5 times the maximum diameter or length of the tank.

2209.3.1.2 Location of equipment. Equipment shall be located from the enclosing walls at a distance not less than one tank diameter. When horizontal tanks are used, the distance from any one enclosing wall shall be not less than one-half the length of the tank or a minimum of 5 feet (1524 mm).

4. Revise as follows:

CHAPTER 35 


FLAMMABLE GASES AND FLAMMABLE CRYOGENIC FLUIDS

3501.1 Scope. The storage and use of flammable gases shall be in accordance with this chapter. Compressed gases shall also comply with Chapter 30 and cryogenic fluids shall also comply with Chapter32. Bulk hydrogen compressed gas systems shall also comply with NFPA55.


Exceptions:


1.
Gases used as refrigerants in refrigeration systems (see Section 606).


2.
Liquefied petroleum gases and natural gases regulated by Chapter 38.


3.
Fuel-gas systems and appliances regulated under the International Fuel Gas Code.


4.
Hydrogen motor fuel-dispensing stations and repair garages and their associated above ground hydrogen storage systems designed and constructed in accordance with Chapter 22.


5.
Pyrophoric gases in accordance with Chapter 41.


Reason:   

Chapter 22 addresses dispensing and does not deal with storage of GH2.  GH2 storage is addressed by Chapter 35.  


The title of 2209.3.1 is not consistent with its charging text in 2209.3.1 which deals with dispensing equipment but not with GH2 storage.  The requirements for storage of GH2 are addressed in NFPA 55.  IFC Chapter 35 refers to NFPA 55 for GH2 in general so it is best to leave the storage requirements in detail NFPA 55.  The technical details regarding bulk hydrogen systems are appropriate to reside in the technical standard on the subject, namely NFPA 55, rather than attempt to identify only the most important aspects to include in a higher level scoping document like the IFC.  HIPOC does not support selective partial extraction of technical requirements from NFPA 55 or the development of parallel technical requirements.  Nor does HIPOC support including all of the technical requirements needed to regulate hydrogen installations in the IFC.  HIPOC does support including the basic requirements needed to properly regulate hydrogen systems in the code document (IFC) and referring to the technical standard for detailed requirements.  Both documents (IFC and NFPA 55) are required to regulate the subject.  This approach is consistent with the approach taken for other technical issues where the technical requirements for a safe installation are too detailed to include in a Fire Code..  NFPA 13 for sprinklers, NFPA 70 for electrical systems, and NFPA 72 for fire alarm systems are three well known examples of this process.  This is a simple approach that assures the intent of the NFPA 2/55 Separation Distances task group is met and also improves code harmony by including the majority of the technical requirements for hydrogen in one document..
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HIPOC will move changes to Ch.22 to be heard either consecutively or concurrently with HIPOC’s proposed change to Ch.35


PART 1

3501.1 Scope.


The storage and use of flammable gases shall be in accordance with this chapter and NFPA 55. Compressed gases shall also comply with Chapter 30 and cryogenic fluids shall also comply with Chapter 32. Bulk hydrogen compressed gas systems and bulk liquefied hydrogen gas systems shall “also” comply with NFPA 55. Hydrogen motor fuel-dispensing stations and repair garages and their associated above-ground hydrogen storage systems shall also be designed and constructed in accordance with Chapter 22.


[[This proposed change restores (fixes) a gap whereby any/all compressed flammable gases “other than hydrogen” was inadvertently omitted from being pointed to NFPA 55 for coverage.  As the language reads now (2009 IFC), only “Bulk hydrogen compressed gas” and “Bulk liquefied hydrogen gas systems” were directed to the content of NFPA55.]]

Exceptions:


1.
Gases used as refrigerants in refrigeration systems (see Section 606).


2.
Liquefied petroleum gases and natural gases regulated by Chapter 38.


3.
Fuel-gas systems and appliances regulated under the International Fuel Gas Code other than gaseous hydrogen systems and appliances.


4.
Hydrogen motor fuel-dispensing stations and repair garages designed and constructed in accordance with Chapter 22.


5.
Pyrophoric gases in accordance with Chapter 41.


3502.1 Definitions. The following words and terms shall, for the purposes of this chapter and as used elsewhere in this code, have the meanings shown herein.


Bulk Hydrogen Compressed Gas System. An assembly of equipment, consisting of but not limited to, storage containers, pressure regulators, pressure relief devices, vaporizers, manifolds, and piping, with a storage capacity of more than the amount specified in Table 2703.1.1(3) for flammable gas 400 ft3 (scf) (11 m3) of compressed hydrogen gas including unconnected reserves integral to the system. The bulk system terminates at the point where the gas supply, at service pressure, first enters the supply line. The containers are either stationary or portable, and the gas is stored as a compressed gas.


[The basis for 3,000 is that Bulk is only addressing “outdoor storage,” and tie-in to Table 2703.1.1(3).]

Bulk Liquefied Hydrogen Gas System. An assembly of equipment, consisting of but not limited to, storage containers, pressure regulators, pressure relief devices, vaporizers, manifolds, and piping, with a storage capacity of more than the amount specified in Table 2703.1.1(3) for flammable, liquefied gas 39.7 gal (150 L) of liquefied hydrogen including unconnected reserves integral to the system. The bulk system terminates at the point where the gas supply, at service pressure, first enters the supply line. The containers are either stationary or portable, and the gas is stored as a cryogenic fluid.


[The basis for 30gal is that Bulk is only addressing “outdoor storage,” and tie-in to Table 2703.1.1(3).]

PART 2 3504 STORAGE (GAS)

3504.2 Outdoor storage.


Outdoor storage of flammable gases in amounts exceeding the maximum allowable quantity per control area indicated in Table 2703.1.1(3) shall be in accordance with Sections 2701, 2703 and 2704, and this chapter.


3504.2.1 Distance limitation to exposures.


Outdoor storage or use of flammable compressed gases other than hydrogen shall be located from a lot line, public street, public alley, public way, or building not associated with the manufacture or distribution of such gases in accordance with Table 3504.2.1. The outdoor storage of bulk hydrogen compressed gas systems shall comply with the separation distances in NFPA 55.

Table 3504.2.1 Flammable Gases Distance from Storage to Exposures


(No Change)

PART 3

2209.3 Location on property. In addition to the requirements of Section 2203.1, Generation, compression, bulk storage and dispensing equipment shall be located in accordance with Sections 2209.3.1 through Section 2209.3.3. 

[[NOTE that Section 2209.3.2.4 directs the user to Chapters 30 and 35 for storage of gaseous hydrogen]]

2209.3.1 Separation from outdoor exposure hazards. Generation, compression and dispensing equipment shall be separated from other fuels or equivalent risks to life, safety and buildings or public areas in accordance with Table 2209.3.1. Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95 kg) or less at NTP. 


2209.3.1 Location of dispensing operations and equipment. Dispensing operations and equipment shall be located above ground, outside. In addition to the requirements of Section 2203.1, the point of transfer dispensing shall be located in accordance with the following: 

[[Consistent with NFPA 52 TC Actions on ROP 52-85 Log #231 Final Actions: Accepted in Part]]


1.
Not beneath power lines.


2.
Ten feet (3048 mm) or more from the nearest building or lot line that could be built on, public street, sidewalk or source of ignition.


Exceptions: 


1. Dispensing equipment need not be separated from canopies that are constructed in accordance with the International Building Code and that provide weather protection for the dispensing equipment.


2. Dispensing points shall be permitted to be located at a lesser distance from buildings or walls constructed of concrete or masonry materials or of other materials having a fire resistance rating of at least not less than 2 hours, but at least 10 ft (3048 mm) from any building openings.


3.
Twenty-five feet (7620 mm) or more from the nearest rail of any railroad track and 50 feet (15 240 mm) or more from the nearest rail of any railroad main track or any railroad or transit line where power for train propulsion is provided by an outside electrical source, such as third rail or overhead catenaries.


4.
Fifty feet (15 240 mm) or more from the vertical plane below the nearest overhead wire of a trolley bus line.

PART 4 Delete Table and Sections in their entirety:


Table 2209.3.1 MINIMUM SEPARATION FOR GASEOUS HYDROGEN DISPENSERS, COMPRESSORS, GENERATORS AND STORAGE VESSELS


2209.3.1.1 Barrier wall construction–gaseous hydrogen. The outdoor separation shall be allowed to be reduced to 5 feet (1524 mm) where a 2-hour fire barrier interrupts the line of sight between equipment, other than dispensers, and the exposure within the radial distance as indicated by the tabular value. The height of the barrier shall be a minimum of 6 feet (1829 mm), but not less than 1.5 times the height of the equipment, measured vertically. The length of the wall shall be not less than 1.5 times the maximum diameter or length of the tank.


2209.3.1.2 Location of equipment.  Equipment shall be located from the enclosing walls at a distance not less than one tank diameter. When horizontal tanks are used, the distance from any one enclosing wall shall be not less than one-half the length of the tank or a minimum of 5 feet (1524 mm).

** THIS IS INTENDED AS A SEPARATE HIPOC PROPOSAL **


3506 FLAMMABLE CRYOGENIC FLUIDS

3506.1 General.


The storage and use of flammable cryogenic fluids shall be in accordance with Sections 3506.2 through 3506.4.8.3 and Chapter 32.


3506.2 Limitations.  Storage of flammable cryogenic fluids in stationary containers outside of buildings is prohibited within the limits established by law as the limits of districts in which such storage is prohibited (see Section 3 of the Sample Ordinance for Adoption of the International Fire Code on page v).

3506.3.3 Distance limitation to exposures.


Above-ground outdoor storage or use of flammable cryogenic fluids other than hydrogen shall be located from a lot line, public street, public alley, public way, or building not associated with the manufacture or distribution of such gases in accordance with Section 3203.6. The outdoor storage of bulk liquefied hydrogen gas systems shall comply with the separation distances in NFPA 55.

Notes: 

3504.2 sets the applicability as amounts exceeding the MAQ per control area in Table 2703.1.1(3) which is 3000 scf gaseous and 30 gallons liquefied if in storage; 1500 scf and 15 gallons liquefied if in use.


Bulk hydrogen compressed gas is defined as 400 scf.


Bulk liquefied hydrogen gas system is more than 39.7 gallons.
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2202.1, 2209.3.1, Table 2209.3.1, 3501.1, (NEW), 3502.1, Table 3504.2.1(1), 3504.2.2

Proponent: Thomas Joseph, Chair, Hydrogen Industry Panel on Codes (HIPOC)


1. Add new definition to Section 2202.1 as follows:

2202.1 Definitions. The following words and terms shall, for the purposes of this chapter and as used elsewhere in this code, have the meanings shown herein.


GASEOUS HYDROGEN SYSTEM. An assembly of piping, devices and apparatus designed to generate, store, contain, distribute or transport a nontoxic, gaseous hydrogen containing mixture having at least 95-percent hydrogen gas by volume and not more than 1-percent oxygen by volume. Gaseous hydrogen systems consist of items such as compressed gas containers, reactors and appurtenances, including pressure regulators, pressure relief devices, manifolds, pumps, compressors and interconnecting piping and tubing and controls.  

2. Revise as follows:

2209.3 Location on property. In addition to the requirements of Section 2203.1, Generation, compression, bulk storage and dispensing equipment shall be located in accordance with Sections 2209.3.1 through Section 2209.3.3.

Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95 kg) or less at NTP.


2209.3.1 Separation from outdoor exposure hazards. Generation, compression and dispensing equipment shall be separated from other fuels or equivalent risks to life, safety and buildings or public areas in accordance with Table 2209.3.1. Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95 kg) or less at NTP. 

2209.3.1 Location of dispensing operations and equipment. Dispensing operations and equipment shall be located above ground, outside. In addition to the requirements of Section 2203.1, the point of transfer dispensing shall be located in accordance with the following:

1.
Not beneath power lines.


2.
Ten feet (3048 mm) or more from the nearest building or lot line that could be built on, public street, sidewalk or source of ignition.

Exceptions: 

1. Dispensing equipment need not be separated from canopies that are constructed in accordance with the International Building Code and that provide weather protection for the dispensing equipment.

2. Dispensing points shall be permitted to be located at a lesser distance from buildings or walls constructed of concrete or masonry materials or of other materials having a fire resistance rating of at least not less than 2 hours, but at least 10 ft (3048 mm) from any building openings.

3.
Twenty-five feet (7620 mm) or more from the nearest rail of any railroad track and 50 feet (15 240 mm) or more from the nearest rail of any railroad main track or any railroad or transit line where power for train propulsion is provided by an outside electrical source, such as third rail or overhead catenaries.


4.
Fifty feet (15 240 mm) or more from the vertical plane below the nearest overhead wire of a trolley bus line.

3. Delete Table 2209.3.1 in its entirety:

Table 2209.3.1 MINIMUM SEPARATION FOR GASEOUS HYDROGEN DISPENSERS, COMPRESSORS, GENERATORS AND STORAGE VESSELS


4. Revise as follows:

CHAPTER 35 


FLAMMABLE GASES AND FLAMMABLE CRYOGENIC FLUIDS

3501.1 Scope. The storage and use of flammable gases shall be in accordance with this chapter. Compressed gases shall also comply with Chapter 30 and cryogenic fluids shall also comply with Chapter32. Bulk hydrogen compressed gas systems shall also comply with NFPA55.


Exceptions:


1.
Gases used as refrigerants in refrigeration systems (see Section 606).


2.
Liquefied petroleum gases and natural gases regulated by Chapter 38.


3.
Fuel-gas systems and appliances regulated under the International Fuel Gas Code.


4.
Hydrogen motor fuel-dispensing stations and repair garages and their associated above ground hydrogen storage systems designed and constructed in accordance with Chapter 22.


5.
Pyrophoric gases in accordance with Chapter 41.


5. Add new definition to Section 3502.1 as follows:

3502.1 Definitions. The following words and terms shall, for the purposes of this chapter and as used elsewhere in this code, have the meanings shown herein.


PIPING SYSTEM. Where used in this chapter, “piping system” refers to all fuel piping, tubing, valves, joints and fittings from the outlet of the point of delivery to the outlets of the equipment shutoff valves.

6. Revise as follows:

TABLE 3504.2.1 FLAMMABLE GASES OTHER THAN HYDROGEN — DISTANCE FROM STORAGE TO EXPOSURES (no change to table contents)

3504.2.1 Distance limitation to exposures. Outdoor storage or use of flammable compressed gases shall be located from a lot line, public street, public alley, public way, or building not associated with the manufacture or distribution of such gases in accordance with Tables 3504.2.1(1) and 3504.2.1(2).


3504.2.2 Bulk hydrogen gas storage systems. The minimum distance from outdoor, bulk hydrogen compressed gas systems and bulk liquefied hydrogen gas systems to specified exposures shall be in accordance with Table 3504.2.1(2) based on the maximum internal diameter of the piping system over the range of pressures specified.

Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95kg) or less at NTP. [[Revisions consistent ICC AHC H2G and SAE intent to address the amount of GH2 that could conceivably be expected on a vehicle (circa 2003), but also tied to IFC MAQ’s in Table 2703.1.1(1) for fully sprinklered/ventilated cabinets. A new definition of “Bulk Hydrogen Compressed Gas System” has been added to IFC Section 3502.1 which limits storage capacity to 400scf (11m3; 0.95kg) [[400scf rooted in 1963 ed. of NFPA50A and that circa 1963 bulk was defined as greater than one ‘k’ bottle.]] before being deemed a bulk system, subject to NFPA 55. The specific volume of hydrogen gas is 191.3 ft3/lb (11.9 m3/kg) at 68 ºF (20 ºC) and 1 atm, and the specific volume of liquid hydrogen is 0.226 ft3/lb (0.014 m3/kg) at –423 ºF (–253 ºC) and 1 atm. However, hydrogen is commonly stored at high-pressures up to 3600 or even 5000 psig (250 to 350 bar) at ambient temperatures. Therefore, the ideal gas relationship cannot be used accurately at gas storage pressures. The resulting deviation from the ideal gas law is always in the form of a compression factor — the gas occupies less space than the ideal gas law predicts.]]

3504.2.2.1 Determination of system pressure. System pressure for bulk hydrogen compressed gas systems and bulk liquefied hydrogen gas systems shall be determined by the maximum operating pressure of the storage array with content greater than 400 standard cubic feet (11 m3; 0.95 kg), irrespective of those portions of the system elevated to a higher pressure.

2209.3.1.1 3504.2.2.2 Barrier wall construction–gaseous hydrogen. The outdoor separation shall be allowed to be reduced to 5 feet (1524 mm) where a 2-hour fire barrier interrupts the line of sight between equipment, other than dispensers, and the exposure within the radial distance as indicated by the tabular value. The height of the barrier shall be a minimum of 6 feet (1829 mm), but not less than 1.5 times the height of the equipment, measured vertically. The length of the wall shall be not less than 1.5 times the maximum diameter or length of the tank.


2209.3.1.2 3504.2.2.3 Location of equipment. Equipment shall be located from the enclosing walls at a distance not less than one tank diameter. When horizontal tanks are used, the distance from any one enclosing wall shall be not less than one-half the length of the tank or a minimum of 5 feet (1524 mm).

7. Add new Table 3504.2.1(1) as follows:

TABLE 3504.2.1(2) MINIMUM SEPARATION FOR FLAMMABLE GASES – HYDROGEN

		NO.

		EXPOSURE

		DISTANCE (a), PRESSURE AND MAXIMUM PIPING SYSTEM I.D. (b)



		

		

		>15 to ≤250


psig


(>103.4 to ≤172.4)


kPag


2.067 in. max I.D.


(52.50 mm)

		>250 to ≤3,000


psig


(>172.4 to ≤20 684)


kPag


0.747 in. max I.D.


(18.97 mm)

		>3,000 to ≤7,500 psig


(>20 684 to ≤51 711)


kPag


0.312 in. max I.D.


(7.92 mm)

		>7,500 to ≤15,000 psig


(>51 711 to ≤ 103 421)


kPag


0.282 in. max I.D.


(7.16 mm)



		1

		Lot lines [established as the greater distance of (c) or (d)]

		40 ft., (12.19 m)

		45 ft., (13.72 m)

		30 ft., (9.14 m)

		35 ft., (10.38 m)



		2

		Exposed persons other than those servicing the system (e)

		20 ft., (6.10 m)

		25 ft., (7.62 m)

		15 ft., (4.57 m)

		15 ft., (4.57 m)



		3

		Building construction type:

IV and V (f, k)

I, II and III (g, k)

Exterior wall fire resistance rating ≥ 2 hrs (h)

		15 ft., (4.57 m)


15 ft., (4.57 m)


5 ft., (1.52 m)

		20 ft., (5.82 m)


20 ft., (5.82 m)


5 ft., (1.52 m)

		10 ft., (3.05 m)


10 ft., (3.05 m)


5 ft., (1.52 m)

		15 ft., (5.05 m)


15 ft., (3.05 m)


5 ft., (1.52 m)



		4

		Exterior wall openings:

Openable (c)

Unopenable (f)

		40 ft., (12.19 m)


15 ft., (4.57 m)

		45 ft., (13.72 m )


20 ft., (5.82 m)

		30 ft., (8.75 m)


10 ft., (3.05 m)

		35 ft., (10.38 m)


15 ft., (4.31 m)



		5

		Air intakes (c)

		40 ft., (12.19 m)

		45 ft., (13.72 m)

		30 ft., (9.14 m)

		35 ft., (10.38 m)



		6

		Fire barriers to shield bulk system from exposure (h)

		5 ft., (1.52 m)

		5 ft., (1.52 m)

		5 ft., (1.52 m)

		5 ft., (1.52 m)



		7

		Electrical equipment and devices not classified for use in hazardous locations (see Section 2209.2.3) (i)

		15 ft., (4.57 m)

		15 ft., (4.57 m)

		15 ft., (4.57 m)

		15 ft., (4.7 m)



		8

		Overhead utilities (electric power, building service or hazardous materials piping) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15. ft., (4.31 m)



		9

		Ignition sources (c)

		40 ft., (12.14 m)

		45 ft., (13.72 m)

		30 ft., (9.14 m)

		45 ft., (13.72 m)



		10

		Parked vehicles (e)

		20 ft., (5.94 m)

		25 ft., (7.62 m)

		15 ft., (4.57 m)

		15 ft., (5.05 m)



		11

		Flammable gas storage systems:

Non-bulk (f)

Bulk (j)

		15 ft., (4.57 m)


15 ft., (4.57 m)

		20 ft., (5.82 m)


15 ft., (4.57 m)

		10 ft., (3.05 m)


15 ft., (4.57 m)

		15. ft., (4.31 m)


15 ft., (4.57 m)



		12

		Aboveground flammable gas or cryogenic system vent or fill openings, underground piping and components (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15. ft., (4.31 m)



		13

		Belowground physical hazard or health hazard material storage (other than flammable gases) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15. ft., (4.31 m)



		14

		Aboveground physical hazard or health hazard material storage (other than flammable gases) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15 ft., (4.31 m)



		15

		Combustible waste material (see Section 304.1.1) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15 ft., (4.31 m)



		16

		Slow burning combustible solids (heavy timber, coal, compost) (f)

		15 ft., (4.57 m)

		20 ft., (5.82 m)

		10 ft., (3.05 m)

		15 ft., (4.31 m)





For SI:  1 in. = 25.4 mm.  1 foot = 304.8 mm.  1 psig = 6.895 kPag

a. In terms of radius that defines a hemisphere from the source when not interrupted by an intervening wall or fire barrier without through penetrations and measured along the natural and unobstructed line of travel.


b. The piping with the largest internal diameter in the system shall used to establish the piping system internal diameter regardless of the length of the piping system. Where shut off valves are not connected directly to the source of supply, all interconnecting piping between the source connection and points downstream shall be included in the determination of maximum piping system internal diameter. See NFPA 55 for designs requiring alternative piping system internal diameters.

c. Unignited jet concentration decay distance to 4% mole (volume) fraction hydrogen.


d. Distance (Drad) for radiation heat flux level of 500 Btu/hr∙ft2 (1 577 W/m2) for exposure at the lot line [see Table 2209.5.4.3.6 (1)].

e. Distance (Drad) for radiation heat flux level of 1,500 Btu/hr∙ft2 (4 732 W/m2) for exposure to personnel for a maximum of three (3) minutes [see Table 2209.5.4.3.6 (1)].


f. The greater of the distance (Drad) for radiation heat flux level of 6,340 Btu/hr∙ft2 (20 000 W/m2) for ignition of wood or the visible flame length.


g. The greater of the distance (Drad) for radiation heat flux level of 8,000 Btu/hr∙ft2 (25 237 W/m2) for exposure to non-combustible materials or the visible flame length.

h. Not less than the minimum clearance necessary for ready access to service equipment and accessories (see Sections 3504.2.2.2 and 3504.2.2.3).

i. Equipment or devices approved for use in Class I, Division 2, Group B hazardous (classified) locations which are installed and operated in accordance with the applicable provisions of the ICC Electrical Code.

j. Other non-liquefied, flammable gas systems shall be permitted to be co-located where the output of the aggregate system is designed to deliver mixed or blended product for delivery into the user’s system. The separation distance indicated requires a minimum separation between gaseous and liquid systems integrated into a single system where the liquid source is vaporized, compressed and stored in the gaseous state.

k. The dispenser and point of transfer for dispensing need not be separated from canopies constructed in accordance with Section 406.5 of the International Building Code, under which fuels are dispensed.

Reason:  

The proposed Table 3504.2.1(2) is an extraction from NFPA 55 of an identical table created by the NFPA 55 Technical Committee and due for publication in the next edition of NFPA 55.  The proposed table is intended to provide simple prescriptive separation distance requirements relative to bulk gaseous hydrogen storage systems for both users and regulators.  The proposed table provides prescriptive separation distance requirements as a simple option to ease the documentation burden on the hydrogen industry and regulators that prefer not to refer to NFPA 55 for this information..

Gresho – Explanatory text. Why I feel this proposal is fatally flawed and I cannot vote for it even if my proposed changes are included.. The text below is not part of proposal or reason statement.  


There are several misconceptions being perpetuated relative to separation distance work that need to be cleared up.  I chaired the NFPA 2/55 Task Group and was involved in the process from the beginning. Here are some relevant facts.

1) The separation distances requirements approved for the next edition of NFPA 55 are a work product of the NFPA 55 Technical Committee. This work was accomplished though an empowered joint task group (TG6) comprised primarily of members of the NFPA 2 and 55 technical committees.  The separation distance requirements were not developed by Sandia National Laboratories, HIPOC or any other group.  While SNL was a major contributor to the process developed by TG6 and developed some indispensable analytical tools that were used by TG6 – they were merely contributors and did not create the separation distance requirements.  The actual separation distance requirements were developed in the usual way through consensus building among the participants of TG6 and then with the entire NFPA 55 Technical Committee.

2) HIPOC was invited to listen in on deliberations of TG6 and 1 or 2 HIPOC members (besides me) did so on a few occasions.  The separations distance requirements in NFPA 55 are in no way a HIPOC work product, although I hope that HIPOC endorses them.

3) HIPOC did not go through any development process analogous to the development process for separation distances that TG6 went through.  Such a process is required to codify the raw input data and research that was provided by SNL (the only thing that SNL ever provided) into enforceable code requirements. For HIPOC to address this topic separately would have been redundant to the TG6 effort but absolutely essential if HIPOC is to claim that the work is original as presented in the ICC staff draft version of this code change proposal. This is a key point.
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2209.3.1, Table 2209.3.1, 3501.1

Proponent: Thomas Joseph, Chair, Hydrogen Industry Panel on Codes (HIPOC)


1. Revise as follows:

2209.3 Location on property. In addition to the requirements of Section 2203.1, Generation, compression, bulk storage and dispensing equipment shall be located in accordance with Sections 2209.3.1 through Section 2209.3.3. [[Marty, et. al. NOTE that Section 2209.3.2.4 directs the user to Chapters 30 and 35 for storage of gaseous hydrogen]]

Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95 kg) or less at NTP.


2209.3.1 Separation from outdoor exposure hazards. Generation, compression and dispensing equipment shall be separated from other fuels or equivalent risks to life, safety and buildings or public areas in accordance with Table 2209.3.1. Exception: Closed systems with a hydrogen capacity of 3,000 scf cubic feet (85 m3; 0.95 kg) or less at NTP. 

2209.3.1 Location of dispensing operations and equipment. Dispensing operations and equipment shall be located above ground, outside. In addition to the requirements of Section 2203.1, the point of transfer dispensing shall be located in accordance with the following: [[Consistent with NFPA 52 TC Action on ROP 52-85 Log #231 Final Action: Accept in Part]]

1.
Not beneath power lines.


2.
Ten feet (3048 mm) or more from the nearest building or lot line that could be built on, public street, sidewalk or source of ignition.

Exceptions: 

1. Dispensing equipment need not be separated from canopies that are constructed in accordance with the International Building Code and that provide weather protection for the dispensing equipment.

2. Dispensing points shall be permitted to be located at a lesser distance from buildings or walls constructed of concrete or masonry materials or of other materials having a fire resistance rating of at least not less than 2 hours, but at least 10 ft (3048 mm) from any building openings.

3.
Twenty-five feet (7620 mm) or more from the nearest rail of any railroad track and 50 feet (15 240 mm) or more from the nearest rail of any railroad main track or any railroad or transit line where power for train propulsion is provided by an outside electrical source, such as third rail or overhead catenaries.


4.
Fifty feet (15 240 mm) or more from the vertical plane below the nearest overhead wire of a trolley bus line.

3. Delete Table and Sections in their entirety:

Table 2209.3.1 MINIMUM SEPARATION FOR GASEOUS HYDROGEN DISPENSERS, COMPRESSORS, GENERATORS AND STORAGE VESSELS

2209.3.1.1 Barrier wall construction–gaseous hydrogen. The outdoor separation shall be allowed to be reduced to 5 feet (1524 mm) where a 2-hour fire barrier interrupts the line of sight between equipment, other than dispensers, and the exposure within the radial distance as indicated by the tabular value. The height of the barrier shall be a minimum of 6 feet (1829 mm), but not less than 1.5 times the height of the equipment, measured vertically. The length of the wall shall be not less than 1.5 times the maximum diameter or length of the tank.

2209.3.1.2 Location of equipment. Equipment shall be located from the enclosing walls at a distance not less than one tank diameter. When horizontal tanks are used, the distance from any one enclosing wall shall be not less than one-half the length of the tank or a minimum of 5 feet (1524 mm).

4. Revise as follows:

CHAPTER 35 


FLAMMABLE GASES AND FLAMMABLE CRYOGENIC FLUIDS

3501.1 Scope. The storage and use of flammable gases shall be in accordance with this chapter. Compressed gases shall also comply with Chapter 30 and cryogenic fluids shall also comply with Chapter32. Bulk hydrogen compressed gas systems shall also comply with NFPA55.


Exceptions:


1.
Gases used as refrigerants in refrigeration systems (see Section 606).


2.
Liquefied petroleum gases and natural gases regulated by Chapter 38.


3.
Fuel-gas systems and appliances regulated under the International Fuel Gas Code.


4.
Hydrogen motor fuel-dispensing stations and repair garages and their associated above ground hydrogen storage systems designed and constructed in accordance with Chapter 22.


5.
Pyrophoric gases in accordance with Chapter 41.


Reason:   Marty, Can you help us further develop a supporting statement?

Chapter 22 addresses dispensing and does not deal with storage of GH2.  GH2 storage is addressed by Chapter 35.  


The title of 2209.3.1 is not consistent with its charging text in 2209.3.1 which deals with dispensing equipment but not with GH2 storage.  The requirements for storage of GH2 are addressed in NFPA 55.  IFC Chapter 35 refers to NFPA 55 for GH2 in general so it is best to leave the storage requirements in NFPA 55.  This approach is consistent with the approach taken for other technical issues.  NFPA 13 for sprinklers, 70 for electrical, an 72 for fire alarms are just three well known examples.  This is a simple approach that assures the intent of the NFPA 2/55 Separation Distances task group is met and also improves code harmony.
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3502.1

Proponent: Thomas Joseph, Chair, Hydrogen Industry Panel on Codes (HIPOC)


1. Revise definitions as follows:

CHAPTER 35 


FLAMMABLE GASES AND FLAMMABLE CRYOGENIC FLUIDS

3502.1 Definitions. The following words and terms shall, for the purposes of this chapter and as used elsewhere in this code, have the meanings shown herein.


Bulk Hydrogen Compressed Gas System. An assembly of equipment, consisting of but not limited to, storage containers, pressure regulators, pressure relief devices, vaporizers, manifolds, and piping, with a storage capacity of more than 400 ft3 (scf) (11 m3) 3,000 scf (85.0 m3; 7.1 kg) of compressed hydrogen gas including unconnected reserves integral to the system. The bulk system terminates at the point where the gas supply, at service pressure, first enters the supply line. The containers are either stationary or portable, and the gas is stored as a compressed gas. [[Revisions consistent ICC AHC H2G and SAE intent to address the amount of GH2 that could conceivably be expected on a vehicle (circa 2003), but also tied to IFC MAQ’s in Table 2703.1.1(1) for fully sprinklered/ventilated cabinets.]]

Bulk Liquefied Hydrogen Gas System. An assembly of equipment, consisting of but not limited to, storage containers, pressure regulators, pressure relief devices, vaporizers, manifolds, and piping, with a storage capacity of more than 39.7 gal (150 L) 45 gal (170.3 L) of liquefied hydrogen including unconnected reserves integral to the system. The bulk system terminates at the point where the gas supply, at service pressure, first enters the supply line. The containers are either stationary or portable, and the gas is stored as a cryogenic fluid. [[Revisions consistent with IFC MAQ’s in Table 2703.1.1(1) for buildings not fully sprinklered.]]

Reason:  The evaluation of separation distances for bulk gaseous hydrogen systems has been the subject of joint investigations by the U.S. Department of Energy (DOE), Office of Hydrogen Infrastructure and Fuel Cell Technologies (HFCIT), Sandia National Laboratories (SNL) in Livermore, California, the Ad Hoc Committee for Hydrogen Gas (AHC H2G) circa 2000-2006, and more recently an NFPA joint task group comprised of members of NFPA’s Hydrogen Technology and the Industrial and Medical Gases Technical Committees. This joint task group (TG) examined the exposure distances published in the 2005 Edition of NFPA 55 and 2006 ICC International Fire Code (IFC) for the purpose of validation or revision of NFPA 55 based on a scientific approach that could either be substantiated through testing or through generally accepted scientific means.

In addressing the question of separation distances, additional direction and correlation of inter-IFC and intra-I-Code references (e.g., IFC to IFGC, IFC to IBC and IFC to IMC) regarding gaseous hydrogen as a flammable gas and liquefied hydrogen as a flammable cryogenic fluid has been provided during the 06/07 and 07/08 code development cycles leading to the 2009 IFC Edition. As summarized briefly, it is the opinion of the HIPOC that such direction and correlation must be viewed in the context of consolidations in scope relative to hydrogen as an industrial gas and cryogen in the NFPA Standards set and the work of the AHC H2G leading up to the 2006 IFC Edition addressing gasified and liquefied hydrogen as a vehicular fuel.


F191-06/07. Approval of this code change maintained Chapter 32 as the generic chapter applicable to all cryogens while distinguishing the scope of Chapter 35 as the material specific chapter for liquefied hydrogen as a flammable cryogenic fluid.


F282-07/08, Approval of this code change As Modified, deleted Exception 4 accompanied by additional text to Section 3501.1, Scope, intending that the more specific requirements of Chapter 22 (Section 2209) apply along with language clarifying that Chapter 35 is to be used in conjunction with the GH2 system provisions of the IFGC and the industrial-level of production covered in NFPA 55.


Since Chapter 35 now contains material specific provisions for “bulk” hydrogen systems as well as the terms “bulk hydrogen compressed gas system” and “bulk liquefied hydrogen gas system,” it is unclear why the 2007/08 International Fire Code Development committee willfully went “backwards” – reducing from 3,000 scf, what was considered the MAQ threshold for a “flammable gas” to now 400 scf, simply because the material is a flammable gas derived from cryogenic hydrogen?


The current definition for “Bulk Hydrogen Compressed Gas System” limits storage capacity flammable gas derived only from cryogenic hydrogen to 400 scf (11m3; 0.95kg) before being deemed a bulk system. Once deemed “bulk” only NFPA 55 can be cited for the construction of hydrogen vehicle fuel-dispensing stations?  The Panel learned from the former Staff liaison to NFPA 50A/50B, that the 400 scf is loosely tied to the 1963 ed. of NFPA50A when bulk was defined as greater than two ‘K’ bottles containing roughly 255 scf each (7.2 m3; 0.62kg) of GH2.]]

To summarize, the 3,000 scf exemption appearing in IFC 2209.3.1 is consistent with the former ICC Ad Hoc Committee for Hydrogen Gas (AHC H2G) and SAE intent to address the amount of GH2 that could conceivably be expected on a vehicle (circa 2003), but also tied to IFC MAQ’s in Table 2703.1.1(1) for fully sprinklered/ventilated cabinets.

The Hydrogen Industry requests the IFC Code Development Committee vote in favor of this proposal.
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