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PREFACE

Recognizing the need for a standard on combustion safety for steam reformer operation, the Compressed Gas
Association (CGA), with the participation of the European Industrial Gases Association (EIGA), has produced
H-10—2012, Combustion Safety for Steam Reformer Operation. This standard is intended as a joint EIGA/CGA
international harmonized standard for the use and application of all members of EIGA and CGA worldwide.
This standard has been reviewed and fully endorsed by CGA’s HYCO Committee and Standards Council.

PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is »ased on
technical information and experience currently available from members of the Compressed >as .\ssnciation,
Inc. and others. However, the Association or its members, jointly or severally, make no guarantec of tne results
and assume no liability or responsibility in connection with the information or suggestior's hereim contained.
Moreover, it should not be assumed that every acceptable commodity grade, test or safety yrocedure or meth-
od, precaution, equipment or device is contained within, or that abnormal or unusua’ circu. stances may not
warrant or suggest further requirements or additional procedure.

This document is subject to periodic review, and users are cautioned to obtail. the i atest edition. The Associa-
tion invites comments and suggestions for consideration. In connection with suc: ieview, any such comments
or suggestions will be fully reviewed by the Association after giving ti.» p arty, upon request, a reasonable op-
portunity to be heard. Proposed changes may be submitted via the Internc auour website, www.cganet.com.

This document should not be confused with federal, state, pravin:ial, 2r..nunicipal specifications or regulations;
insurance requirements; or national safety codes. While the » ssociation recommends reference to or use of
this document by government agencies and others, this d~cumet is purely voluntary and not binding unless
adopted by reference in regulations.

A listing of all publications, audiovisual programs, s¢fety and technical bulletins, and safety posters is available
via the Internet at our website at www.cganet.cor -Fcr move information contact CGA at Phone: 703-788-2700,
ext. 799. E-mail: customerservice@cganet.con..
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1 Introduction

Large scale hydrogen production has been practiced for decades and the demand for such production has
grown over that period. In the last several years, developments in crude oil processing, such as the increased
use of hydrogen to remove sulfur and the refinement of heavier crude oil stocks, has driven significant growth
in the demand for hydrogen supply.

In response to this demand, industrial gas companies operate and maintain large scale hydrogen production
facilities worldwide and have done so with an exemplary safety record for many years. However, it should be
noted that large scale hydrogen production involves potential personnel and process safety hazards that mu=t
be addressed in design and operation. Such hazard potential is inherent to the processing of toxic and {'amma-
ble gases via high temperature reforming as practiced in hydrogen production.

The steam reformer represents the core operating unit of most large scale hydrogen production facities.
Therefore, steam reformer furnace combustion safety is fundamental to the overall safe op=rau~n i these
large scale hydrogen plants. This publication provides best practices for managing the combus.ion safety as-
pects of steam reformer operations. The associated potential safety hazards include fire: rapid uncontrolled
energy release, gas release, as well as personnel exposure related to such hazards.

There are some internationally accepted standards that apply to the combustion systen. - of r rocess furnaces.
Such standards, including NFPA 86, Standard for Ovens and Furnaces, EN 747 In < rial thermoprocessing
equipment, Parts 1-3, and API RP 556, Instrumentation, Control, and Protecu e Systems for Gas Fired Heat-
ers, some of which are not specific to reforming furnaces, provide guidance ¢.>-combustion safety systems
[1, 2, 3]. These standards and other standards referenced in this publi:ation shall be consulted when consider-
ing combustion safety for steam reformers.

It should be noted that there are other industries, such as ammoi.'a #1d methanol production, that operate
large steam reformers. Therefore it may be instructive to cons'der "he learning and experiences from those in-
dustries through organizations such as the American Institu*= ot “hemical Engineering: Ammonia Safety Sym-
posium and the International Methanol Producers and Con: ume s Association (IMPCA).

Steam reformer furnace design will continue to develop along with methods to implement combustion safety in
these furnaces. A wide variety of steam reformer G=2sig..s, configurations, and component equipment exists
today. Therefore, this publication included some ¢=i.c-alized statements and recommendations on matters on
which there may be diversity of opinion or practice. Jsers of this publication should recognize that it is present-
ed with the understanding that it can stupple »znt but not take the place of, sound engineering judgment, train-
ing and experience. It does not constitute, anu snould not be construed to be, a code or rules or regulations [4].

2 Scope and purpose
21 Scope

This publication applies. ‘0 s.2am reformers that are operated with natural gas, refinery off-gas, naphtha, and
other light hydrocarbon s.=22.ns. It specifically applies to large volume hydrogen production plants, defined for
this publication as = produc.'an capability of 373,000 scfh (10 000 Nm®*/hr) (9 MMSCFD or 241,000 Nm®D) or
greater.

This publication vovers operation, maintenance, and certain design aspects of steam reformers relative to the
potential s fety hazards of the combustion process inherent to these units. Emphasis is placed on operational
guiaonce ~t d features that provide safeguards against such hazards such as furnace control philosophies,
sef.ty aterlo °ks, and inspection routines. The publication is not intended to address the details of design, in-
staliction, and construction of steam reformers.

2.2 Purpose

The purpose of this publication is to inform and guide interested parties on the procedures and practices fun-
damental to combustion safety in the operation of steam reformers. This publication presents a baseline for
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safe reformer operation which, if followed, assures our customers that the hydrogen they receive from member
companies has been produced according to accepted industry-wide safety guidelines.

3 Definitions
For the purpose of this publication, the following definitions apply.

3.1 Air change
Quantity of air, provided through the burners, equal to the volume of the furnace and the convection section.

3.2 Air/Fuel ratio
Ratio of combustion air flow rate to the fuel flow rate typically expressed as a molar ratio.

3.3 Alarm
Audible or visible signal indicating an abnormal or potentially critical condition.

3.4 Autoignition temperature (AIT)
Minimum temperature required to initiate self-sustained combustion of a solid, liquid, or gas'in air.

35 Boiler
Closed vessel in which water is heated and steam is generated by heat input from:com. ustit le fuels in a self-
contained or attached furnace.

3.6 Burner
Device for the introduction of fuel and air into a combustion chamber &' the velocity, turbulence, and concentra-
tion required to maintain ignition and combustion of fuel.

3.7 Burner management system (BMS)

Control system dedicated to combustion safety and operator assistance in the starting and stopping of fuel
preparation and combustion equipment and for preventing r..sop.ration of and damage to fuel preparation and
combustion equipment.

3.8 Casing
Metal plate used to enclose the fired heater.

3.9 Combustion air
Air used to react with the fuel in the coriibus izn r rocess.

3.10 Control element
Component of a safety instrumentad s;<*em that implements the physical action necessary to achieve a safe
state. Examples include valves, wi.ck gear, motors, etc., including their auxiliary elements.

3.11  Convection section
Portion of the reformer. dowstream of the furnace, where flue gas passes over heat exchangers and heat
transfer occurs via radiatic 2. =.nd convection.

3.12 Dampe:
Valve or plate \ar cuntrolling draft or the flow of gases, including air.

3.13 Dcuble block and bleed (DB&B)

Pipn. 00 trument arrangement that combines two block (or isolation) valves in series with a vent valve in
betvee ~ the Hlock valves as a means of releasing pressure between the block valves with the intent to provide
nosi.\ve isolation.

.14  Draft
Negative pressure (vacuum) measured at any point in the furnace, typically expressed in inches of water col-
umn (mm of water column).
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3.15 Duct
Conduit for air or flue gas flow.

3.16 Excess air
Air supplied for combustion in excess of theoretical air. Frequently expressed as a percentage above stoichio-
metric requirements (e.g., 10% excess air or 110% of stoichiometric).

3.17 Excess oxygen
Flue gas oxygen measurement, typically on a wet gas basis (e.g., 1.5% excess oxygen approximately corre-
sponds to 10% excess air, depending on fuel composition).

3.18 Explosive mixture
Flammable or combustible mixture in a confined space.

3.19 Explosion vent
Vent designed to relieve explosion pressures resulting from ignition of a mixture of combustible casas ad air.

3.20 Feed-forward control
Signal used to anticipate a change in the measured variable.

3.21 Flame

Body or stream of gaseous material involved in the combustion process and emi**ing -aviant energy at specific
wavelength bands determined by the combustion chemistry of the fuel. In 1. st (ases, some portion of the
emitted radiant energy is visible to the human eye.

3.22  Flame detector
Device that senses the presence or absence of flame and provides 7. usabic signal.

3.23 Fluegas
Gaseous products of combustion including the excess air.

3.24  Forced draft (FD) fan
Device used to pressurize and supply ambient air to.the combustion chamber to support combustion.

3.25 Furnace
Portion of the reformer where the combustior .-occ s takes place.

3.26  Hazard and operability study HAZOP)
Structured and systematic examinatiori of < planned or existing process or operation in order to identify and
evaluate problems that can represent :=t s to personnel or equipment, or prevent efficient operation.

3.27 Induced draft (ID) fan
Device used to remove the pi~ducts of combustion from the reformer furnace by introducing a negative pres-
sure differential.

3.28 Interlock
Device or an arr-ngement of devices, in which the operation of one part or one mechanism of the device or
arrangement ¢ ntre's the operation of another part of another mechanism.

3.29 Levels of protection analysis (LOPA)
Meti 20 o assess the number and types of protection layers (e.g., engineered protection features or systems)
ne<ded to privide an adequate safeguard against a specified hazard or risk in an industrial process.

3.20  Light hydrocarbons
Compounds consisting of hydrogen and carbon with low molecular weights, such as methane, ethane, propane
and butane.
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3.31 Logic system
Decision-making and translation elements that provide outputs in a particular sequence in response to external
inputs and internal logic and are comprised of the following:

— hardwired systems—individual devices and interconnecting wiring;

microprocessor-based systems;

computer hardware, power supplies, 1/0 devices, and the interconnections among them; and

operating system and logic software.

3.32 Low fire (minimum fire)
Minimum fire rate that results in stable combustion.

3.33  Monitor
To sense and indicate a condition without initiating automatic corrective action.

3.34  Overfiring
Combustion of fuel and air in excess of amount required for the reforming reaction that coui i cause damage to
equipment or surrounding areas, and/or injury to personnel.

3.35 Permissive
Condition to meet before a piece of equipment can be operated or a step it 2 se juence can be completed.
After the equipment is operated or sequence step is completed the permissive is . ored.

3.36  Pressure swing adsorption (PSA)
Multiple fixed bed gas purification process that uses materials that ¢ electivcly adsorb one or more gas species
from a mixture. Regeneration of the adsorbent is accomplished with ¢ orf ssure reduction or swing.

3.37 Purge
Flow of air or an inert medium at a rate that will effective. / reriove any gaseous or suspended combustibles
and replace them with the purging medium.

3.38  Radiant section
Portion of the furnace in which the heat is transferi2a ¢ the tubes, primarily by radiation.

3.39 Refinery off-gas
Gas stream removed as a by-product or irge irom various crude oil processing units; typically consisting of a
mixture of hydrogen, olefins, and alkane s.

3.40 Safety instrumented “urction (SIF)
Function implemented by a <afe. . instrumented system (SIS) that is intended to achieve or maintain a safe
state for the process and/or pe 'sonnel regarding a specific hazardous event.

3.41  Safety instrumuntad system (SIS)
Independent syste~ compo.=d of sensors, logic solvers, and final elements designed for the purpose of:

— automatically .2king an industrial process to a safe state when specified conditions are met; and/or

— permitting a process to move forward in a safe manner when specified conditions allow (permissive func-
tiors).

3.2 Safety integrity level (SIL)
~=lav «z measure of the reliability of a safety-instrumented system and/or function as described in industry
stai dards as either an average probability of failure to function on demand or as a risk reduction factor.

3.43  Steam reformer
Processing unit where steam is reacted with hydrocarbons over a catalyst at high temperatures to produce hy-
drogen and carbon oxides. The reformer includes a furnace/radiant section and a convection section.
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3.44 Tail gas
Low pressure contaminant rich rejection stream from pressure swing adsorption.

3.45 Wet basis
Gas stream composition including water versus dry basis where water is excluded.

4 Fundamentals of combustion safety
4.1 Combustion fundamentals

Oxygen (air), fuel and an ignition source are required for combustion to occur. Combustion reactions involvii:2
organic compounds and oxygen take place according to stoichiometric combustion principles.

Stoichiometric oxygen requirements for combustion of a fuel can be determined from the balanced c. em:al
reaction equations.

Based on the stoichiometric reactions below, the air requirement is calculated by including exce.s margin over
the stoichiometry.

Ideal combustion reactions that can occur in a reformer furnace include:
— Hydrocarbon gas: C,H,, +(n+m/4)0, - nCO, + (ng 20

—  Carbon monoxide: 2CO +0, — 2CO,
- Hydrogen: 2H, + O, — 2H,0

Complete combustion occurs when all of the fuel is burned. Ai..is \xe source of oxygen (21% by mole or vol-
ume). Usually 8% to 10% excess air is required for completz comruustion to occur and for optimum operation.

4.2 Basic combustion hazards

Basic combustion hazards that should be considui2a include flame instability, flame lift off, back burning, after
burning, fuel accumulation, and exposure to hov za.es.

421 Flame instability

Flame instability can occur when fuel prossure or fuel mixing in the burner is insufficient, fuel composition devi-
ates too strongly from design, or.ii "'ue yus is not evenly distributed in the furnace. Flame instabilities can lead
to incomplete combustion, seve. = iuniace pulsation or flame impingement that can damage the equipment in
the furnace (e.g., tubes, refra- tory, cic.)

4.2.2 Flame lift ¢ f

When the reforme: 'raft or fLal pressure is too high (compared to the burner design parameters), a lift off of the
flame from tiie bc rner tip(s) can occur. Depending on the operating status of the furnace it could produce the
following resuh.:

— flame s extinguished and creates the potential for uncombusted fuel to accumulate in the furnace; or

—. .burner It reignited if the gas is above the autoignition temperature (AIT) and can cause severe pulsation
and potential damage in the furnace.

4.2.3 Back burning

Back burning can occur if the fuel pressure drops in the fuel line below the burner design parameters. This en-
ables a combustible mixture or the flame to travel from the burner tip up into the fuel supply in the line. This
condition creates the potential for an unintended energy release.
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