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This edition of NFPA 8506, Standard o~ Heat Recovery Steam Generator Systems, was pre- 
pared by the Technical Committee on Heat Recovery Steam Generators, released by the 
Technical Correlating Committee on Boiler Combustion System Hazards, and acted on 
by the National Fire Protection Association, Inc., at its Annual  Meeting held May 22-25, 
1995, in Denver, CO. It was issued by the Standards Council on July 21, 1995, with an 
effective date of August 11, 1995, and supersedes all previous editions. 

This edition of NFPA 8506 was approved as an American National Standard on 
August 11, 1995. 

Origin and Development of NFPA 8506 

With the increased use of heat recovery steam generators in industry, a technical 
committee was formed in 1993 to prepare a standard covering heat recovery steam gen- 
erators. This document  is the result of the work of this committee. This is the first edi- 
tion of NFPA 8506 and is similar in organization to the other documents in 8500 series 
boiler combustion system hazards standards. 
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Heat Recovery Steam Generator Systems 
1995 Edition 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

Infiwmatinn on referenced publications can be found in 
Chapter 11 and Appendix D. 

Foreword 
Technological advances in recent years and,  in particu- 

lar, the pervasiveness of microprocessor-based hardware  
make it important  that only highly qualified individuals be 
employed in the translation of these guidelines into oper-  
ating systems. Each type of hardware has its own unique 
features and operat ional  modes. It is vital that the designer 
of  the safety system be completely familiar with the fea- 
tures, characteristics, and limitations of  the specific hard-  
ware and also possess a thorough unders tanding  of this 
s tandard  and its intent. 

It is not possible for this s tandard to encompass the spe- 
cific hardware  applications, nor should it be considered a 
"cookbook" tbr the design of a safety system. 

Where  applying any type of  equipment  to a safety sys- 
tem, the designer  should consider carefully all of  the pos- 
sible failure modes and the effect that each might have on 
the integrity of  the system and the safety of the unit and 
personnel .  In part icular,  no single point  failure should 
result in an unsafe or uncontrollable condition or a masked 
failure of a microprocessor-based system that could result 
in the opera tor  unwittingly taking action that could lead to 
an unsafe condition. 

This document  is in tended to be used for the design, 
installation, operat ion,  and maintenance of heat recovery 
steam generators  and their burner  management  and com- 
bustion control systems. 

Chapter 1 Introduction 

1-1 Scope. 

1-1.1 This s tandard shall apply to steam generators  that 
recover heat from a combustion turbine firing the follow- 
ing fimls either alone or in combination: 

(a) Natural  gas; 
(b) No. 2 fuel oil; 
(c) Kerosene; 
(d) JP-4 je t  fuel; 
(e) Diesel fuel. 

The  steam genera tor  shall be permit ted to be unfired, or  
supplemental  firing shall be permit ted to be provided from 
natural  gas or fuel oil, as defined in this standard.  

1-1.2 The intent of this standard is not to dictate the meth- 
ods or details of the combustion turbine manufacturer 's  
product or control system. Specific functional considerations 
are identified for p roper  interfacing related to the safety 
aspects of the combined combustion turbine and the HRSG. 

1-1.3 This s tandard does not cover simultaneous firing of  
more than one fuel in the supplemental  firing of the steam 
generator .  Simultaneous firing involves requirements  that 
are not addressed by this document.  

1-1.4 This s tandard is not retroactive. This s tandard shall 
apply  to new installations and to major  al terat ions or  
extensions of  existing equipment  for the prepara t ion  and 
burning of fuel contracted for six months subsequent to 
the date of issue of this document.  

1-1.5 This s tandard does not specifically address the fir- 
ing of fuels other  than those specified in 1-1.1. This stan- 
dard  is in tended to apply to other  fuels not covered by 
1-t.1 (see 1-2.2). Other  fuels can have unique characteris- 
tics requir ing special design and operat ion considerations 
for fuel handling, purging,  and burning.  

1-1.6 Since the s tandard is based on the present  state of  
the art, its application to existing installations shall not be 
required.  Nevertheless, operat ing companies are encour- 
aged to adopt  those features of" the s tandard that are con- 
sidered applicable and reasonable for existing installations. 

1-1,7 This s tandard does not address multiple combus- 
tion turbines exhaust ing into a single heat recovery steam 
generator  (HRSG). Any system applying this concept shall 
r e q u i r e  spec ia l  d e s i g n  c o n s i d e r a t i o n s  tha t  a r e  not  
addressed in this standard.  

1-1,8 The  s tandard shall be appl ied with consideration of 
the document  as a whole. Chapters 1 and 2 are introduc- 
tory and provide general  guidelines and focus. Where any 
real or perceived conflict exists, the guidelines outlined in 
subsequent chapters shall be ibllowed. 

1-1,9 Chapters  1 th rough  8 address  fired or unf i red  
HRSGs directly coupled to combustion turbine exhaust  
without intervening dampers  or a bypass stack. 

1-1.10 C h a p t e r  9 ( reserved)  eventua l ly  will address  
HRSG systems with bypass dampers  and systems using 
supplementary  sources of combustion air. 

1-1.11 Chapter  10 (reserved) eventually will address fired 
HRSGs where the pr imary source of heat is from burners  
ra ther  than from the heat content of the combustion tur- 
bine exhaust. 

1-2 Purpose. 

1-2.1 The purpose of this document shall be to contribute 
to operating safety and to prevent explosions, implosions, 
and uncontrolled fires in HRSG sections and exhaust duct- 
work. It shall establish minimum standards for the design, 
installation, operation, and maintenance of heat recovery 
steam generators and their fuel-burning, air supply, and 
combustion products removal systems. The standard shall 
require the coordination of operating procedures and com- 
ponents, control systems, interlocks, and structural design. 
The standard shall further require the establishment of train- 
ing programs in equipment operation and maintenance, for 
both new and existing personnel, to ensure that minimum 
standards for operation and maintenance are understood 
and followed. 

1-2.2 No s t anda rd  can gua ran tee  the e l iminat ion  of  
HRSG explosions and implosions. Technology in this area 
is under  constant development  and is reflected in revisions 
to this s tandard.  The  user of this s tandard shall recognize 
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the complexity of  firing with regard  to the type of equip- 
ment  used and the characteristics of the fuel. Therefore,  
the designer  is cautioned that the s tandard  is not a design 
handbook.  The  s tandard does not eliminate the need for 
the engineer  or  for competent  engineer ing judgment .  It is 
in tended that a designer  capable of  applying more com- 
plete and rigorous analysis to special or  unusual  problems 
shall have lati tude in the development  of  such designs. In 
such cases, the designer  is responsible for demonstra t ing 
the validity of the approach.  

1-2.3 Emphasis is placed on the importance of compo- 
nent  coordinat ion and on knowledge of  expected operat-  
ing conditions,  along with adequate  s tructure strength, 
p rope r  operat ion and maintenance procedures,  combus- 
tion and draft control equipment ,  safety interlocks, alarms, 
tr ips,  and  o the r  re la ted  controls  that  are  essential to 
p rope r  operat ion.  

1-2.4 The  effect of gas cleanup systems located within or  
downstream of the HRSG shall be considered in the design 
and operat ion of  the system. 

Chapter 2 General 

2-1 HRSG Fires and Explosions. 

2-1.1 The  basic cause of uncontrol led fires or explosions 
in an HRSG system is the ignition of  an accumulated com- 
bustible mixture within the HRSG enclosure. 

2-1.2 A dangerous  combustible mixture within the HRSG 
sections and ductwork consists of the accumulation of com- 
bustibles mixed  with air  in p ropo r t i ons  that  resul t  in 
uncontrol led combustion when an ignition source is sup- 
plied. An explosion might result from ignition of this accu- 
mulation if the quantity of combustible mixture and the 
propor t ion  of air to fuel are such that an explosive force is 
created within the HRSG enclosure. The  magni tude and 
intensity of  the explosion depends  on both the relative 
quantity of combustibles that has accumulated and the pro- 
port ion of  air that mixes with them at the moment  of  igni- 
t ion, Explosions ,  inc lud ing  "puffs ,"  are  the resul t  of  
i m p r o p e r  p r o c e d u r e s  used  by o p e r a t i n g  p e r s o n n e l ,  
i m p r o p e r  design of  equ ipmen t  or  control  systems, or  
equipment  or control system malfunction. 

2-1.3 Numerous  situations can arise in connection with 
the operat ion of  an HRSG that produce  uncontrol led com- 
bustion conditions. These situations include: 

(a) An interrupt ion of the fuel or combustion air supply 
or ignition energy to the burners,  sufficient to result in a 
momentary  loss of  flame, followed by the delayed reigni- 
tion of an accumulation of combustibles. 

(b) Fuel leakage into the enclosure and the ignition of 
the accumulation by a spark or  other  source of  ignition. 

(c) Repeated unsuccessful attempts to light off the com- 
bustion turbine or supplementary  fired burners  without 
appropr ia te  purging,  resulting in the accumulation of  an 
explosive mixture.  

(d) The  accumulation of an explosive mixture of fuel 
and combustion air as a result of loss of flame or incom- 
plete combustion at one or more burners  in the presence 
of o ther  burners  operat ing normally or  dur ing  light-off of 
addit ional burners.  

(e) The  accumulation of an explosive mixture of fuel 
and combustion air as a result of a complete burner  flame- 
out and the ignition of the accumulation by a spark or 
other  ignition source, such as an at tempt to light off burn-  
ers without adequate purge.  

2-1.4 An examina t ion  of  repor t s  of  steam gene ra to r  
explosions suggests that the occurrence of  small explo- 
sions, puffs, or  near-misses are far more frequent than usu- 
ally is recognized. Improved  instrumentation,  safety inter- 
locks and protective devices, p rope r  operat ing sequences, 
and a clearer unders tanding  of the problem by designers, 
operators,  and maintenance personnel  can reduce greatly 
the risks and actual incidence of HRSG explosions. 

2-1.5 In an HRSG with supplementary firing, upset con- 
ditions or control malfunction can lead to an air/fuel mix- 
ture that could result in a flameout followed by reignition 
after a combustible mixture has been reestablished. Dead 
pockets might exist in HRSG sections and ductwork or 
other  parts of  the unit where combustible mixtures can 
accumulate under  upset conditions. These accumulations 
can ignite with explosive force in the presence of an igni- 
tion source. 

2-1.6 Statistics indicate that human er ror  is a contributing 
factor in the majority of explosions. It is important  to con- 
sider whether  the error  is the result oi- 

(a) Unfavorable operat ing characteristics of  the equip- 
ment  or  its control; 

(b) Lack of functional coordinat ion of the various com- 
ponents of the steam-generat ing system and its controls; or 

(c) Lack of unders tanding of, or failure to follow, p roper  
operat ing procedures,  safeguards, and equipment  opera-  
tion recommendations.  

2-1.7 HRSG Enclosure, Fin-Tube Fires. 

NOTE: Due to misoperation, there have been occurrences 
of fin-metal fires in HRSGs, and there is a need to address 
this potential. 

2-1.7.1 Considera t ion shall be given to detect ing and 
alarming fin-metal fires. 

2-1.7.2 A procedure  shall be provided to contain (i.e., 
confine or seal-off) a fin-metal fire and to protect the build- 
ings and adjacent equipment.  

2-1.7.3 The  initial response shall include the removal of 
all fuel from the combustion turbine and the HRSG. 

2-2 HRSG Implosions. For HRSGs that use an induced 
draft  fan where the potential  exists for excessively low 
HRSG enclosure gas side pressures, the HRSG enclosure 
shall conform with the requirements of NFPA 8502, Stan- 
dard for the Prevention of Furnace Explosions~Implosions in 
Multiple Burner Boilers, Chapter  5. 

2-3 Manufacture, Design, and Engineering. 

2-3.1 The owner or the owner's agent shall, in coopera- 
tion with the manufacturer ,  ensure that the unit is not defi- 
cient in apparatus  that is necessary for p rope r  operat ion 
with respect to pressure parts, fuel-burning equipment ,  
combustion air and fuel, and safe light-off and mainte- 
nance of stable flame. 
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2-3.2 All fuel systems shall include provisions to prevent  
foreign substances from interfering with the fuel supply to 
the duct  burner .  

2-3.3 An evaluation shall be made to determine  the opti- 
mum integration of manual  and automatic safety features 
considering the advantages and disadvantages of  each trip 
function. 

NOTE: The maximum number of automatic trip features 
does not necessarily provide for maximum overall safety. 
Some trip actions result in additional operations that 
increase exposure to hazards. 

2-3.4 This s tandard  shall require  a minimum degree  of 
automation.  However,  in the cases of  more complex plants, 
plants with increased automation,  and plants designed for 
remote operat ion,  the following minimum provisions shall 
be required:  

(a) In format ion  on significant ope ra t ing  events that  
allow the opera tor  to make rapid evaluation of  the operat-  
ing situation; 

(b) Continuous and usable displays of  variables in the 
normal control location that allow the opera tor  to avoid 
unsafe operat ion;  

(c) Addi t ional  au tomated  control  points that  allow a 
remotely located opera tor  to control the unit safely; 

(d) In-service maintenance and checking of  system func- 
tions without impai rment  of the reliability of the overall 
control system; 

(e) Control  areas environmental ly designed to provide 
suitable conditions for personnel ,  control  equipment,  or 
both; and 

(t) Visual displays and alarms that are easily identifiable 
and readable.  

2-3.5 The  duct bu rne r  piping and equipment  shall be 
designed and constructed to prevent  the formation of haz- 
a rdous  concentra t ions  of  combustible  gases unde r  any 
operat ing conditions. 

2-4 Basic Operating Objectives. 

2-4.1 Basic opera t ing  objectives shall include the require- 
ments of  this section. 

2-4.1.1 S tandard  opera t ing  p rocedures  shall be estab- 
lished that result in well-defined and controlled operations.  
All opera t ing  procedures  shall be rigidly enforced at all 
times. 

2-4.1.2 Interlocks shall be used to minimize imprope r  
operat ing sequences and to in ter rupt  sequences when con- 
ditions are unsafe for continuation. 

2-4.1.3 No interlocks shall be bypassed dur ing  start-up or 
operat ion of  the unit unless the bypass is a larmed and is 
governed by operat ing procedures.  

2-4.1.4 The  mass flow of  combust ion air to the duct  
burner  system shall be maintained at or above its purge  
rate and within the duct  burner  design operat ing range 
dur ing  all operat ions of  the duct  burner  system. 

2-4.2 Written operating procedures and detailed checklists 
for operator  guidance shall be provided for achieving these 
basic operating objectives. All manual and automatic func- 
tions shall be included in these procedures and checklists. 

Chapter 3 Definitions 

3-1 Definitions. The  following definitions shall apply to 
this s tandard.  

Air, Combustion.  The  air used to fuel the combustion 
process. For duct  burners ,  this generally is combustion tur- 
bine exhaust. (See "Air, Primary" and "Air, Vitiated.") 

Air, Excess. Air supplied for combustion in excess of 
theoretical air. 

NOTE: This is not "Air-Rich" as defined in this section. 

Air ,  Fu rnace  Purge .  See "Purge,  Combust ion Tur-  
bine," "Purge, Duct Burner,"  and "Purge Rate." 

Air, Pr imary.  The  air that is contained in the combus- 
tion turbine exhaust. 

Air, Seal. Air supplied to any device at pressure for the 
specified purpose  of minimizing contamination. 

Air, Secondary.  The air for combustion supplied to the 
burners  by the forced draft fan. 

Air,  Stoichiometric .  See "Air, Theoretical." 

Air ,  Ter t i a ry .  The  air suppl ied  to certain types of  
burners  for cooling the burner  metal or to improve the 
combustion process. 

Air,  Theoret ical .  The  chemically correct quantity of air 
needed for complete combustion of a given quantity of a 
specific fuel. 

Air /Fuel  Ratio. A ratio of air to fuel supplied to a com- 
bustion process. 

Air-Rich.  Indicates a ratio of air to fuel supplied to a 
combustion process that provides more than the minimum 
excess air needed for opt imum combustion of the fuel. 

Air,  Vitiated. Air with an oxygen content below nor- 
mal; for example,  combustion turbine exhaust. 

Alarm. An audible or visible signal indicating an off- 
s tandard or abnormal  condition. 

Approved.  Acceptable to the authority having jurisdiction. 

NOTE: The National Fire Protection Association does not 
approve, inspect, or certify any installations, procedures, 
equipment, or materials; nor does it approve or evaluate 
testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the 
authority having jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure, or use. The 
authority having jurisdiction may also refer to the listings or 
labeling practices of an organization concerned with prod- 
uct evaluations that is in a position to determine compliance 
with appropriate standards for the current production of 
listed items. 

Atomizer.  A device in a burner  that emits liquid fuel in 
a finely divided state. 

Atomizer, Mechanical. A device in an oil burner  that 
emits liquid fuel in a finely divided state without using an 
atomizing medium. 

Atomizing Medium. A supplementary  fluid, such as 
steam or air, that assists in breaking down liquid fuel into 
a finely divided state. 
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Augmented Air Firing. Supplementary  firing with the 
addi t ion of  air at the duct  burners  to suppor t  and stabilize 
combustion. 

Authority Having Jurisdiction. The  o rgan iza t ion ,  
office, or individual responsible for approving  equipment,  
an installation, or a procedure .  

NOTE: The phrase "authority having jurisdiction" is used 
in NFPA documents in a broad manner, since jurisdictions 
and approval agencies vary, as do their responsibilities. 
Where public safety is primary, the authority having juris- 
diction may be a federal, state, local, or other regional 
department or individual such as a fire chief; fire marshal; 
chief of a fire prevention bureau, labor department, or 
health department; building official; electrical inspector; or 
others having statutory authority. For insurance purposes, 
an insurance inspection department, rating bureau, or 
other insurance company representative may be the 
authority having jurisdiction. In many circumstances, the 
property owner or his or her designated agent assumes the 
role of the authority having jurisdiction; at government 
installations, the commanding officer or departmental offi- 
cial may be the authority having jurisdiction. 

Auxiliary Firing. See "Supplementary  Firing." 

Availability. The  percent  of time dur ing  a fixed per iod 
that a generat ing unit is capable of  providing functional 
operat ing service. 

Burner. A device or  group of devices for the introduc- 
tion of fuel and air at the velocities, turbulence,  and con- 
centration necessary to maintain ignition and combustion 
of  the fuel. 

Burner Management System. The control system dedi- 
cated to combustion safety, operator  assistance in the starting 
and stopping of fuel-burning equipment, and prevention of 
misoperation and damage. The burner  management  system 
includes the following functions specified in this standard: 

(a) Interlock system; 
(b) Fuel trip system; 
(c) Master fuel trip system; 
(d) Master fuel trip relay; 
(e) Flame moni tor ing and t r ipping systems; 
(f) Ignition subsystem; and 
(g) Duct burner  subsystem. 

Combustion Control System. The control system that 
regulates the fuel input  (and air, if applicable) to maintain 
continuous combustion and stable flame. This control sys- 
tem might include d rum level, desuperhea te r  spray, or 
draft  control, where applicable. 

Combustion Turbine. A turbine in which the rotat ing 
e lement  is actuated by the pressure of combustion gases on 
curved vanes. 

Commercial Operation. The date that the full plant  
capacity is formally added  to the power grid. 

Commissioning. The time period of plant testing and 
operation between initial operation and commercial operation. 

Damper, Tight Shutoff. A close-fitting damper  to inhibit 
leakage of air or flue gas into any system component. 

Directional Blocking. An interlock that, upon detec- 
tion of significant e r ror  in HRSG process variables, acts to 

inhibit the movement  of all appropr ia te  final control ele- 
ments in the direction that increases the error.  

Drip Leg. A chamber  of ample volume, with suitable 
clean-out and drain connections, over which fuel gas is 
passed so that liquids and solids are t rapped.  

Duct Burner. A burner  located in a duct  ahead of or 
within an HRSG section. 

Explosive Mixture.  A flammable or combustible mix- 
ture in a confined space. 

Fan,  Seal Air. A fan used to supply sealing air. 

Fan Test Block Capability. The point on the head ver- 
sus the flow character is t ics  curve at which the fan is 
selected. This is the calculated operat ing point  associated 
with the maximum continuous rating of  the steam genera- 
tor furnace plus the head and flow margins. 

Flame. The  visible or  other  physical evidence of the 
chemical process of rapid conversion of fuel and air into 
products  of combustion. 

Flame Detector. A device that senses the presence or 
absence of flame and provides a usable signal. 

Flame Detector, Self-Checking. A flame detector  that 
automatically, and at regular  intervals, tests the entire sens- 
ing and signal processing system of  the flame detector. 
This ensures that the failure of any single component  can- 
not result in a false indication of flame. 

Flame Envelope. The confines (not necessarily visible) 
of an independent  process that converts fuel and air into 
products  of  combustion. 

Fresh Air Mode. The  opera t ion  of  an HRSG with 
atmospheric  instead of combustion turbine exhaust. 

Fuel  Cutback. An action of the combustion control sys- 
tem to reduce fuel flow. 

Fuel  Gas. See "LP-Gas" and "Natural  Gas." 

Fuel ,  JP4.  A light, volatile fuel with a boiling point  
between gasoline and light distillate. Its proper t ies  are 
defined in MIL-T-5624, Turbine Fuel, Aviation, Grade JP4, 
JP5, and JP5/JP8 ST, and are similar to ASTM D1655, 
Standard Specification for Aviation Turbine Fuels (Jet B), and 
ASTM D2880, Standard Specification for Gas Turbine Fuel Oils 
(OGT). 

Fue l ,  Kerosene .  A light,  h ighly ref ined  fuel. It is 
slightly more volatile than No. 2 fuel oil. Its propert ies  are 
defined in ASTM D396, Standard Specification for Fuel Oils 
(No. 1); ASTM D1655, Standard Specification for Aviation 
Turbine Fuels (Jet A); or ASTM D2880, Standard Specification 
for Gas Turbine Fuel Oils (1GT). 

Fuel  Oil, Liquid fuels defined as Grades 2, 4, 5, and 6 
in ASTM D396, Standard Specification for Fuel Oils, or Grade 
2GT in ASTM D2880, Standard Specification for Gas Turbine 
Fuel Oils. 

Fuel  Trip.  The  automatic shutoff of a specific fuel as 
the result of an interlock or  opera tor  action. 

Fuel-Rich.  Indicates a ratio of air to fuel supplied to a 
burner  that provides less than the minimum excess air 
needed for opt imum combustion of the fuel. 

Gas. See "LP-Gas" and "Natural  Gas." 
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Heat Recovery Steam Generator (HRSG). A hea t  
exchanger  that uses a series of heat  transfer sections (e.g., 
superheater ,  evaporator ,  and economizer) posit ioned in 
the exhaust  gas flow of  a combustion turbine to recover 
heat and supply a rated steam flow at a required tempera-  
ture and pressure. 

HRSG. See "Heat  Recovery Steam Generator ."  

HRSG Control System. The  group of control systems 
that regulates the HRSG process, including the combustion 
control but not the burner  management .  

HRSG Enclosure.  All ductwork from the combustion 
turbine exhaust through the steam genera tor  to the stack, 
including any bypass duct  connection. 

HRSG Purge .  See "Purge ,  Combus t ion  T u r b i n e , "  
"Purge, Duct Burner,"  and "Purge Rate." 

HRSG System. The  unit assembly from the combustion 
turbine inlet to the flue gas outlet to the atmosphere.  

Igniter. A permanent ly  installed device, removable for 
maintenance only, that provides proven ignition energy for 
light-off of  the main burner .  

Igniter, Class 1. An igniter appl ied to ignite the fuel 
input  through the bu rne r  and to suppor t  ignition under  
any burner  light-off or opera t ing  conditions. Its location 
and capacity are such that it provides sufficient ignition 
energy  (general ly  in excess of  10 percen t  of  full-load 
burne r  fuel input) at its associated burner  to raise any 
credible combination of  burner  inputs of  both fuel and air 
above the min imum ignition temperature .  

Igniter, Class 2. An igniter appl ied to ignite the fuel 
input  through the burner  under  prescribed l ight-offcondi-  
tions. The  range of  capacity of such igniters generally is 4 
percent  to 10 percent  of  full-load burner  fuel input. 

Igniter, Class 3. A small igniter appl ied in part icular  
to gas and oil burners  to ignite the fuel input  to the burner  
under  prescribed light-off conditions. The  capacity of such 
igniters generally does not exceed 4 percent  of the full-load 
burner  fuel input. 

Igniter, Class 3 Special. A special Class 3 high energy 
electrical igni ter  capable  of  direct ly  ignit ing the main 
burner  fuel. 

Ini t ia l  Opera t ion .  The  first coordinated operat ion of  
the combustion turbine and HRSG. 

Inter lock.  A device or group of devices a r ranged to 
sense a limit or off-limit condition or imprope r  sequence of  
events and to shut down the related equipment  or  to pre- 
vent proceeding in an improper  sequence in o rder  to avoid 
a hazardous condition. 

JP4.  See "Fuel, JP4." 

Kerosene. See "Fuel, Kerosene." 

Listed. Equipment .or  materials included in a list pub- 
lished by an organization acceptable to the authority having 
jurisdict ion and concerned with product  evaluation that 
maintains periodic inspection of  production of listed equip- 
ment or materials and whose listing states either that the 
equipment or material meets appropriate  standards or has 
been tested and found suitable for use in a specified manner. 

NOTE: The means for identifying listed equipment may 
vary for each organization concerned with product evaluation, 

some of which do not recognize equipment as listed unless it 
is also labeled. The authority having jurisdiction should utilize 
the system employed by the listing organization to identify a 
listed product. 

Logic System. The  decis ion-making and translat ion 
elements of  the burner  management  system. A logic system 
provides outputs in a part icular  sequence in response to 
external  inputs and internal logic. 

(a) Hardwired Systems. Individual  devices and intercon- 
necting wiring. 

(b) Microprocessor-Based Systems. 

I. C o m p u t e r  h a r d w a r e ,  power  suppl ies ,  inpu t /  
output  devices, and the interconnections between these. 

2. Opera t ing  system and logic software. 

Low Water Cutout. A device ar ranged to effect a mas- 
ter fuel trip when the water level in the steam drum(s) falls 
to a p rede te rmined  low level. 

LP-Gas. A liquefied gas composed of  any of the follow- 
ing hydrocarbons or their  mixtures: propane,  propylene,  
normal  butane,  isobutane, and butylenes. 

Master Fuel Trip. An event resulting in the rapid shut- 
off of all fuel to the duct burners,  including igniters. 

Master Fuel  Tr ip  Relay. An electromechanical relay(s) 
utilized to trip all required equipment  simultaneously. 

Monitor. To sense and indicate a condition without ini- 
tiating automatic corrective action. 

Natural Gas. A gaseous fuel consisting mostly of a mix- 
ture of  organic compounds (normally methane, ethane, pro- 
pane, and butane). The Btu value of natural gases varies 

3 3 3 3 from 700 Btu/ft to 1500 Btu/ft" (26.1 MJ/m to 55.9 MJ/m'), 
with the majority averaging 1000 Btu/ft 3 (37.3 MJ/m3). 

Oil. See "Fuel Oil." 

Open  Flow Path. A continuous path for movement  of 
an airstream through the exhaust to the stack. 

Operating Range, Burner. The  range  between the 
maximum fuel input  and the minimum fuel input  within 
which the burner  flame can be maintained in a continuous 
and stable manner .  

Outlet Draft. The  flue gas pressure at the outlet of the 
last convection pass of  the steam generator.  

Partial Loss of Flame. Loss of  flame at any of the sep- 
arate flame envelopes or burners  while flame is maintained 
at any of  the other  flame envelopes or burners.  

Prove. To establish by measurement  or test the exist- 
ence of a specified condition, such as flame, level, flow, 
pressure,  or position. 

Purge, Combustion Turbine.  A flow of air at purge rate 
through the combustion turbine and the appropriate portion 
of the HRSG enclosure for a sufficient number  of volume 
changes that effectively removes any gaseous or suspended 
combustibles and replaces them with the purging medium. 

Purge ,  Duct Burner .  A flow of  combustion turbine 
exhaust gas or air at purge rate through the HRSG enclo- 
sure for a sufficient number  of volume changes that effec- 
tively removes any gaseous or suspended combustibles and 
replaces them with the purging medium. 
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Purge Rate. A constant flow of  purging  medium at suf- 
ficient velocity to achieve a purge.  

Reliabil i ty.  The  probabili ty that a generat ing unit or 
system will per form for at least a given per iod of time 
where used under  specified conditions. 

Remote Operation. Control  from a location removed 
from the combustion turbine and HRSG. 

Repeatability. The  ability of  a device to maintain a 
constant set point  characteristic. 

R u n b a e k ,  Combustion Turbine. T h e  c o n t r o l l e d  
unloading of a combustion turbine to a level required by 
HRSG or  other  equipment  control demands.  

Scavenging. The procedure  by which liquid fuel left in 
a burner  or igniter after a shutdown is cleared by admit- 
ting steam or air through the burner  passages, typically 
through a dedicated scavenging medium valve. 

SCR (Selective Catalytic Reduction). A method  of  
reducing NO× in flue gas. 

Separator, Filter, Scrubber. A device incorporated in 
the main fuel supply line that effectively separates foreign 
liquids or solids from the fuel. 

Set Point. A prede te rmined  value to which a device or  
system is adjusted and at which it shall be required to per- 
form its in tended function. 

Shall. Indicates a mandatory  requirement .  

Should.  Indicates a recommendat ion  or that which is 
advised but  not required.  

Shutdown, Controlled. The  normal  un load ing  and 
shutdown sequence of  p lant  components  based on the 
manufacturer 's  criteria. 

Shutdown, Emergency.  An event resulting in the rapid  
shutoff of all fuel to the combustion turbine along with a 
master fuel trip. 

Stable Flame. A flame envelope that retains its continu- 
ity th roughout  the maximum rate of  change within the 
opera t ing  range of the HRSG. 

Standard. A document, the main text of which contains 
only mandatory provisions using the word "shall" to indicate 
requirements, which is in a form generally suitable for man- 
datory reference by another standard or code or for adoption 
into law. Nonmandatory provisions shall be located in an 
Appendix, footnote, or fine-print note and are not to be con- 
sidered a part  of the requirements of a standard. 

Start-Up Combustion Control System. A control sys- 
tem used to regulate and maintain p rope r  air/fuel ratio 
dur ing  the start-up per iod where the customary indexes, 
such as pressure,  temperature ,  load, or flow, that motivate 
the normal  automatic combustion control system are not 
available or suitable. 

Steam Generator. A closed vessel in which water is con- 
verted to steam or steam is superheated or in which any 
combination thereof  takes place. 

Steam Generator Enclosure. The physical boundary for 
all steam generator pressure parts and the combustion process. 

Supervise. To sense a condition needing attention and 
automatically initiate corrective action, 

Supplementary Firing. The provision of duct burners  
in an HRSG to increase the tempera ture  of the combustion 
turbine exhaust  gases. 

Unit. The confined spaces of the combustion turbine, 
the HRSG, and the associated ducts that convey the air and 
combustion gases from the air intake to the stack outlet. 

Valve, Charging .  A small valve bypassing the main 
safety shutoff valve used for charging the fuel headers and 
piping and for testing for leaks. 

Valve, Check. A valve used to prevent  reverse flow. 

Valve, Flow Control .  A valve capable of  regula t ing  
quantity of th roughput  to a controlled range. 

Valve, Safety Shutoff. A fast-closing valve that auto- 
matically and completely shuts off the fuel supply to main 
burners  or igniters in response to a fuel trip. 

Valve, Supervisory Shutoff. A manually opera ted  shut- 
off valve with a means to provide a "valve closed" position 
signal. 

Valve, Vent. A valve used to allow venting of air or gas 
from the system to the atmosphere.  

Watch-Dog Timer, External. A t imer external  to a 
microprocessor-based control that is used to compare the 
microprocessor  cycle t iming against itself and that fails 
safely if the microprocessor timing stops or exceeds the 
watch-dog time interval. 

Chapter 4 Project Coordination 

4-1 General. 

4-1.1 Project coordination,  including p roper  integration 
of the various system components,  shall be the responsibil- 
ity of the owner or the owner's designated representative 
from system inception through commercial  operat ion to 
enhance equipment  reliability and personnel  saiety. 

NOTE: An HRSG is a complex system, often involving 
numerous components, multiple steam pressure levels, 
emission control systems, and auxiliary, augmented air, or 
supplementary firing. 

4-1.1.1 The  ability of the combustion turbine to satisfy 
the flow requirements  through the HRSG enclosure as 
required in Section 7-4 shall be considered in the basic 
design phase. 

4-1.1.2 An HRSG system shall be designed to meet the 
user's specified modes of  operation.  

4-1.1.3 System components  and control loops shall be 
compatible and capable of stable operat ion and control 
dur ing both steady-state and transient conditions. 

4-1.1.4 Control  and protective systems and opera t ing  
sequences shall prohib i t  the opera tors  from bypassing 
interlocks. 

Exception: As permitted by 2-4.1.3. 

4-1.1.5 Training shall ensure operator  understanding of 
the relationships between components; the proper  start-up, 
operation, and shutdown procedures; and the significance of 
alarms and proper  action in response to those alarms. 
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4-1.2 Explosions and fires have occurred in fuel-fired 
steam-generating systems as a result of incomplete func- 
tional designs. Investigations have revealed human error  
but often have overlooked the chain of events contributing 
to the operating error. Therefore, the design, installation, 
and functional objectives of  the overall system components 
and their controls shall be integrated. Ergonomics and an 
environment conducive to efficient operator actions and 
decisions shall be provided. 

4-1.3 The  planning and engineering phases of  plant 
design and construction shall be coordinated with operat- 
ing personnel to ensure that operations important to safety 
can be achieved by qualified operators. Where this is not 
possible, the needs of  operating personnel shall be consid- 
ered and anticipated. 

4-1.4 The proper  operator functions, maintenance activi- 
ties, and training shall be the responsibility of  the operat- 
ing company. 

4-2 Project Inception. In the project inception phase, 
the following shall be accomplished to ensure a plant 
design that meets expected operating modes and reliability 
needs: 

(a) Establishment of plant operating parameters; 
(b) Identification of site-related constraints; 
(c) Review of steam cycle, including generating a family 

of  heat balance diagrams for the expected opera t ing 
ranges and modes; 

(d) Conceptualization of plant layout to provide for per- 
sonnel safety, operability, and maintenance needs; 

(e) Definition and verification of requirements of  worst 
case operating transients, including start-ups; 

(t3 Definition of  required test program; 
(g) Definition of  start-up criteria and goals; and 
(h) Identification of  the authority having jurisdiction. If  

multiple authorities having jurisdiction are identified, the 
scope of  each au thor i ty  having jur isdic t ion shall be 
defined. 

4-3 Design. 

4-3.1" The project approach shall include full evaluation 
of  all systems and components to ensure compatibility, 
interface requirements, system dynamics, and the ability to 
meet all plant operating parameters. 

NOTE: Safety in any plant is the direct result of an exten- 
sive up-front effort in the engineering, design, and selection 
of equipment for each individual application. 

4-3.2* This evaluation shall consider the use of dynamic 
simulation or prior operating experience, or both, before 
equipment is selected. 

4-3.3 Electrical area classifications shall be established by 
the owner or the owner's designated representative in con- 
junction with the HRSG system designer prior to com- 
mencing detailed design. (See 5-6.4.) 

4-4 Construction and Installation. The constructor and 
owner/operator responsible for the erection and installa- 
tion of the equipment shall verify that all equipment is 
properly installed and connected. 

4-5 Initial Training. The training program shall be spe- 
cific to the equipment being installed and all applicable 
design data shall be made available. 

4-5.1 Operator Training. See also 8-2.1. 

4-5.1.1 Prior to commissioning, a formal training pro- 
gram shall be established to prepare personnel to operate 
equipment safely and effectively. 

4-5.1.2 Operator training shall include: 

(a) Start-up procedures; 
(b) Normal operating procedures; 
(c) Normal shutdown procedures; 
(d) Emergency shutdown procedures; and 
(e) Control and safety system check-out and test procedures. 

4-5.1.3 Where different modes of operation are possible, 
the procedures identified in 4-5.1.2 shall be prepared for 
each operating mode. Procedures also shall be prepared 
for switching from one mode to another. 

4-5.2 Maintenance Training. See also 8-2.2. 

4-5.2.1 A formal maintenance training program shall pre- 
pare personnel to perform any required maintenance tasks 
safely and effectively. This program shall consist of  study 
or review of maintenance manuals, videotapes, and pro- 
grammed instruction and testing, field training, and train- 
ing by equipment manufacturers, among others. 

4-5.2.2 Maintenance procedures shall be established to 
cover routine and special techniques. Any potential safety 
factors, such as t empera ture ,  dust,  con tamina ted  or  
oxygen-deficient atmosphere, internal pressures, and lim- 
ited access or confined space conditions, shall be included. 

4-5.2.3 Procedures shall be consistent with safety require- 
ments and the manufacturer's recommendations. 

4-6 Commissioning. 

4-6.1 The HRSG system shall not be operated until safe- 
guards have been tested and demonstrated to operate 
properly as a system. Any temporary procedures, inter- 
locks, and instrumentation shall be reviewed by the owner 
or owner's agent, the engineering consultant, the equip- 
ment manufacturer ,  and the operat ing company,  and 
agreement shall be reached on their suitability in advance 
of  start-up. All temporary modifications shall be docu- 
mented, and permanent  resolutions shall be accomplished 
prior to commercial operation. 

4-6.2 The design and function of all safety interlock sys- 
tems and protective devices shall be reviewed by the orga- 
nizat ion having  HRSG system design responsibi l i ty 
together with those who are to operate and maintain the 
systems and devices. After installation, coordinated tests of 
all systems shall be accomplished before initial operation. 

4-6.3 The HRSG system shall not be released for com- 
mercial operation before the installation and check of the 
required safeguards and instrumentation system have been 
confirmed by those responsible for the design and com- 
mercial operation. 

4-6.4 Documentation of the plant equipment, the system, 
and maintenance activities shall be updated to reflect 
changes in the status of equipment and operating proce- 
dures accurately. 
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Chapter 5 Equipment 

5-1 General .  Equipment  required by this s tandard  for 
safe operat ion of the HRSG system shall be approved  (see 
definition of "Approved" in Section 3-1) or shall have a dem- 
onstrated history of  satisfactory and reliable operat ion for 
the in tended service. 

NOTE: The use of listed equipment, where available for 
the intended service, should be considered. 

5-2 Combustion Turbine. 

5-2.1 Fuel Supply. 

5-2.1.1 For fuel oil, two stop valves or equivalent valves in 
series, with p roof  of  closure, shall be provided in the oil 
line to the combustion turbine. 

CAUTION:  Means shall be provided  to prevent  or 
relieve excess pressure between these valves. 

5-2.1.2 For fuel gas, two stop valves or equivalent valves 
in series, with p roof  of closure, shall be provided in the gas 
line to the combustion turbine. An automatic vent valve 
shall be provided between the two valves. 

5-2.2 Purge. 

5-2.2.1 The  combust ion turbine  shall have means for 
purging  in accordance with Section 7-4. 

Exception: In the event the combustion turbine cannot provide 
purge in accordance with Section 7-4, other means shall be provided. 

5-2.2.2 During the purge  sequence, means shall be pro-  
vided to ensure that fuel does not enter  the combustion 
turbine system downstream of  the combustion turbine fuel 
stop valves. 

NOTE: The volume between the combustion turbine stop 
valves should be minimized. 

5-2.3 Interlocks. 

5-2.3.1 Interlocks shall be provided to prevent  starting 
the combustion turbine unless HRSG safety conditions are 
satisfied. Addi t iona l  in ter locks  might  be r e q u i r e d  for 
unusual  in tended plant  operat ing scenarios. Typical per-  
missives that shall be considered include: 

(a) Water  in drum(s) within defined start-up range; 

(b) Feedwater  supply system available to respond  to 
demand;  

(c) Pressure in steam or water spaces not high; 

(d) Exit t empera ture  of duct  burner(s) not high; 

(e) Position of  stack closure (if provided) correct; and 

(f) Pressure in duct  system not high. 

5-2.3.2 Signals shall be provided to the combustion tur- 
bine control system to initiate a change in combustion tur- 
bine opera t ing  mode if HRSG safety condit ions deviate 
beyond preset  acceptable safety limits. Typical HRSG con- 
dit ions that war ran t  a combust ion turb ine  opera t iona l  
response and their  cor responding responses shall include 
the following: 

Condition Response 

Water in drum(s) below mini- 
mum permitted level 

Gas pressure in combustion 
turbine exhaust plenum high 

Position of stack closure 
(if provided) not correct 

Reduce load I 

Trip combustion turbine 

Trip combustion turbine 

~Some steam drum and generating bank designs require a combustion tur- 
bine trip if water level falls below specified levels. 

CAUTION:  A combustion turbine trip is very costly 
in terms of  its affect on combus t ion  tu rb ine  life 
expectancy and shall be per formed only under  severe 
conditions that can result in a safety hazard or  signif- 
icant equipment  damage. 

5-2.4 Operating Interfaces. 

5-2.4.1 The  necessity for gradual  loading and low-load 
hold/soak periods for the HRSG shall be evaluated for the 
following parameters:  

(a) Tube and d rum metal temperatures;  
(b) Differential metal temperatures  within a part icular  

component  (i.e., steam drum); 
(c) Rate of change of  critical temperatures;  
(d) Drum water level. 

5-2.4.2 In the event HRSG system condit ions deviate 
beyond alarm set points to the interlock limit, the control 
system shall alarm the condition and initiate a duct  burner  
trip as well as a combustion turbine runback to reduce 
thermal  energy input  to the HRSG to a safe level. 

5-2.4.3 The control system or operator shall trip the com- 
bustion turbine in the case of an emergency that would lead 
to a safety hazard or catastrophic failure after the actions of 
5-2.4.2 have been accomplished. (See also 5-2.3.2.) 

5-2.4.4 C o n s i d e r a t i o n  shall be given to tak ing  pre-  
emergency  action automat ica l ly  in the event  t r i pp ing  
parameters  deviate beyond alarm levels in o rder  to mini- 
mize thermal  stress duty cycles on the combustion turbine. 
Runback parameters  shall be permit ted to initiate from the 
HRSG or other  plant subsystems. 

5-3* HRSG Fuel-Burning System. 

5-3.1 General. 

5-3.1.1 The  fuel-burning system shall contain the follow- 
ing subsystems, as applicable: 

(a) Fuel supply; 
(b) Main burner;  
(c) Igniter;  
(d) Atomizing media supply (if included); and 
(e) Combustion products  removal. 

5-3.1.2 The fuel-burning system shall provide means for 
p roper  start-up, operation,  and shutdown of the combus- 
tion process. This shall include appropr ia te  openings and 
configurations in the component  assemblies to allow suit- 
able observation, measurement ,  and control of the combus- 
tion process. 

5-3.1.3 Each igni ter /burner  element shall have a purged  
and cooled flame scanner por t  embodied in the design. 
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5-3.1.4 An observation port(s) shall be provided and con- 
veniently located to allow visual inspection of the igniter 
and main burner  flames. 

5-3.2 Fuel  Supply. 

5-3.2.1 General. 

5-3.2.1.1 The  fuel supply equipment  shall be sized and 
a r ranged  to ensure a continuous fuel flow adequate  for all 
opera t ing  requirements  of the unit. This includes coordi- 
nation of  the main fuel control valve, burner  safety shutoff 
valves, and associated piping volume to ensure against fuel 
pressure transients that might result in exceeding burner  
limits for stable flame as a result of placing burners  in ser- 
vice or taking them out  of  service. 

5-3.2.1.2 The  fuel supply equipment  shall be designed to 
inhibit  contaminat ion of  the fuel. Convenient  access to 
impor t an t  fuel system componen t s  shall be p rov ided .  
Drains shall be provided at low points in the piping. 

5-3.2.1.3 The  fuel supply equipment  shall be capable of 
continuing the p rope r  fuel flow dur ing  anticipated exhaust  
gas pressure pulsations at the burner .  

5-3.2.1.4 The  fuel supply equipment  shall be designed 
with careful considerat ion of  operat ing environment  and 
ambient  conditions, including severe external  conditions 
such as fire or  mechanical damage.  

5-3.2.1.5 The  requirements  of  the design shall facilitate 
good housekeeping practices. 

5-3.2.1.6 Particular attention shall be given to the integ- 
rity of  flexible hoses or swivel joints.  

5-3.2.1.7 The  fuel p ip ing materials and system design 
shall be in accordance with ASME B31.1, Power Piping. 

5-3.2.1.8 As much of the fuel supply subsystem as practi- 
cal shall be located away from the burner  front. A manual  
emergency shutoff valve shall be provided that is accessible 
in the event of  fire in the HRSG area. 

NOTE: Protection for burner front exposed equipment 
might justify installation of fire protection as indicated in 
N FPA 850, Recommended Pract2ce for Fire Protection for Electric 
Generating Plants. 

5-3.2.2 Additional Requirements for Fuel Gas. 

5-3.2.2.1 The  port ion of  the fuel supply system upstream 
of the fuel control valve shall be a r ranged  to prevent  exces- 
sive fuel gas pressure in the fuel-burning system, even in 
the event of  failure of  the main supply constant fuel pres- 
sure regulator(s) .  Where  full re l ieving capacity is not  
installed, the piping system shall be designed for the full 
supply pressure up to and including all individual burner  
and igniter safety shutoff valves. 

NOTE: Usually this can be accomplished by providing full 
relieving capacity vented to a safe location. 

5-3.2.2.2* Positive means to prevent  leakage of fuel gas 
into an idle HRSG shall be provided.  An atmospheric  vent 
shall be installed between r edundan t  shutoff valves in any 
header  for main gas or  igniter fuel supply. 

5-3.2.2.3 Provisions shall be made in the gas piping to allow 
testing for leakage and subsequent repair. This shall include 
providing a permanent  and ready means for making easy, 

accurate, periodic tightness tests of the main safety shutoff 
valves and individual burner  safety shutoff valves. 

5-3.2.2.4 The discharge from atmospheric vents shall be 
located so that there is no possibility of the discharged gas being 
drawn into the combustion turbine air intake, ventilating sys- 
tem, or windows of adjacent buildings and shall be extended 
sufficiently above the HRSG and adjacent structures so that 
gaseous discharge does not present a fire hazard. 

5-3.2.2.4.1 Each header vent line shall be run independently. 

5-3.2.2.4.2 The  igniter vent subsystem shall be run inde- 
pendent ly  of  the burner  vent subsystem. 

5-3.2.2.4.3 There  shall be no cross connection between 
venting systems of different steam generators.  

5-3.2.2.5 All burner  safety shutoff valves shall be located 
as close as practical to the burner  to minimize the volume 
of fuel left in the burner  lines located downstream of  the 
valves. 

5-3.2.3 Additional Requirements for Fuel Oil. 

5-3.2.3.1 Fill and recirculation lines to storage tanks shall 
discharge below the liquid level to avoid free fall, which 
might generate static electrical charges as well as increase 
vaporization. 

NOTE: See NFPA 77, Recommended Practice on Static Elec- 
tricity, and API RP 2003, Protection Against Ignitions Artsmg 
Out of Statzc, Lightning, and Strav Currents. 

5-3.2.3.2 Adequate strainers, filters, traps, sumps, and other 
such items shall be provided to remove harmful contami- 
nants where practical; materials not removed shall be accom- 
modated by special operating and maintenance procedures. 

NOTE: Contaminants in fuel oil might include salt, sand, 
sludge, water, and other abrasive or corrosive constituents. 
Some fuel oils contain waxy materials that precipitate out, 
clogging filters and other elements of the fuel system. 

5-3.2.3.3 Special attention shall be given to the routes of 
piping, valve locations, and other such components to mini- 
mize exposure  to h igh- tempera ture  or low-temperature  
sources. Low temperature might increase viscosity, inhibit 
flow, or precipitate waxy materials. High temperatures might 
cause carbonization or excessive pressures and leakage due to 
fluid expansion in "trapped" sections of the system. 

5-3.2.3.4 Means shall be provided to prevent  or relieve 
excess pressure from expansion of en t rapped  oil in the fuel 
system. 

5-3.2.3.5 Relief valve discharge passages, vents, and tell- 
tales shall be provided with suitable piping to allow safe 
discharge of oil or vapors. This piping might need to be 
heat traced. 

5-3.2.3.6 All instruments and control piping and other  
small lines containing oil shall be rugged,  capable of  with- 
s tanding the expected range of external  tempera tures ,  
suitably protected against damage,  and maintained at the 
p r o p e r  t e m p e r a t u r e .  In te r face  fluids or  seal ing dia-  
phragms shall be used where necessary. 

5-3.2.3.7 Positive means to prevent  leakage of oil into an 
idle HRSG shall be provided.  

5-3.2.3.8* Provisions shall be made in the oil supply sys- 
tem to allow testing for leakage and subsequent repair.  
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5-3.2.3.9 Fuel oil shall be del ivered to the burners  at 
p rope r  t empera ture  and pressure,  as recommended  by the 
burner  manufacturer ,  to ensure that the oil is at the viscos- 
ity necessary for p rope r  atomization. 

5-3.2.3.10 If  heating ofo i l  is necessary, it shall be accom- 
plished without contamination or coking. 

5-3.2.3.11 For  hea ted  systems, adequa te  recirculat ion 
provisions shall be incorporated for controlling the viscos- 
ity of the oil to the burners  for initial light-off and for sub- 
sequent operation.  These systems shall be designed and 
opera ted  to prevent  excessively hot oil from enter ing fuel 
oil pumps that could cause them to vapor-bind with subse- 
quent  in terrupt ion to the fuel oil supply. 

5-3.2.3.12 Positive means shall be provided to prevent  
fuel oil from enter ing the burner  header  system through 
recirculating valves, part icularly from the fuel supply sys- 
tem of  o ther  equipment.  

NOTE: Check valves used for this function have not 
proven dependable in heavy oil service. 

5-3.2.3.13 Atomizing media,  where  requi red ,  shall be 
supplied free of contaminants that could cause an inter- 
rupt ion of service. In addition, adequate insulation and 
traps shall be included for steam atomizing to ensure the 
supply of dry atomizing steam to the burners.  

5-3.2.3.14 The  atomizing medium shall be provided and 
maintained at the pressure necessary for p rope r  operation.  

5-3.2.3.15 Provisions shall be made to ensure that fuel 
cannot enter  the atomizing medium line at any time. 

5-3.2.3.16 The  atomizing subsystem shall be designed for 
convenient cleaning and maintenance. 

5-3.2.3.17 All bu rne r  safety shutoff valves shall be located 
as close to the burner  as practical to minimize the volume 
of oil that might be left downstream of the burner  valve in 
the burner  lines or  that might flow by gravity into the 
HRSG on an emergency trip or burner  shutdown. 

5-3.3 Ignition. 

5-3.3.1 T h e  ign i t i on  subsys tem shall  be sized and  
a r ranged  to ignite the main burner  fuel input  within the 
limitation of the igniter classification. Igniters are desig- 
nated by use as Class 1, Class 2, or Class 3 as defined in 
Chapter  3. Igniters shall be tested to verify that they meet 
the requirements  of the class specified in the design. 

5-3.3.1.1 Class 1 igniters shall be permit ted to operate  as 
Class 2 or Class 3 igniters, 

5-3.3.1.2 Class 2 Igniters. 

5-3.3.1.2.1 Class 2 igniters shall be permit ted to operate  
as Class 3 igniters. 

5-3.3.1.2.2 Where  Class 2 igni ters  are  p rov ided ,  the 
burner  shall be opera ted  under  controlled conditions to 
limit the potential for abnormal  operat ion,  as well as to 
limit the charge of fuel into the duct  in the event that igni- 
tion does not occur dur ing  light-off. 

5-3.3.1.2.3 Class 2 igniters shall not be used to ignite the 
main fuel under  uncontrol led or abnormal  conditions. 

5-3.3.1.2.4 Class 2 igniters shall not be used to extend the 
turndown range but shall be permitted to be used to support  
ignition under  low-load or adverse operating conditions. 

5-3.3.1.3 Class 3 Igniters. 

5-3.3.1.3.1 Where  Class 3 igniters  are  p rov ided ,  the 
igniter shall be turned  offwhen the trial for ignition per iod 
has expired.  

5-3.3.1.3.2 Class 3 igniters shall not be used to suppor t  
ignition nor  to extend the burner  turndown range. 

5-3.3.1.3.3 Class 3 igniters shall not be used unless super- 
vision of the individual main burner  flame is provided.  

Exception: The Class 3 special igniter shall be permitted to be 
used without supervision of the individual main burner flame 
while scavenging the main burner. 

5-3.3.2 Permanently installed igniters shall be required,  
and they shall be supervised individually. 

5-3.3.3 The  ignition equipment  shall be located in 
an appropr ia te  environment  with convenient  access for 
maintenance. 

5-3.3.4 All igniter safety shutoff valves shall be located 
close to igniters to minimize the volume of  fuel that is 
downstream of the valves. 

5-3.3.5 Ign i te r  par ts  exposed  to combust ion  tu rb ine  
exhaust  gas, radiation, or flame shall be designed and fab- 
ricated of materials to withstand the operat ing conditions. 

5-3.3.6 Igniters shall be suitably shielded from the effects 
of the combustion turbine exhaust gas to ensure a stable 
flame under  all operat ing conditions. 

5-3.3.7 Ignition devices shall be removable for mainte- 
nance while the HRSG is in service. 

CAUTION:  Precautions shall be taken for personnel  
protection when removing such parts dur ing  opera-  
tion, as they will be hot and hot gases will exit the 
opening left by the removed part. 

5-3.3.8 Ignition transformers shall be housed in an enclo- 
sure complying with the relevant requirements of NFPA 
70, National Electrical Code ® , regarding electrical classifica- 
tion and envi ronment  and shall be bolted to the duct  
burner  frame and adjacent to the igniter, thereby minimiz- 
ing the length of  high voltage cable. 

5-3.3.9 The  ignition transformer shall not be energized 
before the HRSG enclosure purge is completed.  The igni- 
tion transformer shall be deenergized at the end of the 
igniter trial for ignition period. 

5-3.4 Main Burner. 

5-3.4.1 General. 

5-3.4.1.1 Burner Elements. The burner  elements shall 
be designed fbr operat ion with the fuel(s) specified. The  
burner  shall be designed to produce a stable flame for its 
operat ing range. 

5-3,4.1.2 Burner  parts exposed to turbine exhaust gas, 
radiat ion,  or  flame shall be designed and fabricated of 
materials to withstand the operat ing conditions. 

5-3,4.1.3 Provision shall be made for visual observation of 
the burner  flame, including the ignition zone. 
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5-3.4.1.4 The burner  equipment shall be located with con- 
venient access to the burner  components and hardware. 

5-3.4.1.5 The  main burner  subsystem shall be designed 
so that the burner  fuel inputs are supplied to the HRSG 
continuously and within their  stable flame limits. 

NOTE: Variations in burning characteristics of the fuel 
and the normal variations in fuel-handling and fuel- 
burning equipment introduce an uncertainty to the lower 
operating limits of the main fuel subsystem in any given 
HRSG design. In these circumstances, Class I or Class 2 
igniters, as demonstrated by test, can be used to maintain 
stable flame, 

5-3.4.1.6 The  limits of stable flame for each burner  sub- 
system producing  a separate flame envelope shall be deter-  
mined by tests without the ignition subsystem in service. 
These tests shall verify that transients generated in the fuel 
and combustion turbine exhaust  gas subsystems or maldis- 
tr ibution of the combustion turbine exhaust  gas do not 
adversely affect the burners  in operat ion.  These tests shall 
include the expected range of  available fuels. 

NOTE: Such transients are generated by burner shutoff 
valves, dampers, and other components that operate at 
speeds faster than the speed of response of other compo- 
nents in the system. 

Exception: The requirement to test without the ignition subsystem 
in service shall not apply to burner systems that require the igniter 
to be in service any time the burner is being operated. 

5-3.4.1.7 Where  Class 1 or  Class 2 igniters are used, the 
tests in 5-3.4.1.6 also shall be per formed with the ignition 
subsystem in service to verify that the igniters furnished 
meet the requirements  of  the class specified in the design. 
Any resulting extended turndown range shall be available 
only when Class 1 igniters are in service and flame is 
proven. 

5-3.4.2 Additional Burner Requirements for Fuel Oil. 

5-3.4.2.1 Provisions shall be made for cleaning of  the 
burner  nozzle and tip. 

5-3.4.2.2 Provisions shall be included for clearing (scav- 
enging) the passages of  an oil burner  into the HRSG with 
that burner ' s  igniter in service. If  the igniter is not opera-  
tional, the burner  shall be removed for clearing. 

5-4" HRSG Enclosure. 

5-4.1" The  HRSG, ducts, and stack shall be sized and 
a r r a n g e d  to main ta in  accep tab le  combus t ion  tu rb ine  
exhaust  gas backpressure  and to remove the products of 
combustion at the same rate that they are generated by the 
fuel-burning process dur ing  operat ion of  the unit. 

5-4.2 The HRSG and ducts shall be capable of  withstand- 
ing a transient pressure de te rmined  by the HRSG system 
designer without pe rmanen t  deformation due to yield or 
buckling of any suppor t  member.  

5-4.3* Proper  expansion provision shall be made for the 
movement  of  the turbine  exhaust  duct  and the HRSG 
ducts. Any expansion joints so provided shall withstand at 
least the highest design pressure for which either duct  is 
designed. 

5-4.4* Convenient  access and drain openings  shall be 
provided.  

5-4.5 The  HRSG ducts shall be designed so that they can- 
not contribute to flame pulsations. 

5-4.6 Components  common to more than one steam gen- 
erator  shall not limit the rate of removal of products  of  
combustion. 

5-4.7 The  HRSG ducting between the combustion tur- 
bine outlet and the duct burners  shall be designed to pro- 
vide p rope r  distribution of combustion turbine exhaust gas 
as required by the burner  manufacturer  for stable burner  
operation.  

5-4.8 All HRSG units that utilize liquid fuels shall have a 
duct  design that  meets the cri teria of  5-4.8.1 th rough  
5-4.8.3. 

5-4.8.1" All low points shall have sufficient slopes to 
ensure that no dead pockets exist in the bottom of the 
ducts at other  than a designed low point. 

5-4.8.2* Drains shall be installed, as appropr ia te ,  at 
the low points to facilitate clearing fuel from the HRSG 
enclosure. 

5-4.8.3 Provisions shall be included in the design and 
operat ion to prevent  liquid fuels from being absorbed into 
the insulation that could result in a fire or an explosion. 

5-5* Selective Catalytic Reduction. 

5-5.1 Where selective catalytic reduction (SCR) systems 
are selected for NOx emission control, they shall be inte- 
grated into the HRSG design to operate  in the flue gas 
tempera ture  range required.  

5-5.2 Areas in which either anhydrous or aqueous ammo- 
nia is stored or piped shall be ventilated adequately to pre- 
clude toxic or flammable concentrations. 

5-5.3 Anhydrous  or  aqueous ammonia  vessels shall be 
designed to contain their  contents at expected elevated 
ambient  temperatures.  Overpressure relief valves vented to 
a safe location shall be provided.  

CAUTION: Precautions shall be taken when selecting 
a storage area for ammonia,  as the pressure in storage 
vessels can rise significantly when exposed to elevated 
temperatures.  

5-6 Electrical. 

5-6.1 Electrical equ ipmen t  shall be pro tec ted  against  
transient voltages according to the manufacturer 's  specifi- 
cation. As a minimum, the system shall function at voltages 
up to 10 percent  above the nominally rated voltage and 
down to 10 percent  below the nominally rated voltage. 

5-6.2 All wiring shall comply with the requirements  of 
NFPA 70, National Electrical Code. 

5-6.3 All high voltage equ ipment  shall be marked  in 
accordance with the requirements of NFPA 70, National 
Electrical Code. 

5-6.4 Where an area is identified as a hazardous location 
under  NFPA 70, National Electrical Code, Article 500, the 
type of equipment  enclosure and the wiring methods to be 
used are specified by that code and shall be followed. 

NOTE: For guidance in determining area classification, 
see NFPA 497A, Recommended Prachce Jbr Classification of 
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Class I Hazardous (Classified) Locations for Electrical Installa- 
tions in Chemical Process Areas; NFPA 497B, Recommended 
Practice for the Classification of Class H Hazardous (Classified) 
Locations for Electrical Installations in Chemical Process Areas; 
NFPA 497M, Manual for Classification of Gases, Vapors, and 
Dusts for Electrical Equipment in Hazardous (Classified) Loca- 
tions; NFPA 70, National Eleetrzcal Code, Article 500; and API 
RP 500A, Classification of Locations for Electrical Installations in 
Petroleum Refineries. 

5-6.5 The  electrical supply to the burner  management  
system and impor tant  subcircuits shall be protected by cir- 
cuit breakers  or  fuses. 

5-6.6 Upon initiation of a master fuel trip, failure of an 
electrical power supply shall not impede  the order ly  and 
rapid  shutdown process. 

Chapter  6* Contro ls ,  Moni tor ing ,  Alarms,  and  
Inter locks  

6-1 Control Functions. 

6-1.1 General. 

6-1.1.1 A single component  failure shall not cause loss of 
the control system's critical functions identified in 6-4.3. 

6-1.1.2 Equ ipment  shall be des igned and p rocedures  
established to permit  on-line maintenance of  the control 
equipment.  Proper  lockout or tagout procedures  shall be 
followed. 

6-1.1.3 Procedures for calibrating and testing of controls 
and interlocks shall be provided.  

6-1.2 Fuel Control. 

6-1.2.1 Fuel input  shall be controlled to maintain stable 
firing conditions. Remote manual  operat ion shall be 
permit ted.  

6-1.2.2 Minimum and maximum limits on the fuel input  
shall be established to prevent  fuel flow beyond the stable 
limits of  the fuel-burning system. 

6-1.3 Feedwater/Drum Level Control. The water level in 
each d r u m  shall be main ta ined  automatically.  Remote 
manual  operat ion of the feedwater control  device shall be 
available. 

6-2 Monitoring. 

6-2.1 Information about significant operat ing events shall 
be displayed to permit  the opera tor  to make a rapid  eval- 
uation of  the operat ing situation. 

6-2.2 Recording or t rend displays of  critical parameters  
taken at intervals no greater  than 5 seconds shall be avail- 
able to the opera tor  at the opera tor  location. (See 6-2.3.) 

6-2.2.1 W h e r e  accessed t h r o u g h  a CRT d i sp lay  in 
response to an alarm condition, the t rend displays shall 
appear  in not more than 5 seconds. 

6-2.2.2 Where  CRT t rend displays are used, the displays 
shall provide data that is current  to within the pr ior  30 
minutes at minimum, and the data provided shall have 
been stored at intervals of not more than 1 second. 

6-2.3 The  following HRSG parameters  shall be continu- 
ously recorded on charts, or the data shall be logged and 
t rended in accordance with 6-2.2.1 and 6-2.2.2: 

(a) Water  level in each steam drum; 
(b) Fuel pressure at the duct  burner(s); 
(c) Steam pressure at each pressure level; 
(d) Duct burner exit temperature before the first tube bank; 
(e) Atomizing medium pressure (for oil only); 
(f) Gas tempera ture  upstream of  the emissions control 

catalyst(s); and 
(g) HRSG flue gas exit temperature .  

6-2.4 Considerat ion shall be given to monitor ing the fol- 
lowing addit ional HRSG parameters:  

(a) Fuel flow; 
(b) Fuel supply header  pressure; 
(c) Feedwater  pressure at each pressure level; 
(d) Feedwater  flow at each pressure level; 
(e) Economizer inlet water temperature;  
(f) Economizer outlet water temperature;  
(g) Steam tempera ture  at each level; 
(h) Steam flow at each pressure level; and 
(i) Oxygen in flue gas at HRSG outlet. 

6-3 Alarms. 

6-3.1 Functional Requirements. 

6-3.1.1 The  functional requirement  of any alarm system 
is to br ing a specific abnormal  condition to the attention of 
the operator .  

6-3.1.2 Alarms shall be provided to indicate equipment  
mal func t ion ,  h a z a r d o u s  cond i t ions ,  m i sope ra t i on ,  or  
abnormal  condit ions that  might  lead to impend ing  or  
immediate  hazards. 

6-3.1.3 The  design shall make it difficult to manually 
defeat the alarm. 

6-3.1.4 Where  equipment  malfunction makes it necessary 
to defeat an alarm, it shall be done by authorized person- 
nel, and the alarm shall be tagged as inoperative. 

6-3.1.5 Alarm systems shall be designed so that, for the 
alarms required by 6-3.2, the opera tor  receives audible as 
well as visual signals indicating an abnormal  condition. The  
opera tor  shall be permit ted to silence the audible signal. 

6-3.2 Required Alarms. 

6-3.2.1 G e n e r a l .  T h e  a la rms  i nd i ca t ed  in 6-3.2.1.2 
through 6-3.2.1.9 shall be required.  

6-3.2.1.1 All interlock trips shall be a larmed individually. 

6-3.2.1.2 HRSG Steam Pressure (High). High HRSG 
steam pressure shall be measured at each steam pressure 
level. It shall warn the opera tor  of a pressure in excess of 
normal  operation.  

6-3.2.1.3 Loss of  Interlock Power. Loss of  inter lock 
power shall be sensed and alarmed and shall include all 
sources of power required to complete interlock functions. 
For example,  if both a 125-V DC electric circuit and a com- 
pressed air circuit are required for an interlock scheme, 
then loss of either shall be annunciated.  
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6-3.2.1.4 Loss of Control Power. Loss of  control power 
shall be sensed and alarmed to include any sources of  power 
for the control systems. For example, if both a 125-V dc 
electric circuit and a compressed air circuit are required for 
control, then loss of either shall be annunciated. 

6-3.2.1.5 Burner Valves Not Closed. The closed position 
of  individual burner  safety shutoff valves shall be moni- 
tored, and failure of any valve to close following a trip shall 
be alarmed.  

6-3.2.1.6 Drum Water Level (Low). The  water level in 
the s team g e n e r a t o r  d r u m s  shall  be m o n i t o r e d  and  
a larmed when the level in any d rum drops  below the nor- 
real operat ing range. 

6-3.2.1.7 Loss of Electrical Generator. 

6-3.2.1.8 Duct Firing Temperature (High). 

6-3.2.1.9 Scanner Cooling Air Pressure (Low). 

6-3.2.2 Additional Alarms for Fuel Gas. 

6-3.2.2.1 Fuel Gas Supply Pressure (High and Low). 
The gas pressure supplied to the plant  shall be moni tored 
at a point  as far upst ream of  the final constant fuel pres- 
sure regulator,  main fuel control, and main safety shutoff 
valves as pract icable.  This is to warn the o p e r a t o r  of  
unusual pressure conditions that might result in damage to 
equipment  or indicate a complete loss of gas supply. 

6-3.2.2.2 Fuel Gas Burner Header Pressure (High and 
Low). The  burne r  header  gas pressure shall be moni- 
tored as close to the burners  as possible in o rde r  to warn 
the opera tor  of  abnormal  fuel pressures in advance of  duct  
burner  trip conditions. 

6-3.2.2.3 Fuel Gas Meter Pressure (High and Low). The 
pressure at the fuel gas meter  shall be moni tored  at the 
upstream tap if the fuel gas flow meter  is part  of the com- 
bustion control  system and is not pressure compensated.  
This shall warn the opera tor  if significant e r ror  is present  
in the flow signal to the control  system. 

6-3.2.2.4 Ignition Fuel Header Pressure (High and Low). 
The ignition fuel header  pressure for Class 1 and Class 2 
igniters shall be moni tored  as close to the burners  as pos- 
sible in o rde r  to warn the opera tor  of  high or  low pressure 
in advance of conditions that lead to a trip. 

6-3.2.3 Additional Alarms for Fuel Oil. 

6-3.2.3.1 Main Oil Supply Pressure (Low). The oil sup- 
ply pressure shall be moni tored at a point as far upstream 
of  the main fuel control and safety shutoff valves as practi- 
cable. This is to warn the opera tor  of unusual pressure 
conditions that might result in damage to equipment  or to 
indicate a complete loss of supply. 

6-3.2.3.2 Fuel Oil Burner Header Pressure (Low). The 
burner  header  oil pressure shall be moni tored as close to 
the burners  as possible in o rde r  to warn the opera tor  of 
low pressure in advance of conditions that lead to a trip. 

6-3.2.3.3 Atomizing Medium Pressure (Low). An alarm 
shall be provided to warn that the atomizing medium pres- 
sure is outside of  normal  operat ing range and that poor  oil 
atomization might result. 

6-3.2.3.4 Fuel Oil Temperature (Low) or Viscosity 
(High). For heated fuel oils, an alarm shall be provided to 
warn that the fuel oil tempera ture  is below, or the viscosity 
is above, that necessary for p roper  atomization. 

6-4 Interlocks. 

6-4.1 Functional Requirements. 

6-4.1.1 The basic requirements  of an interlock system for 
an HRSG are that it protect personnel  from injury and 
protect  the equipment  from damage. The  interlock system 
functions to protect against improper  HRSG operat ion by 
limiting action to a prescribed operat ing sequence or by 
initiating trip devices when approaching an unstable or 
undesirable operat ing condition. 

CAUTION:  It is possible to achieve conditions condu- 
cive to an explosion without their detection by any of 
the mandatory  automatic trip devices, even though 
such devices are proper ly  adjusted and maintained. 
Therefore,  operat ing personnel  shall be made aware 
of the limitations of the interlock system. 

6-4.1.2 Periodic testing and maintenance shall be per- 
formed to keep the interlock system functioning properly.  

6-4.1.3 Whenever  a safety inter lock device has been  
removed from service temporari ly for maintenance, test- 
ing, or  repair ,  this action shall be noted in the log and 
annunciated,  if practical. Other  means shall be substituted 
to supervise this interlock function. 

6-4.1.4 The  design of an interlock system shall include 
the following fundamentals:  

(a) Supervision of the starting procedure  and operat ion 
to ensure p roper  operat ing practices and sequences; 

(b) Tr ipp ing  of the minimum amount  of  equipment  in 
the p r o p e r  sequence when the safety of  personnel  or  
equipment  is jeopardized;  

(c) Indication of  the initiating cause of  the trip and pre- 
vention of the start of any port ion of the process until 
p roper  conditions are established; 

(d) Coordinat ion of the necessary trip devices into an 
integrated system; 

(e) Provision of  sufficient instrumentat ion to enable the 
opera tor  to complete the p roper  operat ing sequence in 
cases where automatic equipment  is not available to accom- 
plish the intended function; 

(f) The  incorporat ion in the design of as much flexibility 
with respect to alternate modes of  operat ion as is consistent 
with good operat ing practice; 

(g) Provision of p roper  preventive maintenance; 
(h) In ter locks  that  shall not  requi re  any de l ibera te  

"defeating" in o rder  to start or operate  equipment;  
(i) The  independence  of mandatory  master fuel trip 

sensing elements and circuits from all other  control ele- 
ments and circuits; and 

Exception: Individual burner flame detectors also shall be per- 
mitted to be used for initiating duct burner master fuel trip systems. 

(j) Prevention of the misoperation of  the interlock sys- 
tem due to an interrupt ion or restoration of the interlock 
energy supply. 
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6-4.1.5 Interlock functions shall be initiated by one or 
more of  the following: 

(a) Switches independent  of control functions and signals; 
(b) An analog signal, provided two analog signals are 

available with a divergence alarm; or 
(c) Three  analog signals employing an auct ioneer ing 

system and a divergence alarm, or  other  appropr ia te  fault 
diagnostic alarm. 

6-4.2 Flame Detection. 

6-4.2.1 Each burner  element  or zone shall be supervised 
individually. Upon detection of loss of  flame, the asso- 
ciated individual burner  safety shutoff valves shall dose  
automatically. 

6-4.2.1.1 Where  two flame detectors are fitted to each fir- 
ing element,  the flame scanners shall be a r ranged  to alarm 
on loss of flame from one scanner and to trip the system on 
loss of  flame from two scanners. With one detector out of  
service, the remaining detector  shall trip the system upon 
loss of flame detection. 

6-4.2.1.2 Where  Class 1 igniters are provided,  the main 
burner  flame shall be proven either by the flame scanner 
or  by proving the igniter. At least one flame detector shall 
be provided for each burner  to detect the burner  flame or 
igniter flame where a Class 1 igniter is provided.  

6-4.2.1.3 Burners with Class 2 igniters shall have at least 
two flame detectors. One detector  shall detect the main 
burner  flame and shall not detect the igniter flame. The  
second detector  shall detect the igniter flame dur ing  pre- 
scribed light-off conditions. 

6-4.2.1.4 Burners  with Class 3 igniters shall have at least 
one flame detector. The  detector  shall detect the igniter 
flame. It also shall detect the main burner  flame after the 
igniter is removed from service at the end of the main 
burner  trial for ignition. 

6-4.2.1.5 Where  a self-checking flame scanner is provided 
to each burner ,  a burner  trip shall occur if the scanner 
exhibits a self-check fault. Where  two self-checking flame 
scanners are fitted to each burner ,  the flame scanners shall 
alarm on loss of flame or  the self-check failure of one scan- 
ner  and shall trip the burner  on loss of flame or the self- 
check failure of  two scanners. With one detector  out of  ser- 
vice, the remaining detector  shall trip the burner  upon loss 
of flame or self-check t~ailure. 

6-4.2.2 Where a hazardous condition results from loss of 
flame in more than one burner  e lement  or zone, a master 
fuel trip shall be initiated. 

6-4.2.3 It is recognized that any fuel input  that does not 
ignite and burn creates a hazard. Regardless of the number  
or pat tern of  flame loss indications used for tr ipping,  flame 
loss indication on a firing element  shall initiate an alarm 
that warns the opera tor  of  a potential hazard. 

6-4.2.4 Field testing shall be required to validate basic 
functions of flame tripping. These tests shall be performed 
on representat ive units. The  results of these tests might be 
applied to other  units of similar size and arrangements ,  
including firing elements/nozzles of essentially the same 
capacity that use similar fuels. These tests shall not be used 
to replace an acceptance test related to proof  of design, 
function, and components.  

6-4.2.5 Flame detector sighting shall be considered in the 
initial duct burner  design. Field tests shall be performed to 
establish op t imum sighting angles of firing elements or 
igniters and also to check the angular  range of the flame 
detector  in relation to the firing elements or igniters. 

6-4.3 Duct Burner Master Fuel Trip.  A duct burner  mas- 
ter fuel trip shall be initiated by the following conditions: 

(a) Low fuel pressure; 
(b) Total  combustion turbine exhaust flow that drops 

below the minimum required for safe operat ion of the duct  
bu rne r  as specified by the bu rne r  manufac turer  or  as 
proven by trial; it shall be permit ted to infer this flow from 
the operat ing status of the combustion turbine; 

(c) Combustion turbine trip; 
(d) Loss of  all burner  flame; 
(e) Partial loss of flame sufficient to introduce a hazard- 

ous accumulation of  unburned  fuel; 
(f) Closing of last individual burner  safety shutoff valve; 
(g) High fuel pressure,  i fa  pressure above the operat ing 

limits of the burner(s) can occur; 
(h) Low water level on high pressure section of HRSG; 
(i) Loss of energy supply for boiler control, burner  man- 

agement,  or interlock system; 
(j) Atomizing media supply pressure low; or 
(k) Burner  management  system malfunction detected, 

6-5 Burner Management System Logic. This section 
provides  requ i rements  for the use of logic systems in 
burner  management.  

6-5.1 A single failure in the burner  management  system 
shall not prevent  a required shutdown. 

NOTE: Some items are not applicable to specific types of 
logic systems (e.g., relay). 

6-5.2 The  logic system designer shall recognize the fail- 
ure modes of components  when considering the design 
application of the system. As a minimum, the following fail- 
ures shall be evaluated and addressed: 

(a) In te r rup t ions ,  excursions,  dips, recoveries,  t ran-  
sients, and partial loss of power; 

(b) Memory corrupt ion and losses; 
(c) Information transfer corrupt ion and losses; 
(d) Inputs  and outputs that read "fail on" or "fail off"; 
(e) Signals unreadable  or not being read; 
(f) Addressing errors;  
(g) Processor faults; and 
(h) Common mode failures. 

6-5.3 Diagnostics shall be included in the design to mon- 
itor processor logic function. 

6-5.4 Logic thilure shall not preclude proper  opera tor  
intervention. 

6-5.5 Logic shall be protected from unauthorized changes. 
A written procedure shall be provided to control and docu- 
ment authorized upgrades, additions, and deletions. 

6-5.6 Logic shall not be changed when the associated 
equipment  is in operation.  
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6-5.7 System response time ( throughput)  shall be suffi- 
ciently short  to prevent  negative effects on the application. 

6-5.8 Noise immunity shall be adequate to prevent  false 
operation.  

6-5.9 No single component  failure within the logic system 
shall prevent  a mandatory  duct burner  fuel trip. 

6-5.10 The  opera tor  shall be provided with a dedicated 
manual  switch(es) that shall activate the master fuel trip 
relay independent ly  and directly. 

6-5.11 No m o m e n t a r y  contact  or  automat ic  reset t ing 
device, control,  or switch that can cause chat ter ing or  
cycling of the safety shutoff valves shall be installed in the 
wiring between the load side (terminal) of the pr imary or  
p rogramming  control and the main or ignition fuel valves. 

6-5.12 Requirements for Independence. 

6-5.12.1 The  logic system performing the safety functions 
tbr burner  management  shall not be combined with any 
other  logic system. 

6-5.12.2 This logic system shall be physically separate and 
visually identifiable. 

6-5.12.3 These burner  management  safety functions shall 
include purge  interlocks and timing, manda to ry  safety 
shutdowns, trial t iming for ignition, and flame monitoring. 

6-5.13 Software shall be maintained either in some form 
of nonvolatile storage or other memory that retains infor- 
mation on the loss of system power. 

6-5.14 Application software and input /output  devices that 
suppor t  safety logic shall be physically separate from all 
other  software and input /output  devices. 

6-5.15 System operat ion shall be verified for compliance 
with the s t anda rd  whenever  a con t ro l l e r  is r ep laced ,  
repaired,  or  updated.  

6-5.16 Documentat ion shall be provided to the owner 
and opera tor  verifying that all safety devices and logic meet 
the requi rements  of  the application.  Functional testing 
(simulation) of  the system shall be per formed before it is 
put  into operat ion.  

6-5.17 Programmable  logic controllers, if used, shall be 
moni tored by external  watch-dog timers. If  a t imer trips, a 
duct  burner  trip then shall occur. 

6-6 Operator Interface. 

6-6.1 Alarms and indicators shall be g rouped  operat ion- 
ally and shall be visible to the opera tor  to allow rapid access 
to operat ional  devices. 

6-6.2 All emergency alarm indicators, push buttons, and 
selector switches shall be readily visible to the opera tor  and 
shall be labeled clearly. They shall be protected to avoid 
inadvertent  actuation. 

6-6.3 All control  functions shall be g rouped  for easy 
access and in relatively close proximity to their associated 
alarm and indication devices. 

6-6.4* Where CRT displays are used, data shall be dis- 
played on moni tor  screens in a logical, operat ional  group-  
ing td minimize  tile n u m b e r  of  keys t roke  ope ra t ions  
needed to respond to system upsets. Alarm functions shall 

be priorit ized to appear  on the moni tor  screen upon being 
sensed, regardless of any information already displayed. 

6-6.5 Personnel shall be trained to unders tand and inter- 
act with the control systems. 

Chapter 7 Fuel Gas or Fuel Oil Systems 

7-1 General. 

7-1.1" This chapter  contains requirements  for burning  
fuel gas or fuel oil in duct burners.  These include certain 
interlocks for preventing improper  action, certain safety 
trips and flame supervisions, and an indication of the sta- 
tus of  the start-up sequence. 

7-1.2 This chap te r  p rovides  m in imum s tandards  for 
design, installation, and operat ion of  duct  burners  in the 
exhaust  ductwork of a combustion turbine coupled to an 
HRSG. No specific degree of automation beyond the mini- 
mum specified safeguards is defined or required,  as this is 
subject to many factors such as, but not limited to, physical 
size of the unit, use of  the central control room, degree of  
reliability required,  and availability of  exper ienced operat-  
ing personnel.  All devices required in the text shall be pro- 
vided. The  requirements  of  the operat ing system that shall 
be used with these limitations are as follows: 

(a) A trained opera tor  shall be available at an appropr i -  
ate location to take the required safety actions; 

(b) The start-up of  the burner  as a first-time function 
shall be accomplished by an opera tor  at the burner  loca- 
tion who has a direct view of the burner .  Recycling of the 
burner  in response to steam demand  shall be permit ted to 
be an automatic sequence, provided the combustion tur- 
bine has not t r ipped;  and 

(c) Suitable equ ipmen t  shall be p rov ided  to control  
HRSG inputs and their rate of relative change within the 
limits of  stable flame throughout  the full operat ing range. 

7-2 General Operating Requirements. 

7-2.1 Prior to starting a unit, action shall be taken to pre- 
vent fuel fi'om entering the HRSG system. 

7-2.2 The  associated igniter for a burner  always shall be 
used unless the burner  is specifically designed to be lit 
fi'om an adjacent burner .  Burners shall not be lit from any 
hot surface. 

7-2.3 Where  operat ing at low capacity, burner  fuel pres- 
sure shall be maintained above the minimum by reducing 
the number  of  burners  in service as necessary. 

7-2.4 Gas. Betbre maintenance is performed on the gas 
header,  it shall be purged.  (See A-7-1.1.) 

7-2.5 Oil. Before maintenance is performed on the oil 
header,  it shall be dra ined and purged  as necessary. (See 
A-7-1.1.) 

7-2.6 Oil -- Scavenging of Oil Burner Passages. 

7-2.6.1 Oil burner  passages shall not be scavenged into a 
nonopera t ing  HRSG. Combust ion turbine exhaust  flow 
shall be functioning and shall be maintained dur ing  the 
scavenging process. 
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7-2.6.2 Igniters, with ignition established, shall be in ser- 
vice when scavenging oil passages into the HRSG. 

7-2.7 Sequencing. 

7-2.7.1 Sequencing shall be required to ensure that oper-  
ating events occur in p rope r  order .  Writ ten procedures  
shall be provided to sequence the start-up and shutdown of 
the entire unit (combustion turbine and HRSG) properly.  
Sequencing also shall be utilized when removing burners  
from operat ion or adding  burners  to operation.  

7-2.7.2 The  starting and shutdown sequence outl ined in 
this chapter  shall be followed. 

NOTE: This sequence provides a continuous airflow or 
flue gas flow through the HRSG at a rate that is at least the 
rate that existed during the purge operation. The objective 
of this practice is to ensure minimum velocities through the 
unit to prevent hazardous accumulations of unburned fuel. 

7-2.7.3 Burners  shall not be placed in service or  removed 
in a r andom pa t te rn  but  shall be placed in service or 
removed in a sequence specified by operat ing instructions 
and verified by actual experience with the unit in o rde r  to 
minimize laning or stratification of  fuel or  combust ion 
products.  Burners  shall be placed in service as required,  
with fuel flows that ensure p roper  light-off. 

NOTE: Automatic start systems may be permitted to 
establish igniter flame on multiple burner elements simulta- 
neously with proper supervision. Similarly, main burner 
elements may be permitted to be configured to operate as 
one with proper supervision. 

7-2.7.4 If  the fuel pressure at the bu rne r  header  is used 
as a guide in main ta in ing  the necessary fuel flow per  
burner ,  it shall be maintained automatically within pre- 
scribed limits as addit ional burners  are placed in service. 

7-2.7.5 Duct burners  shall be opera ted  in accordance 
with the manufacturer 's  specifications and operat ing 
procedures.  

7-2.7.6 This p rocedure  shall incorporate  the following 
operat ing objectives: 

(a) The  purge shall be completed in accordance with 
Sections 7-4 and 7-5; and 

(b) No light-off of the duct burner(s) shall occur until 
after the combustion turbine has established stable opera-  
tion with an exhaust  gas flow not less than that necessary 
for duct burner  operation.  

7-2.7.7 Each unit shall be tested dur ing  commissioning to 
de termine  whether  any modifications to the basic proce- 
dures are needed to obtain satisfactory ignition and system 
operation.  However, the number  of  equipment  manipula-  
tions shall be minimized. 

7-2.7.8 The  unit shall be opera ted  within the specified 
parameters.  Any modifications or deviations shall be made 
only after the need for such changes has been de termined 
by operat ing experience and system review. 

7-3 Cold Start Preparation. Preparation for starting shall 
include a thorough inspection, particularly for the following: 

(a) Unit in good repair  and free of foreign material; 

(b) Oil. Unit inspected for accumulated fuel oil, with 
draining and cleaning per tormed,  as necessary; 

(c) All personnel  evacuated from the unit and associated 
equipment  and all access and inspection doors closed; 

(d) All safety shutoff valves proved closed and all igni- 
tion sources deenergized;  

(e) Gas. Fuel gas system vents open and venting to a safe 
outside location; fuel gas lines dra ined of condensate; 

(f) Oil. Circulating valves open to provide and maintain 
oil flow in the burner  headers; 

(g) Proper  d rum water levels established in natural  and 
forced circulation HRSGs and flow established in forced 
circulation HRSGs; 

(h) Burner  elements and igniters posit ioned in accor- 
dance with manufacturer 's  specification; 

(i) Energy suppl ied to control  systems and to safety 
interlocks; 

(j) Meters or  gauges indicating fuel header  pressure to 
the unit; 

(k) Inst rumentat ion tested and functional; 
(1) A complete functional check of the safety interlocks 

per formed after an overhaul or other  significant mainte- 
nance; and 

(m) Verification of an open flow path from the inlet of 
the combustion turbine through the HRSG unit to the 
stack discharge. 

7-4 Combustion Turbine Purge and Light-Off. 

7-4.I The  purge of the combustion turbine shall be in 
accordance with the manufacturer 's  instructions and the 
requirements  of  7-4.2 and 7-4.3. 

NOTE: A complete purge of the combustion turbine and 
portions of the HRSG enclosure is necessary before light-off 
of the combustion turbine. The objective of this practice is 
to remove potential accumulations of hazardous unburned 
fuel from the volume defined in 7-4.2.1 that could be 
ignited by light-off of the combustion turbine. 

7-4.2 Initial Combustion Turbine Purge and Light-Off. 

7-4.2.1 Purge pr ior  to the light-off of the combustion tur- 
bine shall be accomplished by at least five volume changes 
and for a durat ion of not less than 5 minutes. This volume 
shall be calculated based on the tollowing: 

(a) The  combustion turbine operat ing at full load with 
no supplementary HRSG firing; and 

(b) The volume from the combustion turbine inlet to the 
por t ion  of  the HRSG where  the combus t ion  tu rb ine  
exhaust gas tempera ture  is reduced to at least 100°F (56°C) 
below the lowest autoignition tempera ture  of the fuel(s) for 
which the system has been designed. However, in no case 
shall this volume be less than the volume of the HRSG 
enclosure between the combustion turbine outlet and the 
outlet of the first evaporator  section in the HRSG. 

7-4.2.2 During the purge of the combustion turbine, a 
flow rate as near as possible to 25 percent,  but  not less than 
15 percent ,  of  full-load mass airflow shall be provided  
through the HRSG enclosure. 

7-4.2.3 In the event that the combustion turbine cannot 
meet the requirements  of 7-4.2.2, alternative or supple- 
mentary means to satisfy the flow requirements through 
the HRSG enclosure shall be provided.  
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7-4.3 Fai lure  to Start. On failure to start, retrial of the 
combustion turbine start shall be permi t ted  following a 
repurge  in accordance with 7-4.2. In the case of liquid fuel, 
verification also shall be made that the duct  low point(s) is 
cleared of  combustibles. (See 5-4.8.) 

CAUTION: Excessive retries shall be avoided. Where 
operat ing experience indicates there are problems in 
combustion turbine  light-off, the light-off a t tempts  
shall be terminated and the cause investigated and 
corrected. 

7-4.3.1 Where  firing any liquid fuel or  any gas that is 
heavier than air, verification shall be made that the duct 
low point(s) is cleared of  combustibles. This shall be accom- 
plished by one of  the following methods: 

(a) For a system firing any liquid fuel, the drains shall be 
checked to verify that they are clear and that no fuel is 
present  (see 5-4.8); or 

(b) For a system firing any gas that is heavier than air, 
the vents shall be checked to verify that no combustible gas 
is present.  (See 5-4.8.) 

7-4.3.2 The  second trial to start the combustion turbine 
with the same or  al ternate fuel shall be permit ted following 
a repurge  in accordance with 7-4.2. 

7-4.3.3 Subsequent trials to start the combustion turbine 
with the same or al ternate fuel shall be permit ted following 
a repurge  in accordance with 7-4.2 and after proving that 
combustibles have been removed.  This verification shall be 
accomplished using a combustibles analyzer. 

CAUTION 1: Stratification of  gases shall be consid- 
ered where analyzing for combustibles. 

CAUTION 2: Excessive re t r ies  shall be avoided.  
Where  operat ing experience indicates there are prob- 
lems in combust ion tu rb ine  light-off, the l ight-off  
at tempts shall be terminated and the cause investi- 
gated and corrected. 

7-4.4 After complet ing the purge,  the airflow through the 
combust ion turb ine  shall be pe rmi t t ed  to be d r o p p e d  
below the purge rate if required by the design to accom- 
plish combustion turbine ignition. 

7-4.5 After successful light-off of the combustion turbine, 
the combustion turbine  shall be brought  to speed and 
loaded as necessary to meet system demands.  

NOTE: The loading of the combustion turbine might be 
restricted by HRSG parameters. 

7-5 Duct Burner Purge and Light-Off. 

7-5.1 The  duct burner  purge  shall be accomplished with 
a flow utilizing air or combustion turbine exhaust  at not 
less than 25 percent  of full-load mass flow rate or the min- 
imum flow necessary for operat ion of  the duct  burners,  
whichever is greater.  

7-5.2 The  duct burner  purge  shall accomplish at least 
eight volume changes of the HRSG enclosure after com- 
bustion turbine exhaust  flow in accordance with 7-5.1 has 
been achieved. 

NOTE: Purge prior to light-off of the combustion turbine 
should not be considered a duct burner purge unless the 
requirements of 7-5.1 and 7-5.2 have been satisfied. 

7-5.3 A duct burner  trip or failure to light off duct  burn- 
ers successfully shall require a repurge  in accordance with 
7-5.1 and 7-5.2 pr ior  to at tempting a relight. 

7-5.4 Duct Burner. A duct burner  purge shall be consid- 
ered to have been achieved, provided the duct  burner  
p u r g e  rate  is ma in ta ined  and all duct  b u r n e r  p u r g e  
requirements  have been satisfied. The duct burner  shall be 
permit ted to be lit, or a normal  shutdown made, provided 
that credit  for the purge is maintained. Failure of the duct 
burner  purge rate to be maintained or failure to meet any 
duct bu rne r  purge requirement  shall require a repurge  in 
accordance with 7-5.1 and 7-5.2. 

7-5.4.1 Testing igniters for duct  burners  shall be con- 
ducted in accordance with the following: 

(a) A complete, periodic, operat ional  test of  each igniter 
shall be made. The  frequency of testing depends  on the 
design and operat ion history of  each individual HRSG and 
ignition system. As a minimum, the test shall be made dur-  
ing each start-up following an overhaul or other  significant 
maintenance. 

NOTE: The importance of reliable igniters and ignition 
systems cannot be overemphasized. 

(b) Individual  igniters or groups of  igniters also shall be 
permit ted to be tested while the unit is in service. Such 
tests shall be made with no main fuel present  in the ignit- 
er's associated burner .  

7-5.4.2 Starting Sequence. 

7-5.4.2.1" The  operat ing sequences described in 7-5.4.2 
assume the use of multiple element duct burners  opera ted  
independent ly  of each other. For installations with a duct  
burner  (single element or multiple element) opera ted  as a 
single unit, procedures  similar to those outlined in 7-5.4.2 
shall be followed. 

Exception: The procedures of 7-5.4.2 shall not apply to 
sequences unique to multiple burner operations. 

NOTE: For typical fuel supply systems for duct burners 
that operate as a single unit, see Figures A-7-5.4.2.1(a) 
through (d). 

7-5.4.2.2* These starting sequences shall he performed in 
the following order ,  consistent with the manufacturer ' s  
instructions: 

NOTE: The sequences are based on the typical fuel sup- 
ply systems shown in Figures A-7-5.4.2.2(a) through (f). 

(a) All duct  burner  main fuel safety shutoff valves shall 
be proven to be closed. In addition, all duct burner  igniter 
fuel safety shutoff valves shall be proven to be closed. 

(b) The  main fuel header  and the igniter fuel header  
shall be pressurized up to the individual main burner  and 
igniter safety shutoff valves in accordance with established 
operat ing procedures.  

(c) The first individual igniter safety shutoff valve shall be 
opened, and the ignition transformer shall be energized. If  
flame on the first igniter is not established within 10 seconds, 
the individual igniter safety shutoff valve shall be closed. The 
cause of failure to ignite shall be determined and corrected. 
With turbine exhaust flow maintained, repurge shall not be 
required, but at least 1 minute shall elapse before attempting 
a retrial of this or any other igniter. 
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(d) The  main fuel control valve shall be set to the burner  
light-off position. 

(e) The  first individual main burner  safety shutoff valve 
shall be opened.  I f  the main burner  flame is not proven 
within 5 seconds after main fuel enters the duct, a duct 
burner  master fuel trip shall occur. 

(f) After each stable main burner  flame is established, the 
igniter shall be shut off unless classified as Class 1 or Class 2. 
The stability of the main burner  flame shall be verified. 

(g) The  associated igniter for a burner  always shall be 
used to light the burner  unless the burner  is specifically 
designed to be lit from an adjacent burner .  Burners  shall 
not be lit from any hot surface. 

(h) Second or  succeeding igniters shall be lit in accor- 
dance with 7-5.4.2.2(c). I f  the second or  succeeding burner  
igniter does not light offwithin 10 seconds after its individ- 
ual igniter safety shutoff valve has been opened,  the indi- 
vidual igniter  safety shutoff valve shall close. The  cause for 
failure to light shall be de te rmined  and corrected. At least 
I minute  shall elapse before the next light-off is at tempted.  

(i) Second or succeeding burners  shall be lit in accor- 
dance with 7-5.4.2.2(e). I f  the second or  succeeding main 
b u r n e r  flame is not established, the individual  bu rne r  
safety shutoff valve and individual igniter safety shutoff 
valve shall close. The  cause for failure to ignite shall be 
de te rmined  and corrected. At least 1 minute shall elapse 
before the next light-off is a t tempted.  

(j) After each successive burner  light-off, the opera tor  
shall verify the flame stability of  all opera t ing  burners.  

7-6 Normal Operation. 

7-6.1 The  HRSG steaming rate shall be regulated by 
combustion turbine loading and duct burner  exhaust 
temperature .  

7-6.2 The firing rate shall be regulated by varying the 
fuel to individual  bu rne r s  by means of  a fuel control  
valve(s) or by staged firing where burners  are brought  in 
or taken out of service. Individual  burner  safety shutoff 
valves shall not be used to vary the fuel rate of the burner  
elements. All safety shutoff valves shall be fully open or 
completely closed; intermediate  settings shall not be used. 

7-6.3 The  burner  fuel shall be maintained within a range 
that thlls between the maximum and minimum limits spec- 
ified by the burner  and HRSG manufacturers,  or as deter- 
mined by trial. These trials shall test for minimum load and 
for stable flame as follows: 

(a) With all burners  in service and combustion control 
on automatic; and 

(b) With different combinations of burners  in service 
and combustion control on automatic. 

Where changes occur to the minimum and maximum 
limits because of  various bu rne r  combinations and fuel 
conditions, retesting shall be required.  

7-6.4 On loss of an individual burner  flame, that burner ' s  
individual safety shutoff valve and the associated igniter 
safety shutoff valve shall close. 

7-7 Normal Shutdown. 

7-7.1 Burners shall be shut down sequentially as load is 
reduced by closing the individual burner  safety shutoff valves. 

7-7.2 The  duct burners  shall be taken out of service with 
verification that the safety shutoff valves are secured in the 
closed position. 

7-7.3 When taking the unit (combustion turbine and duct 
burner)  out of  service, the combustion turbine load shall be 
reduced in accordance with the manufacturer 's  shutdown 
procedures.  

7-7.4 Steam flow shall be maintained through the super- 
heater  as necessary. 

7-7.5 The normal  coast-down of the combustion turbine 
shall be considered to provide a post purge of  the unit. 

7-7.6 After completion of the post purge in 7-7.5, consid- 
eration shall be given to maintaining airflow through the 
unit to prevent  accumulation of combustible gases. 

7-7.7 Leakage of fuel into the unit shall be prevented.  

7-8 Normal Hot Restart. 

7-8.1 When  res tar t ing  a hot  combust ion turbine,  the 
requirements  for cold start prepara t ion  as described in 
7-3(d) through (j) shall be followed. 

7-8.2 The  starting sequences of Sections 7-4 and 7-5, if 
required,  shall be followed. 

7-9 Duct Burner Emergency Shutdown. 

7-9.1 A duct burner  master fuel trip shall be initiated by 
the conditions identified in Chapter  6. 

7-9.2 Gas. A duct burner  master fuel trip shall stop all fuel 
flow to the HRSG from all burners by tripping the main and 
individual burner  safety shutoff valves. All vent valves shall be 
opened.  The  igniter  safety shutoff valve and individual 
igniter safety shutoffvalves shall be tr ipped and igniter sparks 
deenergized. Master fuel trips shall operate to stop all fuel 
flow to the burners within a period of time that does not 
allow a dangerous accumulation of fuel in the HRSG. All 
igniters or other ignition sources shall be tripped. 

7-9.3 Oil. A duct burner  master fuel trip shall stop all 
fuel flow to the HRSG from all burners  by t r ipping the 
main and individual  bu rne r  safety shutoff  valves. The  
igniter safety shutoff valve and individual igniter safety 
shutoff valves shall be t r ipped and igniter sparks deener-  
gized. Master fuel trips shall operate  to stop all fuel flow to 
the burners  within a per iod of time that does not allow a 
dangerous  accumulation of fuel in the HRSG. All igniters 
or other  ignition sources shall be tr ipped.  

7-9.4 The burners  shall not be reignited until the initiat- 
ing trip condition has been investigated and corrected and 
a unit purge has been completed.  

Chapter 8 Inspection, Maintenance, Training, 
and Safety 

8-1 Equipment Inspection and Maintenance. The owner 
or the owner's representative shall be responsible for ensur- 
ing that there is a comprehensive inspection and mainte- 
nance program for the equipment. The program shall pro- 
vide for the maintenance of equipment at intervals consistent 
with the type of equipment, its service requirements, industry 
practice, and the manufacturers' recommendations. 
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8-1.2 Documentation of the plant equipment, the system, 
and maintenance activities shall be updated to reflect 
changes in the status of equipment and operating proce- 
dures accurately. 

8-1.3 As a minimum, the maintenance program shall 
include the following: 

(a) In-service inspections to identify conditions requir- 
ing corrective action or further study; 

(b) Detailed, knowledgeable planning for effecting 
repairs or modifications using qualified personnel, estab- 
lished procedures, and appropriate equipment; 

(c) Use of detailed equipment history that records con- 
ditions found, maintenance work done, changes made, and 
date of each; 

(d) Written, comprehensive maintenance procedures 
incorporating manufacturers' instructions that specify tasks 
and skills required; specification of any special techniques, 
such as nondestructive testing or tasks needing special 
tools; special environmental factors, such as temperature 
limitations, dust, contaminated or oxygen-deficient atmo- 
sphere, internal pressures, and limited access or confined 
space requirements; 

(e) Shutdown maintenance inspections that are thor- 
ough in scope, to cover all areas that have been identified 
during operation as needing attention, in addition to the 
routine checklist items; and 

(f) Maintenance of adequate spare parts meeting specifi- 
cations that provide reliable service without necessitating 
makeshift repairs. 

8-1.4 An inspection and maintenance schedule shall be 
established and followed. 

8-1.5 Inspections, adjustments, and repairs shall be per- 
formed by trained and qualified personnel, using tools and 
instruments suitable for the work. Maintenance and 
repairs shall be accomplished in accordance with the man- 
ufacturers' recommendations and applicable standards, 
codes, and safety regulations. 

8-1.6 Operation set point and adjustments shall be veri- 
fied periodically, and the results shall be documented. 

8-1.7 Defects shall be reported and corrected, and the 
repairs shall be fully documented. 

8-1.8 Inspection or maintenance personnel shall not 
make any changes to the system configuration, including 
logic, set points, and sensing hardware, without evaluation 
of the effects on operation and safety and the advance 
authorization of changes. All changes shall be documented. 

8-1.9 In pressurized (positive pressure) installations, 
inspection or maintenance personnel shall check for and 
report any combustion-gas leakage through casings, duct- 
work, expansion joints, or dampers. 

8-1.10 Where a unit that fires liquid fuel is out of service 
and available for inspection, personnel shall check for any 
accumulation of unburned fuel in the HRSG enclosure, 
especially in the fin-tube area. 

8-1.11 During planned maintenance outages, stack 
dampers shall be inspected for proper operation and posi- 
tion indication. 

8-2 Training. 

8-2.1 Operator Training. 

8-2.1.1 The owner or the owner's representative shall be 
responsible for establishing a formal and ongoing program 
for training operating personnel. The training program 
shall prepare personnel to operate the equipment safely 
and effectively. This program shall consist of study or 
review of operating manuals, videotapes, and programmed 
instruction and examinations, computer simulation (if 
available), and supervised hands-on field training. The 
training program shall apply specifically to the type of 
equipment and the hazards involved. 

8-2.1.2 Before operators shall be permitted to assume 
their responsibilities, the owner or the owner's representa- 
tive shall certify that they are trained and competent to 
operate the equipment under all possible conditions. 

8-2.1.3 The owner or the owner's representative shall be 
responsible for periodic retraining of operators, including 
review of their compentency. 

8-2.1.4 The training program and manuals shall be 
reviewed periodically to keep them current with changes in 
equipment and operating procedures. The training pro- 
gram and manuals covering operation and maintenance 
procedures shall be readily available for reference and use 
at all times. 

8-2.1.5 Operating procedures that cover both normal 
and emergency conditions shall be established. Start-up 
and shutdown procedures, normal operating conditions, 
and lockout procedures shall be covered in detail in oper- 
ating manuals and in the associated training programs. 

8-2.1.6 Operating procedures shall be directly applicable to 
the equipment involved and shall be consistent with safety 
requirements and the manufacturer's recommendations. 

8-2.1.7 Operators shall be trained in the proper proce- 
dures for reducing load or tripping the system whenever 
there is a potential for an unsafe condition that could lead 
to danger to personnel or property damage. The operator 
shall be authorized to take appropriate action, including 
reducing load, tripping equipment, or calling for outside 
assistance in case of emergency. 

8-2.2 Maintenance Training. 

8-2.2.1 The owner or the owner's representative shall be 
responsible for establishing a formal and ongoing program 
for training maintenance personnel. The training program 
shall prepare personnel to perform any required mainte- 
nance tasks safely and effectively. This program shall con- 
sist of study or review of maintenance manuals, videotapes, 
and programmed instruction and examinations, field 
training, and training by equipment  manufacturers ,  
among others. The training program shall apply specifi- 
cally to the type of equipment and the hazards involved. 

8-2.2.2 Maintenance procedures and their associated 
training programs shall be established to cover routine and 
special techniques. Any possible environmental factors such 
as temperature, dust, contaminated or oxygen-deficient 
atmosphere, internal pressures, and limited access or con- 
fined space requirements shall be included. 

8-2.2.3 Maintenance procedures shall be consistent with 
satety requirements and manufacturers' recommendations. 
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The procedures contained in the training programs shall be 
reviewed periodically to keep them current with changes in 
equipment and personnel. They shall be used in the indoctri- 
nation and training of new maintenance personnel. 

8-2.2.4 Maintenance personnel shall be trained to notify 
operating personnel in writing of any changes made in 
safety and control devices. 

8-2.2.5 Maintenance personnel shall be trained to be 
knowledgeable of and to adhere to all Occupational Safety 
and Health Act (OSHA) safety procedures. 

Chapter 9 Gas Bypass and Alternate 
Burner Systems 

NOTE: This chapter is reserved for future use. It is antic- 
ipated that the information contained in Appendix C will 
provide the basis for this chapter. 

Chapter 10 Fully Fired Systems 

(Reserved) 

Chapter 11 Referenced Publications 

11-1 The following documents or portions thereof are 
referenced within this standard and shall be considered 
part of the requirements of this document. The edition 
indicated for each reference is the current edition as of the 
date of the NFPA issuance of this document. 

11-1.1 NFPA Publications. National Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

NFPA 70, National Electrical Code, 1996 edition. 

NFPA 8502, Standard for the Prevention of Furnace 
Explosions~Implosions in Multiple Burner Boilers, 1995 edition. 

11-1.2 Other Publications. 

11-1.2.1 ASME Pub l i ca t ion .  Amer ican  Society of 
Mechanical Engineers, 345 East 47th Street, New York, 
NY 10017. 

ASME B31.1, Power Piping, 1992. 

11-1.2.2 ASTM Publications. American Society of Test- 
ing and Materials, 1916 Race Street, Philadelphia, PA 
19103-1187. 

ASTM D396, Standard Specification for Fuel Oils, 1992. 

ASTM D1655, Standard Specification for Aviation Turbine 
Fuels, 1994. 

ASTM D2880, Standard Specification for Gas Turbine Fuel 
Oils, 1994. 

11-1.2.3 U.S. Department of Defense Publication. Naval 
Publications and Forms Center, 5801 Tabor Avenue, Phil- 
adelphia, PA 19120. 

MIL-T-5624, Turbine Fuel, Aviation, Grade JP4, JP5, and 
JP5/JP8 ST, 1995. 

Appendix A Explanatory Material 

This Appendix is not a part of the requirements of this NFPA document 
but is included for reformational purposes only. 

A-4-3.1 The following provides a list of factors that, at min- 
imum, should be considered during the design evaluation: 

(a) Single vs multiple steam pressure levels; 
(b) Allowable combustion turbine exhaust backpressure; 
(c) Supplementary, auxiliary, or augmented firing; 
(d) Combustion turbine exhaust bypass system; 
(e) Corrosiveness and fouling of by-products of com- 

bustion (fin tube vs bare tube, metallurgy, cold-end metal 
temperature); 

(f) Single or multiple fuels; 
(g) SCR or other environmental control systems; 
(h) Heat transfer surface cleaning (during operation 

and shutdowns) and inspection; 
(i) Freeze protection; 
(~) Rapid start, operating transients, thermal shock; 
(k) Dry operation; 
(1) Protective systems; 
(m) Degree of automation and complexity of control 

systems; 
(n) Operator interface; 
(o) Overall system performance evaluation, feedback, 

and iteration (expert system database consideration); 
(p) Description of start-up validation test program (refer- 

ence test cases and simulator data library where available); 
(q) Combustion turbine (purge exhaust); 
(r) Bypass stack, damper; 
(s) HRSG and interconnecting ducts; 
(t) Forced draft fan, induced draft fan, or discharge 

stack, in any combination; 
(u) Burner management system logic; 
(v) Flame monitoring and tripping systems; 
(w) Combustion control system; 
(x) Power supplies configuration and codes; 
(y) Piping system configuration and codes; 
(z) Operating information; 
(aa) Inputjoutput selection; 
(bb) Information displayed; 
(cc) Data transmission (noise accuracy considerations); 
(dd) Programmable logic controller software and hard- 

ware considerations; 
(ee) Requirements for operation from a remote location; 

and 
(It) Initial control tuning. 

A-4-3.2 Dynamic simulation, where utilized, should 
include development of the following: 

(a) Configuration and data initialization; 
(b) Plant behavior knowledge development; 
(c) Preliminary control system design and tuning; 
(d) Validation of operating requirements (system per- 

formance); and 
(e) Transients and ramps for intended and unintended 

operation. 
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A-5-3 General .  The  operat ion of the HRSG combustion 
turbine system differs from a conventional multiple burner  
boiler. Some of the differences include: 

(a) The  combustion turbine is an internal combustion 
engine. The  engine burns a lean mixture of fuel with com- 
pressed air. The  hot, pressurized combustion gases expand  
from the combustion chamber,  through a series of rotat ing 
turb ine  wheel and  blade assemblies, resul t ing in shaft 
power output  and hot turbine exhaust  gas discharge to the 
HRSG. Turb ine  exhaust  gas is hot and has a reduced oxy- 
gen content relative to air. 

(b) The  design of  the HRSG differs from that of a regu- 
lar steam generator  in that, in most cases, the HRSG is 
designed to utilize the residual heat from the combustion 
turbine exhaust  gas, with some supplementary  firing by 
the duct  burner ,  if necessary. 

(c) Because the combust ion  tu rb ine  is a volumetr ic  
machine, combustion turbine exhaust  gas is discharged 
within closely prescribed limits, with the oxygen content 
varying as a function of load. 

(d) Separate purge  requirements  exist pr ior  to combus- 
tion turbine light-off and pr ior  to duct  burner  light-off. 

(e) Air/fuel ratios controlled by duct burners  are nei ther  
possible nor  recommended.  As vast quantities of  turbine 
exhaust  gas that are far in excess of  the stoichiometric 
requirements  of the fuel are utilized, fuel-rich conditions 
cannot inherently occur under  normal  controlled operat-  
ing conditions. 

(t) Many types of burners  are available for HRSG sys- 
tems. The burner  can consist of  a number  of parallel  tubes 
or runners  placed in the duct to provide the required heat 
release. This commonly is used for gaseous fuels and is 
referred to as a "grid" burner .  Alternatively, wall-mounted 
burner  systems with parallel flame holders within the duct  
can be used for liquid fuels. In-line register-type burners  
manufactured in Europe also have been used. Ignition sys- 
tems for these burner  types can employ Class 1, Class 2, or 
Class 3 igniters. 

A-5-3.2.2.2 Atmospher i c  vent  valves located be tween 
shutoff valves are in tended to relieve any gas pressure that 
builds up due to failure of  the first (upstream) shutoff 
valve. This minimizes the potential  for leakage into an idle 
HRSG. To perform properly,  these valves should be large 
enough to relieve gas to the a tmosphere  at a rate equal to 
the potential leakage rate. In the absence of equivalent 
protection, vent pipe sizes and vent valve por t  diameters 
should conform to Table A-5-3.2.2.2. Where  vents are 
manifolded from safety shutoff systems, the cross-sectional 
area of the manifold pipe should be equal to, or  greater  
than, the sum of the cross-sectional areas of  the two largest 
vents involved. 

A-5-3.2.3.8 A permanen t  and ready means for making 
easy, accurate, periodic tightness tests of the main safety 
shutoff valves and individual burner  safety shutoff valves 
generally is not feasible for fuel oil systems. However, a 
visual check of  the burners  and combustion area pr ior  to 
starting operat ion can de termine  if leakage has occurred.  
Also, pressurizing the oil supply header  with the individual 
burner  safety shutoff valves and the recirculating valves 
closed indicates  if leakage is present .  I f  oil p r e s su re  
remains within defined limits, it can be concluded that the 
individual burner  safety shutoff valves are not leaking. 

Table A-5-3.2.2.2 Vent Line Sizes 

Gas Supply Line Size Shutoff System Vent Port Size 
(in.) (mm) (in.) (mm) 

-< 11/2 <- 38 3/4 19 
2 50.8 1 25.4 
21/2 to 3 64 to 76 11/4 31.8 
31/2 89 11/2 38 
4 to 5 102 to 127 2 50.8 
51/2 to 6 139.7 to 152.4 21/2 64 
8 203 31/2 89 
> 8 > 203 15% of supply line 

cross-sectional area 

A-5-4 Proper  design considerat ion should be given to 
internal insulation and cover plates so that the following 
factors are proper ly  addressed:  

(a) Insulat ion thickness and external  casing tempera-  
ture calculations; 

(b) Internal  plate thickness and material; 
(c) Pin pitch, diameter ,  and fixing methods; and 
(d) Welding procedures.  

A-5-4.1 The  external  skin t empera tu re  and acoustical 
design of the HRSG, HRSG ducts, and HRSG stack should 
comply with the requirements  of federal, state, and local 
regulations. 

A-5-4.3 Any t h r o u g h - d u c t  pene t r a t i ons  should  have 
p rope r  provision for expansion and sealing. Where pipes, 
tubes, headers,  or drums create a through-duct  penetra-  
tion, calculations should be provided to demonstra te  that 
the differential expansion and the sealing can proper ly  
accommodate such expansion. 

A-5-4.4 Access should be provided for p rope r  mainte- 
nance and repair.  This should include personnel  access 
where allowed by ducting. All pressure parts should have 
access for periodic inspection and for mandatory  hydraulic 
tests. 

A-5-4.8.1 Consideration should be given in the design to 
minimizing pockets that could trap combustible materials. 

A-5-4.8.2 Drains should be provided in all ducts or enclo- 
sures where fluid accumulation is possible. 

A-5-5  Some HRSG systems are required by some author- 
ities to install selective catalytic reduction systems to reduce 
the emissions of NO X. Because such a system has a narrow 
range of opt imum operat ing temperatures  and is subject to 
maximum tempera ture  limitations lower than many com- 
bustion turbine full-load exhaust temperatures ,  it usually is 
installed between heat transfer surfaces within the HRSG. 

The  chemical process of reduction necessitates the addi- 
tion of ammonia to reduce NO× to nitrogen and water in 
the presence of the catalyst. In addition, if the fuel contains 
sulfur, a reaction that results in the formation of ammo- 
nium bisulfate can occur. This material tends to deposit  on 
both the catalyst and metallic surfaces downstream of  the 
reactor section, primari ly at low temperatures.  Although 
troublesome in terms of corrosion, fouling, and material 
life, ammonium bisulfate does not directly affect flame 
safety. 

It is common practice to use either anhydrous or aque- 
ous ammonia as the reducing agent in a selective catalytic 
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reduction (SCR) system. These chemicals are not inter- 
changeab le ,  and  a specific system des ign  is n e e d e d ,  
depend ing  on the form to be used at a part icular  installa- 
tion. Both forms, on release, are considered a potential 
health hazard. Ammonia  gas is flammable in air at concen- 
trations between 16 percent  to 25 percent  by volume. Such 
concentrations usually are not encountered.  The  system 
should provide the necessary features to ensure such con- 
centrations cannot occur dur ing  abnormal  conditions. 

Aqueous ammonia usually is stored in a closed vessel to 
prevent the release of vapor. Such vessels are designed for 
low [less than a gauge pressure of 50 psi (344.7 kPa)] pres- 
sures and only approach the design pressure under  high 
ambient temperature conditions. Due to the corrosive nature 
of ammonia, material selection is an important  consideration. 

Anhydrous  ammonia  is stored in a concentrated liquid/ 
vapor  form within closed vessels. Under  ambient  tempera-  
ture conditions, higher  pressures than those observed with 
aqueous ammonia  can result. Vessels built in accordance 
with the ASME Boiler and Pressure Vessel Code are required 
with design gauge pressures of 250 psi (1723.7 kPa) or  
higher.  The  following sources provide additional informa- 
tion and requirements  for storage and handl ing of anhy- 
drous ammonia:  CGA G-2, Anhydrous Ammonia; Code of 
Federal Regulations, Title 29, Part 1910.111, "Storage and 
Handl ing of  Anhydrous  Ammonia";  and ANSI K61.1, 
Safe(,; Requirements for the Storage and Handling of Anhydrous 
Ammonia. 

A-6 Guidelines for the Application of Distributed 
Control Systems. 

NOTE: The user of NFPA 8506 is encouraged to use 
judgment in the application of these guidelines for all pro- 
cess and safety functions contained in the distributed con- 
trol system. This section is not intended to apply specifically 
to burner management systems. 

(a) Data Transmission. 

1. Every input  should be sampled at an interval no 
longer than 1 second. Every output  should be upda ted  at 
an interval no longer than 1 second. 

2. For protective actions, the system should be able 
to convert a changed input  sensor value to a completed 
output  control action in less than 250 milliseconds. 

3. Changes in displayed data or status should be dis- 
played within 5 seconds. 

4. Data acquisition and transmission systems should 
be protected from noise pickup and electrical interference. 

5. In redundant  systems, the data links should be pro- 
tected from common mode failures. Where practical, redun- 
dant data links should be routed on separate paths to protect 
against physical damage that disables both data links. 

(b) Hardware. 

1. The  hardware selected should have adequate pro- 
cessor capacity to perform all the functions required for 
start-up sequencing, normal operat ion alarming, monitor- 
ing, and shutdown of the controlled equipment.  Capacity 
also should be available for data storage and sorting; this 
may be permit ted to be located in a separate processor. 

2. Select ion should  take into cons ide ra t i on  the 
requirements  for reliability, maintainability, and electrical 
classification. 

3. The  h a r d w a r e  should  p rov ide  for au tomat ic  
tracking between auto/manual  functions to allow for imme- 
diate seamless transfer. 

4. T h e  h a r d w a r e  s h o u l d  be c a pa b l e  of  s tab le  
dynamic control. 

5. The  hardware should be capable of  thorough 
self-diagnosis. 

6. Consideration should be given to all levels and types 
of electrical interference that can be tolerated by the hard- 
ware without compromising its reliability or effectiveness. 

7. Fail-safe operat ion should be obtained through a 
thorough and complete analysis of each control loop and 
by providing for a failure of that loop (i.e., valve/actuator) 
to cause a fail-safe position. 

(c) Software. 

1. The  software package  should  be des igned  to 
include all logic to provide a safe and reliable control sys- 
tem. When the software calls for the operat ion of a field 
safety device, a feedback signal should be provided  to 
prove that the requested operat ion has taken place, and an 
alarm should be actuated if the action is not confirmed in 
a specified time. 

2. The  software package  should  be checked  to 
ensure that no unin tended codes or commands are present  
(e.g., viruses or test breaks). The  software package should 
be tested and exercised before being loaded into the plant 
site computers  or processors. 

3. The software system should be protected from inad- 
vertent actions from operators and also should be tamperproof. 

4. Written procedures  should specify the functions 
that can and cannot be accessed by the opera tor  and those 
functions that require additional authorization for access. 

5. The software may be permitted to provide for autho- 
rized on-line changes of the timers and set points, provided the 
safety of the operating equipment is not compromised. 

6. The  software should implement  and enhance the 
self-diagnostic hardware that has been provided.  

A-6-6.4 A sequence of events recorder ,  where provided,  
should time-tag events with a resolution of  10 milliseconds 
or less. 

A-7-1 .1  Specia l  Prob lems .  C o m m o n  h a z a r d s  a r e  
involved in the combustion of liquid and gaseous fuels. In 
addition, each of these fuels has special hazards related to 
its physical characteristics. 

(a) Gas Firing. The following items should be consid- 
ered in the design of the fuel gas firing systems: 

1. Gas is colorless; therefore, a leak usually cannot 
be detected visually. Also, reliance cannot be placed on 
detection of a gas leak by means of the presence of odor.  

2. Potentially hazardous conditions are most likely to 
occur within buildings, particularly where the gas piping is 
routed through confined areas. In the latter instance, ade- 
quate ventilation should be provided.  Outdoor  steam gen- 
erators tend to minimize confined area problems. 

3. Natural  gas can be either "wet" or "dry." A wet 
gas usually implies the presence of distillate, which could 
be characteristic of a part icular source. In the case of such 
a wet gas, the carryover of distillate into the burners  could 
result in a momentary flameout and possible reignition. 

1995 Edition 



APPENDIX A 8 5 0 6 - 2 7  

Reignition could result in an explosion. Therefore,  special 
precautions should be taken with wet gas supply systems. 
(See NFPA 54, National Fuel Gas Code.) 

4. Discharges from relief valves or from any other  
form of atmospheric  vents can become hazardous unless 
special precautions are taken. 

5. Maintenance and repair  of gas piping can be haz- 
ardous unless p rope r  methods are used for purging  and 
recharging the line before and after making the repairs.  
(See NFPA 54, National Fuel Gas Code.) 

(b) Oil Firing. The following items should be consid- 
ered in the design of  the fuel oil firing systems: 

1. Firing of oil fuel into an HRSG can create a spe- 
cial h a z a r d  by c a u s i n g  soot  a c c u m u l a t i o n s  in low- 
tempera ture  sections. 

2. Small oil leaks can result in serious fire damage.  

3. Water or sludge in fuel oil storage tanks or improp- 
erly located suction takeoffs from the storage tank can result 
in hazardous interruptions or  pulsations of the fuel supply to 
the burners. A flameout, either immediately or at a later time, 
can result because of plugged strainers or  burner  tips. 

4. Widely different characteristics of fuel oil from 
either a single source or multiple sources can result in a 
significant change in Btu input  rate to the burner(s).  Dif- 
ferent shipments of fuel oil with dissimilar characteristics 
can cause a precipitat ion of  sludge that can lead to hazards 
as described in A-7-1.1 (b)3. 

5. Insert ing an oil gun in the burner  assembly with- 
out a tip, new gaskets, or a sprayer  plate is a constant haz- 
ard. This can result in an unsafe opera t ing  condition. 

6. Clear distillate fuels have low rates of conductivity 
and generate  static electrical charges in the fuel stream that 
can be dangerous  unless flowing velocities are limited. (See 
NFPA 77, Recommended Practice on Static Electricity, and API 
RP 2003, Protection Against Ignitions Arising Out of Static, 
Lightning, and Stray Currents.) 

7. Maintenance and repair  ofoil  piping can be hazard- 
ous unless p r o p e r  methods  are  used for pu rg ing  and 
recharging the line before and after making repairs. (See 
NFPA 31, Standard for the Installation of Oil-Burning Equipment.) 

8. The  incompressibility of fuel oil can create very 
rap id  transients in oil flow th rough  opera t ing  burners  
when the following occur: 

a. Rapid operat ion of  oil the supply valve; 

b. Rapid operat ion of individual burner  shutoff 
valves; and 

c. Rapid operat ion of the regulat ing valve in the 
re turn  oil line from the burner  header  (on systems using 
this type of control). 

(c) Fuel Oil--General Considerations. 

1. The term fuel oil refers to liquid fuels with widely 
d i f fer ing  character is t ics .  A fuel oil b u r n i n g  system is 
designed for a specific range of oil characteristics. Attempt-  
ing to burn  an oil whose characteristics differ widely from 
those for which the system is designed can cause serious 
operat ing difficulties and potential safety hazards. There-  
fore, care should be exercised to ensure  that fuel oil 
received at a plant is within the specified range of the han- 
dling and burning  equipment.  

2. The more important  characteristics of  fuel oils are 
provided in ASTM specifications. It is relatively simple to 
identify oils that require special provisions for storing and 
functions such as heating, pumping,  and atomizing. Gener- 
ally speaking, grades 2 and 4 have lower viscosities and less 
water and sediment than grades 5 or 6 and so require 
fewer special provisions to ensure p roper  handl ing and 
b u r n i n g .  However ,  most  bo i l e r  fuel oil systems are  
designed for grades 5 and 6, which are heavier; therefore, 
such systems include provisions for preheat ing these usu- 
ally viscous fuels. Fur thermore ,  more care is necessary in 
the design and operat ion of  fuel oil systems supplied with 
grade 6 oil than with the other  ASTM grades. Care should 
be taken to avoid flameouts attributable to interruptions or 
pulsation of the fuel supply or plugging of strainers or 
burner  tips. 

3. All of the following characteristics can have an 
affect on the p roper  and safe burning of  fuel oils: 

a. Fuel oil is a complex mixture of hydrocarbons 
of  differing molecular  weights and boiling and freezing 
points. When subjected to sufficiently high temperature ,  
accumulations of the fuel partially decompose and volatil- 
ize, thus creating new liquid, gaseous, and solid fuels with 
unpredictable propert ies.  

b. Fuel oil should be introduced into the furnace 
as an extremely fine mist in o rder  to mix intimately with 
the combustion air so that it can burn quickly and com- 
pletely. In boilers, this is accomplished by spraying the fuel 
oil t h r o u g h  small  orifices with h igh  p r e s s u r e  d r o p s  
(mechanical atomization) or by using steam or  air to break 
up small oil streams. Viscosity and volatility are character- 
istics of the oil that indicate ease of  atomization. 

c. Viscosity affects ease of pumping  and atomiza- 
tion. Tempera tu re  significantly affects viscosity. 

d. Flash point is an indicator of the volatility and, 
thus, of  potential for combustible vapors. 

e. Some fuel oils contain constituents that, when 
overheated,  can decompose and form solids or can solidify 
when exposed to low ambient  temperatures.  The presence 
of such solids in the fuel can cause interruptions.  
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S 

Gas 
supply T F E 

'Cs 
.,0hto,, 

supply T F 
Igniter 

E E Igniter safety shutoff valve 
F Igniter fuel control valve (optional) 
O Cleaner or strainer 
S Fuel pressure gauge 
T Manual shutoff valve 

C 5 Igniter shutoff atmospheric vent valve 
E Igniter safety shutoff valve 
F Igniter fuel control valve 
S Fuel pressure gauge 
T Manual shutoff valve 

Figure A-7-5.4.2.1(a) Typical duct burner gas ignition system of a single 
element or multiple elements fired simultaneously (Class 3 igniter moni- 
toring requirements shown). 

S 

E 
Igniter 

Figure A-7-5.4.2,1(b) Typical duct burner oil ignition system of a single 
burner or multiple burners fired simultaneously (Class 3 igniter monitor- 
ing requirements shown). 

Vent to 

Ga_s ~ ~ ) ( ~ ( ~  

supply 
Main burner 

To ignition system 
[See Figure A-7-5.4.2.1(a)] 

A Main burner safety shutoff valve O Cleaner or strainer 
C 2 Main burner shutoff atmospheric vent valve Q High fuel pressure interlock 
D Main fuel control valve R Low fuel pressure interlock 
J Fuel pressure regulator (optional) S Fuel pressure gauge 
M Flow meter T Manual shutoff valve 

Figure A-7-5.4,2.1(c) Typical main gas duct burner system of a single element or multiple elements fired simultaneously. 
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o ,  
supply 

Atomizing medium 
supply 

Oil 
return H 

S R 
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O 

* - Caution: Means shall be provided 
to prevent or relieve excess 
pressure between these valves 

U 

. 

Trap 

QQ S 

Scavenging . ~ , ~  

medium Y W 
S 

Y T 5 

Main burner 

A Main burner safety shutoff valve 
D Main fuel control valve 
H Recirculating valve (optional for unheated oil) 
M Flow meter 
N Low atomizing pressure interlock 
O Cleaner or strainer 
QQ Low temperature or high viscosity alarm (optional for unheated oil) 
R Low fuel pressure interlock 

S Fuel pressure gauge 
T Manual shutoff valve 
T 5 Atomizing medium individual burner shutoff valve, automatic 
U Temperature gauge (optional for unheated oil) 
W Scavenging valve 
Y Check valve 
Z Differential pressure control valve 
Zl Differential pressure alarm and trip interlock 

Figure A-7-5.4.2.1(d) Typical steam or air atomizing single main oil duct burner system. 
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C4 

supply T F 

C 4 igniter header atmospheric vent valve (optional) 
C 5 Igniter supply atmospheric vent valve 
E Igniter header safety shutoff valve 
F Igniter fuel control valve 
G Individual igniter safety shutoff valve 
K Pressure relief valve 

S 

5 

E E 

Q 

< Igniter 
(typical) 

G 

Other 
igniters 

permanently installed) 

Q Low fuel pressure interlock 
R High fuel pressure interlock 
R 1 Low fuel pressure intedock (alternate location) 
S Fuel pressure gauge 
T Manual shutoff valve 

Figure A-7-5.4.2.2(a) Typical duct burner gas igniter system. 
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O1 

.L B ~ I ~  M .~ ain burner 
v . ~ (typical) 

Other 
main burners 

=. To ignition system 
r [See Figure A-7-5.4.2.2(a)] 

A Main safety shutoff valve 
B Individual burner safety shutoff valve 
C 1 Main burner header charging atmospheric vent valve (optional) 
C 2 Main burner header shutoff atmospheric vent valve 
D Main fuel control valve 
D 1 Main fuel bypass control valve (optional) 
J Fuel pressure regulator (optional) 

M Flow meter 
Q Burner header high fuel pressure interlock 
R Burner header low fuel pressure interlock 
R 1 Burner header low fuel pressure interlock 

(alternate location for R) 
S Fuel pressure gauge 
T Manual shutoof valve 

o Lightoil I>~I I 
supply T X ~  F 

Figure A-7-5.4.2.2(b) Typical main gas duct burner system. 
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E Igniter safety shutoff valve 
F Igniter fuel control valve 
G Individual igniter safety shutoff valve 
O Cleaner or strainer 
R Low fuel pressure interlock 
S Fuel pressure gauge 
T Manual shutoff valve 
W Scavenging valve 
Y Check valve 

Figure A-7-5.4.2.2(c) 

~ Other 
igniters 
(permanently 
installed) 

Typical duct burner mechanical atomizing light oil igniter system. 
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E Igniter safety shutoff valve 
F Igniter fuel control valve 
G Individual igniter safety shutoff valve 
O Cleaner or strainer 
R Low fuel pressure interlock 
S Fuel pressure gauge 
T Manual shutoff valve 
W Scavenging valve 
Y Check valve 
Z Differential pressure control valve 
Z 1 Differential pressure alarm and trip interlock 

Scavenging 

Medium Y W 

ZI 

G Y 

Y 

Igniter 
(typical) 

o j 
Light oil I ~  I I 
supply T ~ F E 

o Oil ~ = 

supply T ' 

~ Z z  

Steam 
or air 

Other 
igniters 

(Permanently installed) 

Figure A-7-5.4.2.2(d) Typical duct burner steam or air atomizing light oil igniter system. 

return H 

S R 1 © ©  ooC - 
[ ~ .  = . / Main 

burner 
I B Y " (typical) 

~ Other 
main 
burners 

Scavenging 

medium 

A Main safety shutoff valve 
B Individual burner safety shutoff valve 
D Main fuel control valve 
D 1 Main fuel bypass control valve (optional) 
H Recirculating valve (optional for unheated oil) 
II Circulating valve (optional for unheated oil) 
M Flow meter 
O Cleaner or strainer 

QQ Low temperature or high viscosity alarm (optional for unheated oil) 
R Burner header low fuel pressure interlock 
R 1 Low fuel pressure interlock 
S Fuel pressure gauge 
T Manual shutoff valve 
W Scavenging valve 
Y Check valve 

Figure A-7-5.4.2.2(e) Typical mechanical atomizing main oil duct burner system. 
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Oil ~ 

return +© 
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II D 1 

A Main safety shutoff valve 
B Individual burner safety shutoff valve 
D Main fuel control valve 
D 1 Main fuel bypass control valve (optional) 
H Recirculating valve (optional for unheated oil) 
II Circulating valve (optional for unheated oil) 
M Flow meter 
O Cleaner or strainer 
QQ Low temperature or high viscosity alarm 

(optional for unheated oil) 

Figure A-7-5.4.2.2(f) 

Main burner 
(typical) 
\ 

B 

S 

Scavenging 

W y medium 

Other 
main burners 

k..._.,91---- 

Steam or 
air header 

R Burner header low fuel pressure interlock 
R 1 Low fuel pressure interlock Atomizing medium 
S Fuel pressure gauge supply 
T Manual shutoff valve 
T 5 Atomizing medium individual burner shutoff valve, automatic 
T O Atomizing medium header shutoff valve, automatic (alternate to Ts) 
W Scavenging valve 
Y Check valve 
Z Differential pressure control valve 
Z 1 Differential pressure alarm and trip interlock 

Typical  steam or air atomizing main oil duct burner system. 

Appendix B Industry Experience 

(Reserved) 

Appendix C Gas Bypass and Alternate Burner 
Systems 

This Appenndix is not a part of the requirements of this NFPA docu- 
ment but zs included for informational purposes only. 

C-1 G e n e r a l .  T h e  r e q u i r e m e n t s  in C h a p t e r s  1 t h r o u g h  8 
app ly  to o t h e r  c o m b u s t i o n  t u r b i n e  a n d  H R S G  conf igura -  
t ions (see Figures C-2 through C-5) excep t  as a m e n d e d  o r  
s u p p l e m e n t e d  in s u b s e q u e n t  s ec t i ons  o f  th is  c h a p t e r .  
T h e r e  a re  a d d i t i o n a l  safety c o n s i d e r a t i o n s  a n d  r e q u i r e -  
m e n t s  tha t  app ly  w h e r e  these  c o n f i g u r a t i o n s  a re  used.  

NOTE: Chapters 1 through 8 of this standard have been 
written based on a directly coupled combustion turbine and 
HRSG either with or without HRSG burners. Combustion 
turbine exhaust is the only source of heat to the HRSG 
where no HRSG burners  are supplied and is the only 
source of combustion air for the HRSG burners  where the 
HRSG system is so equipped. [See Figures C-l(a) and (b).] 

Stack 

Combustion turbine HRSG 

Figure C-l(a) Combustion turbine with directly coupled unfired HRSG. 

Stack 
HRSG , / 

Combustion turbine Burners 

Figure C-l(b) Combustion turbine and directly coupled HRSG with burners. 
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Combustion turbine 

Bypass stack 

I J Stack 

/ 
HRSG 

Figure C-2 Combustion turbine and unfired HRSG with bypass stack. 

C-2 Combustion Turbine and Unfired HRSG with Bypass 
Stack. See Figure C-2. 

NOTE: Figure C-2 shows separate devices tbr isolating gas 
flow to the HRSG and allowing gas flow to the bypass stack. 
The recommendations of Section C-2 apply regardless of 
physical hardware [i.e., single-blade directing damper, two 
separate dampers (single or multi-blade) for isolation or 
bypass service, or multiple dampers in series with seal air 
provision]. 

C-2.1 Gas Bypass Stack and Damper System. 

C-2.1.1 The gas bypass stack and damper  housing should 
be capable of wi thstanding a t ransient  design pressure  
without permanent  deformation due to yield or buckling 
of any suppor t  member .  (See 5-4.2.) 

C-2.1.2 Means should be provided for recognizing leak- 
age of  combustion turbine exhaust  gas past the closed 
damper  and into the HRSG by gas analysis or some other  
means. Alternatively, a sealing air fan and double damper  
system can be provided.  If  a double damper  with seal air 
fan is utilized, the fan is to be run continuously with closed 
dampers  from the time of previous purge  described in 
C-2.5 until hot exhaust gas is admit ted into the HRSG. 

C-2.1.3 Convenient  access to the inside of  the ducts 
should be provided.  

C-2.1.4 The damper  system for the gas bypass stack nor- 
really should be ei ther fidly open to the HRSG or fully 
open to the bypass stack. In termediate  damper  positions 
normally should be used only dur ing  the HRSG start-up or 
shutdown periods. If  the application needs indefinite peri- 
ods of  in termedia te  position operat ion,  the combustion 
turbine exhaust  or airflow should be moni tored for quan- 
tity and direction with appropr ia te  alarms for conditions 
abnormal  to the design. 

C-2.1.5 During planned maintenance outages the follow- 
ing should be accomplished: 

(a) The  damper  system should be inspected for tight- 
ness while the damper(s)  is fully closed; 

(b) The  damper  opera t ing  devices should be checked 
tot  p roper  operat ion and positioning; and 

(c) Correct  damper  system posit ioning dur ing  purge,  
start-up, and shutdown should be verified by functional 
test. 

C-2.2 Monitoring. 

C-2.2.1 In addit ion to the requirements  of 6-2.3, combus- 
tion turbine exhaust or airflow through the HRSG should 
be moni tored continuously if the bypass stack damper(s)  
can be maintained in an intermediate  position. 

C-2.2.2 In addit ion to the requirements  of  6-2.3, the posi- 
tion of the bypass stack damper(s)  should be monitored 
continuously. 

C-2.3 In addit ion to the alarms required in 6-3.2, reverse 
flow t h r o u g h  an HRSG (airflow f rom exhaus t  stack 
through HRSG to bypass stack) should be a larmed if the 
bypass damper  system can be maintained in an intermedi-  
ate position. (See C-2.1.4.) 

C-2.4 Interlocks. 

C-2.4.1 As a supplement  to the combustion turbine start- 
ing permissive interlock in 5-2.3.1(e) [position of the stack 
closure damper  (if provided) correct], the damper  allowing 
gas flow into the HRSG also should be proven open. As an 
alternative, the gas bypass stack damper(s)  in the bypass 
position should be interlocked to allow combustion turbine 
start-up regardless of stack closure damper  position. 

C-2.4.2 As a supplement  to the combustion turbine trip- 
ping interlock in 5-2.3.2(c) [position of stack closure (if pro- 
vided) not correct], it may be permit ted to position the gas 
bypass damper(s)  in the bypass position as an alternative to 
t r ipping the combustion turbine. 

C-2.5 Purge. 

C-2.5.1 Following a combustion turbine shutdown, a unit 
purge should be completed as required in Section 7-4 prior 
to admitting combustion turbine exhaust gas into the HRSG. 

C°2.5.2 Following the purge as recommended in C-2.5.1, 
flow through the HRSG may be interrupted using the gas 
bypass stack, provided there is no fuel source in the HRSG. 
Combustion turbine exhaust flow may re-enter the HRSG at a 
later time without repurging, provided the combustion turbine 
has been in continuous operation with no trips or misfires. 

C-2.5.3 The  combustion turbine may be permi t ted  to 
p u r g e  and ope ra t e  with combus t ion  tu rb ine  exhaus t  
through the bypass stack without purging the HRSG. How- 
ever,  combus t ion  tu rb ine  exhaus t  gas should  not  be 
directed into the HRSG unless a purge as recommended  in 
C-2.5.1 and C-2.5.2 has been performed.  

C-2.5.4 As an alternative to the purge recommendations,  
pr ior  to HRSG start as specified in C-2.5.3, a permanent ly  
installed combustible gas analyzer should be installed to 
verify the absence of  combustible gases in appropr ia te  loca- 
tions within the HRSG enclosure pr ior  to start ing the 
HRSG from an operat ing combustion turbine in gas bypass 
configuration. 

C-3 HRSG Burners with Augmented  Combust ion Air 
Supply. See Figure C-3. 

Burners 

Combustion t u r b ~ [ ~  
Fan 

Stack 

\ 
HRSG 

Figure C-3 HRSG burners with augmented combustion air supply. 
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C-3.1 The fan(s) supplying augmented combustion air to 
the HRSG burners  should be operated in accordance with 
the manufacturer 's  instructions. 

C-3.2 Interlocks. 

C-3.2.1 The fan(s) supplying augmented combustion air to 
the HRSG burners should be proven to be operating prior to 
initiating and during a unit purge. (See Section 7-4.) 

C-3.2.2 In addition to the master fuel trip requirements 
in 6-4.3, an HRSG burner  master fuel trip should be initi- 
ated by loss of air from fans supplying augmented combus- 
tion air to the HRSG burners.  

C°4 Combustion Turbine and Fired HRSG with Bypass 
Stack. See Figure C-4. 

NOTE: Figure C-4 shows separate devices for isolating gas 
flow to the HRSG and allowing gas flow to the bypass stack. The 
recommendations of Section C-4 apply regardless of physical 
hardware [i.e., single-blade directing damper, two separate 
dampers (single or multi-blade) for isolation or bypass service, or 
multiple dampers in series with seal air provision]. 

C-4.1 Gas Bypass Stack and Damper System. The rec- 
ommendations in C-2.1 should be satisfied. 

C-4.2 In addition to the requirements of 6-2.3, combus- 
tion turbine exhaust or airflow through the HRSG should 
be monitored continuously. 

C-4.3 In addition to the alarms required in 6-3.2, low 
flow and reverse flow through an HRSG (airflow from 
exhaust stack through HRSG to bypass stack) should be 
alarmed if the bypass damper  system can be positioned in 
an intermediate position. (See C-2.1.4.) 

C-4.4 Interlocks. 

C-4.4.1 As a supplement to the combustion turbine start- 
ing permissive interlock in 5-2.3. l(e) [position of the stack 
closure damper  (if provided) correct], the damper  allowing 
gas flow into the HRSG also should be proven open. As an 
alternative, the gas bypass stack damper(s) in the bypass 
position should be interlocked to allow combustion turbine 
start-up regardless of stack closure damper position. 

C-4.4.2 As a supplement to the combustion turbine trip- 
ping interlock in 5-2.3.2(c) [position of stack closure (if pro- 
vided) not correct], it may be permitted to position the gas 
bypass damper(s) in the bypass position as an ahernative to 
tripping the combustion turbine. 

C-4.4.3 In addition to the required interlocks in 6-4.3, an 
HRSG burner master fuel trip should be initiated if the bypass 
stack damper is not closed or other means has determined that 
insufficient exhaust gas flow is entering the burner area. 

NOTE: If the HRSG system is designed for maintaining 
the stack bypass damper(s) in an intermediate position, the 
interlock in C-4.4.3 is not necessary. However, the damper 
intermediate position should be interlocked or duct burner 
operation should be interlocked with turbine exhaust gas 
flow through the duct burners. 

C-4.5 Purge. 

C-4.5.1 Following a combustion turbine shutdown, a unit  
purge should be completed as required in Section 7-4 
prior to admitting combustion turbine exhaust gas into the 
HRSG. 

Bypass stack ~ T ~  HRSG S t a c ~  

Burners 

Combustion turbine 

Figure C-4 Combustion turbine and fired HRSG with bypass stack. 

C-4.5.2 Following the purge as recommended in C-4.5.1, 
interruption of the flow through the HRSG using the gas 
bypass stack should cause loss of purge of the HRSG. Com- 
bustion turbine exhaust flow should not be permitted to 
re-enter the HRSG at a later time without repurging the 
HRSG as specified in C-4.5.1. 

C-4,5.3 The combustion turbine may be permitted to 
purge  and  operate  with combust ion  tu rb ine  exhaust  
through the bypass stack without purging the HRSG. How- 
ever, combust ion  tu rb ine  exhaust  gas should not  be 
directed into the HRSG unless a purge as recommended 
by C-4.5.1 and C-4.5.2 has been performed. 

C-5 Combustion Turbine and HRSG with Fresh Air Fir- 
ing Capability. See Figure C-5. 

NOTE: Figure C-5 shows separate devices for isolating gas 
flow to the HRSG and allowing gas flow to the bypass stack. The 
recommendations of Section C-5 apply regardless of physical 
hardware [i.e., single-blade directing damper, two separate 
dampers (single or multi-blade) for isolation or bypass smwice, or 
multiple dampers in series with seal air provision]. 

C-5.1 Gas Bypass Stack and Damper System. The rec- 
ommendations in C-2.1 should be satisfied. 

C-5.2 In addition to the requirements in 6-2.3, combus- 
tion turbine exhaust or airflow through the HRSG should 
be monitored continuously. 

C-5.3 In addition to the alarms required in 6-3.2, low 
flow and reverse flow through an HRSG (airflow from 
exhaust stack through HRSG to bypass stack) should be 
alarmed if the bypass damper system can be positioned in 
an intermediate position. (See C-2.1.4.) 

& 
Bypass stack . ~ ]  

Stack - 7  
, ~  Burners " ' ' ~  A 

Combustion t u r b > ~ ~  HRSG 

Fan 
Note: Fan could alternately be located between HRSG outlet and 
stack with combustion turbine exhaust or fresh air or both to 
burners and HRSG. 

Figure C-5 Combustion turbine and HRSG with fresh air firing capability. 
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C-5.4 Interlocks. 

C-5.4.1 As a supplement  to the combustion turbine start- 
ing permissive interlock in 5-2.3.1(e) [position of the stack 
closure damper  (if provided) correct], the damper  allowing 
gas flow into the HRSG also should be proven open. As an 
alternative, the gas bypass stack damper(s)  in the bypass 
position should be interlocked to allow combustion turbine 
start-up regardless of  stack closure damper  position. 

C-5.4.2 As a supplement  to the combustion turbine trip- 
ping interlock in 5-2.3.2(c) [position of stack closure (if pro- 
vided) not correct], it may be permit ted  to position the gas 
bypass damper(s)  in the bypass position as an alternative to 
t r ipping the combustion turbine. 

C-5.4.3 A combustion turbine trip should cause a master 
fuel trip of  the HRSG burners  as required in 6-4.3 unless 
adequate  flow through the HRSG burners  can be main- 
tained continuously by the fresh air supply. 

C-5.5 Purge. 

C-5.5.1 Fol lowing a combust ion  tu rb ine  shutdown,  a 
c o m b u s t i o n  t u r b i n e  p u r g e  s h o u l d  be c o m p l e t e d  as 
required in Section 7-4 pr ior  to admit t ing combustion tur- 
bine exhaust  gas into the HRSG. The  fan for supplying 
combustion air for fresh air firing should be in operat ion 
pr ior  to and dur ing  the this purge.  

C-5.5.2 Following the purge  as r ecommended  in C-5.5.1, 
in terrupt ing the flow through the HRSG using the gas 
bypass stack should cause loss of purge  of  the HRSG. Com- 
bustion turbine exhaust  flow should not be permit ted to 
re-enter  the HRSG at a later time without repurg ing  the 
HRSG as r ecommended  in C-5.5.1. It may be permit ted to 
perform this purge with fresh air supplied by the fan used 
for fresh air firing in accordance with C-5.6.2. 

C-5.5.3 The combust ion turbine  may be permi t ted  to 
p u r g e  and o p e r a t e  with combus t ion  t u rb ine  exhaus t  
through the bypass stack without purging  the HRSG. How- 
ever,  combus t ion  tu rb ine  exhaus t  gas should  not  be 
directed into the HRSG unless the recommendat ions  of 
C-5.5.1, C-5.5.2, or C-5.6.3 have been satisfied. 

C-5.5.4 Purge of  the HRSG burners  and HRSG using 
fresh air may be permit ted  without operat ion or purging  of  
the combustion turbine, provided the gas bypass dampers  
are in the bypass position. 

C-5.6 Sequence of Operations for Fresh Air Firing. 

C-5.6.1 The  sequence of  operat ions defined in Section 
7-3 should be followed. 

NOTE: A fresh air supply should be used rather than 
combustion turbine exhaust. 

C-5.6.2 A unit purge as required in Section 7-5 should be 
performed with an airflow of not less than 25 percent of the 
full-load fresh air mass flow. The unit purge should provide 
not less than five volume changes of the HRSG enclosure and 
should be of not less than 5 minutes duration. 

C-5.6.3 A later start-up of the combustion turbine may be 
permit ted only by purge  and start-up of the combustion 
turbine with exhaust  flow through the bypass stack. Once 
stable operat ion of  the combustion turbine is achieved, 
combust ion turb ine  exhaust  may be pe rmi t t ed  to flow 
through the opera t ing  HRSG with or without supplemen- 
tary fresh air. 

C-5.6.4 Normal shutdown using a fresh air supply should fol- 
low the reverse procedure of that used during start-up. A unit 
post purge should be performed at an airflow not less than the 
purge rate mass airflow for a period of not less than 5 minutes. 

Appendix  D Referenced Publications 

This Appendix is not a part of the requirements of this NFPA document 
but is included for informational purposes only. 

D-1 The following documents or portions thereof are refer- 
enced within this standard for informational purposes only and 
thus are not considered part of the requirements of this docu- 
ment. The edition indicated for each reference is the current 
edition as of the date of the NFPA issuance of this document. 

D-I.1 NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
O2269-9101. 

NFPA 31, Standard for the Installation of Oil-Burning 
Equipment, 1992 edition. 

NFPA 54, National Fuel Gas Code, 1992 edition. 
NFPA 70, National Electrical Code, 1996 edition. 
NFPA 77, Recommended Practice on Static Electricity, 1993 

edition. 
NFPA 497A, Recommended Practice for Classification of Class I 

Hazardous (Classified) Locations for Electrical Installations in 
Chemical Process A teas, 1992 edition. 

NFPA 497B, Recommended Practice for the Classification of 
Class H Hazardous (Classified) Locations for Electrical Installa- 
tions in Chemical Process Areas, 1991 edition. 

NFPA 497M, Manual for Classification of Gases, Vapors, and 
Dusts for Electrical Equipment in Hazardous (Classified) Loca- 
tions, 1991 edition. 

NFPA 850, Recommended Practice for Fire Protection for 
Electric Generating Plants, 1992 edition. 

D-1.2 Other Publications. 

D-1.2.1 ANSI Publ icat ion.  American National Standards 
Institute, 11 West 42nd Street, New York, NY 10036. 

ANSI K61.1, Safety Requirements for the Storage and Han- 
dling of Anhydrous Ammonia, 1981. 

D-1.2.2 API  Publ ica t ions .  American Pet ro leum Insti- 
tute, 1220 L Street NW, Washington, DC 20005. 

API RP 500A, Classification of Locations for Electrical htstal- 
lations in Petroleum Refineries, 1987. 

API RP 2003, Protection Against Ignitions Arising Out of 
Static, Lightning, and Stray Currents, 1991. 

D-1 .2 .3  ASME Publ icat ion.  A m e r i c a n  Soc ie ty  o f  
Mechanical Engineers, 345 East 47th Street, New York, 
NY 10017. 

ASME Boiler and Pressure Vessel Code, 1992. 

D-1.2.4 CGA Publication. Compressed Gas Association, 
1235 Jefferson Davis Highway, Crystal Gateway 1, Suite 
501, Arlington, VA 22202-4100. 

CGA G-2, Anhydrous Ammonia, 1984. 

D-1.2.5 U.S. Government Publication. U.S. Government  
Printing Office, Super in tendent  of Documents, Washing- 
ton, DC 20402. 

Code of Federal Regulations, Title 29, Part  1910.111, 
"Storage and Handl ing of Anhydrous Ammonia." 
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