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NOTICE

All questions or other communications relating to this document should be sent only to NFPA Head-
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Users of this document should consult applicable Federal, State and local laws and regulations. NFPA
does not, by the publication of this document, intend to urge action which is not in compliance with appli-
cable laws and this document may not be construed as doing so.

Policy Adopted by NFPA Board of Directors on December 3, 1982

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox-
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with
that subject in its technical committee documents for many years.

There is a concern that the growing use of synthetic materials may produce more or additional toxic
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit-
tees to review the documents for which they are responsible to be sure that the documents respond to this
current concern. 'To assist the committees in meeting this request, the Board has appointed an advisory com-
mittee to provide specific guidance to the technical committees on questions relating to assessing the hazards
of the products of combustion.

Licensing Provision

This document 1s copyrighted by the National Fire Protection Association (NFPA). The terms and con-
ditions set forth below do not extend to the index to this document. If public authorities and others reference
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be with the understanding that this document is informative in nature and does not contain mandatory re-
quirements. Any deletions, additions, and changes desired by the adopting authority must be noted sepa-
rately. Those using this method (*‘adoption by reference’') are requested to notify the NFPA (Attention: Secretary,
Standards Council) in writing of such use.

)

The term ‘‘adoption by reference’” means the citing of the title and publishing information only.

(For further explanation, see the Policy Concerning the Adoption, Printing and Publication of NFPA
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This material has been developed under the published procedures of the National Fire Protection Associa-
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Information on referenced publications can be found in Chap-
ter 8.

Chapter 1 Introduction

1-1 Scope. This document provides recommendations (not
requirements) for fire prevention and fire protection for gas,
oil, or coal-fired electric generating plants, including com-
bustion turbine units greater than 7500 hp that are used for
electric generation. For units 7500 hp or less, see NFPA 37,
Standard for the Installation and Use of Stationary Combustion
Engines and Gas Turbines.

1-2 Purpose. This document is prepared for the guidance
of those charged with the design, construction, operation, and
protection of gas, oil, or coal-fired steam and combustion tur-
bine electric generating plants. This document provides fire
prevention and fire protection recommendations for the
safety of construction and operating personnel, the physical
integrity of plant components, and the continuity of plant
operations. Nothing in this document is intended to restrict
new technologies or alternative arrangements.

1-3 Application.

1-3.1 This document is intended for use by persons knowl-
edgeable in the application of fire protection to fossil fueled
electric generating plants.

1-3.2 The recommendations contained in this document are
intended for new installations only, as the application to exist-
ing installations may not be practicable.

1-3.3 It must be recognized that rigid uniformity of gen-
erating station design and operating procedures does not
exist and that each facility will have its own special condi-
tions that impact on the nature of the installation. Many of
the specific recommendations herein may require modifica-
tion after due consideration of all local factors involved.

1-4 Definitions.

Approved. Acceptable to the “authority having jurisdic-
tion.”

NOTE: The National Fire Protection Association does not
approve, inspect or certify any installations, procedures, equip-
ment, or materials nor does it approve or evaluate testing lab-

oratories. In determining the acceptability of installations or
procedures, equipment or materials, the authority having juris-
diction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards,
said authority may require evidence of proper installation, pro-
cedure or use. The authority having jurisdiction may also refer
to the listings or labeling practices of an organization con-
cerned with product evaluations which is in a position to deter-
mine compliance with appropriate standards for the current
production of listed items.

Authority Having Jurisdiction. The “authority having
jurisdiction” is the organization, office or individual respon-
sible for “approving” equipment, an installation or a proce-
dure.

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 jurisdiction”
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, health department,
building official, electrical inspector, or others having statu-
tory authority. For insurance purposes, an insurance inspec-
tion department, rating bureau, or other insurance company
representative may be the “authority having jurisdiction.” In
many circumstances the property owner or his designated
agent assumes the role of the “authority having jurisdiction™;
at government installations, the commanding ofhcer or depart-
mental official may be the ““authority having jurisdiction.”

Combustible. Any material that does not comply with the
definition of either noncombustible or limited combustible.

Combustible Liquid. A liquid having a flash point at or
above 100°F (37.8°C). (See NFPA 30. Flammable and Combus-
tible Liquids Code.)

Fire Barrier. A fire barrier is a continuous membrane,
either vertical or horizontal, such as a wall or floor assem-
bly, that is designed and constructed with a specified fire
resistance rating to limit the spread of fire and that will also
restrict the movement of smoke. Such barriers may have pro-
tected openings.

Fire Loading. The amount of combustibles present in a
given area, expressed in Btu per sq ft (kJ/m?).

Fire Point. The lowest temperature at which a liquid in
an open container will give off sufficient vapors to burn when
once ignited. It generally is slightly above the flash point.

Fire Prevention. Measures directed toward avoiding the
inception of fire.

Fire Protection. Methods of providing for fire control or
fire extinguishment.

Fire Protection Rating. The time, in minutes or hours,
that materials and assemblies used as opening protection have
withstood a fire exposure as established in accordance with
test procedures of NFPA 252, Standard Methods of Fire Tests
of Door Assemblies, and NFPA 257, Standard for Fire Tests of Win-
dow Assemblies, as applicable.

Fire Rated Penetration Seal. An opening in a fire bar-

rier for the passage of pipe, cable, duct, etc., that has been
sealed so as to maintain a barrier rating.
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Fire Resistance Rating. The time, in minutes or hours,
that materials or assemblies have withstood a fire exposure
as established in accordance with the test procedures of NFPA
251, Standard Methods of Fire Tests of Building Construction and
Materials.

Flammable Liquid. Any liquid having a flash point below
100°F (37.8°C) and having a vapor pressure not exceeding
40 psia (276 kPa) absolute pressure at 100°F (37.8°C). (See
NFPA 30, Flammable and Combustible Liguids Code.)

High Fire Point Liquid. A combustible dielectric liquid
listed as having a fire point of not less than 572°F (300°C).

Interior Finish. The exposed interior surfaces of build-
ings including, but not limited to, fixed or movable walls and
partitions, columns, and ceilings. Interior finish materials are
grouped in the following classes:

Class A Interior Finish. Materials having flame spread
0-25, smoke developed 0-450 when tested in accordance with
NFPA 255, Standard Method of Test of Surface Burning Char-
acteristics of Building Materials. Includes any material classi-
fied at 25 or less on the flame spread test scale and 450 or
less on the smoke test scale where any element thereof when
so tested does not continue to propagate fire.

Class B Interior Finish. Materials having flame spread
26-75, smoke developed 0-450 when tested in accordance
with NFPA 255, Standard Method of Test of Surface Burning
Charactenistics of Building Materials. Includes any material clas-
sified at more than 25, but not more than 75 on the flame
spread test scale and 450 or less on the smoke test scale.

Labeled. Equipment or materials to which has been
attached a label, symbol or other identifying mark of an orga-
nization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic
inspection of production of labeled equipment or materials
and by whose labeling the manufacturer indicates compliance
with appropriate standards or performance in a specified
manner.

Less Flammable Liquid. A combustible dielectric liquid
listed as having a fire point of not less than 572°F (300°C).

Limited Combustible. As applied to a building construc-
tion material, a material, not complying with the definition
of noncombustible material, that in the form in which it is
used has a potential heat value not exceeding 3500 Btu
per Ib (8.14 x 10° J/kg) (see NFPA 259, Standard Test Method
for Potential Heat of Building Materials), and complies with one
of the following paragraphs (a) or (b):

(a) Materials having a structural base of noncombustible
material with a surfacing not exceeding a thickness of V3 in.
(3.175 mm) that has a flame spread rating not greater
than 50.

(b) Materials, in the form and thickness used, other than
as described in (a), having neither a flame spread rating
greater than 25 nor evidence of continued progressive com-
bustton and of such composition that surfaces that would be
exposed by cutting through the material on any plane would
have neither a flame spread rating greater than 25 nor evi-
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dence of continued progressive combustion as tested in accor-
dance with NFPA 255, Standard Method of Test of Surface
Burning Characteristics of Building Materials.

Materials subject to increase in combustibility or flame
spread rating beyond the limits herein established through
the effects of age, moisture, or other atmospheric condition
shall be considered combustible.

Listed. Equipment or materials included in a list pub-
lished by an organization acceptable to the “authority hav-
ing jurisdiction” 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.

Noncombustible. A material that in the form in which
it is used and under the conditions anticipated will not aid
combustion or add appreciable heat to an ambient fire. Mate-
rials when tested in accordance with Standard Test Method for
Behavior of Materials in a Vertical Tube Furnace at 750°C,
ASTM E136, and conforming to the criteria contained in Sec-
tion 7 of the referenced standard shall be considered as non-
combustible.

Nonflammable Fluid. A nonflammable dielectric fluid
that does not have a flash point and is not flammable in air.

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

1-5 Units. Metric units in this document are in accordance
with the International System of Units, which is ofhcially
abbreviated SI in all languages. For a full explanation see the
Metric Practice Guide, ASTM E380; ANSI Z210.1.

Chapter 2 Administrative Controls
2-1 General.

2-1.1 This chapter provides recommended criteria for the
development of administrative procedures and controls nec-
essary for the execution of the fire prevention and fire pro-
tection activities and practices for gas, oil, and coal-fired steam
electric generating plants.

2-1.2 The administrative controls recommended in this
chapter should be reviewed and updated periodically.

2-1.3 The intent of this chapter can be met by incorporat-
ing the features of this chapter in the plant’s operating pro-
cedures or otherwise as determined by plant management.
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2-2 Management Policy and Direction.

2-2.1 Corporate management should establish a policy and
institute a program to promote the conservation of property
and continuity of operations as well as protection of safety
to life by adequate fire prevention and fire protection mea-
sures at each facility.

2-2.1.1 Proper preventative maintenance of operating equip-
ment as well as adequate operator training are important
aspects of a viable fire prevention program.

2-3 Fire Risk Evaluation.

2-3.1 A fire risk evaluation should be initiated as early in
the design process as practical to assure that the fire preven-
tion and fire protection recommendations as described in this
document have been evaluated in view of the plant-specific
considerations regarding design, layout, and anticipated oper-
ating requirements. The evaluation should result in a list of
recommended fire prevention features to be provided based
upon acceptable means for separation or control of common
and special hazards, the control or elimination of ignition
sources, and the suppression of fires.

2-4 Fire Prevention Program.

2-4.1 A written plant fire prevention program should be
established and as a minimum should include the following:

(a) Firesafety information for all employees and contrac-
tors. This information should include, as a minimum, famil-
iarization with fire prevention procedures, plant emergency
alarms and procedures, and how to report a fire.

(b) Documented plant inspections including provisions for
handling of remedial actions to correct conditions that
increase fire hazards.

(c) A description of the general housekeeping practices and
the control of transient combustibles.

(d) Control of flammable and combustible liquids and
gases in accordance with appropriate NFPA standards.

(e) Control of ignition sources to include smoking, grind-
ing, welding, and cutting. (See NFPA 51B, Standard for Fire
Prevention in Use of Cutting and Welding Processes.)

(f) Fire prevention surveillance. (See NFPA 602, Standard
for Guard Operations in Fire Loss Prevention.)

(g) Fire report, including an investigation and a statement
on the corrective action to be taken (see Appendix A).

2-5 Testing, Inspection, and Maintenance.

2-5.1 Upon installation, all fire protection systems should
be preoperationally inspected and tested in accordance with
applicable NFPA standards. Where appropriate standards do
not exist, inspection and test procedures outlined in the pur-
chase and design specifications should be followed.

2-5.2 All fire protection systems and equipment should be
periodically inspected, tested, and maintained in accordance
with applicable National Fire Codes® (see Table 2-5.2 for guid-
ance).

Table 2-5.2 Reference Guide for Fire Equipment Inspection,
Testing, and Maintenance
| Item NFPA No.
Supervisory and Fire Alarm
Circuits 71/72A-D/26/72H
Fire Detectors 72E/72H
Manual Fire Alarms 71/72H/72A/72D
Sprinkler Water Flow Alarms  13A/71/72H/72A/72D
Sprinkler and Water Spray
Systems 15/13A
Foam Systems 11A/11C/16
Halogenated Agent, Chemical
& Co. Systems 12/12A/17/12B
Fire Pumps & Booster Pumps 20
Water Tanks & Alarms 13A/71/22/72A/72D
P.I.V.s and O.S. & Y. Valves  13A/26/72H/72A/72D
Fire Hydrants and Associated
Valves 13A/24/26
Fire Hose and Standpipes 14/1962
Portable Fire Extinguishers
& Hose Nozzles 10/1962
Fire Brigade Equipment 1972
Fire Doors 80
Smoke Vents 204M
Emergency Lighting 70
Radio Communication Equip-
ment 1221
Audible and Visual Signals 72A/72G
NOTE: Inspection intervals for unattended plants may be
extended to normal plant inspections.

2-5.3 Testing, inspection, and maintenance should be doc-
umented with written procedures, results, and follow-up
actions recorded.

2-6 Impairments.

2-6.1 A written procedure should be established to address
impairments to fire protection systems and other plant sys-
tems that impact the level of fire hazard (e.g., dust collection
systems, HVAC systems, etc.). As a minimum this procedure
should include the following:

(a) Identify equipment not available for service.

{(b) Identify personnel to be notified (e.g., plant fire bri-
gade chief, public fire department, etc.)

| (¢) Increase fire surveillance as needed. (See 2-4.1(f).)

2-6.2 Impairment to fire protection systems should be as
short in duration as practical. If the impairment is planned,
all necessary parts and manpower should be assembled prior
to removing the protection system(s) from service. When an
impairment is not planned, the repair work should be expe-
dited until the repairs are completed.

2-6.3 Proper reinstallation after maintenance or repair must
be performed to ensure proper systems operation. Once
repairs are complete, tests that will ensure proper operation
and restoration of full fire protection equipment capabilities
should be made. Following restoration to service, the par-
ties previously notified of the impairment should be advised.
The latest revision of the design documents reflecting as-built
conditions should be available to ensure that the system is
properly reinstalled (e.g., drawings showing angles of noz-
zles).
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2-7 Fire Emergency Plan.

2-7.1 A written fire emergency plan should be developed
and, as a minimum, this plan should include the following:

(a) Response to fire alarms and fire systems supervisory
alarms.

(b) Notification of personnel identified in the plan.

(c) Evacuation of employees, not directly involved in fire
fighting activities, from the fire area.

(d) Coordination with security forces or other designated
personnel to admit public fire department and control traffic
and personnel.

(e) Fire extinguishment activities.
(f) Periodic drills to verify viability of the plan.

(g) Control room operator(s) activities during fire emer-
gencies.

NOTE: Emergency conditions may warrant that breathing
apparatus be readily available in the control room. Self-
contained breathing apparatus should be considered for activ-
ities outside the control room.

2-8 Fire Brigade.

2-8.1 The size of the plant and its staff, the complexity of
fire fighting problems, and the availability of a public fire
department should determine the requirements for a fire bri-
gade.

2-8.2 If a fire brigade is provided, its organization and train-
ing should be identified in written procedures.

| NOTE: Recommendations contained in NFPA 600, Recom-
mendations for Organization, Training and Equipment of Private
Fire Brigades, and OSHA 1910.156 should be consulted for
additional information.

2-8.3 The following items discuss special fire fighting con-
ditions unique to fossil fueled steam electric generating plants.
This information might be useful in fire brigade training and
fire preplanning.

(a) Regenerative Air Heaters. Since laboratory tests and
reported incidents indicated a rapid increase in temperature
to the 2800-3000°F (1537-1648°C) range in an air preheater
fire, great care should be given to manual fire fighting. Large
amounts of water will be needed to both cool and extinguish
a preheater fire. Fire preplanning should be accomplished
to ensure use of an adequate number of access doors and safe
access to the doors.

(b) Electrostatic Precipitators. Once a fire is detected, the
unit should go into emergency shutdown immediately. It
should be recognized that during operation the atmosphere
in the precipitator is oxygen-deficient and opening doors or
running system fans following a fuel trip could cause con-
ditions to worsen (increased potential for backdraft explo-
sion). Once the flow of air and fuel to the fire has been
stopped and the electrostatic precipitator has been shut down
and deenergized, the precipitator doors may be opened and
water hoses employed if necessary.
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(c) Cable Trays. Cable tray fires should be handled like
any fire involving energized electrical equipment. It may not
be practical or desirable to deenergize the cables involved
in the fire. Water is the most effective extinguishing agent
for cable insulation fires but must be applied with an elec-
trically safe nozzle. Some cables [polyvinyl chloride (PVC),
Neoprene, or Hypalon] can produce dense smoke in a very
short time. In addition, PVC liberates hydrogen chloride
(HC) gas. Self-contained breathing apparatus should be used
by personnel attempting to extinguish cable tray fires.

(d) Hydrogen System. Due to the wide explosive limits of
hydrogen (4 percent to 75 percent volume of gas in air),
under most conditions it is safer to allow a hydrogen fire to
burn in a controlled manner until the gas can be shut off
rather than to risk an explosion. It may be necessary to extin-
guish the fire in order to gain access to the shutoff valves.

(e) Coal Storage and Handling.

I. Once the location and extent of a fire in a coal stor-
age pile has been determined, the coal should be dug out
and the heated coal removed. Since moisture accelerates oxi-
dation, water used for fire fighting can aggravate the situ-
ation if the seat of the fire is not reached.

2. Coal dust presents both a fire and explosion haz-
ard. Combustible, finely divided material is easily ignited.
However, there is a possibility that a deep seated hard-to-
extinguish fire can occur.

(i) Clearly marked access panels in equipment
should be provided for manual fire fighting.

(ii) Caution: application of an extinguishing agent
that disturbs coal dust deposits could result in a dust explo-
sion.

(f) Coal Pulverizers. (See NFPA 85E, Standard for Prevention
of Furnace Explosions in Pulverized Coal-Fired Multiple Burner
Boiler-Furnaces, and NFPA 85F, Standard for the Installation and
Operation of Pulverized Fuel Systems.)

Chapter 3 General Plant Design

3-1 Plant Arrangement.

3-1.1 Fire Area Determination.

3-1.1.1 The electric generating plant should be subdivided
into separate fire areas as determined by the fire risk eval-
uation for the purpose of limiting the spread of fire, protect-
ing personnel, and limiting the resultant consequential
damage to the plant. Fire areas should be separated from
each other by approved fire barriers, spatial separation, or
other approved means.

3-1.1.2 Determination of fire area boundaries should be
based on consideration of the following: types, quantity, den-
sity, and locations of combustible material; location and con-
figuration of plant equipment; consequence of losing plant
equipment; and location of fire detection and suppression
systems. It is recommended that most fire barriers separat-
ing fire areas be of two hours fire resistance rating. If a fire
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area is defined as a detached structure, it should be separated
from other structures by an appropriate distance [e.g., 30 ft
(9.1 m) minimum for a structure with moderate combusti-
ble loading and with a non-fire rated enclosure]. Unless con-
sideration of the above factors indicates otherwise, it is
recommended that fire area boundaries be provided as
follows:

(a) To separate cable spreading room(s) and cable tunnel(s)
from adjacent areas.

(b) To separate the control room, computer room, or com-
bined control/computer room from adjacent areas. Where
the control room and computer room are separated by a
common wall, the wall need not have a fire resistance rat-
ing.

(c) To separate rooms with major concentrations of elec-
trical equipment, such as switchgear room and relay room,
from adjacent areas.

(d) To separate battery rooms from adjacent areas.
(e) To separate maintenance shop(s) from adjacent areas.

(f) To separate main fire pump(s) from reserve fire
pump(s), when these pumps provide the only source of fire
protection water.

(g) To separate fire pumps from adjacent areas.
(h) To separate warehouses from adjacent areas.

(i) To separate emergency diesel generators from each
other and from adjacent areas.

() To separate fossil fuel-fired auxiliary boiler(s) from adja-
cent areas.

(k) To separate fuel oil pumping and/or fuel oil heating
facilities used for continuous firing of the boiler from adja-
cent areas.

() To separate storage areas for flammable and combus-
tible liquid tanks and containers from adjacent areas.

(m) To separate office buildings from adjacent areas.

(n) To separate telecommunication rooms from adjacent
areas.

(0) To separate adjacent turbine generators beneath the
underside of the operating floor.

3-1.2 Hydrogen Storage.

3-1.2.1 Hydrogen storage facilities should be separated from
adjacent areas. (See NFPA 504, Standard for Gaseous Hydro-
gen Systems at Consumer Sites, and NFPA 50B, Standard for Lig-
wid Hydrogen Systems at Consumer Sites.)

3-1.3 Outdoor Oil-Insulated Transformers.

3-1.3.1 Outdoor oil-insulated transformers should be sep-
arated from adjacent structures and from each other by fire-
walls, spatial separation, or other approved means, for the
purpose of limiting the damage and potential spread of fire
from a transformer failure.

3-1.3.2 Determination of the type of physical separation
should be based on consideration of the following: type and
quantity of oil in the transformer, size of a postulated oil spill

(surface area and depth), type of construction of adjacent
structures, power rating of the transformer, fire suppression
systems provided, and type of electrical protective relaying
provided.

3-1.3.3 Unless consideration of the factors in 3-1.3.2 indi-
cates otherwise, it is recommended that any oil-insulated
transformer containing 500 gal (1893 L) of oil or more be
separated from adjacent noncombustible or limited combus-
tible structures by a 2-hr rated firewall, or by spatial sepa-
ration in accordance with Table 3-1.3.3. Where a firewall is
provided between structures and a transformer, it should
extend vertically and horizontally as indicated in Figure 3-
1.3.3.

NOTE 1: As a minimum, the firewall should extend at least
1 ft (0.31 m) above the top of the transformer casing and oil
conservator tank and at least 2 ft (0.61 m) beyond the width
of the transformer and cooling radiators.

NOTE 2: If columns for the turbine building roof are pro-
tected, line-of-sight protection (see Figure 3-1.3.3) of the fire-
wall does not need to extend above the operating floor of the
turbine building.

Table 3-1.3.3
QOutdoor Oil Insulated Transformer
Separation Criteria

Minimum (Line-of-Sight)

Transformer Qil Capacity Separation without Firewall

Less than 500 gal (1893 L)
500 to 5,000 gal (1893-18,925 L)
over 5,000 gal (18,925 L)

See 3-1.3.2
95 ft (7.6 m)
50 ft (15 m)

3-1.3.4 Unless consideration of the factors in 3-1.3.2 indi-
cates otherwise, it is recommended that adjacent oil-insulated
transformers containing 500 gal (1893 L) or more of oil be
separated from each other by a 2-hr rated firewall, or by spa-
tial separation in accordance with Table 3-1.3.3. Where a fire-
wall is provided between transformers, it should extend at
least 1 ft (0.31 m) above the top of the transformer casing
and oil conservator tank and at least 2 ft (0.61 m) beyond
the width of the transformer and cooling radiators.

3-1.3.5 Where a firewall is provided, it should be designed
to withstand the effects of exploding transformer bushings
or lightning arrestors.

NOTE: A higher noncombustible shield may be provided
to protect against the effects of an exploding transformer bush-

ing.

3-1.3.6 Where a firewall is not provided, the edge of the
postulated oil spill (i.e., containment basin, if provided) should
be separated by a minimum of 5 ft (1.5 m) from the exposed
structure to prevent direct flame impingement on the struc-
ture.

3-1.3.7 Outdoor transformers insulated with a less flam-
mable liquid should be separated from each other and from
adjacent structures that are critical to power generation by
firewalls or spatial separation based on consideration of the
factors in 3-1.3.2 and 3-1.3.5.

1990 Edition



850-10 STEAM AND COMBUSTION TURBINE ELECTRIC GENERATING PLANTS

PLAN VIEW SECTION VIEW
X
Firewall
XFMR
Buiiding Building
X
] *
]
|
* | Firewall
|
: XFMR
<X >' |
{
=¢ <X "
Generic Case ! !
Firewall 2 f1
™~
XFMR
Bu:lding Building
I? f1
: Firewall KA
|l <X 2 ]
XFMR
Example 1
Firewall
._../ Firewall
! B4
X
XFMR X
Building Building
X
]
XFMR
Example 2

Notes:

X = Minimum separation distance from Table 3-1.3.3.
*Also see 3-1.3.3, Notes | and 2.
For SI Units: 1 ft = 0.305 m.

Figure 3-1.3.3.
1990 Edition



GENERAL PLANT DESIGN

850-11

3-1.4 Indoor Transformers.

3-1.4.1 Dry type transformers are preferred for indoor
installations.

3-1.4.2 Oil-insulated transformers of greater than 100 gal
(379 L) oil capacity installed indoors should be separated from
adjacent areas by fire barriers of 3 hours fire resistance
rating.

NOTE: Where multiple transformers of less than 100 gal
(8379 L) capacity each are located within close proximity, addi-
tional fire protection may be required based on the fire risk
evaluation.

3-1.4.3 Transformers having a rating greater than 35 kV,
insulated with a less flammable liquid or nonflammable fluid,
and installed indoors should be separated from adjacent areas
by fire barriers of 3 hours fire resistance rating.

3-1.4.4 Where transformers are protected by an automatic
fire suppression system, the fire barrier fire resistance rat-
ing may be reduced to 1 hour.

3-1.5 Openings in Fire Barriers.

3-1.5.1 All openings in fire barriers should be provided with
fire door assemblies, fire dampers, penetration seals (fire
stops), or other approved means having a fire protection rat-
ing consistent with the designated fire resistance rating of the
barrier. Windows in fire barriers (e.g., control rooms or com-
puter rooms) should be provided with a fire shutter or auto-
matic water curtain. Penetration seals provided for electrical
and piping openings should be listed or should meet the

| requirements for a “F” rating when tested in accordance with
ASTM EB814, Fire Tests of Through-Penetration Fire Stops. Other
test methods for qualifications of penetration seals, such as
IEEE 634, Testing of Fire Rated Penetration Seals, may be con-
sidered for this application.

NOTE: Listed penetration seals for large diameter piping
may not be commercially available. In such instances the
design should be similar to listed configurations.

3-1.5.2 Fire door assemblies, fire dampers, and fire shut-
ters used in 2-hour rated fire barriers should be rated not
less than 1Y2 hrs (see NFPA 80, Standard for Fire Doors and
Windows).

3-2 Life Safety.

3-2.1 For life safety for fossil fueled steam electric gener-
ating plants see NFPA 101°, Life Safety Code®.

3-2.2 Structures should be classified as follows, as defined
in NFPA 101:

(a) General areas should be considered as a special pur-
pose industrial occupancy.

NOTE 1: It generally is recognized that boiler and turbine
buildings meet the intent of NFPA 101, Life Safety Code, for
additional travel distances.

NOTE: 2: NFPA 10! excludes unoccupied spaces (e.g., the
enclosure around individual packaged combustion turbine
units) from the means of egress consideration of the Code. See
NFPA 101, Sections 28-2.3.1 and 30-2.3.1.

(b) Open structures and underground structures (e.g., tun-
nels) should be considered as occupancies in unusual stuc-
tures.

(¢) General office structures should be considered as a
business occupancy.

(d) Warehouses should be considered as a storage occu-
pancy.

(e) Coal preparation buildings (e.g., enclosed crusher
houses) should be considered high hazard occupancies.

3-3 Building Construction Materials.

3-3.1 Construction materials being considered for electric
generating plants should be selected based upon the fire risk
evaluation and upon consideration of the following NFPA
standards:

(a) NFPA 220, Standard on Types of Building Construction.

(b) NFPA 251, Standard Methods of Fire Tests of Building Con-
struction and Materials.

(c) NFPA 253, Standard Method of Test for Critical Radiant
Flux of Floor Covering Systems Using a Radiant Heat Energy
Source.

(d) NFPA 255, Standard Method of Test of Surface Burning
Characteristics of Building Materials.

(e) NFPA 259, Standard Test Method for Potential Heat of
Building Materials.

3-3.2 Construction materials used in the boiler or turbine-
generator buildings or other buildings critical to power gen-
eration should meet the definition of noncombustible or
limited combustible; except roof coverings, which should be
as outlined in Section 3-3.4; and except for limited use of
translucent reinforced plastic panels as allowed by the fire
risk evaluation.

3-3.3 Buildings not critical to power generation may con-
tain construction materials meeting the definition of limited
combustible. Materials not meeting this requirement should
be approved and should be provided with appropriate fire
protection, in accordance with the fire risk evaluation.

3-3.4 Roof covering should be Class A in accordance with
NFPA 256, Standard Methods of Fire Tests of Roof Coverings.
Metal roof deck construction, when used, should be
“Class I” or “fire classified.”

|3-3.5 Interior Finish.

|3-3.5.1 Cellular or foamed plastic materials (as defined in
Appendix A of NFPA 101, Life Safety Code) should not be used
as interior finish.

|3-8.5.2 Interior finish in buildings critical to power gener-
ation should be Class A.

|3-3.5.3 Interior finish in buildings not critical to power gen-
eration should be Class A or Class B.
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3-4 Smoke and Heat Venting, Heating, Ventilating, and Air
Conditioning.

3-4.1 Smoke and Heat Venting.

3-4.1.1 Smoke and heat vents are not substitutes for nor-
mal ventilation systems unless designed for dual usage. They
should not be used to assist such systems for comfort ven-
tilation. They should not be left open where they can sus-
tain damage from high wind conditions. They should be
included in surveillance programs to assure availability in
emergency situations.

3-4.1.2 Heat vents should be provided for areas identified
by the fire risk evaluation. Where heat vents are provided,
heat generated under fire conditions should be vented from
its place of origin directly to the outdoors.

3-4.1.2.1 Heat vents in the boiler and turbine building may
be provided through the use of automatic heat vents or win-
dows at the roof eave line. Heat venting in areas of high com-
bustible loading can reduce damage to structural components.
(See NFPA 204M, Guide for Smoke and Heat Venting.)

3-4.1.3 Smoke venting should be provided for areas iden-
tified by the fire risk evaluation. Where smoke venting is pro-
vided, smoke should be vented from its place of origin in a
manner that does not interfere with the operation of the
plant.

3-4.1.3.1 Separate smoke ventilation systems are preferred;
however, smoke venting can be integrated into normal ven-
tilation systems using automatic or manually positioned damp-
ers and motor speed control. (See NFPA 90A, Standard for the
Installation of Air Conditioning and Ventilating Systems, and NFPA
204M, Guide for Smoke and Heat Venting.) Smoke venting may
also be accomplished through the use of portable smoke
ejectors.

3-4.1.3.2 Consideration should be given to smoke venting
for the following areas: control room, cable spreading room(s),
and switchgear room.

3-4.1.3.3 In the areas with gaseous fire extinguishing sys-
tems, the smoke ventilation system should be properly inter-
locked to assure the effective operation of the gaseous fire
extinguishing system.

3-4.1.3.4 Smoke removal system dampers, where installed,
normally are operable only from an area immediately out-
side of, or immediately within, the fire area served since it
is desired to have entry into, and inspection of, the fire area
by fire fighting personnel prior to restoring mechanical ven-
tilation to the fire area. Smoke removal system dampers may
be operable from the control room if provisions are made
to prevent premature operation. This can be accomplished
using thermal interlocks or administrative controls.

34.1.4 The fan power supply wiring and controls for smoke
exhaust should be located external to the fire area served by
the fan or be installed in accordance with the fire risk eval-
uation.
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3-4.2 Normal Heating, Ventilating, and Air Conditioning
Systems.

3-4.2.1 For normal heating, ventilating, and air condition-
ing systems, see NFPA 90A, Standard for the Installation of Air
Conditioning and Ventilating Systems, or NFPA 90B, Standard
for the Installation of Warm Air Heating and Air Conditioning Sys-
tems, as appropriate.

3-4.2.2 Air conditioning for the control room should pro-
vide a pressurized environment to preclude the entry of
smoke in the event of a fire outside the control room.

3-4.2.3 Plastic ducts, including listed fire retardant types,
should not be used for ventilating systems. Listed plastic fire
retardant ducts with appropriate fire protection may be used
in areas with corrosive atmospheres.

3-4.2.4 Fire dampers (doors) compatible with the rating of
the barrier should be provided at the duct penetrations to
the fire area (see Section 3-1) unless the duct is protected
throughout its length by a fire barrier equal to the rating
required of fire barrier(s) penetrated.

3-4.2.5 Smoke dampers, where installed, should be installed
in accordance with NFPA 90A, Standard for the Installation of
Air Conditioning and Ventilating Systems.

3-4.2.6 The fresh air supply intakes to all areas should be
located remotely from the exhaust air outlets and smoke vents
of other fire areas to minimize the possibility of drawing prod-
ucts of combustion into the plant.

3-5 Drainage.

3-5.1 Provisions should be made in all fire areas of the plant
for removal of all liquids directly to safe areas or for contain-
ment in the fire area without flooding of equipment and with-
out endangering other areas. (See Appendix A of NFPA 15,
Standard for Water Spray Fixed Systems for Fire Protection.) Drain-
age and prevention of equipment flooding should be accom-
plished by one or more of the following:

(a) Floor drains.
(b) Floor trenches.
(c) Open doorways or other wall openings.
(d) Curbs for containing or directing drainage.
(e) Equipment pedestals.
(f) Pits, sumps, and sump pumps.
3-5.2 The provisions for drainage and any associated drain-

age facilities should be sized to accommodate all of the fol-
lowing:

(a) The spill of the largest single container of any flam-
mable or combustible liquids in the area.

(b) The maximum expected number of fire hose lines
[500 gpm (31.5 L/sec) minimum] operating for a minimum
of 10 minutes.

(c) The maximum design discharge of fixed fire suppres-
sion systems operating for a minimum of 10 minutes.
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NOTE: Design discharge for the turbine building should be
based on the expected time necessary to take the turbine off
line and put it on turning gear, but not less than 10 minutes.

3-5.3 The drainage system for continuous fuel oil-fired boil-
ers should consist of curbs and gutters arranged to confine
the area of potential fuel oil discharge. Consideration also
should be given to provide the same measures for coal-fired
boilers using oil for ignition. Walking surfaces in the vicin-
ity of burners should be made impervious to oil leakage by
the use of checkered steel plate, sheet metal drip pans, or
other means. Curbs in passageways should have ramps or
steps or be otherwise constructed to present no obstacle to
foot traffic. Gutter outlet pipes and all other drains should
be trapped to prevent the passage of flames and permit the
flow of oil. A clearance between the boiler front and the walk
structure is required for the differential movement when the
heated boiler elongates. This clearance space in the vicinity
of the burners should be flashed and counter-flashed with
sheet metal or otherwise arranged to allow movement and
to redirect dripping oil, which may impinge on the boiler
face.

3-5.4 Floor drainage from areas containing flammable or
combustible liquids should be trapped to prevent the spread
of burning liquids beyond the fire area.

3-5.5 Where gaseous fire suppression systems are installed,
floor drains should be provided with adequate seals or the
fire suppression system should be sized to compensate for
the loss of fire suppression agent through the drains.

3-5.6 Drainage facilities should be provided for outdoor oil-
insulated transformers or the ground should be sloped such
that oil spills will flow away from buildings, structures, and
adjacent transformers. Unless drainage from oil spills is
accommodated by sloping the ground around transformers
away from structures or adjacent equipment, consideration
should be given to providing curbed areas or pits around
transformers. The pit and/or drain system should be sized
in accordance with Section 3-5. If a layer of uniformly graded
stone is provided in the bottom of the curbed area or pit as
a means of minimizing ground fires the following should be
addressed:

(a) Sizing of the pit should allow for the volume of the
stone.

(b) The design should address the possible accumulation
of sediment or fines in the stone.

3-5.7 For facilities consisting of more than one generating
unit, a curb or trench drain should be provided on solid
floors where the potential exists for an oil spill, such that oil
released from an incident on one unit will not expose an adja-
cent unit.

3-5.8 For environmental reasons, liquid discharges result-
ing from oil spills or operation of a fire suppression system
may have to be treated (e.g., oil separation).

3-6 Lighting.

3-6.1 Emergency lighting should be provided for means of
egress (see NFPA 101, Life Safety Code).

3-7 Lightning Protection.

3-7.1 Lightning protection should be provided for those
structures having a risk index (R) of four or greater when
evaluated in accordance with Appendix I of NFPA 78, Light-
ning Protection Code.

Chapter 4 General Fire Protection Systems
and Equipment

4-1 General.

4-1.1 All fire protection systems, equipment, and installa-
tions should be dedicated to fire protection purposes.

4-2 Water Supply.

4-2.1 The water supply for the permanent fire protection
installation should be based on the largest fixed fire suppres-
sion system demand plus the maximum hose stream demand
of not less than 500 gpm (31.5 L/sec) for a 2-hour duration.

4-2.2 Where an adequate and reliable water supply, such
as a lake, cooling pond, river, or municipal water system, is
unavailable, at least two separate water supplies should be
provided for fire protection purposes with each supply capa-
ble of meeting the fire water flow requirements determined
by 4-2.1.

4-2.2,1 Where multiple fire pumps are required, the pumps
should not be subject to a common failure, electrical or
mechanical, and should be of sufficient capacity to meet the
fire flow requirements determined by 4-2.1 with the largest
pump out of service.

4-2.2.2 Fire pumps should be automatic starting with man-
ual shutdown. The manual shutdown should be at the pump
controllers only. (See NFPA 20, Standard for the Installation of
Centrifugal Fire Pumps.)

4-2.2.3 If tanks are of dual-purpose use, a standpipe or sim-
ilar arrangement should be provided to dedicate the amount
determined by paragraph 4-2.1 for fire protection use only.
(See NFPA 22, Standard for Water Tanks for Private Fire Pro-
tection.)

4-2.2.3.1 Where tanks are used, they should be filled from
a source capable of replenishing the 2-hour supply for the
fire protection requirement in an 8-hour period. The 8-hour
(time) requirement for refilling may be extended if the ini-
tial supply exceeds the minimum storage requirement on a
volume per time ratio basis. It normally is preferred for the
refilling operation to be accomplished on an automatic basis.

4-2.3 Each water supply should be connected to the yard
main by separate connections arranged and valve controlled
to minimize the possibility of multiple supplies being impaired
simultaneously.

4-2.4 In some rivers and tributaries the existence of micro-
organisms limits the use of raw water for fire protection with-
out treatment. Consideration of water quality may prevent
long-term problems relating to fire protection water supply.
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4-3 Valve Supervision.

4-3.1 All fire protection water supply and system control
valves should be under a periodic inspection program (see
Chapter 2) and should be supervised by one of the following
methods:

(a) Electrical supervision with audible and visual signals
in the main control room or another constantly attended loca-
tion.

(b) Locking valves open. Keys should be made available
only to those individuals directly involved with and respon-
sible for plant fire safety and security.

(c) Sealing of valves. This option should be followed only
when valves are within fenced enclosures under the control
of the property owner.

4-4 Yard Mains, Hydrants, and Building Standpipes.

4-4.1 Yard mains and outdoor fire hydrants should be
installed on the plant site. (See NFPA 24, Standard for the Instal-
lation of Private Fire Service Mains and Their Appurtenances.)

4-4.1.1 Remotely located plant-related facilities should be
reviewed on an individual basis to determine the need for
fire protection. If excessively long extensions of underground
fire mains are necessary for fire protection at these locations,
it may be acceptable to supply this need from an available
service main in the immediate area. Where common supply
piping is provided for service water and fire protection water
supply, it should be sized to accommodate both service water
and fire protection demands.

4-4.1.2 The supply mains should be looped around the
main power block and should be of sufficient size to supply
the flow requirements determined by 4-2.1 to any point in
the yard loop considering the most direct path to be out of
service. Pipe sizes should be designed to encompass any antic-
ipated expansion and future water demands.

4-4.1.3 Indicator control valves should be installed to pro-
vide adequate sectional control of the fire main loop to min-
imize plant protection impairments.

4-4.2 Each hydrant should be equipped with a separate
shutoff valve located on the branch connection to the sup-
ply main.

4-4.3 Interior fire protection loops are considered an exten-
sion of the yard main and should be provided with at least
two valved connections to the yard main with appropriate
sectional control valves on the interior loop.

4-4.4 Standpipe and Hose Systems.

4-4.4.1 Standpipe and hose systems should be installed (see
NFPA 14, Standard for the Installation of Standpipe and Hose Sys-
tems). The standpipe and hose system is an extension of the
yard fire main and hydrant system. The hose stations should
be capable of delivering the hose stream demand for the var-
ious hazards in buildings.
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4-4.4.2 Fire main connections for standpipes should be
arranged so that a fire main break may be isolated without
interrupting service simultaneously to both fixed protection
and hose connections protecting the same hazard or area.
Choice of Class I, II, or 111 systems should be by fire risk eval-
uation (see NFPA 14, Standard for the Installation of Standpipe
and Hose Systems).

4-4.4.3 The standpipe piping should be capable of provid-
ing minimum volume and pressure for the highest hose sta-
tions.

4-4.4.4 Due to the open arrangement of these plants, loca-
tions of hose stations should take into account safe egress for
personnel operating hose lines.

4-4.5 Hose Nozzles.

4-4.5.1 Spray nozzles having shutoff capability and listed
for use on electrical equipment should be provided on hoses
located in areas near energized electrical equipment.

4-4.6 Hose Threads.

4-4.6.1 Hose threads on hydrants and standpipe systems
should be compatible with fire hose used by the responding
fire departments.

4-5 Portable Fire Extinguishers.

4-5.1 Portable fire extinguishers should be provided (see
NFPA 10, Standard for Portable Fire Extinguishers).

4-6 Fire Suppression Systems and Equipment — General
Requirements.

4-6.1 Fire suppression systems and equipment should be
provided in all areas of the plant as identified in Chapter 5
or as determined by the fire risk evaluation. The applica-
ble NFPA standards should be used for design of the fire sup-
pression systems except as modified in this chapter.

4-6.2 Selection of extinguishing agent should be based upon:
(a) Type of hazard.
(b) Effect of agent discharge on equipment.
(c) Health hazards.

4-6.3 Fire Suppression System Safety Considerations.

It is imperative that safety in the use of any fire suppres-
sion system be given proper consideration and that adequate
planning be done to ensure safety of personnel.

Potential safety hazards could include impingement of high
velocity discharge on personnel, loss of visibility, hearing
impairment, reduced oxygen levels that will not support
breathing, toxic effects of the extinguishing agent, breakdown
products of the extinguishing agent, and electric conductiv-
ity of water-based agents.

When working in areas (e.g., combustion turbine compart-
ments) where egress is difficult, the fire extinguishing sys-
tem should be provided with an isolation (inhibit) switch to
prevent discharge of the system. A trouble indication should
be provided when the system is in the “inhibit” mode.
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NFPA standards for the extinguishing systems used should
be carefully studied and the personnel safety provisions fol-
lowed. Evacuation of a protected area is recommended before
any special extinguishing system discharges. Alarm systems
that are audible above machinery background noise, or that
are visual or olfactory or a combination, should be used where
appropriate. Personnel warning signs are necessary.

4-7 Fire Signaling Systems.

4-7.1 Fire detection and automatic fixed fire suppression
systems should be equipped with local audible and/or visual
signals with annunciation in the main control room or
another constantly attended location (see NFPA 72D, Stan-
dard for the Installation, Maintenance and Use of Proprietary Pro-
tective Signaling Systems, and 72G, Guide for the Installation,
Maintenance, and Use of Notification Appliances for Protective Sig-
naling Systems). Audible fire alarms should be distinctive from
other plant system alarms.

|4-7.2 Fire detection and automatic fixed-fire suppression

systems should be equipped with local audible and/or visual
signals with annunciation in the main control room or
another constantly attended location. Audible fire alarms
should be distinctive from other plant system alarms.

|4-7.3 Automatic fire detectors should be installed in accor-
dance with NFPA 72E, Standard on Automatic Fire Detectors.

4-7.4 The fire signaling system or plant communication sys-
tem should provide the following:

(a) Manual fire alarm devices (e.g., pull boxes or page
party stations) should be installed in all occupied buildings.
Manual fire alarm devices should be installed for remote yard
hazards as identified by the fire risk evaluation.

(b) Plant-wide audible fire alarm and/or voice communi-
cation systems for purposes of personnel evacuation and alert-
ing of plant emergency organization. The plant public address
system, if provided, should be available on a priority basis.

(¢) Two-way communications for the plant emergency
organization during emergency operations.

(d) Means to notify the public fire department.

Chapter 5 Identification of and Protection against
Hazards

5-1 General. The identification and selection of fire pro-
tection systems should be based on the fire risk evaluation.
This chapter identifies fire and explosion hazards in fossil
fueled electric generating stations and specifies the recom-
mended protection criteria unless the fire risk evaluation indi-
cates otherwise.

5-2 Fuel Handling — Gas.

5-2.1 The storage and associated piping systems for gases
in the gaseous or liquefied states should comply with NFPA
54, National Fuel Gas Code; NFPA 58, Standard for Storage and
Handling of Liquefied Petrolewm Gases; and ANSI B31.1, Code
| for Power Piping.

5-2.2 FElectrical equipment in areas with potentially hazard-
ous atmospheres should be designed and installed in com-
pliance with Articles 500 and 501 of NFPA 70, National
Electrical Code”™, and ANSI C2, National Electric Safety Code.

5-3 Fuel Handling — Oil.

5-3.1 Fuel oil storage, pumping facilities, and associated pip-
ing should comply with NFPA 30, Flammable and Combust:-
ble Liquids Code; NFPA 31, Standard for the Installation of Oil
Burning Equipment; and ANSI B31.1 Code for Power Piping.

|5-3.2 Internal tank heaters needed to maintain oil pump-

ability should be equipped with temperature sensing devices,
which alarm in a constantly attended area prior to overheat-
ing of the oil.

|5-3.3 External tank heaters should be interlocked with a
flow switch to shut off the heater if oil flow is interrupted.

{5-3.4 Tank filling operations should be monitored to pre-
vent overfilling.

|5-3.5 While oil unloading operations are in progress, the

unloading area should be manned by personnel properly
trained in the operation of pumping equipment, valving, and
firesafety.

5-3.6 Pump installations should not be located within tank
dikes.

5-3.7 Electrical equipment in areas with potentially hazard-
ous atmospheres should be designed and installed in com-
pliance with NFPA 30, Flammable and Combustible Liquids Code;
Articles 500 and 501 of NFPA 70, National Electrical Code; and
ANSI C2, National Electric Safety Code.

5-3.8 To prevent hazardous accumulations of flammable
vapors, ventilation for indoor pumping facilities for flammable
liquids should provide at least 1 cubic foot of exhaust air per
sq ft of floor area (0.30 m¥m?), but not less than 150
cu ft per minute (0.071 m?/sec).

|5-3.9 Fire Protection.

|5-3.9.1 Indoor fuel oil pumping and/or heating facilities
should be protected with automatic sprinklers, water spray,
foam water sprinklers, or gaseous total flooding system(s).
Local application dry chemical systems may be used in areas
that normally do not have reignition sources, such as steam
lines or hot boiler surfaces.

|5-3.9.2 The provision of foam systems for tank protection

should be considered in the fire risk evaluation with consid-
eration of exposure to other important structures, product
value, and resupply capability.

|5-3.9.3 Fuel oil handling and storage areas should be pro-
vided with hydrant protection in accordance with
Section 4-4.
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5-4 Fuel Handling — Coal.
5-4.1 Storage.

5-4.1.1 Coal storage piles are subject to fires caused by spon-
taneous heating of the coal. The coals most susceptible to self-
heating are those with high pyritic content and high intrinsic
moisture and oxygen content, such as low-rank coals. The
mixing of high pyritic coals with high moisture and oxygen
coals increases self-heating.

There are measures that can be taken to lessen the like-
lihood of coal pile fires. These measures are dependent upon
the type and rank of coal. Among the more important are:

(a) Short duration, active, or “live” storage piles should
be worked to prevent dead pockets of coal, a potential source
of spontaneous heating.

(b) Coal piles should not be located above sources of heat,
such as steam lines, or sources of air, such as manholes.

(¢) Coal placed in long-term storage should be piled in lay-
ers, appropriately spread, and compacted prior to the addi-
tion of subsequent layers to reduce air movement and to
minimize water infiltration into the pile.

(d) Different types of coal that are not chemically compat-
ible should not be stored in long-term storage piles.

(€) Access to coal storage piles should be provided for fire
fighting operations and for pulling out hot pockets of coal.

5-4.2 Bins, Bunkers, and Silos.

5-4.2.1 The following recommendations should be consid-
ered to reduce the probability of serious fire. (See NFPA 85F,
Standard for the Installation and Operation of Pulverized Fuel Sys-
tems.)

(a) Storage structures should be of noncombustible con-
struction and designed to minimize corners or pockets that
cause coal to remain trapped and present a potential for
spontaneous combustion.

(b) During planned outages, coal bins, bunkers, or silos
should be emptied to the extent practical.

(¢) The period of shutdown requiring emptying of the bins
depends on the spontaneous heating characteristics of the
coal. However, spontaneous heating can be slowed by min-
imizing air flow through the bins by such means as inerting
or filling the bins with high expansion foam.

(d) Once spontancous heating develops to the fire stage
it becomes very difficult to extinguish the fire short of emp-
tying the bin, bunker, or silo. Therefore, provisions for emp-
tying the bunker should be provided. This may take the form
of conveyors discharging to a stacking out pile. Another
method would use flanged openings for removing the coal
if adequate planning and necessary equipment have been pro-
vided. Removing hot or burning coal can lead to a dust explo-
sion if a dust cloud develops. Therefore, means should be
provided to prevent a dust cloud, such as covering the coal
with a blanket of high expansion foam.

(e) Care should be taken when working in enclosed areas
near coal bins, bunkers, or silos in confined areas since spon-
taneous heating of coal can generate gases that are both toxic
and explosive. Fixed or portable carbon monoxide monitor-
ing should be provided to detect spontaneous heating and
hazardous conditions.
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(f) Dust-tight barriers should be provided between the
boiler house and the areas of the coal handling system above
the bin, bunker, or silo.

5-4.3 Dust Suppression and Control.

5-4.3.1 Coal dust generated due to coal handling constitutes
a fire and explosion hazard that should be controlled by one
or more of the following methods:

(a) Dust collection system
(b) Dust suppression system
(c) Open-air construction.

Where dust collection or suppression systems are installed
to prevent hazardous dust concentration, appropriate elec-
trical and mechanical interlocks should be provided to pre-
vent the operation of coal handling systems prior to the
starting and sustained operation of the dust control equip-
ment.

NOTE: Constructing enclosure hoods at transfer points can
minimize the amount of dust released to surrounding areas,
which may reduce the need for dust collection.

5-4.3.2 Dust suppression systems usually consist of spray
systems using water and/or surfactants to reduce the dust gen-
eration of coal handling operations. The sprays are normally
applied at or near those locations where the coal is transferred
from one conveyor to another.

5-4.3.3 For dust collection systems provided for handling
combustible dusts, see NFPA 91, Standard for the Installation
of Blower and Exhaust Systems for Dust, Stock, and Vapor Remouval
or Conveying. Other recommendations for reducing the prob-
ability of explosion and fire from coal dust are:

(a) Fans for dust collectors should be installed downstream
of the collectors so that they handle only clean air.

(b) For dust collectors vented to the outside see NFPA 68,
Guide for Venting of Deflagrations. Explosion suppression sys-
tems may be provided for dust collection systems that can-
not be safely vented to the outside. (See NFPA 69, Standard
on Explosion Prevention Systems.)

(c) Dust collection hoppers should be emptied prior to
shutting down dust removal systems to reduce the likelihood
of collector fires originating from spontaneous heating in the
dust hopper.

(d) High level detection with annunciator alarm should
be provided for the dust hoppers.

5-4.3.4 Cleaning methods such as vigorous sweeping of dust
or blowing down with steam or compressed air should not
be used since these methods can produce an explosive atmo-
sphere. Preferred cleaning methods would use appropriate
portable or fixed pipe vacuum cleaners of a type approved
for dust hazardous locations or low velocity water spray noz-
zles and hose.

5-4.4 Coal Conveyors.

5-4.4.1 Coal conveyor belts should be of material designed
to resist ignition. U.S. Mine Safety and Health Administra-
tion and Canadian Bureau of Mines Standards for fire retar-
dant conveyor belt materials should be used as a guide.
However, “fire retardant” belt materials will burn and there-
fore may require additional fire protection.
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5-4.4.2 Each conveyor system should be arranged to auto-
matically shut off driving power in the event of belt slowdown
of greater than 20 percent, or misalignment of belts. In addi-
tion, a complete belt interlock shutdown system should be
provided so that, if any conveyor stops, the power to all con-
veyor systems feeding that belt would be shut down automat-
ically.

5-4.4.3 Hydraulic systems should use only listed fire retar-
dant hydraulic fluids. Where unlisted hydraulic fluids must
be used, consideration should be given to protection by a fire
suppression system.

5-44.4 Foreign materials pose a threat to crushers, pulver-
izers, and feeders by interrupting the flow of coal or by caus-
ing sparks capable of igniting coal dust/air mixtures. Methods
of removing tramp metals and other foreign materials include
magnetic separators, pneumatic separators, and screens.
Means for removing such foreign material should be provided
as early in the coal handling process as possible.

5-4.5 Coal Conveying and Handling Structures.

5-4.5.1 Coal conveying and handling structures and sup-
ports should be of noncombustible construction.

5-4.5.2 The accumulation of coal dust in enclosed buildings
can be reduced by designing structural members such that
their shape or method of installation minimizes the surface
area on which dust can settle. Consideration should be given
to installing structural members exterior to the enclosure.
Access should be provided to facilitate cleaning of all areas.

5-4.5.3 For explosion venting for enclosed structures see
NFPA 68, Guide for Venting of Deflagrations.

5-4.5.4 Provision should be made for deenergizing both
lighting and electrical power circuits without requiring per-
sonnel to enter dust-producing sections of the plant during
emergencies.

|5-4.5.5 Areas of the coal handling system requiring heat

should use approved heaters suitable for hazardous areas.
The heating equipment should be kept free of dusts and
should be designed to limit surface temperature to 329°F
(165°C).

5-4.5.6 Flectrical equipment within coal handling areas
| should be approved for use in hazardous locations Class 11,
Division 1 or Division 2, Group F. Electrical equipment sub-
ject to accumulations of methane gas or carbon monoxide
should also be listed and installed, as appropriate, for use in
hazardous locations Class I, Division 2, Group D. (See Arti-
cles 500 and 501 of NFPA 70, National Electrical Code, and Sec-
tion 127 of ANSI C2, National Electrical Safety Code.)

NOTE: Under some unusual conditions coal dust may need
to be treated as Class 11, Group E or G, due to its resistivity.

5-4.5.7 Static electricity hazards should be minimized by the
permanent bonding and grounding of all equipment, includ-
ing duct work, conveyor drive belts, pulleys, idlers, take-up

reels, motor drives, dust collection equipment, and vacuum
cleaning equipment. (See NFPA 77, Recommended Practice on
Static Electricity.)

5-4.6 Fire Protection.

5-4.6.1 Automatic sprinkler or water spray systems should
be provided for coal handling structures, which are critical
to power generation and subject to accummulations of coal
or coal dust. Sprinkler systems should be designed for a min-
imum of 0.25 gpm per sq ft (0.17 L/sec per m”) density over
a 2500 sq ft (232 m”) area. If water spray systems are used
to protect structures, the same densities should be used.

5-4.6.2 Automatic water spray or sprinkler systems should
be provided for enclosed coal conveyors, which are critical
to continuous power generation. Sprinklers should be
designed for a minimum of 0.25 gpm/ft2 (0.17 Lisec per m®)
density over 2000 ft* (186 m®) of enclosed area (see NFPA
13, Standard for the Installation of Sprinkler Systems). For water
spray design criteria see NFPA 15, Standard for Water Spray
Fixed Systems for Fire Protection.

5-4.6.2.1 If a sprinkler system is used to protect the coal
conveyor, particular care must be exercised in locating closed
sprinkler heads so that they will be in the path of the heat
produced by the fire and still be in a position to provide good
coverage of all belt surfaces along the conveyor.

5-4.6.2.2 Conveyors that are below grade or enclosed are
extremely hazardous to maintenance or fire fighting person-
nel in the event of a fire. Automatic water spray or sprinkler
systems should be provided for these conveyors even though
they may not be critical to plant operations.

5-4.6.2.3 Actuation of water spray or sprinkler systems
should shut down the conveyor belt involved and all conveyor
belts feeding the involved belt.

|5-4.6.2.4 Dust collectors and fans should automatically shut
down along with other related equipment upon detection of
fire.

|5-4.6.2.5 Draft barriers installed at the end and mid-points

of enclosed conveyors should be considered in the fire risk
evaluation. Draft barriers will reduce the response time of
|installed automatic sprinkler or detection systems and min-
imize the chimney effects in the event of fire.

5-4.6.3 Stacker-reclaimer conveyors present unique fire pro-
tection concerns. Protection of the equipment and safety of
the personnel is made more difficult due to the movement-
in-place capabilities of the equipment and its mobility and
movement along a fixed rail system. Provision of hydrants
“in the area” may not be sufficient protection primarily due
to the extreme delay in response in the event of fire emer-
gency and the difficulty in reaching all areas involved in a
fire with hand-held hose equipment.

Consideration should be given to the installation of an
automatic water spray or sprinkler system over the conveyor
belt and striker plate areas within the stacker-reclaimer. Water
supply could be from a 3000 to 5000 gal (11,355 to
18,925 L) capacity pressure tank located on-board. A fire
department pumper connection should be provided so con-
nection can be made to the fire hydrants in the area during
down or repair periods to provide a more adequate water
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supply. Consideration should be given to protecting enclosed
electrical control cabinets by a preengineered fixed automatic
gaseous-type suppression system activated by a fixed temper-
ature detection system.

5-4.6.4 Bag-type coal dust collectors that are located inside
buildings or structures should be protected with automatic
sprinkler or water spray systems inside of the collectors.

5-4.6.4.1 Sprinklers for bag-type dust collectors should be
designed for ordinary hazard systems. Sprinkler and water
spray systems should be designed for a density of 0.20 gpm
(0.013 L/sec) over the projected plan area of the dust
collector.

5-4.6.4.2 Protection inside dust collectors should include the
clean air plenum and the bag section. If the hopper is
shielded from water discharge, sprinklers also should be pro-
vided in the hopper section.

5-4.6.4.3 Consideration should be given to provide auto-
matic sprinkler systems for bag-type dust collectors located
outdoors that:

(a) Are in continuous operation,
(b) Process large amounts of coal dust,

(c) Have limited access for manual fire fighting. An exam-
ple of limited access would be collectors that have catwalks
for access.

5-5 Steam Generator.

5-5.1 For boiler-furnaces see NFPA 85A, Standard for Pre-
vention of Furnace Explosions in Fuel Oil- and Natural Gas-Fired
Single Burner Boiler-Furnaces; NFPA 85B, Standard for Preven-
tion of Furnace Explosions in Natural Gas-Fited Multiple Burner
Boiler-Furnaces; NFPA 85D, Standard for Prevention of Furnace
Explosions in Fuel Oil-Fired Multiple Burner Boiler-Furnaces;
NFPA 85E, Standard for Prevention of Furnace Explosions in Pul-
verized Coal-Fired Multiple Burner Boiler-Furnaces; and NFPA
85G, Standard for the Prevention of Furnace Implosions in Mul-
tiple Burner Boiler-Furnaces.

5-5.2 Fire Protection.

5-5.2.1 Boiler furnaces with multiple oil-fired burners or
using oil for ignition should be protected with automatic
sprinkler, water spray, foam, or foam-water sprinkler systems
covering the burner front oil hazard.

5-5.2.2 Boiler front fire protection systems should be
designed to cover the fuel oil burners and ignitors, adjacent
fuel oil piping and cable, a 20 ft (6.1 m) distance from the
burner and ignitor including structural members and walk-
ways at these levels. Additional coverage should include area
where oil may collect. Sprinkler and water spray systems
should be designed for a density of 0.25 gpm/ft’
(0.17 L/sec per m®) over the protected area.

5-5.3 Pulverizers.

5-5.3.1 For pulverized fuel systems see NFPA 85F, Standard
for the Installation and Operation of Pulverized Fuel Systems.

5-5.3.2 Carbon monoxide gas detection systems should be

considered for pulverizers as an early warning for conditions
leading to fires and explosions.
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5-5.4 Boiler Feed Pumps.

5-5.4.1 Coverage of steam-driven boiler feed pumps should
include oil lubrication lines, bearings, and oil reservoirs. Acci-
dental water discharge on bearing points and hot turbine
parts should be considered. If necessary these areas may be
protected by shields and casing insulation with metal covers.
Boiler feed pumps that are electric motor-driven, with lubri-
cating or hydraulic oil hazards, may require protection
depending on the quantity of oil, oil pressure, or exposure
to other equipment.

5-5.4.2 Hydraulic and lubricating oil hazards associated with
boiler feed pumps that are driven with steam turbines should
be protected with automatic sprinkler, water spray, or foam-
water sprinkler systems.

5-6 Flue Gas.

5-6.1 Forced Draft, Induced Draft, and Flue Gas Recircu-
lation Fans.

5-6.1.1 Coverage of steam-driven fans should include oil
lubrication lines, bearings, and oil reservoirs. Accidental water
discharge on bearings points and hot turbine parts should
be considered. If necessary, these areas may be protected by
shields and casing insulation with metal covers. Water spray
systems for steam turbine-driven forced draft and induced
draft fans should be designed for a density of 0.25 gpm/ft*
(0.17 L/sec per m?) over the oil containment equipment sur-
face. Water spray systems should be designed for 0.25 gpm/ft®
(0.17 L/sec per m”) for a minimum 20 ft (6.1 m) from the
hazard. Combustible oil hazards associated with forced and
induced draft fans driven with steam turbines should be pro-
tected with automatic sprinkler, water spray, or foam-water
sprinkler systems. (See NFPA 13, Standard for the Installation
of Sprinkler Systems; NFPA 15, Standard for Water Spray Fixed
Systems for Fire Protection; and NFPA 16, Standard on Deluge
Foam-Water Sprinkler and Foam-Water Spray Systems.)

5-6.1.2 Forced draft fans, induced draft fans, and flue gas
recirculation fans should use a listed fire resistant fluid for
hydraulic drives. Where non-approved hydraulic fluids are
used, protection should be provided as described in 5-6.1.1.

5-6.2 Regenerative Air Heaters.

5-6.2.1 Fires have occurred in air heaters after the accu-
mulation of appreciable quantities of unburned combustibles
on plate surfaces resulting from incomplete combustion of
fuel in the boiler. Incomplete combustion is most likely to
occur during startup. Incomplete combustion also can occur
during load changes, periods of low firing rate, or normal
operation due to unstable or over-rich firing.

Fire-loss experience does not presently indicate the need
for special protection for other than regenerative-type air
heaters. Regenerative-type air heater fires have occurred
when firing on all types of fuel. Fires have occurred most fre-
quently when firing oil or shortly after changing to pulver-
ized coal from oil.

5-6.2.2 Temperature sensors should be provided in the inlet
and outlet ducts for both flue gas and air. An alarm should
be provided in the control room to alarm when air or flue
gas temperatures exceed 50°F (28°C) above normal operat-
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ing temperature. Temperature sensors alone may not be ade-
quate to provide early warning of a fire in an air heater. In
large air heaters, air flow rates are high enough so that a fire
will be well developed before temperature increases enough
to alarm and warn the operator. The length of time the oper-
ator has to take action is greatly reduced and severe dam-
age can occur. The installation of a special detection system
may allow operators time to quickly detect a fire, isolate the
air heater, open drains, and activate the water spray system.

NOTE: Special detection systems currently used are:

(a) Infrared detection systems to monitor rotor or stator sur-
faces, and

(b) Line-type detectors between intermediate and cold-end
basket layers.

There has been limited fire experience with both systems
to date. Low light television cameras mounted outside the air
heater have a possible application in air heater fire detection.

5-6.2.3 A minimum of one observation port should be pro-
vided in the inlet and/or outlet ducts for both flue gas and
air. Large air heaters may require more than one observa-
tion port. Observation ports should be placed such that they
are accessible for viewing the rotor or stator surface.

5-6.2.4 A manual water spray system should be provided
to protect the rotor or stator. The water spray system should
be capable of being activated from the control room and/or
from the air heater area. When the rotor or stator is hori-
zontal, water spray applied to the upper surface can be
expected to flow by gravity down over plate surfaces. A min-
imum of 0.60 gpm/ft® (0.41 L/sec per m?) density is recom-
mended. When the rotor or stator is vertical, water spray
must be applied to both sides to obtain adequate penetra-
tion. A minimum of 0.30 gpm/ft® (0.20 L/sec per m?) den-
sity is recommended on both sides. Water wash systems may
not be adequate to give full coverage because of rotor drive
failure.

5-6.2.5 Access hatches for use of hose streams should be pro-
vided. Hatches should be designed for quick access. A min-
imum of one hatch should be provided per 10 ft (3.0 m) of
rotor or stator diameter. For horizontal shaft air heaters,
access should be provided on both sides of the rotor or sta-
tor. For vertical shaft units, access hatches should be provided
above the rotor or stator with one hatch below for units under
20 ft (6.1 m) diameter and two hatches below for units
20 ft (6.1 m) or more in diameter.

5-6.2.6 Drains from air heaters and/or ducts should be acces-
sible or controlled by remotely operated valves.

5-6.2.7 A zero speed switch with alarm in the control room
should be provided on the rotor shaft or on the output shaft
from the fluid coupling or gear reducer. A zero speed alarm
warns of stoppage of the rotor or air hoods. This could be
due to failure of the drive motor or coupling that will lead
to overheating of a section of the rotor or stator, which may
result in a fire. Stoppage may also be caused by high tem-
peratures generated by a fire that has caused the rotor to
bind against the housing, or the air hoods to bind against
the stator.

5-6.3 Flue Gas Bag-Type Dust Collectors.

5-6.3.1 Flue gas bag-type dust collectors (also known as fab-
ric filters) can be damaged by overheating or fire. Filter media
can be damaged by flue gases entering at a temperature
above the operating temperature of the filter media. Fires
have been caused by incomplete combustion in the boiler
resulting in carry-over of burning particulate igniting the filter
media and by maintenance operations such as cutting and
welding.

5-6.3.2 Collectors equipped with bags that have an oper-
ating temperature limit exceeding 400°F (204°C) should be
subdivided into compartments by noncombustible partitions.
The partitions should extend through the flue gas bag area.
The filter bag area provided in each compartment should
be such that the fabric filter systems will not limit boiler load
with one compartment fully isolated to repair damaged filter
bags. The pressure drop across the fabric filter system should
not increase significantly when one compartment is isolated.

5-6.3.3 Collectors equipped with other types of bags should
be subdivided into compartments by partitions of 30-minute
fire resistance if no automatic sprinkler protection is provided
or noncombustible partitions if sprinklers are provided. Par-
titions should extend from the hopper, through the bag area
to the clean air plenum. Protection inside dust collectors
should include the bag area. The design density should be
0.20 gpm/sq ft (0.14 L/sec per m?) over the plan area of the
dust collector.

If automatic sprinkler protection is provided, structural
design of the collector should take into consideration max-
imum water loading. A method should be provided for drain-
age of water from the hoppers.

5-6.3.4 FEach compartment should be equipped with a heat
detection system, arranged to alarm in a constantly attended
area at a temperature 50°F (28°C) above normal operating
temperature.

5-6.3.5 One of the following should be provided to prevent
high temperature inlet flue gas from damaging the bags:

(a) Where permitted for emergency conditions, an auto-
matic isolation valve and bypass duct to divert inlet gas
streams around the flue gas bag collector. or

(b) A flue gas tempering water spray system in the duct
between the boiler and the flue gas bag collector.

5-6.3.6 Manual fire fighting equipment should be available
to personnel performing maintenance on a collector. A stand-
pipe system should be provided such that each compartment
is accessible by at least one hose system.

5-6.3.7 Access doors or hatches for manual fire fighting and
viewing ports should be provided for all compartments.

5-6.4 Electrostatic Precipitators.

5-6.4.1 Electrostatic precipitators can be damaged by heat
from a fire. High temperatures can warp collecting plates,
decreasing collection efficiency. Combustibles may be gen-
erated by over-rich boiler-furnace firing. Solid and liquid
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products of incomplete combustion can be collected on plate
surfaces. Ignition can occur by arcing in the electrostatic pre-
cipitator.

5-6.4.2 Temperature sensors should be provided in the inlet
and outlet ducts. Alarms should be provided in the control
room to indicate abnormal operating temperatures.

NOTE: Temperature sensors alone may not be adequate to
provide early warning of a fire in an electrostatic precipita-
tor.

5-6.4.3 Transformer-rectifier sets should use high fire point
insulating fluids or should be of the dry type. If mineral oil
insulating fluids are used, hydrants or standpipes should be
located so that each transformer-rectifier set can be reached
by at least one hose stream. In addition either of the follow-
ing should be provided:

(a) Automatic sprinkler or automatic water spray protec-
tion. Fire protection water spray systems provided for
transformer-rectifier sets should be designed for a density
of 0.25 gpm/ft® (0.17 L/sec per m?) over the exposed surface
of the transformer-rectifier set. Automatic sprinkler systems
should be designed for a density of 0.25 gpm/sq ft
(0.17 L/sec per m®) over 3500 sq ft (325 m?). The drain sys-
tem should be capable of handling oil spillage plus the larg-
est design water flow from the fire protection system.

(b) Fire barrier(s) or spatial separation in accordance with
Chapter 3. (See 3-1.3 and 3-1.4.)

5-6.5 Scrubbers and Exhaust Ducts.

5-6.5.1 Fires can occur in scrubbers and ducts with plas-
tic or rubber linings. Many of these fires have been experi-
enced during construction. Sparks or hot metal from cutting
and welding are frequent sources of ignition. Some types of
plastic or rubber linings are more difficult to ignite than oth-
ers, but all are combustible. Scrubbers, linings, and ducts
should be constructed of noncombustible materials. Where
combustible linings are used, the linings should be protected
with automatic water spray systems. These systems may be
the spray systems designed for normal scrubber operation
or a specially designed fire protection system. Corrosion-
resistant materials should be used for the water spray fixed
system. Water spray systems required for combustible-lined
scrubbers should be designed carefully such that spray pat-
terns are not obstructed and cover the liner completely. The
design density will be dependent on the specific material used
in the liner, its ease of ignition, flame spread, rate of heat
release, etc.

Corrosion resistant blow-off caps on the spray nozzles are
desirable to prevent nozzle plugging.

5-6.5.2 Signs should be placed to identify all combustible-

lined equipment for use in planning maintenance activities
involving welding, cutting, or other hot work.

5-6.5.3 Limestone Conveyors.

5-6.5.3.1 Limestone conveyors for use with flue gas desulfu-
rization systems should meet the fire protection recommen-
dations of Sections 5-4.4.1, 5-4.4.2, 5-4.4.3, and 5-4.5.1.

5-6.6 Stacks.
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5-6.6.1 Noncombustible liners should be used where prac-
tical. (See Appendix B for fire tests.)

5-6.6.2 Combustibles should not be stored in the space
between the concrete shell and the combustible liner unless
the liner is adequately protected by a fire barrier. The bar-
rier could be either a 2-hour fire barrier or a 1-hour fire bar-
rier if automatic sprinkler protection is provided over the
combustible material.

5-6.6.3 A fire protection system should be provided for
maintenance operations inside plastic stack liners. A fixed pro-
tection system installed on scaffolding is recommended. It
should be capable of both manual and automatic operation
and designed to protect the work platform, and twice the area
that can be reached by workers on the platform.

5-6.6.4 Ignition sources should be eliminated when work-
ing inside plastic liners.

5-7 Turbine-Generator.

5-7.1 Hydrogen System.

5-7.1.1 For hydrogen storage systems see NFPA 50A, Sian-
dard for Gaseous Hydrogen Systems at Consumer Sites, or NFPA
50B, Standard for Liquefied Hydrogen Systems at Consumer Siles.

Bulk hydrogen systems supplying one or more generators
should have automatic valves located at the supply and oper-
able either by “dead man” type controls at the generator fill
point(s) or operable from the control room. This would min-
imize the potential for a major discharge of hydrogen in the
event of a leak from piping inside the plant. Alternatively,
vented guard piping may be used in the building to protect
runs of hydrogen piping.

Routing of hydrogen piping should avoid hazardous areas
and areas containing critical equipment.

5-7.1.2 Redundant hydrogen seal oil pumps with separate
power supplies should be provided for adequate reliability
of seal oil supply.

Where feasible, electrical circuits to redundant pumps
should be run in buried conduit or provided with fire retar-
dant coating if exposed in the area of the turbine genera-
tor to minimize possibility of loss of both pumps as a result
of a turbine generator fire.

5-7.1.3 A flanged spool piece or equivalent arrangement
should be provided to facilitate the separation of hydrogen
supply when the generator is opened for maintenance.

5-7.1.4 For electrical equipment in the vicinity of the hydro-
gen handling equipment, including detraining equipment,
seal oil pumps, valves, etc., see Article 500 of NFPA 70,
National Electrical Code, and Section 127 of ANSI C2, National
Electrical Safety Code.

5-7.1.5 Control room alarms should be provided to indi-
cate abnormal gas pressure, temperature, and percentage of
hydrogen in the generator.
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5-7.1.6 Hydrogen lines should not be piped into the con-
trol room.

5-7.1.7 The generator hydrogen dump valve and hydro-
gen detraining equipment should be arranged to vent directly
to a safe outside location. The dump valve should be remotely
operable from the control room or an area accessible dur-
ing a machine fire.

5-7.2 Hydraulic Control System.

5-7.2.1 The hydraulic control system should use a listed fire
resistant fluid.

If a listed fire resistant fluid is not used, hydraulic control
equipment should be protected as described in 5-7.4.

Fire extinguishing systems, where required for hydraulic
control equipment, should include reservoirs and stop, inter-
cept, and reheat valves.

5-7.3 Lubricating Oil Systems.

|5-7.3.1 Turbine lubricating oil reservoirs should be provided
with a vapor extractor, vented to a safe outside location.

|5-7.3.2  All oil piping serving the turbine-generator should
be designed and installed to minimize the possibility of an
oil fire in the event of severe turbine vibration.

Piping design and installation should consider the follow-
ing protective measures:

(a) Welded construction.

(b) Guard pipe construction with the pressure feed line
located inside the return line, or in a separate shield pipe
drained to the oil reservoir.

(c) Route oil piping clear of or below steam piping or metal
parts.

(d) Insulation with impervious lagging for steam piping
or hot metal parts under or near oil piping or turbine bear-
ing points.

NOTE: On some turbine-generators employing the guard
pipe principle, the guard piping arrangement terminates
under the machine housing where feed and return piping run
to pairs of bearings. Such locations are vulnerable to break-
age with attendant release of oil in the event of excessive
machine vibration and should be protected.

5-7.3.3 Itis desireable to provide for remote operation, pref-
erably from the control room, of the condenser vacuum break
valve. Breaking the condenser vacuum markedly reduces the
rundown time for the machine and thus limits oil discharge
in the event of a leak.

5-7.4 Fire Protection.

5-7.4.1 An automatic sprinkler or foam-water sprinkler sys-
tem should be provided beneath the turbine-generator oper-
ating floor to provide coverage extending at least 20 ft (6.1
m) beyond the lubricating oil system and oil collection areas.
All lower floors and condenser pits that are subject to oil flow
or accumulation should be similarly protected. This cover-
age normally includes all areas beneath the operating floor

in the turbine building. The sprinkler system beneath the
turbine-generator should be desxgned to a density of
0.30 gpm per sq ft (0.20 L/sec per m ¥) over an application
of 3000 sq ft (279 m %) and 0.2 gpm per sq ft (0.14 L/sec per
|m ’y over an area of 10,000 sq ft (929 m .

Electrical equipment in the area covered by a water sys-
tem should be of the enclosed type to minimize damage in
the event of system operation.

5-74.2 Turbine-generator bearings should be protected with
a manually or automatically operated closed-head sprinkler
system utilizing directional nozzles. Fire protection systems
for turbine-generator bearings should be de51gned for a den-
sity of 0.25 gpm per sq ft (0.17 L/sec per m®) over the pro-
tected area.

Accidental water discharge on bearing points and hot tur-
bine parts should be considered. If necessary, these areas may
be protected by shields and encasing insulation with metal
covers.

If a manually operated water system is installed, consid-
eration should be given to a supplemental automatic gaseous
fire extinguishing system.

5-7.4.3 Lubricating oil lines above the turbine operating
floor should be protected with an automatic sprinkler sys-
tem covering those areas subject to oil accumulation includ-
ing the area within the turbine lagging (skirt). The automatic
sprinkler system should be designed to a density of 0.30 gpm
per sq ft (0.20 L/sec per m®).

5-7.4.4 Lubricating oil reservoirs and handling equipment
should be protected with automatic sprinkler, water spray,
foam-water sprinkler system, or total flooding gaseous-type
extinguishing system. Automatic sprinkler systems for lubri-
cation oil reservoirs and handling equipment should be
designed for a density of 0.25 gpmy/fi™ (0.17 Li/sec per m” %) over
the enclosed area, or a minimum 2500 sq ft (232 m®). Water
spray systems should be designed for a minimum density of
0.25 gpmy/sq ft (0.17 L/sec per m*) over the reservoir and oil
handling equipment.

5-7.4.5 The area inside a directly connected exciter hous-
ing should be protected with a total flooding automatic car-
bon dioxide system.

5-7.4.6 Hydrogen seal oil units not located beneath the tur-
bine generator should be protected in accordance with

5-7.4.4. Sprinkler protection for hydrogen seal oil units
should be de51gned for a density of 0.25 gpm/sq ft
(0.17 L/sec per m®) for a distance of 20 ft (6.1 m) from the
oil containing equipment. Water spray protection should be
designed for 0.25 gpmy/sq ft (0.17 L/sec per m*) over the area
where oil may accumulate.

NOTE: Additional information concerning turbine-generator
fire protection can be found in EPRI Research Project
1843-2 report, Turbine Generator Fire Protection by Sprinkler Sys-
tem, July 1985.

5-7.4.7 Clean/dirty oil storage areas should be protected

based on the fire risk evaluation. This area generally repre-
sents the largest concentrated oil storage in the plant. The
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designer should consider, as a minimum, the installation of
fixed automatic fire protection systems and the ventilation
and drainage requirements in Chapter 3.

5-8 Electrical Equipment.

5-8.1 Control, Computer, and Communication Rooms.
5-8.1.1 Control/computer/telecommunication rooms should
meet applicable requirements of NFPA 75, Standard for the
Protection of Electronic Computer/Data Processing Equipment.

5-8.1.2 A smoke detection system should be installed
throughout these rooms, including walk-in-type consoles,
above suspended ceilings where combustibles are installed
and below raised floors. Where the only combustibles above
the false ceiling are cables in conduit and the space is not used
as a return air plenum, smoke detectors may be omitted from
this area.

5-8.1.3 A pre-action sprinkler system, designed in accor-
dance with NFPA 13, Standard for the Installation of Sprinkler
Systems, for the computer or telecommunications rooms
should be considered during the fire risk evaluation. In addi-
tion, Halon 1301 fire extinguishing systems, designed in
accordance with NFPA 12A, Standard on Halon 1301 Fire Extin-
guishing Systems, or carbon dioxide fire extinguishing systems,
designed in accordance with NFPA 12, Standard on Carbon
Dioxide Extinguishing Systems, should be considered for areas
beneath raised floors that contain cables, or for areas or enclo-
sures containing equipment that is of high value or is crit-
ical to power generation. Individual equipment/cabinet
protection could be considered in lieu of total flooding sys-
tems.

5-8.1.4 Cable raceways not terminating in the control room
should not be routed through the control room.

5-8.2 Cable Spreading Room and Cable Tunnels.

5-8.2.1 Cable spreading rooms and cable tunnels should
be protected with automatic sprinkler, water spray, or auto-
matic gaseous extinguishing systems. Automatic sprinkler
systems should be designed for a density of 0.30 gpm/sq ft
(0.20 L/sec per m®) over 2500 sq ft (232 m®). For Halon 1301
systems a design concentration of 6 percent for a 10 minute
soaking time should be provided. (See NFPA 12, Standard on
Carbon Dioxide Extinguishing Systems; NFPA 124, Standard on
Halon 1301 Fire Extinguishing Systems; NFPA 13, Standard for
the Installation of Sprinkler Systems; NFPA 15, Standard for Water
Spray Fixed Systems for Fire Protection; and NFPA 16, Standard
on Deluge Foam-Water Sprinkler Systems and Foam-Water Spray
Systems.)

5-8.2.2 Cable spreading rooms and cable tunnels should be
provided with an early warning fire detection system.

5-8.3 Grouped Electrical Cables.

5-8.3.1 Consideration should be given to the use of fire
retardant cable insulation such as those passing the Flame
Propagation Test of the Institute of Electrical and Electron-
ics Engineers (IEEE-383). Grouped electrical cables should
be routed away from exposure hazards or protected as
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required by the fire risk evaluation. In particular, care should
be taken to avoid routing cable trays near sources of igni-
tion or flammable/combustible liquids. When such routing
is unavoidable, cable trays should be designed and arranged
to prevent the spread of fire.

5-8.3.2 Cable trays subject to accumulation of coal dust and
the spread of an oil spill should be covered by sheet metal.
Where potential oil leakage is a problem, solid-bottom trays
should be avoided. Changes in elevation can prevent oil travel
along cables in a tray.

5-8.3.3 The fire risk evaluation should consider the pro-
vision of fire suppression systems and/or fire retardant cable
coatings for protection of cable concentrations from expo-
sure fires. Care should be exercised in the selection of fire
retardant coatings to ensure that derating of the cable is con-
sidered. Consideration also should be given to the ability to
add or remove cables and to make repairs to cables protected
with fire retardant coatings.

5-8.4 Switchgear and Relay Rooms.

5-8.4.1 Switchgear rooms and relay rooms should be pro-
vided with smoke detection systems.

5-8.5 Battery Rooms.

5-8.5.1 Battery rooms should be provided with ventilation
to limit the concentration of hydrogen to 1 percent by vol-
ume.

5-8.6 Transformers.

5-8.6.1 Oil-filled main, station service, and start-up trans-
formers should be protected with automatic water spray or
foam-water spray systems. (See NFPA 15, Standard for Water
Spray Fixed Systems for Fire Protection; NFPA 16, Standard on
Deluge Foam-Water Sprinkler and Foam-Water Spray System; and
NFPA 11, Standard for Low Expansion Foam and Combined Agent
Systems.)

5-9 Auxiliary Equipment and Other Structures.

5-9.1 Emergency Generators.

5-9.1.1 For installation and operation of emergency gen-
erators driven by stationary combustion engines or gas tur-
bines, see NFPA 37, Standard for the Installation and Use of
Stationary Combustion Engines and Gas Turbines.

5-9.1.2 Stationary combustion engines and gas turbines
located within main plant structures should be protected by
automatic sprinkler, water spray, foam-water sprinkler, or
gaseous-type extinguishing systems. Sprinkler and water spray
protection systems should be designed for a 0.25 gpm/sq ft
(0.17 Vsec per m®) density over the fire area.

When gaseous suppression systems are used on combus-
tion engines that may be required to operate during the sys-
tem discharges, consideration should be given to the supply
of engine combustion air and outside air for equipment
cooling.
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|5-9.2 Storage Rooms, Offices, and Shops.

5-9.2.1 Automatic sprinklers should be provided for stor-
age rooms, offices, and shops containing combustible mate-
rials that present an exposure to surrounding areas that are
critical to plant operations. See NFPA 13, Standard for the
Installation of Sprinkler Systems; NFPA 231, Standard for Gen-
eral Storage; and NFPA 231C, Standard for Rack Storage of Mate-
rials. (For oil storage rooms, see 5-7.4.7.)

5-9.3 Warehouses.

5-9.3.1 Automatic sprinklers should be provided for ware-
houses that contain high-value equipment and combustible
materials that are critical to power generation or that con-
stitute a fire exposure to other important buildings. See NFPA
13, Standard for the Installation of Sprinkler Systems; NFPA 231,
Standard for General Storage; and NFPA 231C, Standard for Rack
Storage of Materials.

5-9.4 Fire Pumps.

5-9.4.1 Rooms housing diesel-driven fire pumps should be
protected by automatic sprinkler, water spray, or foam-water
sprinkler systems. If sprinkler and water spray protection sys-
tems are provided for fire pump houses, they should be
designed for a density of 0.25 gpm/sq ft (0.17 L/sec per m®)
over the fire area.

5-9.5 Cooling Towers.

5-9.5.1 Cooling towers of combustible construction that are
essential to continued plant operations should be protected
by automatic sprinkler or water spray systems in accordance
with NFPA 214, Standard on Water-Cooling Towers.

5-9.6 Auxiliary Boilers.

5-9.6.1 Auxiliary boiler-furnaces, their fuel burning systems,
combustion products removal systems, and related control
equipment should be designed, installed, and operated in
accordance with 5-5.1.

5-9.6.2 Oil- or coal-fueled auxiliary boilers installed within
main plant structures should be protected by automatic sprin-
kler, water spray, or foam-water sprinkler systems. A sprin-
kler system is preferred throughout the auxiliary boiler room
on a 0.25 gpmy/sq ft (0.17 L/sec per m®) density. As a mini-
mum sprinkler or water spray protection should be provided
as outlined in 5-5.2.

Chapter 6 Identification and Protection of Hazards
for Combustion Turbines

6-1 General.

6-1.1 This chapter identifies fire and explosion hazards of
combustion turbine electric generating units and specifies rec-
ommended protection criteria.

6-1.2 It should be recognized that some combustion tur-
bine generating facilities consist of manufactured modules
wherein construction consists of siting these modules, pro-

viding fuel supply, essential services, and interconnections
to the electric system while other facilities consist of build-
ings specifically designed and built or modified for the com-
bustion turbine generator and its auxiliaries. Therefore, some
of these recommendations may be more applicable to one
type of plant than the other.

6-2 Application of Chapters 2 through 5 and Chapter 7.

6-2.1 The recommendations contained in Chapters 2
through 5 and Chapter 7 may apply to combustion turbine
electric generating units. It is incumbent on the fire risk eval-
uation to determine which recommendations apply to any
specific combustion turbine unit. This is done by evaluating
the specific hazards that exist in the facility and evaluating
the level of acceptable risk for the facility. For large combus-
tion turbine units or combined cycle plants, it is expected that
most of the recommendations will apply, whereas for indi-
vidual packaged combustion turbine units, many of the rec-
ommendations will not apply since the hazards described may
not exist (e.g., small units may have no cable spreading room
or warehouse).

6-3 General Design.
6-3.1 Equipment Arrangement.

6-3.1.1 Adequate separation should be provided, as deter-
mined by the fire risk evaluation, between:

(a) Adjacent combustion turbine units.
(b) Adjacent structures or exposures.

(c) Adjacent properties (e.g., tank farms or natural gas
facilities that could present a severe exposure).

6-3.1.2 Consideration should be given to equipment layout
that is adjacent to combustion turbines and in line with planes
of turbine and compressor disks that have a higher poten-
tial for damage from flying debris.

6-4 Unattended Facilities.

6-4.1 Facilities that are operated unattended present spe-
cial fire protection concerns.

6-4.1.1 Consideration should be given both to the delayed
response time of the fire brigade or public fire fighting per-
sonnel (which may be several hours) and to the lack of per-
sonnel available to alert others to a fire condition.

6-4.1.2 The fire risk evaluation should address delayed
response and lack of communication. This may establish the
need to provide additional fire protection measures to pre-
vent a major fire spread prior to the arrival of fire fighting
personnel. The delayed response by personnel to the site may
necessitate automatic shutoff of fire pumps.

6-4.1.3 If automatic water or foam fire suppression systems
are utilized, a cycling deluge valve should be considered. The
arrangement will depend on the type of system and the haz-
ard protected. Thermal detection is recommended.

6-4.1.4 Remote annunciation of the fire signaling panel to
one or more constantly attended locations is critical for emer-
gency response. The fire signaling panel should be located
at the entry to the unattended plant.
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6-4.1.5 It is important that the responding fire brigade or
public fire fighting forces be familiar with access, plant fire
protection systems, emergency lighting, specific hazards, and
methods of fire control. This should be reflected in the plant
fire emergency plan (see 2-7).

6-4.1.6 If an automatic foam system is provided for the fuel
storage tanks, a cycling system could be provided to shut
down the system when the foam concentrate supply is
exhausted.

6-5 Combustion Turbine Generators.
6-5.1 General.

6-5.1.1 Site-specific design conditions or manufacturers’ typ-
ical design will govern which equipment has enclosures or
how many separate enclosures will be provided for the com-
bustion turbine generator equipment. The combustion tur-
bine generator is frequently supplied as a complete power
plant package with equipment mounted on skids or pads and
provided with metal enclosures forming an all-weather hous-
ing. In addition to being weather tight, the enclosures are
designed to provide thermal and acoustical insulation.

6-5.1.2 The major fire hazards associated with combustion
turbine generator units are:

(a) Flammable and combustible fuels and

(b) Hydraulic and lubricating oils.

In the event of a pipe failure, large amounts of oil or fuel
could be released and ignite on contact with hot metal parts.
In addition to external fire hazards, combustion turbines are
subject to the hazard of uncontrolled internal fires if flameout
occurs and the fuel is not shut off immediately, or if fuel is
admitted to a hot engine and ignition does not occur. Other
hazards associated with the combustion turbine generators
are:

(a) Electrical equipment and

(b) Large amounts of filter media and enclosure insula-
tion.

6-5.2 Prevention of Internal Fires in Combustion Turbines.

6-5.2.1 Combustion turbines should have flame detectors
in the combustion section to detect flameout or ignition fail-
ure during startup. In the case of flameout the fuel should
be rapidly shut off. If ignition is not achieved within a nor-
mal startup time, then the control system should abort the
start up and close the fuel valves.

NOTE: When a flameout occurs, fuel valves should close as
rapidly as possible (preferably less than 1 second) to preclude
the accumulation of unburned fuel in the combustion cham-
ber. Loss experience documents that fires or explosions have
occurred in systems when the fuel isolation was not achieved
within 3 seconds.

6-5.2.2 In order to prevent conditions that could cause a
fire while the unit is operating, control packages for combus-
tion turbines should include the following monitors:

(a) Turbine speed sensor, independent of the main gov-
ernor, for tripping on overspeed.
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(b) Vibration monitors at the main turbine bearings, for
tripping on excessive vibration.

(c) Turbine exhaust temperature monitor, for tripping on
high temperature.

NOTE: Monitors for conditions (b) and (c) should have a
lower alarm point to alert operators of deteriorating operat-
ing conditions. See ANSI B134.4.

6-5.2.3 Two safety shutoff valves in series on the main fuel
line should be used to minimize the likelihood of fuel leak-
ing into the engine. On gas systems an automatic vent to the
outside atmosphere should be provided between the two
valves.

6-5.3 Prevention of External Fires in Combustion Turbines.

6-5.3.1 Piping systems supplying flammable and combus-
tible liquids and gases should be designed to minimize oil and
fuel piping failures as described below.

(a) If rigid metal piping is used, it should be designed with
freedom to deflect with the engine, in any direction, at the
interface with the turbine. This recommendation also should
apply to hydraulic lines that are connected to accessory gear-
boxes or actuators mounted directly in the engine. Properly
designed metallic hose is an alternative for fuel, hydraulic,
and lube oil lines in high vibration areas, between rigid pipe
supply lines and manifolds, and the points of entry at the
engine interface.

(b) Rigid piping connected directly to the turbine should
be supported such that failures will not occur due to the nat-
ural frequency of the piping coinciding with the rotational
speed of the combustion turbine. Care should be taken in
the design of pipe supports to avoid vibrations induced by
other equipment that may excite its natural frequency.

(c) Welded pipe joints should be used where practical.
Threaded couplings and flange bolts in fuel and oil piping
should be assembled using a torque wrench and torqued to
the manufacturer’s requirements. Couplings should have a
positive locking device to prevent unscrewing.

(d) Instrumentation tubing, piping, and gauges should be
protected from accidental mechanical damage. Sight glasses
should be unbreakable.

(e) Where practical, lubricating oil lines should use pipe
guard construction with the pressure feed line located inside
the return line.

6-5.3.2 In many units the lubricating oil is used both for
lubrication and for hydraulic control. Where possible, sep-
arate systems should be used and the hydraulic control sys-
tem should use a listed fire resistive hydraulic fluid.

6-5.3.3 Combustible gas detector(s) should be considered
for the enclosure when the fuel for the gas turbine is natu-
ral gas or other gaseous-type fuels.

6-5.3.4 For recommendations regarding containment and
drainage of liquids, see Section 3-5.
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6-5.4 Fire Protection for Combustion Turbine.

6-5.4.1 Determination of the need for fire suppression for
the combustion turbine should be based on consideration of
the following: size and value of the combustion turbine, con-
sequences of loss of the combustion turbine, and vulnerabil-
ity of adjacent structures and equipment to damage.

6-5.4.2 Water suppression systems, when provided, should
follow the recommendations in Chapter 5 and the following
criteria:

(a) Water spray nozzles provided to protect the power tur-
bine bearing housings behind the exhaust duct should be
directed based on unit geometry to avoid possible water dam-
age.

{b) Automatic sprinkler or water spray protection should
be provided for exposed oil piping and areas on the floor
under the turbine where leaking oil may collect.

(c) Water spray nozzles should not be directed at the tur-
bine casing or the combustor.

(d) Fuel valves should be arranged to close automatically
on water flow.

6-5.4.3 Total Flooding Gaseous Systems.

6-5.4.3.1 Where total flooding gaseous systems are used,
the turbine enclosure should be arranged for minimum leak-
age by automatic closing of the doors, ventilation dampers,
and automatic shutdown of the fans and other openings.
Combustion turbine compartments are designed to be capa-
ble of nominally air-tight closure. During operation there is,
however, a need for substantial amounts of secondary cool-
ing (compartment ventilation) air. This air can be moved
through the compartments by fans or venturi action from the
turbine combustion air. This air flow will not stop immedi-
ately upon shutdown and, therefore, it must be considered
in the extinguishing system design.

6-5.4.3.2 Gas design concentrations should be held as long
as the hazards of hot metal surfaces above the auto-ignition
temperature and uncontrolled combustible liquid flow exist
(consult manufacturer for cool down times). Proper gaseous
extinguishing system design dictates that the design concen-
tration be held in the compartment for the cooling time dis-
cussed above to take place. This has been shown to be around
20 minutes for many areas, but can be substantially longer.
It also has been shown that the initial gas discharge will not
hold for a 20-minute time period in most turbine compart-
ments. Therefore, the designer must determine the level of
an extended added discharge that is necessary to maintain
fire extinguishment. This usually requires discharge testing
to determine if design concentrations can be maintained.
Where gas concentrations cannot be effectively maintained,
an alternative system, such as high expansion foam or water
extinguishing system, may be desirable.

6-5.4.3.3 System operations should be arranged to close the
fuel valves.

6-5.4.3.4 Maintenance of total flooding systems is particu-
larly critical. In addition to the extinguishing equipment, the
integrity of the enclosure to be flooded and the interlocks
between the two should be maintained.

6-5.4.3.5 It should be noted that deep seated fires, such as
oil-soaked insulation, may be present and will require man-
ual extinguishment after the gaseous system soak time.

6-5.4.4 High Expansion Foam Systems. Where total flood-
ing high expansion foam systems are used for the enclosure
in which the turbine is located, they should be installed and
maintained in accordance with NFPA 11A, Standard for
Medium and High Expansion Foam Systems. System operation
should be arranged to close the fuel valves.

6-5.4.5 Lubricating oil reservoirs and handling equipment
should be protected in accordance with 5-7.3.1 and 5-7.4.4.

6-5.5 Inlet Air Filter.

6-5.5.1 Air filters should be of a type that will not burn
freely when exposed to fire. Filters qualifying as Class 1 as
tested in accordance with UL 900, Standard for Air Filter Units,
meet these requirements.

6-5.5.2 Manual fire fighting equipment should be available
to personnel performing maintenance on air filters.

6-5.5.3 Access doors or hatches should be provided for man-
ual fire fighting on large air filter structures.

6-5.6 Generator.

6-5.6.1 Hydrogen systems should comply with recommen-
dations in paragraphs 5-7.1 and 5-7.4.6.

6-5.6.2 Fire protection should be provided in accordance
with 6-5.4.1, 6-5.4.2, 6-5.4.3, or 6-5.4.4.

6-5.6.3 Air-cooled generators should be tightly sealed against
the ingress of moisture in the event of discharge (acciden-
tal or otherwise) of a water spray system. Sealing must be pos-
itive, such as by a gasket or grouting, all around the generator
housing.

6-5.7 Starting Equipment. Fire protection should be pro-
vided for the starting equipment and its enclosure, based
upon consideration of the factors in paragraph 6-5.4.1.

6-6 Electrical Equipment.

6-6.1 Control Enclosures.

6-6.1.1 The size of the combustion turbine generator and
the site design determine whether control enclosures are pro-
vided. Control enclosures normally are used in remote loca-
tions and are designed to be unattended. Control enclosures
contain turbine and generator control panels, switchgear, bat-
teries, relays, and indication gauges.

6-6.2 Auxiliary Electrical Equipment Enclosures.
6-6.2.1 Auxiliary electrical equipment enclosures, when pro-
vided, normally contain static excitation equipment, switch-

gear, current transformers, potential transformers, grounding
transformers, and other electrical equipment.
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6-6.3 A smoke detection system should be provided for
alarm only and early warning of an electrical fire.

6-6.4 A total flooding gaseous suppression system should
be considered for the enclosures.

6-7 Combined Cycle Units.

6-7.1 Heat Recovery Boilers.

6-7.1.1 Heat recovery boilers using supplemental firing
should be designed and protected in accordance with Sec-
tion 5-5.

6-7.2 Steam Turbines.

6-7.2.1 Steam turbines, generators, and their associated haz-
ards should be designed and protected in accordance with
Section 5-7.

|Chapter 7 Fire Protection for the Construction Site

|7-1 Introduction.

|7-1.1 Although many of the activities on fossil-fueled elec-
tric generating plant construction sites are similar to the con-
struction of other large industrial plants, an above average
level of fire protection is justified due to life safety consid-
eration of the large number of on-site personnel, high value
of materials, and length of the construction period. Consid-
eration of fire protection must include safety to life, poten-
tial for delays in construction schedules and plant startup,
as well as protection of property.

|7-1.2  Major construction projects in existing plants present
many of the hazards associated with new construction while
presenting additional exposures to the existing facility. The
availability of the existing plant fire protection equipment and
the reduction of fire exposure by construction activities are
particularly important.

|7-1.3 For fire protection for plants and areas under con-
struction, see NFPA 241, Standard for Safeguarding Construc-
tion, Alteration, and Demolition Operations. This chapter
| addresses concerns not specifically considered in NFPA 241.

|7-2 Administration,

|7-2.1 The responsibility for fire prevention and fire pro-

tection for the entire site during the construction period
should be clearly defined. The administrative responsibili-
ties should be to develop, implement, and periodically update
as necessary the measures outlined in this recommended
practice.

7-2.2 The responsibility for fire prevention and fire pro-
tection programs among various parties on site should be
clearly delineated. The fire protection program that is to be

observed, and the owner’s right to administration and enforce-

ment should be established.

|7-2.3 Written procedures should be established for the new
construction site, including major construction projects in
existing plants. Such procedures should be in accordance with
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Section 2-4 (Fire Prevention Program), Section 2-5 (Testing,
Inspection, and Maintenance), Section 2-6 (Impairments), Sec-
tion 2-7 (Fire Emergency Plan), and Section 2-8 (Fire Bri-
gade).

| (a) The first round should be conducted one half hour

after the suspension of work for the day. Thereafter, rounds
should be made every hour.

(b) Where partial construction activities occur on second
and third shifts, the guard service rounds may be modified
to include only unattended or sparsely attended areas.

| (¢) Inareas where automatic fire detection or extinguish-

ing systems are in service, with alarm annunciation at a con-
stantly attended location, or in areas of limited combustible
loading, rounds may be omitted after the first round indi-
cated in 6-2.3(a).

|7-2.4 Security guard service, including recorded rounds,
should be provided through all areas of construction dur-
ing times when construction activity is not in progress (see
NFPA 601, Standard for Guard Service in Fire Loss Prevention).

|7-2.5 Construction schedules should be coordinated so that
planned permanent fire protection systems are installed and
placed in service as soon as possible, at least prior to the intro-
duction of any major fire hazards identified in Chapter 5.

In-service fire detection and fire extinguishing systems pro-
vide important protection for construction materials, stor-
age, etc., even before the permanent hazard is present.
Temporary fire protection systems may be warranted dur-
ing certain construction phases. The need and type of pro-
tection should be determined by the individual responsible
for fire prevention and fire protection.

Construction and installation of fire barriers and fire doors
should be given priority in the construction schedule.

7-3 Site Clearing and Construction Equipment.
7-3.1 Site Clearing.

7-3.1.1 Prior to clearing forest and brush covered areas, the
owner should ensure that a written fire control plan is pre-
pared and that fire fighting tools and equipment are made
available as recommended by NFPA 295, Standard for Wild-
 fire Control. Contact should be made with local fire and/or for-
est agencies for current data on restrictions and fire potential,
and to arrange for necessary permits.

7-3.1.2  All construction vehicles and engine-driven porta-
ble equipment should be equipped with effective spark arres-
tors. Vehicles equipped with catalytic converters should be
prohibited from wooded and heavily vegetated areas.

7-3.1.3 Fire tools and equipment should be used for fire
emergencies only and should be distinctly marked.

7-3.1.4 Each site utility vehicle should be equipped with at
least one fire fighting tool, portable fire extinguisher, or back-
pack pump filled with 4 to 5 gallons (15 to 19 L) of water.

7-3.1.5 Cut trees, brush, and other combustible spoil should
be disposed of promptly.
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7-3.1.6 Where it is necessary to dispose of combustible waste
by onsite burning, designated burning areas should be estab-
lished with approval by the owner and should be in compli-
ance with federal, state, and local regulations and guidelines.
The contractor should coordinate burning with the agencies
responsible for monitoring fire danger in the area and obtain
all appropriate permits prior to the start of work (see 7-2).

7-3.1.7 Local conditions may require the establishment of
fire breaks by clearing or use of selective herbicides in areas
adjacent to property lines and access roads.

7-3.2 Construction Equipment.

7-3.2.1 Construction equipment should meet the require-
ments of NFPA 512, Standard for Truck Fire Protection.

|7-4 Construction Warehouses, Shops, and Offices.

| 7-4.1 All structures that are to be retained as part of the

completed plant should be constructed of materials as indi-
cated in Chapter 3 and should be in accordance with other
recommendations for the completed plant.

|7-4.2 Construction warehouses, offices, trailers, sheds, and

other facilities for the storage of tools and materials should
be located with consideration of their exposure to major plant
buildings or other important structures. For guidance in sep-
aration and protection see NFPA 80A, Recommended Practice
for Protection of Buildings from Exterior Fire Exposures.

| 7-4.2.1 Large central office facilities may be of substantial
value and contain high value computer equipment, irreplace-
able construction records, or other valuable contents, the loss
of which may result in significant construction delays. An anal-
ysis of fire potential should be performed. This analysis may
indicate a need for automatic sprinkler systems or other pro-
tection and/or the desirability of subdividing the complex to
limit values exposed by one fire.

7-4.3 Warehouses that contain high value equipment (as
defined by the individual responsible for fire prevention and
fire protection), or where the loss of or damage to contents
would cause a delay in startup dates of the completed plant,
should be arranged and protected as indicated below.
Although some of these structures are considered to be “tem-
porary” and will be removed upon completion of the plant,
the fire and loss potential should be thoroughly evaluated
and protection provided where warranted.

7-4.3.1 Building construction materials should be noncom-
bustible or limited combustible. See Chapter 3.

7-4.3.2 Automatic sprinkler systems should be designed and
installed in accordance with the applicable NFPA standards
(NFPA 13, Standard for the Installation of Sprinkler Systems, NFPA
231, Standard for General Storage, or NFPA 231C, Standard for
Rack Storage of Materials). Waterflow alarms should be pro-
vided and located so as to be monitored at a constantly
attended location as determined by the individual respon-
sible for fire prevention and fire protection.

7-4.3.3 Air-supported structures sometimes are used to pro-
vide temporary warehousing space. Although the fabric enve-
lope may be a fire retardant material, the combustibility of

contents and the values must be considered, as with any other
type of warehouse. Because it is impractical to provide auto-
matic sprinkler protection, air-supported structures should
be used only for noncombustible storage. An additional con-
sideration is that relatively minor fire damage to the fabric
envelope may leave the contents exposed to the elements.

|7-4.4 Temporary enclosures, including trailers, inside per-

manent plant buildings should be prohibited except where
permitted by the individual responsible for fire prevention
and fire protection. Where the floor area of a combustible
enclosure exceeds 100 sq ft (9.29 m?) or where the occupancy
presents a fire exposure, the enclosure should be protected
with an approved automatic fire extinguishing system.

|7-4.5 Storage of construction materials, equipment, or sup-
plies that are either combustible or in combustible packag-
ing should be prohibited in main plant buildings unless:

(a) An approved automatic fire extinguishing system is in
service in the storage area, or

(b) Where loss of the materials or loss to the surround-
ing plant area would be minimal, as determined by the indi-
vidual responsible for fire prevention and fire protection.

7-4.6 Construction camps comprised of mobile buildings
arranged with the buildings adjoining each other to form one
large fire area should be avoided. If buildings cannot be ade-
quately separated, consideration should be given to install-
ing fire walls between units or installing automatic sprinklers
throughout the buildings.

7-4.7 Fire alarms should be connected to a constantly
attended central location.

7-4.8 The handling, storage, and dispensing of flammable
liquids and gases should meet the requirements of NFPA 30,
Flammable and Combustible Liquids Code, NFPA 58, Standard for
the Storage and Handling of Liquefied Petroleum Gases, and NFPA
395, Standard for the Storage of Flammable and Combustible Lig-
uids on Farms and Isolated Construction Projects.

7-5 Construction Site Lay-Down Areas.

7-5.1 Fire hydrant systems with an adequate water supply
should be provided in lay-down areas where the need is
determined by the individual responsible for fire prevention
and fire protection.

7-5.2 Combustible materials should be separated by a clear
space to allow access for manual fire fighting equipment (see
Section 7-8). Access should be provided and maintained to all
fire fighting equipment including fire hoses, extinguishers,
and hydrants.

7-6 Temporary Construction Materials.

7-6.1 Noncombustible or fire retardant scaffolds, form work,
decking, and partitions should be used both inside and out-
side of permanent buildings where a fire could cause sub-
stantial damage or delay construction schedules.

|7-6.1.1 The use of noncombustible or fire retardant con-
crete form work is especially important for large structures
(e.g., turbine-generator pedestal) where large quantities of
forms are used.
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|7-6.1.2 The use of listed pressure-impregnated fire retar-
dant lumber or listed fire retardant coatings generally would
be acceptable. Pressure-impregnated fire retardant lumber
must be used in accordance with its listing and manufactur-
er’s instructions. When exposed to the weather or moisture
(e.g., concrete forms), the fire retardant used must be suit-
able for this exposure. Fire retardant coatings are not accept-
able on walking surfaces or surfaces subject to mechanical
damage.

7-6.2 Tarpaulins and plastic films should be of listed weather
resistant and fire retardant materials (see NFPA 701, Standard
Methods of Fire Tests for Flame-Resistant Textiles and Films).

7-7 Underground Mains, Hydrants, and Water Supplies.

7-7.1 Where practical, the permanent underground yard
system, fire hydrants, and water supply (at least one water
source), as indicated in Chapter 4, should be installed dur-
ing the early stages of construction. Where provision of all
or part of the permanent underground system and water
supply is not practical, temporary systems should be provided.
Temporary water supplies should be hydrostatically tested,
flushed, and arranged to maintain a high degree of reliabil-
ity, including protection from freezing and loss of power.

|7-7.1.1 The necessary reliability of construction water sup-
plies, including redundant pumps, arrangement of power
supplies, and use of combination service water and construc-
tion fire protection water, should be determined by the indi-
vidual responsible for fire prevention and fire protection.

|7-7.2 Hydrants should be installed, as indicated in Chap-
ter 4, in the vicinity of main plant buildings, important ware-
houses, office or storage trailer complexes, and important
outside structures with combustible construction or combus-
tible concrete form work (e.g., cooling towers). Where prac-
tical, the underground main should be arranged to minimize
the possibility that any one break will remove from service
any fixed water extinguishing system or leave any area with-
out accessible hydrant protection.

|7-7.3 A fire protection water supply should be provided on
the construction site and should be capable of furnishing the
largest of the following for a minimum 2-hour duration:

(a) 750 gpm (47.3 L/sec), or

(b) The in-service fixed water extinguishing system with
the highest water demand and 500 gpm (31.5 L/sec) for hose
streams.

|7-7.3.1 The highest water demand should be determined

by the hazards present at the stage of construction, which may
not correspond with the highest water demand of the com-
pleted plant.

17-7.3.2  As fixed water extinguishing systems are completed,
they should be placed in service, even when the available con-
struction phase fire protection water supply is not adequate
to meet the system design demand. The extinguishing sys-
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tem will at least provide some degree of protection, especially
where the full hazard is not yet present. However, when the
permanent hazard is introduced, the water supply should be
capable of providing the designed system demand. When
using construction water in permanent systems, adequate
strainers should be provided to prevent clogging of the sys-
tem by foreign objects and dirt.

7-7.3.3 The water supply should be sufficient to provide
adequate pressure for hose connections at the highest ele-
vation.

7-8 Manual Fire Fighting Equipment.

7-8.1 First aid fire fighting equipment should be provided,
in accordance with NFPA 600, Recommendations for Organi-
zation, Training and Equipment of Private Fire Brigades and
NFPA 241, Standard for Safeguarding Construction, Alteration,
and Demolition Operations.

NOTE: Mobile fire fighting equipment can be utilized to
provide necessary first aid fire fighting equipment.

7-8.1.1 Portable fire extinguishers of suitable capacity should
be provided in accordance with NFPA 10, Standard for Por-
table Fire Extinguishers, where:

(a) Flammable liquids are stored or handled,

(b) Combustible materials are stored,

(c) Temporary oil- or gas-fired equipment is used,
(d) A tar or asphalt kettle is used, or

(e) Welding or open flames are in use.

7-8.2 Hoses and nozzles should be available at strategic loca-
tions, such as inside hose cabinets or hose houses or on ded-
icated fire response vehicles.

7-8.3 If fire hose connections are not compatible with local
fire fighting equipment, adapters should be made available.

Chapter 8 Referenced Publications

8-1 The following documents or portions thereof are ref-
erenced within this recommended practice and should be
considered part of the recommendations of this document.
The edition indicated for each reference is the current edi-
tion as of the date of the NFPA issuance of this document.

|8-1.1 NFPA Publications. National Fire Protection Asso-
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.

NFPA 10-1988, Standard for Portable Fire Extinguishers

NFPA 11-1988, Standard for Low Expansion Foam and Com-
bined Agent Systems
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NFPA 11A-1988, Standard for Medium and High Expansion
Foam Systems

NFPA 12-1989, Standard on Carbon Dioxide Extinguishing Sys-
tems

NFPA 12A-1989, Standard on Halon 1301 Fire Extingush-
ing Systems

NFPA 13-1989, Standard for the Installation of Sprinkler Sys-
tems

NFPA 13A-1987, Recommended Practice for the Inspection, Test-
ing and Maintenance of Sprinkler Systems

NFPA 14-1990, Standard for the Installation of Standpipe and
Hose Systems

NFPA 15-1985, Standard for Water Spray Fixed Systems for
Fire Protection

NFPA 16-1986, Standard on Deluge Foam-Water Sprinkler and
Foam-Water Spray Systems

NFPA 20-1990, Standard for the Installation of Centrifugal Fire
Pumps

NFPA 22-1987, Standard for Water Tanks for Private Fire Pro-
tection

NFPA 24-1987, Standard for the Installation of Private Fire
Service Mains and Their Appurtenances

NFPA 26-1988, Recommended Practice for the Supervision of
Valves Controlling Water Supplies for Fire Protection

NFPA 30-1987, Flammable and Combustible Liquids Code

NFPA 31-1987, Standard for the Installation of Oil Burning
Equipment

NFPA 37-1990, Standard for the Installation and Use of Sta-
tionary Combustion Engines and Gas Turbines

NFPA 50A-1989, Standard for Gaseous Hydrogen Systems at
Consumer Sites

NFPA 50B-1989, Standard for Liquefied Hydrogen Systems at
Consumer Sites

NFPA 51B-1989, Standard for Fire Prevention in Use of Cut-
ting and Welding Processes

NFPA 54-1988, National Fuel Gas Code

NFPA 58-1989, Standard for the Storage and Handling of Lig-
uefied Petroleum Gases

NFPA 68-1988, Guide for Venting of Deflagrations
NFPA 69-1986, Standard on Explosion Prevention Systems
NFPA 70-1990, National Electrical Code

NFPA 72D-1986, Standard for the Installation, Maintenance
and Use of Proprietary Protective Signaling Systems

NFPA 72E-1987, Standard on Automatic Fire Detectors

NFPA 72G-1989, Guide for the Installation, Maintenance, and
Use of Notification Appliances for Protective Signaling Systems

NFPA 72H-1988, Guide for Testing Procedures for Local, Aux-
iliary, Remote Station and Proprietary Protective Signaling Systems

NFPA 75-1989, Standard for the Protection of Electronic
Computer/Data Processing Equipment

NFPA 77-1988, Recommended Practice on Static Electricity
NFPA 78-1989, Lightning Protection Code
NFPA 80-1990, Standard for Fire Doors and Windows

NFPA 80A-1987, Recommended Practice for Protection of Build-
ings from Exterior Fire Exposures

NFPA 85A-1987, Standard for Prevention of Furnace Explo-
sions in Fuel Oil- and Natural Gas-Fired Single Burner Boiler-
Furnaces

NFPA 85B-1989, Standard for Prevention of Furnace Explo-
sions in Natural Gas-Fired Multiple Burner Boiler-Furnaces

NFPA 85D-1989, Standard for Prevention of Furnace Explo-
sions in Fuel Oil-Fired Multiple Burner Boiler-Furnaces

NFPA 85E-1985, Standard for Prevention of Furnace Explo-
sions in Pulverized Coal-Fired Multiple Burner Boiler-Furnaces

NFPA 85F-1988, Standard for the Installation and Operation
of Pulverized Fuel Systems

NFPA 85G-1987, Standard for the Prevention of Furnace Implo-
sions in Multiple Burner Boiler-Furnaces

NFPA 90A-1989, Standard for the Installation of Air Condi-
tioning and Ventilating Systems

NFPA 90B-1989, Standard for the Installation of Warm Air
Heating and Air Conditioning Systems

NFPA 91-1990, Standard for the Installation of Blower and
Exhaust Systems for Dust, Stock, and Vapor Removal or Convey-

ing
NFPA 101-1988, Life Safety Code
NFPA 204M-1985, Guide for Smoke and Heat Venting
NFPA 214-1988, Standard on Water-Cooling Towers
NFPA 220-1985, Standard on Types of Building Construction
NFPA 231-1987, Standard for General Storage
NFPA 231C-1986, Standard for Rack Storage of Materials

NFPA 241-1989, Standard for Safeguarding Construction, Alter-
ation, and Demolition Operations

NFPA 251-1985, Standard Methods of Fire Tests of Building
Construction and Materials

NFPA 252-1984, Standard Methods of Fire Tests of Door Assem-
blies

NFPA 253-1984, Standard Method of Test for Critical Radi-
ant Flux of Floor Covering Systems Using a Radiant Heat Energy
Source

NFPA 255-1984, Standard Method of Test of Surface Burn-
tng Characteristics of Building Materials
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NFPA 256-1987, Standard Methods of Fire Tests of Roof Cov-
erings

NFPA 257-1985, Standard for Fire Tests of Window Assem-
blies

NFPA 259-1987, Standard Test Method for Potential Heat of
Building Materials

NFPA 600-1986, Recommendations for Organization, Train-
ing and Equipment of Private Fire Brigades

NFPA 602-1986, Standard for Guard Operations in Fire Loss
Prevention

NFPA 701-1989, Standard Methods of Fire Tests for Flame-
Resistant Textiles and Films.

8-1.2 Other Publications.

8-1.2-1 ANSI Publications. American National Standards
Institute Inc., 1450 Broadway, New York, NY 10018.

ANSI C2, National Electrical Safety Code, 1981
ANSI B31.1, Power Piping
ANSI 7210.1, Metric Practice Guide.

| 8-1.2.2 ASTM Publications. American Society for Testing
and Materials, 1916 Race Street, Philadelphia, PA 19105.

ASTM E136, Standard Test Method for Behavior of Materi-
als in a Vertical Tube Furnace at 750°C

ASTM E380 (see ANSI Z210.1)

ASTM E814, Fire Tests of Through-Penetration Fire Stops.
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| 8-1.2.3 IEEE Publications. Institute of Electrical and Elec-
tronics Engineers, 345 East 47 St., New York, NY 10070.

IEEE 383, Standard for Type Test of Class IE Electric Cables,
Field Splices and Connections for Nuclear Power Generating Sta-
tions

IEEE 634, Testing of Fire Rated Penetration Seals.

| 8-1.2.4 OSHA Publication. Occupational Safety and Health
Administration, Washington, DC.

OSHA 1910.156, Fire Brigades, 1981.

| 8-1.2.5 EPRI Publications. Electric Power Research Insti-
tute, 3412 Hillview Avenue, P.O. Box 10412, Palo Alto, CA
94303.

EPRI Research Project 1843-2, Turbine Generator Fire Pro-
tection by Sprinkler System, July 1985.

8-2 Related Publications.
8-2.1 ANSI Publications. American National Standards

Institute Inc., 1450 Broadway, New York, NY 10018.

ANSI B133.3, Procurement Standard for Gas Turbine Auxil-
iary Equipment — 1981

ANSI B133.4, Gas Turbine Control and Protection Systems —
1978

ANSI B133.5, Procurement Standard for Gas Turbine Electri-
cal Equipment — 1978

ANSI/ASME B133.7M, Gas Turbine Fuels — 1985

ANSI B133.10, Procurement Standard for Gas Turbine Infor-
mation to be Suppled by User or Manufacturer — 1981

ANSI B133.11, Procurement Standard for Gas Turbine Prep-
aration for Shipping and Installation — 1982

ANSI B133.12, Procurement Standard for Gas Turbine Main-
tenance and Safety — 1981.
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Appendix A Sample Fire Report

This Appendix is not a part of the recommendations of this NFPA document, but is included for information purposes only.

Sample Fire Report

Name of Company:
Dateof Fire:___ TimeofFire:_____ Operating Facility:
Under Construction:
Plant or location where fire occurred:

Description of facility, fire area or equipment (include nameplate rating) involved:

Cause of fire, such as probable ignition source, initial contributing fuel, equipment failure causing ignition, etc:

Story of fire, events and conditions, preceding, during and after the fire:

Types and approx. quantities of portable extinguishing equipment used:

Was fire extinguished with portable equipmentonly? ___ Public fire department called?
Employee Fire Brigade at this location? __________ Qualified for incipient fires?

For interior structural fires?
Was fixed fire extinguishing equipment installed?
Type of fixed extinguishing system:

Automaticoperation: ________, manually actuated: ______ or both:
Specific type of detection devices:
Did fixed extinguishing system control? and/or extinguish fire?

Did detection devices and extinguishing system function properly?
If “no,” why not?

Estimated direct damage duetofire, $ | or, between § and §
Estimated additional (consequential) loss, $ _______ . Nature of additional loss:

Estimated time to complete repairs/replacement of damaged equipment/structure:

Number of personsinjured: __ Number of fatalities:

What corrective or preventive suggestions would you offer to other utilities who may have similar equipment, struc-
tures or extinguishing systems?

Submitted by: Title:
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