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Introductory Note:

These Guidelines have been developed by a Steering Committee representing nuclear insurers in
consultation with fire protection specialists and other technical experts. Due to the importance of
achieving the highest possible level of fire protection and prevention at Nuclear Power Stations, they
have been approved by the undermentioned members of the Nuclear Pools’ Forum for use by electric
utilities.
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Market Street Post Office
3000, Victoria
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Rio de Janeiro - RJ
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China The People’s Insurance Company of China
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Beijing
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Czech Republic Czech Nuclear Insurance Pool
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113 04 Praha 1
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c/o Employers Reinsurance International A/S
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K-1270 Copenhagen, K

Egypt Egyptian Nuclear Insurance Pool
c/o General Arab Insurance Federation
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P. O. Box 538
Cairo

Finland Finnish Atomic Insurance Pool
Bulevardi 10
SF-00120 Helsinki

France ASSURATOME
Parc de la Defense
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Japan Japan Atomic Energy Insurance Pool
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Korea The Korea Atomic Energy Insurance Pool
C.P.O. 1438
Seoul

Mexico Pool Atomico Mexicano
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c/o Vereenigde Assurantiebedrijven ‘Nederland’ NV
Peter van Anrooystraat 7, 1076 DA Amsterdam
P. O. Box 75627, 1070 AP Amsterdam
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Postboks 2529 Solli
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Philippines Philippine Nuclear Insurance Pool
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GSIS Headquarters Building
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Preface to the Third Edition

The first edition of the International Guidelines for the Fire Protection of Nuclear Power Plants was
published in 1974 by an International Working Party representing nuclear insurance pools from many
countries. That group in turn drew upon the expertise of other specialists in the area of fire prevention
and protection particularly relating to nuclear power plants. When the Guidelines first appeared they
evoked considerable interest among international nuclear power plant fire protection specialists. In fact,
in many countries this original edition served as a model for the development of national regulations and
prescriptions for fire protection in nuclear power plants. A second edition developed in 1983 incorpo-
rated a number of important additions such as lessons learned from loss experience, and knowledge
obtained by insurance pool engineers in the course of their on-site technical inspections.

Since 1983 the technical community has continued to refine and enhance its knowledge of fire protection
based on loss experience, research, and analysis of the potential impact of fires on nuclear plant safety.
This, the third edition of the Guidelines, takes into account the new knowledge acquired during the last
decade. It reflects, for example, the phase out of Halon as an acceptable extinguishing agent, changes in
the treatment of PCB’s (polychlorinated biphenyls) in transformers and circuit breakers, surveillance
testing of fire protection equipment, and the nuclear insurance pools’ experience with electrical and
turbine fires.

In line with past editions of the Guidelines, the recommendations contained in this edition are intended
for those types of nuclear stations equipped with Light Water Reactors, Heavy Water Reactors, and Gas-
Cooled Reactors. The use of liquid sodium in Fast Breeder Reactors is not specifically addressed. Many
of the recommendations contained in these Guidelines, however, will find application in Fast Breeder
Reactor systems.

The Pools have also included topics in these Guidelines which are often not fully considered by national
authorities’ regulations but have proven to be important to operators and insurers alike. Nuclear Regula-
tory Authorities consider fires but, generally, only from the standpoint of their effects on nuclear safety.
The Pools’ insured experience demonstrates that major fires can occur in the conventional areas of nuclear
plants; most do not prejudice nuclear safety, but all can have significant economic impact on the nuclear
power plant operator’s financial status. Property damage can cost the equivalent of tens of millions of US
dollars, and forced outages of a year or even longer can result in very large loss of generating revenue.

The framework used in preparing the 1997 edition of the Guidelines differs from that of past editions.
Previously, a step-by-step approach assessed the fire risk beginning with design and ending with opera-
tion. In developing this edition, the nuclear insurance pools took into consideration the reduction in the
number of nuclear power plant construction projects around the world. Today’s Pool engineers are being
called upon most frequently to perform technical evaluations of operating reactors already insured or
those located in parts of the world that heretofore have not been insured or reinsured by the Pools. The
focus of the third edition is to develop an up-to-date documented basis for inspections and recommenda-
tions when the Pools’ engineers evaluate nuclear power plants and to provide a succinct and useful
mechanism to convey the Pools’ positions on fire protection.

Thus, the new Guidelines have been organized as a document for the insurance inspector. This compila-
tion is focused on critical aspects of fire prevention and protection including a station’s fire protection
program, general plant design, systems and equipment, its fire brigade, and considerations for specific



physical fire protection “areas” of the nuclear power plant. The Pools intend that each plant be evaluated
against the “best practices” standards described in the Guidelines, taking into consideration relevant site
specific approaches.

By adding various new features to this Third Edition and revising the Guidelines’ framework to reflect
the status of the worldwide nuclear power industry, this edition has been designed to apply the best
current standards of fire prevention and protection to nuclear facility risk assessments and engineering
inspections. Where adopted, they should lead to improvements in fire protection both at plants that are
currently insured and those seeking nuclear insurance for the first time.

Some paragraphs in these Guidelines have an asterisk in the paragraph number, e.g.,
Paragraph 3-4.2* on Page 15. For all paragraphs marked in this manner, supplemental
information will be found in the Appendix.
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Chapter 1 – Fire Protection Program

1-1 ORGANIZATION  AND MANAGEMENT

1-1.1 A fire protection program should be developed for each nuclear power plant. The program
should establish the fire protection policy for the protection of structures, systems, components
and personnel at the station.

1-1.2 The fire protection program should have the following fundamental objectives:
1 to prevent fires from starting;
2 to rapidly detect, control and extinguish those fires that do occur;
3 to provide adequate protection to structures, systems, and components important to nuclear

safety so that even in the event of a major fire, safe shutdown of the plant can be guaran-
teed; and

4 to minimize any fire loss.

1-1.3 The organizational responsibilities and lines of communication for fire protection should be
defined through the use of organizational charts and functional descriptions of each position’s
responsibilities. The following should be defined:

1 The management position that has overall responsibility for the formulation, implementa-
tion and assessment of the effectiveness of the station fire protection program.

2 The management position(s) directly responsible for implementing and periodically as-
sessing the effectiveness of the station’s fire protection program. Results of assessments
and recommendations for improvement should be formally reported on a regularly sched-
uled basis to the management position cited above.

3 The management position (fire protection program manager) directly responsible for the
day-to-day implementation of the fire protection program.

4 The position responsible for fire protection quality assurance through independent inspec-
tions, audits and follow-up corrective actions.

5 The station fire brigade.

May 1997 Page 1



1-1.4 Responsibilities for the following should be assigned:
1 Perform periodic inspections to minimize the amount of combustibles; determine the effec-

tiveness of housekeeping practices; assure the availability and readiness of all fire pro-
tection systems/equipment both active and passive; and ensure that corrective actions for
identified deficiencies in the fire protection program are carried out in a prompt and effec-
tive manner.

2 Provide fire fighting training for station personnel.
3 Design, select and modify fire fighting systems and equipment.
4 Inspect and test fire protection equipment.
5 Evaluate test and inspection results of fire protection equipment.
6 Prepare critiques of fire drills to determine how well training objectives are being met.
7 Review proposed work activities including “hot work” from a fire safety perspective.
8 Train contractors in appropriate procedures and practices that implement the station’s fire

protection program.
9 Manage fire protection impairments.

1-1.5 Minimum qualifications should be established for key positions within the fire protection
organization:

1 The fire protection program manager should be (or have access to) a fire protection
engineer.

2 The fire brigade members should satisfactorily complete the fire brigade training described
in Section 4-2.

3 The personnel responsible for maintenance, testing and inspection of fire protection sys-
tems and equipment should be qualified by training and experience for such work.

4 The personnel responsible for the training of the fire brigade should be qualified by train-
ing and experience for such work.

1-2 ADMINISTRATIVE  CONTROLS

1-2.1 Administrative controls should be established to minimize fire hazards throughout the station.
These controls should establish procedures to address the following areas:

1-2.1.1 Station inspections
1 Weekly walk-through inspections should be conducted.
2 During major maintenance operations, the walk-through inspection frequency should be

daily rather than weekly.
3 The results of walk-through inspections should be documented and deficiencies should be

corrected promptly.
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1-2.2 Plant administrative procedures should specify requirements governing the storage, use and
handling of combustible materials.

1 A maximum allowable inventory of all flammable and combustible material should be
established for each fire compartment.

2 Combustibles should be restricted to designated storage compartments or spaces and should
not exceed the fire load established by the Fire Hazards Analysis (see Section 1-3).  Should
limits be temporarily exceeded, appropriate supplemental fire protection measures should
be established.

3 Procedures should be established for the storage and use of hydrogen.
4 Procedures should be established for the storage and use of flammable and combustible

liquids.
5 Only noncombustible panels, tarpaulins or material of equivalent fire-retardant character-

istics approved by an independent laboratory should be used. Use of halogenated plastics
should be minimized.

6 The use of wood should be minimized. Only pressure-impregnated, fire-retardant lumber
or timber coated with a fire-retardant should be used.

7 All interior temporary structures should be constructed of noncombustible or limited com-
bustible material and protected by a fire detection/suppression system unless the Fire Haz-
ards Analysis determines that such a system is not required.

8 Only limited combustible fire-resistant hydraulic fluids should be used in hydraulic sys-
tems. Should combustible hydraulic fluids be used, they should be protected by a fire sup-
pression system.

1-2.3 Housekeeping should be performed to minimize the probability and consequences of a fire.

Accumulations of combustible waste material, dust and debris should be removed from the
station at the end of each work shift or more frequently as necessary for safe operation.

1-2.4 Plant administrative procedures should address the control of ignition sources.

1-2.4.1 A welding and cutting procedure should be implemented. Written permission from the fire
protection program manager or other fire protection specialists should be obtained before start-
ing activities involving cutting, welding, grinding, or other potential ignition sources. Permis-
sion should not be granted until:

1 an inspection of the hot work area has been conducted;
2 combustibles within 10 meters have been moved away or safely covered;
3 it has been confirmed that the atmosphere is free of combustibles;
4 all cracks or floor openings have been closed or covered; and
5 a trained fire watch (with appropriate equipment) for both the work period and post work

period has been assigned.

1-2.5 Smoking should only be permitted in designated areas.
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1-2.6 The use of temporary electrical wiring should be minimized.

1-2.7 Only safely installed and maintained heating devices (including temporary devices) should be
used. Portable heaters should be equipped with a tipover device to shut off the heater if it is not
in the upright position.

1-2.8 Open-flame or combustion-generated smoke should not be used for leakage testing.

1-2.9 A written procedure should be established to address impairments to fire protection systems
and features and to other plant systems that directly impact fire risk (e.g., ventilation systems,
plant emergency communications systems). This procedure should include identification of
impaired systems, notifications (e.g., plant operations, station fire brigade, Pool insurer), and
provision for compensatory measures.

1 The duration of impairments to fire protection systems should be managed to be as short as
possible.

2 Appropriate post-impairment testing should be performed to ensure that the system will
function as intended.

1-2.10 All fire protection systems, including passive systems, should be tested and inspected in accor-
dance with applicable standards and manufacturers’ recommendations as appropriate.

1 Testing and inspection should be performed in accordance with written plant procedures.
Results of tests and inspections should be documented.

2 Follow-up actions and correction of deficiencies detected during testing and inspection
should be performed promptly and documented.

1-3 FIRE HAZARDS ANALYSIS (FHA)

1-3.1 Purpose

The FHA should cover areas of the station that could incur significant insured losses. It should
analyze the station’s ability to perform safe shutdown and to minimize radioactive releases to
the environment in the event of a fire.

1-3.2 Scope

The FHA should be performed by qualified fire protection and reactor systems engineers and
include the following:

1 The evaluation of physical construction and layout of buildings and equipment (including
electrical cables) within fire compartments including the fire resistance rating of fire com-
partment boundaries.

2 An inventory of combustibles, including maximum transient combustibles, within each
fire compartment.
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3 A description of fire protection equipment, including detection systems and manual and
automatic extinguishing systems in each fire compartment.

4 An analysis of the postulated fire in each fire compartment. This analysis should consider:
1 fire growth and heat release rates;
2 response times of fire detection and suppression systems;
3 the ability of the fire compartment to contain the fire in the event of a single failure of

fire detection/suppression systems;
4 the effect on safe shutdown functions; and
5 the potential release of radioactive contamination.

1-3.3 Application of Results
1 Where the analysis performed in 1-3.2 (4) indicates that the integrity of the fire compart-

ment or safe shutdown functions cannot be maintained, modifications and actions consist-
ing of one or more of the following should be undertaken promptly:

1 reduction of combustible loadings;
2 strengthening of fire barriers;
3 construction of additional fire cells;
4 additional fire detection equipment; and/or
5 additional fire suppression equipment.

2 Where the analysis indicates that the postulated fire may lead to unacceptable releases of
radioactivity, measures to reduce the potential release should be undertaken.

1-3.4 Maintaining the Fire Hazards Analysis

1-3.4.1 Once the FHA has been completed and responsibility assigned for its maintenance, it is
important to ensure that the integrity of the fire protection measures put into place are not
compromised.

1 Subsequent plant modification proposals should be evaluated for their impact on the FHA.
2 Administrative controls should be in place to assure that combustibles, including transient

combustibles, do not build up to a level invalidating the analysis.
3 The FHA should be scheduled for annual review. Such review should consider:

1 Double checking that items 1-3.4.1 (1) and 1-3.4.1 (2) have not inadvertently compro-
mised the FHA.

2 Updating the analysis in the event of significant advances in technology or improved
analysis methods.
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1-4 PRE-FIRE PLANS

1-4.1 Detailed action plans should be developed for the proper response to all potential site fires,
particularly for those in nuclear safety-related areas and areas presenting a hazard to safety-
related equipment.

1 The plans should include details of the fire compartment layout, fire hazards, safety related
components, and any fire protection features that may be present. Impairment information
should be appended to appropriate pre-fire plans.

2 Plans should include strategies for:
1 response to fire alarms;
2 notification of emergency response teams (e.g., station fire brigade, off-site fire

department);
3 coordination with operations and security personnel;
4 fire fighting techniques; and
5 response to potential radiological hazards.

1-4.2 Pre-fire plans should be available in the Main Control Room and to the Station Fire Brigade.

1-4.3 Plans should be reviewed and updated every two years.

1-5 QUALITY  ASSURANCE

The Quality Assurance (QA) program should have requirements for the following aspects of
the fire protection program:

1 design and procurement document control;
2 instructions, procedures and drawings;
3 control of purchased material, equipment and services;
4 inspections;
5 test and test control;
6 inspection, test and operating status;
7 nonconforming items;
8 corrective action;
9 records; and
10 audits.
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2-1.1 To prevent the spread of fires and to assist in fire-fighting, structural fire protection measures
should be established. These include requirements that support fire protection related to:

1 building materials and construction;
2 formation of fire compartments and fire cells;
3 provision for smoke ventilation installations; and
4 escape and access routes.

2-1.2 Spatial fire separation of buildings as well as requirements for fire fighting should be consid-
ered when planning the layout of the buildings of a nuclear power plant. Access roads and
deployment areas for the station fire brigade should be provided.

2-2 BUILDING  CONSTRUCTION

1 The building construction should be noncombustible.
2 The area below the operating floor of the turbine building should be constructed of rein-

forced concrete and have a fire resistance rating of 180 minutes (for further details see
Section 6-2).

3 Steel frames (e.g., the turbine hall) should be insulated or covered to increase their fire
resistance.

4 As far as practicable, the roof construction of all buildings should be designed to reduce the
risk of partial or complete collapse in case of a fire or explosion. Roofing materials (insu-
lation, water-proofing, adhesive) should be noncombustible.

5 The crane runways should be separated from the framework of the building unless that part
of the building is constructed of reinforced concrete or fire-protected steel. The runway
pillars should be directly supported by the building foundation.



2-3 FIRE LOAD OF BUILDINGS

1 As a basic principle, the buildings should be constructed of noncombustible materials.
2 When establishing a fire protection program, the presence of combustible materials should

be considered and reflected in the sum of all prevailing fire loads.
3 The use of plastics should be kept to a minimum. In particular, this applies to areas of high-

value electric and electronic instruments and control installations (e.g., computer room,
control room).

4 Floor coverings should be noncombustible. If this is not feasible, the floor covering mate-
rial should be fire retardant and be laid directly on a noncombustible surface (e.g., con-
crete).

5 Raised floors, suspended ceilings and their load-bearing construction should be of non-
combustible materials. The fire loads, both in raised floors and above suspended ceilings,
should be kept as low as practicable.

6 All building insulation and covering, including clips and fasteners, should be non-
combustible.

7 Partitions, fittings, furniture, etc. should be noncombustible.
8 Heating and ventilation ducts and drain piping should be made from noncombustible

materials.
9 Cable installations require detailed fire protection planning in advance of actual installa-

tion (see Section 6-6).
10 Fire loadings from coatings for walls, ceilings and floors should be minimized.
11 Fire loading in buildings containing nuclear fuel elements should be minimized.

2-4 SEPARATION  OF PLANT  AREAS AND EQUIPMENT

2-4.1 The plant should be subdivided into individual fire compartments and fire cells to reduce not
only the risk of fire spread, but also the consequential damage arising from corrosive gases,
smoke and radioactive contamination. Equipment trains used to achieve shutdown functions of
a nuclear power plant should be housed in separate fire compartments to prevent failure of
redundant (multiple) nuclear safety-related systems.

2-4.2 Each of the following buildings should either be separated by a minimum of 15 meters from all
other buildings or by fire barriers with at least a fire resistance rating of 180 minutes.

1 reactor building;
2 turbine building;
3 electrical equipment building;
4 auxiliary systems building; and
5 radioactive waste buildings.
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2-4.3 In addition, the following areas should be separated by fire barriers of 180 minute fire resis-
tance:

1 each unit of a multi-unit power plant;
2 the reactor containment inside the reactor building (if distinct from the latter);
3 the areas above and below the turbine operating floor;
4 turbo group oil-conditioning room (e.g., coolers, filters, valves, pumps, hydrogen-separa-

tor);
5 turbo group oil reservoir and associated installations;
6 emergency diesel generator room (fire resistance rating of 90 minutes between redundant

[multiple] installations);
7 fuel tanks and storage (rooms should only be accessible from outside the building); and
8 emergency control area (ECA) and adjoining rooms.

2-4.4 The buildings and areas described in 2-4.2 and 2-4.3 should be subdivided into smaller indi-
vidual fire compartments or fire cells with consideration for operational requirements, includ-
ing complying with redundancy requirements for nuclear safety.

2-4.5 The following rooms should form individual fire compartments surrounded by fire barriers
with a fire resistance rating of 180 minutes:

1 main control room (MCR) and its annexes;
2 computer rooms;
3 electrical switchgear rooms;
4 cable distribution rooms and basements;
5 auxiliary power supply installations;
6 battery room (emergency power supply installation); and
7 boilers.

2-4.6 Redundant (multiple) nuclear safety-related equipment including associated cables for power
supply, controls and instrumentation should be located in different fire compartments and be
surrounded by fire barriers having a minimum fire resistance rating of 90 minutes.

2-4.7 Ducts and shafts for cables, pipes and ventilation that cross fire compartments and fire cells
should be designed to prevent the spread of fire and smoke between compartments and cells.
Fire compartments consisting of cable and pipe tunnels should be subdivided into fire cells of
not more than 50 meters length.

2-4.8 Buildings such as stores, workshops, pumphouse and water intake, administration, and canteen
should be separate fire compartments surrounded by fire barriers with a minimum fire resis-
tance rating of 90 minutes.
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2-5 PROTECTION  OF OPENINGS IN FIRE BARRIERS

2-5.1 General
1 Fire compartments require specific preventive measures at openings in fire barriers. The

fire resistance rating of fire door assemblies, fire dampers, penetration seals, etc., should be
consistent with that of the fire barrier.

2 If additional considerations (e.g., radiation protection, mechanical strength, security) re-
duce the fire resistance of these openings, other fire protection features should be provided
to compensate for the reduction in fire resistance.

3 Fire doors, dampers, seals, etc., should be subject to regular inspections and tests as
appropriate.

2-5.2 Door Openings
1 All doors in fire barrier walls should be fire doors.
2 Each fire door should be identified and marked.
3 Fire doors should always be closed. When required to be kept open, latching devices that

will allow the doors to close automatically in case of a fire should be installed.

2-5.3 Cable and Conduit Penetrations
1 Openings in a fire barrier for cables or conduits should be closed with devices with a fire

resistance rating consistent with the fire barrier.
2 Subsequent installation of cables or conduits should not reduce the fire resistance of the

fire barrier.
3 Cable trays should be designed to avoid reducing fire resistance of cable penetrations.
4 Each cable or conduit penetration should be identified and marked.

2-5.4 Pipe Penetrations
1 Openings in a fire barrier for pipes should be closed with devices with a fire resistance

rating consistent with the fire barrier. Pipe movement should be considered.
2 Subsequent installation of pipes should not reduce the fire resistance of the fire barrier.
3 Each pipe penetration should be identified and marked.

2-5.5 Ventilation Ducts
1 Openings in a fire barrier for ventilation ducts should be provided with fire dampers.
2 Automatic closure of those fire dampers activated by a fusible link should be augmented

by:
1 fire alarms or
2 installed fire extinguishing systems.
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3 Ventilation and smoke venting ducts that cross other fire compartments should be avoided.
Where this is not feasible, the duct should have fire dampers with a fire resistance rating
consistent with the fire barrier being penetrated.

4 Each fire damper should be identified and marked.

2-5.6 Joints
1 Joints, including seismic joints, should be constructed of non-combustible materials. The

fire resistance rating should be consistent with that of the fire barrier.
2 Fill material in joints should be introduced so that the joints remain tightly closed during

any movement.

2-6 SMOKE  VENTILATION

1 Smoke ventilation is necessary to:
1 maintain good visibility, thereby assisting the fire brigade and personnel evacuation;
2 prevent plant components and instruments from being damaged by corrosion; and
3 remove smoke and corrosive gases.

2 There should be provisions for venting smoke from each fire compartment. Smoke venting
can be accomplished by the:

1 installation of permanent smoke venting equipment, or
2 fire brigade operating temporary smoke venting equipment.

3 Filters in plant ventilation systems should be protected against smoke, heat and corrosive
gases. The transfer of smoke into unaffected parts of the plant should be prevented by
suitably placed dampers.

4 Smoke and hot gases should be prevented from spreading into other fire cells/fire compart-
ments via the smoke ventilation system.

5 Smoke venting systems should be designed and constructed to withstand expected tem-
peratures and pressures.

6 Smoke ventilation system design should ensure that air flows from the less, towards the
more radioactively contaminated areas.

7 Ventilation and damper controls should be accessible during a fire.

2-7 EMERGENCY LIGHTING

1 An emergency lighting system should be installed in addition to the normal lighting system
for:

1 rescue and escape routes, and
2 to allow operators to perform emergency shutdown activities.
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2 Emergency lighting should operate automatically upon interruption of normal lighting.
3 Emergency lighting should provide adequate illumination during the time required for emer-

gency shutdown, but in no case for less than 8 hours.
4 The emergency lighting system should be inspected, tested and maintained at regular inter-

vals and in accordance with manufacturer’s recommendations.

2-8 CURBING AND DRAINAGE

1 Means to confine leaks or spills should be provided in areas of the station where significant
quantities of combustible liquids may be present.

2 Noncombustible walls should be provided around tanks holding combustible liquids. They
should be capable of retaining the contents of the tank plus the expected quantity of fire
fighting foam or water.

3 Where feasible, pressurized oil pipes should be sleeved by continuous, concentric steel
guards or placed in concrete trenches to prevent the spread of oil should a pipe leak or
break.

4 Floors in all buildings with sprinklers should be pitched to drain liquids to adequate drain-
age facilities.

5 Suitable drainage to an external container should be provided to safely remove any com-
bustible liquids that may leak or spill from tanks or pipes. The drains should be designed to
prevent the spread of fire. The collected liquid should be monitored for radioactivity before
being released to the environment.

6 Nuclear fuel storage facilities should be provided with adequate drainage to safeguard against
criticality in the event of flooding.
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Chapter 3 – Fire Protection Systems and Equipment

3-1 GENERAL

1 All fire compartments should be provided with independent fire detection and alarm sys-
tems.  As basic protection, the station should be provided with automatic fixed fire sup-
pression systems that are connected to the fire signaling system. A complete system of
hoses and hydrants supplemented with portable fire extinguishers should be provided in all
station areas for manual fire fighting.

2 The specific fire protec-
tion systems and equip-
ment in the station
should be as identified
by the FHA, or as re-
quired by the authority
having jurisdiction.

3 The choice of extin-
guishing agents in fire
suppression systems
should be based upon
the:

1 nature of the hazard;
2 effect of agent dis-

charge on equip-
ment such as contin-
ued operability, wa-
ter damage, over-
pressurization, ther-
mal shock, cleanup,
etc.; and

3 health hazards.
4 Water based extinguish-

ing agents have been
shown to be the most
effective for fire sup-
pression and are pre-
ferred for use at nuclear
power plants.



Note: Prior to the Montreal Protocol, halons (hydrochlorofluorocarbons) were being increasingly used
in the protection of computer and communications rooms and transformer/switchgear rooms. With
the global decision to phase out man-made ozone depleting chemicals, various hydrofluorocarbons
and perfluorocarbons have been recommended by authorities as replacements. It should be noted,
however, that these are gases with a global warming potential.
Other recommendations for replacement fire suppression agents are being published. Generally,
these replacement agents bring with them their own unexpected problems, so that international
assessments of other methods and technologies will continue to appear. Whenever replacement of
halon activated systems is being considered, users, in the first instance, should contact their system
supplier for advice and guidance.

3-2 FIRE DETECTION  AND SIGNALING  SYSTEMS

1 Fire signaling systems should be provided in all areas of the station as required by the FHA
and the authority having jurisdiction. The installation should be in accordance with appro-
priate authority having jurisdiction.

2 The signaling system’s initiating device and signaling line circuits should provide emer-
gency operation for fire detection, fire alarm and water flow alarm during a single break or
ground fault.

3 The fire signaling equipment used for fixed fire suppression systems should give audible
and visual alarm and system trouble annunciation in the MCR and fire brigade room.
Alarms should be provided locally and at other locations as required by the authority hav-
ing jurisdiction.

1 The fire signaling system display panel should be located in the MCR and other con-
stantly attended locations such as the plant security office. Annunciation circuits
connecting zone, main control, and remote annunciation panels should be electrically
supervised.

2 Audible signaling devices should produce a distinctive sound, used for no other pur-
pose.  Audible signaling devices should be located and installed so that the alarm can be
heard above ambient noise levels.

3 Operating and plant security personnel should be trained in the proper response to all
fire signaling systems used in the plant. This training should include the ability to iden-
tify the location of any alarm or fire protection system which has been actuated.

4 All fire protection signals should be permanently recorded.
4 Fire signaling equipment and actuation equipment for the release of fixed fire suppression

systems should be:
1 connected to a reliable power supply source, and
2 routed outside the area to be protected.
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5 Manual fire alarm boxes should be installed as required by the FHA. Manual release de-
vices for fixed fire suppression systems should be clearly marked for that purpose. The
manual release device circuits should be routed outside the area protected by the fixed
extinguishing system.

6 Automatic fire detectors should be selected and installed in accordance with:
1 appropriate fire codes;
2 the design parameters identified by the FHA of the plant area (in most cases, a products-

of-combustion fire detector would be the preferable detector); and
3 the authority having jurisdiction.

3-3 FIRE SUPPRESSION SYSTEMS

1 The following fire suppression systems are generally used:
1 dry or wet sprinkler systems;
2 water spray systems;
3 carbon dioxide suppression systems;
4 water-foam system; and
5 inerting systems.

2 Generally, automatic actuation systems are preferred to manual systems. However, specific
plant considerations may call for the latter.

3 Chapters 5 and 6 describe preferred practices and applications in specific plant areas.

3-4 WATER SUPPLY

3-4.1 The fire water supply should be calculated based on the largest manual hose stream demand
plus the largest design demand of any sprinkler or deluge system for a minimum period of two
hours. A minimum of 1200 m3 should be available. The fire water supply should be capable of
delivering this design demand with the hydraulically least demanding portion of the fire main
loop out of service.

3-4.2* Two independent, reliable freshwater supplies should be provided. Water tanks, if  provided,
should be interconnected so that the fire main loop can be fed from either or both. However, a
failure in one tank or its piping should not cause both tanks to drain.

3-4.2.1* Fresh water supplies other than from water tanks may be used if the supply is free from mol-
lusks, bio-fouling and other potential obstructions to the fire protection system.

3-4.3* If fire pumps are required to meet system pressure or flow requirements, a sufficient number of
pumps should be provided to ensure that 100% of the flow rate capacity will be available,
assuming failure of the largest pump or loss of off-site power.
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3-4.4 Individual fire pump connections to the fire main loop should be separated with sectionalizing
valves. Each pump, its driver and controls should be located in a room separated from the other
fire pumps by a fire barrier with a minimum fire resistance rating of 180 minutes. The fuel for
the diesel fire pump(s) should be stored and supplied so that it does not become a fire exposure
to the fire pumps.

3-4.5 A method independent of the main fire pumps should be provided for maintaining the pressure
of the fire protection system.

3-4.6 The following supervisory signals, where applicable, should be received in the MCR or other
constantly attended location in accordance with Section 3-2:

1 pump running;
2 power failure;
3 failure to start;
4 phase reversal;
5 tank water level;
6 pump control panel in “off” position;
7 pump room and tank temperatures; and
8 fuel level.

3-4.7 Fire pumps should start automatically and meet the operational requirements for fire protection
use. Main fire pumps should be capable of being started from both the MCR and local panel,
but stopped only at the local panel.

3-5 VALVE  SUPERVISION

3-5.1 There should be a periodic inspection program for all fire protection water supply and system
control valves.

3-5.2 Such valves should be supervised by one of the following methods:
1 Electrical supervision with audible and visual signals in the main control room or another

constantly attended location with monthly valve inspections.
2 Locking valves open with monthly valve inspections. Keys should be made available only

to authorized personnel.
3 Sealing of valves with weekly valve inspections. This option should be followed only

when valves are within fenced enclosures under the control of the property owner.
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3-6 FIRE MAINS, HYDRANTS AND BUILDING  STANDPIPES

3-6.1* Underground fire main loops should be installed to furnish anticipated water requirements.
Type of pipe and water treatment should be a design consideration. Corrosion, incrustation and
sedimentation should be considered. Means for inspecting and flushing the systems should be
provided.

3-6.2* Approved visually indicating sectional control valves should be provided to isolate portions of
the fire main loop for maintenance or repair without having to shut off large portions of the
water supply to fire suppression systems.

3-6.3 Valves should be installed to permit isolation of outside hydrants from the fire main loop for
maintenance or repair without interrupting the water supply to automatic or manual fire sup-
pression systems.

3-6.4     A common fire main loop may serve multi-unit nuclear power plant sites if cross-connected
between units. Sectional control valves should permit maintaining independence of the indi-
vidual loop around each unit. For such installations, common water supplies may also be uti-
lized. For multiple-reactor sites with widely separated plants (approaching 2 km or more), separate
fire main loops should be used.

1 Separate fire main loops should be provided for operational and construction units.

3-6.5 Outside manual hose installation should be capable of providing an effective hose stream to any
on-site location. Hydrants with individual hose gate valves should be installed approximately
every 75 meters on the fire main loop. At each hydrant a hose cabinet equipped with hose and
combination nozzle and other auxiliary equipment should be provided. Mobile means of pro-
viding hose and associated equipment, such as hose carts or trucks, may be used in lieu of hose
cabinets. Such mobile equipment should be equivalent to the equipment supplied by three hose
cabinets.

3-6.6 Screw threads compatible with those used by local off-site fire brigades should be provided on
all hydrants, hose couplings and standpipe risers.

3-6.7 Sprinkler systems and manual hose station standpipes should have connections to the plant
water main or, alternatively, headers fed from each end, so that a single active failure cannot
impair both the primary and back-up fire suppression systems. Each sprinkler and standpipe
system should be equipped with either an OS&Y (outside screw and yoke) gate valve or other
shutoff valve and water flow alarm.

3-6.8 A hose connection and standpipe system should be provided for all major buildings.
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3-6.9 In the event of a design basis earthquake, the design of the fire water supply system should
ensure that water will be provided to standpipes and hose connections needed for potential
manual fire fighting in areas containing equipment required for plant shutdown. The piping
system serving such hose stations should be analyzed for earthquake loading and should be
provided with supports to ensure system pressure integrity.

3-6.10 The proper type of hose nozzle to be supplied to each area should be based on the recommenda-
tion of the FHA. The usual combination spray/straight-stream nozzle should not be used in
areas where the straight stream can cause unacceptable mechanical damage. Fixed fog nozzles
should be provided at locations where high-voltage shock hazards exist. All hose nozzles should
have shutoff capability.

3-7 FIRE EXTINGUISHERS

3-7.1 Hand and wheeled fire extinguishers should be distributed, installed, inspected, maintained and
tested in accordance with manufacturers’ recommendations. Fire extinguishers should be iden-
tified and marked.

3-7.2 A sign should clearly indicate the location of each portable and wheeled fire extinguisher. Each
sign should plainly indicate the type of fire for which it is intended.
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Chapter 4 Ð Station Fire Brigade

4-1 ORGANIZATION

1 There should be an on-site station fire brigade with a minimum strength of five members
available 24 hours a day.

2 The fire brigade leader and at least two other brigade members should have sufficient fire
training and knowledge of the stationÕs safety related systems to be able to anticipate the
consequences of a fire on the stationÕs shutdown capability (see Chapter 5 on Specific
Consideration for Nuclear Risks).

3 The fire brigade members should be:
1 full-time fire fighters with no other assigned duties, or
2 plant operational staff with other tasks, but trained and on call for fire protection duty

should an alarm occur, or
3 a combination of full-time and part-time (i.e. drawn from the station staff) fire fighters.

4 The fire brigade should always be notified immediately upon verification of a fire or the
actuation of a fire suppression system.
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4-2 TRAINING  AND DRILLS

1 Fire brigade members should be physically able to perform all anticipated duties and tasks
throughout their period of service. In addition to an annual medical examination, members
should be given regular checks to demonstrate that they can:

1 perform the expected strenuous activities, and
2 use and operate the appropriate personal protective equipment.

2 New brigade members should be given initial intensive training and practice in fire fight-
ing, and all fire fighters should receive quarterly retraining so they remain completely fa-
miliar with the pre-fire plans. In addition to the standard responses to hazardous material
incidents, the training programs should include responses to the radioactivity and health
physics hazards that may be encountered during a fire.

3 The fire brigade training program should be documented and current. Records of indi-
vidual station fire brigade members should show:

1 confirmation of classroom and hands-on training details;
2 initial training received;
3 refresher training given;
4 special training;
5 drill attendance records; and
6 leadership training, where appropriate.

4 In addition to training, drills are essential to test, maintain and strengthen the fire brigade’s
response capability. Regular drills serve to:

1 improve the brigade’s performance as a team;
2 ensure the proper use of equipment;
3 confirm effectiveness of pre-fire planning; and
4 test the brigade’s coordination with other groups, such as station emergency response

teams and external emergency organizations.
5 Drills should be conducted in various plant areas for each shift team at least every three

months. Drill scenarios should be planned, and particular emphasis should be placed on
areas identified by the plant’s FHA as being vital to plant operation and/or containing sig-
nificant fire hazards.

6 Drills should be viewed as learning experiences. Complete drill records should be kept
describing:

1 drill scenarios;
2 fire brigade member responses; and
3 ability of the fire brigade to perform its assigned duties.
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7 After each drill, a critique should be held to determine if the drill objectives were met. The
lessons learned should be used to modify the fire brigade’s training program or, if neces-
sary, the corresponding pre-fire plans.

8 All employees should receive regular training and practice in fundamental fire fighting and
rescue techniques. To maintain the best possible preparedness for any contingency, every-
one at the station should be able to:

1 sound the alarm if a fire is discovered, and
2 intervene with available extinguishing devices.

4-3 COMMUNICATIONS

1 All emergency and hazardous situations should receive priority on the station communica-
tion system, with a series of recognizable signals or tones to distinguish each type of emer-
gency. In the event of a fire, in addition to fire warning and evacuation announcements, the
communication system should also be available to direct the fire brigade.

2 Since the operations staff may have to take the plant to safe shutdown in the event of a fire,
there should be a portable radio communication system available for the fire brigade and
operations personnel. Periodic testing should ensure that portable radio transmission fre-
quencies neither affect the operation of station electrical control components, nor interfere
with the communication channels used by the plant’s security forces.

3 The low power of portable radios and the need to use them inside building structures gen-
erally require that repeaters or extenders be installed in various locations. The impact of
fire damage should be considered when repeaters are installed; they should be located such
that a fire-induced failure will not result in the failure of other communication systems
used to ensure safe shutdown.

4-4 L IAISON  WITH  EXTERNAL  EMERGENCY  ORGANIZATIONS

1 The station fire brigade should be capable of protecting safety-related station areas unas-
sisted. For the overall fire protection program, however, response by the off-site fire bri-
gade should be developed for supplemental and back-up purposes.

2 The off-site brigade should receive instruction and training in the hazards associated with
entering and fighting fires involving radioactive and hazardous materials. They should ob-
serve and advise on station fire drills and participate in the drills and the post-drill critiques.

3 Station fire protection management should regularly meet with the external emergency
organizations. Plans should be developed for the interface of the station fire brigade with
the external organizations. The responsibilities and duties of each should be defined and
revised should post-drill critiques indicate improvements or modifications are required.
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4-5 STATION  FIRE BRIGADE  EQUIPMENT

1 The station fire brigade should be provided with equipment that will enable them to per-
form their assigned tasks. The minimum equipment provided for the brigade should consist
of personal protective equipment such as turnout coats, boots, gloves, hard hats, emer-
gency communications equipment, portable lights and portable ventilation equipment. All
equipment should be appropriate for fire fighting use.

2 Self-contained breathing apparatus using full-face positive pressure masks should be pro-
vided. Service rating should be a minimum of 30 minutes for self-contained units. At least
a one-hour supply of backup air in extra bottles should be readily available for each unit of
self-contained breathing apparatus. In addition, an on-site six hour supply of reserve air
should be available and arranged to permit quick and complete replenishment of exhausted
air supply bottles as they are returned. If compressors are used as a source of breathing air,
only units appropriate for breathing air should be used. The compressors should be oper-
able assuming loss of off-site power.

3 One or more on-site mobile fire apparatus may be required if an off-site mobile fire appa-
ratus is not readily available. Depending on the station’s needs, the vehicle should be equipped
with a fire pump, water tank, hose and other equipment.
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5-1 SPECIFIC  CONSIDERATION  FOR NUCLEAR  RISKS

1 The objective of nuclear safety-related fire protection is:
1 to prevent fires that may affect nuclear safety-related areas and equipment;
2 to ensure safe shutdown and residual heat removal capability at all times during and

after a fire event; and
3 to minimize the radiation and contamination consequences of any fire.

2 To meet these objectives, various structures, systems and equipment important to nuclear
safety should be appropriately designed and constructed as well as protected by fire protec-
tion systems to minimize the probability of fires and explosions and their effects on nuclear
safety.
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5-2 NUCLEAR REACTOR SAFETY  CONSIDERATIONS

5-2.1 Fire Analyses
1 To ensure that fire protection objectives are met, the FHA whose scope and criteria are

described in Section 1-3, should include an assessment of all fire compartments containing
nuclear safety-related equipment.

2 The portion of the FHA related to nuclear safety should incorporate Fire Safe Shutdown
Analyses (FSSA) of the effects of a fire on all structures, systems, and equipment required
to achieve safe shutdown and residual heat removal.
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3 The FSSA should be performed separately for all expected modes of operation (e.g., full
power, refuel and maintenance, hot and cold shutdown, and startup conditions).

4 During shutdown periods, many fire protection systems may not be operable (e.g., fire
barriers incomplete, extinguishing systems shut off). Safe shutdown related equipment may
have been made inoperable due to maintenance and abnormal reactor conditions (e.g., open
reactor, lower water level). These differing conditions should be considered when perform-
ing the shutdown period analysis.

5 A separate analysis of seismic/fire interaction should be performed to consider the possi-
bility of seismically-initiated fires, induced spurious suppression system actuation, degra-
dation of suppression capability, or initiation of a fire in a non-safety system that may affect
a safety system. Appropriate modifications (e.g., procedures or equipment) should be
developed.

6 An analysis of the consequences of an interaction of fire and internal flooding caused by
the fire (from fire water and/or damaged water pipes) should also be performed.

7 With the exception of the primary containment area, it should be assumed that a potential
fire disables or spuriously activates all components, mechanical and electrical. Safe shut-
down capability should not be adversely affected by any faults assumed to occur as a result
of a fire.

8 If nuclear safety requirements are not fulfilled in a specific area, a more detailed analysis of
this area should be performed. The analysis may support the conclusion that more fire
protection systems need to be installed or alternatively that due to spatial separation, in-
stalled fire resistive barriers, etc. that no further measures are needed.

9 The FHA and FSSA should be refined and developed into a station-specific Fire Probabilis-
tic Safety Analysis (FPSA). For new stations, a pre-operational FHA and FPSA should be
performed.

10 Both the FHA and FPSA should be regularly updated to incorporate station changes.

5-2.2 Safe Shutdown Systems and Equipment
1 Safe shutdown and residual heat removal capability should be available during a fire. Fire

protection for this capability should rely primarily on passive fire protection measures,
such as separate fire compartments. Redundant (multiple) safety-related equipment should
be in separate fire compartments. For a description of separation and fire barriers see Sec-
tion 2-4.

2 Where full separation of redundant (multiple) equipment in separate fire compartments
is not possible, operational availability should be achieved by fixed fire extinguishing
systems, spacial separation, fire proof conduits and envelopes, or fire stops (see Section
6-1).

3 In areas with high fire loads, passive fire protection should be complemented with fixed
extinguishing and suppression systems.
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4 All nuclear safety related areas should be equipped with fire detection systems with alarm
panels in the MCR and other constantly attended locations (see Section 3-2).

5 The aforementioned separation and protection criteria should also be applied to other sys-
tems that support nuclear safety such as emergency feedwater, service water, and external
and internal electrical supply systems required to support safe shutdown.

6 Both water-filled pools and dry storage methods are used to store irradiated fuel on-site.
Whichever method is used, spent fuel cooling should be available at all times during a fire
through separation and protection of equipment and control functions.

7 The MCR should be situated in a separate fire compartment that permits the safe shutdown
of the reactor system, even in the case of a fire in adjacent rooms (see Section 6-5).

8 There is an unavoidable lack of separation of instrumentation and control in the MCR.
To ensure safe shutdown and residual heat removal capability in the case of a fire in the
MCR itself, there should be an Emergency Control Area (ECA), fully separated from the
MCR, preferably in a separate building, from which shutdown operations can be controlled
(see Section 6-5).

5-3 RADIATION  AND RADIOACTIVE  CONTAMINATION  CONSIDERATIONS

5-3.1 Radioactive Contamination
1 A fire in a nuclear power station could contaminate rooms and equipment and result in a

release of radioactivity to the surroundings. Vulnerable areas and equipment include the
active charcoal filter installations, the radioactive waste facilities and active workshops
and laboratories.

2 The layout, fire separation and ventilation systems of these areas should be designed to
prevent the spread of contamination. Fire loads should be minimized. The risk of auto-
oxidation in radioactive waste should be evaluated.

3 Fire detection systems should be installed in areas where a fire could cause a release of
radioactivity. Detectors should be compatible with the radiation environment.

4 Where necessary, fixed extinguishing systems should be installed to suppress and limit
fires.  They should be designed to minimize the spread of contamination. When combus-
tible materials are used for radioactive waste treatment (e.g., bitumen, epoxy resin, etc.)
fixed extinguishing systems, which take into account the special properties of the materials
used, should always be installed.

5 Structural design features and choice of surface coatings (e.g., paint) should consider the
need to minimize decontamination work and personnel radiation doses after a fire in the
area.

6 Systems for collecting contaminated fire fighting and cleaning water, should be incorpo-
rated into the design.

7 Active charcoal filters should be provided with a fire detection system to stop the ventila-
tion fans, and with a fixed system to extinguish a filter fire (e.g., by inerting with nitrogen).
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5-3.2 Restrictions to Fire Fighting
1 In many areas of a nuclear power plant, fire fighting is restricted by high radiation levels.

To the extent possible, layout and fire protection systems should be designed to enable
remote detection, fire suppression and extinguishment without entering the area. Where
this is not possible, access provisions should be considered to keep individual radiation
dose rates as low as reasonably achievable (ALARA).

2 Pre-fire plans and fire brigade training programs should consider existing radiation levels
and potential increases in such levels caused by a fire (see Sections 1-3 and 4-2).
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6-1 REACTOR CONTAINMENT

1 Redundant (multiple) safety related sys-
tems in the reactor containment should,
as far as practical, be situated in separate
fire compartments. Where this is not pos-
sible due to the containment layout or the
nature of the process, there should be
physical separation between redundant
equipment by distance, fire barriers and
fire stops. In the case of cables, fire-tested
conduits and envelopes should be used
if separation by distance or fire stops is
not possible. Main Coolant Pumps, when
not located in separate fire compartments,
should be separated by a fire stop.

2 Fire loads should be minimized in the
containment area due to the difficult fire
fighting conditions. The main fire loads
arise from pump lubricating oil systems
and cable concentrations.

3 The quantity of oil used in lubricating
systems (e.g., the Main Coolant Pumps)
should be minimized. Equipment con-
taining larger amounts of oil (e.g., oil
tanks) should be located in separate fire
compartments with a minimum fire resistance rating of 180 minutes. The oil leakage col-
lection system should be capable of collecting oil from all potential oil leakage sources in
the containment. Leakages should be drained to a vented closed container that can hold the
entire inventory of oil systems. The oil leakage collection system should be seismically
designed.

4 Cables should be fire retardant. Cable concentrations should be avoided where possible.
5 Smoke detectors (where necessary complemented with heat detectors) compatible with the

radiation environment should be located throughout the containment, particularly at loca-
tions with a higher fire risk such as oil systems and cable concentrations.

6 Automatic fixed fire suppression systems should be installed for lubricating oil equipment
containing significant quantities of oil and for cable concentrations.

7 Standpipe and hose stations should be installed inside the containment. Where containment
isolation criteria do not permit penetrations for fire water, there should be a reliable source
of fire water inside the containment. The capacity of this water source should be enough to
meet the combined needs of fixed fire suppression systems and hoses inside the contain-
ment for a minimum of 2 hours.
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8 For plants with inerted primary containments, fixed fire suppression systems and hose sta-
tions may not be necessary. Every location within the primary containment should be reach-
able with hoses positioned outside the containment. If this cannot be achieved, it may be
necessary to install hose stations inside the containment.

9 During a reactor accident concentrations of hydrogen may be formed inside the contain-
ment.  There should be hydrogen control systems available to reduce hydrogen concentra-
tions within containment (e.g., hydrogen ignitors and/or recombiners). Plants with inerted
containments may not need this type of equipment.

10 During maintenance, repair, and refueling periods, conditions in the containment may dif-
fer substantially from normal operation due to openings in fire barriers, temporary fire
loads, hot work, lack of inertization, etc. Detailed procedures including temporary fire
protection procedures should be provided for the control of these additional hazards.

6-2* TURBINE BUILDING

6-2.1 General
1 The frequency of fires in turbine buildings is higher than generally realized, and major fires

resulting from, for example, pipe failures in lube oil systems have long been a concern. A
major fire can result in catastrophic damageto property and equipment and long-term
loss of generation revenue to the operator.

2 The Appendix discusses the hazard and its consequences in detail. In particular, it draws
upon the observations and experience of other organizations to demonstrate that this issue
is a matter of concern to many others.

3 The failure of lube oil system piping can release large quantities of burning oil over a large
area resulting in three-dimensional arcing or cascading, flame-thrower types of fire and
floating, moving pool fires.

4 The capacity of a tur-
bine lube oil reservoir
will depend on the size
of the machine but res-
ervoirs of 40,000 liters
to more than 75,000 li-
ters are common. The
care taken in design to
ensure oil flow to the
bearings even under
extreme operating con-
ditions can, ironically,
increase the fire hazard
in the event of a break
or rupture in the oil
system.
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5 Other oil sources found in the turbine building may include the lubrication systems for
large pumps and motors, storage tanks and oil purification systems.

6 Fire and explosion can follow from:
1 the release of hydrogen from the main generator hydrogen cooling system; and/or
2 the loss of hydrogen and seal oil from a failure of the main generator shaft seal oil

system.

6-2.2* Fire Prevention – Oil Piping and Nonporous Insulation
1 The oil piping system should be designed to reduce the probability of an oil leak. Two

common methods are to use:
1 welded pipe, so that screwed joints can be avoided wherever possible, and
2 concentric pipe whereby the pressurized oil pipe lies inside the oil drain pipe.

2 The quantity of oil released during a turbine-generator fire can be reduced if consideration
is given during the fire emergency to:
1 reduce the coast down time of the machine, and
2 secure the back-up lube oil pumps.

3 Nonporous insulation should be used below the turbine-generator set on all hot surfaces
such as steam pipes since absorbed oil can become an ignition source by auto-oxidation.

6-2.3* Fire Protection – Turbine Bearings and Oil Piping
1 Electrical circuits that activate fire protection systems should be engineered to be reliable

during any fire. Circuits required to operate extinguishing systems should be routed out-
side the immediate area.

2 The turbine bearings and associated oil piping should be protected by one of the following
methods listed in order of preference:

1 a properly engineered, fully automatic (water) suppression system to protect all areas
around the turbine-generator where oil can be released or can accumulate, or

2 a manual (water) suppression system with actuation from either of two remote loca-
tions, one of which should be the main control room. Operating and training procedures
should be prepared to minimize delays between detection of the fire and operation of
the suppression system.

6-2.4 Fire Protection – Enclosed Shaft Driven Generator Exciter
1 An enclosed shaft driven generator exciter should be protected by one of the following

methods:
1 a properly engineered, (water) suppression system. An automatic system is preferred. A

manual system is acceptable provided it can be actuated at a safe distance from the fire.
2 a properly engineered, automatic, carbon dioxide suppression system designed to main-

tain a 30% concentration inside the enclosure during the coast down period of the
machine.
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3 a properly engineered, manual, carbon dioxide suppression system of sufficient
capacity for multiple discharge cycles, capable of being actuated at a safe distance from
the fire.

6-2.5* Fire Protection – Below the Turbine-Generator
1 A properly engineered fire sprinkler system should be provided below the operating floor

in all areas where combustible oil could spread or accumulate.
2 Other acceptable methods are properly engineered fixed foam, foam-water spray, or foam-

water sprinkler systems.

6-2.6* Fire Protection – Oil Storage Tanks, Reservoirs and Purifiers
1 As a preferred approach, turbine lube oil storage tanks and reservoirs should be cut-off

from all other areas of the turbine building by fire barriers of 180 minutes fire resistance.
2 A properly engineered fire extinguishing system should be provided throughout all such

enclosures. Acceptable methods are fire sprinkler, water spray or total flooding carbon
dioxide systems.

3 An oil containment system should be provided, see Section 6-2.7 for details.
4 Where oil storage tanks are not cut off from other areas, they are acceptable provided that:

1 they are located in areas where the ceiling is protected by an overhead sprinkler system;
2 the tanks are protected by an automatic water spray system; and
3 an oil containment system is installed in accordance with Section 6-2.7.

5 To prevent potential damage from the effects of water spray, emergency lube oil pumps
should be of the enclosed type with the electrical circuits to the oil pump motors routed and
protected so that control will not be impaired by the fire emergency.

6 Turbine oil reservoirs and lube oil filters equipped with hinged access panels designed to
relieve internal pressure should have tamper resistant devices installed so that pressure
relief of the tank is not defeated, e.g. locked cages can be installed over the covers arranged
so that the covers can be lifted.

7 Noncondensable vapor extractors should be vented to the outdoors.
8 Lube oil purifiers should be located in an area protected by an overhead sprinkler system

and an oil containment system.

6-2.7* Fire Protection – Oil Containment
1 Oil containment features should be installed in those areas where oil can be released or

flow.  Floor pitching, curbing, dikes and trenches designed to withstand fire conditions
should be used to confine the hazard.

2 The concurrent release of oil and water during a fire emergency should be considered. Pre-
fire plans should address the problems created by hazardous and/or contaminated wastes.
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6-2.8* Fire Protection – Large Pumps and Motors
1 Feed pumps and motor generator sets having oil system capacities greater than 200 liters

should be separated by fire barriers and located in an area protected by:
1 a properly engineered automatic fire sprinkler system, and
2 an oil containment system in accordance with Section 6-2.7.

6-2.9 Fire Protection – Hydrogen
1 Hydrogen storage and use.

1 Bulk storage should be located outdoors.
2 Excess flow valves should be installed in piping.
3 A clearly marked outdoor block valve should be provided.
4 Make-up should be done manually as required.
5 Hydrogen usage should be logged.

2 Prior to maintenance on the electrical generator or in the case of an emergency, hydrogen
should be released and the generator flushed with an inert gas in accordance with
manufacturer’s recommendations. Valves to be operated for hydrogen release and flushing
should be accessible and clearly marked.

3 Subsequent to flushing, when the generator is opened for maintenance a blank flange should
be inserted into the hydrogen supply piping or a spool piece removed from the piping.
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6-2.10* Fire Protection – Hydrogen Seal Oil Systems
1 Hydrogen seal oil systems should be cut-off by 180 minute fire barriers and protected by a

properly engineered sprinkler system.
2 Where a cut-off is not provided, the hydrogen seal oil system should be:

1 located in an area protected by a properly engineered sprinkler system;
2 protected by a properly engineered dedicated automatic water spray system; and
3 provided with an oil containment system in accordance with Section 6-2.7.

6-2.11 Fire Protection – Hydraulic Control Systems
1 In case of a turbine fire, all hydraulic control oil pumps should be switched off.
2 When turbine oil is used as the source of hydraulic control oil, sprinkler protection should

be provided in accordance with Section 6-2.3.

6-2.12 Fire Protection – Smoke and Heat Venting

Permanent smoke and heat venting should be provided in the turbine building.

6-3 ELECTRICAL  EQUIPMENT

6-3.1 General
1 For locations where fire or explosion

hazards may exist due to flammable
gases or vapors, flammable liquids,
combustible dust or ignitible fibers
or particles, electrical equipment and
systems should comply with the re-
quirements stipulated by the authority
having jurisdiction.

2 The fire hazard should be minimized
by using noncombustible insulation
materials wherever practicable. If
equipment contains liquids for insulat-
ing and/or cooling purposes, such liq-
uids should have a high flash point and
the volume should be minimized. This
equipment should be installed outdoors
with adequate fire protection.
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6-3.2 Specific Equipment

6-3.2.1 Switchgear

When switchgear is located indoors, the fire hazard should be reduced by using air circuit
breakers, low oil content circuit breakers or breakers filled with sulfur hexafluoride (SF

6
) or

similar nonflammable fluids. Large switchgear rooms (greater than 60 m2 floor area) should be
separated by 180 minute fire barriers.

6-3.2.2 Power Cables

Oil insulated power cables should only be used outdoors. Metallic power cable clamps should
be insulated and should not form a closed electrical conducting circuit. Power cables should be
protected against short circuit as well as excessive electrical voltage.

6-3.2.3 Controls and Relays
1 The doors for cabinets containing controls and relays should remain closed during plant

operation. Large relay rooms (greater than 60 m2 floor area) and rooms containing safety
related equipment should be separated by 180 minute fire barriers.

2 Control and relay cabinets should be tested periodically for proper operation of their cool-
ing systems.

6-3.2.4 Batteries
1 Batteries should be installed

in a separate fire compart-
ment. Battery rooms should
be equipped with an ad-
equate forced ventilation
system and the exhaust lines
located at the highest level
of the fire compartment.
Hydrogen concentrations in
battery rooms should be
monitored. Excessive con-
centrations (>0.5-1 vol %)
should sound an alarm sig-
nal at a constantly attended
location.

2 All electrical equipment installed or used in battery rooms should be explosion proof.

6-3.2.5 Computer and Communication Rooms
1 Computer and communications equipment should be located in separate fire compartments.

These compartments should be protected against water leakage from the floors above. Fire
loads should be minimized by:
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1 limiting the contents to the computer, its support equipment and noncombustible office
furniture needed for operation, and

2 using only self-extinguishing-type trash receptacles.
2 Standard office functions should not be permitted inside the computer room.
3 Additional reserves of paper, inks, recording media and other combustible material should

be stored in a separate area outside the room.
4 Records should be stored outside the computer room in a room designated specifically for

such storage.
5 Fire protection should be provided in areas where the combustible loading creates a signifi-

cant fire risk.
6 Smoke detectors should be located at the ceiling level of the rooms, underneath the raised

floor (if applicable) and in the cabinets, particularly if they are directly vented. Access to
the space under raised floors should not be restricted and tools necessary for access clearly
marked and readily available in the computer room.

7 With regard to fire suppression the following should be observed.
1 Properly engineered fixed extinguishing systems should be provided.
2 Multipurpose dry chemicals should not be used.
3 If sprinkler systems are used in computer areas, they should be of the pre-action type

and have their own sprinkler control valve.
4 Power to computer equipment should be switched off prior to the application of water

on the fire.

6-3.2.6 Electrical Motors

All electrical motors should be protected against overheating and excessive current. Proper
operation of the cooling systems should be periodically checked.

6-3.3 Lightning Protection

6-3.3.1 Design Principles
1 All structures, including buildings, above ground tanks, stacks, meteorological towers, etc.,

should be protected by an effective lightning protection system. The “exterior” and “inte-
rior” parts of the lightning protection system(s) should be designed to account for any
special circumstance and layout of the facility.

2 The “exterior” part of the lightning protection system should intercept the lightning strike
by air terminals and lead the current to earth (ground terminals) without causing damage to
any station buildings.

3 A suitable combination of potential equalization, shielding and surge suppression should
be used in the “interior” part of the lightning protection system to prevent damages to the
metallic and electric installations due to induced currents and electromagnetic fields from
lightning discharges.
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6-3.3.2 Maintenance for Lightning Protection

All lightning protection systems should be periodically inspected and maintained. Periodic in-
spection and maintenance is of particular importance where electrolytic corrosion can occur
from the use of copper and aluminum conductor materials. Modifications to the system should
be tested to assure continued proper operation.

6-3.4* Maintenance for Electrical Equipment
1 Proper maintenance of electrical equipment and systems is important to minimize the po-

tential for a fire. Large electrical equipment should be checked on a regular basis for “hot-
spots” (e.g., using thermographic methods), insulation damage and other faults likely to
become ignition sources.

2 Electrical power cable connections should be regularly checked for loose connections which
may also lead to hot-spots.

3 All electrical and electronic equipment should be cleaned periodically to remove dust.
4 All electrical equipment should be periodically checked for the presence of oil leakage.

6-3.5 Fire Fighting Involving Electrical Equipment
1 When fighting fires involving electrical equipment, the following precautions should be

observed.
1 Electrical equipment need not be de-energized prior to discharge of gas or dry chemical

fire suppression systems. However, shutdown is desirable if it can be accomplished.
2 Portable fire extinguishers that contain water, water/antifreeze, or foam should gener-

ally not be used on energized electrical equipment because of the potential for electrical
shock to personnel.

3 The use of multipurpose dry chemical systems for fire suppression is not recommended
in locations having sensitive electronic equipment.

4 The use of hand hose lines discharging water onto energized electrical equipment should
take into consideration:
1 the voltage of the equipment;
2 the type of water stream used, i.e., solid vs. spray;
3 the effect of electrically conductive water on the operability of the equipment;
4 the most probable distance between the fire fighter and the energized electrical equip-

ment; and
5 the location of energized electrical equipment in the drainage path that is likely to be

encountered when water is used.
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6-4 TRANSFORMERS

6-4.1 Fluid Filled Transformers

6-4.1.1 General

COOLANT FLUID FLASH OR TRANSFORMER VOLTAGE GUIDELINES
FIRE POINT RATING

Fire point not less than 300°C Less than 35,000 volts • Liquid confinement area should
be provided.

Fire point not less than 300°C More than 35,000 volts • 180 minute fire barrier should be
provided to form a fire
compartment.

No flash or fire point in air. Less than 35,000 volts • Liquid confinement area should
be provided.

• A pressure relief vent should be
provided.

No flash or fire point in air. More than 35,000 volts • 180 minute fire barrier should be
provided to form a fire
compartment.

If the fire load in the area of the transformer is minimal, generally no other fire protection
features are required.

1 Transformer mineral insu-
lating oil will vaporize at
high temperatures and can
become explosive due to
overloading or electrical
arcing. For large outdoor oil
filled transformers an auto-
matic water spray system
designed to provide protection for the entire transformer and iso-phase bus area will reduce
damage and the possibility of fire spread by quenching the flame and cooling the burning
oil. Oil containment and drainage should be directed to a safe location.

2 Exterior wall openings of buildings that are less than 15 meters from oil filled outdoor
transformers should have a minimum fire resistance rating of 90 minutes. Windows, vents,
etc. should be avoided.

6-4.1.2 Indoor Fluid Filled Transformers

The following table summarizes the protection features that should be considered for a range of
transformer voltage ratings and fluid flash points.
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6-4.1.3 Outdoor Oil Filled Transformers

6-4.1.3.1General
1 The primary factor associated with the fire hazard from an oil filled transformer is the

quantity of oil present. Therefore, these guidelines use oil capacity rather than kVA rating
as the controlling factor.

2 If iso-phase bus duct air cooling is through a recycling loop, the pre-fire plan should
include a procedure to interrupt the air circulation or movement in the event of fire.
This should be done to prevent smoke, oil mists and corrosive vapors from entering the
building.

3 Transformers with an oil capacity greater than 2,000 liters should not be located within 3
meters of structures or other major equipment.

4 All transformers, irrespective of oil capacity, should be installed in accordance with the
FHA.

6-4.1.3.2 Less than 2,000 Liters Capacity

6-4.1.3.32,000 to 20,000 Liters Capacity

DISTANCE FROM NEAREST STRUCTURE OR GUIDELINES
MAJOR EQUIPMENT

Any distance • In accordance with FHA spatial separation, fire
barriers, automatic water spray systems, and
enclosures that confine the oil and water or
drainage to a safe area should be considered.

DISTANCE FROM NEAREST STRUCTURE OR GUIDELINES
MAJOR EQUIPMENT

Greater than 15 meters • All of the Guidelines recommended for
transformers of less than 2,000 liters capacity.

PLUS

• Facilities for oil and water containment or
drainage should be provided. See Section 6-4.3.



Page 38 May 1997

INTERNATIONAL  GUIDELINES

FOR THE FIRE PROTECTION  OF NUCLEAR POWER PLANTS

Chapter 6 Specific Fire Protection Guidelines

6-4.1.3.32,000 to 20,000 Liters Capacity (continued)

DISTANCE FROM NEAREST STRUCTURE OR GUIDELINES
MAJOR EQUIPMENT

Between 10 and 15 meters • All of the Guidelines recommended for
distances greater than 15 meters.

PLUS

• Either a 120 minute fire barrier between the
transformer and buildings or structures or all
adjoining building walls should have a 120
minute fire resistance.

• Between adjacent transformer, either 60 minute
fire barriers or 10 meters separation.

• All fire barriers should extend at least 30 cm
above the transformer casing and conservator
tank and be at least 60 cm distant from the
transformer and cooling coils.

• All fire barriers should be able to resist the effects
of exploding transformers and bushings.

• Adequate ventilation of the transformers should
be considered.

Between 3 and 10 meters • All of the above Guidelines recommended for
transformers of 2,000 to 20,000 liters capacity.

PLUS

• A properly engineered water spray system should
be provided for each transformer and the under-
side of the bus ducts within the oil confinement
area.

• Arrange sprinkler piping and supply to minimize
effects of an exploding transformer.

• Anticipated water demand for hose streams is
4m3/hour.

• Fire detections should automatically actuate the
water spray system without delay.
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6-4.1.3.4  Greater than 20,000 Liters Capacity

DISTANCE FROM NEAREST STRUCTURE OR GUIDELINES
MAJOR EQUIPMENT

Greater than 15 meters • Adequate hydrant protection within 30 meters of
the transformers should be provided.

PLUS

• All of the Guidelines recommended for
transformers of between 2,000 and 20,000 liters
capacity located at greater than 15 meters from
nearest structure or major equipment.

Between 3 and 15 meters • All of the Guidelines recommended for
transformers of between 2,000 and 20,000 liters
capacity located at between 10 and 15 meters
from nearest structure or major equipment
and also for transformers of between 2,000 and
20,000 liters capacity located at between 3
and 10 meters from nearest structure or major
equipment.

6-4.1.4* Polychlorinated Biphenyls (PCB’S)
1 PCB filled transformers should not be used. Where used, replacement should be consid-

ered as soon as possible.
2 Flushing and retro filling a transformer and replacement of the dielectric fluid is accept-

able. The dielectric fluid should be approved by the equipment manufacturer and should
have adequate dielectric strength and heat transfer capabilities.

6-4.2 Dry Transformers

The fire hazard for dry transformers depends primarily on the type of insulation, however,
generally such transformers are considered less hazardous than a fluid filled transformer. Dry
transformers may be installed indoors. No special fire protection features are needed unless the
transformer is rated over 112 kVA or 35,000 volts. Such transformers should be installed in a
fire compartment with a fire resistance rating of 180 minutes.

6-4.3 Oil and Drainage Confinement
1 Curbs and uniform, washed, crushed stone approximately 3-4 cm in diameter, should be

provided at sufficient depth to prevent ground fires. The pit should be sized to accommo-
date the stone and quantity of oil in the largest transformer and the anticipated water dis-
charge.

2 For pits that serve multiple transformers, the water from two deluge systems operating
simultaneously for 10 minutes should be used to determine the anticipated water discharge.

3 An acceptable alternative to the large capacity pit, is a pit capable of containing the oil
while discharging water through an oil separator.
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6-5 CONTROL  BUILDINGS

1 The Main Control Room (MCR) should be protected from fire and smoke. Fire separation
should incorporate minimum 180 minute fire barriers. For separation criteria see Section 2-6.

2 Combustible construction materials should not be used in the MCR. Raised floors and
suspended ceilings should be avoided.

3 A smoke detection system should be provided in the MCR. Cabinets containing electric
and electronic equipment should have detectors installed inside. There should be easy ac-
cess to individual cabinets to facilitate the use of portable hand held extinguishers. Breath-
ing apparatus should be available with sufficient capacity to attain safe shutdown.

4 To enable continued occupation, even during a fire in adjacent rooms, the MCR should
have an independent ventilation system maintaining a higher pressure in the MCR in rela-
tion to other areas. The ducts of this system should be provided with 180 minute fire resis-
tance when passing through other fire compartments.

5 A separate Emergency Control Area (ECA) should be available in the case of a fire in the
MCR. The ECA should be situated in a fire compartment separate from the MCR. There
should be a safe access route from the MCR to the ECA.

6 The ECA should contain all instrumentation and control equipment needed to achieve and
maintain hot shutdown. There should be full electrical isolation and fire separation from
the MCR.
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6-6 CONCENTRATED  ELECTRICAL  CABLE

6-6.1 Fire Hazard

While the fire frequency has
been low, serious cable tray
fires have occurred at nuclear
power plants. Electrical cable
becomes a fire concern when
the cable insulation is com-
bustible, and the quantity of
cable is sufficient to fuel a
major fire. Cabling should be
made of noncombustible
halogen free materials. An
additional point of concern is
the use of PVC insulation material due to the toxic and corrosive nature of its combustion
products.

five fully
loaded
trays

6-6.1.1 Concentrated electrical cable trays warrant fixed
fire suppression. Examples of concentrated
cable tray configurations that call for fire pro-
tection are:

1 A single stack more than four trays high.

2 Adjacent horizontal stacks, separated by
less than 1.5 meters with more than 3 trays
in each vertical stack.

Adjacent stacks of
fully loaded trays

<1.5m
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3 A stack that is more than three trays
high that is less than 1.5 meters
apart horizontally from a stack of
three or more trays which fall
within a 30° angle from the verti-
cal starting at the closest edge of
the bottom tray.

4 A stack more than 3 trays high that
is less than 1m horizontally from
an adjacent stack of 3 trays.

less than 1.5m and
within a 30 degree angle
of the closest edge of the

lowest tray

less than 1m

6-6.2*  Fire Protection
1 A properly engineered fire suppression system should be provided for concentrated cable

tray configurations and in those areas identified in the FHA.
2 Cable spreading rooms, cable tunnels and cable shafts should be cut off from other areas by

180 minute fire barriers. Cable spreading rooms and long tunnels should be accessible for
manual fire fighting from at least two locations.

3 Provisions should be made to remove smoke in accordance with Section 2-6.
4 One standpipe connection should be available at each entrance to cable spreading rooms,

cable tunnels and cable shafts.
5 Drainage of sprinkler and hose stream water should be provided in accordance with Sec-

tion 2-8.

6-7 MISCELLANEOUS AREAS

6-7.1 Engine Driven Emergency Power Supplies

6-7.1.1 Fire Hazard
1 The principal fire hazard associated with combustion turbine and diesel driven electric

generators is the fuel oil and lubricating oil systems. Both of these oils represent a combus-
tible liquid hazard.
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2 Fires can occur at any point where combustible oil can be released or where it can accumu-
late. These areas include the engine compartment, generator compartment, auxiliary equip-
ment enclosures that contain oil, and combustion turbine exhaust compartments. Where the
oil is being released, it will burn with the intensity of a pressurized oil fire. Where the oil
accumulates it will burn with the characteristics of a combustible liquid pool fire. Where
insulation is present, there is the possibility that it could become oil soaked and burn with
the characteristics of a deep seated fire.

6-7.1.2* Fire Protection
1 A properly engineered automatic fire suppression system should be provided in all areas

where combustible oil may be released.
2 Curbing and drainage should be used to reduce the area exposed to a single spill fire where

oil piping systems extend through buildings and compartments see Section 2-8.
3 Each emergency electrical generating system should be sufficiently detached or cut off

from other equipment by 180 minute fire barriers.
4 Fire suppression systems should be designed and maintained so they do not impair the

reliability of the emergency power supply.
5 Fuel oil storage tanks containing a large volume of oil should be located outdoors so that a

fire occurring at the storage tank will not cause damage to buildings or other equipment.
Outdoor above ground tanks should be installed in accordance with good engineering
practices. They should be separated from other buildings and equipment by 180 minute fire
barriers or by 15 meters separation.

6 Fuel oil tanks located inside buildings should be in separate fire compartments of 180
minute fire resistance.

7 An oil containment system should be provided for all fuel oil tanks. The containment sys-
tem should be based on the volume of the largest single tank plus the volume of water that
would be used for fire fighting purposes for ten minutes.

6-7.2 Warehousing

6-7.2.1 Fire Hazard

A warehouse at a nuclear power plant can contain a mix of commodities ranging from low
hazard items such as metal replacement parts, to high hazard items such as plastics or flam-
mable liquids. Each warehouse should be evaluated based upon its contents and construction.
A warehouse fire can have a significant economic impact.

6-7.2.2 Storage Arrangement
1 Within the warehouse, aisles between storage piles should be kept clear to provide access

for fire fighting and reduce the possibility of the spread of fire. Aisle width should be
increased as the height of the storage increases.
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2 Flammable and combustible liquids should not be stored in the general warehouse area.
They should be stored at other locations preferably in separate rooms designed for hazard-
ous storage. Such rooms should be cut off by 180 minute fire barriers.

3 Aerosol products should not be stored in the general warehouse area unless they are con-
tained in a separate cutoff room or caged.

4 Idle pallets should not be stored inside the building. They should be stored outdoors sepa-
rated from other structures by more than 15 meters.

5 PE (polyethylene) or PP (polypropylene) storage boxes result in increased fire loading and
once ignited may produce a fire that will be difficult to extinguish. Plastic boxes if used
should be limited and physically separated.

6-7.2.3* Fire Protection
1 Warehouses should be separated from other structures by a clear space of 15 meters or

cutoff from all other areas by a 180 minute fire barrier.
2 Warehouse buildings should be subdivided by 180 minute fire barriers to avoid concentra-

tions of high values.
3 A properly engineered fire sprinkler system should be provided in the warehouse.
4 A standpipe system should be provided in the warehouse.

6-7.3 Office Buildings

An automatic fire or smoke detection system should be provided in all offices. Automatic sprin-
kler protection should be provided in offices and associated storage rooms that contain com-
bustible materials which present a fire or smoke exposure that could affect plant operations or
critical equipment.

Photograph by Tony Myers, Firepix International, U.K., 0151 260 0111 Copyright retained
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6-7.4 New Fuel Area
1 Fire loading in the area utilized for the storage of new fuel should be minimized.
2 Fire hose cabinets should be located to provide ease of access for fire fighting operations.

The configuration for the storage of new fuel should prevent nuclear criticality from taking
place during fire fighting operations.

3 An automatic fire detection system should be provided in the new fuel area.

6-7.5 Water Cooling Towers

6-7.5.1 Fire Hazard

Water cooling towers may be constructed of significant quantities of combustible material.
Although the risk of fire is reduced when the tower is operating, the reduction in the hazard
depends on the type of tower.

6-7.5.2 Fire Prevention
1 Lightning protection should be provided (see Section 6-3.3).
2 Signs should be posted to prohibit smoking on or around the tower and to require a permit

before cutting, welding or other hot work hazards are introduced.
3 The area around the tower should be kept clear of vegetation and combustible storage.

6-7.5.3 Fire Protection
1 The need for fire protection should be evaluated based on the construction of the tower.
2 Cooling towers of noncombustible construction do not require protection. Plastic fill mate-

rial should be fire retardant.
3 A properly engineered fire suppression system and yard hydrant system should be provided

for cooling towers constructed of combustible materials or containing combustible plastic
fill materials.

6-7.6 Auxiliary Boilers
1 Automatic sprinklers, water spray or foam-water sprinklers should be provided in accor-

dance with the FHA for oil-fired boilers or boilers using oil ignition.
2 Combustion safeguards consisting of a burner management system preventing misoperation

of and damage to fuel preparation and burning equipment, should be provided.

6-7.7 Simulators

Buildings housing simulators should be equipped with fire protection and fire fighting in the
same manner as office buildings (see Section 6-7.3) plus the additional fire protection measures
described under Computer and Communication Rooms in Section 6-3.2.5.
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Many of the following definitions have been taken from the IAEA Safety Series
No. 50-SG-D2  (Rev. 1) and are used with permission of the IAEA. They may not
necessarily conform to definitions adopted for other international usage.

Cold Shutdown – Redundant (multiple) trains of equipment necessary to achieve cold shutdown may be
damaged by a fire in a single fire area, including an exposure fire, but damage should be limited so that
at least one train can be repaired or made operable within 72 hours.

Combustion – Exothermic reaction of a substance with an oxidizer, generally accompanied by flames,
glowing or emission of smoke or a combination thereof.

Commissioning – The process during which nuclear power plant components and systems, having been
constructed, are made operational and verified to be in accordance with design assumptions and to have
met the performance criteria; it includes both nonnuclear and nuclear tests.

Construction – The process of manufacturing and assembling the components of a nuclear power plant,
the erection of civil works and structures, the installation of components and equipment, and the perfor-
mance of associated tests.

ECA – Emergency Control Area

Explosion – An abrupt oxidation or decomposition reaction producing an increase in temperature or in
pressure or in both, simultaneously.

FHA  – Fire Hazard Analysis

FPSA – Fire Probabilistic Safety Analysis

FSSA – Fire Safe Shutdown Analysis

Fire –
1 A process of combustion characterized by the emission of heat accompanied by smoke or flame

or both.
2 Rapid combustion spreading in an uncontrolled manner in time and space.

Fire Barrier  – Walls, floor, ceiling or devices for closing passages such as doors, hatches, penetrations
and ventilation systems, etc., used to limit the consequences of a fire. A fire barrier is characterized by a
Fire Resistance rating.

Fire Cell – A subdivision of a Fire Compartment in which fire separation between items important to
safety is provided by fire protection features (such as limitation of combustible materials, spatial separa-
tion, fixed fire extinguishing systems, fireproof coatings or other features) so that consequential damage
to the other separated systems is not expected.

Fire Compartment – A building or part of a building comprising one or more rooms or spaces, con-
structed to prevent the spread of fire to or from the remainder of the building for a given period of time.
A fire compartment is completely surrounded by a Fire Barrier.
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Fire Damper – A device which is designed, by automatic operation, to prevent the passage of fire through
a duct, under given conditions.

Fire Load – The sum of calorific energies which could be released by the complete combustion of all the
combustible materials in a space, including the facings of the walls, partitions, floors and ceiling.

Fire Resistance – The ability of an element of building construction, component or structure to fulfill,
for a stated period of time, the required load bearing function, integrity and/or thermal insulation and/or
other expected duty specified in a standard fire resistance test.

Fire Retardant – The quality of a substance of suppressing, reducing or delaying markedly the combus-
tion of certain materials.

Fire Stop – Physical barrier designed to restrict the spread of fire in cavities within and between building
construction elements.

Fire Watch – An individual trained in the use of relevant fire fighting equipment and techniques who has
the sole duty of surveying a specified plant area in which a fire may occur, at predetermined intervals or
for a defined period of time.

Hot Shutdown – One train of equipment necessary to achieve and maintain hot shutdown from either
the control room or emergency control station(s) should be maintained in the event of a postulated fire in
any single fire compartment.

MCR  – Main Control Room

Noncombustible Material – A material that, in the form in which it is used and under the conditions
anticipated, will not ignite, support combustion, burn or release flammable vapor when subject to fire or
heat.

Normal Operation – Operation of a nuclear power plant within specified operational limits and condi-
tions including shutdown, power operation, shutting down, starting, maintenance, testing and refueling.

Nuclear Safety (or simply Safety) – The achievement of proper operating conditions, prevention of
Accidents or mitigation of accident consequences, resulting in protection of site personnel, the public
and the environment from undue radiation hazards.

Operation – All activities performed to achieve the purpose for which the plant was constructed, includ-
ing maintenance, refueling, in-service inspection and other associated activities.

Physical Separation –
1 Separation by geometry (distance, orientation, etc.), or
2 Separation by appropriate barriers, or
3 Separation by a combination thereof.

Protection System – A system which encompasses all electrical and mechanical devices and circuitry,
from sensors to actuation device input terminals, involved in generating those signals associated with the
protective function.
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Quality Assurance – All those planned and systematic actions necessary to provide adequate confidence
that an item or service will satisfy given requirements for quality.

Redundant (Equipment) – Equipment accomplishing the same essential function as other equipment to
the extent that either may perform the required function. The provision of redundancy enables the failure
or unavailability of equipment to be tolerated without loss of the function to be performed. Redundancy
may be of varying degrees; for example, two, three or four pumps might be provided for a particular
function when any one is capable of accomplishing it. Redundancy may be achieved by the use of iden-
tical or diverse components.

Regulatory Body – A national authority or a system of authorities designated by a Member State, as-
sisted by technical and other advisory bodies, and having the legal authority for conducting the licensing
process, for issuing licenses and thereby for regulating nuclear power plant siting, design, construction,
commissioning, operation and decommissioning or specified aspects thereof.

Residual Heat – The sum of heat
1 originating from radioactive decay and shutdown fission,
2 stored in reactor related structures and in
3 transport media.

Safety (see Nuclear Safety)

Safety Systems – Systems important to Safety, provided to assure the safe shutdown of the reactor or the
ability to remove Residual Heat from the core, or to limit the consequences of Anticipated Operational
occurrences or Accident Conditions.

Single Failure – A random failure which results in the loss of capability of a component to perform its
intended Safety functions. Consequential failures resulting from a single random occurrence are consid-
ered to be part of the single failure.

Site – The area containing the plant, defined by a boundary and under effective control of the plant
management. Normally, the entire area covered by the Pools’ Property Damage policies.
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A-3-4.2 The water supply should be from either a natural body of practically unlimited supply or
from reservoirs, basins or tanks. The minimum quantity of water available should be
2400 m3 that is spread over at least two equal sized units. The tanks and reservoirs should
be protected against freezing and unintentional emptying.

A-3-4.2.1 The intent is to provide a water supply that will not be susceptible to biofouling, scaling,
microbiologically induced corrosion (MIC) or sedimentation.

A-3-4.3 For maximum reliability, a minimum of three fire pumps should be provided so that
two pumps meet the maximum demand. Two fire pumps could be an acceptable alterna-
tive, provided either pump can supply the maximum demand within 120% of its rated
capacity.

A-3-6.1 1 300 mm diameter cement-lined pipe is recommended. Main size should be designed
to encompass any anticipated facility expansion.

2 Water based fire protection equipment should be arranged so that it will not freeze.
The depth to which the water mains are buried should be appropriate for the antici-
pated meteorological conditions where the facility is located.

A-3-6.2 Where applicable, means should be provided for removing snow accumulation so that
outside fire protection valves, including fire hydrants, are not obstructed.

A-6-2 General Background on Fires in Turbine Buildings

Turbine buildings are a source of major fires in all electrical power generation stations
and have long been a concern of Insurers’ attempts to exercise loss prevention and loss
control. A major fire can result not only in catastrophic damage to property and equip-
ment but also long-term loss of generation revenue to the operator for periods longer than
one year.

Since late 1989, there have been several major fires which attracted attention around the
world, for example:

1989 Vandellos-1, Spain
Stress corrosion resulted in ejection of high pressure turbine blades, high vibration and
lube oil pipe failures. Fires below turbine deck and flooding of both turbine and reactor
building. Station decommissioned.

1991 Salem-2, USA
Turbine overspeed, turbine blades penetrated casing. Hydrogen and lube oil fires. Ap-
proximately six month outage.

1991 Chernobyl-2, Ukraine
Electrical fault resulted in failure of retaining rings and excitation windings. Hydrogen
seal oil fires. Building roof collapsed onto main and auxiliary feedwater pumps. Unit not
restarted.
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1993 Narora-1, India
Fatigue failure of low pressure turbine blades, high vibration. Hydrogen seal oil fires.
Outage more than one year.

1993 Fermi-2, USA
Fatigue failure of turbine blades which penetrated casing, high vibration. Hydrogen and
lube oil fires plus local flooding. Outage approximately one year.

Fires in Turbine Buildings

Features of fires in turbine buildings in all types of generating plants are:
1 Fires occur more frequently than is generally perceived.
2 Major economic losses can result from turbine lube oil fires.
3 Most lube oil fires are preceded by breakdown of either the turbine or the generator.

Human error is another factor.
4 Turbine-generator breakdowns produce large amplitude excessive vibrations and

rotor axial and radial displacement.
5 The large vibrations can fracture one or even all lube oil pipes.
6 Fractured lube oil pipes can give rise to fires from several unpredicted source

locations.
7 Loss of generator seal oil is another source of fuel for a fire and, of course, there is a

significant fire/explosion risk from the use of hydrogen as a generator coolant.

Characteristics of oil fires in turbine buildings are:
1 Three dimensional arcing or cascading flame-thrower type of fire.
2 Major fire can develop in less than five minutes and before fire brigade arrives.
3 Copious quantities of dense smoke, unburnt lube oil and combustion products are

produced.
4 Flash-over of unburnt lube oil vapors at ceiling levels below the turbine operating

deck.
5 Local flooding either of the fire fighting water or from condenser cooling water re-

leased by the failure of condenser piping seals.
6 Unburnt lube oil, burning lube oil and local flooding can combine to give the addi-

tional menace of a floating moving pool fire.
7 Fire tracking to other areas of the building via cable trays and runs.

Several and even all of these consequences can develop and have developed in turbine
building fires, and a battery of fire protection measures and systems are needed to com-
bat them and extinguish a fire. Installing automatic sprinkler systems below the turbine
operating floor is just one of the measures that can play a vital role in mitigating these
effects and limiting the damage caused by a major fire.
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Fire protection below the electric generator should also be carefully evaluated. Protec-
tion is often omitted because there is an incorrect view that the hazard is less in this area
or there is concern for water damage. The fire hazard below the generator is often times
greater relative to other areas around the turbine generator due to the presence of hydro-
gen that is used as part of the cooling system inside the generator. The hydrogen is sealed
at the rotating generator shaft with an oil seal. A seal failure can result in the release of
both hydrogen gas and seal oil. The escaping hydrogen can easily ignite and provides a
likely ignition source for the escaping oil.

This is not a new radical proposal. In 1985, EPRI published (Ref. EP1) a report on over
200 turbine-generator fires and explosions in US power generation plants from 1930
through 1983.  A risk analysis based on the experience advocated fire protection strate-
gies which, subsequent-ly, have been incorporated in NFPA Codes 803, 804 and 850
(Refs. NF1, NF2 and NF3 respectively).

One of the EPRI recommendations was the installation of automatic sprinkler systems
below the turbine operating floor, and the Nuclear Pools have long advocated this type of
protection. The second edition of our fire protection guidelines (Ref. NP) published in
1983 has this recommendation.

The IAEA publication (Ref. IA) on fire protection concentrates on nuclear safety issues
and does not really address economic losses (or conventional risks as the IAEA calls
them). Nevertheless, their discussion on automatic extinguishing systems describes the
important role of sprinklers in fighting oil fires and that early intervention is a prime
requirement.

In Section 3 of this Appendix, we address some of the features and characteristics men-
tioned above, and quote information from and assessments made by authors, other than
Insurers, experienced and well practiced in the field of either fire protection or the opera-
tion of nuclear power plants.

Fires Occur More Frequently than Perceived

Ref. LH2 is a 30 year study of explosions, fires, sudden collapse, mechanical breakdown,
weather hazards and structural failures in electrical generation plants and transmission
systems. From the large number of case studies presented, there are some 25 events of
turbine building fires or explosions. Ref. LH1 states: “The fire risk for nuclear power
plant turbine halls often is underestimated or not recognized....” and discusses nine sig-
nificant turbine building fires during the period 1971 to 1993, suggesting “one serious
turbine hall (fire) about every two and one-half years”, and concluding that “fire events
in nuclear power plants are more common than generally believed”.
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An estimate of the relative scale of the fire hazard that turbine buildings present can be
gained from the fact that American Nuclear Insurers (ANI) reviewed the numbers and
types of fire protection recommendations made over a 5 year period from 1990 to 1995
(Ref. PG) at 48 operating plants. Approximately one third (130) were made in the main
power block buildings (i.e. turbine, auxiliary, radwaste, control and containment build-
ings), of which 65 addressed  the turbine lube oil hazard.

Ref. HO takes the Salem (1991) and Fermi-2 (1993) fires as a starting point, discusses
four other fires in countries outside the US since 1989, and concludes that “Operating
experience has shown that the turbine building is a major source of fires, explosions, and
flooding. Operating experience has also shown that the hazards from turbine failures …
can be much more significant than originally envisioned when the industry was in its
infancy. Operating experience has also shown that the likelihood for a turbine failure is
much higher than originally estimated. Operating experience has also shown that repeti-
tive inspections may not necessarily find turbine building vulnerabilities”. In the course
of the discussion, NRC refers to a table of mean loss frequencies produced by the Sandia
National Laboratories, shown below as Table 1, indicating that “the turbine building is a
major initiation site for US Nuclear Power Plant fires …”

AREA MEAN FREQUENCY (PER YEAR)

Turbine Building 1.2 x 10-1

Auxiliary Reactor Building 7.0 x 10-2

Diesel Generator Room 2.6 x 10-2

Reactor Building 1.7 x 10-2

Control Room 7.2 x 10-3

Cable Spreading Room 4.3 x 10-3

Service Water Building 2.0 x 10-3

TABLE 1

Major Economic Losses Can Result From Turbine Lube Oil Fires

In 17 out of the 25 turbine building events reported in Ref. LH2, and summarized in
Table 2 at the end of this Appendix, the fires were fueled by lube oil releases. The sum-
mary shows that property damage losses can exceed $100 million (in 1994, US dollars)
and again illustrates that plant outage times can last more than a year.

Of the nine significant fires discussed in Ref. LH1, the losses “averaged US $50 million
in restoration costs and over 300 days of forced outage”. In two cases, (one not a lube oil
fire) “the fires required decommissioning of the plant”.
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Fires are Preceded by Breakdown of Either the Turbine or the Generator

Our insured experience has shown that major fire losses are generally preceded by me-
chanical breakdown of the turbine (e.g., blade failure) or generator (e.g., retaining ring
failure), or electrical breakdown of the main generator (e.g., winding ground fault). Other
organizations have summarized precursor events as follows:

“Turbine-generators are complex systems, which experience has shown can fail in unpre-
dictable ways” (Ref. LH1).

“A turbine failure may result from either a mechanical failure (e.g., rotor failure), control
system failure (e.g., electro-hydraulic-control over speed protection failure), or an elec-
trical fault associated with the main transformer or the generator itself. Generally a tur-
bine failure causes excessive vibration and rotor axial and radial displacement. Postulat-
ing a turbine over speed event and mechanical failure of the turbine, a fire involving
either the generator cooling gas and bearing lube oil is likely to occur… Oil is the major
fire hazard in the turbine building…” (Ref. PM).

Fracture of One or Even All Lube Oil Pipes

Three examples, two from the US and one from Spain, serve to illustrate the severe fire
consequences resulting from failure of lube oil pipes.

In a paper describing the Salem Unit-2 generating station turbine failure and fire in 1991,
the utility reported that “Overall, the damage resulting from the turbine speed condition
was extensive. Major equipment involved included the total loss of the main generator
and low pressure rotors, damage to the turbine casing and main condenser, and ruptured
lubricating oil piping throughout the area”. “The result was catastrophic damage to the
main turbine and generator, ruptured lubricating oil lines, failed generator hydrogen seals,
and several fires…” (Ref. RB).

The utility summarized the fire at Vandellos-1 in 1989 as follows: “The cause of the
event was a mechanical failure in the high pressure turbine no. 2 causing a sudden pro-
jection of 36 blades in wheel no. 8 due to a stress corrosion phenomenon… Very high
vibrations occurred and all oil pipes feeding the bearing between the two low pressure
turbines were broken. The spilled oil in contact with high temperature surfaces… caused
the ignition of oil. The low oil pressure measured by sensors in bearings caused the auto-
matic starting of all (3) oil pumps and in 55 seconds 4,500 liters of oil were already
spilled feeding the fire, and a total of 12,000 liters were spilled in a few minutes…” (Ref.
EP2).
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And a third example from 1987, attributed to human error, of a lesser known fire at Fort
St. Vrain on the turbine building Level 6, which occurred in a highly congested area by
the main steam and reheat pipes, one floor below the turbine generator set: “The cause of
the fire was insufficient configuration control within the original plant design… (which)
resulted in a mechanic not replacing a 3/16 inch orifice in a hydraulically operated valve
after disassembling the valve for routine maintenance… “During the power ascension
mode, 3,000 psig hydraulic fluid from the impaired control valve arced approximately 15
feet through the air directly striking on 20 inch diameter hot reheat piping and 2 associ-
ated reheat check valves… ignition of the hydraulic fluid occurred immediately. The
failure to replace the orifice provided an unlimited fuel supply to support the fire as
hydraulic fluid continued to arc to the fire…” (Ref. GS).

Mitigation of Turbine Building Oil Fires

The EPRI study, Ref. EP1, drew attention to the fact that there has not been a significant
fire in the US where a properly engineered fire protection system was operational.

With respect to sprinkler protection below the turbine operating deck, the Finnish Atomic
Insurance Pool was a sponsor of extensive tests on sprinkler protection of oil filled equip-
ment (Refs. LW and NG). Results from these tests were later used by the IAEA to recom-
mend water discharge densities (Ref. IA).

Other authorities in the field of fire prevention have reported as follows:

Ref. LH1: “The protection of the area below the operating floor is absolutely critical in
the overall turbine hall fire protection scheme. Again an automatic wet-pipe sprinkler
system is  the backbone of the strategy…”. “Experience has shown the wisdom of pro-
viding full protection.  At a US fossil plant, for example, the only automatic sprinklers
provided followed the routing of the lubrication oil lines. However, the fire extended far
beyond the reach of the partial automatic sprinkler system and became entrenched in the
cable tray system. This necessitated the replacement of 480 (sic) kilometers of fire-dam-
aged cable. At another US fossil plant, the fire raged in the area below the generator iso-
phase bus ducts. This was the only area where the designer omitted automatic sprinklers,
due to the unfounded fear that inadvertent water discharge would do more damage than a
fire. As a result of this oversight, the fire inflicted damage to the reinforced concrete
pedestal that took nine months to repair, distorted the generator casing and caused a
partial roof collapse. The property damage was US $47.3 million and replacement power
costs for a 335 day outage were about US $50 million…”.
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Ref. PM: “The NRC concludes that defense-in-depth diversity in turbine building fire
protection is important in minimizing turbine related fires and in mitigating the indirect
effects (e.g. smoke propagation)… (1) The majority of plants visited had automatic sprin-
klers for areas below the turbine operating floor. In the event of a turbine lube oil fire,
which develops rapidly and produces dense smoke, these sprinklers are the first line of
defense in reactive fire control. The sprinklers will actuate in the area involved by the
fire. The water discharging from actuated sprinklers will control and cool the hot gases in
the fire plume through steam conversion. This reduction in fire plume temperature will
reduce the potential that the turbine building will be structurally damaged. In addition to
controlling the fire and its intensity, the operating sprinklers will reduce smoke densities
by precipitating out some of the smoke particulate. This will assist in limiting smoke
damage and indirectly assist in smoke control”.

The author returns to the same theme again later in the paper: “Installing automatic sprin-
kler protection on all floor levels below the turbine operating floor has the following
benefits: (1) response to the fire is prompt and water is delivered to where it is needed to
control the fire; (2) the actuated sprinklers reduce the fire temperature in the building,
thus preserving the structural integrity of the building and turbine structure; (3) the auto-
matic sprinklers help the fire brigade to extinguish the fire promptly; and (4) sprinklers
reduce the costs of fires…”.

He also warns against omitting automatic sprinkler protection: “In a turbine building that
is not protected by an automatic sprinkler system, … a lube oil fire resulting from a
turbine failure can develop very quickly and burn with high intensity. Under these condi-
tions, passive fire protection form the primary line of defense… Since the fire brigades
abilities to promptly control a fire under these conditions may be limited, an increased
level of fire damage to the turbine building can be expected”.

The PSG&E Co. Utility in a paper about the Salem fire (Ref. RB) commented: “The fire
was extinguished within 15 minutes. The fire pumps and the automatic suppression sys-
tems that had actuated were secured… The magnitude of this event presented a challenge
to both the designed fire protection systems at SGS (Salem Generating Station)… The
entire sequence of events leading to the turbine failure lasted approximately 74 seconds.
During this time, fire had occurred in several locations and the automatic fire suppres-
sion systems had actuated. Post fire inspection revealed that the fixed temperature ele-
ment in the thermostatic releases for the deluge systems had opened. This is considered
to be a significant factor contributing to the limited damage that resulted from the fire. If
these systems required manual actuation rather than automatic, even the outstanding fire
brigade response time of approximately five minutes may not have been sufficient to
minimize damage. By the time the fire brigade had reached the scene, the majority of the
fires which had occurred had been extinguished by the automatic systems… The auto-
matic systems were also credited with containing fire extension below the turbine operat-
ing deck such that manual fire fighting activities were limited to use of two fire hoses…”.
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As a direct result of the sprinkler tests mentioned above (Refs. LW and NG), at the Loviisa
plant in Finland “An ordinary sprinkler system with more than 2,000 sprinklers per unit
was added; it covers all four intermediate service levels of the turbo generators… The
load bearing steel constructions were equipped with water cooling in the vicinity of the
largest fire loads; … Because a general sprinkler system was installed, the number of
original fixed spray systems could be reduced and by recalculation and careful balancing
of orifices, it was pos-sible to maintain the total water consumption at 18,000 L/min…”
(Ref. LW). And at Olkiluoto, “Fewer modifications were carried out at the BWRs. How-
ever, the general protection area was extended; 100 sprinklers were added and the feedwater
pumps were reconstructed (sic) from a limited deluge system into an ordinary sprinkler
system…” (Ref. LW).

A fire sprinkler design density of 12 L/min.m2 over the most remote 300 m2 and 8 L/min.2

over the most remote 900 m2 area has been used in some plants. The operating tempera-
ture of the sprinkler heads should be above the highest expected ambient temperature.
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DAMAGE
POWER MILLIONS US$ OUTAGE TIME

DATE MWe (1994) MONTHS

30/12/94 270 20 11

18/03/93 600 32 ?

03/12/93 1300 31 4

26/02/92 125 26.7 18

25/12/92 54 32 ?

05/11/91 138 10.7 ?

15/11/91 250 32.2 6

22/05/90 59 7.7 5

06/03/89 ? 18.4 11

09/05/88 ? 49.2 ?

16/02/87 ? 48.1 ?

28/10/77 550 35.9 ?

12/06/77 415 42.8 ?

05/06/72 600 130.8 ?

20/11/68 414 22 9

15/10/65 450 13.7 10

31/03/93 190 20 21

25/12/93 1154 60 12

24/08/92 1300 32.1 5

10/10/91 925 26.9 Decommissioned

09/11/91 1150 64.4 5

19/10/89 250 107.2 Decommissioned

07/07/85 900 96.8 14

13/04/79 590 24.1 4

28/07/71 162 18 12

TABLE 2

Turbine-Generator Building Fires.
Summary of Information from REF LH2.
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A-6-2.2 When it is possible to do so, the main condenser vacuum should be vented to apply a
back pressure to the turbine to provide braking action to slow the machine and reduce the
amount of oil delivered by the shaft driven pump. Since the back-up oil pumps generally
automatically start on low pressure, the pumps should be secured to stop the flow of oil
to the fire. Normally this can be accomplished from the control room. Operator training
and procedures should include these options when and if it is appropriate.

A-6-2.3 To extinguish a three dimensional spray oil fire in the turbine bearing and oil pipe areas,
a water spray system with a design water density of 40-60 L/min.m2 will be required. A
water spray density of 12-20 L/min.m2 will protect and cool machinery and building
constructions, but not necessarily extinguish a three dimensional fire.

A-6-2.5 A fire sprinkler system with a design water density of a minimum 12 L/min.m2 over the
hydraulically most remote 300 m2 and of a minimum 8 L/min.2 over any 900 m2 area
should be provided. Such a sprinkler system is capable of extinguishing a pool oil fire
and cool and control a three dimensional fire. The operating temperature of the sprinkler
heads should be above the highest expected ambient temperature.

A-6-2.6 1 If the tank is located in a separate fire compartment, a design fire sprinkler density of
a minimum 8 L/min.m2 over the area should be provided.

2 If the tank is not located in a separate fire compartment, a design water density of a
minimum 12 L/min.m2 over the projected area of the tank should be provided.

3 A fire sprinkler density of 8 L/min.m2 is considered adequate for lube oil purifiers.

A-6-2.7 The calculated volume of the oil containment system should be based on:
1 The volume of the largest oil tank or reservoir that could release oil into the contain-

ment system, plus
2 Sprinkler system discharge (based on the number of heads above the containment

system not to exceed what the sprinkler system was hydraulically calculated for) plus
1900 L/min. for hose streams for a period of 10 minutes.

A-6-2.8 A fire sprinkler density of 12 L/min.m2 is considered adequate.

A-6-2.10 If the seal oil system is a separate system containing a detraining tank and pumps and it is
not cut off, a fire sprinkler density of 12 L/min.m2 over the projected area of the system
is considered adequate.

A-6-3.4 Aluminum or soft metal washers may yield under continuous pressure and may need to
be occasionally retightened. Although fuses protect against short circuits, they provide
no safeguard against the overheating caused by loose connections and faulty splices.
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A-6-4.1.4 In cases where a transformer contains low levels of PCB contamination, additional mea-
sures should be considered.

A-6-6.2 Several schemes can be used to provide an acceptable level of protection.

Some examples are:
1 A fire sprinkler system installed at the ceiling only. A fire sprinkler design density of

12 L/min.m2 over the most remote 300 m2 has been used at some plants.
2 Wet pipe, open head deluge, or pre-action sprinklers provided in each cable tray.
3 Properly designed total flooding carbon dioxide extinguishing systems.

A-6-7.1.2 There are several acceptable fire protection schemes that could be used to protect the oil
hazards associated with engine driven emergency power supplies. Two of the most com-
mon are:

1 An automatic fire sprinkler system with sprinkler density of 12 L/min.m2 over the
most remote 300 m2.

2 An automatic total flooding carbon dioxide extinguishing system designed to hold
extinguishing concentration long enough for the temperature of the hot metal parts to
cool below the ignition temperature of the fuel.

A-6-7.2.3 The type of storage arrangement should be considered in the design of the sprinkler
system.

1 For palletized, bin box and solid pile storages, a fire sprinkler system installed at the
ceiling should be used.

2 For shelf and rack storages, special measures should be considered to assure the sprin-
kler system effectiveness:

1 sprinklers should be installed at intermediate levels; and
2 design of shelves and racks should not obstruct the water flow from the

sprinklers.
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