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28 August 2003

From:
Commander, Naval Sea Systems Command

Subj:
ADVANCE CHANGE NOTICE (ACN) 1/A TO NSTM 555 VOLUME 1, REVISION 10 -  DOCTRINE FOR WATER MIST AND HEPTAFLUOROPROPANE (HFP) FIRE EXTINGUISHING SYSTEMS IN MACHINERY AND OTHER SPACES

Ref:  (a)
Naval Ships' Technical Manual, NAVSEA S9086-S3-STM-010, Chapter 555, 

Volume 1 "Surface Ship Firefighting", Revision 10, Dated 15 July 2003

(b) Naval Research Laboratory Letter Ser:6180/0309 of 16 July 2002 "Water Mist Machinery Space Fire Doctrine” (NOTAL)

(c) NAVSEA Ltr Ser 05P6/065 of 23 May 2003 "PROPOSED CHANGE TO MACHINERY SPACE FIRE DOCTRINE FOR WATER MIST AND HEPTAFLUOROPROPANE FIRE EXTINGUISHING SYSTEMS" (NOTAL)

Encl: (1) ACN 1/A to NSTM 555v1r10 " MACHINERY SPACE DOCTRINE FOR WATER MIST AND HEPTAFLUOROPROPANE FIRE EXTINGUISHING SYSTEMS "

1. This is Advance Change Notice (ACN) 1/A, NSWC Port Hueneme control number N00024-03-DS-01, to reference (a).  This ACN will be incorporated into the next revision to reference (a).  Insert enclosure (1) into reference (a).  

2.  This ACN provides new doctrine for the use of high pressure water mist and heptafluoropropane (HFP) fire extinguishing systems in shipboard machinery and other spaces.  Water mist and HFP replace Halon 1301 on some new-design ship classes in compliance with recent international protocols for the control of ozone-depleting substances.  This doctrine is based in-part on recommendations of reference (b), but has been further modified by NAVSEA.

3. This ACN supercedes interim guidance provided to USS RONALD REAGAN (CVN-76) and PCU SAN ANTONIO (LPD-17) by reference (c). 

4. This ACN does not authorize modification of existing Government contracts, project orders, work requests or allotments.  Therefore, requests must be made to cognizant authorities for authorization and funding as may be required to accomplish this ACN.  Cognizant authorities are requested to authorize accomplishment of this ACN as appropriate.

4. The NAVSEA point of contact is Mr. David B. Satterfield, NAVSEA 05P4, DSN: 326-3647, commercial: (202) 781-3647, email: SatterfieldDB@navsea.navy.mil.  This letter may be downloaded at http://www.navsea.navy.mil/05P9.








(signed)








D. McCrory








by direction

Subj:
ADVANCE CHANGE NOTICE (ACN) 1/A TO NSTM 555 VOLUME 1,  


REVISION 10,  DOCTRINE FOR WATER MIST AND HEPTAFLUOROPROPANE (HFP) FIRE EXTINGUISHING SYSTEMS IN MACHINERY AND OTHER SPACES

Distribution:

CNO WASHINGTON DC (769)

COMLANTFLT NORFOLK VA

COMPACFLT PEARL HARBOR HI (N43)

COMNAVSURFOR SAN DIEGO CA (N71)

COMNAVAIRFOR SAN DIEGO CA

COMNAVAIRPAC SAN DIEGO CA (N43)

COMNAVAIRLANT NORFOLK VA (N43)

COMNAVSURFPAC SAN DIEGO CA (N43)

COMNAVSURFLANT NORFOLK VA (N43)

COMSUBLANT NORFOLK VA (N43)

COMSUBPAC PEARL HARBOR HI (N43)

COMAFLOATRAGRU NORFOLK VA (N43)

COMAFLOATRAGRUPAC SAN DIEGO CA

COMAFLOATRAGRUMIDPAC PEARL HARBOR HI

COMAFLOATRAGRUWESTPAC YOKOSUKA JA (N5, N6)

AFLOATRAGRUPAC PACNORWEST DET

PRESINSURV NORFOLK VA

COMNAVSAFECEN NORFOLK VA (34)

FTSCPAC SAN DIEGO CA

FTSCLANT NORFOLK VA

NAVSURFWARCEN SIPSYSENGSTA PHILADELPHIA PA (621)

NAVSURFWARCEN COASTSYSTA PANAMA CITY FL (E53)

NRL (6180)

CNET (T233) (T223)

SWOSCOLCOM (70)

NETC NEWPORT RI (70)

FTC MAYPORT FL (N5)

FTC SAN DIEGO CA (N75) 

FTC NORFOLK VA (N333)

COMTRALANT (N7)

COMTRAPAC (N7)

COMNAVAIRFOR N43, N435, N7, N7A, N72
COMNAVSURFLANT (N81) (N43)

COMNAVSURFPAC (N825) (N434)

PRESINSURV

NRL (6180)

NAVSAFECEN (34)

NSWC CARDEROCK, PHILADELPHIA DET (621)(944)

COMAFLOATRAGRU ATLANTIC NORFOLK VA (N43)

COMAFLOATRAGRUPAC SAN DIEGO CA (N3)

NSWC, Port Hueneme, CA (Code 5B32)

Subj:
ADVANCE CHANGE NOTICE (ACN) 1/A TO NSTM 555 VOLUME 1,  


REVISION 10,  DOCTRINE FOR WATER MIST AND HEPTAFLUOROPROPANE (HFP) FIRE EXTINGUISHING SYSTEMS IN MACHINERY AND OTHER SPACES

Copy to:  

SEA 04M

        05D6 (BUMED Rep)

        05P

        05P3

        05P4 (file)

        05Z

        08E

PMS 312

PMS 317

g. P-250 Portable Pump

555-1.1.7 NEW SYSTEMS AND EQUIPMENT. The following new equipment is discussed in this manual.
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a. Water mist fire extinguishing system

b. Heptafluoropropane (HFP) fire extinguishing system

555-1.2 FIRE PREVENTION

555-1.2.1 MISSION. Many ships have been lost by fire. Fleet loss experience indicates that, fire has caused

more damage than groundings, collisions, or flooding. Experience has also indicated that steel ships can become

floating furnaces, fed by the combustible materials carried on board. Some ships have become blazing infernos

which had to be abandoned and later sunk by their own forces because fires grew out of control and prevented

the effective application of damage control procedures. Fire prevention and firefighting have proved essential for

the survival of ships in combat. Continued efforts shall be made to minimize fire hazards and the damage that

results from fires.

555-1.2.2 UNAUTHORIZED MATERIALS. The Commanding Officer shall ensure that the installation or

application of unauthorized or unapproved wood, bedding materials, upholstery, plastics, fibrous materials, paints,

coatings, tile and adhesives, paneling, false bulkheads or overheads are not installed or carried in the ship. Any

non-regulation or unapproved materials which are or may be installed shall be reported or submitted to NAVSEA

for approval. All habitability materials shall comply with the fire performance requirements of MIL-STD-1623,

Fire Performance Requirements and Approved Specifications for Interior Finish Materials and Furnish-

ings (Naval Shipboard Use) .

555-1.2.3 FIRE PREVENTION PROGRAM. Each ship is required to institute and maintain a fire prevention

program. Each ship department head shall be responsible for implementing the fire prevention program. That

program should heighten awareness of ship’s personnel in the following areas.

a. Reduction of fire hazards according to NSTM Chapter 079, Volume 2, Damage Control-Practical Damage

Control .

b. Stowage, handling, classification and labeling of hazardous materials as described in NSTM Chapter 670,

Stowage, Handling and Disposal of Hazardous General Use Consumables , including inventorying and

removal of obsolete, outdated or excess materials.

c. Control of ignition sources by training personnel to be alert to hazards such as equipment temperature rising

beyond prescribed levels, cutting and welding sparks, faulty wiring, friction due to inadequate lubrication, and

smoking lamp violations.

d. Shipboard fuel fire prevention program as described in NSTM Chapter 541, Ship Fuel and Fuel Systems .

e. Hotwork precautions and firewatch training as described in NSTM Chapter 074, Volume 1, Welding and

Allied Processes .

f. Removal of trash, fuels and lubricants in drip pans; maintenance actions to reduce leakage from motors, couplings, gear boxes, flanges and valves.

g. Maintenance and operation of portable fire extinguishers.

h. Frequent and regular inspection of all spaces to identify and correct hazardous conditions.
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Figure 555-1-2 Requirements for Combustion
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555-1.4.2 FIRE TETRAHEDRON. The fire triangle is acceptable for describing requirements for surface glowing or smoldering, but does not completely describe flaming combustion requirements. A fourth requirement, an uninhibited chemical chain reaction, is needed for flames to exist. This is illustrated by the fire tetrahedron, Figure 555-1-3. A tetrahedron is a solid figure with four triangular faces. It is useful for illustrating the flaming combustion process because it provides for the chemical chain reaction requirement and each face touches the other three sides. As described for the fire triangle, flaming combustion stops when one of the four sides of the fire tetrahedron is removed. Halon and dry chemical fire extinguishing agents work by interrupting the chemical chain reaction. HFP works by interrupting the chemical chain reaction and by physical means.  See Figure 555-1-4.
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Table 555-1-4 HUMAN TOLERANCE TO CARBON MONOXIDE
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555-1.5.4.2 Carbon Dioxide. CO 2 works on the respiratory system. Above normal CO 2 concentrations in the air reduces

the amount of oxygen that is absorbed in the lungs. The body responds with rapid and deep breathing (a signal that the res-

piratory system is not receiving sufficient oxygen).

555-1.5.4.2.1 Oxygen Reduction. When the oxygen content of air drops from its normal level of 21 percent to about 16

percent, human muscular control is reduced. At 10 percent to 14 percent oxygen in air, judgment is impaired and fatigue sets in. Unconsciousness usually results from oxygen concentrations below 10 percent. During periods of exertion, such as fire-fighting operations, the body requires more oxygen and increased demands may result in oxygen deficiency symptoms at normal oxygen levels.

555-1.5.4.3 Other Fire Gases. Several other gases generated by a fire are of equal concern to firefighters. Toxic hydrocar-

bon vapors are produced by fuels. Hydrogen chloride (HCl) is produced when polyvinyl chloride (PVC) electric cable jack-

eting is burned. Hydrogen cyanide (HCN) is produced when chilled water piping insulation is burned. Fluorocarbon refrig-

erants, such as R-12, R-114, and HFC 134a, are nonflammable and nonexplosive, but exposure to flames or hot surfaces 

will cause these compounds to generate hydrogen chloride (acid gas), hydrogen fluoride (acid gas) and other poisonous 

gases.

555-1.5.5 SMOKE. Smoke is a visible product of fire that adds to the problem of breathing. It is made up of carbon and

other unburned substances in the form of suspended particles. It also carries the vapors of water, acids and other chemicals,

which can be poisonous or irritating when inhaled.

555-1.5.5.1 Smoke greatly reduces visibility in and above the fire area. It irritates the eyes, nose, throat and lungs. Either

breathing a low concentration for an extended period of time or a heavy concentration for a short time can cause great dis-

comfort to a firefighter.

555-1.5.5.2 Firefighters who do not wear breathing apparatus in the fire area will eventually have to retreat to fresh air

or be overcome by smoke and toxic gases.

555-1.6 CLASSIFICATION OF FIRES

555-1.6.1 GENERAL. There are four classifications of fire: class A, class B, class C, and class D. The different classifi-

cations are briefly described in the following paragraphs.

555-1.6.2 CLASS A FIRES. Class A fires involve wood and wood products, cloth, textiles and fibrous materials, paper and

paper products. Class A fires are extinguished with water in straight or fog pattern. If the fire is deep-seated, aqueous film

forming foam (AFFF) is more effective than sea water and can be used as a wetting agent to rapidly penetrate and extin-

guish the fire.

555-1.6.3 CLASS B FIRES. Class B fires involve flammable liquids such as gasoline, diesel fuel (F-76), jet fuels, hydrau-

lic fluid and lube oil. These fires are normally extinguished with AFFF, Halon 1211, Halon 1301 or potassium bicarbonate

[image: image11.wmf]555-1.6.3 CLASS B FIRES. Class B fires involve flammable and combustible liquids such as gasoline, diesel fuel (F-76), jet fuels, hydraulic fluid and lube oil. These fires are normally extinguished with AFFF, Halon 1211, Halon 1301, water mist, Heptafluoropropane (HFP) or potassium bicarbonate 
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(PKP). Class B fires also involve flammable gases, such as acetylene, which should never be extinguished unless there is reasonable certainty that the flow of gas can be secured. Securing the fuel source is the single most important step in controlling a gas fire. See paragraphs 555-1.4.3.3 and 555-8.6.

555-1.6.4 CLASS C FIRES. Class C fires are energized electrical fires that are attacked at prescribed distances using non-conductive agents such as CO 2 , Halon 1211 or water spray. The most effective tactic is to de-energize and handle the fire

as a class A fire. When fires are not deep seated, clean agents that pose no cleanup problem such as Halon 1211 or CO 2 are

preferred.

555-1.6.5 CLASS D FIRES. Class D fires involve combustible metals such as magnesium and titanium. Water in quantity,

using fog patterns, is the recommended agent. When water is applied to burning class D materials, there may be small

explosions. The firefighter should apply water from a safe distance or from behind shelter. Metal fires on board ship are

commonly associated with aircraft wheel structures. For further information refer to NAVAIR-00-80-R-14, NATOPS, U.S.

Navy Aircraft Firefighting and Rescue Manual .

555-1.7 BURNING CHARACTERISTICS OF PROPELLANTS AND EXPLOSIVES

555-1.7.1 COMPOSITION OF PROPELLANTS AND EXPLOSIVES. Propellants and explosives typically are composed

of energetic materials that combine both a fuel and an oxidizer. Once ignited, these materials cannot be extinguished. Burn-

ing will continue until the material is consumed. Cooling streams of AFFF or seawater should be used to control the burn

and cool the surrounding area. From a damage control standpoint, efforts should be directed at jettisoning or washing the

weapons over the side. In the presence of flammable liquids, burning explosives or propellants will pose a continuous source of ignition. See OP-4, Ammunition Afloat , for further information on weapons fires. Firefighting procedures for nuclear weapons are addressed in OPNAVINST 3440.15. Anti-ship weapons threats are addressed in paragraph 555-9.4. Firefighting procedures for the MK-50 torpedo are addressed in section 555-8.9.

555-1.7.2 FIGHTING FLAMMABLE LIQUID AND WEAPONS FIRES. Firefighting procedures involving weapons and

flammable liquid fires that occur on flight and hangar decks are addressed in NAVAIR 00-80-R-14, NATOPS, U.S. Navy

Aircraft Firefighting and Rescue Manual . Flammable liquid fires should be fought with AFFF. After the fire is extin-

guished, the area should continue to be cooled with AFFF, as required. Combined use of AFFF hoselines and seawater 

hose-lines should be avoided because seawater will dilute and degrade the AFFF film. Seawater may be used for weapons 

cooling, but only after the fire is extinguished.

555-1.7.3 HYPERGOLIC MIXTURES. Hypergolic mixtures are used as propellants for certain rockets and missiles.

Hypergolic fuels consist of two components that, when brought into contact with each other, will ignite without application

of some external aid (such as a spark), and will continue to burn as long as the two components remain in contact with each

other. The health hazards include chemical burns, poisoning, and frostbite. In accidents involving these materials, personnel

shall use full respirator protection and protective clothing. Fires involving these materials can best be handled by diluting

the fuel and oxidizer with large quantities of water. For further information see NAVSEA S9000-AB-GTP-010, Shipboard

Safety and Damage Control for Stowage of Hypergolic Fueled Missiles and Fuel Air Explosive (FAE) Bombs and

NAVAIR 00-80-R-14 NATOPS, U.S. Navy Aircraft Firefighting and Rescue Manual .

555-1.7.4 TORPEDO OTTO FUEL. Otto Fuel II is a stable liquid monopropellant used in the propulsion of the Mk 46,

Mk 48, Mk 55, Mk 56, and Mk 60 torpedoes. Otto Fuel II is composed of a nitrate ester in solution with a desensitizing

agent and a stabilizer. It is a bright red, free flowing, oily liquid that is heavier than water. It is insoluble in water. Detailed

safety, handling, and cleanup instructions for Otto fuel are contained in NAVSEA S6340-AA-MMA-010, Otto II Fuel

Safety, Storage, and Handling Instructions .

555-1.7.4.1 Because Otto fuel is a monopropellant which contains its own oxidizer, combustion cannot be smothered. The

most efficient method of extinguishing an Otto Fuel II fire is to cool the propellant below its flashpoint of 265°F (129°C).
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555-1.11.2 REMOVING THE FUEL. One way to remove the fuel from the fire is to physically drag it away. It is often

possible to move nearby fuels away from the immediate vicinity of a fire, so that the fire does not extend to these fuels.

555-1.11.2.1 Sometimes the supply of liquid or gaseous fuel can be cut off from a fire. When a fire is being fed by a fuel

line, it can be extinguished by closing the proper valve. If a pump is supplying liquid fuel to a fire in the engine room, the

pump can be shutdown to remove the fuel source and extinguish the fire.

555-1.11.2.2 Fire in a defective fuel oil burner can be controlled and extinguished by closing the supply valve. Fire

involving acetylene or propane can often be extinguished by shutting the valve on the cylinder.

555-1.11.3 REMOVING THE OXYGEN. A fire can be extinguished by removing its oxygen or by reducing the oxygen

level in the air to below 15 percent. Many extinguishing agents (for example, CO 2 and foam) extinguish fire with a smoth-

ering action that deprives the fire of oxygen.

555-1.11.3.1 Extinguishment by oxygen removal is difficult, but not impossible, in an open area with gaseous smothering

agents like CO 2 .CO 2 would be blown away from an open deck area, especially if the ship is under way. On the other

hand, fire in a galley trash container can be snuffed out by placing a cover tightly over the container, blocking the flow of

air to the fire. As the fire consumes the oxygen in the container, it becomes starved for oxygen and is extinguished. If an

enclosed fire compartment is abandoned, close the door(s) and other openings to reduce the supply of fresh oxygen and limit the burning rate of the fire. Limiting the supply of oxygen by closing doors and other openings can prevent flashover and may even reduce the fire to a smoldering condition.

555-1.11.3.2 Aqueous Film Forming Foam (AFFF) systems are installed in hangar decks, flight decks and engineering

spaces. AFFF acts by establishing a film over flammable liquids to exclude oxygen and by preventing the formation of flammable vapors. AFFF also cools the liquid surface to reduce vapor formation.

555-1.11.3.3 To extinguish a fire in an enclosed space, such as a flammable liquid storeroom, the space can be flooded

with CO 2 total flooding systems. When the CO 2 enters the space and mixes with the atmosphere, the percentage of oxygen in the atmosphere is reduced below 15 percent, and extinguishment results. For extinguishment to be successful, the space shall be completely sealed to keep fresh air out.

555-1.11.4 REMOVING HEAT. Water, when applied in fog or straight stream, is the most effective means of removing

heat from ordinary combustible materials such as wood, paper and cardboard. Cooling with water can ultimately stop the

release of combustible vapors and gases associated with the burning of solid fuels.

555-1.11.4.1 Water Extinguishing. When fire is attacked with a hose line, one gallon per minute (gpm) of water could

theoretically absorb heat at approximately 10,000 BTU per minute (180 kW) when fully vaporized. This water will vapor-

ize to steam and expand approximately 1,700:1, greatly reducing oxygen in an enclosed space.

555-1.11.5 BREAKING THE COMBUSTION CHAIN REACTION. Flaming combustion occurs in a complex series of chemical chain reactions. Once the chain reaction sequence is broken, a fire can be extinguished rapidly. The extinguishing agents commonly used to attack the chain reaction and inhibit combustion are dry chemicals and Halons. These chemical agents directly attack the molecular structure of compounds formed during the chain reaction sequence. The breakdown of these compounds adversely affects the flame-producing capability of the fire. The attack is extremely rapid.  HFP works by interrupting the chemical chain reaction and by physical means.

555-1.11.5.1 It should be understood that these agents do not cool a smoldering fire or flammable liquid whose container

has been heated above the liquid’s ignition temperature. In these cases, the extinguishing agent must be maintained on the

fire until the fuel has cooled. A cooling medium such as water or AFFF should be used to cool the smoldering embers or

the sides of the container.
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555-1.12 FIREFIGHTING AGENTS

555-1.12.1 PRIMARY AGENTS. There are many materials that may be used as firefighting agents. The primary agents

discussed in the following paragraphs are the most extensively used aboard naval ships. The primary firefighting agents are:

a. Water

b. Aqueous Film Forming Foam (AFFF)

c. Carbon Dioxide (CO 2 )

d. Halon

e. Steam

f. Potassium Bicarbonate (PKP)

g. Aqueous Potassium Carbonate (APC)

h. Water Mist

i. Heptafluoropropane (HFP) 

555-1.12.2 WATER. Water is a cooling agent and on board ship the sea provides an inexhaustible supply. If the surface

temperature of a fire can be lowered below the fuel’s ignition temperature, the fire will be extinguished. Water is most effi-

cient when it absorbs enough heat to raise its temperature to 212°F (100°C). At this temperature, the seawater will absorb

still more heat until it changes to steam. The steam carries away the heat which cools the surface temperature.

555-1.12.3 STRAIGHT STREAM. Water in the form of straight stream (also called solid stream) is used to reach into

smoke-filled spaces or areas at a distance from the firefighter. When a straight stream is needed as an extinguishing agent,

it should be directed into the seat of the fire. For maximum cooling, the water must come in direct contact with the burning

material. A straight stream is best used to break up and penetrate materials.

555-1.12.3.1 Water Volume. Keeping in mind the constant problem of excess water disposal, high volume water discharge

should be used as little as possible, especially in situations below decks. For Navy All Purpose nozzles, the solid stream

discharges greater flow than fog patterns. The 1-1/2 inch and 2-1/2 inch vari-nozzles provide constant flow at all pattern set-tings.

WARNING

Do not use Navy All-Purpose nozzle fog applicator or straight stream water pattern

on an energized electric source to avoid shock hazards. Maintain a minimum stand-off

distance of four feet when applying water fog to an energized electric source.

555-1.12.3.2 Electrical Hazard. Straight stream water is the greatest conductor of electricity as opposed to the fog spray

pattern and straight stream should not be used on electrical fires.

555-1.12.3.3 Effect on Class B Fires. A straight stream of water is ineffective for extinguishing class B fires and can cause

a violent fire reaction if the water stream atomizes the fuel into the air causing a greatly increased surface area. However, a

straight stream can be used to wash combustibles over the side in a weather deck fire. When washing combustibles over the

side, it is imperative that the burning material is washed directly into the sea and not onto another deck or overhang.

555-1.12.3.4 Heat Transfer Characteristics. Straight streams do not have good heat transfer characteristics and do not

absorb nearly as much heat as fog patterns.
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555-1.12.9.3.2 Personnel Hazards. The ingredients used in PKP are nontoxic. However, the discharge of large quantities may cause temporary breathing difficulty during and immediately after the discharge and may seriously interfere with visibility. 555-1.12.10 AQUEOUS POTASSIUM CARBONATE. Aqueous potassium carbonate (APC, K 2 CO 3 ) is used on board Naval ships for extinguishing burning cooking oil and grease in deep fat fryers and galley ventilation exhaust ducts. Aqueous potassium carbonate (APC) solution consists of 42.2 percent potassium carbonate (K 2 CO 3 ) and 57.8 percent water. A technique often used in combating liquid grease fires involving unsaturated animal and vegetable oils and fats is the application of alkaline solutions such as APC which, upon contact with the burning surface, generate a soaplike froth that excludes air from the surface of the grease or oil, and the fire is extinguished.


555-1.12.11 WATER MIST.  Water mist is a fire extinguishing agent which replaces Halon 1301 in new ship designs such as the LPD-17, because use of Halon 1301 is an ozone-depleting substance which is harmful to the environment.  Water mist for machinery spaces is a total-space fire extinguishing system which discharges high-pressure (approximately 1000 psi) fresh water as a fine mist from nozzles located in all levels except the bilge.  High-pressure water mist is effective at suppressing oil pool fires, oil spray fires and class A fire even if the fire is obstructed from the nozzles.  Water mist may not totally extinguish deep-seated class A fires, but will knock-down open flaming to a smoldering state and prevent fire spread of a class A fire. Actuation of the water mist system will automatically shut down ventilation in the affected space, but does not include a 30 second or 60 second actuation time delay needed for ventilation air-flow stoppage as with Halon 1301 or HFP systems. Water mist may cause short circuits in energized electrical equipment.

555-1.12.11.1 High pressure water mist has a much smaller particle diameter than conventional sprinklers, with 50% of the water particles (Dv50) being less than 150 microns diameter and 90% of the water particles (Dv90) being less than 300 microns diameter.  (Note: 1 micron equals one millionth of a meter, so there are roughly 25,000 microns in one inch).  The Navy's minimum discharge rate for high pressure water mist, 0.003 gpm/cu.ft. (nominally 0.03 gpm/ft2 for a 10 foot high space), is substantially less than conventional water sprinkler systems, so the flooding impact is significantly reduced.  Low pressure water mist and medium pressure water mist systems found in some commercial ships have larger particle diameters and are less effective against obstructed class B fires.

555-1.12.11.2  Personnel Hazards of Water Mist.  

555-1.12.11.2.1 Toxicity.  Water mist is not toxic.  However, the presence of toxic fire gases and reduction of oxygen by the fire will require evacuation of personnel without breathing protection even if water mist is operating.  Therefore, personnel without operating SCBAs shall immediately leave the space when water mist is actuated for a fire. 

555-1.12.11.2.2  Electric Shock Hazard. Water mist in air is not electrically conductive; there is no risk from simply coming near an energized conductor.  As mist droplets accumulate in electrical equipment, they can form a pool or film that is conductive; this conductive path can cause short circuits and hazardous conditions.  The time for mist to accumulate and create a conductive path depends on the deposition rate of the mist and the configuration of the electrical equipment.  During tests of 450 VAC equipment, no dangerous leakage currents occurred in any equipment within the first five minutes of mist discharge.  Lighting fixtures in machinery spaces are sealed and will not pose a 
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 shock hazard.  The electrical shock hazard from any electrical equipment will be minimized by installing and closing covers and accesses to electrical equipment, keeping the equipment clean, and ensuring the cabinets or exterior surfaces are grounded to the hull.  Personnel should avoid contact with energized equipment during a water mist discharge.


555-1.12.11.2.3  Pressure.  Although the water mist system operates at 1000 psi, the nozzle discharge will not penetrate skin even at close range and does not pose a personnel hazard.

555-1.12.12 HEPTAFLUOROPROPANE (HFP).  HFP is the Navy's term for a specific gaseous fire extinguishing agent which is an alternative to Halon 1301 in some new ships. HFP is a compound of carbon, fluorine, and hydrogen in the formula C3F7H.  It is also known commercially as HFC-227ea and by the proprietary trade names FE-227 (E.I. Du Pont De Nemours & Co) and Firemaster 200 (or FM-200, Great Lakes Chemical Co.).  HFP is a colorless, odorless and electrically non-conducting gas.  HFP is clean and leaves no residue.  HFP is stored in steel containers at 600 PSIG at 70 oF (41 bars at 21 oC), as a liquified compressed gas, with nitrogen added to improve the discharge characteristics.  When discharged, HFP liquid vaporizes into a gas at the discharge nozzle and is uniformly distributed as it enters the fire space.  HFP replaces Halon 1301 in some limited new ship design applications, such as fuel pump rooms and flammable liquid storerooms in CVN-76 and engine enclosures and flammable liquid storerooms in the LPD-17 Class.

555-1.12.12.1 Method of Extinguishing.   HFP extinguishes fire with a combination of physical and chemical mechanisms.  Unlike Halon 1301, HFP extinguishes primarily by physical mechanisms. 

555-1.12.12.2 Use of HFP.  HFP is used in fire extinguishing systems for class B flammable liquid and combustible liquid pool fires and spray fires.  It is installed where water mist is inappropriate, such as flammable liquid storerooms with low-flash point flammable liquids including alcohol, and where water mist was deemed less cost effective.  Where water mist can be applied, water mist is the agent of choice over HFP due to its cooling capability and lack of acid gas production.  The HFP system is configured identical to a Halon 1301 system.  Actuation of the HFP system will activate visual and audible alarms and automatically shut down space ventilation, including dampers where installed. 

555-1.12.12.3  Personnel Hazards of HFP.  

NOTE

If an accidental discharge of HFP system occurs, ventilation should be operated for at least 15 minutes, and the space certified gas free, before entry.  Although HFP is not life threatening, the design concentration used may exceed the Lowest Observable Adverse Effect Level (LOAEL) of 10.5 percent.  Design concentrations above the LOAEL are required to improve HFP fire suppression performance and reduce acid gas production. To avoid unnecessary and potentially adverse exposure to HFP, evacuate the space when the discharge warning sounds. 
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555-1.12.12.3.1 HFP Toxicity (No fire present).  With no fire present, HFP is nontoxic and non-suffocating.  However, if HFP should be inadvertently actuated when no fire exists, personnel should be immediately evacuated to limit unnecessary exposure.  In pump rooms, generator rooms, and diesel engine enclosures, unprotected personnel can be exposed to the 10 to 10.5 percent design concentration of HFP for a period up to 5 minutes without danger to health.  In flammable liquid storerooms, HAZMAT spaces, and similar compartments, HFP concentration could be much higher if the compartments are loaded out (filled).   Personnel exposure should not be permitted. Symptoms similar to oxygen deprivation (headache, nausea, dizziness) may also result from inhalation of high concentrations of HFP.


WARNING

HFP produces toxic Hydrogen Fluoride (HF) acid gas when exposed to fire.  Personnel must leave the space when the HFP system is actuated.  Exposure to HF gas may have the following effects on humans:

· Corrosive and irritating to the eyes.

· Corrosive and irritating to skin and all living tissue.

· When inhaled, corrosive and irritating to upper and lower respiratory tract; causes chemical pneumonitis and pulmonary edema which could be fatal.
555-1.12.12.3.2 Hydrogen Fluoride (HF) Formation When HFP is Exposed to Fire.  In addition to the usual fire combustion products such as CO, oxygen depletion, heat and smoke, the discharge of HFP to extinguish a fire will create a hazard to personnel from the products of decomposition that result from the exposure of HFP to fire or hot surfaces.  HFP decomposes upon contact with flames or very hot surfaces above 1300 oF (700 oC).  The predominant decomposition product is hydrogen fluoride (HF) acid gas.  The chemical breakdown of HFP when exposed to fire or flames initially can produce very high concentrations of Hydrogen Fluoride (HF) acid gas, which can be hazardous even to personnel with breathing protection. The design concentration of HFP and the short agent discharge time (ten seconds maximum) of Navy HFP systems are intended to provide rapid extinguishment and minimize the formation of HF.  Nevertheless, the atmosphere in the compartment during and after discharge of the agent should be considered extremely toxic.  If the fire reflashes, the remaining HFP which is exposed to flames will produce additional quantities of HF acid gas.  Depending on the size of the fire in relation to the size of the space at time of discharge of the HFP agent, the level of HF acid gas may exceed 1000 ppm.  HF concentrations will reduce somewhat with time as the HF reacts with metal surfaces.  Special precautions should be taken prior to reentry, such as setting smoke boundaries and establishing active desmoking, to preclude release of this toxic atmosphere to unaffected areas of the ship.

555-1.12.12.3.2.1 Toxic Hazard of Hydrogen Fluoride (HF) Acid Gas.  HF is an airborne acid gas which irritates and burns exposed human body surfaces, particularly moist surfaces such as the eyes, nose, throat and lungs. The human detection threshold for HF is lower than immediately hazardous concentrations, so the irritation to human nose and throat membranes will provide some warning to unprotected personnel at low concentrations.  Eye tearing and bitterness in the throat are indicators of acid gas presence.  HF acid gas has a Permissible Exposure Limit (PEL) of 3 ppm and an Immediately Dangerous to Life or Health (IDLH) value of 30 ppm, per NSTM Chapter 074 Volume 3.  Exposure to higher concentrations of HF for up to 10 minutes has the following health effects:
555-30B                                                                                                                                                                      ACN 1/A
CONCENTRATION


REACTION

Less than 50 ppm


Definite eye, skin and upper respiratory track irritation.

50-100 ppm


Moderate irritation of all body surfaces.

100-200 ppm


Moderate irritation of all body surfaces, escape impairing effects likely.

Greater than 200 ppm


Escape-impairing effects will occur; increasing concentrations can be lethal without medical intervention.

Source: NFPA 2001 Table A-1-6.1.2(b)

WARNING

Re-entry should not be made if the HF acid gas concentration is above 90 ppm, the maximum that can be detected with shipboard gas tube detectors.  Extremely high concentrations of HF acid gas will cause skin burns through firefighter's protective clothing and may damage breathing apparatus.

555-1.12.12.3.3  Hydrogen Fluoride Limits During Re-entry.  Determine if HF concentration is below 90 ppm just inside the space access before completely entering the space.  Monitor HF acid gas levels during fire party re-entry.  Assure personnel have adequate breathing protection in locations where HF gas may be present.  The 90 ppm HF limit is the maximum that can be detected with shipboard gas tube detectors. Special precautions should be taken, such as setting smoke boundaries and establishing active desmoking, to preclude release of a toxic atmosphere to unaffected areas of the ship.

555-1.12.12.3.4  Direct contact with vaporizing HFP liquid has a strong chilling effect on objects and can cause frostbite and burns to the skin. The liquid phase vaporizes rapidly during discharge and therefore limits this hazard to the immediate vicinity of the nozzle.

555-1.12.12.3.5  High velocity discharge from HFP nozzles is sufficient to move unsecured paper and light objects which could cause personnel injury.

555-1.12.12.3.6  Discharge of a total gaseous flooding system, such as HFP, can cause noise loud enough to be startling.

555-1.12.12.3.7  In humid atmospheres, a short term (roughly one minute or less) reduction in visibility may occur due to condensation of water vapor (fog) in the air after HFP discharge. 

555-1.12.12.4  Environmental Considerations.   HFP was selected as a replacement for Halon 1301 because it has a zero Ozone Depletion Potential (ODP).  HFP should be used only against actual fires and should not be discharged for training or maintenance.  HFP cylinders that may contain only a partial charge, or are being turned in, shall not be vented off.  Undischarged HFP can be reclaimed and recycled.
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555-2.8.4 CARBON DIOXIDE HOSE REEL SYSTEM. CO 2 hose reel systems are provided only in nuclear

ship main machinery spaces for electrical fires. The typical CO 2 hose reel configuration is described in paragraphs 555-3.2.2 through 555-3.2.3.2. The following describes the CO 2 hose reel operation.

555-2.8.4.1 To operate the CO 2 hose reel, proceed with the following steps.

1. To discharge the CO 2 , pull out the locking pin and open the valve by pulling up the lever on the side of the

discharge head, or by turning the hand wheel open or by pulling the remote pull handle (see

paragraph555-3.2.2), as applicable.

2. Run the discharge horn to the point of attack on the fire.

3. Open the valve on the discharge horn by squeezing the valve lever.

4. Direct the gas at the base of the flame. As the flame recedes, follow slowly.

5. For switchboards, motors or other electrical fires, direct the gas into all openings on the burning equipment

and continue to apply CO 2 after the flame has been extinguished until the burned substance is coated with

snow. This procedure will cool the burned material and prevent any incandescent particles from reigniting.

6. To temporarily stop flow of gas, release the squeeze lever on the discharge horn valve.

7. When the first cylinder is empty, close the valve by the reverse of step.

8. For additional gas, operate the next cylinder as in steps 1 and 3.

9. After the fire has been extinguished, shut off the cylinder valves and open the valve on the discharge horn

by squeezing the valve lever to be sure all pressure is relieved from the hose.

10. Remove the empty cylinders and have them recharged or replaced immediately.

11. Rewind hose on the reel and replace discharge horn to clip. The horn valve shall be left in its closed position.


555-2.9 OPERATION AND DESCRIPTION OF HALON AND HFP SYSTEMS

555-2.9.1 HALON 1301 AND HEPTAFLUOROPROPANE (HFP) SYSTEMS. Halon 1301 or HFP systems may be installed in Main Machinery Rooms, Fire Rooms, Engine Rooms, Auxiliary Machinery Rooms, Fuel Pump Rooms, Ship Service or Emergency Generator rooms, Auxiliary Boiler Rooms, Main Propulsion or Generator Engine Modules, Helicopter Recovery Assist, Securing, and Traversing (RAST) Machinery Rooms, Tactical Towed Array Sonar (TACTAS) Handling Rooms, and in spaces where flammable liquids are stored or issued. In Aircraft Carriers, MOGAS (motor gasoline) powered bomb hoist storerooms may be protected by Halon 1301 or HFP. Halon or HFP systems utilize one or more cylinders containing Halon 1301 or HFP in a liquid form. The function of the system is to extinguish fires which are beyond the scope of manual firefighting equipment, and where abandonment of the space is necessary. See paragraph 555-3.3 for more information.

555-2.9.1.1 Components. Each system will consist of Halon 1301 or HFP cylinders, 5 lb. CO 2 actuators, vent fittings,

flexible actuation hoses (which are being replaced with 1/4-inch Cu-Ni tubing connections with a 4loop), flexible

discharge hoses, check valves, a time delay device, time delay device bypass valve, CO 2 actuation system piping, 

pressure switches, Halon or HFP discharge piping, discharge nozzles, in-line filter, and various electrically operated

alarms and indicators.

555-2.9.1.2 Location. The usual location for Halon or HFP cylinders is inside the protected compartment; however,

they may be located outside the protected compartment, or in a designated cylinder room. Each system is designed such that a single discharge of Halon 1301 will provide a concentration of 5 to 7 percent Halon 1301 by volume in air throughout the protected space. Sufficient Halon is required so that the concentration will remain at a minimum of 5 percent for 15 minutes. Some Halon protected spaces have a duplicate reserve Halon system to supplement the primary one.
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555-2.9.1.3  Design Characteristics.  Each Halon system is designed such that a single discharge of Halon 1301 will provide a concentration of 5 to 7 percent Halon 1301 by volume in air throughout the protected space. Sufficient Halon is required so that the concentration will remain at a minimum of 5 percent for 15 minutes. HFP systems for spaces with diesel, JP-5, or gasoline  fuels are designed such that a single discharge will provide a minimum average concentration of 8.5%, which must be maintained for 15 minutes.  HFP systems for flammable liquid storerooms, HAZMAT spaces, and similar compartments are designed such that a single discharge will provide a minimum average concentration of 9.6%, which must be maintained for 15 minutes.  The higher concentration for these storerooms is needed for fire involving Methanol (also known as Methyl Alcohol) which is more difficult to extinguish.  Some Halon and HFP protected spaces have a duplicate reserve system to supplement the primary one. Each Halon and HFP fixed flooding system is designed to completely discharge the gas into the protected space within 10 seconds following the start of the discharge.

555-2.9.1.4 Installation Requirements. Halon system standard requirements are provided in NAVSEA standard drawings 803-5773930 and 803-5959326. HFP system  requirements are provided in the ship specifications, and are very similar to Halon 1301.  Halon 1301 or HFP fixed flooding system components usually are in accordance with MIL-E-24572, and are discussed in paragraph 555-3.3.

555-2.9.1.5 Halon 1301 or HFP System Types. The Halon 1301 or HFP system consists of one or more cylinders piped to discharge nozzles located at the overhead of each level. In spaces with obstructions or very high overheads, nozzles may also be placed at intermediate levels. Cylinders may be arranged in banks with common piping leading to multiple nozzles, or may be of a modular type with cylinders located throughout the protected space, with separate piping from each cylinder to a discharge nozzle. Modular systems and banked systems are depicted in Figure 555-2-11 and Figure 555-2-12, respectively.
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Figure 555-2-11 Typical Halon 1301 and HFP Modular System Configuration
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Figure 555-2-12 Typical Halon 1301 and HFP Banked System Configuration
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555-2.9.1.5.1 Main Propulsion Type Machinery Spaces, Engine Enclosures, and Other Machinery Spaces and Storerooms.  Halon and HFP systems in large machinery spaces (Main Machinery Rooms, Fire Rooms, Engine Rooms, and Auxiliary Machinery Rooms) will have 60-second time delays.  If the Halon or HFP system has been installed during ship construction, it will have both primary and reserve Halon systems.  Systems that have been installed by a SHIPALT will usually have only a primary Halon system. In compartments other than large machinery spaces, such as fuel pump rooms and flammable liquid storerooms, Halon and HFP systems usually have a 30-second time delay, and only a primary Halon or HFP system. Engine enclosures or modules have a 30-second time delay for both primary and reserve Halon and HFP systems.


555-2.9.1.6 System Actuation. Each system is usually provided with at least two actuators. Actuators may be installed within the protected compartment, in an Enclosed Operating Station (EOS), or outside and adjacent to each main access to the space.

555-2.9.1.7 Additional Features. Additional features include automatic ventilation shutdown, actuation of local and remote predischarge alarms, manual time delay bypass, automatic ventilation closures (if installed) and Halon or HFP discharged indicator light.

555-2.9.1.8 Supplemental Systems. Halon 1301 or HFP systems in machinery spaces and pump rooms are normally supplemented by an AFFF bilge or overhead sprinkling system. The AFFF sprinkling system, where installed, should be actuated at the same time as the Halon 1301 or HFP system. 

555-2.9.1.9 Inadvertent Operation. If the Halon or HFP system is inadvertently operated when there is no fire, the space should be evacuated, to avoid hazards described in 555-1.12.7.6. Ventilation should be restored as soon as possible.

555-2.9.2 SYSTEM OPERATION. Using Figure 555-2-13 as a guide, normal operation of the system may be accomplished by performing the following actions.

1. Break the glass or open the enclosure at remote actuating stations. Remove the safety pin, which is secured

by a lead and wire seal.

2. Fully operate the discharge lever and secure in the operated position. The released CO 2 will immediately

actuate two pressure switches. One pressure switch operates lights and horns (or bells) within the space, and

a bell and amber system actuated light outside the space at actuating stations and space accesses. The other

pressure switch will initiate shut down of ventilation fans and operate any installed vent closures.

3. If alarms do not operate, or ventilation does not shut off, pull out the reset/actuation knob on the associated

pressure switch. If operation still does not occur, manually shut off ventilation systems, and pass the word to

evacuate the space.

4. After the time delay operates, the CO2 pressure will operate the Halon or HFP cylinder valves to discharge Halon or HFP to the associated nozzles. A third pressure switch downstream of the time delay device will then actuate a red light indicating Halon or HFP discharge.

5. In the event the timing of the time delay device exceeds 70 seconds (for a 60-second device), or 35 seconds

(for a 30-second device), the time delay should be bypassed by opening the time delay bypass valve.

NOTE

The time delay bypass valve should not be operated until after the full delay time

(30 or 60 seconds has passed).
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Figure 555-2-13 Typical Halon 1301 and HFP Actuating Station
555-2.9.3 OTHER FEATURES OF HALON 1301 AND HFP SYSTEMS

555-2.9.3.1 Cylinder Handling System. A handling system is provided to remove expended Halon 1301 or HFP cylinders and replace them with fully charged cylinders. This system provides a means for lifting the expended cylinders from their position and transferring the cylinders to be replaced. Attachments to the cylinder valve cap or neck, for lifting the cylinders, are not permitted.

555-2.9.3.2 Recharging Halon or HFP Cylinders. Halon 1301 or HFP cylinders are not recharged aboard ship. Replacement of discharged cylinders is handled through the supply system (see paragraph 555-1.12.7.7).

555-2.9.3.3 Recharging Actuator Cylinders. CO2 actuator cylinders may be recharged using the same methods and equipment as described for recharging 15-pound portable CO2 extinguishers, except that an additional adapter is needed (see paragraph 555-4.2.6).
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Sprinkler heads may be either open head or closed head. When closed head sprinklers are used, only those

heads that are opened (fused) by heat from a fire will flow water. When open heads are used, all heads flow water

when the sprinkler control valve is opened. More sprinkler heads are expected to open with a dry type system

with closed heads than with a wet type system with closed heads, because the delay for human actuation of the

system, so wet type systems are now preferred. Dry type systems represent older designs, no longer specified,

that were commonly found in flammable gas cylinder storerooms and aviation tire storerooms.

555-2.11.3.2 Automatic Wet Type Miscellaneous Sprinkling System. The automatic wet type miscellaneous

sprinkler systems contain seawater throughout the piping down to the sprinkler heads. The sprinklers are the

closed head type and will actuate automatically when exposed to heat, typically at 175°F (79°C). The sprinkling

control valve of a wet type system must remain open at all times except when performing maintenance or sys-tem

tests. These systems automatically detect heat, initiate an alarm in Damage Control Central and begin suppression.

Typically, in the early stages of a fire, only a few sprinkler heads open and discharge water. With sprinklers,

there are seldom problems of access to the seat of the fire or of interference with visibility for firefighting

due to smoke. The downward force of water discharged from sprinklers will lower the smoke density in a room

where a fire is burning and will also serve to cool the smoke making it possible for persons to remain in the area

much longer than they could if the room were without sprinklers. Closed head wet type sprinklers are expected

to limit fire damage and operate before flashover. These systems tend to wet down adjacent combustibles pre-venting

fire involvement while maintaining a cool overhead thus limiting the number of sprinklers that open.

555-2.11.4 CLASS A FIRE PROTECTION USING SPRINKLERS. Sprinkler system design for Class A ordinary

combustibles is based on the idea of distributing water droplets over the fire to maintain relatively low over-head

temperatures while controlling or extinguishing the fire. These systems may be wet type closed head, dry

type closed head or dry type open head. Sprinklers may also be installed around the passageway outside of certain

vital electronics spaces. These systems are wet type closed head and are designed to cool the boundaries of

the space, protecting the vital electronic equipment within from fires in adjacent compartments.

555-2.11.5 CLASS B FIRE PROTECTION USING SPRINKLERS. Class B flammable liquid hazards are commonly protected with AFFF, Halon 1301, water mist, HFP or C02 . However, for certain applications, miscellaneous seawater sprinkling is an acceptable alternative. For lube oil storerooms, paint spray rooms, and paint spray booths sprinkler application densities are twice that specified for spaces containing ordinary combustibles. Paint spray booths and paint spray rooms also require sprinkler heads inside air plenums and exhaust ducts. Sprinkler heads exposed to paint spray are covered with a polyethylene bag.

555-2.11.6 USE OF SPRINKLER SYSTEMS IN GAINING CONTROL AND EXTINGUISHING A FIRE.

When a sprinkler system has operated automatically or by manual control in response to a fire, the sprinkler control

valve shall remain opened until the fire is extinguished and overhauled or at such time as the scene leader

is convinced that further operation will produce heavy water damage or hamper progress for final extinguishment.

The sprinkler control valve is normally located outside and adjacent to the access to the space protected. Closing

the sprinkler control valve prematurely can cause a dramatic increase in intensity of the fire. When the sprinkler

control valve is closed, a firefighter with portable radio should be stationed at the valve in case its needed

to be reopened should fire re-flash. A sprinkler system may not totally extinguish a fire, which is shielded from

the sprinkler discharge. Such locations may be under equipment, shelving or furniture. For such cases, hose lines

will be needed to eliminate hidden fires. Flammable gas cylinder storeroom sprinkler systems apply cooling water

to gas cylinders while the fire burns. This sprinkler system is not intended to extinguish a flammable gas fire since

extinguishment would create a more dangerous explosion hazard. If a sprinkler system operates in a compartment

adjacent to a fire, common boundaries are cooled that can assist in or eliminate the need for boundary men

with manned hoses..
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555-2.12.2 DESCRIPTION. Each system includes one or two cylinders filled with a solution of potassium carbonate

in water pressurized with compressed nitrogen (N 2 ). Discharge piping from the cylinder(s) leads to one

or more nozzles which spray the solution into the cooking oil reservoirs, along the galley hood plenum or up into

the galley hood exhaust duct. A spring tensioned cable keeps the system inactive. Releasing the tension in any

of several ways, releases N 2 from a pressurized cartridge which opens the lever control heads which release the

aqueous potassium carbonate. See paragraph 555-3.5.2 for a complete description of all components.

555-2.12.3 SYSTEM OPERATION. Operation of the fire extinguishing system, is normally fully automatic

(see paragraphs 555-3.4.1 through 555-3.5.3.5). Manual backup modes of operation are provided at the cylinder

assembly, pressure release control box, and the remote manual control box.

555-2.12.3.1 Automatic Operation. Excessive heat on one of the fusible links melts the link and releases the

cable tension. The extension spring in the pressure control box pulls the lever which activates the pressure release

cartridge. N 2 gas from the pressure release cartridge activates the lever control head(s), causing the cylinder(s)

to discharge.

555-2.12.3.2 Manual Operation. The system has three manual modes of operation.

555-2.12.3.2.1 At the cylinder assembly, remove the release pin in the lever control head completely, and

operate the lever. This discharges the cylinder directly.

555-2.12.3.2.2 At the pressure release control box, open the box and remove the release pin completely. This

disconnects the release cable and allows the extension spring to activate the system as described under automatic

operation.

555-2.12.3.2.3 At the remote manual control box, remove the release pin completely. This disconnects the

anchored end of the release cable, releases the tension, and allows the extension spring to activate the system as

described under automatic operation.

555-2.13  OPERATION AND DESCRIPTION OF WATER MIST SYSTEMS.  The high pressure water mist system consists of dedicated fresh water tanks, pumps, distribution piping, nozzle grids in each level of each protected space, and associated controls.  The system, components and piping are designed to provide 0.003 gpm/ft3 to 0.0045 gpm/ft3 to each protected space for a minimum of 15 minutes of continuous operation.  The application density, or volumetric flow rate, is based on the gross volume bounded by the space's forward and after bulkheads, the longitudinal bulkheads or shell as applicable, the nominal deck plate and overhead.  Pumps and tanks are sized to provide this volumetric flow rate to all levels of the largest protected space.  Pumps and piping are sized such that the inlet pressure to each nozzle is between 900 lb/in2 and 1100 lb/in2 with a desired value of 1000 lb/in2 .

555-2.13.1  The system architecture is a single main, located centrally in the ship for protection against weapon effects, see Figure 555-2-15.  Although the system is a single main, there are dual flow pathways available for each main and auxiliary space.  Because many of the isolation and distribution valves are in spaces where they could possibly be exposed to fire, the valve actuators are fire resistant with an overwrap of insulating material.  The normal condition of the main is filled, but unpressurized.  The wet status of the system, plus the location of the distribution piping, reduces the lag time between system actuation and the beginning of mist flow.  All electrically operated components are provided with normal and backup power supplies.
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Figure 555-2-15 Typical Water Mist System     
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555-2.13.2  Two pumping stations are provided for redundancy and survivability.  If the system is undamaged, multiple spaces can be provided with flow simultaneously, up to the pumping capacity of the system.  The normal system controls will operate the correct pumps for the flow demand of the fire space.  The operator can override the control system.  If too many spaces are aligned for mist discharge, the residual pressure in the system will drop below the minimum required nozzle pressure and the system will not be effective at controlling the fire.  If too many pumps are aligned for mist discharge, the residual pressure in the system will cause the relief valve to lift.  Both of these scenarios will generate alarms.  

555-2.13.3  Proper system operation demands clean water at high pressure.  High pressure is required for satisfactory operation of the nozzles, so the number of potential discharge openings from the system has been minimized, and most drains and vents are fitted with blanks and valves.  Excess flow valves at each nozzle will shut automatically if a nozzle is missing or broken; this action will preserve pressure for the remaining nozzles.  Strainers at the tank fill, at the discharge from the pump, and at each nozzle are provided to ensure the nozzles do not get clogged.  

555-2.13.4  Each storage tank is sized to provide flow to the largest protected space for at least 15 minutes.  The gross tank volume includes allowances for internal structure, the estimated depth of water in the tank at loss of pump suction, and the maximum conditions of list and trim which are specified for the particular ship.  The tanks are filled from the ship's potable water system, with an emergency hose connection fill capability from the firemain.  If more than 15 minutes of flow is needed, the tanks can be refilled even while water mist pumps are operating or the second pumping station can be placed on line when the first tank is depleted.  For maintenance, the tanks can be dewatered by the drainage system.  

555-2.13.5  The pumps are motor driven quintuplex reciprocating plunger types, meaning there are five cylinders.  The positive displacement plunger pumps are capable of producing the high pressure needed at the nozzle, and the five cylinders help reduce the peak pulsation pressure that would occur with fewer cylinders.  The pumps have an inherent “check valve” capability, so when one pump station is operating water will not be forced through the idle pump into its tank.  

555-2.13.6  The valves are electric motor-operated quarter-turn ball valves for system isolation and for aligning source water to the individual spaces when required. Valves in the distribution main are designated as isolation valves. Valves in the distribution branches are designated as primary and secondary distribution valves.  Each protected space is provided with an isolation valve forward or aft of the space to isolate that portion of the distribution main when required. If the adjacent space is a manned machinery space, these valves are provided with hand wheels or operating levers located in the adjacent space for backup manual operation of the motor-operated valve.  

555-2.13.7  The nozzles produce the water mist due to the shearing action of high pressure water passing through the internal passages and orifices.  The nozzle assembly incorporates seven tips for omnidirectional spray.  There is no logistics support for the individual elements of the nozzle; it is intended to be replaced as an assembly.  An excess flow device upstream of each nozzle will shut automatically if a nozzle is missing; this preserves sufficient residual pressure for the remaining nozzles.
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555-2.13.8  The system is operable from the ship’s damage control system, from dedicated panels on the DC deck, and from local controls at the various components.  Sensors and control logic alert the operator to a variety of faults that may occur, such as pump and valve failures, or mismatches between pump capacity and system flow demand.  When there is a fault, or an expected action fails to occur, the operator must reconfigure the system to provide flow to where it is needed.


555-2.14 MSC SHIP FIREFIGHTING SYSTEMS AND EQUIPMENT

555-2.14.1 GENERAL. Military Sealift Command (MSC) ship firefighting systems and equipment comply

with United States Coast Guard (USCG) commercial industry regulations. The exception is ships transferred from

the Navy to MSC that retain Navy designed systems. Communication between ships engaged in firefighting

assistance is important to exactly determine what type of equipment and systems the ship in distress has on board

and what its needs are. This section will discuss foams, fittings, portable equipment, damage control lockers, and

personnel. For more information, see Military Sealift Command Instruction COMSCINST 3541.2, Damage

Control Manual .


555-2.14.2 FOAMS. MSC ships carry any of the USCG approved basic types of foam concentrate: Protein,

Fluoroprotein, or commercial AFFF. The ships carry foam in fixed system storage tanks and in 5 gallon containers

for use with portable equipment and refilling system tanks. In an emergency, Navy Mil Spec AFFF could be

used with MSC fixed or portable equipment designed to proportion any type of foam at 6 percent. However, limited

effectiveness should be expected when deviating from the design basis foam. MSC provided foam may be

used on Navy ships with portable equipment. Limited success in using protein and fluoroprotein foam with Navy

non-air aspirating vari-nozzles with in-line eductor should be expected. Only Mil Spec 3 percent or 6 percent

AFFF foam should be used in Navy fixed systems. Navy systems tend to be larger and interconnected, thus the

greater potential for problems due to foam incompatibility.


555-2.14.3 FITTINGS. MSC ships have either Navy 11-1/2 thread-per-inch NPSH or commercial 9-1/2 thread-per-

inch NH on 1-1/2 inch threaded fittings on firefighting equipment. Navy support MSC ships have 1-1/2 inch

Navy thread (NPSH). MSC ships that operate independent of Navy ships have commercial 1-1/2 inch thread

(NH). Both Navy support and commercial ships have the same thread (NH) on 2-1/2 inch fittings. MSC ships

have international shore connections as required in Navy ships.

555-2.14.4 PORTABLE EQUIPMENT. Portable firefighting equipment on MSC ships include:

protective clothing (the Navy ensembles currently carried will be phased out by two piece commercial fire-fighting

suits)

hose

portable fire extinguishers

P-100 pumps

inline foam eductors

vari-nozzles

air aspirating foam nozzles

self contained breathing apparatus SCBA (positive pressure, demand type)

ACN 1/A                                                                                                                             555-78A
NOTE

OBA’s currently carried will be phased out by SCBA’s.

NOTE

Prior to transferring equipment, assure 1-1/2 inch thread compatibility or avail-ability

of thread adapters.

555-2.14.5 DAMAGE CONTROL LOCKERS. MSC ships have damage control lockers outfitted with similar

equipment found in Navy ships, though some of the items are commercial models.

555-2.14.6 FIREFIGHTING PERSONNEL AND PROCEDURES. MSC ships’ personnel are trained in all

aspects of firefighting and damage control. Firefighting and damage control procedures are similar to US Navy

except that the organizational structure is smaller due to reduced manning.

555-2.15 PROTECTIVE DEVICES

555-2.15.1 FOR VALVES. Protective devices (e.g., locking devices) of the non-locking type are provided on

the following fire extinguishing system valves:

a. Valves where the accidental opening or closing would prevent automatic, remote or local actuation of a fire-fighting

service in a fire emergency.

b. Valves where the accidental opening would cause a firefighting system to be activated inadvertently. 


555-2.15.2 DESIGN. Protective devices for valve hand wheels may comply with drawing NAVSHIPS No. 

S4824-1385509 or ASTM F-993. The use of padlocks for locking valves open or closed is not permitted.


555-2.15.3 FOR CONTROLS. Where valves in the above categories are fitted for remote control, the remote operating control is similarly protected. Protective devices, such as wire and lead seals, are used for controls where best suited for the component. A protective device is provided on each local and remote actuator in AFFF systems. Remote Halon 1301 or HFP system manual actuator valves should have protective enclosures or bumpers to prevent damage to the valve.
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control lever located on each cylinder. Due to space limitations, cylinders may not be located near the hose reel.

When the cylinders are more than 10 feet from the hose reel, manual pull boxes are provided at the hose reel for

discharging each cylinder individually.

555-3.2.3 PRESSURE. In all Navy CO 2 cylinders, the CO 2 is held under a pressure of 850 psi at 70°F. Any

increase in temperature increases the pressure, and any decrease in temperature decreases the pressure. Since

pressure of liquified CO 2 builds up rapidly as the temperature rises, the following procedures are utilized to avoid

the danger of explosion.

a. Rated capacity of the cylinders is never more than 60 percent of the liquid volume capacity of the cylinder,

or 68 percent for portable CO 2 fire extinguishers.

b. Cylinders are hydrostatically tested to a minimum of 3,000 psi.

c. Cylinders are fitted with a bursting disk designed to relieve from 2650 to 3000 psi.

555-3.2.3.1 Carbon dioxide cylinders used in fixed flooding carbon dioxide systems are nominal 50 pound

capacity; approximately 60 percent of water capacity. Therefore, these cylinders can be installed in spaces of

temperatures up to 135°F with a full 50 pound charge.

555-3.2.3.2 Table 555-3-1 shows the pressures of CO 2 when it is held in containers filled to 68 and 60 per-cent

of their water capacity and subjected to temperatures ranging from -10° F to 160° F.

Table 555-3-1 CARBON DIOXIDE CYLINDER TEMPERATURE VS PRESSURE COMPARISON

[image: image6.png]CO, Pressure

60% Water Capacity

68% Water Capacity

Temperature (°C)

Temperature (°F)

260 260 -23.33 -10
310 310 -17.78 0
360 360 -12.22 10
415 415 - 6.67 20
504 504 0 32
565 565 4.44 40.
650 650 10.00 50
744 744 15.56 60
850 850 21.11 70
975 975 26.67 80
1,150 1,205 32,22 90
1,310 1,465 37.78 100
1,500 1,725 "43.33 110
1,700 1,995 48.89 120
1,920 2,265 54.44 130
2,150 2,545 60.00 140
2,380 2,825 65.56 150
2,600 3,105 71.11 160






555-3.3 HALON 1301 AND HFP SYSTEM COMPONENTS
555-3.3.1 BANKED AND MODULAR HALON 1301 AND HFP SYSTEM COMPONENTS. Each system consists of Halon 1301 or HFP cylinders, cylinder valves with actuators, CO2 actuation devices and piping, a vent fitting, flexible discharge 
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hoses, flexible actuation connections, check valves, a time delay device, time delay bypass valve, pressure

switches, and discharge nozzles. Systems are described in paragraph 555-2.9.

555-3.3.2 HALON COMPONENT REQUIREMENTS. Most components are in accordance with Military Spec

MIL-E-24572. The FFG 7 class has some commercial equipment manufactured by Wormald International (Sydney,

Australia).

555-3.3.2.1 Manual Actuation Cylinder. The manual actuation cylinder is the principle means of actuating the

Halon 1301 system (see Figure 555-3-17). It consists of a cylinder with a 5 pound charge of CO 2 fitted with a

manual valve. The CO 2 acts as the pneumatic medium for the operation of the Halon cylinder valves.
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Figure 555-3-17  Manual Actuation Cylinder for Halon 1301 and HFP Systems

555-3.3.2.1.1 The CO 2 is held in the cylinder by the valve seat and by the rupture disk. To release the CO 2

the lead wire seal is broken, the pin is removed, and the manual control lever is operated. For Wormald Interna-

tional, Chemetron, and Walter Kidde actuators, the lever is rotated from the CLOSED to the OPEN position. The

cam action of the manual lever depresses the actuating plunger. The actuating plunger opens the seat and the CO 2

is discharged. For Wormald (U.S.) actuators, the lever is depressed fully (about 45 degrees), and must be engaged

by the locking spring.

555-3.3.2.2 Manual/Solenoid Actuation Cylinder. The manual/solenoid actuation cylinder (see Figure

555-3-18) is similar to the manual actuation cylinder as described previously. It is typically used in gas turbine

module Halon 1301 systems.
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Figure 555-3-18  Manual/Solenoid Actuation Cylinder for Halon 1301 and HFP Systems

555-3.3.2.2.1 The solenoid valve is provided to allow electrical remote operation of the Halon system.

555-3.3.2.3 Metallic Hose. The metallic type of hose is used throughout the system for high pressure, flexible,

readily breakable connections between the rigid pipelines and the components of the system. 1/4-inch hose should

be installed with a bend radius of 4-inches or more, and 1-1/2-inch hose should be installed with a bend radius

of 22-inches or more. For improved system reliability, 1/4-inch hoses are being replaced with Cu-Ni tubing with

a minimum bend radius of 2 inches. These tubing assemblies are in accordance with NAVSEA Standard Drawing

803-6397405.

555-3.3.2.4 1/4-Inch Check Valve. This check valve is used throughout the system in high pressure CO 2 lines

to isolate actuation stations, time delays and pressure switches. Some Halon systems have new check valves

which are in accordance with NAVSEA Standard Drawing 803-6397404.

555-3.3.2.5 Pressure Switch. Pressure switches (see Figure 555-3-19) are usually installed only in CO 2 actuation

pipelines. Some ships have pressure switches in the Halon discharge pipelines. These pressure actuated

switches initiate Halon actuation alarms, ventilation system shutdowns, vent closure operation, and Halon discharge

alarms.
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555-3.3.2.8.6 The pressure gage indicates the total pressure in the cylinder at any time.

555-3.3.2.8.7 Valve actuators on MIL-E-24572 Halon Cylinders are removable for system testing. Valve

actuators from different manufacturers are not interchangeable.

WARNING

The Ansul (formerly Wormald) valve actuator will physically mate with a

Kidde cylinder valve but will not open the valve when the system is actuated.

Ensure that each valve actuator is attached only to cylinders from the same

manufacturer. See Halon 1301 technical manuals listed in Table 555-1-1 for

additional component detail.

555-3.3.2.9 1-1/2 Inch Check Valve. This check valve is used to individually isolate the Halon cylinders of a

multiple cylinder bank. These check valves prevent back flow into empty Halon cylinders.

555-3.3.2.10 Halon and HFP Nozzles. Nozzles control the rate of discharge from the system pipelines, thereby regulating the distribution of Halon or HFP throughout the compartment. The orifice size of the nozzle is determined by the volume of the portion of the space being protected, and the pressure available at the nozzle.

555-3.3.2.11 Actuation Line Filter. A 10 micron in-line filter installed in the CO2 actuation system upstream of the time delay device to improve system reliability.

555-3.3.2.12 HFP system components. HFP system components are the same as Halon 1301 system components except that the HFP nozzles are larger.

555-3.4 MAGAZINE SPRINKLER SYSTEM COMPONENTS

555-3.4.1 SYSTEM TYPES. There are three types of magazine sprinkling systems; automatic dry type with a

seawater operated control system, automatic wet type with a seawater operated control system and manually

operated dry type. These three systems are normally found in magazines but are also installed where munitions

are temporarily held in readiness. Dry type systems have been installed with open sprinklers, and wet type systems

have been installed with closed sprinklers.

555-3.4.2 VALVE USAGE AND CONTROL SYSTEMS. The sprinkling valves described in the next para-graph

can generally be used in any system. The MIL-V-17501 type I, diaphragm operated valve cannot be used

in dry type, oil operated systems. The automatic control systems components described in paragraph 555-3.4.6

can be used in any system. The control equipment for the dry type (seawater) and wet type (seawater) control

systems are described in paragraphs 555-3.4.4 and 555-3.4.5, respectively. For a more detailed description of

Magazine Sprinkler equipment, refer to publication NAVSEA S9522-AA-HBK-010.

555-3.4.3 SPRINKLER VALVES. Magazine sprinkler valves are normally closed, globe type valves which are

designed to open upon actuation and supply seawater to the sprinkling system.

555-3.4.3.1 MIL-V-17501 Valves. The magazine sprinkler valves are built according to MIL-V-17501, with the

exception of the electrically operated sprinkling control valves installed on battleships and cruisers. They may be

either diaphragm operated (type I), piston operated (type II), or electrically operated. Type I and II valves are

currently designed to open with a minimum operating pressure of 40 psig.
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555-3.6 MISCELLANEOUS SEAWATER SPRINKLER SYSTEM COMPONENTS

555-3.6.1 General. Miscellaneous seawater sprinkler systems are consist of a sprinkler control valve, pressure

gauge, alarm provided by a flow switch (wet type system) or pressure switch (dry type system), sprinkler piping,

and sprinkler heads. See section 555-2.11 for a description of the system. The manual control valve may be a

globe, gate or ball valve or may have remote control.

555-3.6.2 Sprinkler Heads. Sprinkler heads in miscellaneous seawater sprinkler systems are either or pendant

(pointing downward) or upright (pointing upward). Upright heads are less susceptable to damage from accidental

impact since they are located above the pipe. Sprinkler heads are also either open head or closed head. A

closed head must be heated above a certain pre-designed temperature to open. Figure 555-3-22 depicts an a pen-dent

and an upright sprinkler head with a 360 degree dispersion pattern. The pendent sprinkler depicted is an open

type sprinkler in accordance with MIL-S-24660. The upright sprinkler depicted is a closed type with a 175 degree

Fahrenheit frangible (breakable) bulb in accordance with MIL-S-24686. When heated, the liquid inside the bulb

expands, pressure rises and the bulb shatters, releasing the valve cap. The exact operating temperature of the

sprinkler is regulated by the amount of liquid and size of the bulb when manufactured.
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Figure 555-3-22 Sprinkler Heads for Miscellaneous Sprinkler System

555-3.7  WATER MIST SYSTEM COMPONENTS.  See paragraph 555-2.13.
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class of fire, (3) action taken to isolate and combat the fire, (4) fire contained, (5) fire out, (6) reflash watch set,

(7) fire overhauled, (8) compartment ventilated, (9) compartment tested for oxygen, (10) compartment tested for

flammable gases, and (11) compartment tested for toxic gases. If a CBR threat exists, reports should include the

nature of any CBR contamination and the condition of CBR boundaries (CBR boundaries are discussed in Section

555-7.13). Refer to the glossary of terms for definitions of "Fire" Contained and "Fire Out".

555-7.2.2 FIRE ATTACK STEPS. Whether one manned hose or multiple manned hoses attack a fire, the steps

are the same.

a. Size up (evaluate) the fire.

b. Attack the fire.

c. Isolate affected equipment, systems and spaces.

d. Protect compartments exposed to the fire.

e. Set Fire and Smoke Boundaries and, if necessary, CBR boundaries (CBR boundaries are discussed in Section

555-7.13).

The following paragraphs discuss each step, and some of the judgment factors that come into play when for-

mulating a plan for attacking a fire.

555-7.2.3 SIZE UP THE FIRE. Determine the location of the fire. For large fires involving significant smoke

spread, often only a general location can be determined initially. More precise definition will require men with

breathing apparatus and thermal imagers to investigate further. Discolored or blistered paint, or smoke puffing

from cracks or penetrations are indications of fire on the other side of the bulkhead. Determine what is burning

(the class of fire) and what other combustibles are at risk of igniting. Determine if the fire size warrants portable

extinguishers, hoselines, or fixed systems such as sprinklers, Halon1301, water mist or HFP. Paragraph 555-7.2.4 provides guidance on selecting the appropriate tactic to attack the fire. Determine if and where boundaries should be set to contain the fire, and what systems should be isolated. For large fires, consider the need for a staging area from which to mount the attack. The staging area should include the following characteristics:

a. Communications capability with Damage Control Repair Station.

b. Smoke free, safe haven for firefighters.

c. Adequate room for firefighters and their equipment.

d. If a CBR threat exists and the fire area is exposed to contamination, personnel protection must be considered

in selecting the staging area. Section 555-7.2.4 addresses factors concerning personnel protection when fighting

a fire in a CBR threat environment.

555-7.2.4 ATTACK THE FIRE. The attack should begin as soon as possible, to gain immediate control and to

prevent or minimize the spread of fire. During fire size up, see paragraph 555-7.2.3, the scene leader and attack

team leader must evaluate the fire space conditions and select the appropriate tactic to control and extinguish the

fire. If access to the fire space is available, a direct attack should be conducted. Direct attack options include

direct attack on the seat of the fire, fog attack, or direct attack from access. If conditions in the fire space pre-vent

access, actions should be taken to improve conditions to permit a direct attack. Options include indirect

attack and venting the fire space.

555-7.2.4.1 Selecting the Appropriate Tactic.
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a. Securing supply ventilation may not have an immediate effect on the intensity of the fire. However, if the

affected space is relatively tight, the intensity of the fire may diminish, or the fire may be prevented from

becoming more intense, once the concentration of oxygen in the space is reduced by the fire. Supplying air to

the fire, through the ventilation system or open accesses, may allow the fire to grow to the maximum intensity

that it could achieve.

b. On ships equipped with CPS, operating the ventilation supply and exhaust systems is essential to providing

continued CBR protection to the total protection zone.

c. Ventilation recirculating systems serving the fire area or the area not protected from CBR contamination
should be secured.

d. In spaces protected by Halon or HFP flooding, ventilation fans are secured automatically when the gas is discharged.  Ventilation fans must remain secured to maintain gas concentrations sufficient for extinguishing the fire. In spaces protected by water mist, ventilation fans are secured automatically when the system is activated.  Ventilation fans may be restarted to improve visibility for reentry teams.
555-7.2.6 PROTECT COMPARTMENTS EXPOSED TO FIRE. Many fires spread by heat conduction through

bulkheads or decks, without a mechanical breach. If fire spreads, cascading casualties occur and damage control

parties are driven away from their tasks. Ships have been lost from uncontained fire even when associated structural

damage was easily survivable. In a casualty involving a flashed-over fire, ignition of combustibles located

in the compartment directly above the fire may occur within as little as 3 minutes and within 5 minutes for other
combustibles in the space. In adjacent compartments on the same deck, ignition of combustibles in direct contact

with bulkheads may occur in as little as 7 minutes and within 20 minutes for other combustibles in the space.

Unprotected personnel may have as little as 7 minutes before they must exit adjacent spaces because of heat. See

Figure 555-1-11 and Figure 555-1-12 for more detail. Exposure protection involves protecting uninvolved areas

surrounding the affected space, including above and below. This protection can be provided by removing com-

bustible materials from the uninvolved areas but, when they cannot be removed, hose streams may be applied.

Typical exposure protection includes hose streams to cool bulkheads and decks, wetting combustibles, cooling

flammable compressed gas cylinders, moving or cooling ordnance, and cooling hatches. Cooling decks of com-

partments above the affected space is particularly important. A NFTI or firefinder can be used to find hot spots

on bulkheads, decks and overheads. If a fire breaches a bulkhead opening, it must be blocked to prevent fire

spread. Combustible material may be used as a seal if it is cooled by water fog. If the opening cannot be closed,

water spray can be used to prevent heat transfer by convection.

555-7.2.7 SET FIRE AND SMOKE BOUNDARIES

555-7.2.7.1 Fire Boundaries. Any physical barrier can be a fire boundary. Fire boundaries are generally set at

fire zone bulkheads or watertight subdivisions, and at decks above and below the fire. Setting a fire boundary
means actions taken to close off openings, monitor the boundary for heat or smoke and applying cooling water

when required to protect uninvolved areas. Isolating the fire space can reduce a class A fire to smoldering material

and control the spread of smoke and hot gases to adjacent spaces. Whenever an access to a previously isolated

space is left open for more than a few minutes, air is supplied to the fire, the class A material may rekindle

into flaming combustion, and temperatures may increase. During repeated attempts to attack the fire, maintain

space isolation and fire and smoke boundaries (except for accesses needed when conducting the attack) so that

ground is not lost to the fire if the attacks do not succeed. A primary boundary is set using the bulkheads, deck,

and overhead closest to and surrounding the fire. Location of secondary fire boundaries should be designated at

the next bulkhead, deck, and overhead outside the primary fire boundary. The secondary fire boundaries are set

if the fire spreads past the primary fire boundary. Fire insulation is installed on one side of fire zone (FZ) bulk-heads

and decks of newer surface ship classes (see paragraph 555-2.1.2.1). When the fire insulation is installed

on the side facing the fire, the fire zone boundaries should be used for setting fire boundaries. Most fire boundaries

are not protected with fire insulation and cooling by water spray may be required. Cooling water may be
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After the fire is out, the fire has been overhauled, and the compartment has been desmoked, a series of tests shall be conducted in the compartment for oxygen, combustible gases, and toxic gases, concurrently or in that order. All spaces should be desmoked before atmospheric testing is started because oxygen analyzers do not operate reliably if the sensor is exposed to excessive moisture or is in contact with post-fire atmospheric particulates. Also, combustible gas analyzers will not operate reliably in a Halon or HFP atmosphere or oxygen deficient atmospheres; therefore an acceptable oxygen concentration is required before the combustible gas measurement can be considered for acceptance. If a particular location fails a test, only that location must be retested for the failed test. Additional ventilation and retesting is required only if initial test results are unsatisfactory. Where flammable liquid fires have been extinguished, tests for toxic gases shall be in accordance with Section 555-10.3.11. For a satisfactory test series:


a. Oxygen concentrations shall be between 19.5 to 22 percent, as referenced in NSTM Chapter 074, Volume 3,

Gas Free Engineering .

b. Combustible gas concentrations shall be less than 10 percent of the lower explosive limit (LEL).

c. Toxic gas concentrations shall be below the safe exposure limits specified in NSTM Chapter 074, Volume 3, Appendix B. For a class A or C fire, the toxic gas series shall include carbon monoxide (CO) and carbon dioxide (CO2 ). The toxic gas series shall include hydrogen chloride (HCl) and hydrogen cyanide (HCN) when material which produce these gases have been involved in the fire. For a class B fire, an additional toxic gas test for hydrocarbons is required. Hydrogen chloride is produced when polyvinyl chloride electric cable jacketing is burned. Hydrogen cyanide is produced when vinyl nitrile rubber chilled water piping insulation is burned. Other toxic gases should be tested for when their presence is suspected. Hydrogen fluoride (HF) results from decomposition of Halon 1301 or HFP.  If the space may have been contaminated by CBR agents, testing for CBR contamination should be conducted in accordance with NSTM Chapter 470 and NWP 3-20.31. See NSTM Chapter 470 and NWP 3-20.31 for decontamination methods if the space has been exposed to CBR contamination.

WARNING

When more than one toxic gas is present, the cumulative effects of the gases

may be hazardous even though the concentration of each gas is below the

exposure limit. See NSTM 074 Volume 3, Gas Free Engineering , paragraph

074-19.11, for information on evaluating cumulative toxic gas effects.

Instruments used shall be approved by the National Institute of Safety and

Health, Mine Safety Health Administrations, or have been approved in the

NSTM.

555-7.10.3.1 Locations for Atmospheric Testing. Test locations are determined by the Gas Free Engineer, or

GFE Petty Officer, based on conditions. The following guidance is provided to aid in determining the appropriate

locations. However, additional test locations may be needed depending on specific conditions. This guidance

does not replace the good judgment of the knowledgeable test personnel.

555-7.10.3.1.1 General. During a fire, combustible or toxic gases spread with smoke and heat. Fire gases initially

rise due to their buoyancy from being hotter than surrounding air. However, as fire gases cool and mix with

surrounding air, particularly outside the fire space, they spread through the ship with normal air currents. Generally,

atmospheric testing should be conducted in the fire space and at locations high, center, and low in the
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WARNING

The cooking oil fire may have a large flare-up on the initial application of

water fog without PKP. This flare-up lasts approximately three seconds followed

by fire extinguishment.

An uncontrolled deep fat fryer fire can spread rapidly from the fryer into the grease interceptor hood and

exhaust ventilation ductwork as well as into the space. An attack with only water fog should not be delayed in

order to bring portable fire extinguishers to the scene.

555-8.4.4.4 A deep fat fryer fire produces large volumes of hot irritating smoke. Additionally, application of

PKP and water will make the atmosphere less tenable. Although the initial response can be made by unprotected

personnel, they may be forced to withdraw due to untenable conditions. Breathing apparatus should be used when

available, to replace initial response by unprotected personnel.

555-8.4.4.5 CPS equipped ships may have special vent system arrangements in the galley for use during galley

fires. See the applicable ship’s ventilation system technical manual.

555-8.5 GAS TURBINE OR DIESEL ENGINE ENCLOSURE FIREFIGHTING


555-8.5.1 Halon or CO2-protected modules.  Gas turbines and diesel engines are commonly shrouded in enclosures for cooling purposes and noise reduction. Historically, fires occur with these engines when lube oil or fuel oil gage lines, flexible lines, or filters fail and release flammable or combustible liquids onto hot surfaces. For this reason, gas turbine generator or diesel engine enclosure modules are fitted with either Halon or CO 2 flooding systems. These systems may be designed with flame and/or heat sensors to automatically detect fire and sound an alarm, secure engines and module ventilation, and discharge either Halon or CO 2 . Manual operation of these extinguishing systems also can be accomplished inside the machinery space or remotely at a console in the Engineering Operating Station or Damage Control Central. Reflash may occur following initial extinguishment by Halon or CO 2 , due to air movement and leakage that dilute the gas concentration. In the event of a class B enclosure fire beyond the capability of portable extinguishers, the following procedures apply:

1. Upon indication of fire, shut down the engine, report the fire, and then activate the Halon or CO 2 system. For

DD-963 class and CG-47 class ships which have CO 2 total flooding systems protecting the LM-2500 gas turbine

modules, discharge the secondary CO 2 flooding system immediately after the primary CO 2 system discharge

is completed (not more than one minute) to help maintain the CO 2 concentration.

2. Breakout and man an AFFF fire hose. Engineering Officer of the Watch determines if backup is required,

including additional resources.

3. Visually monitor the enclosure, including the exhaust stack, for signs of continuing heat and smoke production,

for 15 minutes prior to reentering the module. For ships equipped with a second shot of extinguishing

agent:

(a) If the system does not discharge or if a reflash occurs during the 15 minute waiting period, activate the

second shot of extinguishing agent and operate the bypass on the discharge delay. Continue to monitor

conditions for an additional 15 minutes. Controls for actuating the second shot are located in the vicinity

of the engine enclosure. Very recent ship designs provide for local and remote actuation capability for both

the first and the second shots.

(b) If system does not discharge or if reflash occurs after the second discharge, ignore the 15 minute waiting
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period. Crack open an access door, attack the fire from the doorway with an AFFF hoseline, and extinguish

the fire. On CPS-equipped ships, opening the gas turbine engine enclosure will compromise the

CBR protection in the machinery space. Appropriate CBR protective measures should be taken before

opening the engine enclosure; see NSTM Chapter 470 .

(c) In the event of a class C electrical generator fire, extinguishing agent may be applied with hand held

equipment as soon as the generator is isolated from the switchboard and the prime mover is secured. It is

permissible to fight a class "C" generator fire as soon as the generator is isolated and before it stops turning.


555-8.5.2  HFP-protected modules. Gas turbine and diesel engines are commonly shrouded in enclosures for cooling purposes and noise reduction.  Historically, fires occur with these engines when fuel lines fail and release flammable liquid onto hot surfaces.  For this reason, gas turbine or diesel engine modules on Halon-free ships (LPD-17 class) are fitted with an HFP total flooding fire extinguishing system, see paragraph 555-1.12.12.  

NOTE

If an accidental discharge of HFP system occurs, ventilation should be operated for at least 15 minutes, and the space certified gas free, before entry.  Although HFP is not life threatening, the design concentration used may exceed the Lowest Observable Adverse Effect Level (LOAEL) of 10.5 percent.  Design concentrations above the LOAEL are required to improve HFP fire suppression performance and reduce acid gas production. To avoid unnecessary and potentially adverse exposure to HFP, evacuate the module when the discharge warning sounds. 

555-8.5.2.1 Engine modules or enclosures may be designed with flame and/or heat sensors to automatically detect fire and sound an alarm, securing engines and module ventilation.  The HFP system is operated manually inside the machinery space or remotely at the console in the Engineering Operating Station (EOS) or Damage Control Central (DCC).  Reflash may occur following initial extinguishment, due to air movement and leakage that dilute the gas concentration.  In the event of a class B enclosure fire beyond the capability of portable extinguishers, the following procedures apply;

1. Upon indication of fire, shut down the engine, report the fire, and actuate the HFP system.  The engine module HFP system has a 30 second time delay.

2. Personnel don SCBA and breakout and man an AFFF hose.  

3. Visually monitor the enclosure, including the exhaust stack, for signs of continuing heat and smoke 

production, for fifteen (15) minutes prior to entering the module. 

4. If the HFP system does not discharge or a reflash occurs during the 15 minute waiting period, actuate the second shot, if available, or prepare for attack team entry.

5. Upon issuance of entry authorization after fire reflash, start enclosure ventilation, crack open an access door and attack fire from the doorway with an AFFF hose.

6. If a reflash does not occur during the 15 minute waiting period for HFP soak time, ventilate the enclosure module for another 15 minutes.  HF concentration shall be below 90 ppm, the maximum concentration which can be measured with shipboard gas tube detectors, before firefighters may enter the module.  Monitor HF concentration by opening the door just enough to use a gas tube detector inside the enclosure.  Close the door after using the gas tube detector and continue ventilation until HF is below 90 ppm.
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CAUTION

When exhausting smoke and HF gas from the engine module, take caution not to expose personnel to the smoke and gases.  Personnel wearing SCBA and protective clothing shall not enter the module if the HF concentration is above 90 ppm.  Personnel without breathing apparatus shall not enter the module if the HF concentration is above 3 ppm.

7. Firefighters shall not enter the enclosure bodily until the HF concentration is below 90 ppm.  Once fire is reported out, set reflash watch, overhaul the fire and conduct post-fire atmospheric testing.  Wash down the complete interior and all equipment within the enclosure with fresh water to reduce long-term corrosion from acid gas.

8. In the event of a class C electrical generator fire, CO2 portable extinguishers or fire hose with nozzle set on wide angle fog pattern can be used as soon as the generator is isolated from the switchboard and the prime mover is secured.  It is permissible to manually fight a class C generator fire as soon as the generator is isolated and before it stops running.

555-8.6 MINESWEEPER MACHINERY SPACE FIREFIGHTING DOCTRINE

555-8.6.1 MSO MACHINERY SPACE FIREFIGHTING

a. Three separate systems are available for fighting fires in MSO machinery spaces. Each system is designed for

a specific situation, as described below:

b. The Halon 1301 system is intended to extinguish 2 and 3 dimensional flammable liquid fires of a type and

size which force abandonment of the space. Each machinery space has one Halon system normally aligned to

protect that space. The Halon system from the adjoining space can be realigned via manifold valves to sup-ply

a second shot.

1. The AFFF overhead sprinkling system is intended to extinguish and control 2 dimensional flammable liquid

fires in the bilges.

2. The overhead seawater sprinkling system is intended to extinguish and control deep seated class A fires

located in the overhead.

3. Portable extinguishers and AFFF hosereels shall be used in the manner described in Section 10 of NSTM

Chapter 555 .

c. Abandon the space fires shall be combatted as follows:

1. Prior to evacuation, if conditions permit, alert bridge and conduct an orderly shut down of the power plant.

If this is not possible, secure plant remotely upon evacuation.

2. Upon evacuation, the last man out of the space shall actuate the Halon system.

3. Following Halon system discharge, align the Halon system manifold valves to direct remaining charge of

Halon to space on fire in case it should be needed later. Do not actuate the second bank of Halon cylinders

until it becomes necessary.

4. Reentry to the space shall follow no sooner than 15 minutes after the Halon system has been discharged,

unless reflash occurs.

5. Where no reflash occurs, proceed with standard reentry techniques per NSTM Chapter 555 , Section 10.

555-233A                                                                                                                           ACN 1/A 

d. Should reflash occur prior to reentry, or upon reentry, immediately:

1. Re-evacuate the space.

2. Actuate the re-aligned opposite space Halon system.

3. Reentry to the space (second time) shall follow no sooner than 15 minutes after Halon system has been

discharged, unless reflash occurs.

4. Where no reflash occurs, proceed with standard reentry techniques per NSTM Chapter 555 , Section 10.

e. Should reflash occur prior to reentry (second time), or upon reentry, immediately re-evacuate the space, oper-

ate the overhead seawater system and overhead AFFF sprinkling system (since Halon 1301 is no longer avail-
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SECTION 10.

MACHINERY SPACE FIREFIGHTING DOCTRINE FOR CLASS B FIRES IN SURFACE SHIPS
555-10.1 PURPOSE

555-10.1.1 The purpose of this doctrine is to provide NAVSEA guidance for machinery space class B firefighting procedures and clarify the role various firefighting systems may play in such a fire. This doctrine delineates the tactics, philosophy and procedures associated with the use and operation of ship systems in combatting machinery space fires. For minesweeper machinery space firefighting doctrine, see paragraph 555-8.6.

555-10.1.2 Flow charts (Figure 555-10-1) and a glossary of terms are provided at the end of this section. The flow charts trace the steps associated with procedures in the doctrine. The flow charts show the preferred sequence of events and are not intended to prevent use of alternatives when appropriate.

555-10.2 INTRODUCTION

555-10.2.1 This doctrine is structured to provide a basis for proper actions and decisions regarding a machinery space fire. It will discuss fire prevention, firefighting systems capabilities and limitations, considerations necessary in choosing the correct firefighting equipment, and the actions that must be performed inside and outside of the affected space. This doctrine will discuss these issues in relationship to a major oil leak, a class B fire, and a fire which grows out of control. It is presented in a manner to allow ship’s force to properly identify the phase of a machinery space fire and how best to deal with it.

555-10.2.2 The doctrine defines personnel responsibilities and scenarios that can easily be developed for use in individual machinery space fire doctrines on most ships, but will not be applicable in every case. The ship’s machinery space firefighting doctrine and associated equipment isolation and controls lists shall be made readily available in Damage Control Central, Main Control or Central Control Station, Repair Five, Pilothouse and each machinery space. There can be no substitute for prudent, common sense, on-the-scene decisions which may dictate variations to this guidance. Restricted maneuvering policies of each ship may require departure from this guidance.

555-10.2.3 Crew members must train not only with standard fire scenarios but with more challenging scenarios. Scenarios should be modified so that contingency planning is exercised, full awareness of spaces and systems affected by the fire is demonstrated, and basic assumptions are violated. The basic assumptions for the standard fire scenario are:

1. Effective mechanical and electrical isolation is achieved.

2. The fire is contained within set boundaries to a single machinery space.

3. Controls for remote shut down are available and operational.

4. Communication is established and maintained for effective damage control and command and control efforts.

5. Firemain water supply is adequate and the firemain is intact.

6. Damage control supplies are adequate.

7. The Damage Control Deck is tenable and damage control repair stations manned.
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8. Personnel are trained and know their ship.

555-10.2.4 These basic assumptions provide standard approaches to fighting main engineering space fires. However, investigations of machinery space fires highlight the need to plan and train for contingencies. Examples of cases where actual fires did not follow the standard scenario are:

1. Local and remote fuel shut-down controls were not accessible.

2. Access hatches remained open and were not approachable.

3. Damage Control Deck was not tenable, with fire and smoke forcing Repair 5 to be abandoned.

4. Electrical power was interrupted.

5. All normal communications were lost.

     Once the basic scenarios are mastered, more challenging drills should be implemented into the crew’s training to prepare them for the unique challenges of fire at sea.

555-10.3 DISCUSSION

555-10.3.1 PREVENTION. The following principles shall be enforced to reduce fire hazards.

1. The Engineer Officer, his principal assistant(s) or Fire Marshal shall make regular and frequent inspections including but not limited to the items discussed in (2), (5), and (6) below and report conditions to the Commanding Officer.

2. Properly stow and protect all combustibles.

3. Test and inspect flammable systems after repairs.

4. Educate all personnel in the reduction of fire hazards and perform frequent fire drills.

5. Enforce fire prevention policies and practices.

(a) Maintain flange shields on those flammable liquid pipe lines where required.

(b) Maintain proper covers on flammable liquid strainers and keep sounding tube caps in place and isolation 

valves closed. Ensure all flammable liquid sounding tubes terminating in machinery spaces are properly equipped with ball check valves, isolation valves, and sounding tube caps.

(c) Immediately stop oil leaks and repair.

(d) Wipe up spilled or leaked oil.

(e) Keep ventilation ducts free of oily residue.

(f) Keep bilges free of oil and trash.

(g) Prevent stockpiling of excess or unauthorized flammables.

(h) Ensure uptake spaces are not used as storerooms for combustible materials.

6. Properly maintain all firefighting equipment.

7. Operate and maintain systems and equipment according to authorized plant procedures.

8. Properly maintain all machinery space damage control closures and fittings.
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555-10.3.2 FIREFIGHTING SYSTEMS CAPABILITIES AND LIMITATIONS. All ships are provided with one or more of the firefighting systems or equipment types described below. Each has capabilities and limitations which shall be known and understood by firefighting personnel to ensure quick and proper selection of equipment. Halon 1301, heptafluoropropane (HFP) or water mist are the primary firefighting agents for extinguishing class B fires in machinery spaces of surface ships except for those cases where the fire can be extinguished by hand held equipment.


555-10.3.2.1 Water (Firemain System). The firemain system must be kept intact so that water is available for cooling and the production of Aqueous Film Forming Foam (AFFF). Water is useful for cooling hot bulkheads in those spaces adjacent to the fire and extinguishing ordinary combustible (class A) fires. When a hose line attack is needed to extinguish a flammable liquid fire and AFFF is not available, narrow angle water fog may be used.  However, time to fight the fire will be longer, more firefighters will be needed, increased fire damage can be expected, and a greater risk of reflash will be present.

555-10.3.2.2 Carbon Dioxide. Carbon dioxide (CO2 ) portable extinguishers are used primarily for small electrical fires (class C) and have limited effectiveness on class B fires. Their use shall be confined to class B pool fires no greater than four square feet. Successful operation requires close approach due to the extinguisher’s characteristic short range (4 to 6 feet). Fixed CO2 hose reels are used to extinguish electrical fires in large switchboards in nuclear and electric driven ships. Although not required on all ship types, CO2 hose reels can be used if installed to extinguish fires in switchboards and generators.  CO2 total flooding systems are provided for gas turbine modules on DD-963 and CG-47 class ships.

555-10.3.2.3 Potassium Bicarbonate. Potassium bicarbonate (PKP) is a dry chemical agent stored in portable extinguishers. PKP discharged from portable extinguishers is highly effective on pool fires. PKP is very effective on localized (less than 10 square feet) isolated class B fires. Caution should be exercised when using PKP, to avoid breathing difficulties, reduced visibility, and discharging into electrical equipment.

555-10.3.2.4 Aqueous Film Forming Foam. AFFF is a surfactant foam produced by mixing water with AFFF concentrate and can be applied either from hose reels inside or outside the space, a separate fireplug and hose with an inline AFFF eductor, or from bilge sprinkling. It is effective on bilge fires to vapor secure surfaces, prevent large scale reflash, and for use during space reentry. When a hose line attack is made to extinguish a flammable liquid fire, AFFF shall be used unless expended or out of commission. In this event, use of narrow angle water fog is acceptable.
555-10.3.2.4.1 AFFF extinguishers.  Portable AFFF extinguishers may be provided on some ships.  When available, an AFFF extinguisher may be used to vapor-secure a small oil spill or to extinguish a small class A fire or class B pool fire.  See paragraph 555-4.3.\
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555-10.3.2.5 Aqueous Film Forming Foam Bilge Sprinkling. AFFF bilge sprinkling is a fixed fire extinguishing system designed to permit rapid extinguishment of bilge fires. This system is often installed in conjunction with Halon 1301, HFP or water mist fire extinguishing systems. AFFF bilge sprinkling should be used to (a) prevent a fire by vapor securing a major oil leak in the bilges, (b) independently extinguish bilge fires, either with personnel remaining in the space or with the space abandoned, and (c) minimize the potential for reflash. When the AFFF supply is limited to a 50-gallon concentrate tank, care shall be exercised not to deplete the 50-gallon tank when using the bilge sprinkling system. AFFF bilge sprinkling shall be operated when a major oil leak occurs.


555-10.3.2.6 Halon 1301. Halon 1301 is a gaseous, total flooding, multi-level fire extinguishing system designed to extinguish oil spray and deck fires in and above the ship’s bilges that force the machinery space to be abandoned. This system shall be operated as soon as the decision is made to evacuate the space. For those ships with a two shot capability, the second shot is used, if needed, to combat reflash fires or to furnish uninterrupted fire protection. Operation of the Halon system will activate visual and audible alarms and automatically shut down space ventilation, including dampers where installed.  Halon 1301 systems are provided for gas turbine modules (except DD-963 and CG-47 class ships) and for diesel generator modules for AOE-6 class ships.  Halon 1301 concentrations, nominally 5-7 percent, may be breathed for up to 10 minutes.  However, BUMED policy requires personnel without breathing protection to exit the space when the Halon 1301 system is actuated.  Halon 1301 concentrations in gas turbine enclosures are typically much higher than 7 percent, to make up for module leakage.

555-10.3.2.7  Water mist.  Water mist replaces the Halon 1301 system in new ship designs such as the LPD-17, because installation of Halon 1301 is not permitted in new design ships.  Water mist for machinery spaces is a total-space fire extinguishing system which discharges high-pressure (approx 1000 psi) fresh water as a fine mist from nozzles located in all levels except the bilge.  High-pressure water mist is effective at suppressing oil pool fires, oil spray fires and class A fire even if the fire is obstructed from the nozzles.  Water mist may not totally extinguish deep-seated class A fires, but will knock-down open flaming to a smoldering fire and prevent fire spread.  Actuation of the water mist system will automatically shut down ventilation in the affected space, but does not provide the 30 second or 60 second time delay provided for ventilation air-flow stoppage with Halon 1301 or HFP systems. Water mist will not create a personnel electric shock hazard from un-damaged energized electrical equipment for at least five minutes. If water mist is discharged into a space without a fire, personnel do not need to evacuate immediately.  They should avoid touching electrical equipment, and should evacuate if the mist discharge continues past five minutes.  If water mist is discharged into a space with a fire, personnel should evacuate immediately and commence isolation actions.  Personnel with SCBA, engineering overalls, gloves, boots, and flash hoods may be in the space to conduct investigation, isolation, and extinguishment actions.
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555-10.3.2.8 Heptafluoropropane (HFP). HFP will extinguish Class B fires, whether the fuel is pooled, flowing, or spraying.  The HFP system replaces the Halon 1301 system in some limited new ship design applications, such as fuel pump rooms and flammable liquid storerooms on CVN-76 and diesel engine enclosures and flammable liquid storerooms in the LPD-17.  HFP is a colorless, odorless and electrically non-conducting gas which is a compound of carbon, fluorine and hydrogen. 


WARNING

HFP produces toxic gases when exposed to fire.  All personnel must evacuate the space when HFP is actuated.

The HFP system is configured identical to a Halon 1301 system.  Actuation of the HFP system will activate visual and audible alarms and automatically shut down space ventilation, including dampers where installed.
555-10.3.2.9 Smoke Ejection System.  The Smoke Ejection System (SES) on the LPD-17 Class sweeps smoke from passageways on the Damage Control Deck and from passageways on the Main Deck around the medical spaces. Its purposes are to (1) maintain visibility in the Damage Control Deck and Main Deck passageways enabling ship personnel to locate and combat a fire, and (2) prevent smoke infiltration into Main Deck medical spaces.

555-10.3.3 CONSIDERATIONS NECESSARY IN CHOOSING CORRECT FIREFIGHTING EQUIPMENT.  The proper choice of firefighting equipment should be based on an on-the-scene estimate of the situation. This estimate should be done quickly and should take into consideration the volume of flammable liquid release and its form (atomized or spilled); the area occupied by the flammable liquid (confined or unconfined); the ability to quickly secure the oil source; and how rapidly flame, heat, and smoke are threatening firefighting and escape. The following general guidelines are provided for consideration when selecting the proper class B firefighting equipment.

555-10.3.3.1 Small Pool Fires (Less Than 10 Square Feet). Use readily accessible portable PKP extinguishers, AFFF hosereel, CO2 portable extinguishers (which shall not be used on fires greater than 4 square feet) or AFFF extinguisher (if available). For pool fires greater than 10 square feet see paragraph 555-10.3.5.3.

555-10.3.3.2 Oil Spray Fires. An oil spray fire can quickly grow out of control and require evacuation after evaluation of the fire. Securing the fuel source is the single most important step in controlling an oil spray fire. An oil spray fire resulting from the ignition of atomized flammable liquids, which cannot be quickly and completely secured, should not be attacked. Loss experience and fire testing have demonstrated that a pressurized release of a flammable liquid can create a fire that is unapproachable. Life threatening conditions created by extreme heat, smoke, and toxic gases can occur, especially on the upper level, in as little as 60 seconds. Under such conditions the only prudent action, time permitting, is to secure the propulsion plant, and evacuate in accordance with paragraph 555-10.3.6.2. Oil spray fires may occur around fuel and lube oil strainers, recently repaired flanges and valves, and flexible line failures. An oil spray fire can grow out of control within seconds. Such fires are commonly fueled by an oil source 
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which cannot be quickly and completely secured. Fires which spread to overhead insulation and cables, or which produce sufficient products of combustion (flame, heat, smoke, and fire gases) can also force space evacuation.

555-10.3.4  MAJOR OIL LEAK SCENARIO. Any major flammable liquid leak presents an immediate hazard which should be dealt with quickly to reduce the threat of fire. An oil leak which forms a spray can ignite when it comes in contact with any hot surface or equipment capable of arcing. Rapid securing of the oil source and the use of AFFF to cover liquid surfaces will greatly reduce the risk of fire. The following general guidelines are provided for dealing with a major oil leak.

555-10.3.4.1 Report the Leak. The oil leak should be immediately reported to the Space Supervisor and the Engineering Officer of the Watch (EOOW) to allow for concurrent action.

555-10.3.4.2 Man Foam Proportioning Station. Man the machinery space foam proportioning stations upon notification of major oil leak in the space.

555-10.3.4.3 Secure the Source. The oil leak should be stopped as quickly as possible. This can be done locally or remotely by closing system cutout valves or shutdown valves, thereby isolating the leak, or by securing the pump. Even the application of a rag or bucket can significantly reduce the flow of oil and deflect it away from hot surfaces.

555-10.3.4.4 Apply Aqueous Film Forming Foam. Hydrogen sulfide gas may be released to the space atmosphere during the discharge of AFFF. See paragraph 555-2.7.10 for associated potential health hazards. Actuate the AFFF hosereel to remove oil accumulation on deckplates or bulkheads and wash oil into the bilge. Water may also be used. Rags that have been used for cleanup shall be placed in a suitable container. Discharge AFFF into the bilge to cover liquid surfaces and prevent ignition of the oil. Installed AFFF foam systems should be used that most effectively deal with the casualty. In some scenarios, the oil leak may discharge directly into the bilge. In others, the oil leak may discharge onto the deck plates and then into the bilge. Therefore, the decision to use either a hose, a sprinkling system, or both, as well as which to apply first, must be made by the watchstanders to ensure that the oil is flushed to the bilges and covered with AFFF. The AFFF hose reel is used to remove oil accumulation on deckplates or bulkheads, and wash it into the bilge. AFFF bilge sprinkling is used to ensure all bilge surfaces are vapor secured. The time required to achieve a complete foam blanket shall be determined and incorporated into the ship’s doctrine. If the required time is not known, or AFFF must be conserved then operate bilge sprinkling for one minute.

555-10.3.4.5 Concurrent Actions. As time and personnel permit, the following concurrent actions should be accomplished.

1. Secure operating machinery as necessary in the vicinity of the leak to control the casualty.

2. Start or maintain equipment in unaffected spaces to maintain propulsion, electrical power, and firemain pressure.
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555-10.3.4.6 Remove the Oil. Pump bilge to the oily waste holding tank or overboard as conditions permit.


555-10.3.5 INITIAL ACTIONS FOR CLASS BRAVO FIRE SCENARIO. A class B fire can result from any pooled oil and can quickly develop from an oil spray or atomized fuel. The following guidelines are provided for a class B fire. For a class B fire within a gas turbine module or diesel engine module, see paragraph 555-8.5.
555-10.3.5.1 Report the Fire. The fire should be immediately reported to the Space Supervisor and EOOW to allow for concurrent actions. When fire or smoke is reported, as soon as firefighting and plant securing efforts allow, personnel in the space should obtain and carry an Emergency Escape Breathing Device (EEBD). EEBD’s are designed for escape only and shall not be used for firefighting purposes. See paragraph 555-10.3.9 for actions concerning breathing protection when a CBR threat exists.

555-10.3.5.2 Man Foam Proportioning Station. Man the machinery space foam proportioning stations upon notification of a fire in the space.

555-10.3.5.3 Size Up and Attack a Localized Fire. Assess the size and location of the fire. If the source of fuel can be secured quickly and the fire is localized, activate AFFF hose reel(s) and/or portable fire extinguisher(s) and attack the fire. A PKP extinguisher is the most effective portable fire extinguisher for a class B fire and has an initial range of 20 feet. In addition to toxic products of combustion in the space atmosphere, hydrogen sulfide gas may be released during the discharge of AFFF. See paragraph 555-2.7.10 for associated potential health hazards.

555-10.3.5.4 Secure the Oil Source. The oil leak should be stopped as quickly as possible. This can be done locally or remotely by closing system cutout valves or shutdown valves, thereby isolating the leak. Even the application of a rag or bucket can significantly reduce the flow of oil and deflect it away from hot surfaces.

555-10.3.5.5 Concurrent Actions. Personnel in the affected space should concentrate on securing the source of oil and extinguishing the fire; they can take other actions as time and personnel permit. Actions assigned to personnel outside the affected space should be accomplished as soon as the fire is announced and appropriate stations are manned. The following concurrent actions should be accomplished:

a. Actuate AFFF bilge sprinkling, where installed, until the bilge fire is out. Where AFFF

 bilge sprinkling and hoses have a common supply from a 50-gallon tank through an FP-180 proportioner, simultaneous use of hoses and bilge sprinkling shall be avoided because the sprinkler demand will reduce nozzle pressure in the fire hose and increase the hazard to the firefighter.

b. Start or maintain equipment in unaffected spaces to maintain propulsion, electrical power and firemain. Secure the plant and operating machinery in the affected space.
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c. Set ventilation according to the following:

1. In Affected Machinery Space:

(a) Set negative ventilation (exhaust on high and supply on low).

(b) On ships with interlocked fans and remote controls with emergency exhaust button

(remotely located in EOS or at access on ships without EOS) set emergency exhaust (exhaust on high and supply off).

(c) On ships with fans interlocked through a local master switch but with independent 

control on controllers inside the space, set negative ventilation.

(d) On other ships with interlocked fans the ventilation system shall remain operating.

(e) If installed ventilation has been secured automatically because Halon 1301, HFP, or 

water mist has been actuated, do not restart fans for the affected space.  See 10.3.10 for guidance on ventilation at re-entry.

2. In Unaffected Machinery Spaces:

(a) Set positive ventilation (supply on high and exhaust off). Setting positive ventilation 

is intended to prevent smoke on the damage control deck from entering unaffected spaces.

(b) On ships with fans interlocked through a local master switch inside the space but with 

independent control on controllers, set positive ventilation.

(c) On other ships with interlocked fans the ventilation system shall remain operating.

(d) If smoke is pulled into adjacent machinery spaces from the weather, shift ventilation 

supply to intakes on opposite side of ship if installed, maneuver the ship to clear the vent intakes, or secure ventilation. On CPS-equipped ships, smoke can clog ventilation supply filters. Clogged filters will reduce CPS overpressure and degrade protection and may force shutdown of ventilation supply fans. Watchstanders may require breathing apparatus or Emergency Air Breathing Masks (EAB’s) to prevent premature evacuation of unaffected spaces because of smoke.

(e) On CPS-equipped ships when a CBR threat exists, do not set positive ventilation in unaffected machinery spaces. Maintain normal ventilation to avoid spreading CBR contamination from the limited protected machinery space to adjacent total protected zones and to minimize gaseous contaminant accumulations in the machinery space. The DCA may order positive ventilation based on an evaluation of the effects of smoke entering the space and the nature of the CBR threat.

d. Isolate the affected space with the exception of firefighting equipment, lighting, and ventilation. See  paragraph 555-10.3.8.

e. Set fire and smoke boundaries around the affected space to prevent the spread of fire and smoke throughout the ship. The ship may want to set general quarters and material condition ZEBRA to facilitate the complete isolation of the affected space and the rapid establishment of fire and smoke boundaries. In setting boundaries, consideration should be given to the trade-off between impeding personnel egress versus spread to smoke to unaffected spaces. Machinery space access hatches must be closed quickly to prevent spread of heat and smoke to the Damage Control Deck. Balanced (Ellison) doors can not be relied on to serve as a fire barrier because pressures generated in machinery space fires may cause the doors to open, and high temperature can melt through aluminum doors and vestibule boundaries. If unable to operate hatch closures, throw a smoke curtain over the hatch opening and keep the curtain 
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wet. As a reminder, main accesses are normally classified “Zebra”, alternate accesses are normally classified “Yoke”, and escape scuttles are “X-Ray” or “Circle X-Ray”.

f. CBR considerations.

1. Typically in ships equipped with a collective protection system (CPS), machinery spaces have a lower level of CBR protection than other spaces in the ship. Evacuation and firefighting actions may compromise the CPS boundary between the affected machinery space and the total protection zones in which accesses to the affected machinery space are located. Therefore, as soon as a machinery space fire is reported, personnel in total protection zones in which accesses to the affected machinery space are located should don CBR protective gear appropriate to the CBR threat level and the contamination likely to occur in a machinery space.

2. The anticipated sequence of events when a CBR threat exists and a fire is reported in a machinery space normally would be as follows:

(a) First, personnel in total protection zones with accesses to the affected machinery space don CBR protective gear.

(b) Second, fight the fire, set fire and smoke boundaries, isolate the space, etc.

(c) Third, if necessary, evacuate the machinery space.

(d) Fourth, evaluate the situation with respect to the CBR threat as well as the fire. Continue with firefighting and re-entry.

(e) Fifth, if CBR boundaries are considered necessary, re-establish CBR boundaries around the pressure zone affected by the fire. When areas protected from CBR contamination are determined to be clear, personnel in protected areas may return to the mission oriented protective posture (MOPP) level appropriate for protected areas and the CBR threat level. 

3 Paragraph 555-7.13 provides guidance on CBR boundaries, ventilation systems and smoke control for ships equipped with a collective protection system (CPS) when a CBR threat exists. Ships without a CPS may be able to apply some of the techniques discussed in paragraph 555-7.13 to mitigate the consequences of a CBR threat. 

4 Ships should conduct fire drills simulating various CBR threats and protective postures and simulating firefighting where CBR contamination exists. Where the ship design supports establishing zones that are clear of CBR contamination when a CBR threat exists (such as a CPS), drills should include setting CBR boundaries.

555-10.3.6 OUT-OF-CONTROL CLASS BRAVO FIRE SCENARIO. A class B fire, especially one that has burned for a period of time or is fed by an unsecurable oil source, can be out of control within seconds. When this happens, operating machinery and the plant should be secured and the space evacuated. In addition, the following guidelines are provided for consideration when faced with an out-of- control fire.

555-10.3.6.1 Size of the Fire. If the fire occupies a large area, is fed by an oil source which cannot be secured, or is threatening firefighting and escape, the space should be evacuated. Even a small fire, if not extinguished rapidly, can generate large volumes of smoke and toxic gases that can force a space to be evacuated.
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555-10.3.6.2 Evacuation. Once the decision is made by the EOOW or Space Supervisor to evacuate the space, all personnel should cease firefighting efforts, abandon all firefighting equipment (unless required to protect egress), don emergency breathing device and exit using the nearest safe access.

555-10.3.6.2.1 For ships with Ocenco EEBDs, the watchstander should don his belt-worn EEBD to evacuate the space. Supplementary Emergency Egress Devices (SEEDs) are not required on ships using Ocenco EEBD.

555-10.3.6.2.2 For ships with Scott EEBDs, which are not belt worn, the watchstander should don the EEBD to evacuate the space.  If at any time, life-threatening conditions inhibit the watchstanders ability to locate and immediately don a Scott EEBD, he should utilize the belt worn SEED.  NSTM 077-3.5 requires machinery space watch standers on ships with Scott EEBDs to carry belt-worn SEEDS.  NSTM 077-3.5 does not require SEEDs in CVN nuclear machinery spaces since the lack of hot surfaces makes an out-of-control class B fire on CVNs very unlikely.  The watchstander should use the SEED and proceed to the nearest access.  He should obtain a SCOTT EEBD, if not already shouldered.  The Scott EEBD should be donned when out of danger of immediate harm from heat or flames, if a breathable atmosphere cannot be reached using SEED. Because the SEED lacks protection for the eyes and nose and has a short operational time, it is a supplemental device.  However, it is immediately available and is easily operated on the run.

555-10.3.6.2.3 Factors to consider when using these devices include (a) how quickly conditions are deteriorating, (b) ease of egress, including travel time to a breathable atmosphere, (c) operating times for each device, and (d) capabilities and limitations of each device. Do not breathe through the nose and breathe only through the mouth, when using the SEED or Ocenco EEBD. EEBDs and SEEDs shall not be used for firefighting purposes.

555-10.3.6.2.4 Evacuation with water mist. If water mist is discharged into a space without a fire, personnel do not need to evacuate immediately.  They should avoid touching electrical equipment, and should evacuate if the mist discharge continues past five minutes.  If water mist is discharged into a space with a fire, personnel should evacuate immediately and commence isolation actions.  Personnel with SCBA may remain in the space or reenter to conduct investigation, isolation, and extinguishment actions.”

555-10.3.6.3 Agent Application. The Halon 1301, water mist or HFP (as applicable) fixed extinguishing system and AFFF bilge sprinkling shall be actuated (if installed), concurrent with evacuating the space, as soon as possible after determining that the fire is out of control. Actuation can be accomplished either by the watchstander evacuating the space or, if necessary, by supervisory personnel.

555-10.3.6.4 Isolation During Evacuation.  Supervisory personnel must weigh the impact of their actions for space isolation, such as electrical isolation, securing ventilation and firefighting system isolation, against the safety of space watchstanders who are engaged in firefighting or evacuation.

ACN 1/A                                                                                                                         555-313

555-10.3.6.5 Actions Outside The Machinery Space During Evacuation."

555-10.3.6.5.1 Non-CBR Threat Environment. Access doors, hatches and scuttles shall be secured when all personnel are out of the space. At this time, ventilation in the affected machinery space shall be secured for ships without Halon. The escapees should congregate at a safe, predetermined location outside the space, where EEBDs can be removed and a muster taken. History indicates that the damage control deck is not always a safe haven. A safe location is outside fire and smoke boundaries or a weather deck.

555-10.3.6.5.2 CBR Threat Exists. If protective masks are already being worn, switch breathing protection from MCU-2/P protective masks to EEBDs; an MCU-2/P protective mask does not protect against carbon monoxide nor does it provide oxygen. See NSTM Chapter 077 for guidance on switching breathing protection. Access doors, hatches and scuttles shall be secured when all personnel are out of the space. At this time, ventilation to the affected machinery space shall be secured for ships without Halon. The escapees should congregate at a predetermined location outside the space, where EEBDs can be switched for appropriate breathing protection (MCU-2/P protective mask or breathing apparatus) and a muster taken. The significant factors to consider in determining where escapes should congregate are as follows:

a. Evacuees should congregate outside of designated smoke and fire boundaries.

b. Generally, evacuating to a predetermined location inside the ship would be preferred because it generally poses less of a CBR threat to evacuating personnel than exiting to the weather. The CBR threat should be evaluated and as evacuating personnel arrive at the location, they should be evaluated and directed to either a decontamination station, medical, a safe area of the ship or duty as the situation dictates. The evacuation route may become contaminated.

c. On ships not equipped with CPS, breathing protection must be maintained while at MOPP Level 4. Escapees will need to switch from EEBDs to either a MCU-2/P protective mask or a breathing apparatus before the EEBD’s 15 minute supply of oxygen runs out.

d. On CPS-equipped ships breathing protection should be maintained consistent with the protection required in the machinery space until an area of the ship which is known to be clear of contamination is reached. Total protection zones that have accesses to the affected machinery space should be considered contaminated by the evacuation.

555-10.3.6.6 Muster Location. Ships should designate a location for evacuees to congregate for each machinery space considering the foregoing factors. Different locations may be designated for use when a CBR threat exists than for use when there is no CBR threat. In any case, the location should be outside of designated fire and smoke boundaries for the affected machinery space.

555-10.3.6.7 AFFF Operation. To prevent running the system dry, operate AFFF bilge sprinkling no longer than 4 minutes. In no case operate the system when the concentrate level in the tank sight glass is not visible.  Immediate manning of the AFFF proportioner station is essential to expedite tank replenishment.
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555-10.3.6.8 Notification. The EOOW and Repair Five Party Leader shall be notified that the following actions were taken:

a. Lighting to space has remained on.

b. Ventilation to the space has been shut down (or if re-activated for a water-mist protected compartment).
c. Halon, water mist or HFP system and AFFF bilge sprinkling have been actuated, if installed. Halon or HFP system actuation should be verified by checking that pressure switches have operated.

d. The space is evacuated and all personnel are accounted for. For compartments protected by an operating water mist system, identify any SCBA-protected personnel who remained in the fire compartment, if any.

e. The DC response organization has been briefed on the location of the fire and plant status.

f. All remote actuators have been operated to verify system isolation. Verify that the damage control deck cutout valve to the AFFF hosereels located in the affected space has been secured.

g. If a CBR threat exists, the status of the potential contamination in the space (if known), the status of contamination of surrounding areas and the contamination of personnel.

555-10.3.7 SMOKE CONTROL. Smoke control is comprised of the following areas.

555-10.3.7.1 Ventilation. The operation of ventilation systems is described where required in this doctrine. Each ship shall supplement its doctrine with a list of fans and their controls to be secured for a designated fire and smoke control zone. Weather deck supply intake and exhaust discharge locations shall be listed. The location of controllers, their designation and area served shall also be listed.

555-10.3.7.2 Smoke Boundaries. Due to the large volume of dense smoke that typically is produced by class B fires, inner and outer smoke boundaries shall be set quickly around accesses to the affected space. Smoke boundaries shall be set using structure that is at least fume tight. Both inner and outer smoke boundaries shall be set as described in paragraph 555-7.2.7.2. For class B fires in machinery spaces, the area between the inner and outer smoke boundaries is designated as the smoke control zone and is monitored by the DC response organization for smoke buildup and removal.  Ventilation within the smoke control zone  is established by securing ventilation fans serving the smoke control zone and by closing appropriate ventilation dampers, if installed. Only personnel with breathing apparatus should enter the smoke control zone once it is established. Breathing apparatus should be activated when smoke is present or when ordered by the scene leader. Each ship shall supplement its firefighting doctrine with a list of designated smoke boundaries for machinery spaces.
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555-10.3.7.2.1 Smoke Boundaries For Non-CPS ships. Once a machinery space has been evacuated, fire and smoke boundaries should be maintained. Establishing positive air pressure on the damage control deck to control smoke by breaking condition ZEBRA in transverse fire and smoke boundaries and opening accesses to unaffected spaces is not recommended. Paths for fire spread from the affected space to unaffected spaces by way of the damage control deck will exist. At the time of reentry, firefighters may encounter a backdraft explosion or an intensifying fire as accesses to the affected space are opened and hot fire gases are relieved onto the damage control deck. Firefighters should use caution to position themselves to the side of the access when the door, hatch, or scuttle is initially opened.

555-10.3.7.2.2 Smoke Boundaries For CPS Ships.  CPS should be operated to maintain positive pressure on the DC Deck.  This is intended to reduce the spread of smoke and provide cooling air flow at the back of the attack team during space re-entry.  If CPS is ineffective in preventing smoke spread to the DC Deck, operate the Smoke  Ejection System (SES), if available (e.g., LPD-17 class), or conduct active desmoking in accordance with paragraph 555-10.3.7.2.3.

555-10.3.7.2.3  Active Desmoking for non-SES Ships. Active desmoking is removing smoke and heat from the smoke control zone prior to extinguishing the fire, to aid firefighting efforts and reduce smoke spread in the ship. Active desmoking is not required for all fires. Active desmoking may be conducted at the scene leader’s discretion using procedures described in paragraph 555-7.7. Active desmoking shall not delay machinery space firefighting reentry efforts. There is a very low probability of an explosive atmosphere in the smoke control zone above the LEL. In general, it is considered safer to ventilate the smoke control zone to prevent buildup of an explosive mixture of fuel vapors rather than secure the space, which can potentially create a fuel-rich environment.

555-10.3.8 SPACE ISOLATION. The complete isolation of systems listed below in the affected space, with the exception of lighting, is necessary to prevent a fire from intensifying due to the addition of flammable liquids and oxygen, and to reduce the electrical hazards. Each ship shall supplement its doctrine with a list of local and remote controls (valves, switchboards, circuit breakers, and so forth), for rapid space isolation. The designation, location, function and area served by each control shall be provided. The following areas shall be considered when isolating the space.

555-10.3.8.1 Mechanical. Every effort shall be made to secure and isolate those systems, machinery, and tanks that have the potential to feed or otherwise contribute to the intensity of the fire. These include, in priority, those systems where action should first be taken.

a. Fuel transfer, service, and stripping pumps and centrifugal purifiers

b. Fuel systems, storage and service tanks

c. JP-5 systems

d. Lube oil pumps and centrifugal purifiers
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e. Hydraulic systems

f. Lube oil tanks

g. HP, LP, and bleed air systems

h. Air compressors

i. Steam systems

j. Damage control deck cutout valve to AFFF hose reels within the fire compartment.
555-10.3.8.1.1 When initiating action to secure and isolate the foregoing, the following factors shall be considered.

555-10.3.8.1.2 Not all of the above have remote securing or isolation capability. As such, much local securing or isolating shall be accomplished as soon as possible together with the start of firefighting actions. As a minimum, local securing of systems shall include tank and bulkhead boundaries. Familiarity with location and type of local securing and isolating capabilities, and casualty control procedures such as those contained in the Engineering Operational Casualty Control (EOCC), NSTM Chapter 079, Volume 3 , and applicable propulsion plant manuals are required.

555-10.3.8.1.3 Where remote capability is provided for any of the above, it is most likely located within or immediately adjacent to the access to Engineering Operating Station (EOS), Central Control Station (CCS) and Damage Control Central (DCC), and at the access to the machinery space on the damage control deck. Ensure system isolation by visual or operational verification of all remote actuators.

555-10.3.8.1.4 Care shall be exercised to prevent cascading casualties to equipment in unaffected spaces necessary to maintain propulsion, electrical power, and firemain pressure. Steam and air systems, air compressors, and fuel tanks located close to space boundaries are of particular concern. Communication with other machinery spaces is essential to minimize the potential for cascading casualties.

555-10.3.8.2 Electrical. Complete electrical isolation will be very difficult due to the sheer number of cables within and transiting any given space. To the extent possible, all electrical equipment, with the exception of lighting, shall be secured outside the affected space at the ship’s service, IC and emergency switchboard, load center, or distribution panel. The switches, circuit breakers, and fuses necessary to do this shall be clearly identified.  For water mist protected spaces, ventilation may be re-energized for space re-entry.

555-10.3.8.3 Fire Boundaries. Fire boundaries shall be established around the affected space to confine the fire and ensure designation of adjacent spaces to be observed for hot bulkheads. These boundaries are generally the watertight bulkheads and decks immediately adjacent to the affected space. The minimum degree of tightness for a fire boundary is fume tight. The ship may 
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designate the setting of material condition ZEBRA, in whole or in part, or general quarters to rapidly establish fire boundaries. Each ship shall supplement its doctrine with a list of designated fire boundaries for machinery spaces. Fire boundaries should be monitored for indication of heat or fire extension across the boundary, and manned as appropriate. Re-entry should not be delayed for purposes of placing hoses at fire boundaries. Where there is an operating water mist system in the fire space which is controlling the fire and removing the source of heat, fire boundaries may be checked periodically by investigators in lieu of setting a permanently manned hose.

555-10.3.8.4 Fuel Tanks. Transfer of fuel to a safe location to remove fuel contents puts the empty fuel tank at maximum risk to fire. Therefore, transfer of fuel from the fire area should not be attempted. Adding water to eliminate the vapor space in a fuel tank is not recommended because experience indicates that ignition has not occurred in fuel tanks are highly unlikely, and no accurate method exists to verify that the vapor space has been eliminated. In addition, the fuel tank will become contaminated with seawater. In summary, the only action necessary to prevent tank contents from contributing to a machinery space fire is to isolate and secure the fuel system.

555-10.3.9 PERSONNEL PROTECTION AND FIREFIGHTING EQUIPMENT. The proper use of personnel protection and firefighting equipment is required to reduce the risk of injury and facilitate extinguishing the fire. Some general considerations for those individuals who enter the space are the following.

555-10.3.9.1 Breathing Protection.

555-10.3.9.1.1 General. Breathing apparatus (OBA’s or SCBA’s) (with voice amplifier if on ship’s allowance list) should be worn by all personnel within the smoke control zone or when entering the affected space until the atmosphere is certified safe. When smoke is present, breathing apparatus activation should be ordered by the repair locker leader and reported to damage control central.

555-10.3.9.1.2 CPS-Equipped Ships When a CBR Threat Exists. See NSTM Chapter 077 for guidance on switching breathing protection when a CBR threat exists. See paragraph 555–6.1 for guidance on adjusting personnel protection. During the fire in a machinery space when a CBR exists, the following breathing protection should be used:

a. As soon as the fire is reported, protective masks shall be donned by all personnel in total protected zones in which accesses to the affected machinery space are located. This action is to protect personnel from CBR contaminants that could enter a total protected zone as the affected machinery space is evacuated.

b. Protective masks may be removed in spaces on the protected side of a CBR boundary once it is determined that the CBR boundary is secure and the protected zone is clear of CBR contaminants.

c. Protective masks or breathing apparatus shall be worn in areas not protected from CBR contamination.
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d. Breathing apparatus shall be worn inside smoke boundaries to provide oxygen and to protect against smoke, other combustion products and CBR contaminants.

e. Personnel escaping from the affected machinery space shall don EEBDs for evacuation then change to the appropriate breathing protection (breathing apparatus or protective mask), if required, for the area of the ship in which they congregate after evacuation; see paragraph 555-10.3.6.2.

555-10.3.9.2 Clothing. Firefighter’s ensemble shall be appropriately prepositioned to be readily available to fire party personnel when the fire party is called away. Personnel recommended to wear the firefighting ensemble are listed in NSTM Chapter 077 , paragraph 077–4.3.5. Where water-mist is effective, the scene leader may normally consider SCBA, engineering overalls, gloves, boots, and flash hoods as adequate PPE for personnel to conduct investigation, isolation, re-entry and extinguishment actions.  See paragraph 555–6.1 for guidance on adjusting personnel protection.  Support personnel such as phone talkers, electricians, and medical personnel, outside the fire boundary, shall wear battle dress. Firefighting personnel exposed to a CBR threat should wear the firefighter’s ensemble or appropriate CBR protective gear; see paragraph 555-6.1.7 and NSTM Chapter 470 .

555-10.3.9.3 Hoses. As a minimum a single attack 1-1/2 inch AFFF hose, with vari-nozzle, shall be used by the reentry team. The hose and nozzle provide added protection for the nozzleman and hose tenders. Before the single attack hose enters the space, a second (backup) attack AFFF hose shall be manned to render assistance. The back up AFFF hose is not required to be charged. When assigned by the scene leader, the attack team will be led by an attack team leader. The second hose shall be supplied from an in-line eductor, high capacity or low capacity foam station. The in-line eductor is designed to only work with a 95 gpm vari-nozzle. Sufficient distance shall be maintained between the first and second hoses to prevent maneuverability and firefighting progress from being impaired. The scene leader decides what resources are needed, including the need for an attack team leader, a second hose to enter the machinery space and a NFTI. In as much as reentering the space may be a lengthy and awkward process, conserving AFFF shall be considered. Seawater hoses may, therefore, be used to cool access doors, hatches, and scuttles, but the seawater hose should not enter the space where it will impair the effectiveness of the AFFF. To conserve AFFF, hoses equipped with in-line eductors can discharge seawater if pickup tubes are removed from AFFF 5-gallon cans. The eductor will continue to function with reinsertion of the pickup tube into the AFFF containers.

555-10.3.9.3.1 Two hoses advancing simultaneously delay fire extinguishment. A second hose creates problems for the lead nozzleman such as impaired visibility, increased heat stress and delay in approaching the fire.

555-10.3.10 ATTACK TEAM REENTRY. Reentry to a machinery space that has been evacuated because of fire is the most critical part of the firefighting evolution and potentially the most dangerous. The primary function of the reentry team is to attack and extinguish the fire, ensure the source of oil is secured and cool the space so ventilation may be started. The general guidelines for consideration upon reentry are as follows:

ACN 1/A                                                                                                                         555-318A
a. When Halon and AFFF bilge sprinkling have been actuated:


1. If a check of the conditions in the affected space described in 4. below indicates that the fire has not been extinguished and continues to grow after Halon discharge, operate the second shot of Halon, where installed.

2. Operate AFFF bilge sprinkling a second time for at least 2 minutes before reentry to prevent the possibility of an unsecured fuel source having degraded the initial foam blanket.

3. Reentry shall be attempted at the following times:

(a) If the evidence is that the fire is extinguished by Halon, report fire contained. Do not attempt reentry for at least 15 minutes after discharge of Halon, if effective.

(b) If only AFFF bilge sprinkling is installed, or if the evidence is that Halon has not extinguished the fire, reentry should be attempted as quickly as possible after the space is evacuated and mechanically isolated. Electrical isolation with the exception of lighting will be completed as specified in EOCC immediate actions. Electrical isolation, although ongoing, should not delay space reentry. 

4. Reentry should be made through the access, main door, hatch, or escape trunk, whichever is not obstructed by the fire. In some instances escape trunks may be preferable to main accesses for re-entry purposes since the trunk can provide a protected path to get below the fire where temperatures will be cooler and air will be clearer. See paragraph 555-7.14.6. The conditions in the affected space should be checked if possible before entry by:

(a) Feeling bulkheads for temperature near the desired access.

(b) Monitoring exhaust vent discharge for smoke.

(c) Monitoring conditions through the EOS windows or peephole in escape trunk doors. The NFTI cannot be used for this purpose because the NFTI cannot see through glass.

5. After reentry to the space, locate and extinguish any remaining fire, report when the fire is out, reflash watch is set, and fire overhauled. Ensure all sources of fuel are secured and covered with AFFF. To conserve AFFF, saltwater hoses should be used to cool the space after the fire is out. It should be assumed that the AFFF hosereels in the space have been damaged by the fires and they should not be relied on until it can be established that the system has not been damaged by fire.

b. When water mist and AFFF bilge sprinkling have been actuated:

1. Effective operation of the water mist system should be monitored prior to attack team entry by:

(a) Monitor the pressure in the nozzle distribution piping.  This is indicated at the supervisory panel near the entrance to the protected space, at the DC Deck remote panels, and at any DC console via the Damage Control System.  Monitor the system components for failures, which will be indicated at the DC consoles via the Damage Control System.”  Rationale:  The status of mist flow to each protected space is a design feature of the system.  Various failure modes and component feedback signals are monitored and displayed by the DCS.
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(b) Feeling bulkheads for temperatures near the desire access.

(c) Monitoring exhaust vent discharge for smoke.

(d) Monitoring conditions through the EOS windows or peephole in the escape trunk doors.  The NFTI can not be used for this purpose because the NFTI can not see through glass.

(e) Reports by SCBA-personnel who remained in the space, if available.

2. If there is evidence that the water mist system did not operate, review the status of the system components to determine the failure point.  The system includes redundant pumps, dual power supplies, alternate flow paths, and the ability to isolate damage.  Reconfigure the system and attempt to provide water mist flow.  Continue preparation for manual fire attack while attempting to reconfigure and operate the water mist system

3. If inoperative water mist cannot be restored, the attack team should consider indirect cooling with an AFFF wide angle fog, high within the machinery space to help thermally manage the conditions in the space.  The indirect cooling action will create adequate turbulence in the region around the fire, water vapor/ steam and vitiated gases will dilute the oxygen, and the fire size will be reduced.

4. Operate AFFF bilge sprinkling a second time for at least two minutes before entry to prevent the possibility of an unsecured fuel source degrading the initial foam blanket.

5. For a compartment with a functioning water mist system, exhaust ventilation should be used during space reentry to improve visibility and reduce toxic fire gases.  Since water mist cools and maintains the space below the flashpoint temperature of common shipboard fuels and lubricants, desmoking during reentry will pose minimal risk of reflash.  Maintain desmoking with installed ventilation and water mist operation until all remaining fire has been manual extinguished and overhauled, AFFF bilge sprinkling has been operated, the source of oil secured, the space cooled, and all fuel washed into the bilges.

6. Attack team re-entry should be attempted as soon as possible after the water mist is actuated.  Water mist shall remain operating during re-entry. A 15-minute delay, as provided for space cool down and agent soak time with Halon-protected spaces, is not required for water mist-protected spaces.

7. Attack team reentry may be made through the main access entrance or the escape trunk.  The space exhaust ventilation should be restored prior to re-entry to improve visibility.  Lighting may be restored if operational.  Ensure electrical equipment other than ventilation and lighting have been isolated.  If the operating water mist system appears effective and is maintaining tenable space temperatures, space investigation may be expedited by having independent DC personnel navigate throughout the machinery space, separate from the manned AFFF hose.

8. Once the fire is reported out, set reflash watch and complete fire overhaul.
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9. Water mist can be secured after the fire space has been investigated, all fuel sources have been secured and the fire is reported out.  Securing water mist will assist in final investigation process and expedite fire overhaul.  Water mist should be re-activated if the fire reflashes.  Full-scale testing has determined that most class B fires will be extinguished in less than 60 seconds and that AFFF on fuel surfaces should prevent major reflashes.  Water mist performance is enhanced as fire size increases (i.e., large fires are more easily suppressed than very small fires).


c. Where HFP and AFFF sprinkling has been actuated:

1. Establish active desmoking in the smoke control zone.  Ensure all personnel within the smoke control zone and smoke exhaust path are wearing breathing apparatus and have minimal exposed skin surfaces for potential acid gas exposure.  Periodically monitor smoke control zone atmosphere for HF acid gas before, during  and after fire space re-entry.  Breathing Apparatus should be activated if HF concentration is above 3 ppm.  Withdraw all personnel if HF level exceeds 90 ppm.

2. Operate the AFFF sprinkling system a second time at least two minutes before re-entry to prevent the possibility of an unsecured fuel source having degraded the initial foam layer.

WARNING

HFP produces toxic Hydrogen Fluoride (HF) acid gas when exposed to fire. Personnel must leave the space when the HFP system is actuated.  HF has a Permissible Exposure Limit (PEL) of 3 ppm and an Immediately Dangerous to Life or Health (IDLH) of 30 ppm, per NSTM 074 Volume 3.  HF airborne concentrations will typically reduce with time as HF reacts with metal surfaces within the space.  If the fire reflashes, exposed HFP will produce additional quantities of HF acid gas.

3. Reentry shall be attempted at the following times:

(a) If the evidence is that the fire is extinguished by HFP, report fire contained.

(b) After 15 minute HFP soak period, operate exhaust ventilation, if available, for at least 15 minutes to reduce the airborne HF acid gas concentration.  Do not attempt reentry for at least 15 minutes after ventilation has been established.  

(c) Crack open the access door or hatch and determine HF level exposing only one arm to interior space conditions.  Use the 10 to 90 ppm range tube for the gas tube detector.  Personnel with SCBA and protective clothing may enter the space if HF concentration is less than 90 ppm.  Maintain negative ventilation, if available, during space re-entry and overhaul.  If negative ventilation cannot be set, establish positive pressure in surrounding spaces may be an alternative.  If exhaust ventilation is not available, wait an additional 30 minutes after the 15 minute HFP soak period (i.e., 45 minutes after HFP discharge) before reentry.  Continue to determine the HF concentration after re-entry.  Firefighters should withdraw from areas where HF concentration exceeds 90 ppm.

555-318D                                                                                                                    ACN 1/A
WARNING

Re-entry should not be made if the HF acid gas concentration is above 90 ppm.

4. Reentry may be made through the access, main door, hatch, or escape trunk, whichever is not obstructed by the fire.  In some instances escape trunks may be preferable to main accesses for re-entry purposes since the trunk can provide a protected path to get below the fire where temperatures will be cooler and air will be clearer. See paragraph 555-7.14.6.  The conditions in the affected space should be checked if possible before reentry by:

(a) Feeling bulkheads for temperature near the desired access.

(b) Monitoring exhaust vent discharge for smoke.

(c) Monitoring conditions through the EOS windows or peephole in escape trunk doors. The NFTI cannot

be used for this purpose because the NFTI cannot see through glass.

5. After reentry to the space, locate and extinguish any remaining fire, report when the fire is out, reflash watch is set, and fire overhauled.  Ensure all sources of fuel are secured and covered with AFFF.  It should be assumed that the AFFF hosereels in the space have been damaged by the fires and they should not be relied on until it can be established that the system has not been damaged by fire.

d. When a Halon 1301, water mist or HFP total space fire extinguishing system and AFFF bilge sprinkling is not installed:

1. Reentry should be attempted as quickly as possible after the space is evacuated and mechanically isolated. Electrical isolation, with the exception of lighting, shall be completed as specified in EOCC immediate actions. Electrical isolation, although ongoing, should not delay space reentry.

2. Reentry should be made through the access, main door, hatch, or escape trunk, whichever is not obstructed by the fire. The conditions in the affected space should be checked before entry by feeling bulkheads for temperature near the desired access, monitoring exhaust vent discharge for smoke, and monitoring operating conditions through the EOS windows or peephole in escape trunk doors. The NFTI cannot be used for this purpose, because the NFTI cannot see through glass.

3. Repeated efforts may be necessary to gain access to the space. The nozzleman uses the reentry AFFF hose wide-angle fog to cool metal surfaces and protect himself. It should be assumed that AFFF hosereels in the space have been damaged by the fire and they should not be relied on for use until it can be established that the system has not been damaged by fire.

4. Once inside the space, locate and extinguish fire, report fire out, set reflash watch, and report reflash watch set. Overhaul the fire. Secure and cover all flammable liquids with AFFF. Allow the space to cool. To conserve AFFF, saltwater hoses should be used to cool the space after the fire is out.
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555-10.3.11 DESMOKING, ATMOSPHERIC TESTING, DEWATERING, REMANNING. After the fire is out, the space shall be made safe and ready for remanning. A reflash watch shall be posted with AFFF to quickly extinguish any fire which may reignite. The following general guidelines are provided.


555-10.3.11.1 Desmoking Halon 1301, HFP, or non-agent protected spaces. When a flammable liquid fire has been extinguished, combustible gases may be present. Operating electric controllers to start fans may ignite these gases. Desmoking with the installed ventilation system can proceed with minimal risk when the fire has been extinguished and overhauled, AFFF bilge sprinkling has been operated, the source of fuel secured, the space allowed to cool, all fuel washed into the bilges, and no damage sustained to the electrical distribution system.

555-10.3.11.1.1 Clearing the space of smoke should commence as soon as the space has cooled sufficiently so that there is no danger from reignition. Circuit breakers and other protective devices which tripped automatically shall be left in the tripped position until system damage has been assessed. Examine the electrical distribution system and if possible reestablish power to the installed ventilation fans. If fully operational, run all fans on high speed for a minimum of 15 minutes to remove smoke and toxic gases. If the installed system is partially or fully inoperable, desmoking will take longer, but can be accomplished by using portable blowers, operable installed fans, or positive pressure from adjacent spaces and opening access to the affected space. The safest way to desmoke machinery spaces on ships without Halon and AFFF bilge sprinkling is to exhaust with portable blowers, or to use positive pressure from adjacent spaces. These methods minimize the risk associated with igniting flammable liquids that have not been vapor secured with AFFF. 

555-10.3.11.2 Desmoking water mist-protected spaces.  If the ventilation system has been operated during space re-entry per paragraph 555-10.3.10.b.5, maintain desmoking with installed ventilation and water mist operation until all remaining fire has been manual extinguished and overhauled, AFFF bilge sprinkling has been operated, the source of oil secured, the space cooled, and all fuel washed into the bilges.  After all remaining fire is extinguished and if fans are fully operational, run all fans on high speed for a minimum of 15 minutes to remove remaining smoke and toxic gases.  If the installed system is partially or fully inoperable, desmoking will take longer, but can be accomplished by using positive pressure provided by the ship’s total protection or adjacent limited protection machinery space ventilation systems.
555-10.3.11.3 Atmospheric Testing. Desmoking shall precede atmospheric testing because combustible gas analyzers will not operate reliably in a Halon atmosphere, and oxygen analyzers will not operate reliably if the sensor is exposed to excessive moisture or comes in contact with particulates found in post-fire atmosphere. When the space is clear of smoke, test for oxygen, combustible and toxic gases. The level of oxygen, as referenced in NSTM Chapter 074, Volume 3, Gas Free Engineering , shall be between 19.5 to 22 percent, combustible gases shall be less than 10 percent of the lower explosive limit, and all toxic gases below their threshold limit values before the space is certified safe for personnel without breathing apparatus. Shipboard personnel authorized to conduct postfire atmospheric tests for the purpose of certifying the space safe for personnel are Gas Free Engineers and Gas Free Engineering Petty Officers. After a flammable liquid fire has been extinguished, toxic gas tests for hydrocarbons, carbon dioxide, 
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carbon monoxide, hydrogen chloride, and hydrogen cyanide are required. If Halon 1301 or HFP has been discharged, a test for hydrogen fluoride (HF) shall also be conducted. If AFFF has been discharged, a test for hydrogen sulfide, shall be conducted. Tests should be conducted near the center and all four corners on each level. At least one satisfactory test must be obtained at each location tested. Instruments used shall be approved by National Institute of Occupational Safety and Health, Mine Safety Health Administration, or have been approved in NSTM. In a CBR environment tests in accordance with NSTM Chapter 470 also shall be performed. See NSTM Chapter 470 for decontamination methods if the space has been exposed to CBR contamination. For additional information, see paragraph 555-7.10.3.


555-10.3.11.4 Dewatering. Dewater space with the Commanding Officer’s permission and according to operating procedures.

555-10.3.11.5 Remanning. Once the space is certified as safe, remanning can begin. Operation of equipment and restoration of mechanical and electrical systems shall be considered only after a careful assessment of damage.
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