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1- International Organization for Standardization

2- International Electrotechnical Commission

3- International Organization of Legal Metrology (Organisation Internationale de Metrologie Legals)
4- Contact point

5- Codex Alimentarius Commission
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API RP 2030: 2014, Application of fixed water spray systems for fire protection in the
petroleum and petrochemical industries
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2-2 NFPA 15: 2022, standard for water spray fixed systems for fire protection in petroleum
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\- Water spray
Y- Jet fire
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- Failure

—

- Load-bearing structural members
- Vessel legs/ skirts

- Pipe racks

- Non-load bearing steel surfaces

- Three dimensional fire

- Pool fire
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- Drive unit
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A water spray system is a fixed-piping system connected to a reliable source of firewater. Such
a system is hydraulically designed with water spray nozzles to achieve specific water discharge
and distribution on the surface or area to be covered. The piping system is connected to the
water supply through a manually or automatically actuated valve that initiates the flow of water.
An automatic valve is actuated by a detection system installed in the same area as the water
spray nozzles. NFPA 15 provides detailed descriptions of water spray systems.

Fixed water spray systems are designed to provide fire exposure protection, control of burning,
extinguishment, Or egress protection. They can be independent of other forms of protection, or
they may supplement them. Gas fires should be extinguished by isolation. Water spray systems
are neither intended nor suitable for extinguishment of pressurized jet fires. (See APl 2218,
Annex C for further discussion on jet fire considerations.)
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The strategy for testing water spray systems, the test medium used (e.g., salt water, treated

water, etc.), frequency of testing, and the testing procedures should be considered for the
material selection and design.

and other local circumstances. Refer to UL 321 or FM 5551 Approval Standard, or » & ,Le —
390 g pime slo o8 iulejl 5425 pae JJo 4 5.5 i ;5 5l « equivalent standard for guidance
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In some cases, a bypass may be warranted to facilitate periodic cleaning of the strainer at

intervals based on water quality and strainer obstruction experience. Consider equipping bypass

with strainer to avoid fouling components while operating on bypass.

Individual or integral strainers for spray nozzles shall not be used in substitution for in-line
strainers when potential for solids in water supply capable of obstructing spray nozzles exists.
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One factor to consider when designing a system for exposure protection is the allowable
temperature a structure could safely sustain before significant damage or failure occurs.

A continuous water film from sprays will theoretically limit the surface temperature to the
boiling point of water, 212 °F (100 °C). Much heat can be absorbed and damage can be reduced

through exposure protection; however, systems designed for exposure control are not intended
to extinguish fires or protect against direct jet fire impingement.
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The physical properties of the fuel involved in a fire will determine whether extinguishment by
water spray Is possible. In some scenarios, extinguishment can be accomplished by surface
cooling, emulsification, or dilution (all of which reduce vapor release) or smothering by the
steam produced.

If significant quantities of flammable gases or vapors are released, a more hazardous condition
with potential for explosive re-ignition can be created by extinguishing such fires instead of

allowing them to burn at a controlled rate with appropriate surveillance and protection of
surrounding equipment.
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The appropriate application rates for fire protection water spray systems depend upon the design

objectives for the application, the type and nature of the equipment or structure to be protected,
and the characteristics of the probable fuel involved.

The actual application rate used should be selected based on available reference data, judgment,

experience, and (in some cases) testing. A hazards assessment with pre-incident scenario

analyses can be useful in determining the probable nature of a potential fire, the consequences

of unabated burning, and the appropriate water application rates.

Experience or testing can indicate that application rates other than those suggested here may
provide the desired protection.

Section 7.2 and Section 7.3» & )le sl a0 20 gl )l cule ) jalaie 4 Y-V-0 o Y-V-0 ouy —
below, as well as NFPA 15, provide guidance and suggested application rates for some of
el 00y a8lSl 5w ol 4 «the more common uses of water spray systems.
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Rates between 0.15 and 0.25 gpm/ft2 [10.2 and 6.1 lpm/m2] may be used where » &,Le —

supported by relevant engineering data, documented experience, or where other protective
plrail pas 9 S codlad pae o @ a0 aie 7.2.2 w5 5 « measures have been taken
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This application rate is good for moderately severe heat inputs, including direct, non-pressured,
flame contact. However, as mentioned in Section 6.1, it is not sufficient for protection from
flame impingement from a pressurized jet fire.

Lol 00l )53 o laibiw) (ul Y-Y-0 aiy )0 a2 0 aiel 2.3 0o p) —

In certain cases, scenario-specific engineering studies have shown that water » & ,L._c —
application rates in the range between 0.20 to 0.50 gpm/ft2 (8.2 to 20.4 Ipm/m2) can be
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Water applied to the burning surface of flammable or combustible liquids is even more effective
in controlling fire intensity. The water droplets that reach the surface can reduce the temperature

of the burning liquid, thereby reducing the rate of vaporization and burning.

In some cases, rates as low as 0.20 gpm/ft2 (8.2 Ipm/m2) may be effective. Proper choice of
spray equipment is necessary to balance two objectives:

a) provide droplet size with large enough size and high enough velocity to reach the fuel surface
through a fire’s convective air currents;

b) deliver the water spray without transferring so much energy to the fuel surface that agitation
increases vapor release and fire intensity.
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Extinguishment is seldom the primary purpose of water spray system installations in the
petroleum industry.

the application rate depends on the nature of the fuel involved and the» o ,L._<c o —
configuration of the application and could range from 0.15 to 0.30 gpm/ft2 (6.1 to 12.5
Ipm/m? sae iSlas> 5 cl oo plll b sl flaae @ iil &5 Plas aad « (Ipm/m2
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Application rates between 0.25 and 0.50 gpm/ft2 (10.2 and 20.4 lpm/m2) can be » & ,Le ;o —
Gl oals alll b sl oloie 4 il #, J8los> Lads « effective, depending on the liquid
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Water miscible liquids (such as alcohols and glycols) which will absorb water can sometimes
be extinguished by dilution, but the high vapor pressure and low miscibility of certain ethers (for
instance, MTBE) presents a difficult challenge.

It should be noted that extinguishment of low flash point hydrocarbon liquids with water spray
is seldom possible and not necessarily desirable. A key question during hazard analysis is, “If
the material is extinguished while still generating vapor, is there a risk of vapor cloud re-
ignition?” If the answer is “yes” and extinguishment is still desired, special agents (such as
foam) that have the ability to secure the liquid surface from re-ignition should be considered.

NFPALS 5 bl 51 a8 039y 32,2 libl idu 5o (oSS Slelyll 51 ol ide $-Y-Y-0 o 5 —

Lol 0ol adlal s lasliwl pl ay g 00y I 2l el

Sl ea g (655,18 iy g el oo (S o bl (pl V-0 s o é.?,aé.,.;.o7.3 Aoy —
ol 00,5 1dl S Crio (0 Dl 0 S g Sl A az gl b i

el 00 B> omasmlf] 6‘5;-7‘-" J.,,IM.; 7.3.1 Sopy —
ol oa Bi> saipd BT sgizme JIo A 5 7 b 4 a0 2 7.3.2 a5l ol SISTL —

Some form of fire protection should be considered for pumps when there is a significant
potential for fire and there is a risk of significant damage beyond the pump involved. This
generally applies to large pumps handling flammable liquids or combustible liquids at
temperatures elevated above their flash points, and which are located within process
structures—or in large pump rows where access for conventional fire suppression using fixed
monitor nozzles or hose streams would be difficult.
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Based on the above, a fixed water spray system should be considered when all three of the
following conditions exist:

a) the fluid being handled is at a temperature that is significantly (e.g. 22 °C or more 40 °F or
more) above its flash point; and

b) the considered pump is in close proximity to other equipment (including adjacent pumps)
or structures that could be quickly damaged by the pump fire; and
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c) thepumpislocatedwhereprotectionbymonitornozzlesorhosestreamswouldbedifficultorimpra
ctical.
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Good drainage with the ability to remove potential fuel from beneath the pipe rack can lessen
the need for water spray. Pipe racks that are near ground level (on sleepers) seldom require
fixed water spray. Where exposure potential suggests a need for protection

In addition, non-fire proofed vertical pipe rack supports may be protected by water » &,Le —
L ool pas Jdo &y 2> 1o aie 7.3.3 0y 55 «spray at a rate of 0.25 gpm/ft2 (10.2 lpm/m?).
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Large oil-filled transformers are typically installed where they are separated from process
equipment, buildings, structures, or other transformers by distance or masonry walls.
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A tube failure within an air-fin cooler used to condense or cool flammable liquids can result in
a liquid spill to grade and effectively provide its own fuel for an exposure fire. Such a fire could
damage the leaking cooler, adjacent cooler banks, the support structure, and equipment under the
cooler.

Gas-filled air- fin coolers seldom warrant water spray protection unless exposed to a potential
fire from adjacent process equipment. Where protection is provided for incidents originating at
process equipment (such as pumps) control of exposure may be achieved more cost effectively
by using water sprays for intensity control at the fire source.

ouds B> et 5 > slrailole o lailinl b sllail sae Jdogy &> o Eo 7.35 anp; 3l pyole —
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Where water sprays are provided for non-fireproofed, vertical steel supports for air-fin coolers,
they shall be designed for a direct water spray at a rate of 0.25 gpm/ft2(10.2 Ipm/m2) of surface,
one side. Up to 12 ft (3.7 m) of rundown coverage is acceptable.
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Pressure vessels are of concern when exposed to a fire, including storage vessels and spheres,
process vessels, process towers, and certain heat exchangers. Potentially damaging heat
exposure can be from thermal radiation, non-pressurized direct fire exposure, or intense
pressurized jet-fire exposure. Concentrated heat from a fire can raise the temperature of steel
and reduce its strength to a point where it can fail catastrophically at its normal safe operating
pressure unless there is a mechanism to remove or dissipate the heat. Liquid filled pressure
vessels can withstand heat inputs since the liquid inside absorbs the majority of the heat by
temperature rise and vaporization, helping to keep the steel shell at a safe temperature. Gas filled
vessels (or the vapor space above the liquid in a partially filled vessel) can withstand much less
fire exposure since the vapor or gas absorbs very little heat. In addition, non- fireproofed steel
supports for vessels can fail as a result of direct fire exposure, allowing the vessel to topple or
fall.

Consideration should be given to providing fixed water spray systems to protect pressure
vessels which might be exposed to a significant fire and which are located where adequate
cooling cannot be provided from hose streams and monitor nozzles. [Recommendations
specific to LPG spheres are discussed in the following paragraph.] Where water spray is
provided on vessels, the entire vessel surface should be covered. Where only radiant exposure
is of concern, 0.10 gpm/ft2 (4.1 Ipm/m2) or lower may be acceptable based on distance from
hazards;
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Alternative designs for protection of LPG storage spheres are common and are generally
acceptable. As discussed in API 2510 and 2510A, these designs can involve one or more very
large discharge nozzles at the top of the sphere along with some type of distribution device,
such as a weir. The design objective is to create a uniform film of water that covers the critical
portions of the sphere’s surface. [In the petroleum industry this configuration is often called a
“drenching” or “deluge” system and should be recognized as different from the definition of
deluge systems described in NFPA 15.] The film provided by these systems may not cover the
very bottom of the sphere where the fill and withdrawal line connections are located and can
leave dry spots at the point of connection of the vessel to the support legs. These areas may
require supplemental water spray nozzles or fixed monitor nozzle coverage to assure that all
critical surfaces are covered by water. The total water flow for the entire sphere surface for non-
pressure flame impingement scenarios should be the equivalent of 0.10 to 0.25 gpm/ft2 (4.1 to
10.2 Ipm/m2).

Emergency response plans should recognize that intense pressurized jet-fire exposure will
require additional cooling and application of a monitor or hose fire water stream on the order
of 250 to 500 gpm (1000 to 2000 Ipm) applied at the point of flame impingement is
recommended in APl 2510A. This is particularly significant where impingement contacts the
vessel vapor space. The vapor space is more vulnerable because even without the benefit of
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liquid vaporization the unit thermal capacity of propane liquid is 30 times that of propane vapor
at a typical LPG pressure vessel pressure relief valve (PRV) setting of 250 psig (1725
kilopascals).
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Non-fireproofed vessel supports should also be protected by water spray, including legs and
skirts plus steel saddles greater than 12 in. (300 mm) high at their lowest point. The application
rate should be 0.25 gpm/ft2 (10.2 Ipm/m2) of protected surface, one side only. Rates between
0.25 and 0.15 gpm/ft2 [10.2 and 6.1 Ipm/m2] may be used where supported by relevant
engineering data, or documented experience, or where other protective measures have been

taken. For protection only against radiation from pool fires without aggressive flame contact,
the minimum flow should be 0.10 gpm/ft2 (4.1 lpm/m2) as noted in API1 2510.
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Large engine or turbine driven compressors provide an added fire concern because of the large
volumes of hot lubricating oils being handled under pressure in the driver, transmission, and
lubrication systems. Even though these lubricants are high flash point materials, a leak of
lubricant in the vicinity of hot metal surfaces could produce flammable vapors resulting in the
potential for a fire exposing an expensive compressor and driver. It may be desirable to provide
water spray to protect this equipment.
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Electric motors, particularly totally enclosed type, do not present a significant fire » < L.

potential. However, these motors can be seriously damaged if exposed to a severe fire. Water
spray protection may be appropriate for very large, expensive, or hard to replace motors that

Bi> saips (LB sgime s 4 a0 ie 7.3.9 an 5 5l « are potentially exposed to fire
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When water spray systems are not installed, it is common practice to rely on» o ,L._c —

emergency response to protect active cooling water towers and to rely on maintenance
a5« procedures to keep the internals wet when the cooling water tower is shutdown
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Atmospheric storage tanks generally do not warrant fixed water spray protection and (with the
exception of horizontal tanks) do not readily lend themselves to this type of protection. When
reviewing an atmospheric storage tank’s protection from an external fire, the design personnel
should recognize that cooling water is of potential benefit only for the exposed portions of the
roof and for those portions of the shell that are not in contact with the liquid contents. Those
portions of the tank most likely not to be in contact with liquid include the roof of cone roofed
and covered floating roof tanks and the upper portion of the shell on all tanks.
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Since the exact location of the exposing fire or the amount of liquid in the exposed tank may
not be known before the fire occurs, total protection would require that the entire tank be
sprayed. However, water sprayed on surfaces that are not being exposed to fire is wasted and
takes resources from other fire suppression efforts; sectionalization of fixed spray systems can
help ensure efficient use of firewater. Application of water by hose streams and monitor nozzles
has the potential for more efficient use of available water, however their effectiveness may be
limited by the ability to gain access to a position from which to apply the cooling stream.
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Preparation, management and suppression of fires in atmospheric storage tanks is addressed in
APl Recommended Practice 2021.
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Nozzle manufacturers should be consulted for limitations on nozzle coverage.

All portions of the floor where a spill fire could accumulate and all equipment and structural
members to be protected should be wetted by the discharge from the system.
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Evaluation and determination of the supply source should be based on the reliability and
suitability of all available water sources.
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Many factors determine the appropriate size of a water spray system. These include:

a) the natureo fhazards involved;
b) thea mount, type, and spacing of equipment to be protected;
c) the adequacy of other protection; and

d) the size of the area that could be involved in a single fire.
The extent of the water spray system needed can be minimized by:

a) subdividing the area by means of fire walls or adequate separation distances;

b) limiting the spread of flammable liquids (usually by appropriately designed normal plant
drainage systems or if necessary by means of special drainage provisions);

¢) byusingacombinationoftheseapproaches.

It is preferable for each fire area to be protected by its own system; however, the total demand
for a large process area is usually much greater than can be met by the largest possible single
water spray system.

Revisions and expansions of existing systems nearly always occur, causing an increase in
firewater demand. Allowance for more pumping capacity, larger fire water mains, and more
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drainage facilities should therefore be considered by the designer. APl Recommended Practice
2001 and NFPA 20 and 24 provide more guidance on fire protection water systems.

however, the total demand for a large process area is usually much greater than can be met by
the largest possible single water spray system.

Revisions and expansions of existing systems nearly always occur, causing an increase in
firewater demand. Allowance for more pumping capacity, larger fire water mains, and more
drainage facilities should therefore be considered by the designer. API Recommended Practice
2001 and NFPA 20 and 24 provide more guidance on fire protection water systems.
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APl PR 2218(R2020): 2013, Fireproofing practices in petroleum and petrochemical
processing plants

NFPA11:2021, Standardfor Low-,Medium-,and High-Expansion Foam

NFPA 16: 2019, Standard for the installation of foam-water sprinkler and foam-water
spray systems

API PR 14C: 2017, Recommended practice for analysis, design, installation, and testing
of basic surface safety systems for offshore production platforms

NFPA 72: 2022, National fire alarm and signaling code
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