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Abstract

Flooding can cause serious problems for fire prevention and fire protection of a facility. This report highlights fire hazards that occur as a result of flooding and actions that can be taken to minimize these hazards.
Introduction
Flooding can create conditions favorable for a fire to occur, either by causing it or by impeding efforts to fight it. Floodwaters can damage goods, equipment, buildings, fire protection equipment, and machinery by wetting, by foreign material plugging and damaging moving parts, or by floating debris colliding with and damaging equipment. Additionally, water, mud, silt, and debris can block access to properties causing a delay in the fire departments response.
For example, in April 1997, the city of Grand Forks, North Dakota was overwhelmed by flood when a fire occurred in the downtown business district. The floodwaters forced firefighters to improvise methods of reaching the fire. In some cases, fire apparatus was transported on raft-like flatbed trailers. This delay in access resulted in 11 downtown buildings being destroyed by fire.

The most important and practical means for minimizing the potential for fire due to flooding is to be prepared for the flood. It is important to recognize the types of fire hazards present during and after a flood. Any facility subject to even a vague possibility of flooding should have an emergency operations plan for handling flood emergencies.
This report highlights fire hazards that occur as a result of flooding and actions that can be taken to minimize these hazards.

Fire-Related Hazards During and After a Flood

Fire-related hazards that can occur during and after a flood generally involve electricity, heating equipment, flammable and combustible liquids or gases, and chemicals.

Electricity

While electrical fires can occur for any number of reasons, including over loading of circuits and improper wiring practices, floodwater increases fire danger through short circuits in wiring and electrical equipment. In order to reduce the likelihood of live circuits shorting during a flood, main electrical switches should be turned off as soon as practicable before the water arrives. Motors, in areas that may become flooded, should be removed from the floodwater’s reach.

Equipment that has been flooded should not be energized until it has been properly cleaned, dried out, and the insulation tested. If damage to an electrical system is suspected (e.g., the equipment or wiring has been under water, there is a smell of burning insulation, the wiring is frayed, or there is sparking), the electricity in the building should be turned off and an electrician brought in to check the system.
Downed overhead power lines should be reported to the appropriate utility. All wires on the ground should be assumed to be energized until proven otherwise. Electrical equipment used in wet environments, particularly during flood restoration activities should, be listed/approved by a nationally recognized testing laboratory for wet locations. All cord-connected, electrically operated tools and equipment should be grounded or double insulated. Ground-fault circuit interrupters (GFI) should be used in all wet locations.

Generators

Flooding often causes power outages. In many cases, on-site backup generators or portable generators may be used to supply power for critical operations and repair work. The use of generators should be closely monitored to prevent creating additional hazards. Generators and other fuel-powered equipment should only be used outside the building in order to avoid the build up of carbon monoxide (CO). CO is an odorless and colorless gas that can quickly overwhelm personnel. Exposure to low levels of CO can cause headaches, dizziness, or confusion that can impair a worker's performance and judgment. Higher levels can lead to death by chemical asphyxiation. For more information of CO, see Physical and Chemical Hazards Report PC-30-08, Carbon Monoxide.
Additional considerations include:

· When using generators, the manufacturer’s instructions and guidelines should be followed.
· Generators should not be connected to another power source, such as the public power grid. The reverse flow of electricity, or “back feed,” could electrocute an unsuspecting utility worker. In order to prevent back feed to the public power grid, the main circuit breaker should be turned OFF.
· Refueling of the generator should be done outside, away from combustibles and ignition sources.
Heating Equipment
Floodwaters can often damage heating equipment, including electric heaters, boilers, and furnaces. Floodwaters can short out electric circuits in such devices that are used to control the combustion process, to regulate temperature, or to circulate heat. Additionally, water may enter the combustion chamber of fuel-fired heating equipment, causing the chamber to become water logged. This wet condition can cause a failure of the chamber leading to fire escaping from the chamber and igniting nearby combustibles.
Additional considerations include:

· Heaters should be designed turn off in the event they are tipped over.
· Kerosene heaters should only be used where approved by the local authority having jurisdiction.
· Combustibles should be kept at least 3-ft (0.9-m) away from alternative heaters.
· Heaters should never be refilled while operating or when hot.
· Refueling should be done outside, away from combustibles and ignition sources.
· Heating devices should not be used to dry wet furnishings.
Flammable and Combustible Liquids

Commercial properties frequently store flammable and combustible liquids, such as oil, gasoline, and solvents, in portable containers and bulk tanks. Floating debris can damage containers or break the piping on tanks, releasing flammable and combustible liquids. During a flood, floating flammable and combustible liquids can enter a building, find an ignition source, and start a fire.
Floating booms may be used to protect buildings from potential fire exposure from flammable and combustible liquids that float on top of the water. These booms can be used to contain liquids that are lighter than water, and keep them from ignition sources.

If possible, before flooding occurs, flammable and combustible liquids should be removed from the facility. If the liquids cannot be removed, then they should be relocated to areas that can be secured from flooding, such as vaults or elevated storage. Storage, even during relocation, should be in accordance with NFPA 30, Flammable Liquids Code, published by the National Fire Protection Association (NFPA).

All bulk storage tanks containing flammable and combustible liquids should be securely anchored. In addition, all underground tanks should be filled to capacity to help prevent flotation. Floating tanks create serious fire hazards through collision between themselves or with other objects. When flood first threatens, all valves on connecting pipelines to tanks should be closed. After a flood, tanks and piping for flammable and combustible liquids should be examined for damage and leaks.
Flammable Gases

Flammable gas cylinders can also present a hazard during a flood. Loose cylinders may float on the water, and impact beams, walls, and other hard surfaces, causing the cylinder to leak. Cylinders should be secured and protective caps placed over the vales. Further, other objects can strike flammable gas piping in or around a facility, causing a leak. In either case, the resulting escaping flammable gas presents a significant fire risk. Mains supplying flammable gas to a facility should be shut off during a flood before the facility is evacuated. All open flames should be turned off and other sources of ignition should, as far as practicable, be eliminated since gas escaping even from outside piping broken by debris can enter buildings, find a source of ignition, and explode. Any building that has a gas leak should be immediately evacuated until the leak is controlled and the area ventilated.

Chemicals

Chemicals, such as oxidizers, that will heat or produce flammable and toxic gases in contact with water, should be removed. Other chemicals, such as acids and toxins, that present health hazard should be removed from the facility, relocated to a higher location, or secured in a watertight area.
Fire Protection Equipment
Fire protection equipment should be protected from damage during a flood. Lower floors in a facility should be cleared of buoyant materials that might rise and damage sprinkler system components, such as piping, heads, and valves. Elevated markers and vertical extension wrenches should be installed at post indicator valves (PIV), so that valves can be found and operated under floodwaters.

If breaks occur in the sprinkler system, they should be repaired immediately with only the affected section of sprinklers shut off. If possible, the facility should be patrolled continuously to watch for sprinkler system damage. The facility’s fire protection impairment program should be implemented if damage is identified.
Hoses should be removed from hose houses that may become flooded and stored in a safe place. Hoses may be valuable as temporary replacement for broken piping or for temporary connections to hydrants that are still accessible.

Post-Flood Recovery

After a flood, a damage assessment should be conducted as soon as the area is safe to enter. Salvage operations should be started as soon as conditions permit, with pumps provided for removing water from basements. Debris, both inside and outside, should be hauled away immediately.
Additional considerations include:

· Provision should be made for the entry of fire apparatus as required.
· Efforts should be taken to check for possible washouts that may have undermined roads, buildings, water mains, or gravity tank foundations.
· Fire protection systems and equipment should be inspected, repaired as needed, and protection restored immediately.
· Sprinkler valves should be checked to make sure they are operable. Before reopening a valve, it should be ascertained that there are no broken or disconnected pipes.

· If cold temperatures are expected, a safe temporary heat source should be provided to prevent sprinkler systems and water tanks from freezing.

· Fire pump intakes and discharges should be checked for obstructions and cleaned, as necessary.
· Fire pump electric motors should be replaced and internal combustion engines overhauled if they had been under water.

· Valve pits containing water or silt should be emptied.

· Fire hose that had been submerged should be promptly cleaned and dried.

· Fire hydrants should be cleared of any debris that might hinder access by the fire department.

· Fire alarm and detection systems should be checked to ensure that power has been restored and that the system is operational.

· Fire exits should be cleared of debris and floodwater barriers (e.g., sandbags). The fire evacuation plan may need to be reevaluated to accommodate flood damage.
· An adequate number of portable fire extinguishers should be available.

References

1. Federal Emergency Management Agency. Three Years after the Flood Grand Forks Surviving and Rebuilding Better. FEMA News. Washington, DC: FEMA, 2004. January 1, 2005. <http://www.fema.gov/nwz00/nwz00_11.shtm>
2. ---. Floods and Flash Floods. FEMA Fact Sheet. Washington, DC: FEMA, 2004. January 1, 2005. <http://www.fema.gov/hazards/floods/floodf.shtm>
3. Engineering and Safety Service. Emergency Preparedness – Developing the Plan. Natural Hazards Report NH-30-11. Jersey City, NJ: ISO Services Properties, Inc. 2004.
4. ---. Fire Protection Impairment Management Program. Fire Protection Report FP-44-01. Jersey City, NJ: ISO Services Properties, Inc. 2004.

5. ---. Incendiarism and Arson. Fire Protection Report FP-42-01. Jersey City, NJ: ISO Services Properties, Inc., 2000.

6. ---. Storage of Flammable and Combustible Liquids in Containers. Fire Protection Report FP-70-12. Jersey City, NJ: ISO Services Properties, Inc. 2004.
7. Factory Mutual Engineering Corp. Evaluation of Flood Exposure. Property Loss Prevention Data Sheet 9-13. Norwood, MA: FM Global, 1998.

8.  ---. Surface Water. Property Loss Prevention Data Sheet 9-2. Norwood, MA: FM Global, 2000.

9. National Fire Protection Association (NFPA), Fire Protection Handbook. 19th ed. Quincy, MA: NFPA, 2003.

COPYRIGHT ©2005, ISO Services Properties, Inc.

The information contained in this publication was obtained from sources believed to be reliable. ISO Services Properties, Inc., its companies and employees make no guarantee of results and assume no liability in connection with either the information herein contained or the safety suggestions herein made. Moreover, it cannot be assumed that every acceptable safety procedure is contained herein or that abnormal or unusual circumstances may not warrant or require further or additional procedure.

COPYRIGHT ©2005, ISO Services Properties, Inc.

EngineeringAndSafety@ISO.COM
COPYRIGHT ©2005, ISO Services Properties, Inc.

EngineeringAndSafety@ISO.COM

