Sample – Generic Lesson Plans – Haz Mat; Fuel Spills and Fires


Module Name: Haz Mat: Fuel Spills and Fires

Objectives: 

At the end of this class, each firefighter shall be able to:

1. Identify the primary objective and immediate concern for spills without fire

2. Identify the primary objective and immediate concern for spills with fire

3. Know the general procedures regarding fuel spills

4. Understand Class “B” fires

5. Understand Foam capabilities and uses

6. Understand the use of water at fuel fires

Motivation:  

Many HAZMAT incidents are transportation-related; the majority of which are fuel spills.  The purpose of this lesson is to familiarize firefighters with the aspects of fuel spills, and fires involving fuel spills, from the initial size-up to the mitigation of the incident.

 This lesson will also cover the basic principles of the most common fuels encountered at fuel spills and the resources we have at our disposal to contain the spill, prevent its ignition, or to extinguish a fire involving liquid fuels.

Instructor Notes:

 Have students read this document.

Presentation:

Fuels such as gasoline and diesel are commonly encountered in our everyday lives.  The spills we do encounter are frequently small.  It’s easy to forget that they are indeed hazardous materials and need to be treated accordingly.  The primary objective and immediate concern for emergencies involving flammable and combustible liquids are as follows: 
Leak WITHOUT fire   
        The immediate concern is to prevent ignition by vapor suppression 
         The primary objective is to stop the flow of fuel (ie, plug a diesel saddle tank) 
   
 Leak WITH fire   
        The immediate concern is to cool exposures, including the leaking tank 
        The primary objective is to stop the flow of fuel to enable extinguishment 
  
Preventing ignition of a product is generally achieved by suppressing the flammable vapors that are being generated by the product.  This is accomplished by laying down a foam blanket and/or plugging the leak or shutting off a valve.  Obviously, each specific incident will dictate which measure to take.  Large leaks should be left up to the HAZMAT Response Team.  First responders generally should only attempt to shut off the flow of minor leaks, such as gasoline or diesel fuel tanks.  It may be possible to safely stop the flow of fuel to enable extinguishment by shutting off fuel control valves or by patching small leaks with Plug-n-Dike compound.
 Specific Emergency Response and Environmental Containment Information:  
     
 1.  Personnel  Protection:  
        Avoid breathing vapors 
        Keep upwind 
        Wear full protective gear 
        Do not handle broken packages without protective equipment 
         Wash away any material which may have contacted the body with copious amounts of water, or soap and water. 
  
     
 2.  If material is NOT ON FIRE and NOT involved in fire:  
        Keep sparks, flames, and other sources of ignition away 
        Keep material out of water sources and sewers 
        Build dikes to contain flow as necessary 
        Attempt to stop the leak, if without hazard 
        Apply a foam blanket for vapor suppression         
  
     
3.  If material IS ON FIRE or involved in fire:  
        Do NOT extinguish the fire unless the flow can be stopped (must be weighed against the possibility of making a successful rescue) 
        Use water in flooding quantities in a fog pattern for external cooling of a tank, taking care not to flood the contents of the tank itself 
        Solid streams of water may spread fire 
        Cool all affected exposures with flooding quantities of water 
        Apply water from as far a distance as possible 
         Use foam or dry chemical (CO2 will provide only temporary cooling) 
        A semi-fog stream can be used to cool a thermal column, taking care not to fill the burning tank with water  
  
      
4.  Evacuation:  
        If the fire becomes uncontrollable or container is exposed to direct flame, evacuate the area for the distance specified for the particular material involved.  
        If the material is leaking, but not on fire, downwind evacuation must be considered.    
  
General Procedures for Fuel Spills              
       
1.  Size-up Considerations:   
        Type of spill 
        Size of spill 
        Is the container still leaking 
        Does the spill need to be contained 
        Is there a danger of fire 
        Is the fuel already burning 
        Are hazardous materials involved 
        Is there a danger to bystanders 
        Are there injured or trapped victims 
         Should you use an emulsifier or foam 
  
      
2.  General considerations:  
        Notify HAZMAT on every fuel spill of significant consequence 
        The engine crew should attempt to mitigate the problem prior to the arrival of HAZMAT, if possible 
        Attempt to stop the flow of fuel by use of fuel shut-off switches and valves, or by patching small leaks with Plug-N-Dike or Petro-seal. 
        If a small amount of fuel is spread upon the roadway surface, use Micro-blaze
        For safety purposes, if gasoline has leaked and pooled, cover the spill with Class B foam solution 
        Prevent fuel from entering storm drains or ditches by use of dikes or trenches (dikes can be fashioned by shoveling dirt or by placing a rolled-up salvage cover or charged handling in the path of the flow 
        If large quantities of fuel are involved, consider evacuating the surrounding area 
        If fuel is burning and involves a tank or tanker, do not attempt to extinguish with foam unless you have the needed amount of foam on hand and in place 

        While waiting for HAZMAT to arrive on scene, develop the water supply needed to make an effective attack (lay your supply and attack lines)   
 3.  Preparing to work with HAZMAT: 

        Have a supply line and have two 1 ¾” lines working from the gated wye, cooling the exposures as necessary.

        Ditches and drain gutters must be channeled to protect the personnel and environment.  

 

Typical HAZMAT Scenario 
Environmental and Safety Concerns 
   If there is fire, then the objective of the fire department is to control the flow of fuel.  However, First-Responders must realize that they alone may not have the capability to successfully effect this objective.  They can, on the other hand, lay down the beginnings of the basic fireground tactics that in time will lead to accomplishing this objective.  
 These basic fireground tactics should include: 
        Lay initial hoselines 
        Locate and activate a continuous water supply

        Call for additional help as necessary 
        Evacuate and isolate the area, and deny entry                
        Call for special resources, such as the HAZMAT team, foam trailer or sand trucks 
        Set up an Incident Management structure and make initial assignments 
         Confine and contain the flowing liquid if possible
  
Confinement  
Confinement is the process of containing the flow of a hazardous material spill and capturing it

at some specific location.  Confinement is primarily a defensive operation.  
              Materials may be confined by:  
        Building dams, berms or dikes near the source 
        Catching the material in another container 
         Or by directing the flow to a remote location  
              Generally, no specific tools are needed other that the basic equipment carried on the fire apparatus, such as:  
        Shovels for building earthen dams or digging trenches 
        Salvage covers for making catch basins, covering storm drains or rolling to make channels 
         Charged hose lines for creating diversion channels 
  
Large or rapidly spreading spills may require heavy equipment or floating booms. 
The objective of confinement operations should be to capture the moving material as soon as possible in the most convenient location for recovery with the smallest exposure to people, property or the environment.   
  
Containment  
Containment, like confinement, is the act of controlling spilled or leaking materials.  But unlike confinement, containment is primarily an offensive operation aimed at keeping most of the escaping material in its original container.  Containing as much of the material as possible reduces the risk of exposure and ignition.  
Factors affecting containment include:  
        condition of the container 
        properties of the material 
        rate of release 
         incident assessment 
Factors affecting the decision to contain a hazardous material leak include:  
        location of the incident 
        type and number of exposures 
         number and capabilities of responding forces 
Products can be contained by:  
        closing valves 
        capping pipes 
        plugging holes 
         applying temporary patches  
  
Note:   First Responders may need to confine the spill first if containment of the leak might fail or take considerable time to set up.  In fact, confinement of the spilled product will often be necessary initially to protect exposures, followed by leak containment, or both may be started simultaneously if personnel and equipment are available.  
  
Definition of Class “B” Fires  
Class “B” fires involve flammable and combustible liquids and gases, such as gasoline, diesel fuel and alcohol.    
      1. The smothering or blanketing effect of oxygen exclusion is most effective for extinguishment and also helps reduce the production of additional vapors.  Other extinguishing methods include:       
        Removal of fuel 
        Temperature reduction 
         The interruption of the chain reaction










 
       2. Fuel Removal: 
       Removing the fuel source effectively extinguishes some fires.  The fuel source may be removed by stopping the flow of liquid or gaseous fuel, or by removing solid fuel in the path of a fire.  Another method of fuel removal is to allow a fire to burn until all the fuel is consumed. 
  3. Oxygen Exclusion: 

       Reducing the oxygen available to the combustion process reduces a fire’s growth and may totally extinguish it over time.  Oxygen can be separated from fuel by blanketing the fuel with foam.

  
Suppressing Class “B” Fires 
Firefighters must use caution when attacking fires involving flammable and combustible liquids.  The first precaution is to avoid standing in pools of fuel or water runoff containing fuel.  Protective clothing can absorb fuel in a “wicking” action, which can lead to contact burns of the skin and flaming clothes if an ignition source is present.  Even if the wicking action does not occur, extreme danger exists in the event that the pool of liquid ignites.

Unless the leaking product can be turned off, fires burning around relief valves or piping should not be extinguished.  Simply try to contain the burning liquid, if any, until he flow can be stopped.  Unburned vapors are usually heavier than air and form pools or pockets of gas in low spots where they may ignite.  Firefighters must always control all ignition sources in a leak area.  
An increase in the intensity of sound or fire issuing from a relief valve may indicate that rupture of the vessel is imminent.  Firefighters should not assume that relief valves are sufficient to safely relieve excess pressures under severe conditions.  The rupture of both large and small flammable liquid vessels that have been subjected to flame impingement has killed firefighters.  
In vessels containing flammable liquids, the sudden release and consequent vaporization of the liquid can result in a rupture of the tank – a Boiling Liquid Expanding Vapor Explosion (BLEVE).  BLEVE’s most commonly occur when flames contact a tank shell above the liquid level or when insufficient water is applied to the tank to keep it cool.  When attacking these fires, water should be applied to the upper portions of the tank, preferably from unattended master stream devices. 
Note:  Thermal Imaging Cameras may be used to identify fuel levels. 
    
Fire-fighting Foam 
 The use of foam is the preferred method of controlling flammable liquid fires. 
In general, fire-fighting foam works by forming a blanket of foam on the burning liquid.  The foam blanket excludes oxygen and stops the burning process.  The water in the foam is slowly released as the foam breaks down.  This action is referred to as “fallout”, and provides a cooling effect on the fuel, but reduces the effectiveness of the foam blanket. 
  Hydrocarbon fuels, such as gasoline, diesel fuel, crude oil, kerosene, jet fuel, naptha, and benzene, are petroleum-based and float on water.  Fire-fighting foam is effective as an extinguishing agent and vapor suppressant on Class “B” liquids because it can float on the surface of these fuels.  However, deploying water into a fuel-filled container will cause the fuel to overflow the container.
  
Foam Concentrate   

To be effective, foam concentrates must match the fuel to which they are applied. 
   The rate of application (minimum amount of foam solution that must be applied) for Class “B” foam varies depending on any one of several variables. 
These application rate variables are:  
        The surface area involved 
        Whether or not the fuel is on fire 
        The type of fuel involved (hydrocarbon or polar solvent) 
        Whether the fuel is spilled or in a tank 
         Whether the foam is applied by either a fixed system or portable equipment 
   
Unignited spills do not require the same application rates as ignited spills because radiant heat, open flame, and thermal drafts do not attack the finished foam as they would under fire conditions.  In case the spill does ignite, however, firefighters should be prepared to flow at least the minimum application rate for a specified amount of time based on fire conditions.  A rough estimate used by the HAZMAT team when dealing with fuel tankers is that a tank truck filled with a hydrocarbon will typically require 29 pails of foam, while a tanker filled with a polar solvent will require 58 pails of foam. 
  
    Important note: All foam concentrate supplies should be on the fireground at the portable eductor site or near the foam tank opening with lids off and ready to use, before foam application has begun.  Once application has started, it should continue until extinguishment is complete.  Stopping and restarting may allow the fire and fuel to consume whatever foam blanket has been established. 
  
  Foam Application Techniques: 
 It is important to use the correct techniques when manually applying foam from handline or master stream nozzles.  If incorrect techniques are used, such as plunging the foam into a liquid fuel, the effectiveness of the foam is reduced.  The techniques for applying foam to a liquid fuel fire or spill include the “Roll-on” method, the “Bank-down” method, and the “Rain-down” method.  Regardless of the method used, it is important to make sure the nozzle is fully opened when applying the foam.  
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	“Bank Down” or “Bounce Off” Method                 “Roll On” or “Bank In” Method

	


 

       “Roll-on” or “Bank in” Method: 
      The “Roll-on” method directs the foam stream on the ground near the front edge of a burning liquid pool.  The foam then rolls across the surface of the fuel.  A firefighter continues to apply foam until it spreads across the entire surface of the fuel and the fire is extinguished.  This method is used only on a pool of liquid fuel (either ignited or unignited) on the open ground. 
   
	

	


       “Bank-down” or “Bounce Off”  Method”: 
      The bank-down method may be employed when an elevated object is near or within the area of a burning pool of liquid or an unignited liquid spill.  The object may be a wall, tank shell, or similar structure.  The foam stream is directed off the object, allowing the foam to run down onto the surface of the fuel.   
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	  Fig. 3  “Rain-down” Method   


       “Rain-down Method”: 
      The rain-down method is used when the other two methods are not feasible, because of either the size of the spill area (either ignited or unignited) or the lack of an object from which to bank the foam.  It is also the primary manual application technique used on aboveground storage tank fires.  This method directs the stream into the air above the fire or spill and allows the foam to float gently down onto the surface of the fuel.                                  
      On small fires, a firefighter sweeps the stream back and forth over the entire surface of the fuel until the fuel is completely covered and the fire is extinguished.  
      On large fires, it may be more effective for the firefighter to direct the stream at one location to allow the foam to take effect there and then work it’s way out from that point.
     Health Hazards of Foam 
     Foam concentrates, either at full strength or in diluted form, pose minimal health risks to firefighters, but may be severely irritating to the skin and eyes.  Affected areas should be flushed with water for 15 – 20 minutes.
The Use of Water on Fuel Fires 

Water as a Cooling Agent 
 Water can be used as a cooling agent to extinguish Class “B” fires and to protect exposures.  Water without foam additives is not particularly effective on lighter petroleum distillates, such as gasoline, diesel fuel, or alcohol.  However, by applying water in droplet form in sufficient quantities to absorb the heat produced, fires in heavier oils, such as raw crude, can be extinguished. This technique should be advised against as it can lead to a boil-over, a phenomenon caused by the heated water being converted to steam and violently expelling the contents of the container. Water will be most useful as a cooling agent for protecting exposures.   

Cooling lines should not interfere with the foam blanket.  Typically, cooling lines are shut down or redirected when foam application begins. 

  

Water as a Mechanical Tool  

 Water from hoselines can be used to move Class “B” fuels (burning or not) to areas where they can safely burn or where ignition sources are more easily controlled.  

  
NOTE:  FUELS MUST NEVER BE FLUSHED DOWN DRAINS OR SEWERS.    

 Firefighters should use appropriate fog patterns for protection from radiant heat and to prevent “plunging” the stream into the liquid.  Plunging a stream into burning flammable liquids causes increased production of flammable vapors and greatly increases fire intensity.  The stream should be slowly played from side to side and the fuel or fire “swept” to the desired location.  Care must be taken to keep the leading edge of the fog pattern in contact with the fuel surface or else the fire may run underneath the stream and flashback around the attack crew.  This technique must be mastered through hands-on training prior to use, due to the danger of firefighters being engulfed in burning fuel.  

 Through the use of fog streams, water may also be used to dissipate flammable vapors.  Fog streams aid in dispersion, and these streams control, to a small degree, the movement of the vapors to a desired location.  

Water as a Protective Cover 
Hoselines can be used as a protective cover for teams advancing to shut off liquid or gaseous fuel valves.  While one hoseline can be used as a protective cover, two lines with a back-up line are preferred for fire control and safety. 

  

Use of Portable Extinguishers on Fuel Fires  
Class “B” rated extinguishing agents include Carbon Dioxide and Dry Chemicals.  
        Carbon Dioxide extinguishers have a range of  3 to 8 feet, with a discharge time of  8 to 30 seconds 
        Dry Chemical extinguishers have a range of 5 to 8 feet, with a discharge time of 8 to 12 seconds. 
        Carbon dioxide should only be counted on to temporarily extinguish and cool a small, burning spill. 
        Carbon Dioxide extinguishers use is not recommended on flammable liquid fires.  
  
There are three general types of flammable liquid fires: 
  

        fires in liquids of appreciable depth ( deeper than ¼ inch), such as those in industrial drip tanks 
        spill fires or running fires in liquids of a depth of ¼ inch or less 
         pressurized flammable liquid from damaged vessels or product lines 

   
Note:  Portable extinguishers should not be relied upon when the surface area is in excess of 10 square feet.
 Basic principles of extinguishing a fuel spill fire with a portable extinguisher: 

· The fire should be fought from the windward side so that the wind, if any, will help carry  the fire extinguishing agent toward the fire and help blow smoke and flame away from the person attempting to extinguish it 
        The extinguisher nozzle should be aimed at the base of the flames. 
        If leaking flammable liquid is involved, work towards the source of the leak while putting out the flames.  Ultimate control may depend on the ability to shut off the leaking fuel at its source. 
        After a fire has been extinguished, ensure all burned parts of the vehicle are cool and the cause of the leak has been corrected
  

Warning:  Hot metal can re-ignite flammable liquids. 
  

Bulk Transport Vehicle Fires 
     While a serious accident involving a bulk transport vehicle may bring traffic to a halt, many incidents are handled with traffic passing the scene at near normal speeds.  A lane of traffic in addition to the incident lane should be closed during initial emergency operations. 
     The use of open-flame flares should be avoided because of the possibility of igniting leaking fuels. 
     Fire apparatus should be positioned to take advantage of topography and weather conditions, and to protect firefighters from traffic.  They should exit the vehicle on the side away from the traffic and avoid working in areas where the apparatus could be pushed into them if it were struck by another vehicle. 
     Approach the scene from uphill and upwind, if possible.
     Be aware of the failure of vehicle tires that may cause a flammable load to shift suddenly, causing a “slop-over”.  Slop-over is a dangerous occurrence that can suddenly and significantly enlarge the area of burning liquid, catching firefighters off-guard. 
     A weight-shift of an overturned tanker can cause the undercarriage to either fall into the burning tank and splashing the flammable liquid, or the undercarriage may pull away and rip the tank apart, again spilling the liquid. 
     We must take into consideration the monetary value of a freeway overpass and the length of time it takes to rebuild the overpass, causing much duress to traffic and commerce.  A cooling line must be placed on the exposed overpass, as well as the fire itself. 
     Know the status and limitations of your water supply. 
     It may be necessary to protect trapped victims with hoselines until they can be rescued. 
     Determine the exact nature of the cargo as soon as possible from bills of lading, manifests, placards, or the driver of the vehicle. 

An example of some of the items that HAZMAT may need to be completed at a tank truck fire are as follows:  

        IC establish a tactical channel 
        Have a supply line laid to within 100 feet upwind of the fire 
        Have two 1 ¾” lines laid off the gated wye to the upwind side of the fire and begin cooling the pavement, the tank undercarriage and any exposures.  Cool the thermal column as well with a power cone. 
        Assemble all available foam pails at the fireground. 
        Assemble all available dry chemical extinguishers. 
        IC must use caution if any firefighters are working downhill of the fire.  Look for any sign of container failure, or the possibility of the vehicle overturning. 
        Make sure firefighters do not plunge water into the burning tank. 
        Direct HMRT into the fire area 

Summary 
 Size-up will set the tone for the entire operation.  If the fuel spill is not burning upon your arrival, take steps to stop the leak, contain the spill, and to prevent its ignition.  If the fuel spill is burning upon your arrival, cool any exposures, contain the spill, stop the leak, and control and extinguish the fire.  Being familiar with the aspects of fuel spills and fires involving fuel spills will provide firefighters with a safer environment.  Following these two basic guidelines should lead to the successful resolution of most fuel spills.
  

  


This sample is not intended to satisfy the needs and requirements of each event or Department. It may streamline the process of developing your own Lesson Plans.
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