ARKANSAS  FIRE  ACADEMY

FIREFIGHTER  I  AND  FIREFIGHTER  II

LESSON PLAN, PART II, TEACHING GUIDE

FIRE  STREAMS

___________________________________________

FIRE  AND  EMERGENCY  EQUIPMENT  ADVERTISERS

___________________________________________

FIRE  AND  EMERGENCY  EQUIPMENT  ADVERTISERS

______________________________________________________________________

ARKANSAS FIRE ACADEMY

FIREFIGHTER I AND FIREFIGHTER II

LESSON PLAN, PART II, TEACHING GUIDE

FIRE STREAMS

INTRODUCTION                                      Time: 5 min

ATTENTION:
A tanker truck has just overturned near a playground.  Upon responding you notice hydrocarbon fuel all over the ground.  What type of extinguishing/suppressing agent are you going to use to secure the scene and what type of nozzle are you going to use to discharge the agent.  

MOTIVATION:
Knowing what type of nozzle to use is just as important as ventilation.  Using the wrong type of nozzle during a fire situation, will not only help to spread the fire, but may also disturb the thermal layering taking place inside the structure.  Using the wrong type of agent may contribute to the spread of the fire or have no effect on the fire at all.

OVERVIEW:
During this chapter we will discuss different types of fire streams and foaming agents.

TRANSITION: 
Let us begin understanding fire streams.

       BODY                        Time:  1 hours and 50 Min

PRESENTATION:

9.  FIRE STREAMS

a. Without reference, identify basic facts concerning fire streams with an overall minimum of 70% accuracy.

(1) A fire stream can be defined as a stream of water or other extinguishing agent after it leaves a fire hose and nozzle until it reaches the desired point

(2) Fire streams are intended to reduce high temperatures from a fire and provide protection to firefighters and to exposures through the following methods

(a) Applying water or foam directly to burning material to reduce its temperature

(b) Applying water or foam over an open fire to reduce the temperature so firefighters can advance handlines closer to effect extinguishment

(c) Reducing high atmospheric temperature

(d) Dispersing hot smoke and fire gases from a heated area by using a fire stream

(e) Creating a water curtain to protect firefighters and property from heat

(f) Creating a barrier between a fuel and a fire by covering with a foam blanket

(3) Extinguishing properties of water

(a) The primary way water extinguishes fire is by cooling

(b) Another method is smothering, which includes water’s ability to absorb large quantities of heat and also to dilute oxygen

(c) Water also aids in fire fighting by its expansion capability when converted to steam.  This expansion helps cool the fire area by driving heat and smoke from the area

1 This steam can cause serious burn injuries to firefighters or occupants

2 At 212 degrees Fahrenheit, water expands approximately 1,700 times its original volume

3 In hotter atmospheres, steam expands to even greater volumes

(d) Observable results of the proper application of a water fire stream into a room

1 Fire is extinguished or reduced in size

2 Visibility may be maintained

3 Room temperature is reduced

4 The steam produced by a fire stream can also be an aid to fire extinguishment by smothering, which is accomplished when the expansion of steam reduces oxygen in a confined space

(e) Several characteristics of water that are extremely valuable for fire extinguishment are as follows

1 Water is readily available and inexpensive

2 Water has a greater heat-absorbing capacity than other common extinguishing agents

3 Water changing into steam requires a relatively large amount of heat

4 The greater the surface area of the water exposed, the more rapidly heat is absorbed

(4) Pressure loss/gain

(a) Two important factors that affect pressure loss and gain in a fire stream are friction loss and elevation

1 Friction loss

a Friction loss is that part of total pressure that is lost while forcing water through pipes, fittings, fire hose, and adapters

b Friction loss can be measured by inserting in-line gauges at different points in a hoseline.  The difference in the pressures between gauges when water is flowing through the hose is the friction loss for the length of hose between those gauges for that rate of flow

c Hose size and length of the lay also affect friction loss

d In order to reduce pressure loss due to friction, consider the following guidelines

1. Check for rough linings in fire hose

2. Replace damaged hose couplings

3. Eliminate sharp bends in hose when possible

4. Use adapters to make hose connections only when necessary

5. Keep nozzles and valves fully open when operating hoselines

6. Use proper size hose gaskets for the hose selected

7. Use short hoselines as much as possible

8. Use larger hose or multiple lines when flow must be increased

9. Reduce the amount of flow 

2 Elevation loss/gain

a The position of an object above or below ground level

b When a nozzle is above the fire pump, there is a pressure loss

c When a nozzle is below the pump, there is a pressure gain

d These losses and gains occur because of gravity

(5) Water hammer

(a) The sudden stopping of water through fire hose or piping

(b) May cause considerable damage to water mains, plumbing, fire hose, hydrants, and fire pumps

(c) Operate nozzle controls, hydrants, valves, and hose clamps slowly to prevent water hammer

(6) Water fire stream patterns and nozzles

(a) Fire streams are classified into one of three sizes:  low-volume streams, handline streams, and master streams.

(b) The rate of discharge of a fire stream is measured in gallons per minute (gpm) or liters per minute (L/min)

1 Low-volume stream – Discharges less than 40 gpm including those fed by booster hoselines

2 Handline stream – Supplied by 1 ½- to 3- inch hose, which flows from 40 to 350 gpm.  Nozzles with flows in excess of 350 gpm are not recommended for handlines

3 Master stream – Discharges more than 350 gpm and is fed by multiple 2 ½- or 3- inch hoselines or large diameter hoselines connected to a master stream nozzle.  Master streams are large-volume fire streams 

(c) The volume of water discharged is determined by the design of the nozzle and the pressure at the nozzle

(d) It is essential for a fire stream to deliver a volume of water sufficient to absorb heat more rapidly than it is generated.

(e) The type of fire stream indicates a specific pattern of water needed for a specific job.  

(f) There are three major types of fire stream patterns:  solid, fog, and broken

(g) All fire streams must have a pressuring device, hose, and agent, and a nozzle

1 Solid stream

a A fire stream produced from a fixed orifice, smoothbore nozzle

b Reaches areas that other streams might not reach and also minimizes the chance of steam burns to firefighters

c The velocity of the stream (nozzle pressure) and the size of the discharge opening determine the flow from a solid stream nozzle

d Solid stream nozzles used on handlines should be operated at 50 psi nozzle pressure

e Solid stream master stream devices should be operated at 80 psi

f Observations and tests covering the effective range of fire streams classify effective streams as follows

1. A stream that does not lose its continuity until it reaches the point where it loses its forward velocity (breakover) and falls into showers of spray that are easily blown away

2. A stream that is stiff enough to maintain its original shape and attain the required height even in a light, gentle wind 

2 Handling solid stream nozzles creates a force pushing back on the person handling the hoseline (nozzle reaction).  The greater the nozzle discharge pressure, the greater the resulting nozzle reaction

3 Advantages of solid streams

a Maintain better visibility for firefighter than other types of streams

b Greater reach than other types of streams

c Operate at reduced nozzle pressures per gallon (litter) than other types of streams thus reducing the nozzle reaction

d Greater penetration power than other types of streams

e Less likely to disturb normal thermal layering of heat and gases during interior structural attacks than other types of streams

4 Disadvantages of solid streams

a Do not allow for different stream pattern selections

b Cannot be used for foam application

c Provide less heat absorption per gallon (litter) delivered than other types of streams

d Do not use solid streams on energized electrical equipment.  Use fog patterns with at least 100 psi nozzle pressure

5 Fog stream

a A fire stream composed of very fine water droplets formed to expose the maximum water surface for heat absorption

b Fog nozzles permit settings of straight stream, narrow-angle fog, and wide-angle fog

c A straight stream is a pattern of the adjustable fog nozzle, whereas a solid stream is discharged from a smoothbore nozzle

d Five factors affect the reach of a fog stream

1. Gravity

2. Water velocity

3. Fire stream pattern selection

4. Water droplet friction with air

5. Wind

e Due to its shorter reach, the fog streams are seldom useful for outside, defensive fire fighting operations

f Mainly used for fighting enclosed fires

6 Water-flow adjustment

a Only two types of nozzles can control the rate of water flow through a fog nozzle

b Manually adjustable nozzles and automatic (constant pressure) nozzles

1. Manually adjustable nozzles can change the rate of discharge from a manually adjustable fog nozzle by rotating the selector ring – usually located directly behind the nozzle tip – to a specific gpm setting

2. The firefighter may adjust flow rates from 10 gpm to 250 gpm for handlines and from 300 gpm to 2,500 gpm for master streams

3. Make adjustments to the rate of flow in increments.  Major adjustments can cause an abrupt change in the reaction force of the hoseline that may throw a firefighter off balance

4. Automatic (constant pressure) nozzles automatically vary the rate of flow to maintain an effective nozzle pressure

5. Water flow adjustments in manual and automatic fog nozzles require close coordination between the nozzleperson, the company officer, and the pump operator

7 Handling fog stream nozzles depends on the water pattern that is produced by the nozzle setting.  Wider patterns are easier to operate than narrower patterns

8 Advantages of fog streams

a The discharge pattern of fog streams may be adjusted to suit the situation

b Some fog stream nozzles have adjustable settings to control the amount of water being used

c Fog streams aid ventilation

d Fog streams dissipate heat by exposing the maximum water surface for heat absorption

9 Disadvantages of fog streams

a Do not have the reach or penetrating power of solid streams

b More susceptible to wind currents than are solid streams

c May contribute to fire spread, create heat inversion, and cause steam burns to firefighters when improperly used curing interior attacks

10 Broken stream

a A stream of water that has been broken into coarsely divided drops

b Absorbs more heat per gallon than a solid stream and has a greater reach and penetration than a fog stream

c Most often used on fires in confined spaces, such as those in below ground areas, attics, and wall spaces

11 Nozzle control valves

a Enable the operator to start, stop, or reduce the flow of water, thereby maintaining effective control of the handline or master stream appliance

b Three principal types of control valves are ball, slide, and rotary control

1. The ball valve is designed and constructed to provide effective control during fire fighting with a minimum of effort.  A fully open ball valve will give the nozzle maximum flow and performance

2. A slide valve control seats a moveable cylinder against a shaped cone to turn off the flow of water

3. The rotary control valve is found only or rotary control fog nozzles.  These valves control the discharge pattern of the stream

12 Maintenance of nozzles

a Firefighters should inspect nozzles periodically and after each use to make sure that they are in proper working condition.  This inspection includes

1. Check the swivel gasket for damage or wear.  Replace worn or missing gaskets

2. Look for external damage to the nozzle

3. Look for internal damage and debris.  When necessary, thoroughly clean nozzles with soap and water, using a soft bristle brush

4. Check for ease of operation by physically operating the nozzle parts.  Clean and lubricate any moving parts that appear to be sticking according to manufacturer’s recommendations

5. Check to make sure that the pistol grip (if applicable) is secured to the nozzle

(7) Extinguishing fire with fire fighting foam

(a) Fire fighting foam extinguishes and/or prevents fire in three ways

1 Separating – Creates a barrier between the fuel and the fire

2 Cooling – Lowers the temperature of the fuel and adjacent surfaces

3 Suppressing (sometimes referred to as smothering) – Prevents the release of flammable vapors and therefore reduces the possibility of ignition or reignition 

(b) Fire fighting foam is especially effective on the two basic categories of flammable liquids:  hydrocarbon fuels and polar solvents

1 Hydrocarbon fuels, such as crude oil, fuel oil, gasoline, benzene, naphtha, jet fuel, and kerosene, 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

2 Polar solvents, such as alcohols, acetone, lacquer thinner, ketones, esters, and acids, are flammable liquids that have an attraction for water.  Fire fighting foam, in special formulations, is effective on these fuels

3 Specialized foams are also used for acid spills, pesticide fires, confined- or enclosed-space fires, and deep-seated Class A fires

4 Foam concentrate – Raw foam liquid as it rests in its storage container before the introduction of water and air

5 Foam proportioner – Device that introduces foam concentrate into the water stream to make the foam solution

6 Foam solution – Mixture of foam concentrate and water before the introduction of air

7 Foam (finished foam) – Completed product after air is introduced into the foam solution

(c) How foam is generated

1 Foams in use today are of the mechanical type and must be proportioned (mixed with water) and aerated (mixed with air) before they can be used

2 Foam concentrate, water, air, and mechanical aeration are needed to produce quality fire fighting foam

3 A good foam blanket is required to maintain an effective cover over either Class A or Class B fuels for the period of time desired

(d) Foam expansion

1 The increase in volume of a foam solution when it is aerated

2 The method of aerating a foam solution results in varying degrees of expansion that depend on the following factors

a Type of foam concentrate used

b Accurate proportioning (mixing) of the foam concentrate in the solution

c Quality of the foam concentrate

d Method of aspiration

3 Foam can be described by three types according to NFPA 11, Standard for Low-Expansion Foam

a Low-Expansion Foam 

b Medium-Expansion Foam

c High-Expansion Foam

(e) Foam concentrates are only capable of fight the type of fires they were rated for.  No single foam can be used on every type of fire

(f) Class A Foam

1 Foams specifically designed for use on Class A fuels (ordinary combustibles) are becoming increasingly popular for use in both wildland and structural fire fighting

2 Class A foam may be used with fog nozzles, aspirating foam nozzles, medium- and high-expansion devices, and compressed air foam systems

3 Has supercleaning characteristics and is mildly corrosive

(g) Class B Foam

1 Used to extinguish fires involving flammable and combustible liquids

2 Also used to suppress vapors from unignited spills of these liquids

3 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

a Type of foam concentrate used

b Whether or not the fuel is on fire

c Type of fuel involved

d Whether the fuel is spilled or in a tank

e Whether the foam is applied via either a fixed system or portable equipment

4 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

5 All foam concentrate supplies should be on the fireground at the point of proportioning before application is started

6 For more complete information on application rates, consult NFPA 11, the foam manufacturers’ recommendations, and IFSTA’s Principles of Foam Fire Fighting manual

(h) Specific application foams are designed for specific type of fires or types of application methods

(i) Foam proportioning

1 Proportioning is used to describe the mixing of water with foam concentrate to form a foam solution

2 Foam concentrates must be proportioned at the specific percentage for which they are designed

3 Most fire fighting foam concentrates are intended to be mixed with 94 to 99.9 percent water

4 Class A foams are an exception to this percentage rule.  The proportioning percentage for Class A foams can be adjusted to achieve specific objectives

5 Class B foams are mixed in proportions from 1% to 6%

6 There are four basic methods by which foam may be proportioned

a Induction (eduction) method of proportioning foam uses the pressure energy in the stream of water in induct (draft) foam concentrate into the fire stream

b Injection method of proportioning foam uses an external pump or head pressure to force foam concentrate into the fire stream at the correct ratio in comparison to the flow

c Batch-mixing is the most simple method of mixing foam concentrate and water.  It is accomplished by pouring the foam directly into the fire apparatus water tank or a portable water tank

d Premixing is one of the more commonly used methods of proportioning.  Typically, used with portable extinguishers, wheeled extinguishers, skid-mounted twin-agent units, and vehicle-mounted tank systems

e Premixing systems are limited to a one-time application

(j) Foam proportioners and foam delivery devices/generating systems

1 Two basic pieces of equipment are needed to produce a foam fire stream:  a foam proportioner and a foam delivery device (nozzle or generating system)

2 It is important that the proportioner and delivery device/system are compatible in order to produce usable foam

a Foam proportioners may be portable or apparatus-mounted.  In general, foam proportioning devices operate by one of two basic principles:

1. The pressure of the water stream flowing through an orifice creates a venturi action that inducts (drafts) foam concentrate into the water stream

2. Pressurized proportioning devices inject foam concentrate into the water stream at a desired ratio and at a higher pressure than that of the water

b Portable foam proportioners

1. In-line foam eductors are the most common type of foam proportioner used in the fire service.  They are designed to be either directly attached to the pump panel discharge outlet or connected at some point in the hose lay

2. Foam nozzle eductors operate on the same basic principle as the in-line eductor, however, these eductors are built into the nozzle rather than into the hoseline

c Apparatus-mounted proportioners are commonly mounted on structural, industrial, wildland, and aircraft rescue and fire fighting (ARFF) apparatus, as well as fire boats

d Foam delivery devices (nozzles/generating systems)

1. Handline nozzles are any nozzle that one to three firefighters can safely handle and that flows less than 350 gpm

a. Solid bore nozzles provide an effective fire stream that has maximum reach capabilities

b. Fog nozzles can be used with foam solutions to produce a low-expansion, short-lasting foam

c. Air-aspirating foam nozzles are the most effective appliance for the generation of low-expansion foam 


e Medium- and high-expansion foam generating devices produce a high-air-content, semistable foam

1. Water-aspirating type nozzles are very similar to the other foam-producing nozzles except they are much larger and longer

2. Mechanical blower generator is similar in appearance to a smoke ejector.  Typically associated with total-flooding applications and its use is limited to high-expansion foam

(k) Assembling a foam fire stream system.  There are a number of reasons for failure to generate foam or for generating poor-quality foam.  The most common reasons are:

1 Eductor and nozzle flow ratings do not match so foam concentrate cannot induct into the fire stream

2 Air leaks at fittings cause a loss of suction

3 Improper cleaning of proportioning equipment causes clogged foam passages

4 Nozzle is not fully open restricting water flow

5 Hose lay on the discharge side of the eductor is too long creating excess back pressure causing reduced foam pickup at the eductor

6 Hose is kinked and stops flow

7 Nozzle is too far above the eductor, which causes excessive elevation pressure

8 Mixing different types of foam concentrate in the same tank results in a mixture too viscous to pass through the eductor

(l) Foam application techniques

1 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.  This method is used only on a pool of liquid fuel on the open ground

2 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.  This method is used primarily in dike fires and fires involving spills around damaged or overturned transport vehicles

3 Rain-Down method is used when the other two methods are not feasible because of either the size of the spill area or the lack of an object from which to bank the foam.  It is also the primary manual application technique used on above ground storage tank fires 

(m)     Foam hazards

1 May be mildly irritating to the skin and eyes

2 Some concentrates and their vapors may be harmful if ingested or inhaled

3 Most Class A and Class B foam concentrates are mildly corrosive

4 Foams may not be environmentally friendly when they enter a body of water

5 Consult the various manufacturers’ data sheets for environmental impact information

b. As a team member, using an In-Line Eductor, demonstrate the ability to place a foam line in service, within 10 minutes and with no more than one instructor assist.

(1) Select the proper foam concentrate for the burning fuel involved

(2) Place the foam concentrate at the eductor

(3) Open enough buckets of foam concentrate to handle the task

(4) Check the eductor and nozzle for hydraulic compatibility

(5) Adjust the eductor metering valve to the same percentage rating as that listed on the foam concentrate container

(6) Attach the eductor to a hose capable of efficiently flowing the rated capacity of the eductor and the nozzle

(7) Attach the attack hoseline and desired nozzle to the discharge end of the eductor.  Avoid kinks in the hose

(8) Place the eductor suction hose into the foam concentrate

(9) Open nozzle fully

(10) Increase the water-supply pressure to that required for the eductor.  Be sure to consult the manufacturer’s recommendations for the specific eductor


APPLICATION:  

b.
As a team member, using an In-Line Eductor, demonstrate the ability to place a foam line in service, within 10 minutes and with no more than one instructor assist.

EVALUATION:

Interspersed throughout the presentation of the lesson with oral questions 

CONCLUSION                                   Time: 5 min

​​

SUMMARY:


Nozzle types, foaming agents, and application techniques vary from fire department to fire department.  Each nozzle, agent, and application technique has its own advantages and disadvantages depending on the situation.  Following standard operating procedures and manufacturer’s recommendations for each one will aid the firefighter in making the right decisions at the right time. 

REMOTIVATION:  
Knowing how to properly apply extinguishing agents is not only vital in extinguishing the fire, but is also essential in maintaining a good public image with the community your fire department protects by reducing needless property damage. 

ASSIGNMENT:

Read chapter 11, Water Supply in IFSTA Essentials. 

CLOSURE:


This completes the chapter on Fire Streams

Chapter 13
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