Chapter 16: Fire Hose, Nozzles, Streams, and Foam
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Pre-Lecture

I. You Are the Fire Fighter


Time: 5 Minutes


Small Group Activity/Discussion

Use this activity to motivate students to learn the knowledge and skills needed to use fire hose, nozzles, streams, and foam.
Purpose

To allow students an opportunity to explore the significance and concerns associated with using fire hose, nozzles, streams, and foam.
Instructor Directions

1. Direct students to read the “You Are the Fire Fighter” scenario found in the beginning of Chapter 16.

2. You may assign students to a partner or a group. Direct them to review the discussion questions at the end of the scenario and prepare a response to each question. Facilitate a class dialogue centered on the discussion questions.

3. You may also assign this as an individual activity and ask students to turn in their comments on a separate piece of paper.

Lecture
I. Introduction


Time: 20 Minutes


Slides: 1-10


Lecture/Discussion

A. Fire Hydraulics

1. Fire hydraulics deal with the properties of energy, pressure, and water flow as related to fire suppression.

B. Flow refers to the volume of water that is being moved through a pipe or hose.

1. It is measured in gallons per minute (gpm) or in liters per minute (lpm, in Canada).

C. Pressure is the amount of energy in a body or stream of water.

1. It is measured in pounds per square inch (psi).

2. Pressure is required to push water through a hose, expel water through a nozzle, or to lift water up to a higher level.

3. A pump adds energy to a water stream, causing an increase in pressure.

D. Friction loss is a loss of pressure as water moves through a pipe or hose.

1. The loss represents the energy required to push the water through the hose.

2. Friction loss is influenced by the diameter of the hose, the volume of water traveling through the hose and the distance the water travels.

a. In a given size hose, a higher flow rate produces more friction loss.

b. At a given flow rate, the smaller the diameter of the hose, the greater the friction loss.

c. With any combination of flow and diameter, the friction loss is proportional to the distance.

E. Elevation affects water pressure.

1. Elevated water tanks supply pressure to municipal water systems because of the difference in height between the water in the water tank and the underground delivery.

2. If fire hose is laid down hill, the water at the bottom will have additional pressure due to the change in elevation.

3. If a fire hose is advanced upstairs to the third floor of a building, it will lose pressure due to the energy required to lift the water.

F. Water hammer is a surge in pressure caused by a sudden stop in the flow of a stream of water.

1. A fast-moving stream of water has a large amount of kinetic energy.

2. When water suddenly stops, the kinetic energy is instantaneously converted to increased pressure.

3. Since water is not compressible, a shock wave is transmitted back through the hose.

4. Water hammer can cause a hose to rupture, couplings to separate, damage to the plumbing on a fire apparatus, or even damage to the underground piping system.

5. A similar situation can occur if a valve is opened too quickly and a surge of pressurized water suddenly fills a hose.

6. To prevent, always open and close fire hydrant valves slowly.

II. Hose


Time: 30 Minutes


Slides: 11-26


Lecture/Discussion

A. Fire hoses are used for two main purposes. 

1. The hoses used to discharge water from an engine onto the fire are called attack hoses, or attack lines.

a. Most attack hoses carry water directly from the attack engine to a nozzle that is used to direct the water onto the fire.

b. In some cases, an attack line is attached to master stream devices.

c. Attack lines can also be used to deliver water to a fire department connection that supplies a standpipe or sprinkler system inside a building.

2. Hoses used to deliver water to an attack engine are called supply hoses, or supply lines.

a. The water may come from a hydrant or another engine that is being used to provide a water supply for the attack engine.

b. The most popular sizes of supply lines are 4" and 5".
c. Supply hoses are designed to carry large quantities of water at lower pressures.
B. Fire hoses range in size from 1" to 6" in diameter.

1. Small diameter hose (SDH) lines range in size from 1" (25 mm) to 2" (51 mm) in diameter.

a. Many fire department vehicles are equipped with a reel of ¾" or 1" (25 mm) hard rubber called Booster hose, or booster line, which is used for small outdoor fires.

b. Forestry hose is 1" in diameter and is lightweight and collapsible.

c. The most common attack hose is 1 ½" (38 mm) or 1 ¾" (45 mm).

d. Some departments use 2" (51 mm) as attack hose.
e. Each section is usually 50' (15 m) long.
2. Hoses of 2 ½" or 3" in diameter are called medium diameter hose (MDH).

a. Hoses in this range can be used as either supply lines or attack lines.

b. When used as an attack hose, the 3" size is more often used to deliver water to a master stream device or a fire department connection.

c. These hose sizes also come in 50' lengths.

3. Hoses 3 ½" or more in diameter are called large diameter hoses (LDH).

a. Standard LDH sizes include 4" and 5" diameters, which are used as supply lines by many fire departments. 

b. The largest LDH size is 6" in diameter. 

c. Standard lengths of either 50' or 100' feet are available for LDH.

4. Attack hose must be tested annually at a pressure of at least 300 psi.
a. Intended to be used at pressures up to 275 psi
5. Supply hose must be tested annually at a pressure of at least 200 psi.
a. Intended to be used at pressures up to 185 psi

C. Hose Construction
1. Most hose is constructed with an inner waterproof liner surrounded by one or two outer layers.
2. The outer layers provide the strength to withstand the high pressures that are exerted by the water inside the hose. 

a. The strength is provided by a woven mesh made from high strength synthetic fibers such as nylon that are resistant to high temperatures, mildew, and many chemicals. 

b. These fibers can also withstand some mechanical abrasion.

3. Double jacket hose is constructed with two layers of woven fibers.

a. The outer layer serves as a protective covering while the inner layer provides most of the strength. 

b. The tightly woven outer jacket can resist abrasion, cutting, hot embers, and other external damage. 

c. The woven fibers are treated to resist water and provide added protection from many common hazards that are likely to be encountered at the scene of a fire.

4. Instead of a double jacket, some fire hoses are constructed with a durable rubber-like compound as the outer covering. 

a. This material is bonded to a single layer of strong woven fibers that provides the strength to keep the hose from rupturing under pressure. 
b. This type of construction is called rubber–covered hose, or rubber-jacket hose.
5. The hose liner, or hose inner jacket is the inner part of the hose. 

a. This liner prevents the water from leaking out of the hose and provides a smooth inside surface for the water to move against. 

b. Without this smooth surface, there would be excessive friction between the moving water and inside of the hose, reducing the amount of pressure that could reach the nozzle. 

c. The inner liner is usually made of a synthetic rubber compound or a thin flexible membrane material that can be flexed and folded without developing leaks. In double jacket hose, the liner is bonded to the inner woven jacket. 

d. In a rubber-covered hose, the inner and outer layers are usually bonded together and the woven fibers are contained within.
D. Couplings 

1. Used to connect individual lengths of fire hose together 

2. Couplings are also used to connect a hose line to a hydrant; to an intake or discharge valve on a engine; or to a variety of nozzles, fittings, and devices. 

3. A coupling is permanently attached to each end of a section of fire hose.

4. Threaded couplings are used on most hose up to 3" in diameter and on soft suction hose and hard suction hose. 

a. A set of threaded couplings consists of a male coupling, which has the threads on the outside, and a female coupling, which has matching threads on the inside. 

b. The female coupling has a swivel, so the male and female ends can be screwed together without twisting the hose. 

5. A length of fire hose has a male coupling on one end and a female coupling on the other end.

6. Standardized hose threads are used by most fire departments so that fire hose from different departments can be connected together.

7. When connecting fire hoses with threaded couplings, you have to make sure the threads are properly aligned so the male and female couplings will engage fully.

8. If there is any leakage after the hose is filled with water, a spanner wrench can be used to gently tighten the couplings until the leakage is stopped.

9. The couplings are constructed with either rocker lugs, or rocker pins, to engage a spanner wrench.

10. Higbee indicators show the position where the ends of the threads on a pair of couplings are properly aligned with each other.

11. An important part of a threaded coupling is the rubber gasket, which is an O-shaped piece of rubber that sits inside the swivel section of the female coupling.

a. The best way to prevent leaks is to make sure the gaskets are in good condition and replace any gaskets that are missing or damaged.

b. Replacing the swivel gasket will be practiced in Skill Drill 16-1.

12. Storz-type couplings are designed so that the couplings on both ends of a length of hose are the same. 

a. There is no male or female end to the hose.

b. Storz-type couplings are connected by mating the two couplings face-to-face and then turning clockwise one third of a turn.

c. To disconnect a set of couplings, the two parts are rotated counterclockwise one third of a turn.

d. Adaptors are used to connect Storz-type couplings to threaded couplings or to connect couplings of different sizes together.

13. There are several techniques for attaching and releasing hose couplings.

a. The one-fire fighter foot-tilt method of coupling fire hose will be practiced in Skill Drill 16-2.

b. The two-fire fighter method for coupling a fire hose will be practiced in Skill Drill 16-3.

c. The one-fire fighter knee-press method of uncoupling a fire hose will be practiced in Skill Drill 16-4.

d. The two-fire fighter stiff-arm method of coupling a hose will be practiced in Skill Drill 16-5.

e. Uncoupling a hose with spanners will be practiced in Skill Drill 16-6.

14. Charged hose lines should never be disconnected while the water inside the hose is under pressure.

a. The loosened couplings can flail around wildly and cause serious injury to personnel or bystanders in the vicinity. 

b. Always shut off the water supply and bleed off the pressure before uncoupling. 

c. The water pressure will make it difficult to uncouple a charged hose line. 

d. If the coupling resists an attempt to uncouple, check to make sure the pressure is relieved before using spanner wrenches to loosen the coupling.

E. Attack Hose

1. Designed to be dragged into a burning building where it can be exposed to heat and flames, hot embers, broken glass, sharp objects, and many other potentially damaging conditions

2. Most fire departments use two sizes of hose as attack lines for interior fire suppression.

a. The smaller size is usually either 1½" or 1¾" in diameter, while 2½" hose is most often used for heavy interior attack lines. 

b. These lines can be either double jacket or rubber covered construction.

3. Most fire departments use either 1½" or 1¾" hose as the primary attack line for most structure fires. 

a. Both sizes of hose use the same 1½" couplings.

b. Handlines of this size can usually be operated by one fire fighter, although a second person on the line makes it much easier to advance and control. 

c. This hose is often stored on fire apparatus as a preconnected attack line in lengths of 150' to 350', ready for immediate use.

d. The primary difference between 1½" and 1¾" hose is the amount of water that can flow though the hose.

i. Depending on the pressure in the hose and the type of nozzle that is used, a 1½" hose can generally flow between 60 and 125 gallons of water per minute. 

ii. An equivalent 1 ¾" hose can flow between 120 and 180 gallons per minute. 

iii. A 1¾" hose can deliver much more water and is only slightly heavier and more difficult to advance than a 1½" hose line.

4. A 2½" hose can be used as an attack line for fires that are too large to be controlled by a 1½" or 1¾" hose line. 

a. A 2½" handline hose is generally considered to flow about 250 gallons of water per minute. 

b. It takes at least two fire fighters to safely control a 2½" handline hose if it is being operated inside a building due to the weight of the hose and the water and the nozzle reaction force. 

c. A 50' length of dry 2½" hose weighs about 30 pounds. 

d. When the hose is charged and filled with water it weighs as much as 200 pounds per length.

e. Higher flows, up to approximately 350 gallons per minute, can be achieved with higher pressures and larger nozzles; however, it is difficult to operate a handline hose at these high flow rates.

5. A booster hose is usually carried on a hose reel that holds 150' or 200' of rubber hose. 

a. Booster hose contains a steel wire that gives it a rigid shape. The rigid shape of this hose allows it to flow water without pulling all the hose off the reel. 

b. It is light in weight and can be advanced quickly by one person.

c. The disadvantage of booster hose is its limited flow. The normal flow from a 1" booster hose is 40 to 50 gallons per minute, which is not an adequate flow for structure fires. 

d. The use of booster hose is usually limited to small outdoor fires and trash dumpsters.

6. Small diameter hose, typically 1" or ¾" in diameter, is often used for fighting grass, brush, or forestry fires.

F. Supply hose is used to deliver water to an attack engine from a pressurized source, which could be a hydrant or another engine working in a relay operation. 

1. Supply lines range from 2½" all the way up to 6" in diameter.

2. Fire department engines are normally loaded with at least one bed of hose that can be laid out as a supply line.

3. When 2 ½" hose is used as a supply line, it is usually the same type of hose used for attack lines.

4. Large diameter supply lines are much more efficient than 2 ½" hose for moving larger volumes of water over longer distances. 

5. Many fire departments use 4" or 5" hose as their standard supply line.

6. A soft sleeve (soft suction) hose is a short section of large diameter hose used to connect a fire department engine directly to the large steamer outlet on a hydrant. 

a. Has a female connection on each end, with one end matching the local hydrant threads and the other end matching the threads on a large diameter inlet to the engine. 

b. Couplings have large handles to allow for quick tightening by hand. 

c. Hose can be from 4" to 6" in diameter and is usually between 10' and 25' in length.

7. A hard sleeve (hard suction) hose is a special type of supply hose used to draft water from a static source such as a river, lake, or portable drafting basin. 

a. Water is drawn through this hose into the pump on a fire department engine or into a portable pump. 

b. Called a hard sleeve because it is designed to remain rigid and will not collapse when a vacuum is created in the hose to draft the water into the pump.

c. Normally comes in 10' or 20' sections. 

d. Diameter is based on the capacity of the pump and can be as large as 6". 

e. Hose can be made from either rubber or plastic; however, the newer plastic versions are much lighter and more flexible.

f. Long handles are provided on the female couplings of hard suction hose to assist in tightening the hose.

III. Hose Care, Maintenance, and Inspection


Time: 15 Minutes
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Lecture/Discussion

A. The most common factors that cause damage to fire hose include mechanical causes, chemicals, heat, cold, and mildew.

B. Mechanical Damage

1. Hose can be damaged by abrasion from dragging.

2. Cuts in hose can be caused by broken glass and sharp objects.

3. Punctures and other damage to hose can be caused by particles of debris.

4. Hose may be run over by a vehicle.

5. Couplings may be damaged from dropping or dragging.

C. Heat and Cold

1. Hose is directly exposed to fire, burning coals, and embers.

2. Hose comes into contact with hot surfaces such as heating units and exhaust pipes.

3. Freezing can rupture the inner liner and break fibers in the hose jacket.

a. Hose lines should be drained and rolled before they freeze.

D. Chemicals

1. Chemicals are encountered at incidents in facilities where chemicals are manufactured, stored, or used, and at locations where their presence is not anticipated.

2. Chemicals are also encountered at vehicle fires or at the scene of a collision where chemicals are spilled on the roadway.

3. Wash hose as soon as possible with an approved detergent.

E. Mildew

1. Grows on fabrics and materials in warm, moist conditions.

2. Feeds on nutrients found in many natural fibers and causes them to rot and deteriorate.

3. Synthetic fibers are resistant to mildew, but mildew can still grow on exposed fibers if they are soiled with contaminants that provide the necessary nutrients.

4. Fibers in rubber-covered hose are protected from mildew.

F. Cleaning a dirty or contaminated hose will be practiced in Skill Drill 16-8.

G. Hose Inspections

1. Test each length of hose at least annually.

2. Perform visual hose inspections at least quarterly.

a. Visually inspect hoses after each use, either during cleaning or when they are being reloaded onto the apparatus.

b. If defects are found, the length of hose should be removed from service immediately and marked for repair.

i. Marking a hose for repair will be practiced in Skill Drill 16-9.

c. Hose records provide a written history of each individual length of fire hose, and contains such information as:

i. Hose size, type, and diameter

ii. Date of manufacture

iii. Date of purchase

iv. Testing dates

v. Any repairs made

IV. Hose Appliances
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Lecture/Discussion

A. A hose appliance is any device used in conjunction with a fire hose for the purpose of delivering water.

B. A wye is a device that splits one hose stream into two hose streams.

1. The wye that is most commonly used in the fire service splits one 2½" hose line into two 1½" hose lines. 

2. A gated wye is equipped with two-quarter turn ball valves so that the flow of water to each of the split lines can be controlled independently.

C. A water thief is similar to a gated wye, with an additional 2½" outlet. 

1. The water that comes from a single 2½" inlet can be directed to two 1½" outlets and one 2½" outlet. 

2. A water thief can be placed near the entrance to a building to provide the water for interior attack lines. 

a. One or two 1½" attack lines can be used and, if necessary, can be shut down and a 2½" line can be substituted. 

b. Sometimes the 2½" line is used to knock down a fire and the two 1½" lines are used for overhaul.

D. A Siamese is a hose appliance that combines two hose lines into one. 

1. The most commonly used type of Siamese combines two 2½" hose lines into a single line. 

2. A Siamese that is used with threaded couplings has two female connections on the inlets and one male connection on the outlet.

3. A Siamese connection is sometimes used on an engine inlet to allow water to be received from two different supply lines. 

4. Siamese connections are also used to supply master stream devices and ladder pipes. 

5. Siamese connections are commonly installed on the fire department connections that are used to supply water to standpipe and sprinkler systems in buildings.

E. Adaptors are used for connecting hose couplings of the same diameter that have dissimilar threads. 

1. Dissimilar threads could be encountered when different fire departments are working together or in industrial settings where the hose threads do not match the threads of the municipal fire department. 

2. Adaptors are also used to connect threaded couplings to Storz-type couplings. 

3. Adaptors can also be used when it is necessary to connect two female couplings or two male couplings. 

a. A double-female adaptor is used to join two male hose couplings. 

b. A double-male adaptor is used to join two female hose couplings.

c. Double male and double female adaptors are commonly used when performing a reverse hose lay.

F. A reducer is used to attach a smaller hose to a larger hose. 

1. Usually the larger end has a female connection and the smaller end has a male connection. 

2. A common type of reducer is used to reduce a 2½" hose line to a 1½" line.

a. Many 2½" nozzles are constructed with a built-in reducer, so that a 1½" line can be attached for overhaul.

G. A hose jacket is a device that is placed over a leaking section of hose to stop a leak. 

1. A hose jacket can provide a temporary fix until the section of hose can be replaced. 

2. The hose jacket consists of a split metal cylinder that fits tightly over the outside of a hose line. 

3. The cylinder is hinged on one side to allow it to be placed over the leak, then a fastener is used to clamp the cylinder tightly around the hose.

4. Gaskets on each end of the hose jacket prevent water from leaking out the ends of the hose jacket.

H. A hose roller is used to protect a hose line that is being hoisted over the edge of a roof or over a windowsill. 

1. The hose roller keeps the hose from chafing or kinking at the sharp edge.

2. A hose roller is sometimes called a hose hoist because it makes it easier to raise or hoist a hose over the edge of the building. 

3. Hose rollers are also used to protect ropes when hoisting an object over the edge of a building and during rope rescue operations.

I. A hose clamp is used to temporarily stop the flow of water in a hose line.

1. Hose clamps are often used on supply lines, so that the hydrant can be opened before the line is hooked up to the intake of the attack engine. 

2. A hose clamp can also be used to stop the flow in a line if a hose ruptures or it has to be connected to a different appliance.

J. A master stream device is a large capacity nozzle that can be supplied by two or more hose lines through a Siamese connection. 

1. Master stream devices include deck guns and portable ground monitors. 

a. A deck gun is usually attached to the top of an engine and may be supplied by a direct pipe connection from the pump. 

b. A ground monitor can be removed from the apparatus and placed on the ground. 

c. Some devices can be used as either a deck gun or removed from the apparatus and used as a ground monitor. 

2. Master stream devices are used during defensive firefighting operations.

K. Valves are used to control the flow of water in a pipe or hose line. 

1. Several different types of valves are used on fire hydrants, fire apparatus, standpipe and sprinkler systems, and hose lines. 

2. The important thing to remember when opening and closing any valve is to do it S-L-O-W-L-Y to prevent water hammer.

3. Ball valves are the types of valves used on nozzles, gated wyes, and engine discharge gates. 

a. Ball valves are made up of a ball with a hole in the middle. 

b. When the hole is in line with inlet and outlet, water flows through it. 

c. As the ball is rotated, the flow of water is gradually reduced until it is shut off completely.

4. Gate valves are found on hydrants and on sprinkler systems. 

a. Rotating a spindle causes a gate to move slowly across the opening. 

b. The spindle is rotated by turning it with a wrench or a wheel-type handle. 

5. Butterfly valves are often found on the large pump intake connections where a hard suction hose or soft sleeve is connected. 

a. They are opened or closed by rotating a handle one-quarter turn.

V. Hose Rolls
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Lecture/Discussion

A. The most efficient way to transport a single section of fire hose is in the form of a roll. 

B. Rolled hose is compact and easy to manage. 

C. A fire hose can be rolled many different ways, depending on how it will be used, so be sure to follow the SOPs of your department.

1. The straight hose roll (storage hose roll) is a simple and frequently used hose roll. 

a. It is used for general handling and transporting of hose. 

b. This roll is also used for rack storage of hose.

c. The straight hose roll will be practiced in Skill Drill 16-10.

2. The single donut hose roll is used when the hose will be put into use directly from the rolled state. 

a. The hose has both couplings on the outside of the roll. 

b. The hose can be connected and extended by one fire fighter. 

c. As the hose is extended, it unrolls.

d. The single donut hose roll will be practiced in Skill Drill 16-11.

3. The twin donut hose roll is used primarily to make a small compact roll that can be carried.

a. The twin donut hose roll will be practiced in Skill Drill 16-12.

4. The self-locking twin donut hose roll is similar to the twin donut with the exception that it forms its own carry loop.
a. The self-locking twin donut hose roll will be practiced in Skill Drill 16-13.
VI. Fire Hose Evolutions
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Lecture/Discussion

A. Fire hose evolutions are standard methods of working with fire hose to accomplish different objectives in a variety of situations. 

1. Most fire departments set up their equipment and conduct regular training in order to be prepared to perform a set of standard hose evolutions. 

2. Every fire fighter should know how to perform all of the standard evolutions quickly and proficiently. 

3. Hose evolutions are divided into supply line operations and attack line operations. 

a. Supply line operations involve laying hose lines and making connections between a water supply source and an attack engine.

b. Attack line operations involve advancing hose lines from an attack engine to apply water onto the fire.

B. Supply Line Operations

1. The objective of laying a supply line is to deliver water from a hydrant or an alternative water source to an attack engine. 

a. In most cases, this involves laying a hose line with a moving vehicle or dropping a continuous line hose out of a bed as the vehicle moves forward. 

b. This can be done using either a forward lay or reverse lay. 

i. A forward lay starts at the hydrant and proceeds toward the fire; the hose is laid in the same direction as the water flows, from the hydrant to the fire. 

ii. A reverse lay involves laying the hose from the fire to the hydrant; the hose is laid in the opposite direction to the water flow. 

2. The forward hose lay is most often used by the first arriving engine company at the scene of a fire. 

a. This method allows the engine company to establish a water supply without assistance from an additional company. 

b. A forward lay also places the attack engine close to the fire, allowing access to additional hoses, tools, and equipment that are carried on the apparatus. 

c. A forward hose lay can be performed using medium diameter hose lines (2½" or 3" hose) or with large diameter hose (3½" and larger).

d. The larger the diameter of the hose, the more water can be delivered to the attack engine through a single supply line. 

e. When medium diameter hose is used and the beds are arranged to lay dual lines, a company can lay two parallel lines from the hydrant to the fire.

f. If the fire hydrant is close to the fire, it may supply a sufficient quantity of water from the hydrant alone. 

g. A 5" hose can supply 700 gallons of water per minute over a distance of 500' and lose only about 40 pounds of pressure due to friction loss.
h. The forward hose lay will be practiced in Skill Drill 16-14.
3. Some departments use a four-way hydrant valve to connect the supply line to the hydrant, so that the supply line can be charged with water immediately and still allow for a supply engine to connect into the line later.

a. When the four-way valve is placed on the hydrant, the water flows initially from the hydrant through the valve to the supply line, which delivers the water to the attack engine. 

b. The second engine can hook up to the four-way valve and redirect the flow by changing the position of the valve.

c. The water then flows from the hydrant to the supply engine. 

d. The supply engine boosts the pressure and discharges the water into the supply line, boosting the flow of water to the attack engine. 

e. This can be accomplished without uncoupling any lines or interrupting the flow.
f. Using a four-way valve will be practiced in Skill Drill 16-15.
4. The reverse hose lay is the opposite of the forward lay. 

a. In the reverse lay, the hose is laid out from the fire to the hydrant, in the direction opposite to the flow of the water. 

b. This evolution can be used when the attack engine arrives at the fire scene without a supply line. 

c. This could be a standard tactic in areas where there are sufficient hydrants available and additional companies that can assist in establishing a water supply will be arriving quickly. 

d. One of these companies will be assigned to lay a supply line from the attack engine to a hydrant.

e. In this case, the attack engine will focus on immediately attacking the fire using water from the on-board tank. 

f. The supply engine stops close to the attack engine and hose is pulled from the bed of the supply engine to an intake on the attack engine. 

g. The supply engine then drives to the hydrant (or alternative water source) and pumps water back to the attack engine. 

h. Usually the supply engine parks so that hose can be pulled from the supply engine to the inlet to the attack engine.

i. The reverse hose lay will be practiced in Skill Drill 16-16.

5. A split hose lay is performed by two engine companies in situations where hose must be laid in two different directions to establish a water supply. 

a. This evolution could be used when the attack engine has to approach a fire along a dead-end street with no hydrant or down a long driveway. 

b. To perform a split hose lay, the attack engine drops the end of its supply hose at the corner of the street and performs a forward lay toward the fire.

c. The supply engine stops at the intersection, pulls off enough hose to connect to the end of the supply line that is already there, and then performs a reverse lay to the hydrant or water source. 

d. When the two lines are connected together, the supply engine can provide water to the attack engine.

e. A split lay often requires coordination by two-way radio, because the attack engine must advise the supply engine of the plan and where the end of the supply line is being dropped.

f. The split hose lay will be practiced in Skill Drill 16-17.

C. Loading Supply Hose

1.  Hose can be loaded in several different manners, depending on the way the hose is planned to be laid out. 

2. The hose must be easily removable from the hose bed, without kinks or twists and without the possibility of becoming caught or tangled. 

3. The ideal hose load would be easy to load, avoid wear and tear on the hose, have few sharp bends, and allow the hose to play out of the hose bed smoothly and easily. 

4. There are three basic hose loads that are commonly used for supply line hose: the flat load, the horseshoe load, and the accordion load. 

5. Any one of these methods can be used to load hose for either a straight lay or for a reverse lay.

6. The flat hose load is the easiest to load and can be used for any size of hose, including large diameter hose. 

a. Because the hose is placed flat in the hose bed, it should lay out flat without twists or kinks. 

b. Wear and tear on the edges of the hose from the movement and vibration of the vehicle during travel are limited. 

c. The flat hose load will be practiced in Skill Drill 16-18.

7. The horseshoe hose load is accomplished by standing the hose on its edge and placing it around the perimeter of the hose bed in a U-shape.

a. At the completion of the first U-shape, the hose is folded inward to form another U in the opposite direction. 

b. This continues until a complete layer is filled; then another layer is started above the first. 

c. When the hose load is completed, the hose in each layer is in the shape of a horseshoe. 

d. A major advantage of the horseshoe load is that it contains fewer sharp bends than the other hose loads. 

e. The horseshoe load cannot be used for large diameter hose because the hose tends to fall over when it stands on edge. 

f. The horseshoe load causes more wear on the hose because the weight of the hose is supported by the edges. 

g. Also, when laying out a horseshoe load, the hose tends to lay out in a wave-like manner from one side of the street to the other.

h. The horseshoe hose load will be practiced in Skill Drill 16-19.

8. The accordion hose load is performed with the hose placed on its edge.

a. The hose is laid side-to-side in the hose bed. 

b. One advantage of the accordion load is that it is easy to load in the hose bed. 

c. One layer is loaded from left to right and then the next layer is loaded above it from left to right.

d. There are several disadvantages to the accordion hose load such as it creates sharp bends in the hose. 

e. Because of these bends, the hose should be reloaded on a regular basis. 

f. Because the hose is stacked on its side, there is more wear on the hose than with a flat load. 

g. The accordion hose load is not recommended for large diameter hose because large diameter hose tends to collapse when placed on its side.

h. The accordion hose load will be practiced in Skill Drill 16-20.

D. Connecting a Fire Department Engine to a Water Supply

1. When an engine is located at a hydrant, a supply hose must be used to deliver the water from the hydrant to the engine. 

2. In most cases, a soft sleeve (or soft suction hose) is used to connect directly to a hydrant. 

a. Attaching a soft suction hose to a hydrant will be practiced in Skill Drill 16-21.

3. Although it is not commonly done, this connection can also be made with a hard suction hose or with a short length of large diameter supply hose.

a. This can be a difficult task because the hard suction is heavy and has limited flexibility, so additional personnel will often be needed to lift and attach the hose. 

b. The apparatus must be carefully positioned to make this connection properly.

c. Attaching a hard suction hose to a hydrant will be practiced in Skill Drill 16-22.

E. Attack Line Evolutions

1. Attack lines are the hose lines used to deliver water from an attack engine to a nozzle, which actually discharges the water onto the fire. 

2. Any hose line that is used to discharge water onto the fire without going through another pump is defined as an attack line. 

3. Attack lines are usually stretched from an engine or an apparatus that is functioning as an attack engine to the fire. 

4. Most engines are equipped with preconnected attack lines, which provide a predetermined length of attack hose that is already equipped with a nozzle and connected to a pump discharge outlet. 

5. An additional supply of attack hose is usually carried in a hose bed that is not preconnected. 

6. The attack hose is loaded so that it can be quickly and easily deployed.

7. Preconnected hose lines are intended for immediate use as attack lines. 

8. A preconnected hose line has a predetermined length of hose with the nozzle already attached and is connected to a discharge outlet on the fire engine. 

9. The most commonly used attack lines are 1¾" hose, generally from 150' to 250' in length. 

10. Many engines are also equipped with a preconnected 2½" hose line for quick attack on larger fires.

11. Attack lines should be loaded in the hose bed so they can be quickly stretched from the attack engine to the fire.

a. The hose should not get tangled as it is being removed from the bed and advanced. 

b. Laying out the hose should not require multiple trips between the engine and the fire building and it should be easy to lay the hose around obstacles and corners. 

c. It should also be possible to repack the hose quickly and with minimal personnel. 

12. The three most common hose loads for preconnected attack lines are the minuteman load, the flat load, and the triple layer load.

a. Preparing the minuteman hose load will be practiced in Skill Drill 16-23.

b. Advancing the minuteman hose load will be practiced in Skill Drill 16-24.

c. Preparing the preconnected flat hose load will be practiced in Skill Drill 16-25.

d. Advancing the preconnected flat hose load will be practiced in Skill Drill 16-26.

e. Preparing the triple layer hose load will be practiced in Skill Drill 16-27.

f. Advancing the triple layer hose load will be practiced in Skill Drill 16-28.

13. In order to reach a fire that may be some distance from the engine, it may be necessary to first advance a larger diameter line, such as 2½" hose line, and then split it into two 1¾" attack lines. 

a. This is accomplished by attaching a gated wye or a water thief to the end of the 2½" line and then attaching the two attack lines to the gated outlets.

b. Unloading and advancing wyed lines will be practiced in Skill Drill 16-29.

F. Hose Carries and Advances

1. The best technique for carrying and advancing a hose will depend on the size of the hose, the distance it must be moved, and the number of fire fighters available to perform the task. 

2. The same techniques can be used for supply lines or attack lines.

3. Whenever possible, a hose line should be laid out and positioned as close as possible to the location where it will be operated before it is charged with water. 

4. A charged line is much heavier and more difficult to maneuver than a dry hose line. 

5. A suitable amount of extra hose should be available to allow for maneuvering and advancement after the line is charged.

6. The working hose drag technique is used to deploy hose from a hose bed and advance the line a relatively short distance to the desired location.

a. Depending on the size and length of the hose, several fire fighters may be required to perform this task.

b. The working hose drag will be practiced in Skill Drill 16-30.

7. The shoulder carry is used to transport full lengths of hose over a longer distance than it is practical to drag the hose. 

a. The shoulder carry is also useful when a hose line has to be advanced around obstructions. 

b. This technique could also be employed to stretch an additional supply line to an attack engine in a location where the hose cannot be laid out by another engine.

c. This technique requires practice and good teamwork in order to be successful. 

d. Performing a shoulder carry will be practiced in Skill Drill 16-31.

e. Advancing an accordion load using a shoulder carry will be practiced in Skill Drill 16-32.

8. In order to attack an interior fire, an attack line is usually advanced in two stages. 

a. The first stage involves laying out the hose to the building entrance.

b. The second stage is to advance the line into the building to the location where it will be operated.

9. When the attack line has been laid out to the entry point, the extra hose that will be advanced into the building should be flaked out in a serpentine pattern so that it will not become tangled when it is charged. 

10. You should make sure you flake out the hose BEFORE it is charged with water. 

11. Once the hose is ready, prepare to enter the building.

a. Signal the driver/operator to charge the line.

b. Open the nozzle slowly to bleed out any trapped air and to make sure the hose is operating properly. 

c. If you are using an adjustable nozzle, make sure the nozzle is set to deliver the appropriate stream. 

d. Once this is done, slowly close the nozzle. 

e. This is the time to don your SCBA mask and protective hood and get ready for action.

f. Place your helmet on your head and secure the chinstrap. 

g. Quickly recheck all parts of your personal protective clothing. 

h. Make sure your coat is fastened and your collar is turned up and fastened in front. 

i. Check your gloves and be sure you have a hand light. 

j. Check your partner’s equipment and have your partner check your equipment. 

k. If you have time, catch your breath while you are breathing ambient air. 

l. Be ready to start breathing air from your SCBA and to advance the charged hose line as soon as your officer directs you.

m. When you are given the command to advance the hose, keep safety as your number one priority. 

n. Make sure the other members of the nozzle team are ready. 

o. Do not stand in front of the door as it is opened. 

p. As you move inside, stay low to avoid the greatest amount of heat and smoke. 

q. If you cannot see because of the dense smoke, use your hands to feel the pathway in front of you. 

r. Feel in front of you so you do not fall into a hole or opening. 

s. Look for the glow of fire, and check for the sensation of heat coming through your face piece. 

t. Communicate with the other members of the nozzle team as you advance. 

u. A good hose line crew consists of at least two members at the nozzle and a third member outside the door. 

i. As resistance is encountered in advancing the line, the second fire fighter at the nozzle can help to pull more hose, while the fire fighter at the door is responsible for feeding more hose into the building. 

ii. If necessary, the second fire fighter can retrace the hose back to relieve an obstruction that prevents the hose from advancing. 

12. When advancing a hose line up stairs, arrange an adequate amount of extra hose close to the bottom of the stairs. 

a. Make sure all members of the team are ready to move on command. 

b. It is hard to move a charged hose line up a set of stairs while flowing water through the nozzle. 

c. Shutting down the hose line while moving up the stairs will often allow you to get to the top of the stairs more quickly and safely.

d. Advancing an uncharged hose line up a stairway will be practiced in Skill Drill 16-33.

13. Advancing a charged hose line down a stairway is also difficult. 

a. Get down the stairway and position below the heat and smoke as quickly as possible. 

b. Keep as low as possible to avoid the worst of the heat and smoke. 

c. Gravity is working to bring the hose line down the stairs. 

d. Never advance towards a fire unless your hose line is charged and ready to flow water.

e. If you try to crawl down a stairway headfirst, you are likely to find yourself tumbling head over heels. 

f. Move down the stairway feet first, using your feet to feel for the next step. 

g. Move carefully, but as quickly as possible to get below the worst of the heat and smoke.

h. Advancing a hose line down a stairway will be practiced in Skill Drill 16-34.

14. If a hose line has to be advanced up a ladder, this should be done before the line is charged. 

a. Additional fire fighters should pick up the hose about every twenty-five feet and help to advance it up the ladder. 

b. The nozzle is passed over the top rung of the ladder and into the fire building. 

c. Additional hose should be fed up the ladder until sufficient hose is inside the building to reach the fire. 

d. The hose should be secured to the ladder with a hose strap to keep it from becoming dislodged.

e. Advancing a hose line up a ladder will be practiced in Skill Drill 16-35.

15. A hose stream can be operated from a ladder and directed into a building through a window or other opening.

a. Operating a fire hose from a ladder will be practiced in Skill Drill 16-36.

16. There are two basic ways to extend a hose line. 

a. The first way is to disconnect the hose from the discharge gate on the attack engine and add the extra hose at that location. 

i. This requires advancing the full length of the attack line to take advantage of the extra hose, which could take time and considerable effort. 

b. The alternative is to add the hose to the discharge end of the hose. 

i. This can be done easily if the nozzle is a breakaway type that can be separated between the shut-off and the tip. 

ii. A standpipe kit can be used to supply the added section of hose.

G. Connecting Hose Lines To Standpipe and Sprinkler Systems

1. Fire department connections on buildings are provided so that the fire department can pump water into a standpipe or sprinkler system. 

2. A hose line that is used to deliver water to a fire department connection is an attack line by definition, because it is connected to the discharge side of the attack engine. 

3. Standpipe systems are used to provide a water supply for attack lines that will be operated inside the building. 

a. Outlets are provided inside the building where fire fighters can connect attack lines. 

4. There are two types of standpipe systems. 

a. A dry standpipe system depends on the fire department to provide all of the water. 

b. A wet standpipe system has a built-in water supply, but the fire department connection is provided to deliver a higher flow or to boost the pressure. 

5. The fire department connection for a sprinkler system is also used to supplement the normal water supply. 

a. As a guideline, sprinkler systems should be fed at 150 psi unless there is more specific information available.

b. Connecting a hose line to supply a fire department connection will be practiced in Skill Drill 16-37.

6. The standpipe outlets inside a building are provided for fire fighters to connect attack hose lines.

7. The standpipe outlets are often located in stairways and standard operating procedures generally require attack lines to be connected to an outlet one floor below the fire. 

a. Before opening the door, it is important to properly flake out the hose line so it will be ready to advance into the fire floor. 

b. Before charging the hose line, the hose should be flaked out on the stairs going up from the fire floor. 

c. When the hose line is charged and advanced into the fire floor, gravity will help to move the line forward. 

d. Connecting and advancing an attack line from a standpipe outlet will be practiced in Skill Drill 16-38.

H. Replacing a Defective Section of Hose

1. Every fire fighter should know how to quickly replace a length of defective hose and restore the flow.

2. A burst hose line should be shut down as soon as possible. 

3. If the line cannot be shut down at the pump or at a control valve, a hose clamp can be used to stop the flow in an undamaged section of hose upstream from the problem. 

4. After the water flow has been shut off, quickly remove the damaged section of hose and replace it with two sections of hose. 

5. Using two sections of hose will ensure that the replacement hose is long enough to replace the damaged section.

6. Replacing a hose section will be practiced in Skill Drill 16-39.

I. In order to put the hose back into service, the hose must be drained of water.

1. Draining a hose will be practiced in Skill Drill 16-40.

J. There are times other than a fire when you will need to unload the hose from an engine. 

1. Hose should be unloaded and reloaded on a regular basis to place the bends in different portions of the hose. 

2. Leaving bends in the same locations for long periods of time is likely to cause weakened areas. 

VII. Nozzles


Time: 45 Minutes


Slides: 68-77


Lecture/Discussion

A. Nozzles are attached to the discharge end of attack lines to give fire streams shape and direction. 

B. Nozzles can be classified into three groups. 

1. Low volume nozzles flow 40 gallons per minute or less. 

2. Handline nozzles are used on hose lines ranging from 1½" to 2½" in diameter and usually flow between 60 and 350 gallons per minute. 

3. Master stream nozzles are used on deck guns, portable monitors, and ladder pipes that flow more than 350 gallons per minute.

C. The nozzle shut-off enables a person at the nozzle to start or stop the flow of water. 

1. The most common nozzle shut-off mechanism is a quarter-turn valve. 

2. The handle that controls this valve is called a bale. 

3. Some nozzles incorporate a rotary control valve operated by rotating the nozzle in one direction to open and the opposite direction to shut off the flow of water.

D. Two different types of nozzles are manufactured for the fire service. 

1. Smooth bore nozzles produce a solid column of water. 

2. Fog stream nozzles separate the water into droplets. 

E. Nozzles must have an adequate volume of water and an adequate pressure in order to produce a good fire stream.

F. The simplest smooth bore nozzle consists of a shut-off valve and a smooth bore tip that gradually decreases the diameter of the stream to a size smaller than the hose diameter. 

1. Smooth bore nozzles are manufactured to fit both handlines and master stream devices. 

2. Stacked tips allow different sizes of streams to be produced under different conditions. 

3. A good smooth bore has a longer reach than a combination fog nozzle operating at a straight stream setting. 

4. A smooth bore is capable of deeper penetration into burning materials, resulting in quicker knock-down and extinguishment. 

5. Smooth bore nozzles also operate at lower pressures than adjustable stream nozzles. 

a. Most smooth bore nozzles are designed to operate at 50 psi, while adjustable stream nozzles generally require 75 to 100 psi. 

b. Lower nozzle pressure makes it easier for a fire fighter to handle the nozzle.

6. A straight stream extinguishes a fire with less air movement and less disturbance of the thermal layering than a fog stream.

7. Smooth bore nozzles do not absorb heat as readily as fog streams and are not as effective for hydraulic ventilation. 

8. You cannot change the setting of a smooth bore nozzle to produce a fog pattern; however, a fog nozzle can be set to produce a straight stream.

9. Operating a smooth bore nozzle will be practiced in Skill Drill 16-41.

G. Fog stream nozzles produce fine droplets of water. 

1. Fog nozzles can produce a variety of stream patterns from a straight stream to narrow a fog cone of less than 45º to a wide-angle fog pattern that is close to 90º. 

2. The straight stream from a fog stream nozzle will break up faster and will not have the reach of a solid stream. 

3. Fog streams are effective at absorbing heat and can be used to create a water curtain to protect fire fighters from extreme heat.

4. A fog stream can be used to exhaust smoke and gases through hydraulic ventilation.

5. Fog nozzles move large volumes of air along with the water.

a. Can result in a sudden heat inversion that pushes hot steam and gases onto fire fighters.

b. If used incorrectly, it can push fire into unaffected areas.

6. In order to produce an effective stream, nozzles must be operated at the pressure recommended by the manufacturer. 

a. For many years, the standard operating pressure for fog stream nozzles was 100 psi. 

b. In recent years, some manufacturers have produced low-pressure nozzles that are designed to operate at 50 psi or 75 psi. 

7. Operating a fog nozzle will be practiced in Skill Drill 16-42.

8. There are three types of fog stream nozzles. 

a. A fixed gallonage fog nozzle will deliver a preset flow in gpm at the rated discharge pressure. 

b. An adjustable gallonage fog nozzle allows the operator to select a desired flow from several settings. 

i. This is done by rotating a selector bezel to adjust the size of the opening. 

ii. Once the setting is chosen the nozzle will only deliver the rated flow as long as the rated pressure is provided at the nozzle.

c. An automatic adjusting fog nozzle can deliver a wide range of flows.

i. The amount of water flowing through the nozzle is adjusted to maintain the rated pressure and produce a good stream. 

ii. A typical automatic nozzle could have an operating range of 90 to 225 gpm while maintaining 100 psi discharge pressure.

H. There are other types of nozzles that are used for special purposes.

1. Piercing nozzles are used to make a hole in automobile sheet metal, aircraft, or building walls, in order to extinguish fires behind these surfaces. 

2. Cellar nozzles and Bresnan distributor nozzles are used to fight fires in cellars and other inaccessible places. 

a. These nozzles discharge water in a wide circular pattern as the nozzle is lowered vertically through a hole into the cellar. 

b. They work like a large sprinkler head. 

3. Water curtain nozzles are used to deliver a flat screen of water to form protective sheet of water on the surface of an exposed building.

I. Nozzles should be inspected on a regular basis. 

1. A nozzle should be checked after each use before being placed back on the apparatus. 

2. They should be kept clean and clear of debris. 

3. A light grease on the valve ball will keep it operating smoothly.

4. On fog nozzles, make sure all fingers are present and the finger ring can spin freely.

VIII. Foam
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Lecture/Discussion

A. Firefighting foam can be used to fight several different types of fires and also to prevent the ignition of materials that could become involved in a fire. 

B. Foams also have been developed for use in neutralizing hazardous materials and decontamination. 

C. Firefighting foam is produced by mixing foam concentrate with water and air to produce a solution that can be used as an effective extinguishing agent.

D. There are several different types of foam used for fires involving different types of fuels. 

1. Each type of foam requires the appropriate type of concentrate, the proper equipment to mix the concentrate with water in the required proportions, and the proper application equipment and techniques. 

2. It is particularly important to learn where and when to use each type of foam that is available in your department.

E. The basic classifications of firefighting foams are either Class A or Class B.

1. Class A foam is used to fight fires involving ordinary combustible materials, such as wood, paper, and textiles. 

a. It is effective on organic materials such as hay and straw. 

b. Class A foam is particularly useful for protecting buildings in rural areas during forest and brush fires when the supply of water is limited.

c. Class A foam increases the effectiveness of water as an extinguishing agent by reducing the surface tension of water. 

d. This allows the water to penetrate dense materials instead of running off the surface and allows more heat to be absorbed. 

e. The foam also keeps water in contact with unburned fuel to prevent ignition.

2. Class B foam is used to fight Class B fires—flammable and combustible liquids. 

a. There are several different types of Class B foam that are formulated to be effective on different types of flammable liquids. 

b. Some liquids are incompatible with different foam formulations and will destroy the foam before the foam can control the fire.

c. In a flammable liquid fire, only the flammable vapors that are evaporating from the surface of the liquid and mixing with air can burn. 

d. Foam extinguishes flammable liquid fires by separating the fuel from the fire. 

e. Once a foam blanket has been applied, it must NOT be disturbed. 

f. If the foam blanket is disturbed by wind, by someone walking through the liquid, or by hose streams breaking up the foam blanket, flammable vapors will be released and could be easily reignited.

g. When using foam to extinguish a flammable liquid fire, it is critically important to apply enough foam to fully cover the liquid surface. 

h. Class B foam can also be applied to a spill of flammable liquid product to prevent a fire. 

i. It is important to use the proper foam for the situation that is encountered.

F. Foam concentrate is the product that is mixed with water in different ratios to produce foam solution. 

1. Class A foams are usually formulated to be mixed with water in ratios from 0.1% (1 gallon of concentrate to 999 gallons of water) to 1.0% (1 gallon of concentrate to 99 gallons of water). 

a. The end product can be produced with different properties by varying the percentage of foam concentrate in the mixture and the application method. 

a. It is possible to produce “wet” foam that will have good penetrating properties or “stiff” foam that is more effective for applying a protective layer of foam onto a building.

7. Most Class B foam concentrates are designed to be used in strengths of either 3% or 6%. 

a. The compatibility of foam agents with other extinguishing agents needs to be considered. 

b. It is important not to mix different types of foam concentrate or even different brands of the same type unless they are known to be compatible. 

c. Some constituents in Class B foam concentrates that have been widely used in the past are being phased out due to environmental concerns.

d. Newer concentrates have been developed that are equally effective without the undesirable properties.

8. There are four major categories of Class B foam concentrate.

a. Protein foams are made from animal byproducts.

i. They are effective on Class B hydrocarbon fires and are applied in 3% or 6% delivery rates.

b. Fluoroprotein foams are made from the same base materials as protein foam along with fluorochemical surfactant additives. 

i. The additives allow this foam to produce a fast-spreading membrane across the surface of a flammable liquid and provide a greater ability to seal against the edges of a tank or objects that penetrate the surface.

c. Aqueous film forming foam (AFFF) is a synthetic-based foam that is particularly suitable for spill fires involving gasoline and light hydrocarbon fuels. 

i. It can form a seal across a surface quickly and has excellent vapor suppression capabilities.

d. Alcohol-resistant foam has properties that are similar to AFFF; however, it is formulated so that alcohols and other polar solvents will not dissolve the foam.

G. Foam equipment includes the proportioning equipment used to mix foam concentrate and water to produce foam solution, as well as the nozzles and other devices that are used to apply the foam. 

1. There are many different types of proportioning and application systems.

2. Structural firefighting apparatus can also be designed with built-in foam proportioning systems and on-board tanks of foam concentrate to provide greater capabilities. 

3. A foam proportioner is the device that mixes the foam concentrate into the fire stream in the proper percentage. 

a. There are two types of proportioners, eductors, or injectors, in a wide range of sizes and capacities.

4. A foam eductor uses a venturi effect to draw foam concentrate from a container or storage tank into a moving stream of water. 

a. An eductor can be built into the plumbing of an engine or a portable eductor can be inserted in an attack hose line. 

b. A foam eductor is usually designed to work at a predetermined pressure and flow rate. 

c. A metering valve can be adjusted to set the percentage of foam concentrate that is educted into the stream.

d. The most common type of portable in-line eductor used by fire departments is sized to work with a 1½" attack line.

5. Foam injectors add the foam concentrate to the water stream under pressure. 

a. Most injector proportioning systems will work across a range of flow rates and pressures. 

b. A metering system measures the flow rate and pressure of the water and adjusts the injector to add the proper amount of foam concentrate. 

c. This type of system is often installed on special foam apparatus.

d. Placing a foam line in service will be practiced in Skill Drill 16-43.

6. Foam concentrate can be poured directly into an apparatus booster tank to produce foam solution. This technique is called batch mixing. 

a. If the booster tank has a capacity of 500 gallons, 15 gallons of 3% foam concentrate should be added. 

b. If 6% foam concentrate is used, 30 gallons of foam concentrate should be added to the booster tank. 

c. It may be necessary to drain sufficient water from the tank first to make room for the foam concentrate. 

d. After the concentrate has been added, the solution should be mixed by circulating the water through the pump before it is discharged. 

7. Premixed foam is commonly used in 2 ½-gallon portable fire extinguishers. 

a. Foam fire extinguishers are filled with premixed foam solution and pressurized with compressed air or nitrogen. 

b. Some vehicles are equipped with a large tank holding 50 or 100 gallons of premixed foam, which operate in the same manner.

8. Foam can be applied to a fire or spill through portable extinguishers, hand lines, or master stream devices, or a variety of fixed systems for special applications.

a. Foam can be applied with a wide range of expansion rates, depending on the amount of air that is mixed into stream and the size of the bubbles that are produced. 

b. Low expansion foam has little entrained air and a small bubble structure. 

i. Often produced with standard adjustable fog nozzles. 

ii. Air is entrained by the flowing stream and mixed into the foam solution. 

iii. Often used to apply AFFF or Class A foam.

c. Medium expansion foam is produced with special aerating nozzles that are designed to introduce more air into the stream and produce a consistent bubble structure (aeration). 

i. Generally used with protein and fluoroprotein foams to produce a thicker blanket of foam. 

ii. Recommended for use with alcohol resistant foams to produce a thicker foam blanket.

d. High expansion foam has a much greater proportion of air and large bubbles. 

i. Uses a high-ex foam generator to introduce large quantities of air into the discharge stream. 

ii. Sometimes used in automatic systems that are designed to completely fill a large space with foam. 

e. Compressed air foam systems (CAFS) inject the air into the stream of foam solution under pressure and discharge a mixture of foam solution and compressed air through the nozzle. 

i. Expands quickly as it is released from the nozzle to produce a bubbly product. 

ii. Usually applied through a straight tip (solid bore) nozzle.

H. When applying foam from a handline, the correct application techniques must be used to produce the desired quality of foam and successfully blanket the surface of a burning liquid or spill. 

1. The sweep (or roll-on) method should only be used on a pool of flammable product that is on open ground. 

a. The sweep method of applying foam will be practiced in Skill Drill 16-44.

2. The bankshot (or bank down) method is used at fires where there is an object that can be used to deflect the foam stream and let it flow down onto the burning surface. 

a. The bankshot method will be practiced in Skill Drill 16-45.

3. The rain-down application method is performed by lifting the foam stream into the air above the fire and letting it fall down gently onto the surface.

a. The rain-down method will be practiced in Skill Drill 16-46.

I. When attempting to use foam to extinguish a flammable liquid fire, it is critically important to be sure that enough foam concentrate is available to complete the job. 

1. If the flow of foam has to be interrupted while additional foam supplies are obtained, the fire will destroy the foam that has already been applied.

2. It is best to wait until an adequate supply of foam concentrate is on hand than to waste the limited supply that is immediately available.

3. There are specific formulas provided by the foam manufacturers to calculate how much foam is required to extinguish fires of a certain size.

4. Most fire departments have contingency plans to deliver quantities of foam to the scene of a major incident. 

5. The manufacturers of foam products also have emergency programs to deliver large quantities of foam to the scene of exceptionally large scale incidents. 

J. Some fire departments operate apparatus that is specifically designed to produce and apply foam. 

1. The most common examples are used at airports for aircraft rescue and firefighting (ARFF). 

2. These are large vehicles that carry the foam concentrate and water on board and are designed to quickly apply large quantities of foam to a flammable liquids fire. 

3. Remote control monitors can be used to apply foam while the vehicle is in motion.

IX. Summary
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Lecture/Discussion

A. Fire hydraulics deals with properties of energy, pressure, and water flow as related to fire suppression.

B. Fire hose varies in size and construction.

C. Hoses are connected with couplings.

D. Attack hose is used to discharge water from an engine onto the fire.

E. Supply hose is used to deliver water to an attack engine.

F. To ensure proper functioning, fire hose must have routine care and maintenance.

G. A hose appliance is any device used in conjunction with a fire hose for the purpose of delivering water.

H. There are a variety of hose rolls that may be used.

I. Fire hose evolutions are standard methods of working with fire hose to accomplish different objectives in a variety of situations.

1. Supply line is designed to deliver water from a hydrant or alternate water source to an attack engine.

2. Attack line evolutions are used to deliver water from an attack engine to a nozzle, which actually discharges water onto the fire.

K. Nozzles are attached to the discharge end of attack lines to give fire streams shape and direction.

L. Firefighting foams can be used to fight several different types of fires and also to prevent ignition of materials that could become involved in the fire.

X. Skill Drills


Time: 690 Minutes


Demonstration/Group Activity
Remember to maintain an adequate instructor to student ratio.

Purpose

Following instructor-facilitated demonstrations, this activity allows students to observe and demonstrate competency in the use of fire hose, nozzles, streams, and foam.

Materials Needed

1. Swivel gaskets

2. Various quantities of 1 ½”, 1 ¾”, 2 ½”, and supply hose

3. Fire hydrant

4. Engine

5. Set of stairs

6. Spanner wrenches

7. Ladder(s)

8. Fire department connection

9. Smooth bore nozzles

10. Fog nozzles

11. Foam eductor system and nozzle

12. Foam concentrate

Instructor Directions

1. Demonstrate each skill, placing emphasis on describing to the students any critical points or procedures.

2. On the basis of the specific skill, assign each student to a partner or team. Provide each partner/team with equipment or materials as needed.

3. Direct students to practice each skill. Closely monitor the practice sessions and provide constructive comments and redirecting.

4. As individual students achieve success, track their skills and conduct skill proficiency exams using the Skill Drill Evaluation Sheets located on the Instructor’s Resource CD-ROM. Students failing the exam should be given redirection and an opportunity to practice before being retested.

Skills

A. Replacing the Swivel Gasket (Skill Drill 16-1)

B. Performing the One-Fire Fighter Foot-Tilt Method of Coupling a Fire Hose (Skill Drill 16-2)

C. Performing the Two-Fire Fighter Method of Coupling a Fire Hose (Skill Drill 16-3)

D. Performing the One-Fire Fighter Knee-Press Method of Uncoupling a Fire Hose (Skill Drill 16-4)

E. Performing the Two-Fire Fighter Stiff-Arm Method (Skill Drill 16-5)

F. Uncoupling Hose with Spanners (Skill Drill 16-6)

G. Connecting Lines with Damaged Couplings (Skill Drill 16-7)

H. Cleaning and Maintaining Hoses (Skill Drill 16-8)

I. Marking a Defective Hose (Skill Drill 16-9)

J. Rolling a Straight Roll (Skill Drill 16-10)

K. Performing a Single Donut Roll (Skill Drill 16-11)

L. Twin Donut Roll (Skill Drill 16-12)

M. Performing a Self-Locking Twin Donut (Skill Drill 16-13)

N. Forward Hose Lay (Skill Drill 16-14)

O. Using a Four-Way Valve (Skill Drill 16-15)

P. Reverse Hose Lay (Skill Drill 16-16)

Q. Split Hose Lay (Skill Drill 16-17)

R. Performing a Flat Hose Load (Skill Drill 16-18)

S. Performing a Horseshoe Hose Load (Skill Drill 16-19)

T. Performing an Accordion Hose Load (Skill Drill 16-20)

U. Attaching a Soft Suction Hose to a Fire Hydrant (Skill Drill 16-21)

V. Attaching a Hard Suction Hose to a Fire Hydrant (Skill Drill 16-22)

W. Loading a Minuteman Hose Load (Skill Drill 16-23)

X. Advancing the Minuteman Hose Load (Skill Drill 16-24)

Y. Loading the Preconnected Flat Load (Skill 16-25)

Z. Advancing the Preconnected Flat Hose Load (Skill Drill 16-26)

AA. Loading the Triple Layer Hose Load (Skill Drill 16-27)

AB. Advancing the Triple Layer Hose Load (16-28)

AC. Unload and Advance the Wyes Lines (Skill Drill 16-29)

AD. Performing a Working Hose Drag (Skill Drill 16-30)

AE. Performing a Shoulder Carry (Skill Drill 16-31)

AF. Advancing an Accordion Load (Skill Drill 16-32)

AG. Advancing a Hose Line Up a Stairway (Skill Drill 16-33)

AH. Advancing a Hose Line Down a Stairway (Skill Drill 16-34)

AI. Advancing a Hose Line up a Ladder (Skill Drill 16-35)

AJ. Operating a Hose Stream From a Ladder (Skill Drill 16-36)

AK. Connecting a Hose Line to a Fire Department Connection (Skill Drill 16-37)

AL. Connecting and Advancing an Attack Line from a Standpipe Outlet (Skill Drill 16-38)

AM. Replacing a Defective Hose Section (Skill Drill 16-39)

AN. Drain Hose and Carry (Skill Drill 16-40)

AO. Operating a Smooth Bore Nozzle (Skill Drill 16-41)

AP. Operating a Fog Nozzle (Skill Drill 16-42)

AQ. Placing a Foam Line in Service (Skill Drill 16-43)

AR. Performing the Sweep Method of Applying Foam (Skill Drill 16-44)

AS. Performing the Bankshot Method of Applying Foam (Skill Drill 16-45)

AT. Performing the Rain-Down Method of Applying Foam (Skill Drill 16-46)

Post-Lecture

I. Wrap-Up Activities


Time: 40 Minutes


Small Group Activity/Individual Activity/Discussion

A. Fire Fighter in Action 

This activity is designed to assist the student in gaining a further understanding of fire hose, nozzles, streams, and foam. The activity incorporates both critical thinking and the application of fire fighter knowledge.
Purpose

This activity allows students an opportunity to analyze a firefighting scenario and develop responses to critical thinking questions.

Instructor Directions

1. Direct students to read the “Fire Fighter in Action” scenario located in the Wrap-Up section at the end of Chapter 16.

2. Direct students to read and individually answer the quiz questions at the end of the scenario. Allow approximately 10 minutes for this part of the activity. Facilitate a class review and dialogue of the answers, allowing students to correct responses as needed.  Use the answers noted below to assist in building this review. Allow approximately 10 minutes for this part of the activity.

3. You may also assign these as individual activities and ask students to turn in their comments on a separate piece of paper.

Answers to Multiple Choice Questions

1. Answer A: A forward lay starts at the hydrant and proceeds toward the fire; the hose is laid in the same direction as the water flows, from the hydrant to the fire. A forward lay also places the attack engine close to the fire, allowing access to additional hoses, tools, and equipment that are carried on the apparatus.

2. Answer C: A ground monitor can be removed from the apparatus and placed on the ground. When it is placed on the ground, the water can be supplied by multiple 2½" or larger hose lines connected to the Siamese connection on the ground monitor.
3. Answer B: A wye is a device that splits one hose stream into two hose streams. The word wye refers to a Y-shaped part or object. When threaded couplings are used, a wye has one female connection and two male connections. The wye that is most commonly used in the fire service splits one 2½" hose line into two 1½" hose lines. A gated wye is equipped with two-quarter turn ball valves so that the flow of water to each of the split lines can be controlled independently.
4. Answer D: The flat hose load is the easiest to load and can be used for any size of hose, including large diameter hose. Because the hose is placed flat in the hose bed, it should lay out flat without twists or kinks. The horseshoe and accordion loads are not recommended for large diameter hose.
B. Technology Resources

This activity requires students to have access to the Internet. This may be accomplished through personal access, employer access, or through a local educational institution. Some community colleges, universities, or adult education centers may have classrooms with Internet capability that will allow for this activity to be completed in class. Check out local access points and encourage students to complete this activity as part of their ongoing reinforcement of firefighting knowledge and skills.

Purpose

To provide students an opportunity to reinforce chapter material through use of online Internet activities.

Instructor Directions

1. Use the Internet and go to www.FireFighter.jbpub.com. Follow the directions on the web site to access the exercises for Chapter 16.

2. Review the chapter activities and take note of desired or correct student responses.

3. As time allows, conduct an in-class review of the Internet activities and provide feedback to students as needed.

4. Be sure to check the web site before assigning these activities, as specific chapter-related activities may change from time to time.

II. Lesson Review


Time: 15 Minutes

          Discussion


Note: Facilitate the review of this lesson’s major topics using the review questions as direct questions or overhead transparencies. Answers are found throughout this lesson plan.
A. How is fire hose constructed?

B. Explain the differences between attack and supply hose.

C. Why is it important to clean fire hose?

D. What are three methods of rolling hose?

E. What is the most common method of loading supply hose?

F. Which supply hose loads cause the greatest wear on the edges of the hose?

G. When is a reverse lay used?

H. What advantage does a split hose load have?

I. What is the difference between advancing hose upstairs from downstairs?

J. What is the simplest method of moving a hose a short distance?

K. What advantages do smooth bore nozzles have over fog nozzles?

L. What advantages do fog nozzles have over smooth bore nozzles?

M. How does foam work?

N. Why are there multiple types of class B foam?

O. What are the methods of applying foam?

III. Assignments


Time: 5 Minutes


Lecture

A. Advise students to review materials for a quiz (determine date/time)

B. Direct students to read the next chapter in Fundamentals of Fire Fighter Skills as listed in your syllabus (or reading assignment sheet) to prepare for the next class session.
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