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Apparatus Operator - Pump

The Department of State recognizes that providing training for paid and volunteer firefighters and
related officials is an important part of the services it makes available. Our Office of Fire Prevention
and Control (OFPC) places a very high priority on training because we believe it is essential for
the men and women of the fire and emergency services in New York State.

The Office of Fire Prevention and Control's programs include the most complete progression of
training available today -- beginning with probationary firefighters and extending the full length
of a firefighter's career with the fire service. While our training programs address specific fire and
arson prevention and control issues, we also encourage expansion and improvement of local training
facilities and programs in cooperation with fire companies, municipal corporations and districts.

Apparatus Operator - Pump course provides information and skills essential to pump operation.
Based on objectives from the National Fire Protection Association (NFPA), Fire Apparatus Driver/
Operator standard, this course includes the topics of pump operator responsibilities, hydraulics and
friction loss, pump controls and accessories, fire streams, pumper practices, pumping from draft
and pressurized source evolutions, including using the fire pump at the hydrant. Demonstrations
and practice sessions are included.

Your comments and suggestions about this student manual, our training classes or any OFPC
program are always welcome. Your input will help us build on our successes and make needed
changes, when appropriate.

On behalf of the citizens you serve, we want you to know that your participation and commitment
are greatly appreciated.

41 State Street, Albany, NY 12231-0001

phone: (518) 474-6746 + fax: (518)474-3240 + e-mail: fire@dos.state.nyus +  web: www.dos.state.ny.us/fire/firewww.html







Training Policy-Firefighter Safety Training

Required by the Public Employees Safety and Health Act

Date of Issue: 07/01/03

An evaluation of the Office of Fire Prevention and Control's Outreach Training Programs was conducted by the
New York State Department of Labor to determine what course components meet the initial fifteen hour and
annual eight-hour safety training required for firefighters under the Public Employees Safety and Health Act. This
listing provides the approved time for each subject area of the designated courses. Students completing the listed
courses should receive credit as listed below:

Based on OSHA Safety Training Requirements
CFR 1910.156 & CFR 1910.134

COURSE # COURSE TITLE SUBJECT AREA TIME

1F Truck Company Operations General Hazard Recognition 60 min.
Fire Scene Safety 60 min.
Tool and Equipment Safety 60 min.
Total 180 min.
03 Fire Behavior and Arson Awareness General Hazard Recognition 60 min.
06 Ladder Company Operations General Hazard Recognition 30 min.
Fire Scene Safety 30 min.
Tool and Equipment Safety 30 min.
Total 90 min.
23 Commanding the Initial Response Fire Scene Safety 30 min.
1Y Apparatus Operator — Response Safety 60 min.
Emergency Vehicle Operation Fire Scene Safety 30 min.
Tool and Equipment Safety 60 min.
Total 150 min.
27 Mask Confidence SCBA 120 min.
Recent Developments in Fire 60 min.

Safety
180 min.

Total

29 Incident Command System General Hazard Recognition 30 min.
Response Safety 15 min.
Fire Scene Safety 45 min.
Total 90 min.
35 Confined Space Awareness and Safety General Hazard Recognition 15 min.
Response Safety 15 min.
Fire Scene Safety 45 min.
Protective Clothing 30 min.
SCBA 15 min.
Total 120 min.




38 Water Supply Operations General Hazard Recognition 15 min.
Response Safety 30 min.
Fire Scene Safety 45 min.
Protective Clothing 15 min.
Tool and Equipment Safety 30 min.
Total 135 min.

45 Introduction to Fire Officer General Hazard Recognition 30 min.
Fire Station 30 min.
Response Safety 30 min.
Fire Scene Safety 60 min.
Protective Clothing 30 min.
Total 180 min.

47 Rescue Technician — Basic General Hazard Recognition 30 min.
Fire Scene Safety 30 min.
Protective Clothing 15 min.
Tool and Equipment Safety 60 min.
Total 135 min.

78 Apparatus Operator — Pump Response Safety 30 min.
Fire Scene Safety 30 min.
Tool and Equipment Safety 30 min.
Total 90 min.

91 Basic Firefighter Subject matter in Basic Firefighter
exceeds both the fifteen-hour initial
and the eight-hour refresher safety
training requirements.

92 Intermediate Firefighter Subject matter in Intermediate
Firefighter exceeds both the fifteen-
hour initial and the eight-hour
refresher safety training
requirements.

93 Advanced Firefighter Subject matter in Advanced
Firefighter exceeds the eight-hour
refresher safety training
requirements.

80 To be determined at the local level

81 after the content of the presentation

Refresher Courses
82 has been evaluated.

83
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Course Qverview

Eight 3-hour sessions with knowledge and skills

evaluations

Course Title

Apparatus Operator — Pump

Course Number

78

Course Hours 24
Course Units 8
Minimum # of Students 8
Maximum # of Students 16*

* No exceptions — To ensure student and instructor safety.

Mandatory Second Instructor authorized for Units 5, 6, 7, and 8

Six hours of administration time is authorized as
Four hours to lead instructor
Two hours to second instructor

follows:

It is strongly recommend that both instructors meet and review the available equipment before the class

begins

Course Prerequisites

All students must have completed SSO, Basic FF, or Essentials of Firefighting.

All students must have completed an authorized Emergency Vehicle Operators Course

e Course 1Y AO-EVO

o Course 26 NYS EVOC
e ESIP

e VFIS

e Utica National

Apparatus Operator-Pump
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Unit Topics

Unit 1 EVOC Review and Pumper Classification
Introduction

Lesson 1 - EVOC Review

Lesson 2 — Fire Apparatus Classification and Typing
Unit 2 Components, Maintenance, and Inspections
Lesson 1 — Pump Components

Lesson 2 — Maintenance, Inspections, & Testing
Lesson 3 — The Operational Inspection

Unit 3 Hydraulic Principles and Practices

Lesson 1 — Hydraulics

Lesson 2 — Pressure and Fire Pumps

Lesson 3 — Math Skills Review

Lesson 4 — Determining Fire Flow

Unit 4 Hydraulic Calculations and Exercises
Unit 5 Operating a Fire Pump

Unit 6 Operating Fire Pumps

Unit 7 Operating Fire Pumps

Unit 8 Evaluations and Testing

Effective training requires extensive hands on work with Engines. Spend all possible time on the practi-
cal applications.

Equipment Requirements

e Three Pumpers
0 Recommend that all pumpers be Service tested and pass NYS Heavy Truck Inspections
o Drafting sources

e Static Sources
o Portable pond, rivers, lakes, etc.
O Hydrants*

e Assortment of LDH and appliances

e Master streams devices

e Hand lines and nozzles

e Calculator

e Turnout Gear

*In the event it is absolutely impossible to get to a hydrant, use a large distribution manifold or phantom

pumper.

A-4 Apparatus Operator-Pump
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Course Schedule and Time Allotments

Unit Time Allotted

Unit 1

Introduction Y% hour

Lesson 1 - EVOC Review 1Y4 hours

Lesson 2 — Fire Apparatus Classification and Typing 1Y4 hours
Unit 2

Lesson 1- Pump Components 1 hour

Lesson 2 — Maintenance, Inspections, and Testing 1 hour

Lesson 3 — The Operational Inspection 1 hour
Unit 3 — Hydraulic Principles and Practices

Lesson 1 — Hydraulics % hour

Lesson 2 — Pressure and Fire Pumps % hour

Lesson 3 — Math Skills Review % hour

Lesson 4 — Determining Fire Flow % hour
Unit 4

Hydraulic Calculations and Exercises 3 hours
Unit 5

Operating a Fire Pump 3 hours
Unit 6

Operating Fire Pumps 3 hours
Unit 7

Operating Fire Pumps 3 hours
Unit 8

Evaluation and Testing 3 hours

Foreword

This course is not a pump operator certification. It is designed to give the student the requisite knowl-
edge and skills to meet the intent of the NFPA 1002 apparatus driver/operator professional qualifications
standard. This course is only one part of the ongoing training that is needed for driver/operators to per-
form their responsibilities safely and effectively. Students who wish to become Pump Operators must
meet the requirements of their specific apparatus manufacturer and their Fire Department’s SOPs/SOGs.
They must continue their training at the company level and improve their skills at the pump. Also, not
to be forgotten is the act of driving the apparatus to the scene. Driver training should occur as a normal

training exercise on a regular schedule.

Apparatus Operator-Pump
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NOTES

New York State
Office of Fire Prevention and Control

ENGINE 1 !
FIRE ACADEMY

Apparatus Operator — Pump

UNIT1 EVOC Review and
Pumper/Engine Classification

Objectives

At the conclusion of this unit the student will:

Understand the importance of safe and efficient response of fire appa-
ratus

e Understand the state and federal laws and national standards pertaining
to driving apparatus

e Recognize the high number of accidents involving fire apparatus and
the associated deaths and injuries to firefighters and members of the
public

e Know the types, conditions, and causes of fire apparatus accidents

o Describe the various types and classes of apparatus equipped with a
fire pump

o Understand the ICS typing system for pumping apparatus

NOTE: For the purposes of this book the terms “engine” and “pumper” are interchange-
able.

Office of Fire Prevention and Control June 2007 1-1
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NOTES

Unit |

Introduction and Welcome

Prerequisites
e Emergency Vehicle Operators Course (EVOC)
0 Approved EVOC courses include the NYS Outreach
Course (1Y), the VFIS Insurance course, and the ESIP In-
surance course, or the Utica National Insurance course
e Scene Support Operations, Essentials of Firefighting, Basic Fire-
fighter, or Firefighter 1

Registration
e Fill out registration cards
e Overview of the Office of Fire Prevention and Control

Course QOverview

Eight 3-hour sessions with written and practical tests, covering the follow-
ing topics:

EVOC review, pumper classifications and typing
Pump components and inspection

Hydraulics and pump theory

Hydraulic calculations and problems

Operating fire pumps

Practical exercises

Review and evaluations

Equipment Requirements

One fully equipped engine for every five students. This includes a full
assortment of hose, hose accessories, and appliances based on NFPA
1901—Standard for Automotive Fire Apparatus, Chapters 3 and 4. See
Appendices A and B of this course for more information on this topic.

NOTE: Students will need a calculator for this course.

Expectations

What can | expect to get out of this course?

When you complete this course you will be capable of basic pumper
operations.

Office of Fire Prevention and Control June 2007 1-2



Student Manual — Apparatus Operator — Pump Unit 1 - EVOC Review and Pumper Classification

NOTES
Introduction

Before any fire apparatus can be placed into service and operated at an
emergency, it must respond to the incident, delivering its crew and equip-
ment safely and efficiently. The driver/operator’s major responsibilities
are delivering the unit to the fire ground in a safe, timely manner, and op-
erating the fire pump effectively.  One of the primary goals of the
driver/operator is to get the equipment to the fire. You cannot perform
any fire ground activity if you do not get there.
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Failure of a piece of apparatus to respond safely to an emergency can
mean the difference between life and death, or whether property is saved
or destroyed.

Consider what happens when the first-due pumper is involved in a motor
vehicle accident. The fire department has to deal with the initial call, as
well as a new call involving one of its own units. Suppose the initial
alarm was for a house fire with people trapped. If the responding pumper
runs a red light, strikes a car and rolls over, the engine crew would likely
be trapped, as would be the occupants of the car. We now have a major
motor vehicle incident to deal with in addition to the house fire. How
many lives are impacted? How many lives may be lost due to our failure
to respond safely?

Office of Fire Prevention and Control June 2007 1-3
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NOTES
Not only do we have to deal with the human suffering caused by fire appa-
ratus accidents, we also have to deal with the financial implications that
may result from a failure to respond, or from damage to property and ap-
paratus.

Municipalities, fire departments, fire officers, and apparatus drivers have
been sued and/or charged criminally because of their failure to adhere to
vehicle and traffic laws, federal guidelines, and standards. The following
lessons are not a substitute for an approved emergency vehicle operator’s
course. One of the prerequisites for this class is the Apparatus Operator
(AO) - Emergency Vehicle Operation course (EVOC) training.

Every driver/operator needs to know the various classes of apparatus
equipped with a fire pump, and how these classes integrate into overall
fire ground operations and strategies. When departments operate within
the incident command system, the typing of apparatus is intended to assist
the incident commander in calling the exact type of unit needed to handle
the incident. All driver/operators need to be familiar with the current ap-
paratus classification systems that are part of the Incident Command Sys-
tem (ICS). Apparatus typing and classification will be discussed in more
detail later in this Unit.

Office of Fire Prevention and Control June 2007 1-4
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NOTES
In 2003, the NFPA reported 105 firefighter fatalities in the U.S. Of the 105 deaths, 37
firefighters (35.2%) died while responding to or returning from alarms. This category of
death accounted for the highest percentage of deaths by this duty type since the mid-
1970s.!

Of these 37 firefighters, collisions or rollovers accounted for 24 of these
fatalities. Eight individuals were not wearing seatbelts and at least 6 were
speeding.” In the worst fatality report of that year (2003), eight Oregon
firefighters returning from a wildland fire in Idaho were killed when their
van was struck head-on by a tractor-trailer when their van crossed the cen-
ter line of a highway to pass other vehicles. Alcohol may have been a fac-
tor in the crash; however, at the time of the report the driver’s blood alco-
hol level had not been reliably assessed.’

The year 2004 yielded the second smallest number of deaths from crashes
in the past decade, and almost half as many as in 2003—17 firefighters
died. Unfortunately, the number of firefighters struck and killed by vehi-
cles in 2004 was the highest since 1989, with eight being struck and killed.
In addition, one firefighter fell from a pumper’s jump seat and two fell
from pickup trucks. Of the 17 firefighters killed in these crashes in 2003,
12 (aEJout 70%) were responding to or returning from incidents when they
died.

In 2005, 26 of the 87 U.S. firefighters reported to have died in the line of
duty died while responding to or returning from alarms.® Of these 26, 18
firefighters died in vehicle crashes; 10 of whom were killed during the
crashes.”> Vehicle crashes in 2005, either as part of an alarm response or
other on-duty function involved tankers, pumpers, passenger vehicles, all-
terrain vehicles (ATVs), aircraft, and a boat. >®

Firefighters are being injured and killed in vehicle accidents each day.
Why are these injuries and deaths happening? How can such tragedies be
stopped? Each firefighter must be aware of this ongoing problem and
make an effort to develop safe driving and safe riding habits — always
wearing seatbelts and taking extra care to drive responsibly and sensibly.
Our members are far too important to let even the slightest injury take
place; we owe it to ourselves and to each other.

Office of Fire Prevention and Control June 2007 1-5
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NOTES

Unit 1

Lesson 1 — Apparatus Operator — Emergency Vehicle
Operation (EVOC) Review

)
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Common Causes of Fire Apparatus Accidents

Analysis of accidents involving fire apparatus identifies these as the most
common causes:

e Excessive speed over the posted limit during good driving conditions

or excessive speed for poor driving conditions
e Failure to stop at controlled or uncontrolled intersections

e Lack of driving skill and experience of the apparatus driver/operator

e Improper backing of fire apparatus

e Reckless driving by the public

e Poor apparatus design or maintenance

In most cases, the apparatus operator has control over each of these areas.
This means that with proper training, practice, and supervision, most acci-
dents can be eliminated.

Office of Fire Prevention and Control June 2007 1-7
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NOTES
Question: What visible factors could contribute to an apparatus
accident?

The driver lost control of the apparatus when the right-side wheels left the
road, causing the apparatus to impact the tree shown.

Office of Fire Prevention and Control June 2007 1-8
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NOTES

NIOSH Case Report No. F2004-43

September 23, 2005
A summary of a NIOSH fire fighter fatality investigation

One Part-time Fire Fighter Dies and Another Is Seri-
ously Injured When Two Fire Engines Collide at an In-
tersection While Responding to a Fire - lllinois

On April 27, 2004 a 34-year-old male part-time fire fighter died after the
engine in which he was riding (Unit 1) crashed into an engine from an-
other department (Unit 2) as they passed through an intersection. Both en-
gines/departments were responding to the same call for a structure fire.
The force of the impact caused the front of Unit 1 to collapse inward and
cause crushing injuries to the unrestrained driver whose legs were pinned
between the seat and the dashboard. He was extricated and transported to
the hospital for treatment. The rear passenger of Unit 1 received minor
injuries and was transported to a local hospital where he was treated and
released. The victim, who was riding unrestrained in the officer’s seat, was
ejected from the vehicle. He was transported to a local hospital where he
was pronounced dead on arrival.

NIOSH investigators concluded that to minimize the risk of similar occur-
rences, fire departments should

e provide training to driver/operators as often as necessary to meet
the requirements of NFPA 1451, 1500, and 1002. This training
should incorporate specifics on intersection practices.

e develop and enforce standard operating procedures (SOPs ) for
seat belt usage, intersection practices, and response to mu-
tual/automatic aid incidents.

INTRODUCTION

On April 27, 2004, a 34-year-old male, part-time fire fighter (the victim)
died after being ejected from the engine in which he was riding (Unit 1)
after crashing into an engine from another department (Unit 2). On May 3,
2004, the U.S. Fire Administration (USFA) notified the National Institute
for Occupational Safety and Health (NIOSH) of this fatality. On Septem-
ber 26, 2004, NIOSH received a written request from a representative of
the local International Association of Fire Fighters (IAFF) to investigate
this incident. On November 30 and December 1, 2004, two safety and oc-
cupational health specialists from the NIOSH Fire Fighter Fatality Investi-
gation and Prevention Program investigated the incident. The NIOSH
team met with an attorney for the village where the incident occurred, the

Office of Fire Prevention and Control June 2007 1-9
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NOTES
driver and the fire fighter riding in Unit 1 and their attorney, the Safety
Officer for the victim’s department who was standing in for the Chief, and
the Chief and several fire fighter/union representatives of the career de-
partment involved in the incident (Unit 2). The three career fire fighters
(Unit 2) declined interviews. The State Occupational Safety & Health
Administration (OSHA) compliance officer who investigated this incident
was contacted by phone and a copy of her report was reviewed. The detec-
tive of the police department that investigated the crash was contacted by
phone, as was the Chief of the victim’s department. NIOSH investigators
reviewed the state police traffic collision report, training records for the
victim and the driver, standard operating procedures (SOPs), photos, and
the medical examiner and autopsy reports.

Department/Training: The victim’s department has 30 uniformed
personnel operating out of one station. It serves a population of approxi-
mately 5,000 covering about one square mile. Fire fighters are part-time,
paid-on-premises, including responding to calls. The victim had been a
part-time fire fighter with this department for almost 3 years. He was a
full-time, career paramedic at another department. The victim had com-
pleted State fire fighter Level | and II, EMT, Paramedic, and HazMat
training. The driver of Unit 1 had completed State fire fighter Level II,
HazMat awareness, and HazMat first responder. In May 2003 the driver of
Unit 1 received his certification for driving Class B, non-CDL vehicles.
This certification required two weeks of classroom and practical training.
Records obtained by NIOSH indicated that the department offered driver
training in April and September 2003 and in March 2004. The records in-
dicated that the driver of Unit 1 had not participated in these classes. The
victim’s department did not have a written training program at the time of
the incident.

Standard Operating Procedures (SOP): At the time of the incident,
the victim’s department had an Employee Handbook containing depart-
mental policies and procedures as well as requirements of employment
and responsibilities of fire fighters. Included was a seat belt policy stating
that all members must wear seat belts per state statute. The SOP concern-
ing driver/engineer responsibilities stated that drivers are not allowed to
move an apparatus until all persons on vehicle are seated and secured with
seat belts. At the time of the incident, the victim’s department did not have
a procedure concerning mutual or automatic aid response, or for intersec-
tion practices.

Weather/road: The incident occurred at the intersection of two
concrete roadways bordered on both sides by raised concrete curbs. The
east-west roadway (R1) has two lanes; the north-south roadway (R2) has
three northbound and three southbound lanes. (Diagram). R2 has dedi-
cated left-turn-only lanes on both the north- and southbound sides. Traffic
at the time of the crash was reported as being of medium density. The
crash occurred during daylight hours; the weather was clear and the roads
were dry.

Office of Fire Prevention and Control June 2007 1-10
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Traffic control: Traffic was controlled by multiple overhead and pole-
mounted traffic control lights. The traffic control devices at the intersec-
tion are connected to an emergency traffic light control system. According
to the police and the State Department of Labor (DOL) reports, shortly
after the incident, the emergency traffic light system was checked on the
scene by a technician and found to be functioning properly in all modes.
The data log for the control device indicated that it had been activated at
1741 hours on the day of the crash. The log further indicated that the de-
vice had been activated in an east/west direction and that the traffic lights
in that direction were green at the time of the crash.

Apparatus: Unit 1 was a 2001 engine/pumper with a 1000-gallon water
tank and a gross vehicle weight rating of 45,000 Ibs. Unit 2 was a 1999
engine equipped with an emitter that generates a signal to a sensor on the
traffic light as the apparatus approaches. Unit 1 did not have such an emit-
ter. Maintenance records indicated that Unit 1 had been serviced twice
since the date of purchase: in July 2003, at 3606 miles, and in March
2004, at 7633 miles.

INVESTIGATION

On April 27, 2004, at approximately 1735 hours, a call came in for a ga-
rage fire in a local township. Three fire departments, including the two
involved in the crash, responded via automatic-aid response. The victim
and two fire fighters responded in Unit 1. Three career fire fighters from
another department responded in Unit 2. According to the state police re-
port, at approximately 1742 hours, Unit 2 was heading east on R1 when it
entered the intersection where the crash occurred. Unit 2 had a sending
unit for the emergency traffic light control system and the traffic light was
green as it entered the intersection. As Unit 2 crossed the northbound lane
of the intersection, it was struck by an engine from the victim’s depart-
ment (Unit 1) just behind the enclosed cab (Photo 1). Note: No speed esti-
mates were available. Upon impact, the victim (who was unrestrained)
was thrown forward striking his head on the interior of the cab. Unit 1
then rotated clockwise approximately 180 degrees and rolled onto its left
side. According to the police report, during this rotation, the victim was
ejected through the windshield and landed on the northeast side of the in-
tersection. As the front of the cab of Unit 1 collapsed inward (Photo 2), the
legs of the driver (who was also unrestrained) were pinned between the
seat and the dashboard causing crushing injuries. The driver of Unit 1 had
to be extricated and hospitalized. The rear passenger of Unit 1, who was
restrained, received minor injuries. He was taken to a local hospital where
he was treated and released. After being struck, Unit 2 rotated clockwise
about 320 degrees before coming to rest on the east side of the intersection
facing northeast. The three fire fighters in Unit 2, who were wearing re-
straints at the time of the incident, had minor injuries. They immediately
exited their apparatus to help the fire fighters in Unit 1. Later they were
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NOTES
taken to a hospital where they were treated and released. The victim was
transported to a local hospital where he was pronounced dead on arrival.
CAUSE OF DEATH

The county medical examiner listed the cause of death as craniocerebral
injuries with aspiration of blood within the lungs.
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Diagram. Aerial view of intersection where crash occurred
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Photo 2. Crushed front end of Unit 1

Use this case history as a serious discussion point for stopping at intersec-
tions; viewing each lane as a separate intersection.
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SPEED

How fast is too fast? How
much time will really be
saved by driving 45 mph,
rather than 30 mph? Gen-
erally, apparatus should
never exceed the posted speed limit. If a time difference was calculated
for an emergency response of 5 miles, the difference between 55 and 65
miles per hour amounts to less than 1 minute. How far are your average
response distances? Does weaving through heavy traffic with a 20-ton
apparatus with lights flashing and siren blowing, on the way to a car fire,
make sense? What would a judge and jury think if this engine ran a stop
sign or red light and struck a car broadside?

Speed coupled with rain-slick or snow and ice-covered roads adds a new
dimension to speed management for a safe response. An inexperienced
driver, a column of smoke rising in the distance, and the radio blaring
“Hurry up, we need that truck now,” are ingredients of a recipe for disas-
ter. Driver/operators must drive within their abilities, their vehicle’s capa-
bilities, and their department’s Standard Operating Guidelines (SOGS).
Outside influences must not affect or interfere with the safe operation of
the apparatus. Every department should establish SOGs for apparatus re-
sponse for all driver/operators.

INTERSECTIONS

According to the VFIS, fire apparatus accidents at intersections account
for about one quarter of the accidents; of these, about 45% are severe.!
The vast majority of accidents could be avoided if apparatus
driver/operators and officers followed the NFPA 1500 guidelines when
approaching intersections. We will discuss these standards and other
guidelines and regulations that govern response in detail later.

A typical intersection is shown above.
VFIS, Emergency Vehicle Driver Training Program, 2000 Edition
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The lack of skill and experience has be-
come one of the most crucial aspects of
firefighter safety. This cause of appara-
tus accidents can be lessened in a num-
ber of ways. First and most important is
the driver/operator selection process.
Every department should have criteria
for the selection of drivers. These crite-
ria should include physical fitness, vi-
sion and hearing requirements, mathe-
matical and writing skills, as well as a
basic mechanical aptitude. According to

NFPA 1002, every department shall have a thorough training program for
prospective driver/operators, along with continuous in-service driver train-

ing and evaluation.

BACKING ACCIDENTS

Backing accidents should never occur. All departments having a written
policy stating that a spotter will be present at the left rear of the vehicle
any time a vehicle is backed up, can eliminate almost all of these occur-
rences. The spotter can look for any fixed hazards, other vehicles, people,

and can immediately alert the operator to their presence.

June 2007
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OTHER DRIVERS

As any experienced fire apparatus driver/operator will tell you, “You
never know what the other driver is going to do.” Defensive driving hab-
its must be coupled with good situational awareness to reduce accidents.

Despite good visibility, unexpected actions of others can occur, as shown
below:
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POOR DESIGN

All new fire apparatus today have to meet standards for design criteria.
Problems can develop when departments design and build their own units
from a used cab and chassis, old fuel or milk tank, and other spare parts.
While we can all appreciate the need to save money, thought must be
given to what we are putting on the streets and to the lives that could be

affected by using poorly designed apparatus. l E l

SUMMARY

Firefighter injuries or deaths from vehicle related incidents that occurred
while responding to or returning from fires are too high: 35% of duty-
related deaths in 2003, 34% in 2004, and 30% in 2005". It is obvious that
more emphasis must be placed on driving our apparatus safely and main-
taining it properly.

Yhttp:/imww.nfpa.org/itemDetail.asp?cate-

gorylD=955&itemID=23471&URL=Researcj%20&%20Reports/Fire%20statistics/&coo

kie%o5Ftest=1. Firefighter Deaths By Duty Type. NFPA, Fire Incident Data Organiza-
tion. Accessed online 1/30/2007.
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LEGAL RAMIFICATIONS

As society continues to demand accountability, firefighters, fire officers,
and governments are being charged civilly as well as criminally because
of their actions, or lack of proper action. No longer are the
driver/operators of an emergency vehicle or officers of a department ex-
empt from either criminal or civil suits. If the fire apparatus
driver/operator is found guilty of improper operation, or inadequate train-
ing, he/she, the officers, and city or town officials can be held accountable.
There are a variety of local, state, and national regulations and laws that
affect fire apparatus driver/operator training and operations. These are
generally classified into five categories:

e State motor vehicle and traffic laws
e Nationally accepted standards

e State and federal occupational safety
and health regulations

e Local ordinances

e Organizational SOGs

There are three principles of law that apply to fire apparatus
driver/operators:

o Drivers are subject to all traffic laws unless a specific exemp-
tion is provided

« Exemptions only apply when the vehicle is responding to a true
emergency

e Drivers can be found criminally and/or civilly liable if involved
in an accident, even if they are operating under the provisions
of an exemption
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LEGAL DEFINITIONS

Federal Department of Transportation (DOT) definitions -

True Emergency - is defined as a situation in
which there is a high probability of death or
serious injury to an individual(s) or signifi-
cant property loss, and actions by the emer-
gency vehicle driver may reduce the seri-
ousness of the situation.

Due Regard - for the safety of others means that a reasonably careful per-
son performing similar duties and under similar circumstances would act
in the same manner.

Negligence - is a legal deficiency or wrong, which results whenever a per-
son fails to exercise that degree of care, which a prudent person would ex-
ercise under similar circumstances. The negligence may be slight, ordi-
nary, or gross.

Gross Negligence - is reckless disregard for the consequences of an act to
another person. It occurs when a person’s actions (or lack thereof) result
in the failure to exercise even a slight degree of care.
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APPLICABLE STANDARDS

There are a number of standards that apply to driver/operators:

NFPA 1002—Fire Department Vehicle Driver/Operator Professional
Quialifications

NFPA 1500—Firefighter Occupational and Safety Standard

One of the most important standards that has been used in legal trials of
apparatus driver/operators is the NFPA standard that states:

During emergency response, drivers of fire department vehicles shall
bring the vehicle to a complete STOP for any of the following:

e When directed by a law enforcement officer

e Red traffic lights

e Stop signs

o Negative right of way intersections

« Blind intersections

e When a driver cannot account for all lanes of traffic in an intersec-
tion

e When other intersection hazards are present

e When encountering a stopped school bus with flashing warning

lights

This 2002 NFPA 1500 standard can be found at section 6.2.8.
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All fire service organizations should review and incorporate all pertinent
portions of each standard into any driver training programs and SOGs.

Additional sections of the NFPA 1500 standard clearly state how emer-
gency vehicle operators should proceed through intersections. These are
sections 6.2.8, 6.2.9 and 6.2.10. It is important to understand that the
NFPA standard differs from the New York State Vehicle and Traffic Law
in that the NFPA standard requires operators to stop at specific types of
intersections (as noted on the previous page) they intend to cross while
operating in emergency mode. This is a critical difference that must not
be overlooked during vehicle operations.
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APPLICABLE NEW YORK STATE LAWS

New York State Vehicle and Traffic Law - applies to any municipal fire
department apparatus, and contains a section regarding private vehicles.

All fire service organizations should review and incorporate all pertinent
portions of these laws into any driver training programs and SOGs.

§1104. Authorized Emergency Vehicles.

(a) The driver of an authorized emergency vehicle, when involved in an
emergency operation may exercise the privileges set forth in this sec-
tion, but subject to the conditions herein stated.

(b) The driver of an authorized emergency vehicle may

1) Stop, stand or park irrespective of the provisions of this title;

2) Proceed past a steady red signal, a flashing red signal or a stop
sign, but only after slowing down as may be necessary for safe op-
eration;

3) Exceed the maximum speed limits so long as he does not endanger
life or property;

4) Disregard regulations governing directions of movement or turning
in specified directions.

(c) Except for an authorized emergency vehicle operated as a police vehi-
cle, the exemptions herein granted to an authorized emergency vehicle
shall apply only when audible signals are sounded from any said vehi-
cle while in motion by bell, horn, siren, electronic device or exhaust
whistle as may be reasonably necessary, and when the vehicle is
equipped with at least one lighted lamp so that from any direction, un-
der normal atmospheric conditions from a distance of five hundred
feet from such vehicle, at least one red light will be displayed and visi-
ble.
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(d) The foregoing provisions shall not relieve the driver of an authorized
emergency vehicle from the duty to drive with due regard for the
safety of all persons, nor shall such provision protect the driver from
the consequences of his reckless disregard for the safety of others.

It is critical to keep in mind that there are many standards that apply to
apparatus response that should be included in a departments SOGs. If
a firefighter is involved in a criminal or civil action, usually the court
will judge the actions of the driver/operatotr on three main points:

Was the unit responding to a True Emergency?

Did the driver/operator exercise due regard for the safety of others?

Did the driver/operator violate any local or state laws or recognized

standards?
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EMERGENCY RESPONSE SUMMARY

If an emergency vehicle driver/operator is to understand the intricacies of
driving under emergency conditions, and have a successful and safe ca-
reer, he/she must know what qualifications and certifications he/she must
have to properly operate his/her unit. Proper department guidelines, train-
ing, record keeping, and maintenance programs must be in place to sup-
port the driver/operator.

All fire service organizations should have a comprehensive selection and
training program for all driver/operators. The department should have
SOGs that cover all types of responses and include all applicable local,
state, and federal laws, and nationally accepted standards. It is recom-
mended that all driver/operators successfully complete a certified emer-
gency vehicle operator training course before they are assigned as
driver/operators.

Historically, far fewer injuries occur if seatbelts are worn during a vehicle
crash.

Al firefighters must buckle-up.|

Office of Fire Prevention and Control June 2007 1-24



Student Manual — Apparatus Operator — Pump Unit 1 - EVOC Review and Pumper Classification

NOTES

UNIT 1

Lesson 2 — Fire Apparatus Classification and Typing

Generally, fire apparatus are classified by function. We will discuss fire
apparatus that are equipped with a fire pump. There are many different
types of apparatus equipped with a fire pump such as aerial ladders, spe-
cialized rescue units, and other similar units; however, our focus will be
on apparatus whose primary function is to provide water for fire suppres-
sion purposes. These units will be referred to as an engine or pumper, the
common terms used in New York State.

FIRE DEPARTMENT PUMPERS

The NFPA Standard 1901, Standard For Automotive Fire Apparatus, con-
tains the requirements for pumper design. Pumpers, sometimes called en-
gines, wagons, or triples depending on jurisdiction, have one primary mis-
sion—to produce an adequate gallons per minute flow through fire streams
for fire suppression. Water supplied by an engine may come from a num-
ber of different sources, including the unit’s tank, fire hydrants, or static
water supplies such as lakes, ponds, or streams. Water may also come
from another engine through a relay evolution.

The NFPA standard states that the minimum pump capacity for pumper
fire apparatus shall be 750 gallons per minute (gpm). Pumps delivering a
minimum of 750 gpm are rated at 1,000, 1,250, 1,500, 1,750, 2,000, 2,250,
2,500, or 3,000 gpm. Larger pump capacities can be found in industrial
settings, but generally, fire department pumps rarely exceed 2,250 gpm.

Fire pumps are rated at draft, thru 20 feet of appropriate size hard suction
hose and strainer, at a 10-foot lift height. This applies to fire pumps up to
and including 1,500 gpm pumps.

For 1,750 gpm pumps, the required lift height drops to 8 feet, and requires
the use of double suction hose, each with appropriate strainers. This
means that two lengths of suction hose (of any size up to 6-inch or greater)
are to be attached to separate pump intakes. This same information ap-
plies to 2,000 gpm pumps or larger, except that the lift height drops to 6
feet.
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A fire department engine must be equipped with pump controls, gauges,
intakes, discharges, and other instruments and devices to allow the
driver/operator to properly operate and monitor the system. The unit must
also be equipped with various sizes of hose for intake, supply, and attack.
Fire department engines also carry a wide variety of portable equipment in
addition to the equipment needed to produce fire streams or to handle wa-
ter supply operations. The standard equipment that must be carried is
listed in NFPA 1901, and an equipment list is provided in Appendix A.
Most fire departments will also carry additional equipment to meet their
operational needs. Generally, the following equipment can be found on
most fire department engines:

Ground ladders
SCBA

General hand tools
Appliances, adapters
Portable extinguishers
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RESCUE PUMPERS

As the role of the fire service
continues to change and de-
partments adapt to new response
needs, many agencies have
adapted their apparatus to func-
tion in areas other than fire sup-
pression. Many departments are
combining engine and rescue
company functions into single
units with multiple missions. It
is common to see units listed as
rescue pumpers, paramedic pumpers, and foam or special pumpers, de-
pending on the specialized equipment carried. The most common type of
unit being built today is the rescue pumper. In most cases, these units
carry all the standard pumper equipment, as well as extrication equip-
ment, cribbing, ropes, and other tools to deal with motor vehicle accidents
and specialized rescues. These units almost always have more storage
space than standard pumpers. Depending on the nature of the call, the
crew can function as a fire suppression unit, rescue unit, or both.

AKESHORE FIRE RESCUE

3
{ — |
£ S ]
'__"-I- " ]
.
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FOAM-EQUIPPED PUMPERS

Many departments commonly have pumpers capable of discharging foam
on class A or class B fires. Many jurisdictions have large quantities of
flammable and combustible liquids produced, stored, or transported in
their response area. These departments will always have engines with
some type of foam system, whether built-in or portable.

peovrnmce | PUMpers may be equipped with

around-the-pump, direct injec-
tion, or balanced pressure foam
proportioning systems. Some
apparatus are set up with fixed
¢ class A and or class B systems.
Class A foam would generally
be used for structure, brush, or
| vehicle fires. Foam systems can
be high energy Compressed Air
Foam Systems (CAFS), or low
energy, low and medium expansion foam tubes or fog/combination nozzle
delivery systems. Regardless of the type used, only a limited number of
discharges on the pumper are capable of flowing foam. Units with high-
energy systems require a sizable air compressor. Most units with foam
systems will have foam concentrate tanks to supply the system. The most
common tank sizes range from 20 to 100 gallons.

Digital control panel for an onboard foam proportioning system is shown
below.

[ S —— —

"SWITCHESDOWN

—————

{

//I | Fou TANK

DISCHARGE |
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PUMPERS WITH ELEVATED STREAMS

Pumpers with elevated master stream capabilities fill a role between pum-
per and aerial device. These units use telescoping or articulating booms
with large capacity nozzles to deliver up 1,000 gpm. They range from 50
to 75 feet in length, and some may be equipped with an escape ladder.
These units will be covered in detail in the Apparatus Operator — Aerial
Device course. Many departments that do not need full aerial ladder ca-
pability opt for pumpers with these devices. This allows them to flow
large quantities of water to upper floors of structures, without the cost of
large-scale aerial units.
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MINI-MIDI PUMPERS

Many fire departments use mini or midi pumpers for initial attack in their
daily operations. Generally, trucks of this type are scaled down versions
of full-size pumpers.

Mini pumpers are small, quick attack units designed to handle small fires
that do not require the high volumes of water that a standard-sized pumper
can deliver. Many are four-wheel-drive—equipped and maneuverable.
Most of the mini pumpers produced today are manufactured on 1- to 1 Y-
ton chassis with custom bodies. Pump capacities range from 250 gpm to
1,000 gpm. The equipment carried on these units usually is the same as a
regular size pumper, although in smaller amounts. Some mini pumpers
carry extrication, medical, and other special equipment. Mini pumpers are
also used by many rural departments for off-road use and for water supply
from static sources that a large unit could not reach due to terrain, ground
conditions, or snow.

Midi pumpers are used in the same manner as mini pumpers and can have
the ability to start an initial attack on larger fires. Due to their larger size,
they can carry almost as much general equipment as a regular pumper.
The general differences between a midi and mini pumper are larger chas-
sis, tank and pump size, and amount of equipment carried. Some depart-
ments use a midi pumper in conjunction with a Type 1 pumper. This is
usually called the midi-maxi concept. Other departments use a mini and
maxi in their response operations. Both the mini and midi pumper con-
cepts have their place in the fire service.
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TANKERS/TENDERS

Known as mobile water supply apparatus, tanker/tenders are used to carry
water to areas without a munici-
pal water system, or to areas that
lack natural water sources, such
as ponds, streams, rivers, and Jii¥
lakes. Tankers carry a much lar- {8
ger amount of water than the
normal engine. The size of the
water tank on the unit varies.
Factors affecting tanker size in-
clude terrain, bridge weight lim-
its, size, and cost. Variations in
tanker design and configuration result in these units carrying 1,000 to
6,500 gallons or more of water.

Tankers may be equipped with a small PTO-driven pump, a portable
pump, or a larger pump. Units equipped with an NFPA-rated fire pump are
called pumper tankers. Mobile water supply apparatus are used to support
units that are attacking the fire. There are two methods of employing
tanker/tenders.

One method is for the tanker/tender to act as a nurse unit. The unit is
parked near the scene, and its water is taken directly from its tank by the
attack pumpers.

Another method is for the tanker to be involved in a water supply shuttle
operation. In this type of
operation, the unit dumps
its load into a portable
water tank, or other
tanker (nurse tanker) at
the scene, and then goes
to a water source for an-
other load of water. The
use of portable tanks is a
highly effective method
for providing a continu-
ous supply of water when
using tankers/tenders.

These methods are discussed further in NYS Water Supply Operations
course.
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BRUSH FIRE/WILDLAND UNITS

This classification of apparatus can vary from small slide-on units to large
all-wheel drive machines with large pumps and tanks. Sometimes these
units are called urban/wildland interface pumpers, but whatever terminol-
ogy is used, these machines are specifically designed to fight ground cover
fires. These pumpers are usually small, light weight, highly maneuverable
trucks that are most always four-wheel or all-wheel drive.

Most brushfire/wildland units have the ability to pump and roll. Vehicles
with pump and roll features have either a separate engine to power the fire
pump, or a power take-off mounted to the transmission for pump power.
Many different arrangements are used for discharging water from the fire
pump. Some apparatus have short sections of attack line from the pump,
which allow the firefighters to walk along side the unit as it drives through
the fire area. Other units have fixed or remotely controlled nozzles on the
front or side of the apparatus, which allows the driver/operator to attack
the fire. In recent years, some departments are equipping these units with
small class A foam systems. Class A foam has proven to be highly effec-
tive in attacking wildfires and protecting exposures. More information on
units of this type can be found in NFPA Standard 1906.
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AIRCRAFT RESCUE & FIREFIGHTING APPARATUS
(ARFF)

The main focus of these apparatus is to apply quick knock-down and sup-
pression of flammable liquid fires, and suppression of spill vapors. Many
times these units are called off airport property to assist at large flammable
liquid incidents. There are three classifications for ARFF apparatus; ma-
jor firefighting vehicles, rapid intervention vehicles, and combined agent
vehicles. These units usually carry a large quantity of water and special-
ized extinguishing agents, have large turret pipes, and have all-wheel drive
capabilities. The major firefighting units usually have a separate engine
for the fire pump, and most have pump and roll capabilities.
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FIRE BOATS

Fire boats can range from a small, lightweight boat with a portable pump,
to vessels that can deliver over 26,000 gpm. Most fire boats use master
stream devices to fight fires on ships, piers, or structures on or near the
waterfront. In some cases, these units have served as a water supply unit
for land-based apparatus.
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TYPING OF PUMPING APPARATUS

Many departments operate within the NIMS Incident Command System,
(ICS), which is a method used to classify fire department pumpers by their
pump capacity. By using apparatus typing, incident commanders will be
able to call the exact type of units they will need to handle incidents.
Many cities, towns, or counties have their own method of typing and iden-
tifying pumpers and other apparatus. Driver/operators must be familiar
with the type of system used in their jurisdiction or surrounding areas.
Following is the Federal Emergency Management Agency (FEMA) typing
system for Tanker/Tenders and Pumpers.

Student Exercise: Using the worksheet provided in Appendix C, each
student shall identify the type of each apparatus currently in use in their
respective fire departments.

Appendix D contains the National Wildland Coordinating Group (NWCG)
apparatus typing information for reference.

U.S. Department of Homeland Security
Federal Emergency Management Agency

Resource: Water Tender, Firefighting (Tanker)

Category: Firefighting (ESF #4)
Kind: Equipment

_ Mini-
Minimum mum
Capabili- Capa- Typ Typ Typ Typ Oth
ties (Com- ... ell elll elV er
onent) bilities
b (Metric)
Tank 2,00 1,00 1,00
0 0 0
gal- gal- gal-
lon lon lon
Pump 300 120 50
GP GP GP
M M M

|
*|
|
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Resource: Engine, Fire (Pumper)
Category: Firefighting (ESF #4)
Kind: Equipment
Minimum Capabilities Minimum
P Capabilities Type | Typell | Typelll TypelV | TypeV | TypeVI Type VI
(Component) .
(Metric)
Pump Capacity 1,000 500 120 70 GPM |50 GPM 50 GPM 50 GPM
GPM GPM GPM
Tank Capacity 400 Gal- 400 Gal- |500 Gal- | 750 Gal- |500 Gal- | 200 Gal- |125 Gal-
lon lon lon lon lon lon lon
Hose, 2.5 inch 1,200 1,000
Feet Feet
Hose, 1.5 inch 400 Feet |500 Feet 1,000 300 Feet 300 Feet 300 Feet | 200 Feet
Feet
Hose, 1 inch 200 Feet | 300 Feet | 800 Feet | 300 Feet 300 Feet | 300 Feet 200 Feet
Personnel 4 3 3 2 2 2 2
Comment:

The engine typing needs to be taken out to Type VII. Compromise between
FIRESCOPE and NWCG is to use NWCG Standards for Engines and Crews.
NWCG has seven engine types.

FIRESCOPE is the California version of the NWCG.

|
/
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Specialty Vehicles — New York State (only)

The following specialized vehicles are unique to New York State and as of
this writing are classified according to the following criteria. These crite-
ria may not necessarily match the Federal guidelines shown above, but
should approximate the apparatus type.

Storm Emergency Fire Unit (SEFU)

This type of unit is used for most storm related activities. The Regional
Fire Administrator should have this unit already designated within the
county for faster deployment.

2 to 3 Firefighters

4-wheel drive vehicle (Fire Department owned)
Portable pump, suction with strainer

200-ft discharge hose with fittings

Portable generator with adapters and lights
Chain saw and shovels

Fuel for above

Carbon monoxide detector (recommended)

Emergency De-Watering Unit (EDU)

2 to 3 Firefighters

4-wheel drive vehicle (Fire Department owned)
Portable pump with adaptors

Hard suction with strainers

200-ft discharge hose

Portable lighting for night operations

Fuel for above

4-WD Brush Truck

4-wheel drive brush truck
Minimum of two (2) personnel
250 gpm pump with 200-gallon water supply
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Summary

We have discussed the classification of fire apparatus according to func-
tion. In addition, we have presented the various apparatus with fire
pumps, including rescue pumpers, foam-equipped pumpers, pumpers with
elevated streams, mini/midi pumpers, tanker/tenders, brush fire/wildland
units, ARFF, and fire boats. The use of the evolving apparatus typing sys-
tems aids in efficient deployment and more defined operations. Given the
growing awareness for apparatus typing, blank worksheets are provided in
the Appendix for students to use in typing their department’s different re-
sponse vehicles.

Instructor Note:

New York State uses the NIMS when classifying the types of emergency
vehicles. However, Type 1 pumpers are broken down into other more
specialized units as follows:

Type 1 Pumpers —

a) Rescue pumpers, with 4 interior-qualified firefights.

b) Two-man cabs with pumping equipment.

c¢) Four-man or six-man cabs with a fire pump.
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UNIT 2

Lesson 1 — Pump Components

Objectives

At the conclusion of this unit, the student will:

¢ Identify pump type, mounting, and components

o Identify and operate priming devices

e |dentify and operate pressure relief devices

o ldentify and operate intake/discharge valves

¢ Identify and use engine and pump gauges

e Operate auxiliary engine and pump cooling systems

o Define apparatus maintenance and repair programs and understand the
differences between them

e Perform and document vehicle inspections

e Perform a vacuum (dry prime) test
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Unit 2

Lesson 1: Pump Components

The basic concept of pump
operation is to get water into
the pump, get water out of
the pump, and deliver it at
the correct pressures and
flows. To do this we need
to understand how the pump
operates.

Over the past several years
many innovations have been
developed to aid in pump
operation. However, the
basic principles of pump operations are still the same. For specific
information regarding components on your apparatus consult your
operations manual or contact your local representative or manufacturer.

PUMP TYPES

Centrifugal and positive displacement pumps are the two pump types we
will talk about.

Positive Displacement Pumps

There are two types of positive displacement pumps in use today. They
are the piston pumps, not commonly used in the fire service, and rotary
gear pumps. Positive displacement pumps deliver a definite volume of
water or air. They are self-priming and will exhaust the air from the pump
system and deliver water. The unique feature of these pumps is that they
do not need a separate priming device.

We will discuss three types of positive displacement pumps. They are the
piston pump, rotary gear, and the rotary vane.

Piston pumps were found in operations utilizing high pressures, like
booster lines. They are self-priming.

Rotary gear pumps operate by trapping water or air in cavities between
the two turning gears and then moving the material to the discharge side of
the pump. This style pump is self-priming and was widely used as a
priming pump for the larger centrifugal pumps.
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NOTES

Rotary vane pumps work on the same principle of trapping a material
and forcing it out the discharge side. A vane pump uses a round housing
and an offset camshaft with moveable vanes in it. As the shaft turns, the
vanes ride along the housing removing the air each time the vane passes
the input side of the pump. As the vanes rotate, the volume of the cavity
decreases and the air is expelled. This style pump is self-priming and is
used as a priming pump for fire service centrifugal pumps.

Centrifugal Pumps

Centrifugal fire pumps are not self-priming nor will they deliver a set
amount of water with every revolution of the pump. A priming pump is
used to remove the air from the centrifugal pump to allow the atmospheric
pressure to push water into the pump housing.

The Centrifugal Pump is the most commonly used fire pump today. Pump
size is commonly 750gpm to 3,000gpm. It is not unusual to see some
applications that will use pumps that are much larger.
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The centrifugal pump works by drawing water in through the eye of the
impeller and throwing it out through the impeller into the volute or the
ballooned section the pump housing that goes around the outside rim of
the pump housing. As the turning speed or velocity of the impeller
increases the volume and pressure increase as more water is forced from
the impeller.

Shown above is a 3,500 gpm rear-mount pump.

We will discuss two types of centrifugal pumps. They are the single-stage
pump and the two or multi-stage pump. The most popular pump used
today is the single stage pump. In some older fire trucks, it was common
to see three- and four-stage pumps.

The single-stage pump develops pressure and volume using one impeller.
It is a simple well-designed system.
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NOTES

Two-stage pumps have two impellers on one shaft and a double-sided
housing. When high pressure or low volume of water is needed, the series
setting of the pump is used. This means the transfer valve is set so that the
water is routed from one side to the other, in series, for higher pressures.
If a higher volume is needed, the transfer valve is set so that water is
routed through both impellers at the same time so that more water is
pumped at a lower pressure. Multi-stage pumps work using the same
principles.

What type pumps do you have at your own department?

What size are they?
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See figure below to follow the actions of a two-stage pump

_ROTATION

TN

/-— Pump Body (Volute)
e Water

Eye of Impeller (Intake)

= Impeller Vanes

(@) Discharge

Stripping Edge— B
Figure 1

Path water takes through pump body and out discharge passageway.

Waterous Corporation, used with permission.

A two-stage fire pump showing midship mounting with pump panel.

QTWO SERIES Two Stage Midship Fire Pump (1000 to 2000 GPM)

Hale Corporation, used with permission.
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Direction of water flow in a typical two-stage centrifugal pump.

PARALLEL
(VOLUME)

Each impsller pumps half of the total volume being delivered,
at full discharge pressure. The transfer valve routes water
from the first stage impeller directly to pump discharge.

P4

F-1031, Se|

FIRST STAGE IMPELLER
SECOND STAGE IMPELLER
TRANSFER VALVE

DRIVEN GEAR OR SPROCKET

(PRESSURE)
Each impeller pumps all of the volume being delivered. Each impeller develops hall of the total pump pressure
The {ransfer valve roules water from the first stage impeller fo second stage suction. First stage pressure
also closes both flap valves. At a constant impeller speed, changing from parallel fo series operation doubles
the discharge pressure and cuts the volume in half,

SECOND STAGE IMPELLER
FIRST STAGE IMPELLER

P HiGH INTERMEDIATE INTAKE
| PRESSURE PRESSURE

Waterous Corporation, used with permission.
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Pump Mounting and Configuration

PTO Mounting

Pump is driven by a chassis transmission-mounted power take—off through a drive
shaft. Power ratings of PTO’s limit size of pump that can be used. Very popular for
initial attack and mobile water supply apparatus. Provides either stationary or some
pump—-and-roll pumping performance.

Waterous Corporation, used with permission.

82-3-2

Front Mounting

Pump is mounted ahead of radiator, driven by a shaft from the front of engine crank-
shaft. This mounting allows use of midship space for a larger tank or more compart-
ments and provides either stationary or pump—and-—roll pumping performance.

Waterous Corporation, used with permission.

Direct Engine
Mounting

Aspecial adapter permits mounting of most pump models directly onto the engine bgli—
housing. Makes a complete unit for skid mounting, trailer mounting or cross mounting
on a pumper. This provides the most flexible pump-and-roll performance possible.

Waterous Corporation, used with permission.
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Midship Mounting

The pump has a close coupled, split-shaft chain drive transmission located in the
drive line between truck transmission and rear axle. This arrangement provides for

the largest capacity stationary pump performance when using a single engine to
power both the chassis and fire pump.

Waterous Corporation, used with permission.

Rear Mounting

A Waterous full torque, split-shaft or PTO driven pump transmission is
mounted in the midship driveline location. The pump can be mounted to the
rear of the chassis and appropriate drive shafts connectthe two. This provides
tremendous flexibility in vehicle design and operation.

Waterous Corporation, used with permission.
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Types of Priming Devices

The most common type of priming devices is the Rotary Vane pump;
however, the Rotary Gear pump, an older design, is still in use. These are
small positive displacement pumps.

‘I"bF’.'.g \NPGA
SRR .
NE: ¢ e LA
whind G A

Rotary Vane Priming Pumps

e Aslotted rotor mounted off
center from the pump casing

e The vanes are fitted in a slot in
the rotor and held against the
casing wall by centrifugal force
as the rotor revolves.

e As the rotor turns, the vanes
move outward.

e The space between the rotor and
casing increases as the vanes pass the intake point.

e Air, and later water, is picked up and carried toward the discharge
port.

e The vanes move back into the rotor slot as the space between the rotor
and casing wall decreases when the vanes approach the discharge port.

e Air and water are forced out through the discharge port.

e This action continues until air is exhausted and water fills the fire
pump.

e This rotary vane pump is self-priming

Rotary vane priming pumps have
bakelite or plastic vane that slide in
the slots shown.

The photo at the right illustrates a
worn vane that has been removed
from the housing.
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NOTES
Rotary Gear Priming Pumps

e The rotary action consists of two meshing gears on cams that revolve
in opposite directions within a close-fitting casing.

e Water is trapped in cavities between the teeth and casing walls and
carried to the discharge side of the priming pump.

e Pressure is built up in the pump by the meshing action of the gear teeth
as they return to the suction side of the pump.

e This action forces water out of the discharge side of the priming pump.

e This type of pump is self-priming.

Power to the priming device can be furnished by a separate electric motor
or mechanically driven from the transfer case of the vehicle.

Examples of Rotary Gear Pumps —

Note: This type of primer is found on pre-1960 apparatus.

Practical tip ()

Any positive pressure source such as head pressure from the tank, or a
supply line attached to an open intake may force the air from the pump. A
hydrant or a pumper in relay may accomplish this task.

Air Primers

Recently, a new type of primer has been developed. The Trident Air
Prime device is an air-actuated priming device that is being used on newer
fire apparatus. This new primer can activate multiple locations, and
works off of the vehicle’s air system.

Additional information about this new type of primer is found in
Appendix K.

= Office of Fire Prevention and Control June 2007 2-11



Student Manual- Apparatus Operator — Pump Unit 2 — Components, Maintenance, and Inspections

NOTES

Pressure Control Devices

B Bl 1

VALVE M) WHEN
OPFEN LT

In modern fire pumps there are different ways to control intake and
discharge pressure to prevent injury to firefighters as well as damage to
apparatus, hoses, and equipment. As centrifugal pumps generate pressure
as well as flow, we must be able to control the pressure in order to
safeguard the operator and firefighters. Without controlling the pressure,
the pump and hose system can be susceptible to a condition called water
hammer. Water hammer is created when a valve is closed suddenly
causing a backpressure that will travel back towards the pump. This
backpressure may cause a high-pressure spike in the pump system. This
may cause the hose to burst, the pump to seize, or damage to the engine.
In order to control the internal pressure as per NFPA 1901, manufactures
must incorporate relief devices on the intake and discharge sides of the
pump. Such devices can be a pressure relief valve, an intake relief valve,
or a pressure-regulating governor.
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NOTES

Intake Pressure Relief Valve

This device consists of an arrangement of valves and springs. When the
pressure on the discharge side exceeds the pressure at which the
controlling spring is set, the excess pressure opens the relief valve. The
pressure relief valve permits water to flow into the suction side of the
pump. The pressure rise should not exceed relief valve settings in excess
of 30 psi. When the pressure within the system drops below the setting of
the spring, the pressure relief valve will close. The flow of water from the
discharge to the suction side of the pump stops. This system maintains
operating pressures.

The relief valve operates when the nozzle is shut off and excess pressure is
diverted through the valve mechanism to atmosphere.

External Devices

External intake relief valves, such as Large Diameter Hose (LDH) piston
intake valves, are attached to the primary intake of the fire pump. The
pressure relief setting is adjustable. The position of the adjustment screw
may not make the pressure setting adjustable without removing the entire
valve from the pump.

Examples of different types of external intake relief valves.
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NOTES

External Intake Relief Valve — Note adjustable spring for 4 different
pressure settings (arrows).

Intake Pressure Relief System

The NFPA standard on Automotive Fire Apparatus 1901 requires an
adjustable 3-1/2” or larger intake pressure relief system. NFPA 1901 also
specifies the pressure range for the relief system from 90 psi to 185 psi or
greater. If the relief system is field adjustable, the purchaser must state
what pressure is to set. NFPA 1901 requires, unless otherwise directed by
the purchaser, the manufacturer will set the value at 125 psi.
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NOTES

Newer intake pressure relief systems are a part of the fire pump plumbing,
but remain external to the pump housing itself. Separately, external intake
relief valves are also located outside the pump enclosure. These external
devices are discussed below.

Setting the relief valve

The pressure relief valve is located in the bypass piping between the
discharge side of the pump and the intake (suction). To set the relief valve
you must do the following:

e Turn the relief valve control to the closed (“higher) position.

e Advance the engine throttle to obtain the desired discharge pressure
and flow. You must have the pump discharge pressure above 60 psi in
order to activate the pressure relief valve spring.

e Turn the relief valve control to the open (“lower”) position until
pressure within the pump starts to drop. An indicator light will show
relief valve is operating (water is now flowing directly from the
discharge of the pump to the suction, thus reducing the pressure within
the system)

e Turn the relief valve control clockwise (toward “higher”) to restore the
pump pressure to the desired operating pressure until the indicator
lights are either “off” (Hale) or “green” (Waterous or Darley),
indicating that the valve is closed.

e The relief valve setting can be re-adjusted to meet the operating
pressure of each pumping operation. The relief valve setting has to be
changed as pressure requirements change.

The relief valve activates due to the excess backpressure (the indicator
light comes on). When the nozzle is re-opened the relief valve would
cease to operate (the indicator light will go off) and pressure will return to
normal.
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NOTES

Internal devices

One type of pressure control device is the internal pressure relief valve.
This valve is adjustable by the pump operator to increase or decrease the
pressure. When activated water is rerouted from the discharge side of the
pump back into the suction side.

Another type of pressure control device is a pressure relief valve that
“dumps” the excess water outside the pump (to atmosphere). This valve
may or may not be adjustable by the pump operator at the pump panel.
Some relief valve pressure settings are not accessible to the pump operator
and may be adjusted during regular maintenance.

An intake/discharge pressure regulator uses one control to set pressure
regulating relief valves on the intake, as well as, the discharge side of the
pump. By setting the relief valve based on the discharge pressure needed
for fire ground operations, an intake relief valve and a discharge dump
valve work in tandem to protect the discharge pressure from excessive
changes due to intake pressure or discharge pressure fluctuations.

Pressure Governors

Pressure control can also be accomplished by adjusting the engine RPM to
regulate the pump discharge pressure. These devices are called pressure
governors. They may be mechanical or electronic, depending on the age
of the apparatus.
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NOTES

Automatic pressure regulating governors

There are two types of engine governors that may be installed on fire
apparatus today.

Each of these is designed to maintain the pump discharge pressure by
regulating the engine RPM. The early governor designs were mechanical
and required many moving parts. Today’s governors are electronic and
work with the electronically controlled engines and transmissions. With
these units there are no moving parts.

The basic operation of each of these governors is to maintain the set pump
discharge pressure (PDP) by controlling the engine RPM. If the PDP is
set at 150 psi, and a firefighter closes a nozzle, the governor will slow the
engine rpm to maintain the 150 psi. When the nozzle is returned to
operation the governor will then increase the engine rpm to maintain the
PDP at 150 psi and compensate for the now increased flow.

The governor will maintain the engine rpm to meet 150 PSI in the event
that an additional line is added to the operation. The engine rpm will be
increased to bring the PDP up to the 150 PSI, compensating for the
increased flow.

In the event that the pumper runs out of water for any reason, the
mechanical governor will try to increase the RPM to make up for the
decrease in PDP created by the lack of incoming water. With these
governors, the pump operator needs to be aware of this and react
accordingly. The electronic governors may default to engine idle when
they run out of water.

If your apparatus is equipped with an electronic governor you must read
the operations manual to ensure that you are completely familiar with its
operation.  Governors are made by pump manufacturers, engine
manufacturers, or third party companies. Driver/operators need to be
familiar with the operation of the governors found on their apparatus.

Apparatus with pressure governors do not
normally have mechanical pressure relief
valves. The purpose of the pressure-regulating
governor is to maintain a pre-set pump
pressure by controlling the engine throttle
setting. The governor protects the discharge
pressure from pressure increase by reducing
the throttle opening and the reduced throttle
opening will reduce the engine speed. Hale

i
*|
|
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NOTES

It operates to prevent excessive discharge pressure rise when one or more
lines are shut off or when increased pressure is introduced from an outside
source. Conversely the governor will increase rpm to maintain pressure to
compensate for additional flow. Because mechanical engine governor
regulators only react to changes in discharge pressure, an operator must
ensure a continuous water supply. This type of regulator will continue to
try to maintain pressure by increasing engine rpms even if the water
supply is interrupted. Electronic governors will make several attempts to
maintain discharge pressure if the water supply is interrupted but will
eventually return the engine to idle rpms.

Principles of Operation

The process of the mechanical governor in controlling speed:

The nozzle is shut off.

The pressure increases in the discharge side of the pump.

The governor piston moves against the pre-set spring.

The control linkage between the governor piston and the engine
throttle operates to reduce fuel to the engine.

e The engine slows down and the pump pressure decreases.

The process of the mechanical governor in resuming speed:

The nozzle is reopened allowing water to flow

The pressure decreases in the discharge side of the pump.

The governor piston returns to the original position it was set for.
The control linkage opens on the engine throttle

Fuel to the engine is restored and the engine resumes speed.

Note: Electronic governors accomplish the same task, but an electronic
control unit (ECU) controls the engine speed to regulate the pump
pressure.
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Setting the Mechanical governor

NOTE: You must follow the manufacture’s instructions for your specific
type of governor. T —

e Turn control knob of governor to Set.
Set throttle to required pump pressure.

e Wait required time (between 5 and 30
seconds depending on manufacturer).

e Quickly turn governor control knob to
run.

e The governor is now set at the desired
operating pressure.

American LaFrance

Setting the Electronic Governor

Class 1 Detroit Diesel

NOTE: You must follow the manufacture’s instructions for your specific type of
governor. Each governor is different, so be sure to read the operations manual.

e Push “On” button
Select psi or rpm mode (Note: rpm mode will not control pressure but
will maintain engine speed).

e Use ‘increase’ or “‘decrease’ button to adjust the governor to desired
discharge pressure.

e The governor will regulate engine speed to maintain desired discharge
pressure.

See Appendix E for more information about the Class 1
Electronic Governors.
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Using Presets

e You may have a choice of programmed presets based on rpm or psi
(refer to your department’s SOGS).

e Push “On” button.

e Push “preset” button.

e Governor will now set the programmed discharge pressure or rpm.

Example

One hundred-fifty feet of 1 3/4” hand line at 100 Ibs of nozzle pressure
requires a Pump Discharge Pressure of 150 Ibs. If you pull a second line
that requires the same PDP the engine speed will increase to compensate
for the increased flow of water. If you were to pull 200 feet of 2 12" line
at 50 Ibs nozzle pressure, which requires a PDP of 70 Ibs, the governor
will again increase rpm to compensate for the increased water flow.
However, the pump operator will have to ensure that the 2 2” line only
receives 70 Ibs pressure at the pump by controlling the valve for that line.
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NOTES

Pump Controls

Pump Shifts

In order to make the pump work, we need to be able to transfer the power
from the wheels that drive the apparatus to the pump. This can be done by
a variety of methods. It can be done by the pull of a handle, shifting a
lever, or flipping a switch. It may be electrical, pneumatic, or manual.
You must consult the manufacturer’s operation manual for the proper way
to transfer the apparatus from road gear to pump gear. There may be
indicator lights associated with the pump shift operation. These are found
on or next to the pump shift mechanism, and the pump panel. These lights
may be found singly or in pairs, where the pairs will indicate both a pump
transmission shift, and a proper engagement of the automatic road
transmission for pumping.

Different types of pump shifts are
shown here.
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Transfer Valves

Some apparatus are equipped with
pumps that have more than one / —
impeller.  These are called multi- 07 . PRESSURE 3\
staged pumps. Multi-stage pumps can o £ mm-ﬂ')"- &
deliver water at low volume with high Ll 'O
pressure or high volume at lower
pressures. In order to do this these
pumps must have a device know as a
transfer valve.

The transfer valve changes the pump from pressure to volume or vice
versa depending on what flow and pressure is required. The transfer valve
may be powered manually, electrically, hydraulically, or by vacuum or air.

Refer to the diagram on page 2-7 of this Unit to view how the transfer
valve redirects water flow within the fire pump.

Transfer valve operation

The transfer valve should be operated at less than 50 psi above the intake
pressure. Some hydraulic operated valves must have 70-psi pressure in
order to operate. Again, you must consult the owner’s manual for specific
operation details.

e The “pressure” stage is selected for capacity flows less than 50 percent
of the pump rating. Each impeller passes water to the succeeding
impeller to increase pressure. An example would be a 1000 gpm
pumper being operated at less than 500 gallons per minute.

e The “volume” setting is for capacity flows greater than 50 percent of
the pump rating. In this mode, all the impellers pass water
simultaneously from the suction to the discharge. Again, this would
be the 1000 gpm pumper being operated above 500 gallons per minute.

Office of Fire Prevention and Control June 2007 2-22



Student Manual- Apparatus Operator — Pump Unit 2 — Components, Maintenance, and Inspections

NOTES

Throttle Control

The throttle control provides an
engine speed (rpm) control. The
throttle control is normally found
on the pump panel. You may find a
manual control in the cab as an
option. The throttle control screw-
like system is known as a vernier
control. Turning the knob counter
clockwise tightens a cable to the
engine and increases the engine
rpm’s. Turning the knob clockwise will decrease the rpms. Within the
center of the control knob is a button that can be used for “EMERGENCY
SHUTDOWNS ONLY.” It must be remembered that this button will
cause an instant decrease in pump rpms. This in turn will cause a sudden
decrease in pressure, which may cause injury to firefighters working on
hose lines, ground ladders, and aerial devices. The throttle control may be
a part of the pressure governor.

Electronic throttle controls are found on newer apparatus, as shown here.
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Discharge / Intake Valves

The purpose of these valves is to control water flow. You may find them
in the form of gate valves, check or clapper valves, butterfly valves,
needle valves or sliding valves.

Butterfly valves are typically use on suction inlets. Needle valves are used
to dampen gauge lines making it easier to read the pressure. (Be sure not
to over dampen the gauge). The sliding valves are used for drains.

The ball valve is the most popular type of valve. Ball valves are used in
discharge lines, suction inlets and tank fill and tank to pump lines. Check
and/or clapper valves are used to control water flow direction.

The ball in a ball valve is rotated 90 degrees, to open or close. There are
several ways to operate a ball valve. These include cranks, levers, pull
rods, handles, as well as electrical or air actuators.

All intakes and discharges 3 inches and over must be equipped with a slow
operating valves, which cannot open or close in under 3 seconds.

Various ball valves are shown in these photos. Note the actuator rods for
these valves, shown in the upper left panel.
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Electrically Actuated Ball Valve

Check and Clapper Valves

To control water flow only in one direction

Inside the pump casing on multi-stage pumps

For tank to pump piping

Siamese connections
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NOTES
Butterfly Valves

e For the suction inlet
e Require only a % turn to
operate

The valve illustrated is a Hale MIV
(Master Intake Valve) with electric
actuator and relief valve combined
into a one-piece bolt-on unit.

Sliding Valves

e Pump and low point drains
e Require a push-pull operation

The valve illustrated is a drain S . °:‘- T
valve on an outlet on a Hale front N 3 Prom
mounted pump. P N i

Discharge valves are Ys-turn ball valves. They can be controlled by
push/pull, forward/back, in/out, and up/down movements. The discharge
valves can be locked into the desired position. Care should be taken not to
over tighten the valve. Damage may occur to the valve handle making it
impossible to maintain the flow setting.

NOTE: All valves have a tendency to close under pressure. A valve that
has been damaged may close itself without the operator being aware or
may close suddenly causing a dramatic increase in pressure. This is one
reason why it is important to have the pressure relief valve or pressure
governor set.
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NOTES

Gauges

The purpose of gauges is to provide information to the operator on how
the vehicle and pump are performing. There are two main groups of
gauges, motor gauges and pump gauges. The motor gauges provide
information on the condition and ability of the engine to perform. The
pump gauges provide information on the condition and performance of the
pump and its accessories.

Typical Motor/Cab Gauges

Speedometer

¢ Indicates the speed of the apparatus in
mph / kph

e |f the pump operates with the
transmission in gear, the speedometer
may read while the pump is running.

Tachometer

¢ Indicates the speed of the engine crankshaft
in rpm while driving or pumping

Engine Hour Meter

e Records the total time that the engine has
been operated

e It provides accurate information for
scheduling of preventative maintenance for
the vehicle and accessory components.
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Fuel Gauge

e Records the amount of gas or diesel fuel
remaining in the tank

Oil Pressure Gauge

e Measures the amount of pressure in the
lubricating system

e This gauge DOES NOT indicate the
amount of oil in the lubricating system.

Water Temperature

e This gauge indicates the temperature, in degrees Fahrenheit, of water
in the engine cooling system.

e |t consists of a metallic thermometer
element inserted permanently in the cooling
space surrounding the engine cylinders.

e The correct temperature is generally 160
degrees F to 190 degrees F for maximum
efficiency.

Air Pressure

e The air pressure gauge indicates the pressure available in the air
system for apparatus equipped with air
brakes.

e The compressor automatically
activates to replenish the air supply
when the reading falls below 90 psi.

e Apparatus accessories that utilize air
pressure include air brakes, emergency
brakes, air horns, and air operated
valves and controls.

NS0\ jswo
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Ammeter

e Itindicates how much current is flowing into
(charge) the battery.

e Most all electrical equipment on the apparatus,
except the starter, is connected through this
gauge.

Voltmeter

e The voltmeter indicates the potential energy
(voltage) of the electrical systems

e |t also indicates low voltage (below 12v),
normal voltage (12v to 15v), or high voltage
(greater than 15v).

Pump Gauges

Pump gauges read pressure in pounds per square inch (psi). We use this
pressure reading to set our flow requirements. There are several types of
gauges.

Compound Gauge

e Used on the intake (suction) side of the
pump.

o It will measure both positive and negative
pressure (vacuum) in the pump casing.

e The gauge indicates the amount of vacuum
in inches of mercury.

e It reads static pressure with no water
flowing.

o It will also read residual pressure with
water flowing.

Office of Fire Prevention and Control June 2007 2-29



Student Manual- Apparatus Operator — Pump Unit 2 — Components, Maintenance, and Inspections

NOTES
Pressure gauge

e Is used on the discharge side of the
pump

e |t measures positive pressure on the
discharge side of the pump

Gauge Operation

e A closed-end, hollow curved tube known as a Bourdon tube activates
the gauges.

e Pressure on the tube tends to straighten out the curvature of the tube.

e A mechanical connection (rack & pinion) operates a gear connected to
a needle pointer that gives us the pressure reading.

Dry Gauges

Dry gauges operate under the same principle as liquid filled gauges;
however, water from the fire pump fills the Bourdon tube, which activates
the gauge. Dry gauges typically have snubber needle valves to control
needle flutter inside the gauge face.

Liquid Filled Gauges

e Qil fills the Bourdon tube.

e A freeze resistant diaphragm located at the gauge connection keeps
water out of the Bourdon tube.

e Silicon or glycerin oil completely fills the entire gauge case, except for
a small air bubble behind the lens that acts as an internal breathing
diaphragm to relieve case pressure.
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Note: The Bourdon tube gauge is susceptible to its own problems.

e If anozzle is shut off fast water hammer may cause damage to the
gauge

o If temperatures are below freezing (32 degrees F) (0 degrees
Centigrade) water inside the gauge may cause permanent
deformation of the tube.

o Typically 2% to 3% error is common in this type of gauge.

e 2% error on a gauge reading 0 to 600-psi range will equal 12 psi.

e Actual gauge readings of 150 psi may range from 138 psi to 162 psi
actual pressure.

e Actual gauge readings of 20 psi on compound gauges range from 8
psi to 32 psi (2% £12 psi).

e Itis recommended to carefully select gauge range to suit the
application. Most gauges are more accurate in the middle third of
its range (0-300 psi range and 0-600 psi range).

Flow meters

Flow meters read discharge flow in

gallons per minute (gpm)

e Flow meters replace the standard
pressure gauge for setting flows.

e There are two basic types of flow

meters.

e The differential flow meter operates by comparing pressure in
upstream and downstream facing tubes inserted in the flow line.

e Turbine sensor flow meters operate by a paddle wheel device inserted
along the edge of the flow line measuring the paddle wheel rotation.

e You may have a combination flow meter and pressure gauge.
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Water/Foam Level Gauge

Indicates the level of product in the corresponding
tank.

Water

Foam

Pump Hour Meter
e Records the total time that the pump has been operated.

e It provides accurate information for scheduling of preventative
maintenance for the pump

Remote Engine Gauges

On the pump panel you will also find remote engine gauges. These should
include a tachometer, ammeter, voltmeter, engine temperature, oil
pressure, fuel gauge, and pump hour meter. Oil pressure and coolant
temperature now require audible and visual alarms.
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Auxiliary Cooling Controls —

Engine Cooler/Auxiliary Cooler

The engine temperature is extremely
important for safe and efficient
operation. The normal vehicle cooling
system may be inadequate to cool the
engine during stationary pumping
operations. The auxiliary cooler acts as a
heat exchanger. Cool pump water
circulates through coil units to cool the
radiator fluid. The pump water does not
mix with the radiator fluid.
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Older engines may have a radiator fill control as an emergency device.
Pump water will replace fluid in the radiator to cool the engine. The
radiator fluid must be replaced during restoration of the vehicle to normal
service. Failure to do so may cause the engine to freeze in cold weather
causing the engine to crack.

Pump Cooler/Booster Cooler or Recirculator

Centrifugal pumps tend to overheat when turning rapidly and discharging
little or no water. Modern equipment is available to warn of overheat
conditions. These may be electric sensors attached to the pump housing
that activate warning lights and audible alarms. You may detect an
overheating condition by feeling the pump housing or intake.

Overheat prevention includes the circulation of water through the pump.
This can be accomplished by the following methods:

Open pump cooler/circulating valve

Discharging water to flowing lines

Dump water to the ground

Circulate tank-to-pump and pump-to-tank continually

Put road transmission in neutral when water is not needed or no water is
flowing (this disengages the pump drive).

Some pumps are equipped with a cooler valve that is automatically
activated by a thermal sensor.
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UNIT 2
Lesson 2

Maintenance, Inspections, & Testing

Objectives

At the conclusion of this unit, the student will:

e Understand specialized tests, inspections, and basic maintenance
functions

e Be able to perform routine inspections, tests, and maintenance
functions on pumping apparatus

e Document pumper inspections and tests

e Perform a walk-around inspection of pumping apparatus

e Perform avacuum (dry prime) test
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UNIT 2

LESSON 2

Introduction

It is of the utmost importance that fire department pumping apparatus
function at their full capabilities during emergencies. Apparatus that do
not operate properly could permit a small fire to reach major proportions.
Continuous reliable operation of pumping apparatus depends directly on a
human component, with the driver/operator serving as a key component in
this process.

Every fire department must have a policy specifying what constitutes
maintenance and repair, and who performs these functions. Because fire
apparatus are more complex today, it is imperative that the driver/operator
have a thorough understanding of all the components of the apparatus.

In order for apparatus to operate as designed, certain inspections, tests, and
maintenance functions must be performed. Many pumper failures can be
traced to a lack of preventive maintenance and proper repair. Importantly,
NFPA standard 1002 requires driver/operators to have basic skills in
apparatus maintenance, inspection, and testing. This unit will cover basic
inspection procedures and skills needed by the driver/operator.
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Maintenance vs Repair

It is important for driver/operators to differentiate between the terms
maintenance and repair. Maintenance usually means keeping the unit in a
state of readiness. Repairs are generally defined as replacing or fixing that
which is not operating properly. A good preventative maintenance
program will help to ensure unit reliability, lessen out of service time, and
will help reduce the overall cost of fire department operation.

The purpose of preventive maintenance is to try to reduce unexpected
failures, which could threaten life and property. It should always be
remembered that anything mechanical can fail, but with a good
maintenance and repair program in place, the odds of a failure are greatly
reduced.

Preventive maintenance starts with the driver/operator. He or she is the
person most familiar with the unit and should know when the apparatus is
operating at full capability, and when it is not. Some departments may
have a maintenance officer who receives the driver/operator reports. This
individual may routinely check and service the apparatus, or may only
coordinate needed repairs with department mechanics or outside service
companies. The driver/operator should be able to perform minor
maintenance; however, major repairs should be left to properly qualified
mechanics and repair personnel.

Maintenance and Repair Programs

Every fire department maintenance and repair program should include the
type of inspection procedures used, the type of repairs done and by whom,
as well as the process for proper documentation. This program should be
included in the department’s standard operating guidelines (SOGS).

A department’s SOGs should specify which items the driver/operators are
responsible for checking, and which items the operator can correct on
his/her own. Departments generally allow driver/operators to check fluid
levels (and top-off if needed), tighten loose nuts, bolts, and screws, and
replace bulbs. More serious repairs are referred to qualified mechanics.
Large departments may have their own mechanics and repair shops,
smaller departments may send their units out to qualified repair facilities
for maintenance.

The individual performing the repair work on fire apparatus should be
qualified to repair heavy trucks as well as the associated pump(s) and
equipment on the apparatus. The schedule for checks and maintenance
functions varies greatly in departments, from career organizations
requiring driver/operators to perform daily maintenance checks and
inspections, to volunteer departments checking equipment on a weekly or

i
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monthly basis. The apparatus checks and maintenance should be outlined
in SOGs to ensure that the equipment is properly checked and that those
checks are properly documented.

Proper record keeping results in a running history of the apparatus’s
reliability, assists in planning for replacement, and also is important for
warranty claims. In the event that the unit is involved in an accident,
investigators will certainly review these records. All operators should be
very familiar with their department’s maintenance record keeping system.
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Apparatus Inspections

It is highly important that the operator have a systematic method of
checking the apparatus, this ensures that all items and functions are
checked and noted each time inspections are carried out. Many
departments use the inspection requirements outlined in NFPA 1002, or
the pre-trip inspection requirements used in the federal Department of
Transportation (DOT) or state commercial driver programs. These are the
types of inspections that career firefighters should use on a daily basis, and
volunteer personnel should use on a weekly or monthly basis. Individual
departments will need to establish their own program based on response
information, apparatus usage, and other local factors.

New York State Heavy Equipment Safety Inspections are not required for
fire apparatus. However, this procedure is highly recommended and many
departments have adopted this standard.

Changes in NFPA Standards —

As of 2007, the NFPA 1911 standard was rewritten to contain three
previous stand-alone documents: NFPA 1911, NFPA 1914, and NFPA
1915.

The new NFPA 1911 standard is now called the “Standard for the
Inspection, Maintenance, Testing, and Retirement of In-Service
Automotive Fire Apparatus, 2007 edition.”
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Pre-service Inspection

The Pre-service Inspection, sometimes called an operator’s check, pre-
duty check, or general walk-around, all accomplish the same goal—to
assure that to the best of the operator’s knowledge, the unit is ready to
respond if needed.

There are a number of obvious items that are checked on all apparatus,
including:

- Battery condition

- Fuel and fluid levels

- Booster tank water level

- Tire condition, and any other related items

A methodical approach to the inspection procedure permits all critical
areas to be checked. If records are available from a previous inspection,
the operator should review these to see if any problems were noted and if
repairs were made.

Walk-around Inspection

The walk-around inspection is a good method for operators to use to
inspect their units. As the operator approaches the unit he will begin the
inspection by observing the overall appearance of the vehicle and looking
for any obvious problems, such as low tire pressure, vehicle damage, or
puddles of fluid under the vehicle. Other conditions, such as the unit
leaning to one side, may indicate a suspension problem. The driver will
then start the inspection from the driver’s door and work around the unit in
a clockwise direction.

The Overall Inspection Process

As the operator circles the unit, all important areas are checked, including
all of the assigned equipment. The final step of the inspection will be for
the operator to return to the cab of the engine start the unit, and perform an
operational check on all the unit’s systems.
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Cab Interior

The first thing the operator should do upon entering the apparatus cab is to
adjust the seat and mirrors properly. It is imperative that the driver has the
seat and mirrors adjusted for safe and comfortable operation. Many
accidents have occurred because the operator failed to adjust these critical
items before driving the apparatus. Check and adjust the seatbelts and
occupant restraint devices if needed.

If the apparatus is equipped with a tilt and
telescoping steering wheel, adjust it now. The
operator should then check all equipment
carried in the cab including portable radios,
flashlights, etc. for proper storage.  All
| equipment should be stowed properly so as not
to interfere with response.

Practical Tip => Loose equipment rolling
around the interior of the cab can become a
lethal projectile if the unit is involved in an
accident or makes a sudden direction change.

According to NFPA 1901 and NFPA 1500, all equipment in the cab must
be secured in mounting brackets.

The driver should inspect the road-to-pump shift mechanism for proper
positioning. The transmission selector lever, or shift lever for manual
transmissions or mechanical linkage automatic transmissions, should also
be checked for neutral position. All apparatus should have operable
neutral safety switches that will not allow the engine to start in gear. The
operator should check all other switches in the cab for proper positioning.
This includes emergency lights, headlights, radio controls, heating and air-
conditioning levers or switches, and all other controls and switches.

Under the Hood

Once the operator has completed
checking the cab interior the engine
compartment can be checked next.
Most engine and other related
component checks should be done prior
to the operational check, which will be
discussed later.
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The Engine oil level should be checked first [\
when inspecting the engine compartment. All |
engines have a dipstick to measure the amount of
oil in the crankcase. If the reading is low, the
proper amount and type of oil required should be
added. If the unit has just been running, the
driver/operator should wait to allow the oil to
settle in the oil pan before measuring the level.

The operator will check the radiator
coolant (antifreeze) level next. This is
done by removing the cap on the fill
opening usually located on the coolant
system recovery or overflow reservoir, or
by viewing the fluid level through the sight
glass, if supplied. There will usually be at
least one or two marks on the side of the
reservoir to indicate the proper level of the
antifreeze. The driver/operator should also
inspect the condition of the radiator hoses at this time. The front of the
radiator should be free of leaves, papers, and other objects that would
restrict the flow of air through the unit. Some engines also have automatic
cooling fans, so extreme care should be taken when working around the
cooling fan systems to avoid coming in contact with a moving fan
assembly. If the coolant fluid level is low, add the proper coolant.

Practical Tip - Because these systems are pressurized when the engine
is at operating temperature, caution should be used when working around
cooling systems when the engine is warm.
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Power steering fluid levels, as well
as brake fluid levels (on vehicles
equipped with hydraulic brake
systems) should be checked at this
time. Check power steering levels by
using the dipstick in the reservoir or
by a method specified by the
manufacturer. Some systems require
the unit to be checked with the engine
running and the fluid at normal
operating temperature.

Check the brake fluid level in the master cylinder by using the procedure
recommended by the manufacturer.

The Automatic transmission fluid
level should be checked in the same
general manner as the engine oil
level. The transmission should be at
operating temperature and on level
ground, according to the
manufacturer’s specifications. A
dipstick is usually provided for this
check, and the proper level noted.
Some  newer pumpers  have
transmissions with electronic
readouts of the fluid level. In this
case, the fluid level check is
accomplished by pushing specific
buttons on the electronic transmission
control pad in the designated
sequence.
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All belts, including water pump, air compressor (if equipped), fan, and
alternator, should be inspected for wear and proper adjustment. The
operator should be familiar with the proper feel for tightness of each belt
when properly adjusted.

Electrical wiring should be inspected in the engine compartment at this
time. The general condition of the wiring should be good with no signs of
frayed, loose, or cracked wires or connections.

At the conclusion of the engine compartment inspection, the
driver/operator should look for leaks of any fluids used in the vehicle’s
engine or transmission. Look for oil, transmission fluid, water, hydraulic
oil, power steering fluid, or any other fluid that may be leaking. All engine
hoses, tubing, pressure lines, and fittings should be checked for their
overall condition and indication of leakage.
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Walk-Around Inspection

Left Front Side

By beginning at the driver’s door, the
operator will check the door, the latches,
and window glass for proper operation
and cleanliness. All handrails and
mounted equipment should be checked
for proper attachment. If the unit has
saddle-style fuel tanks, the fuel caps
should be secure and any evidence of |
leaking or damage noted.

The next items of importance are the
wheels and tires. A visual inspection of
the wheel should be made to check for
cracks, loose or missing lug nuts, bent or
broken studs, and unusual amounts of brake dust on the wheel. The wheel
should also be inspected for any gear oil or grease, in particular if signs of
trailing show on both the wheel and tire.

The unit’s tires should be inspected for cuts, sidewall damage, tread
separation, uneven wear, or other problems that may require maintenance.
Tire inflation should be at the pressure recommended by the tire
manufacturer, and is usually found on the sidewall of the tire. The valve
stem should also be checked for cuts, cracks, tightness, and leaking air.

The operator can then look behind the wheel at suspension components
and the steering gear. Look for obvious problems involving springs, spring
hangers, u-bolts, shocks, and shackles. Most power steering units are
frame-mounted in this area, so look for evidence of fluid leaks on the floor
or on the power steering unit itself.
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Vehicle Front

As for all areas of the apparatus, the
operator will check for any obvious
damage to the front of the unit. The
condition of the windshield, and wiper
blades and arms should be inspected.

If the unit has any warning devices
mounted to an extended bumper, or an
intake or discharge fitting located in this area, these should be checked for
proper attachment and visible damage. For units with front intake fittings
that are normally capped, make sure the cap is tight enough to prevent air
leaks when attempting to draft, but not so tight as to make it difficult to
remove. Any hose attached to pre-connected intake or discharge fittings
should be in good condition and stowed properly. If a valve is provided, it
should be in the closed position. Importantly, all nozzles should be clean
and in their proper place.

Many apparatus today are equipped with winches, hydraulic rescue tools,
and other systems mounted on the front of the unit. These should also be
inspected to ensure proper stowage, operation, and cleanliness, as well as
to note any damage.

Some apparatus are equipped with front-mounted pumps, these can be

checked at this time. Once the front inspection is complete, the driver can
proceed to the right front of the vehicle.

Right Front

The right front inspection of the
apparatus would be the same procedure
as used when inspecting the driver’s
left front side. Again, general condition
is noted of all right front components,
wheels, tires, and all associated
suspension parts. Once the right front
inspection is completed, the operator
can continue on the right side of the
apparatus, working towards the rear of the apparatus.
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Right Side

This part of inspection process covers all areas from the rear of the cab to
the tailboard area of the apparatus.

As in the front inspection, the
operator shall look for any obvious
damage that may have occurred
since the last inspection. Tires,
wheels, and suspension components
are checked. Most fire apparatus
have dual rear wheels/tires on the
rear axle or axles. These should be
checked for condition, as is done
with  the  front  inspection.
Importantly, any dual tires should not be touching each other or coming in
contact with any part of the axle or vehicle.

Units should be equipped with mud flaps and these should be properly
attached and in good condition. None of the flaps should be hanging
loosely or dragging on the ground.

Many fire apparatus are equipped with automatic tire chains. This
equipment should be inspected by the operator at this time. The driver
should make sure that all links of the chains are present and in good
condition. The automatic chains should be lubricated as per the
manufacturer’s specifications, and should be operated by the driver at least
once per month. Many departments remove the hub and chain units during
the summer months, and then reinstall the units in the fall.

NOTE: These devices are generally turned on and off from the cab by the
driver. When activated, a rotating hub with lengths of chain swings into
place in front of the drive wheels. The chains are swung in a rotating
motion so they fall under the rear wheels as the unit moves forward or
backward, providing enhanced traction in snow or ice.

The operator should check all compartment doors, hinges, hold-open
devices, and latch mechanisms. Inspect the equipment carried in the
compartments at this time, which should be present and properly stowed.
Some departments will inspect each piece of equipment carried at this
time, others will only check for presence, cleanliness, and if the equipment
is properly placed in the compartment.

Office of Fire Prevention and Control June 2007 2-47



Student Manual- Apparatus Operator — Pump Unit 2 — Components, Maintenance, and Inspections

NOTES

If the apparatus is equipped with side-
mounted ladders, they should be checked
for cleanliness and for proper securing to
the apparatus. Hard suction hose carried in
trays should be checked for condition and
proper securing. Any hose or other
equipment carried on the exterior sides or
running boards of the apparatus should also
be checked at this time, including pre-connected hose lines that go across
the midship area of the unit or those stowed on top of the fender
compartments.

Once all compartments and equipment on the right side of the apparatus
have been checked, the driver can then proceed to the rear and top areas
for inspection.

Top and Rear

Starting at the rear of the unit, the operator will check the tailboard for any
damage. All equipment mounted in this area, should be secured properly
and in working order. Portable extinguishers, hydrant valves, and portable
master stream devices are examples of tools and appliances found at the
rear of apparatus.

If the unit is equipped with a rear
compartment, this should be checked
in the same manner as the right side
compartments. All equipment
contained in the compartment should
be inspected for operation, cleanliness,
and its proper stowage.

The operator should then check the
main hose bed area, ensuring that the
hose is properly packed and finished
off. Driver/operators must know the
quantity of hose carried on their
pumpers and be able to recognize
shortages of any hose lays. If the unit
is equipped with a hose bed cover, it
should also be checked at this time for condition, placement, and security.
Some apparatus are equipped with solid covers. If these are used they
should be checked to ensure that they stay open when necessary.
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NOTE: A recent NFPA 1901 amendment now requires that any hose
must be restrained to the apparatus to prevent accidental deployment while
in motion (1901 Temporary Interim Amendment (T1A)).

All other equipment that is stored in the hose bed area should be checked
at this time. This includes ground ladders, portable tanks, hose, pike poles,
and other equipment. Some apparatus today are equipped with rear-
mounted pumps.

After the top rear of the unit is checked, the driver/operator can then
proceed to the top front to check the top of the pump enclosure, if the
apparatus is a midship pump design. Any equipment stored in this area
should be inspected like all other areas of the apparatus. Visually inspect
the booster tank water level at the filler opening at this time.

After the inspection of the top of the pumper is complete, the operator can
proceed to the left side inspection.

Left Side

Inspect the left side of the pumper in the same way as the right side. After
completing the left side inspection, proceed to the pump panel inspection.
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Pump Panel

The driver/operator will now check all pump controls at the panel and
associated areas. This inspection is best done after the vehicle inspection
is completed.

The first items to check are the master pump
gauges, which are usually located in the
upper section of the pump panel. After
these, check the individual gauges for each
discharge. Check any duplicate gauges in
the cab or other areas to make sure that they
both display the same value. Gauge glass
should be clean, not cracked, and have no
fluid leaks. After checking the gauges on the
unit, proceed to inspect all valves on the
discharges and intakes. The driver/operator
may wish to open and close each valve to ensure proper operation with no
binding or sticking.

If the unit is equipped with a multistage pump, the operator can check the
transfer valve next. The valve can be changed from one position to the
next and then back to the original setting. Keep in mind that operating the
pump transfer valve may require the pump to be in gear.

If the unit has an external intake relief valve, this can be checked after the
transfer valve inspection. Depending on department policy, the air bleeder
should be checked to see if it is in the proper position (open or closed).
The valve itself should be opened and then
closed to check for proper operation.

The operator will then check all water
drains located either at the pump panel or
other locations to ensure that they are fully
closed.

NOTE: Depending upon individual
department’s procedures, pumps can be
kept “wet” or “dry.”
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The operator now should check any pressure control devices, such as relief
valves, pressure governors, and any auxiliary cooling systems to ensure
proper setting. If the unit has auxiliary fire suppression systems, such as
foam or dry chemical, they should also be inspected for proper fluid
amount, leaks, corrosion, or any obvious damage. The level of the
priming fluid can also be checked at this time.
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Undercarriage

To complete the walk-around inspection, the driver/operator should now
do a general inspection under the unit. Any obvious signs of damage or
loose or missing parts should be noted. This would include, but not be
limited to the suspension, driveline, and auxiliary systems (tire chains, for
example).

The operator should now check for
any unusual oil leaks from the fire
pump gear case and note them
accordingly. Also be sure to check
for any water leaking from the fire

pump.

After the operator has completed the
undercarriage inspection, the
operational inspection can now be
done.

Brake System Inspection

Fire department pumpers may be equipped with air brakes. The major
components of air braking systems are: an air compressor, a compressor
governor, air storage tanks (with drains), an air drier, a safety relief valve,
the brake pedal, the brake mechanism and its parts (located at each wheel),
an air pressure gauge with low and operating pressure indicators, stop light
switch, a low air warning signal, and spring brakes (which are applied
when low air pressure exists).

Recent updates in the NFPA 1901 standard now specify that when the
parking brake is applied, all forward-facing white lights turn off and
ground-illuminating lights turn on. In additon, a variety of safety
interlocks controlled by the braking system can be found. The details for
these features can be found in NFPA 1901.
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Behind each wheel is the brake mechanism. This is shown in the
following illustration:
DRUM BRAKE
Braka chambser
Brake drum
: Slack adpsher
Adjusting mat)
p‘l.:i_lf.-
Brake cam
o T~ Gam roller
Aeurs sprind 3
Brake shoe lining

Source: New York State Commercial Driver’s Manual, p.5-3.
Driver/operators must have a basic understanding of the components of an
air brake system. Part of this understanding must be the ability to
recognize when air brakes are not properly adjusted.
Although this course is not designed to have each driver/operator make
adjustments to air brakes — this must be done according to your
department’s guidelines and by a properly trained mechanic -
driver/operators shall be able to recognize if air brakes are not properly
adjusted prior to driving the vehicle.
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During the vehicle inspection, the driver/operator should check the various
components of the air brake system. The driver/operator should check
the:

e Air compressor

e Air compressor drive belt (if belt-driven)

e Low pressure warning signal

e Air pressure gauge(s)

e Brake drums, hoses, and linings (where possible)
e Parking brake

e Service brakes (can be disc or drum types)

e Slack adjusters on S-cam-type brakes, and

e Spring brake function/application

These system components should be routinely checked and documented
according to your department’s SOPs, NFPA, and Department of
Transportation (DOT) standards.

On vehicles with air brakes, proper adjustment is crucial for safe and
effective stopping. The illustration below shows what a properly adjusted
brake should look like. If the driver/operator sees that brakes are not
properly adjusted, or is not certain if the brakes are properly adjusted, the
vehicle should be taken out of service. This finding should be
documented and immediately reported in order for corrective maintenance
to be done.

Brakes on Overstroked

Accessed from http://www.e-z.net/~ts/ts/Adjust.htm on 8-8-06; used
with permission.

Office of Fire Prevention and Control June 2007 2-54



Student Manual- Apparatus Operator — Pump Unit 2 — Components, Maintenance, and Inspections

NOTES

Unit 2

Lesson 3

The Operational Inspection

A complete operational inspection of the apparatus includes both a driving
and fire pump operational evaluation. Both the road and pump tests shall
be conducted according to departmental SOGs. A full pump service test
need not be done on every inspection, but shall be scheduled once per year
(see NFPA 1911).

To begin the operational inspection the driver/operator will go through the
starting sequence for the apparatus. All engine instruments should be
monitored during the start to assure proper oil pressure, electrical
charging, and air build-up (if equipped with air brakes). It is important that
all electrical switches for lights and other systems be in the off position
when starting the unit so that an excessive load will not be placed on the
batteries and charging system.

After starting, the manufacturers recommend that the engine not be placed
under full load before it is up to operating temperature. While the engine is
warming up, the operator may choose to check all lights, signaling
devices, and warning systems. If proper ventilation systems are not
available in the station, the apparatus should be moved outdoors while
warming to avoid a build up of fumes in the building. Before the operator
moves the apparatus, the air pressure in the braking system should be
observed, if so equipped. Apply the brakes to check for adequate braking
ability within the first 50 feet of movement.

The operator should drive the apparatus for 20 to 30 minutes. During this
time, the steering mechanism, braking system, transmission, and all other
systems should be checked for proper function.

If the chassis air intake system is equipped with an air filter restriction
gauge, it should indicate a “green” condition or another proper indication.
If the gauge shows “red” or another color indicating a restriction, then the
air filter probably needs to be changed. Because this system requires
vacuum to operate, it can only be checked with the engine running.
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After the driver/operator has completed the operational road evaluation,
the apparatus should be taken to an area where the driver/operator can
check the fire pump. The operator will secure the unit by applying the
parking brake and wheel chocks, and then proceed to test the pump
engagement device, which is the road-to-pump shift. Engagement of the
pump should be smooth and the appropriate warning lights should operate
as designed to indicate that the pump is properly engaged. When the
pump is engaged, the engine’s transmission is engaged to the fire pump
impeller shaft allowing water to be moved through the pump.

Practical Tip > When the pump is engaged the speedometer will
usually indicate a moderate speed. This is a double-check that the
vehicle’s transmission has engaged the fire pump. Although the
speedometer is registering a “speed,” the apparatus is not moving and has
the parking brake on and the wheels chocked according to the
manufacturer’s requirements. The operator can then proceed with
pumping water. However, it is important to understand that not all
speedometers react this way.

A simple fire pump test

The fire pump can be tested by opening the booster “tank-to-pump” valve,
operating the priming device, and discharging the water back into the
booster tank through the “tank fill” or “pump-to-tank” plumbing. The
throttle can be advanced and the appropriate pressure increase can be
noted. Depending on the size of the piping in the tank fill system, the
operator in most cases should only open the tank fill valve half way to
avoid any possibility of causing “cavitation” in the pump. Pump pressure
in this test should not exceed 150 psi when filling the tank. The operator
can also do a check of the unit’s pressure control devices.

Most relief valves and pressure governor systems can be checked while
pumping in this manner. Transfer valves should also be operated to
ensure proper operation (see Unit 2 Lesson 1, above).

Note: Cavitation occurs when a pump tries to discharge more water than
is being taken in. Air bubbles form inside the pump under vacuum where
they collapse and fill with liquid, causing shockwaves in the pump.
Cavitation is sometimes expressed as the pump “running away from
water.” See Appendix F for more details about cavitation and its warning
signs.
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The Fire Pump Service Test

A fire pump performance test shall be done on an annual basis in
accordance with the NFPA 1911 standard (Standard for the Inspection,
Maintenance, Testing, and Retirement of In-Service Automotive Fire
Apparatus). This test will assess the function of the priming system as
well as the main fire pump and is the only way to tell if the pump is
capable of delivering its rated capacity.

In addition to demonstrating whether the pump can deliver its rated
capacity, this test will indicate the overall condition of the pump. The
usual cause of a pump not reaching its rated capacity is excess wear of the
clearance rings. As the pump ages, the rings wear and the pump becomes
more inefficient. This results in the engine using more horsepower for the
unit to meet its capacity. As the wear continues, the unit eventually runs
out of horsepower and the pump will need to be rebuilt or have its water
delivery rating lowered.
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Vacuum (Dry Prime) Test

This procedure can be done on a weekly or monthly basis to check the
priming system and the pump for any air leaks or other deficiencies.

Conduct this test as follows:

Drain the pump of all water

Check to see that all drain valves are closed
Remove any discharge caps

Close all discharge valves

Open all intake valves and cap or plug them tightly

© gk~ w DD E

Activate the primer and observe the master intake gauge until at least
22 inches or more vacuum is obtained

7. Shut off engine and listen for any obvious air leaks while observing
the master intake gauge. The pump should not lose more than 10

inches of vacuum in 5 minutes. If the pump fails to hold a vacuum, it

must be repaired.
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DOCUMENTATION

Whether the pumper is inspected and tested on a daily, weekly, or monthly
basis, proper documentation must be in place to ensure proper operation.
Inspection and test sheets can range from very simple check-off sheets
listing fuel level, oil and water levels, booster tank water level, and
general condition, to more complex forms, which include pumper-testing
results, specific repairs that have been (or should be) completed, and in-
depth road test reports that cover all areas of performance.

Proper documentation helps to ensure that any deficiencies will be noted
so that repairs can be made. Good inspection practices and record keeping
will help maintenance personnel keep the apparatus at full response
capability. This will also establish a record of the apparatus’ history useful
for budget, maintenance, and repair considerations.

STUDENT ACTIVITY

Student will perform a walk-around inspection of apparatus as well as a
dry prime test and a basic pump test. See Appendix G for a basic
apparatus inspection worksheet.

SUMMARY

Many pump failures can be prevented with proper maintenance and repair.
When lives of civilians and firefighters depend on the proper functioning
of the apparatus, everything that can be done to assure proper function is
imperative.  Good inspection, documentation, and testing of fire
department apparatus is the first step in maintaining the firefighter’s goal
of saving lives and property.
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UNIT 3 — Hydraulic Principles and Practice

Objectives

At the conclusion of this lesson, students will:
e List and discuss the properties of water
e Explain and define pressure as it relates to fire pump hydraulics
e Discuss the 6 principles of pressure
e Define and describe friction loss and its 4 principles
e Understand the different hydraulic formulas
e Define and understand the NFA fire flow formula
e Understand Fire Pump Ratings

e Perform the needed hydraulic calculations
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Lesson 1 — Hydraulics

Hydraulics is the branch of science that studies fluids either at rest or in
motion.

The “Problem...”

Learning about hydraulics is often perceived as difficult and confusing
because of:

- a fear or lack of basic math skills

- not understanding the basic facts about hydraulics

- learning only what have become known as “Rules of Thumb” without
learning the underlying principles

The “Solution...”

Learning about hydraulics can be interesting and useful as long as each
student:

- learns the basic concepts
- reviews and refreshes basic math skills
- works to apply what is learned to fire pump operation

Physical Properties of Water

Water is made up of hydrogen and oxygen. Together, these components
form a substance that is:

- colorless
- odorless
- tasteless
- incompressible

Water can exist in any of 3 states; these are solid, liquid, and gas. Impor-
tantly, water expands its volume when it changes from a liquid to a gas
(steam). This is known as thermal expansion.

When water expands to steam (at 212°F and 14.7 psi) the volume in-
creased 1,700 times. We say that this is a 1-to-1,700 expansion by vol-
ume. This is usually written as 1:1,700 (volume:volume).'

Additional facts about water can be found in the IFSTA Essentials of Fire-
fighting, 4™ Edition, pages 487-489.

'IFSTA Essentials of Firefighting, 4™ Edition, p. 488.
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