Module 02113-05
Introduction to Water Distribution Systems

Lesson 1 of 1: Introduction, Supply and Distribution, Cross-Connection, and Building Distribution 

This lesson is a classroom session in which the students will learn about water distribution systems.  Students will identify the major components of a water distribution system, and describe the function of each component to fulfill a Performance Task requirement.  

Objectives

Upon completion of this lesson, the student should be able to:
 

1. Identify the major components of a water distribution system, and describe the function of each component.

2. Describe the process in which water is distributed in municipal, residential, and private water systems.

3. Explain the relationships among components of a water distribution system.

4. Describe the various stages that water passes through at a municipal water treatment plant.

5. Describe some of the hazards associated with cross-connections.

Performance Requirements

· Identify the major components of a water distribution system, and describe the function of each component. This corresponds to Performance Task 1.

Reading Assignment

· Module 02113, All Sections  

Slide Presentation

· Module 02113, Part 1 (Slides 1 thru 34)

Suggested Equipment/Materials 

· Various valves and fittings used in a water distribution system.

Suggested Student Activity

· Have students visit a municipal water treatment plant to observe its operation.  Have students write a brief report on what they observed.

Testing

· Module Review Test Questions 1 thru 5 for Sections 3.0.0, Questions 1 thru 10 for Section 4.0.0, Questions 1 thru 10 for Sections 5.0.0, and Questions 1 thru 10 for Sections 6.0.0 – 7.0.0

· CONTREN( Connect, Active Figures 2, 4 & 10

· Module Trade Terms Quiz

· Module Examination

Suggested Lab Activity

· Students must identify the major components of a water distribution system, and describe the function of each component.

Additional Resources

· Introduction to Potable Water Treatment Processes, Malden, MA, Blackwell Publishing.

· www.lifewater.ca/ndexdril.htm (Lifewater Canada) An on-line tutorial on how to build a safe drinking water well.

· Contren Connect Level 1Plumbng Annotated Instructors Guide (available from the NCCER)
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· Review the objectives to be covered in this lesson.  Ask students if they have any questions about the lesson objectives.
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· Describe the water distribution process from the source through treatment and distribution to the home.
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· Describe the characteristics of the different types of wells drilled to obtain water.

· Ask students if their domestic water is obtained directly from a private well.  If so, ask them to describe the type of well used.
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· Explain why water must be treated before it is considered potable.

· Describe how water is treated in private water systems.
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· Describe the steps for treating water in a municipal water system.
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· Describe the methods used to maintain pressure in municipal water systems including the use of booster pumps (Slide 6, Figure 5) and pressure regulators (Slide 7, Figure 6).
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Have students answer Review Questions for Section 3.0.0.  Provide correct answers and remediation at the end of the quiz.  Have students complete Active Figures 2 and 4.
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· Describe the materials used to construct water lines, giving advantages and disadvantages of each type of material.

· Explain what galvanic corrosion is and what causes it.
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· Describe the supply piping and pump arrangement in a private water supply system.
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· Describe the characteristics, similarities and differences between, and locations of corporation stops (Slide 10, Figure 8) and curb stops (Slide 11, Figure 9).
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No Notes
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· Explain that the curb stop is located in a curb box.  A special key is used to turn off the curb stop.
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· Explain that the curb box is usually marked with a metal marker.
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· Describe the location of the water meter. 
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·  Explain that a meter shutoff valve is installed ahead of the water meter to shut off service to the building.
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· Explain that the building main shutoff valve is located after the water meter and inside the building, allowing water to be shut off during construction or for emergency repairs.

Have students answer Review Questions for Section 4.0.0.  Provide correct answers and remediation at the end of the quiz.  Have students complete Active Figure 10.
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· Describe what backflow is and the undesirable results it can bring.

· Describe how a vacuum breaker on a hose bibb acts as a backflow preventer.

· Explain that codes specify what type of backflow preventer to use in a particular installation.

· Have students review Table 1 in their textbook for a better understanding of the types of backflow preventers used in different applications. 
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· Explain that some backflow preventers can protect against both backpressure and back siphonage, while others can handle only one type of backflow.

· Describe the characteristics of the five most commonly used backflow preventers.
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· Explain that valves and faucets are used to regulate the flow of water in water distribution systems.

· Explain the following valve terms: straight-through flow, full flow, and throttled flow.
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· Describe the characteristics of gate valves and their use in a water supply system.

· Have a gate valve available to pass around the class.
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· Describe the characteristics of globe valves and their use in a water supply system.

· Point out that globe valves, unlike gate valves, can be used to modulate flow.

· Have a globe valve available to pass around the class.
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· Describe the characteristics of angle valves and their use in a water supply system.

· Have an angle valve available to pass around the class.


[image: image22]
SLIDE 23

· Describe the characteristics of ball valves and their use in a water supply system.

· Have a ball valve available to pass around the class.
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· Describe characteristics of check valves and their use in a water supply system.  Describe and compare the operation of ball-check valves (Slide 24, Figure 22), swing-check valves (Slide 25, Figure 23), and lift-check valves (Slide 26, Figure 24).

· Have samples of the three check valves available to pass around the class.
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No Notes
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No Notes
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· Describe the characteristics of pressure regulator valves and their use in a water supply system.

· Have a pressure regulator valve available to pass around the class.
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· Describe the characteristics of supply stop valves and their use in a water supply system.

· Have a supply stop valve available to pass around the class.
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· Describe the characteristics of temperature and pressure (T & P) valves and their use in a water supply system.

· Have a T & P valve available to pass around the class.

Have students answer Review Questions for Section 5.0.0.  Provide correct answers and remediation at the end of the quiz.  
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· Describe how and where to locate the water heater, water softener, hose bibs, and fixtures (Slides 30 & 31, Figures 28 & 29).
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· Explain that the DWV system is typically installed first, with the water supply piping installed in relation to the DWV system.
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· Describe how to construct fixture risers and how to connect them to backing boards.

· Describe how risers are connected to feeder lines.
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· Discuss the purpose of water hammer arresters and why they are used in a water supply system.

· Have a water hammer arrester available to pass around the class.

· Discuss the various factors that affect the size of the main water supply line.

· Have students study Tables 2 and 3 in their textbook for a better understanding of the factors that affect water supply line size.
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· Explain how tempering valves are used in hot water supply systems to prevent scalding.

· Have a tempering valve available to pass around the class.

Have students answer Review Questions for Sections 6.0.0 – 7.0.0.  Provide correct answers and remediation at the end of the quiz.  

Have students complete the module Trade Terms Quiz

Students must identify the major components of a water distribution system, and describe the function of each component.  This task corresponds to Performance Task 1.

At the completion of this session, provide a module review and then administer the Module Examination.  Students must achieve a score of at least 70% and have satisfactorily completed all lab exercises and/or Performance Testing requirements to receive credit for the module.
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4.0.0 SUPPLY AND 

DISTRIBUTION 

•

In public water systems, the building service line is tapped int

o the water main 

using a corporation stop, which is a valve that is threaded into

the water main.

Figure 8

Corporation stop.
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7.0.0 FIXTURES AND 

FAUCETS 

•

The water coming from hot water faucets may need to be 

cooled to prevent scalding and the cold water is some 

lines may require warming to prevent sweating of pipes 

and fixtures in warm, humid weather.

•

Water tempering valves are used to provide this important 

function. They can be adjusted to provide water at the 

desired temperature.

Figure 32

Tempering valves.
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6.0.0 BUILDING DISTRIBUTION 

•

In large water lines or lines where the fixtures have quick

–

closing valves, install hammer arresters or shock arresters to 

absorb energy when the water flow suddenly stops

•

Correctly size all supply lines to fixtures and appliances using

tables supplied by local codes. They estimate the anticipated 

demand for water as measured by water supply fixture units 

(

WSFUs

).

•

The main feeder line in residential installations must be sized 

to supply the required flow and pressure.

•

As an energy

–

saving measure, water in hot water lines can be 

returned to the cold water side of the water heater. A check 

valve has to be installed on the incoming cold water line so 

the return water will flow only in one direction.

Figure 31

Shock arrester.
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6.0.0 BUILDING DISTRIBUTION 

•

Construct vertical sections of pipe (called fixture risers) insi

de the walls that 

connect to the supply pipe beneath the floor. Assemble the fixtu

re risers and 

stub

–

outs and mount them on a backing board.

•

Once the backing board is secure, connect the risers and stub

–

outs to the 

feeder lines or branches under the floor.

Figure 30

Installation of fixture riser and stub

-

outs.
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6.0.0 BUILDING DISTRIBUTION 

•

Exterior hose 

bibbs

are usually required in residences. The piping runs serving 

these outlets should bypass the water softener because that wate

r does not 

need this treatment.

•

Locate the water supply piping serving individual fixtures and a

ppliances. Then 

locate fixture risers and fixture stub

–

outs.

•

DWV piping is always installed first. The water supply piping sh

ould be located 

in relation to the DWV piping, and not to the walls or corners o

f the building.

Figure 29

Hose 

bibb

.
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6.0.0 BUILDING DISTRIBUTION 

•

Once water from the main is brought into the building, the water

distribution system is completed by 

installing the water heater, hose 

bibbs

, water softener (if needed), and fixtures.

•

The water heater should be placed in the most efficient location

, which is usually as close as possible to 

the greatest number of hot water outlets.

•

If a water softener is being installed, first determine the expe

cted use of various fixtures.

Figure 28

Sample water distribution piping diagram.
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5.0.0 CROSS

-

CONNECTION 

·

Temperature and pressure (T and P) relief valves are normally us

ed for liquid service. As 

pressure increases, they slowly open; as pressure decreases, the

y slowly close.

Figure 27

Pressure relief valve.
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5.0.0 CROSS

-

CONNECTION 

·

Supply stop valves, or supply valves, are commonly used to disco

nnect the hot 

or cold water supply to water closets and sinks.

Figure 26

Supply stop valve.
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5.0.0 CROSS

-

CONNECTION 

·

Various pressure regulator valves are used to reduce 

water pressure in a building.

Figure 25

Pressure regulator valve.
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5.0.0 CROSS

-

CONNECTION 

·

Lift

–

check valves are recommended for lines that have 

frequent fluctuations in flow. They are available in 

horizontal and vertical styles.

Figure 24

Lift

-

check valve.

[image: image45.wmf]MODULE 02113

, Part 1

SLIDE 25

5.0.0 CROSS

-

CONNECTION 

·

Swing

–

check valves work best in lines with low to moderate pressure.

Figure 23

Swing

-

check valve.
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5.0.0 CROSS

-

CONNECTION 

·

Check valves are used to prevent reverse flow in piping systems.

Ball

–

check 

valves allow one

–

way flow in lines with extremely low backpressure.

Figure 22

Ball

-

check valve.
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5.0.0 CROSS

-

CONNECTION 

·

The ball valve controls the flow of liquids and 

gases and is installed in piping systems where 

quick shutoff may be necessary or in lines 

used to mix liquids and gases.

Figure 21

Ball valve.
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5.0.0 CROSS

-

CONNECTION 

·

Angle valves are similar to globe valves, with the added benefit

that they can 

serve as both a valve and a 90

–

degree elbow.

Figure 20

Angle valve.
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5.0.0 CROSS

-

CONNECTION 

·

In a globe valve, flow is controlled by moving a 

circular disc against a metal seat. It is 

recommended for general service on lines 

carrying various fluids where frequent operation 

and close control of flow is required.

Figure 19

Globe valve.
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5.0.0 CROSS

-

CONNECTION 

·

A gate valve controls flow by moving a gate or 

disc. It is best suited for main supply and pump 

lines and provides an unobstructed passageway 

when the valve is fully open.

Figure 18

Gate valve.
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5.0.0 CROSS

-

CONNECTION 

•

A valve or faucet regulates the flow of water in a water distrib

ution system and may be used as 

an on/off or throttling device, to regulate pressure, or to prev

ent reversal of flow in a line.

•

Commonly used valve terms include straight

–

through flow, full flow, and throttled flow. Trimming 

out is a term used for the task of placing attachments on fixtur

es to finish a job.

•

Various types of valves are available for use in a water distrib

ution system.

Figure 17

Valves in the distribution system.
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5.0.0 CROSS

-

CONNECTION 

•

Some backflow 

preventers

protect against both 

backpressure and back 

siphonage

, while others can 

handle only one type of backflow

•

Common backflow 

preventers

include atmospheric 

and pressure

-

type vacuum breakers, dual

–

check 

valve backflow 

preventers

, double

–

check valve 

assemblies, and reduced

-

pressure zone principal 

backflow 

preventers

.

•

When installing backflow 

preventers

, keep in mind 

that each device has specific applications and 

limitations. They also must be well maintained to 

work effectively.

Figure 16

Backflow prevention devices.
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5.0.0 CROSS

-

CONNECTION 

•

Backflow is any unwanted flow of used or non

–

potable 

water back into the potable water distribution system.

•

This reverse flow occurs as a result of cross

–

connection, 

which is a direct link between contaminated and potable 

water supplies. An improper plumbing hookup or a garden 

hose left in a pool of dirty water can cause backflow.

•

A break in a water main or other vacuum in a water line can 

cause contaminated water to be drawn backward through 

the water supply line.

•

Air gaps can prevent back 

siphonage

. The vacuum breaker 

in a hose 

bibb

connection acts as a backflow 

preventer

by 

interrupting the vacuum that could cause a backflow.

•

Codes specify the degree of backflow danger and the 

appropriate devices that should be used for various 

applications.

Figure 15

Vacuum breaker.
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4.0.0 SUPPLY AND 

DISTRIBUTION 

•

The building main shutoff valve is installed inside the building

and allows the 

service to be turned on and off during construction.

Figure 14

Main shutoff valve.

[image: image55.wmf]MODULE 02113

, Part 1

SLIDE 15

4.0.0 SUPPLY AND 

DISTRIBUTION 

•

A meter stop valve, installed ahead of the meter, allows cutoff 

of water service to 

the entire building.

Figure 13

Meter stop valve.
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4.0.0 SUPPLY AND 

DISTRIBUTION 

•

The water meter, owned and installed by the municipality, measur

es the 

customer's water usage in gallons.

Figure 12

Water meter.
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4.0.0 SUPPLY AND 

DISTRIBUTION 

•

The curb box, sometimes called a buffalo box, is marked on city 

plans and 

drawings and can be located by finding the metal marker.

Figure 11

Metal marker for the curb box.
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4.0.0 SUPPLY AND 

DISTRIBUTION 

•

The curb box is a round casing placed in the ground over the cur

b stop. It allows a special key 

to be inserted to turn off the curb stop in emergencies.

Figure 10

Municipal water supply connection.
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4.0.0 SUPPLY AND 

DISTRIBUTION 

•

A short pipe connects the corporation stop to the curb stop, whi

ch is a valve 

installed in the building water supply line between the corporat

ion stop and the 

building.

Figure 9

Curb stop.
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4.0.0 SUPPLY AND 

DISTRIBUTION 

•

In a private water supply, the service line runs from 

the well to the house. The pump can be located at the 

well or at the house.

Figure 7

Well point.
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4.0.0 SUPPLY AND 

DISTRIBUTION 

•

The water distribution system moves water from its source to the

building or 

structure where it is needed.

•

Water service lines are made of copper, plastic, or steel. The i

nitial cost and the 

time it is expected to last determine what material to use.

•

Galvanized steel pipe can last about 30 years, while copper can 

last about twice 

that. Plastic lasts longest, but can absorb chemicals from the g

round.

•

Acidic soils act on galvanized pipe, while soils that contain ca

rbon dioxide can limit 

the life of copper pipe.

•

Galvanic corrosion, caused by a weak electrical current that flo

ws between two 

different metals, can destroy metal pipes if the two are joined 

without taking the 

necessary precautionary measures to prevent it.
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3.0.0 WATER TREATMENT 

·

Other systems may use pressure

-

regulating valves to lower the pressure to meet 

their needs.

Figure 6

Water pressure regulator valve.
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3.0.0 WATER TREATMENT 

·

Some water users may use booster pumps to raise the pressure to 

meet their 

needs. 

Figure 5

Variable

-

capacity system.
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3.0.0 WATER TREATMENT 

•

Municipal water treatment is more complex because of the million

s of gallons of water that must 

be treated each day.

•

After water is pumped from a river or lake, it is aerated to rem

ove carbon dioxide. Aeration also 

helps remove iron and manganese.

•

After aeration, the water is clarified by adding lime and soda a

sh to cause coagulation that 

removes precipitates of calcium and manganese. This process soft

ens the water.

•

Further treatment steps lower the pH, filter the water, and chlo

rinate it. After the water leaves the 

treatment plant, it flows through pipes called water mains to th

e various users.

Figure 4

Municipal water treatment plant.
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3.0.0 WATER TREATMENT 

•

Water from open reservoirs, lakes, 

streams, and some wells is not 

ready for human use until it has 

been treated.

•

Water must be tested for the 

presence of chemicals, turbidity, 

organic materials, and other 

contaminants. Treatment can take 

care of these problems.

•

Private water treatment often 

consists of a water softener and, 

depending on the hardness and 

quality of the water, a sediment filter 

or carbon filter.

Figure 3

Water softener.
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2.0.0 SOURCES OF WATER 

•

Wells used as a private water source can be dug, driven, drilled

, or bored. Wells that are dug or driven are 

considered shallow wells and are used when the water table is wi

thin 20 to 50 feet of ground level.

•

Dug wells are easily contaminated by surface water, while driven

wells are only practical if the soil is fairly 

free of rocks.

•

Drilled and bored wells can go hundreds of feet down to reach wa

ter and are considered deep wells. Once 

water is reached, a well casing is inserted to protect the well 

from contamination.

•

Once the well is established, water is pumped to the surface and

stored in a pressurized tank. Generally, the 

deeper the well, the more gallons per minute can be pumped.

•

Municipalities use reservoirs to store water from streams and ri

vers. Pumps move the water from the 

reservoir to the treatment plant.

Figure 2

Types of wells.
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1.0.0 INTRODUCTION

•

Water supplies are either private (from a well) 

or public (supplied by a city or other 

municipality).

•

The underground water source for a well can 

usually supply water that is pure enough to 

drink straight from the ground. Municipal water 

often comes from lakes, rivers, and reservoirs 

and requires treatment before it can be used.

•

Municipal treatment plants add chemicals and 

process the water to make it fit to drink. For 

example, chlorine is added to kill harmful 

bacteria. Some cities add fluoride to the water 

to prevent tooth decay.

•

Treated water is held in reservoirs until it is 

pumped into the main supply pipe that leads to 

building service lines. From there it is delivered 

to faucets and fixtures within the building.

Figure 1

Water distribution.
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Objectives

When you have completed this module, you will be able to do the 

following:

1.

Describe the process by which water is distributed in municipal,

residential, and 

private water systems.

2.

Identify the major components of a water distribution system, an

d describe the 

function of each component.

3.

Explain the relationships between components of a water distribu

tion system.

