


ffirst.indd   1 12/8/2011   2:13:00 PM



Audel Water  
Well Pumps and 
Systems Mini-Ref

R. Dodge Woodson

John Wiley & Sons, Inc.

ffirst.indd   1 12/8/2011   2:13:00 PM



Copyright © 2012 by John Wiley & Sons, Inc. All rights reserved

Published by John Wiley & Sons, Inc., Hoboken, New Jersey

Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system, or transmitted 
in any form or by any means, electronic, mechanical, photocopying, recording, 
scanning, or otherwise, except as permitted under Section 107 or 108 of the 1976 United 
States Copyright Act, without either the prior written permission of the Publisher, 
or authorization through payment of the appropriate per-copy fee to the Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 
646-8600, or on the web at www.copyright.com. Requests to the Publisher for permission 
should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River 
Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at www.
wiley.com/go/permissions.

Limit of Liability/Disclaimer of Warranty: While the publisher and the author have used 
their best efforts in preparing this book, they make no representations or warranties with 
respect to the accuracy or completeness of the contents of this book and specifically 
disclaim any implied warranties of merchantability or fitness for a particular purpose. No 
warranty may be created or extended by sales representatives or written sales materials. 
The advice and strategies contained herein may not be suitable for your situation. You 
should consult with a professional where appropriate. Neither the publisher nor the 
author shall be liable for any loss of profit or any other commercial damages, including 
but not limited to special, incidental, consequential, or other damages.

For general information about our other products and services, please contact our 
Customer Care Department within the United States at (800) 762-2974, outside the 
United States at (317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that 
appears in print may not be available in electronic books. For more information about 
Wiley products, visit our web site at www.wiley.com.

Library of Congress Cataloging-in-Publication Data:

Woodson, R. Dodge (Roger Dodge), 1955–
 Audel water well pumps and systems mini-ref / R. Dodge Woodson.
  pages cm.—(Audel technical trades series)
 Includes index.
 ISBN 978-1-118-11480-3 (pbk.); 978-1-118-17024-3 (ebk); 978-1-118-17025-0 
(ebk); 978-1-118-17027-4 (ebk); 978-1-118-17028-1 (ebk); 978-1-118-17029-8 (ebk)  
1.  Wells—Handbooks, manuals, etc. 2.  Wells—Maintenance and repair—Handbooks, 
manuals, etc. 3.  Pumping machinery—Handbooks, manuals, etc.  I. Title. 
 TD405.W65 2012
 621.2′52–dc23

2011045252

Printed in the United States of America

10 9 8 7 6 5 4 3 2 1

ffirst.indd   2 12/8/2011   2:13:00 PM

http://www.wiley.com/go/permissions
http://www.wiley.com/go/permissions
http://www.wiley.com


iii

Contents

Chapter 1 tYPes oF WeLLs 1

Dug Wells  1

shalloW Wells  2

DrilleD Wells  3

Driven Wells  4

JetteD Wells  5

alternative Water sources  5

recovery rate  5

Water storage tanks  6

Chapter 2 tYPes oF WeLL PUMPs 9

Booster PumPs  9

simPle PumP choices  9

shalloW-Well Jet PumPs  10

DeeP-Well Jet PumPs  10

suBmersiBle PumPs  11

a rule-of-thumB  11

cost  11

Chapter 3 PUMP seLeCtIon 13

refresher course  13

friction loss  14

minimum Water requirements  17

hoW DeeP is the Water in the Well?  17

ftoc.indd   3 12/8/2011   2:13:25 PM



iv  ■  contents

recovery rate  27

Water Pressure  27

Planning for future use conDitions  31

summary  31

Chapter 4 WeLL PRessURe tAnKs 33

stanD moDels  40

in-line moDels  40

PumP stanD moDels  41

unDergrounD moDels  41

hoW Does a DiaPhragm Pressure  

tank Work?  42

Pressure tank caPacity  43

a Preinstallation Process  46

mounting a Pressure tank  46

Positioning in-line tanks  47

mounting a PumP stanD moDel  47

mounting a vertical stanD-moDel  

Pressure tank  49

unDergrounD Well Pressure tanks  51

manifolD installations  52

fine-tuning your installation  52

Chapter 5 WeLL PIPInG CHoICes 57

Polyethylene PiPe (Pe)  57

coPPer  59

cross-linkeD PolyButylene (PeX)  59

Which PiPe?  60

PiPing sPecifications  61

some installation Pointers  62

ftoc.indd   4 12/8/2011   2:13:25 PM



contents  ■  v

Chapter 6 WeLL sYsteM CoMPonents 61

maJor comPonents  66

check valves  66

gate valves  66

foot valves  67

relief valves  68

Pressure gauges  68

Pressure sWitches  68

Boiler Drains  69

torque arrestors  69

Pitless aDaPters  69

tail PiPes  70

Well roPe  70

tank tees  71

unions  71

electrical Devices  71

Chapter 7 eLeCtRICAL FACts AnD  
FIGURes 71

manufacturer’s recommenDations  82

connecting the Pressure sWitch  83

Wiring for suBmersiBle PumPs  86

Chapter 8 Jet PUMP InstALLAtIons 89

neW installation of a shalloW-Well  

Jet PumP  92

rePlacing a shalloW-Well Jet PumP  95

the installation of a DeeP-Well  

Jet PumP  96

ftoc.indd   5 12/8/2011   2:13:25 PM



Chapter 9 sUBMeRsIBLe PUMP 
InstALLAtIon 101

Pitless aDaPter  102

connecting a DroP PiPe to a suBmersiBle 

PumP  102

Wiring the PumP  103

connecting the DroP PiPe to the Pitless 

aDaPter  104

loWering the PumP  105

connecting Wires at the WellheaD  107

insiDe the founDation  107

Chapter 10 BoosteR PUMPs 109

general information  109

sizing Booster PumPs  110

installation Diagrams  112

Chapter 11 WAteR QUALItY 119

noticeaBle ProBlems  120

naturally occurring Pollutants  121

microorganisms  122

raDionucliDes  122

nitrates anD nitrites  122

heavy metals  122

fluoriDe  123

human activity  123

vi  ■  contents

ftoc.indd   6 12/8/2011   2:13:25 PM



Chapter 12 tRoUBLesHootInG AnD 
RePAIRs 125

general information  126

ProBlems anD solutions  135

electrical instructions  142

tyPical Wiring Diagrams  152

more electrical testing  154

Appendix: ADDItIonAL InFoRMAtIon  
AnD ResoURCes 161

Well faq  161

Well maintenance  165

Well treatment  166

Well testing  167

Water-relateD Diseases anD  

contaminants in Private Wells  171

Private Well Water anD fluoriDe  173

resources  177

contents  ■  vii

ftoc.indd   7 12/8/2011   2:13:25 PM



ftoc.indd   8 12/8/2011   2:13:25 PM



1

1

Types of 
Wells

There are many types of wells in use, and the type that is chosen by a 
builder, home owner, or architect is often determined by local conditions. 
For example, shallow wells are not always an option. And when they are, 
they may not be the best choice. Drilled wells can be used in all building 
plans, but they are expensive. This can be a drawback.

Pump selection often depends on the type of well the pump will serve. 
A submersible pump can be used in a shallow well, but it rarely is. A 
single-pipe jet pump is not suitable for installation with a deep well. It 
is important to install the right pump for the job. To do this, you must 
understand wells and the requirements associated with them.

Dug Wells

Dug wells were very common a hundred years ago. They are still used 
occasionally in today’s building world, but they are rare. A dug well is 
used when ground conditions allow the well to be dug to a suitable depth. 
Most of these wells range in depth from 20 to 35 feet. Deeper wells are 
possible, but the deeper they are, the more difficult it is to keep them from 
caving in.

As a young plumber I worked with dug wells in Virginia. Back then 
the piping installed in the well was galvanized steel. The process required 
to remove such piping was labor intensive. It was not possible to attach 
the piping to a motorized reel and wind it up out of the well. We had to 
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2  ■  Types of Wells

set up a tripod and lift the heavy steel piping up, section by section, until 
we could secure a portion of it in the tripod. Then we would use pipe 
wrenches to unscrew the threaded joints. We repeated the process until 
the last piece of piping was out of the well. That was hard, heavy work.

The dug wells I used to work on were lined with rocks. Brave—or 
stupid—plumbers would sometimes use the rock walls to climb down 
into the wells. I never did that, but on two occasions I watched another 
plumber do it. He put his back against one wall and placed his feet on the 
rocks used to secure the opposite side of the well. Little by little he wig-
gled his way down into the well. The rocks were damp and slippery, and it 
was not uncommon for snakes to inhabit the rock lining. To say the least, 
this was hard-core plumbing.

It has been more than 30 years since I worked with a dug well, but 
they still exist. I know where three such wells exist in Maine today, in 
spite of the fact that much of Maine is too rocky or sandy to support 
dug wells. Many of them have been decommissioned and replaced with 
drilled wells.

Dug wells are generally shallow and have a diameter of 3 to 4 feet. 
They are not a great water source. First of all, they can run dry when 
there is a lack of rain. When they are in operation it is fairly common for 
them to become contaminated. All in all, dug wells can be used as a water 
supply for livestock, but they should not be considered a viable option for 
a modern plumbing system.

shalloW Wells

Shallow wells are a more modern cousin of dug wells. These wells are 
constructed by boring, adhering to the same principles that were used for 
dug wells. Instead of rock walls being used to support them, preformed 
concrete sections line modern shallow wells. Sections of concrete are 
positioned in the well so that they stack on top of each other.

Once the concrete casing is installed it must be grouted to prevent 
groundwater from entering the well. Surface water and water near the 
ground surface can contaminate a well, which is why grouting is so 
important. A large concrete cover is placed over the well casing once 
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DrilleD Wells  ■  3

all well and pump work is completed. The cover is sized to fit the casing 
that rises to a point above ground level. Gravity holds the cover in place.

Because of the limited depth of a shallow well there is a risk that it 
will not maintain a suitable water level during dry weather conditions. 
As a home builder in Virginia I had many shallow wells installed. They 
normally worked fine. But there were some hot, dry summers when the 
water table dropped to a point where the wells had difficulty recovering 
from use. There was basically nothing that could be done about this situ-
ation. It is possible to haul potable water in by truck and fill the well, but 
I can’t recall this ever being done.

Another problem that I have seen with shallow wells is that, over 
time, they can fill in with sand. There is space below the concrete casing 
that can allow sand to seep into the well, which causes problems in the 
plumbing system.

Sand that builds up in a well can come through the water service 
piping and enter the water distribution system. Obviously, nobody wants 
sand in their drinking water. The grit does a lot of damage to the fittings, 
pumps, faucets, and fixtures in a plumbing system.

If a shallow well is deep enough, the drop pipe that contains the foot 
valve can be shortened when sand invades the well. This raises the level 
of the foot valve and gets it out of the sand. If a builder suspects sandy 
soil, then a drilled well is a better option than a shallow well.

Aquifers shift for various reasons. One thing that is known to change 
underground water flow is road construction during which the blasting 
of rock is required. There are entire geographic areas in which heavy 
blasting resulted in wells failing.

Shallow wells depend on specific aquifers in many cases. If the 
aquifer changes direction and no longer passes within range of the well, 
the well will dry up. Because of their shallow nature, these wells are sus-
ceptible to many potential failure possibilities.

DrilleD Wells

Drilled wells are more expensive to install than shallow wells, but they 
are far more dependable. Well drillers can drill through solid bedrock 
when creating a drilled well. Depths for these wells vary, but most are at 
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4  ■  Types of Wells

least 125 feet deep. My personal well is a little over 300 feet deep, and 
there are some that are far deeper. An average depth would probably be 
somewhere in the range of 200 to 250 feet.

The diameter of the casing for a drilled well is normally about 
6 inches. This steel casing extends a little above ground level and is cov-
ered with a steel cap. The depth to which the casing is installed varies. 
Essentially, steel casing is installed until the well is encased with bedrock. 
Grouting is pumped in around the casing to seal the annular space where 
the casing meets bedrock. This type of construction provides very good 
protection from well contamination.

Because of the depths of drilled wells, they are rarely affected by dry 
weather conditions. Shallow wells use a large diameter to store water. 
Drilled wells use a tall column of water to maintain a suitable water 
reserve. Both methods work, but drilled wells are the most dependable 
type of well used for habitable structures.

Driven Wells

Driven wells, also known as well points, are not widely used. They are 
unreliable and subject to water contamination. People do use driven 
wells, however, to obtain potable water. Personally, I would not trust the 
water taken from a well point.

Driven wells are simple in structure. A well point is installed on a 
drive pipe, which is then driven into the earth. Sections of piping are 
added as the point is driven deeper. The well point is equipped with a 
strainer through which water is drawn.

There are many problems associated with well points. The only water 
available from them is the water that surrounds the point. There is no 
well system holding a water reserve. Sand can clog the strainer on a well 
point and render it essentially useless. Depth is another factor. It is not 
uncommon for well points to stop at a depth of around 20 feet. Others 
never reach this depth. All in all, I do not consider well points a suitable 
solution for obtaining potable water.
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JetteD Wells

Jetted wells are not often talked about. The diameters of these wells can 
range from 2 to 12 inches. Particular soil conditions might prohibit the 
use of a jetted well. For example, jetted wells cannot be installed in bed-
rock, limestone, or sandstone. Even boulders and large, loose gravel can 
prevent the installation of a jetted well. When the soil contains clay, sand, 
or silt, a jetted well can be used. In 30 years of plumbing I have never 
seen a jetted well.

alternative Water sources

Not every home or building is supplied with water from a municipal pipe-
line or well. Some people get their drinking water from springs. Others 
obtain water from lakes and cisterns. None of these options are ideal, 
and contamination is a serious risk with any of these water sources. 
Although they work fine for irrigation or watering livestock, they are not 
good choices for potable water. Of the three, springs are generally the 
best option.

recovery rate

The recovery rate of any water source must be known in order to size a 
plumbing system appropriately for the situation. A plumber can deter-
mine the minimum daily usage for a plumbing system. A plumber must 
also size a plumbing system based on the minimum flow rate and the 
quantity of water required for various types of plumbing fixtures. This 
is done using tables and information found in the local plumbing code. 
Table 1.1 is an example of such a table.

The two types of wells used most often are drilled wells and bored 
wells. A bored well uses a large diameter to store water. Drilled wells use 
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6  ■  Types of Wells

a deep column of water as a water reserve. Both types of wells rely on 
their recovery rates to keep up with the demands of the plumbing system 
they serve.

Plumbing systems are sized based on maximum peak demands. For 
example, a single-family home is assigned a certain demand quantity, 
while a commercial building has a very different demand factor. The 
same could be said for a farm application, where the peak demand is 
based on the number and type of livestock using water.

For a residential scenario, the minimum recovery rate would likely 
be no less than 3 gallons per minute, and 6 gallons a minute or more is 
preferable. In simple terms this means that as reserve water in a well is 
used, the well can replenish it at the prescribed rate.

The sizing of a pump depends on the recovery rate of the well it 
serves. For example, a pump that delivers water at a rate of 8 gallons a 
minute would not be a suitable installation for a well that has a recovery 
rate of 5 gallons per minute. Under constant demand, the pump would 
drain the well faster than the water reserve could be replaced.

Water storage tanks

Some wells have low recovery rates. One way to work around this is 
to install a large water storage tank. Consider this example: You have 
a shallow well that recovers 2 gallons per minute, which is a low rate 

table 1.1: flow rates and Quantity of Water required

Plumbing Fixture or Fitting Maximum Flow Rate or Quantity

Private lavatory 2.2 gpm at 60 psi

Public lavatory 0.25 gal per metering cycle

Public lavatory (unmetered) 0.5 gpm at 60 psi

Showerhead 2.5 gpm at 80 psi

Sink faucet 2.2 gpm at 60 psi

Urinal 1 gal per flushing cycle

Water closet 1.6 gal per flushing cycle
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WaTer sTorage Tanks  ■  7

and could cause problems when several plumbing outlets are being used 
simultaneously. Assume that the well described serves a large family in 
a home with three bathrooms, and that the family members all shower at 
approximately the same time each morning. The showerheads being used 
have a flow rate of 3 gallons per minute. With three showers running at 
the same time, the result is a flow rate of 9 gallons per minute. The well 
recovers at a rate of only 2 gallons per minute.

Say that each person spends five minutes in each shower. That is 
15 minutes at 9 gallons per minute. Now factor in that the automatic dish-
washer and the automatic clothes washer are being used in close con-
junction with this timing. It doesn’t take long for such usage to put an 
overwhelming demand on the well.

If there is adequate water reserve in the well, a problem will not 
be noticed. Once the people leave home for work and school, the well 
recovers over the course of the day. But apply this same reasoning to 
a situation where the usage is more constant for a sustained period of 
time. It would not take long to put a serious strain on the well if the water 
reserve was not substantial.

One way of getting around this is to install large, aboveground water 
storage tanks. The tanks provide the first water used when water is 
demanded at a plumbing outlet. As the reserve in the tank is depleted, the 
well pump cuts on and refills it. This provides a buffer against draining 
the well. As soon as the water demand ceases, the well can replenish its 
water reserve and everything functions normally. This extreme solution is 
rarely needed or used, but it is an option for situations where the well’s 
rate of recovery is simply not adequate.
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Types of Well 
pumps

When working with potable water supplies there are four main types of 
pumps that you may encounter:

 ■ Submersible pumps
 ■ Shallow-well jet pumps
 ■ Deepwater jet pumps
 ■ Booster pumps

The type of pump selected is often determined by the type of well 
used to obtain water.

Booster PumPs

Booster pumps are used in conjunction with other pumps when additional 
water pressure is required. A booster pump is not a primary well pump. 
We will discuss these pumps in Chapter 3, as we explore the requirements 
for pump sizing and meeting flow demands. This chapter concentrates 
on the three main types of primary well pumps and the basics of when 
to use them.

simPle PumP ChoiCes

There are some simple pump choices to consider. We will examine the 
more technical elements of pump selection in Chapter 3. For now, let’s 
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10  ■  Types of Well pumps

look at some of the obvious pros and cons, along with some restrictions 
that may apply.

Assume that you are working with a bored well that has a depth of 
38 feet. You need to lift water approximately 30 feet to meet the demands 
of the plumbing design. Which type of pump would you use?

In this situation you could install a submersible pump, a one-pipe jet 
pump, or a two-pipe jet pump. The lift requirement on the pump is low 
enough that any of these pumps will get the job done.

Now consider a situation where you have a drilled well with a depth 
of 75 feet. Which types of pumps can be used to deliver water from this 
well? A shallow-well jet pump will not work. It is not capable of lifting 
water from such a depth. You can use a deep-well jet pump with a two-
pipe system or you can install a submersible pump. In most cases the 
sensible choice will be a submersible pump.

shallow-well Jet PumPs

Shallow-well jet pumps are limited in their abilities. These pumps work on a 
suction basis. When water is at sea level a shallow-water jet pump can lift it 
a maximum of just under 34 feet under ideal conditions. Since conditions are 
rarely ideal, it is a good idea to factor in some loss in water lift. For example, 
I would not expect a shallow-well jet pump to lift water more than about 
30 feet. Pump manufacturers generally suggest that a maximum amount of 
lift should be figured at 25 feet and that you should deduct 1 foot of lift for 
every 1000 feet of elevation above sea level. Chapter 3 provides more of this 
type of information in discussions on pump selection and sizing.

DeeP-well Jet PumPs

Deep-well jet pumps rely on a two-pipe system in the well casing. The 
pump pushes pressure down one pipe to bring it up the other pipe. This 
arrangement is suitable for wells that are up to 120 feet deep. However, I 
recommend limiting this use to a depth of 100 feet.
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