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The Groundwater Project Foreword

The Year 2022 marks as an important year for groundwater because the United
Nations Water Members and Partners chosen the theme of this year’s March 22 World
Water Day to be: “Groundwater: making the invisible visible”. The goal of the
Groundwater Project (GW-Project) is in sync with this theme.

The GW-Project, a registered charity in Canada, is committed to contributing to
advancement in groundwater education and brings a unique approach to the creation and
dissemination of knowledge for understanding and problem solving. The GW-Project

operates the website https://gw-project.org/” as a global platform for the democratization

of groundwater knowledge, founded on the principle that:
“Knowledge should be free and the best knowledge should be free knowledge.” Anonymous

The mission of the GW-Project is promoting groundwater learning. This is
accomplished by providing accessible, engaging, high-quality, educational materials, free-
of-charge online in many languages, to all who want to learn about groundwater. In short,
providing essential knowledge tools for developing groundwater sustainably for humanity

and ecosystems.

This is a new type of global educational endeavor in that it is based on volunteerism
of professionals from different disciplines and includes academics, consultants and retirees.
The GW-Project involves many hundreds of volunteers associated with more than 200

hundred organizations from 27 countries and six continents, with growing participation.

The GW-Project is an on-going endeavor and will continue with hundreds of books
being published online over the coming years, first in English and then in other languages,
for downloading wherever the Internet is available. An important tenet of the GW-Project
books is a strong emphasis on visualization via clear illustrations that stimulate spatial and

critical thinking to facilitate absorption of information.

The GW-Project publications also include supporting materials such as videos,
lectures, laboratory demonstrations, and learning tools in addition to providing, or linking
to, public domain software for various groundwater applications supporting the

educational process.

The GW-Project is a living entity, so subsequent editions of the books will be
published from time to time. Users are invited to propose revisions.

We thank you for being part of the GW-Project Community. We hope to hear from
you about your experience with using the books and related material. We welcome ideas
and volunteers!

The GW-Project Steering Committee
January 2022
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Foreword

Domestic wells, also known as private wells, are typically on private property in
contrast to publicly owned community municipal wells. Domestic wells need to yield only
enough water for a single family and in some cases for small-scale farming. Hundreds of
millions are estimated to use such wells for their basic water needs. In the United States

and Canada, approximately 46 million people rely on domestic wells.

The quality of water provided by domestic wells is unknown due to an absence of
testing requirements. Domestic wells are a common cause of harm to human health
although the frequency and degree of harm is poorly documented. Hundreds of billions of
dollars have been spent on investigations and remedial actions at contaminated industrial
sites across North America and Europe to protect human health from contaminated
groundwater, but almost no funds are allocated for assessing or reducing health threats
from domestic well water because domestic water quality is deemed to be a matter for the
private well owner. There are precedents that suggest private property ownership should
not negate government responsibility. For example, some governments regulate the
location and design of domestic septic systems, in an effort to protect nearby domestic

wells.

Globally, studies that test groundwater pumped from domestic wells have found
that many contain harmful constituents from natural sources — such as arsenic, fluoride,
manganese and uranium — and/or harmful constituents from human activities such as
solvents, flame retardants, road salt and agricultural chemicals. Studies that test domestic
wells for pathogenic bacteria typically show one-third of the wells have unsafe levels, but
the cause is not known. This well water is also likely to contain harmful viruses, but virus
testing is rare. There are stringent modern requirements and building inspections for home
construction, but the requirements to ensure the safety of domestic wells have not changed

for more than half a century and on-site well inspections are not required.

This book focuses on design, drilling and operation of domestic wells. Although
domestic well owners will find this book of interest, it is aimed at professionals working in
groundwater related areas to enhance their understanding of problems associated with
domestic wells. Safe domestic well water is essential to societal wellbeing and requires

solutions from multidisciplinary teams that interface with public health authorities.

Three other Groundwater Project books complement this topic: Fluoride in
Grounduwater, Septic System Impacts on Groundwater Quality, and Water Well Record Databases
and Their Uses. John Drage, author of this book, is a senior hydrogeologist with the
Geological Survey of the Province of Nova Scotia, Canada where more than 40% of the
population use domestic wells, making it a microcosm of the many problems facing
domestic well owners and governments.

John Cherry, The Groundwater Project Leader
Guelph, Ontario, Canada, January 2022
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1 Introduction

Privately owned domestic wells (Figure 1) provide water to hundreds of millions of
people around the world. They are the most common type of water supply used in rural
areas where public water supplies are not available. Because they are privately owned, and
often located in sparsely populated areas, they are difficult to monitor and protect.
Domestic wells are largely unregulated, except for their initial construction, and it is the
responsibility of the well owner to maintain their well and ensure the water is safe to drink.
Although many domestic well owners do an excellent job managing their wells, many
others do not have the resources to protect their well or regularly test their water quality.
As a result, domestic wells are the most common way for people to be exposed to
groundwater contaminants. Despite these risks, the majority of domestic wells provide safe
and reliable water supplies. Where public water supplies are not available, domestic wells
are usually the best water supply option, as long as they are properly constructed, located

away from contaminant sources, and regularly maintained and monitored.

household (modified from USEPA, 2019).

This book provides an introduction to domestic wells, including their construction,
regulation, vulnerability, protection, and the valuable data they can provide for
groundwater research. It is part of a series of books on domestic wells, each of which
provide greater detail on the domestic well topics that are covered at an introductory level
here. This book focuses on domestic wells in Canada and the United States, although some
information from other countries is presented. For information about domestic wells in

other areas of the world, including Africa, Asia, and Latin America, The Rural Water

Supply Network 7 is an excellent resource.
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This book is primarily written for students, groundwater professionals, and policy
makers with a background in water science and a professional interest in domestic wells.
Questions that are discussed here include: How many people use domestic wells? How
much does domestic well contamination contribute to disease and health care costs? How
can the safety of domestic wells be improved? How can we ensure the water quality and

quantity of domestic wells remain sustainable?

Throughout this book, the term “domestic well” is used to refer to wells that are
privately owned by individuals and used to provide water for domestic purposes (i.e.,
water for household needs such as drinking, cooking, bathing, and cleaning). A domestic
well typically serves a single household or sometimes a few households at a time. Domestic
wells are also commonly called private wells or residential wells. For regulatory purposes,
domestic wells are often distinguished from public wells based on the ownership of the
well (i.e., privately owned by a homeowner versus government owned) or the number of
people served by the well. In the United States for example, public water systems are
defined as supplies that serve an average of at least 25 people for at least 60 days a year or
have at least 15 service connections. Wells that serve less than these thresholds are defined

as private water systems.

2 Domestic Well Demographics

2.1 Who Uses Domestic Wells?

About half of the world’s population uses groundwater for drinking water (Margat
and van der Gun, 2013), but how much of that comes from domestic wells? Unfortunately,
the amount is not precisely known because accurate information about domestic well use
is not available for all counties, including some counties with large populations such as
China. However, the available information indicates that hundreds of millions of people
worldwide rely on domestic wells. Sutton (2021) estimated that more than one billion
people around the world use self-supplied water (i.e., households providing water by their
own means). This estimate is for all types of household self-supplies, including those using
surface water sources and rainwater cisterns, but the majority of self-supplies are from

groundwater sources.

Domestic wells are used in both urban and rural areas, although they are used more
in rural areas where approximately 45 percent of the world’s population lives (United
Nations, 2018). A study of self-supplied drinking water across the Asia-Pacific region
concluded that household self-supplies, of which groundwater is the dominant source,
accounted for 20 percent of urban water supplies and 37 percent of rural water supplies
(Foster et al., 2021).

Table 1 shows information on domestic well use from a selection of countries. In

Canada, 4.2 million people (11 percent of the population) use domestic wells and in the

2
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United States, 42 million people (13 percent of the population) use domestic wells.
Although the total number of domestic wells in United States continues to increase, the
percentage of the population relying on domestic wells is declining as the population shifts
to urban centers where public water supplies are available. In densely populated European
countries (e.g., England, Germany), domestic wells are used by less than 1 percent of the

population.

Table 1 - Estimated population using domestic wells in selected countries and regions.

o PoBUAton - percentf
Country or Region Pop_)u_lat|0|11 Domestic Wells  Using Domestic Source
(millions) (millions) Wells (%)
Australia 25 1.4 6% gi’;fz'i” foulrga” of
Bangladesh? 165 107 71% Foster et al., 2021
Canada 38 4.2 11% Statistics Canada, 2017a
Cameroon 27 2.7 10% Sutton and Butterworth, 2021
Cambodia 16 4.3 27% Foster et al., 2021
DR Congo 90 7.4 8% Sutton and Butterworth, 2021
England 56 0.06 <1% DWI, 2020
Germany 84 0.7 <1% Umwelt Bundes Amt, 2012
India? 1,380 371 27% Foster et al., 2021
Ireland 5 0.55 11% Hynds et al., 2013
Japan3 126 3.7 3% Japan MHLW, 2020
New Zealand® 4.8 0.8 17% NZMH, 2020
Nigeria 206 14 7% Sutton and Butterworth, 2021
Norway® 5.4 0.5 9% NIPH, 2017
Pacific Region® 11 0.33 3% Foster et al., 2021
Pakistan® 221 90 42% Foster et al., 2021
South Asia Region5 1,814 599 33% Foster et al., 2021
Southeast Asia
Region6 618 142 23% Foster et al., 2021
United States 332 42 13% Dieter et al., 2018.
Notes:

1. 2020 population”.
2. This estimate is for the population served by self-supplied household drinking water supplies. It includes

sources from water wells and rainwater, however, the proportion of rainwater supplies included in these
estimates is less than 1 percent.

3. This estimate includes both domestic wells and other unregulated small water supplies and, therefore, is
an overestimate of domestic well use.

4. Pacific Region includes the following countries: Fiji, Kiribati, Marshall Islands, Micronesia, Papua New
Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, and Vanuatu.

5. South Asia Region includes the following countries: Afghanistan, Bangladesh, Bhutan, India, Maldives,
Nepal, Pakistan, and Sri Lanka.

6. Southeast Asia Region includes the following countries: Cambodia, Indonesia, Lao PDR, Myanmar,
Philippines, Thailand, Timor-Leste, and Vietnam.
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It is difficult to find information about domestic well use in developing countries.
New data have been published recently (e.g., Sutton and Butterworth, 2021; Foster et al.,
2021) because household self-supply is being promoted as an approach to meet the United
Nations Sustainable Development Goal for drinking water (i.e., to achieve universal and

equitable access to safe and affordable drinking water for all by 2030).

Although information about domestic well use in developing countries is difficult
to obtain, Bangladesh is an exception because domestic wells there have been extensively
studied due to concerns about arsenic in groundwater. It is estimated that there are about
17 million domestic wells in Bangladesh (Fischer et al., 2020; Shamsudduha et al., 2019),
serving a population of approximately 107 million people. The total number of wells has
been steadily growing and a larger percentage of these wells are now privately owned
domestic wells. In 1992 the total number of wells in Bangladesh was 2.5 million, 50 percent
of which were privately owned and 50 percent were publicly owned. In 2017, the total
number of wells was estimated to be 18.4 million, 95 percent of which were privately
owned (Fischer et al.,, 2020). About 15 percent of these domestic wells are in urban areas

and the remainder are in rural areas.

It is important to know how many domestic wells are in use and where they are
located to determine where people are at risk of exposure to groundwater contaminants.
An understanding of the distribution of domestic wells allows targeted interventions (e.g.,
awareness programs, well water quality testing programs) to be carried out in areas with
suspected groundwater contamination. In many cases we can predict which areas are more
likely to be at risk from naturally occurring and anthropogenic contaminants. Most
naturally occurring groundwater contaminants, such as arsenic and fluoride, come from
geologic sources, and the association between these contaminants and specific geologic
formations indicates areas are more likely to be impacted. Anthropogenic groundwater
contaminants can also be associated with specific areas where human activities pose risks
to groundwater, such as agricultural areas where groundwater is often impacted by

microbial contaminants, nitrate, and pesticides.

It is also important to know where domestic wells are being used so that water
withdrawals from these wells can be included in water budgets. This can be especially
important in highly stressed aquifers where the total water withdrawals have reached the
aquifer’s sustainable limit, or in areas where there is a risk that over-pumping may cause
seawater intrusion. In most aquifers, agricultural, municipal, and industrial water
withdrawals account for most of the groundwater withdrawal. However, depending on
local conditions, a significant proportion of groundwater withdrawals can come from

domestic wells.

Groundwater budget calculations for the Province of Nova Scotia, Canada, indicate
that 32 percent of the groundwater withdrawals in the province are from domestic wells

(Figure 2). The relative proportion of groundwater withdrawals for domestic wells in the

4
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province is larger than for most aquifers. Usually, domestic well withdrawals represent a
small proportion of the total pumping volume. In addition, where domestic septic systems
are in use, most of the water pumped from domestic wells is returned to the shallow aquifer

though septic system discharge.

Commercial

Institutional
4%

9% Domestic wells

32%

Other
12%

Industrial
13%

Municipal
Agricultural 17%
13%

Figure 2 - Groundwater withdrawals by sector as a percentage of the total volume of all groundwater
withdrawals in Nova Scotia, Canada (Kennedy, 2020).

2.2 Estimating the Number of People that Use Domestic Wells

Census data can be used to estimate domestic well use if the type of water supply
used by each household is included in the census. In the United States, the 1990 census was
the last census to collect this information in a nationally consistent manner. However, the
United States Geological Survey (USGS) has estimated the number and location of domestic
wells across the country using household density per square kilometer. After a threshold
is reached, the number of people using domestic wells declines as household density
increases. This is consistent with the observation that there are fewer domestic wells in
urban areas with high household densities because public water supplies are usually
available. Using this approach, the USGS estimated that in 2010 approximately 37 million
people in the United States used domestic wells (Johnson et al., 2019). The distribution of
people using domestic wells in the United States is shown in Figure 3.
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Figure 3 - Number of people per km? that used domestic wells in the United States in 2010 (modified from
USGS, 2020).

Public water supply information, combined with other data, can also be used to
estimate how many people use domestic wells. Because public water supplies are usually
regulated, information about the population they serve, and the location of their
distribution system is often available. An estimate of the number and location of domestic
well users can be made by subtracting the population served by public water supplies from
the total population of a given area. This approach assumes that anyone who is not served
by a public water supply is using a domestic well. Given that domestic wells are the most
common type of water supply in areas without public water supplies, this method provides
a reasonable estimate of domestic well use. However, it does not account for people using
other types of private water supplies, such as surface water and rainwater cisterns. This
method was used in Nova Scotia, Canada, where public-water distribution-zone
information was combined with residential address data and household density data in a
geographic information system to investigate the sources of domestic water across the
province (Kennedy and Polegato, 2017). The study concluded that 42 percent of the
population used domestic wells for their water supply.

Many jurisdictions have water well record databases that are a potential source of
information about the number and location of domestic wells for a given area. In practice,
6
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however, water well record databases are typically not used for this purpose because they
do not usually contain a complete list of all water wells or keep track of wells that have
been abandoned. For example, the previously referenced Nova Scotia study used civic
address points and public water supply zone information to determine that
197,000 households in the province relied on domestic wells. The Nova Scotia provincial
water-well database contained 113,000 records of domestic wells at the time of the study,
indicating that the database did not account for all domestic wells. Another book in the
Groundwater Project series on domestic wells provides more information on water well
record databases” (Kennedy, 2022).

3 Domestic Well Construction

This section provides an overview of the most common types of domestic wells.
Domestic wells are usually classified based on their construction method, for example a
drilled well or dug well. Terminology used to describe well type varies from region to
region around the world, however, the terms used in this book are widely used in Canada
and the United States.

There are numerous domestic well types and construction methods available, each
of which are suited to specific well diameters, depths, and geologic conditions. Well
construction cost and the local availability of well construction equipment are important
factors for determining how a domestic well is constructed. In general, the deeper the well,
the more expensive it is to construct because drilling and well casing are usually charged

by unit length.

3.1 Drilled Wells

Drilled wells (Figure 4 and Figure 5) are the most common type of domestic well in
developed counties. They are usually installed with a truck-mounted drill rig (Figure 6)
that uses either a rotary or percussion drill bit to create a relatively small-diameter borehole
(<200 mm diameter). A rotary drill uses a rotating drill stem and drill bit (or a combination
of rotation and percussion action) to create a borehole. There are several types of rotary
drilling methods, including air-rotary, mud-rotary, and downhole hammer. Rotary drill
rigs are powerful enough to drill deep holes (100 m depth) through bedrock in one day,
depending on drilling conditions. Percussion drilling, also known as cable tool drilling, is
one of the oldest known drilling methods and was developed in China over 4,000 years
ago. Cable tool rigs make a borehole by using a cable to repeatedly raise and drop a heavy
drill stem and bit into the ground. It is much slower than rotary drilling but is still widely
used in some areas because the equipment is simple to operate and less expensive than
rotary drilling equipment. This videol: shows how a drilled well is installed and discusses

the main components of a well and water system.
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Figure 6 - Domestic drilled wells being installed using truck-mounted rotary drill rigs. Photograph a) by John
Drage and photograph b) by Gavin Kennedy.

Domestic drilled wells are typically constructed by drilling a borehole with a
diameter of 200 mm or less and lining the borehole with a 150 mm diameter casing. A
casing diameter of 150 mm is large enough to allow a commonly used 100 mm diameter
submersible pump to be installed through the casing. Depending on the drilling method,
the casing is either installed as drilling proceeds or after drilling is completed. The open
space between the casing and the geologic formation (i.e., well annulus) is usually sealed
with bentonite or cement grout (or a mixture of the two) to prevent surface contaminants
from entering the well and aquifer. A drilled well in unconsolidated sediments is cased for
its entire depth and has a well screen or slotted casing throughout its length where

groundwater is intended to enter the well.

A domestic well drilled in bedrock will normally only have casing in the top section
of the well to keep unconsolidated sediments from collapsing and to provide a space for
the grout or bentonite seal. Typically, the casing extends from the ground surface to the
bedrock, although it may be extended deeper into the bedrock to provide additional
protection from shallow groundwater contamination. If the bedrock is stable, the bedrock
section of the well will stay open without casing and is often left as an open hole. If the
bedrock has sections with loose, broken rock that may collapse into the well, these sections

will be cased and screened.

Drilled wells have several advantages over other well types. Because of their greater
depths, they are less vulnerable to shallow groundwater contaminants originating from

human activities, and to declining groundwater levels during droughts. They can be
9
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installed in both unconsolidated aquifers and bedrock aquifers, and they can be used in
settings with deep water tables or deep aquifers that are not accessible by shallow wells.

One of the main disadvantages of drilled wells is that they may access deeper, older
groundwater that has had more time in the subsurface to dissolve naturally occurring
materials that may produce higher concentrations of dissolved constituents, such as arsenic
and fluoride.

3.2 Dug Wells

Dug wells (Figure 7 and Figure 8) have large diameters (typically 600 to 1500 mm)
and are usually relatively shallow (3 to 10 m deep), extending only a few meters below the
water table. They were historically the most common type of domestic well because they
could be constructed by hand without the need for heavy equipment. Nowadays, they are
less common than drilled wells in developed countries, but there are still many old dug

wells in use and new ones continue to be installed in some areas.

Figure 7 - A domestic dug well (photograph by John Drage).

Dug wells are still widely used in developing countries where hand dug wells are
promoted as practical, low-cost, low-technology domestic water supplies (Collins, 2000). In
Sub-Saharan Africa it is estimated that 155 million people rely on dug wells and springs for
their domestic water (Sutton and Butterworth, 2021).
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Modern dug wells are usually installed using machines, such as excavators or
backhoes (Figure 9), although in developing countries they are also still constructed by
hand. Dug wells are constructed by excavating a large diameter hole in the ground and
installing casing to keep the hole from collapsing. The casing is commonly made from large
diameter concrete rings but may also be made of metal, plastic, or fiberglass. Older dug
wells are typically lined with rocks or bricks. The backfill around the outside of the casing
in a dug well usually includes clean gravel at the bottom of the hole to provide an additional
water storage reservoir, followed by a low permeability seal (made of clay, bentonite, or
concrete) in the upper portion of the hole to prevent surface contaminants from entering
the well.

Figure 9 - A dug well installed with a machine
excavator (photograph by Heather Cross).
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Dug wells have the advantage that they can be installed at relatively low-cost
without heavy equipment. Another advantage of dug wells is that their large diameter
creates a significant amount of water storage. This allows dug wells to be installed in lower
permeability unconsolidated aquifers because short-term peak water demands can be
satisfied from well storage rather than aquifer yield. In such locales, a shallow drilled well
would require a storage tank because the well’s flow rate may be insufficient to meet short-

term peak water demands.

The main disadvantages of dug wells are their vulnerability to drought and surface
contaminants, and that they can only be installed in unconsolidated aquifers with shallow
water tables. Dug wells usually extend a few meters or less below the water table,
consequently, they have little available drawdown and can go dry when the water table
declines during a drought. Drawdown is the difference between the static water level in a
well and the water level when the well is pumped. Water level in a well declines in response
to pumping. The decline is rapid at first and slows until, in most settings, it reaches a stable
level for a given pumping rate. During the drought of 2016 in Nova Scotia, Canada,

93 percent of the wells that went dry were dug wells (Kennedy et al., 2017).

Dug wells draw water from shallow unconfined aquifers so they are vulnerable to
shallow groundwater contaminants originating from human activities, such as road salt
from de-icing operations, or nitrate from fertilizers and septic systems. Groundwater in
dug wells often contains microbial contaminants because the short groundwater flow paths
associated with these wells do not allow microbes to be removed by natural filtration within
the aquifer. Dug wells are also prone to naturally occurring water quality problems that
can occur in shallow groundwater, such as elevated concentrations of humic substances

(decomposed plant matter within soil) or organic carbon.

3.3 Other Well Types

Other common domestic well types include bored, driven, and jetted wells. All of
these methods are used to install relatively shallow wells (ranging from about 15 to 60 m

deep) in unconsolidated (or weakly consolidated) aquifers.

e Bored wells are constructed by boring a hole in the ground with an auger and installing
a casing. There are several types of augers that can be used, including large-diameter
bucket augers (usually <900 mm diameter), solid-stem augers (usually 350 to 600 mm
diameter), and hollow-stem augers (usually 160 to 330 mm diameter). The auger can be
hand operated for smaller diameter wells or machine operated for larger diameter wells
and deeper boreholes (i.e., power augers or truck-mounted auger drill rigs). Bored wells
are typically less than 45 m deep but can be deeper.

e Driven wells are constructed by using a downward force to drive a small diameter casing
(typically 50 mm or less) into shallow sand and gravel aquifers. A well screen is placed
at the bottom of the casing to allow water to enter the well. They are also commonly
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referred to as well-points, sand-points, or driven-point wells. Driven wells may use
downward force and jetting methods simultaneously to install the well. They can be
driven by machine or by hand, using a weighted pipe (similar to how a metal fence post
is driven into the ground). Driven wells are usually less than 15 m deep.

Jetted wells use a high-velocity stream of water to create a hole in the ground. This
method is most suitable for installing small diameter wells (50 to 100 mm diameter) in
unconsolidated sand aquifers. The construction of jetted wells can involve installing a
permanent casing and screen while the hole is jetted down. Alternatively, a temporary
casing is jetted down that allows a permanent casing and screen to be installed before
removing the temporary casing. The casing is either jetted, or simultaneously jetted and
driven, into the ground. Jetted wells usually range in depth from about 6 to 60 m.

3.4 Components of a Domestic Well and Water System

Well Components

The main components of a domestic well are shown in Figure 10 and are described

below. They include the well casing, well screen, a pitless adaptor (for cold climates), an

annular seal, and a well cap. The primary purpose of these components is to allow the well

to function properly and to prevent contaminants from entering the well. Not all

components are found in all wells, and the materials and design of the components can

vary depending on the well type, geologic conditions, local regulations, and local practices.

Casing — a pipe used to keep the ground open and prevent sediment and shallow
groundwater from entering the well. The pipe is usually made of steel or plastic. A drive
shoe (a hardened section of pipe with a beveled edge) is attached to the base of the
casing to act as a cutting edge and protect the casing while it is driven into the ground.
In modern dug wells, the casing is often made from several concrete rings joined

together, while older dug wells may be lined with rocks or bricks instead of casing.
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Figure 10 - The main components of a domestlc well and water system. Two possmle types of pumps are
shown here: a submersible pump inside the well for deep wells and a jet pump in the home for shallow wells.
Only one of these pumps is needed to operate the water system (modified from USEPA, 2019).

e Screen — a section of pipe at the bottom of the casing with openings that allow water to
enter the well, while keeping aquifer material (sediment or broken rock) from entering
the well. Common screen types include continuous slot (also called wire wrap screens)
and slotted or perforated pipe with various opening designs. A screen is not usually
used in domestic drilled bedrock wells unless the bedrock is unstable. Dug wells do not
have screens because the water enters through the walls of the well (if the casing or
lining is not sealed), and the bottom of the well, which is often filled with a layer of
clean gravel. This Videol: shows an example of what a well screen looks like and how

it is installed in a water well.
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o Pitless adaptor — an adaptor commonly used in cold regions to provide a frost-free, water
line connection while allowing convenient access to the well. It is located below the frost
line and allows the water pipe inside the well to pass through the casing and connect
to the household water system. Pitless adaptors are designed to provide a watertight
seal through the casing to prevent shallow, potentially contaminated groundwater,
from entering the well. Historically, well pits were used instead of pitless adaptors to
prevent water line connections from freezing. Well pits were constructed over the top
of the well, with a typical depth of 2 to 3 m, and may have housed the pump and
pressure tank. Well pits are no longer permitted in many jurisdictions because they are
vulnerable to flooding which can allow surface water and contaminants to enter the
well. However, they may still be in use in older wells.

o Annular seal — a seal placed in the annular (ring-shaped when viewed from above) space
between the casing and the sides of the borehole to prevent contaminants, surface
water, and shallow groundwater from entering the well. The seal is made with grout,
which is a low permeability material (such as bentonite, cement, or a bentonite-cement
mixture). It is usually installed along the entire length of the casing by pumping a grout
slurry through a small diameter pipe (tremie pipe) from the bottom of the casing up to
ground surface. Not all jurisdictions require annular seals, and some require only a
portion of the casing to be sealed, rather than its entire length. In those cases, the drill
cuttings are relied on to seal the annular space.

e Well cap — a cap on the top of the well casing that provides access for well maintenance
and prevents debris, animals, and insects from entering the well. The cap usually
includes a screened vent to allow the passive removal of naturally occurring gases and
equalize the pressure inside the well with the outdoor atmospheric pressure. This

prevents a vacuum from developing inside the well during pumping.

Water System Components

The main components of a domestic water supply system are shown in Figure 10
and are described below. They include a pump, a pressure tank, and if needed, a water
treatment system. An example of a domestic water system is shown in the photograph in
Figure 11. In this example, the water system uses a jet pump to draw groundwater from a
dug well with a shallow water table and an ultraviolet light for treating microbial

contaminants.
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Figure 11 - An example df a dmestic water system used to
provide water from a dug well (photograph by John Drage).

e Pump — a pump draws groundwater from the well and delivers it to the house via a
water supply line that runs from the well to the house. The two most popular types of
pumps for domestic wells are submersible pumps and jet pumps. In deep drilled wells,
the most common type of pump is a submersible pump which is placed inside the well
and connected to a power source in the house via a power cable. In shallow wells, the
most common type of pump is a jet pump which is located above ground, usually inside
the house in colder climates. Jet pumps use suction to draw water from the well and,
therefore, can only draw water from depths of less than about eight meters. However,
deep well jet pumps are available that use two water lines to draw water from greater
depths (up to about 30 m depth). Regardless of the pump type, a check valve (foot
valve) is usually placed in the water supply line in the well to prevent the water from
running back into the well when the pump shuts off. Note that submersible and jet
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pumps can both be used in deep and shallow wells, although as discussed above, jet
pumps are limited to shallow water levels. The choice of pump type will depend on the
site conditions and the well owner’s preferences (e.g., cost, installation and maintenance
requirements, noise tolerance for pumps located inside the house).

Pressure tank — a tank used to store water and provide water pressure to the household.
The tank provides water storage that allows some water to be used without the need to
turn on the pump. This keeps the pump from running every time water is used and
extends the life of the pump. The larger the tank, the larger the volume of water that
can be drawn without turning the pump on. Most modern pressure tanks contain a
bladder which is filled with air to help regulate the water pressure. For low-yield wells
that cannot meet a household’s peak water demands from well yield and well storage,
the water system may include an additional storage tank that can provide more water
than the pressure tank.

Water treatment system — a device used to improve water quality. Treatment units can be
“point-of-entry”, which are placed immediately after the pressure tank and provide
treated water to the entire house. Alternatively, they can be “point-of-use” devices,
which are placed at the tap where the treated water is needed. Point-of-use treatment
units are normally used to provide potable water for drinking and cooking and are
commonly installed at the kitchen tap. This approach provides a cost-effective way to
provide potable water and avoids treating water that is to be used for non-potable
needs, such as washing and toilet flushing. There is a wide range of possible
contaminants that may need to be treated in domestic well water, including
contaminants that can cause aesthetic problems (e.g., hardness, iron) and contaminants
that cause health problems (e.g., microbial contaminants, arsenic, fluoride, lead,
uranium). The most common types of treatment systems include water softeners to treat
hardness (and low levels of iron and manganese), adsorptive media and reverse
osmosis units to remove trace constituents (e.g., arsenic, fluoride, lead, uranium), and
filtration combined with ultraviolet lights to treat microbial contaminants (e.g., bacteria,

protozoa, viruses).

Water Quantity for Domestic Needs

How much water must a domestic well provide to meet the needs of a household?

Estimates vary greatly, ranging from about 70 to 300 L/day per person, depending on the

type of fixtures in a house, personal habits and expectations, socio-economic conditions,

and cultural factors. The lower estimate of 70 L/day per person is associated with domestic

water needs during emergency situations, such as a camp for displaced persons during a

natural disaster, of which 30 L/day is for drinking water and cooking (Figure 12). The upper

limit represents typical water use in North America, where households use more water per

capita than most other countries. In the United States, the average domestic water use is

approximately 300 L/day per person (Dieter and Maupin, 2017). In Canada, the average
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domestic water use is approximately 215 L/day per person (Statistics Canada, 2019). The
average domestic water use in European counties is 130 L/day per person (EurEau, 2017),
which is about half the amount used in North America.
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Figure 12 - Domestic water needs during emergencies (modified from WHO, 2011).

Most of the water needed for domestic purposes is for non-potable uses, such as
washing and toilet flushing. A typical breakdown of domestic water use is 10 percent for
cooking and drinking, 25 percent for laundry and cleaning, 30 percent for toilet flushing,
and 35 percent for bathing (Environment Canada, 2011). The amount of water needed for
non-potable purposes has been declining as newer water fixtures are made to use less water
(e.g., water-efficient toilets, shower heads, clothes washers). This has caused per capita
domestic water use to decline in recent decades. For example, in Canada, the average per
capita domestic water use declined by 24 percent between 2005 and 2013 (Statistics Canada,
2017b), and in the United States it declined by 7 percent between 2010 and 2015 (Dieter and
Maupin, 2017).

Water use in a household may be concentrated into a period of one or two hours.
Therefore, a domestic well must be able to meet both the long-term average daily needs of
a household and the short-term peak demands. The well yield must be able to meet the
long-term daily household needs, but the short-term peak demands can be provided by a
combination of the well yield and water storage, either from water stored in the well or
from a storage tank incorporated into the home’s water system. The amount of water
available from well storage can be calculated from the well depth, well diameter, the pump
intake setting, and the static water level. Box 11 provides examples of how this calculation

is done to determine if a domestic well can provide an adequate water supply.
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5 Water Quality of Domestic Wells

5.1 Overview

A complete view of domestic well water quality is not available because most well
owners do not test their wells regularly and reporting test results is voluntary in most
jurisdictions. Furthermore, when domestic well owners test their water, they often analyze
only for bacteria or a limited suite of parameters (such as bacteria, nitrate, and arsenic),
rather than a comprehensive group of pathogens and chemicals that may be present in well
water. Although water quality information for domestic wells is limited compared to public
wells, regional and local surveys have been completed that provide some insight. The
results from these surveys tell us that a high proportion of domestic wells do not meet
drinking water quality guidelines.

Domestic well water quality data from a selection of surveys are provided in

Table 2. The data indicate that it is common for more than 40 percent of domestic wells to

exceed one or more health-based water quality guideline.
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Table 2 - Domestic well water quality results from selected surveys.
Percentage of

Number of

Location Year Survey Type Wells Tested Parameter®? We]ls Above Reference
Guideline®
Ohio, USA 2009 Agricultural Area 180 Bacteria 45% Won et al., 2013
Nova Scotia, Canada 1989 Agricultural Area 200 N|tratel 13% Moerman and Briggins, 1994
Bacteria 9%
Nitrate 14%
Ontario, Canada 1991-1992 Agricultural Area 1,300 Bacteria 34% Goss et al., 1998
Total exceedances 40%
Nitrate 10%
Wisconsin, USA 2007-2010 Regional 4,000 Bacteria 18% Knobeloch et al., 2013
Total exceedances 47%
Nitrate 2%
Pennsylvania, USA 2006-2007 Regional 700 Bacteria 33% Swistock et al., 2013
Total exceedances 41%
Bacteria (n=9,400) 34% Lee Pow
North Carolina, USA 2011-2015 Regional 16,200 Manganese 33% 3 )
; ackson and Zarate-Bermudez, 2019
Arsenic 2%
Virginia, USA 2012-2013 Regional 2,100 Lead 20% Pieper et al., 2015
Virginia, USA 2012 Regional 800 Bacteria 42% Smith et al., 2014
Nitrate 2.7%
Bacteria 13%
New Jersey, USA 2002-2007 Regional 51,000 Arsenic (n=17,700) 3.4% NJDEP, 2008
Lead 18%
Manganese 19%
Nova Scotia, Canada 1991-1999 Regional 10,500 Arsenic 17% Dummer et al., 2015
Nitrate 4%
USA 1991-2004 National 2,100 Bacteria 34% DeSimone et al., 2009
Fluoride 4%
USA 1970-2013 National 20,500 Arsenic 11% Ayotte et al., 2017
Bangladesh 2009 National 14,400 Arsenic 32% Flanagan et al., 2012
India 2005-2014 National 12,600 Fluoride 14% Podgorski et al., 2018

1. Bacteria = Total Coliform Bacteria.

2. Total exceedances = Total percentage of wells that exceeded at least one health-based water quality guideline. This may include other parameters tested but not shown in
this table.

3. Water quality guidelines vary between jurisdictions and are periodically revised. The guidelines presented here are the ones used by each of the referenced surveys. The
guidelines used to determine exceedances in these surveys were as follows: Arsenic = 10 pg/L; Bacteria = 10/100 mL (Canadian surveys) and zero detections (USA surveys);
Lead = 15 pg/L (Virginia) and 5 pg/L (New Jersey); Manganese = 300 pg/L (North Carolina) and 50 pg/L (New Jersey); Nitrate = 10 mg/L (Nitrate-N); Fluoride = 1.5 mg/L
(India surveys) and 2 mg/L (USA surveys).
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The high exceedance rates of health-based water quality guidelines in domestic
wells and the reliance on domestic wells by hundreds of millions of people worldwide
indicate that these wells can have a significant impact on public health. It is important to
note, however, that not all domestic wells are used as drinking water supplies because
some well owners use bottled water or another source for drinking water and rely on their
water well for all other water needs. Therefore, the presence of contaminants in a well does
not necessarily mean the well owner is exposed to these contaminants via drinking water
(although other exposure routes such as dermal contact and inhalation may be possible
depending on the type of contaminant present). For example, census data from Australia
indicate that 5.6 percent of the population rely on domestic wells for their water supply but
only 0.5 percent of the population use domestic wells for their drinking water (Australian
Bureau of Statistics, 2013).

In terms of global health impacts, the most significant contaminants in domestic
wells are microbial contaminants, arsenic, and fluoride. These three contaminants have
been identified as the highest priority for global monitoring in drinking water (WHO and
UNICEEF, 2017). Microbial contaminants are a concern in all areas of the world, whereas

arsenic and fluoride problems are greater in some areas because of the local geology.

Other contaminants and water quality problems commonly found in domestic wells
include those that can cause health problems (e.g., lead, manganese, nitrate, and
radionuclides such as uranium, radium, and radon), and those that cause aesthetic concerns
(e.g., iron, chloride, hardness, sulphate, odor, color, turbidity). Some common water quality
parameters have other adverse effects. For example, turbidity can interfere with treatment
systems used for disinfection, which is why filtration is recommended upstream of
disinfection systems. Although pH itself is usually not a health concern, groundwater with
low pH can cause corrosion of pipes and plumbing fixtures, which can release lead and

copper to the water.

Contaminants found in domestic wells can be naturally occurring or anthropogenic.
Naturally occurring water quality problems are usually associated with geologic sources,
including soils, sediments, and bedrock. Examples of contaminants that are primarily
associated with geologic sources include arsenic, fluoride, hardness, iron, manganese,
sulphate, and radionuclides (e.g., uranium, radium, radon). The degree and extent of these
naturally occurring contaminants in groundwater varies from area to area because their
occurrence is controlled by the local geology, groundwater flow path, and groundwater
resident time. The most commonly detected anthropogenic contaminants in domestic wells
are those associated with septic systems (e.g., microbial contaminants, nitrate, salt),
commercial/industrial activities (e.g., chlorinated solvents, petroleum hydrocarbons) and
agricultural activity (e.g., microbial contaminants, nitrate, pesticides).

Some contaminants originate from both natural and anthropogenic sources. For

example, salt can come from geologic formations that contain salt or from sea spray near
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the coastline. Salt can also come from road de-icing or dust control operations, from
seawater intrusion caused by over-pumping in coastal aquifers, and from the discharge of
water softener treatment systems. Another example is microbial contaminants, which can
come from natural wildlife activity or from human sources and activities, such as septic

systems, domestic pets, and manure spreading.

5.2 Contaminants in Domestic Wells

Descriptions of the most common contaminants found in domestic wells that can
affect human health are provided below. Further information about groundwater quality

and human health can be found in other Groundwater Project books.

Microbial Contaminants

Microbial contaminants are among the most common type of contaminants found
in domestic wells. This group of contaminants includes several types of pathogens, such as
bacteria, viruses, and protozoa (including Giardia and Cryptosporidium). Pathogenic
microorganisms can cause gastrointestinal illnesses and usually occur in groundwater
supplies that have been contaminated by human or animal waste. Because it is difficult and
expensive to test for many of these microorganisms, domestic wells are usually tested for
indicator organisms such as total coliform bacteria and Escherichia coli (E. coli). The detection
of an indicator organism, which are themselves not necessarily harmful to human health,
suggests that microbial pathogens may be present in the well or that the well is vulnerable

to contamination by pathogens.

Microbial contaminants in drinking water have been estimated to cause over a
billion cases of gastrointestinal illnesses per year worldwide (Johnston et al., 2001).
Although these cases are more often related to surface water sources, several studies have
looked at the health impacts of these contaminants in domestic wells. In Canada, it has been
estimated that there are 78,000 cases of illness each year due to the consumption of
untreated drinking water from domestic wells containing microbial contaminants (Murphy
et al, 2016). The microbial contaminants included in this estimate were Giardia,
Cryptosporidium, Campylobacter, E. coli O157, and norovirus. Norovirus was estimated to
account for about 71 percent of these illnesses (55,000 cases). In the United States, a North
Carolina study found that between 2007 and 2013, 99 percent of emergency department
visits (29,200 cases) for acute gastrointestinal illness caused by microbial contaminants in
drinking water were associated with domestic wells (DeFelice et al., 2016). The estimated
cost of the emergency room visits associated with domestic wells in the North Carolina

study was 40 million US dollars.

22

The GROUNDWATER PROJECT ©The Author Free download from gw-project.org
Anyone may use and share gw-project.org links. Direct distribution of the book is strictly prohibited.



Domestic Wells — Introduction and Overview John Drage

Arsenic

Arsenic is considered to be the second most important contaminant in drinking
water after microbial contaminants. It has been estimated that worldwide more than 140
million people drink groundwater with high levels of arsenic (VanDerwerker et al., 2018).
In the United States, arsenic is estimated to affect more than two million domestic wells
(Ayotte et al., 2017). Long-term exposure to arsenic in drinking water has been linked to
many types of cancer (bladder, kidney, lung, skin) and non-cancer health effects (skin
lesions, cardiovascular disease, diabetes, neurological effects). The World Health
Organization has estimated that arsenic in groundwater at concentrations above 500 ug/L
causes death in one in ten adults (van Halem et al., 2009). In Araihazar, Bangladesh, where
drinking water is sourced from 6,000 individual wells, it was estimated that 21 percent of
all deaths were attributed to arsenic above 10 ug/L in well water (Argos et al., 2010). It has
also been estimated that at least 100,000 cases of skin lesions in Bangladesh have been

caused by arsenic in well water (Smith et al., 2000).

As shown in Table 2, regional surveys indicate that it is common for domestic wells
to exceed water quality guidelines for arsenic. Prior to the 1980s, arsenic was not commonly
tested for in drinking water, which caused it to go undetected. As discussed in Box 21, in
some cases it has been the observed health effects that first led to the discovery of

widespread arsenic and other contaminants in well water.

Fluoride

Fluoride is considered beneficial to dental health at low concentrations, but at high
concentrations (> 1.5 mg/L) in drinking water it can be harmful to teeth and bones. At very
high concentrations (> 10 mg/L) skeletal fluorosis can be crippling (WHO, 2004). It has been
estimated that 200 million people from 29 countries around the world are exposed to high
levels of fluoride in groundwater (Samal et al., 2015). In India, dental surveys in schools
have indicated that 62 million people have dental fluorosis caused by high fluoride levels
in drinking water (Podgorski et al., 2018). National surveys of domestic water wells in India
(Table 2) indicate that 14 percent of wells exceed the WHO fluoride drinking water
guideline of 1.5 mg/L (WHO, 2004). A study in central Malawi sampled 39 domestic
groundwater supplies and looked at the results of a survey of 6,804 households for
indicators of dental fluorosis. The study found that 44 percent of the wells exceeded the
drinking water guideline of 1.5 mg/L and 28 percent of the households had someone in the

house with evidence of dental fluorosis (Addison et al., 2020).

Nitrate
Nitrate in drinking water is associated with several health effects, including
methemoglobinemia (or “blue baby syndrome”) in infants, thyroid effects, and cancer.
Nitrate occurs naturally, but concentrations above about 1 mg/L are usually associated with
human activities (DeSimone et al., 2009). The most common sources of nitrate include
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agricultural activities (e.g., fertilizer and manure application) and wastewater disposal
(e.g., septic systems). As shown in Table 2, nitrate is commonly found in more than 10
percent of domestic wells in agricultural areas. Nitrate is also commonly found in domestic
wells in urban areas, often related to wastewater disposal. A national survey in the USA
found that 7.1 percent of domestic wells in areas dominated by agriculture exceeded nitrate
drinking water guidelines, compared to 3.1 percent of domestic wells in urban areas
(DeSimone et al., 2009). Because nitrate is associated with some of the main sources of
groundwater contamination, its presence in water wells is often used as an indicator of

aquifer vulnerability and an indicator that other contaminants could be present.

The cost to mitigate nitrate in groundwater can be high. For example, in Wisconsin,
USA, nitrate is reported to be the most widespread groundwater contaminant with an
estimated 10 percent of domestic wells (i.e., 42,000 wells) exceeding the nitrate drinking
water guideline. The cost to replace these wells with deeper wells that access groundwater
with low nitrate levels is estimated to be 440 million US dollars (Wisconsin Groundwater
Coordinating Council, 2020).

Manganese

Manganese commonly occurs in domestic well water and has been associated with
health problems. For example, a study in North Carolina, USA, looked at water quality
results from 73,000 domestic wells and the health outcomes of 17,000 children (Langley et
al., 2015). The study found an association between the manganese concentration in
domestic well water and adverse neurodevelopment and hearing loss in children.
Approximately 8 percent of the wells exceeded the North Carolina health advisory level
for manganese (200 ug/L).

Lead

Lead is another contaminant commonly found in domestic wells that causes
adverse health effects. Lead is a neurotoxin that affects the neurological development and
behavior of children and causes high blood pressure and kidney problems in adults. The
regional survey results shown in Table 2 reveal that as many as 20 percent of domestic wells
have lead levels above water quality guidelines. The presence of lead in domestic wells is
usually caused by the corrosion of pipes and plumbing fixtures in the home’s water system.
Most regulated public water supplies are required to have corrosion control programs to
prevent high lead levels, however, domestic well owners rarely treat their water for
corrosion control. A study in North Carolina, USA, looked at blood-lead levels in 59,000
children, 7,700 of which used drinking water from domestic wells (Gibson et al., 2020). The
study found that children in homes with domestic wells were 25 percent more likely to
have increased blood-lead levels compared to children in homes served by a regulated

public water supply.
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Pesticides and Volatile Organic Compounds

Pesticides are often detected in domestic farm wells, but they are not commonly
found at concentrations that exceed drinking water quality guidelines. The two surveys in
Table 2 from Nova Scotia and Ontario, Canada, reported that 41 percent and 11 percent of
the wells tested had detectable levels of pesticides, respectively. None of the wells in the
Nova Scotia survey had pesticide concentrations above drinking water guidelines and
0.5 percent of the wells in the Ontario survey exceeded guidelines. A survey done in
agricultural areas of Wisconsin, USA tested 105 domestic wells and found 88 percent had
detectable levels of pesticides, although none were found at levels that exceeded
enforcement standards (Wisconsin Department of Agriculture, 2019). It is important to note
that many pesticides do not have established drinking water guidelines, which makes it
difficult to judge the significance of their detection in water wells. For example, no
guidelines were available for about half of the 28 pesticides detected in the Wisconsin

survey.

Volatile Organic Compounds (VOCs) are common components and additives in
many commercial, industrial, and household products. They can be found in petroleum
products (such as gasoline, and diesel fuel), carpets, paints, varnishes, glues, spot removers,
cleaners, and fumigants. Surveys have detected VOCs in domestic wells, but they are not
often found at concentrations above drinking water guidelines. A national survey in the
United States tested for 55 VOCs in 2,400 domestic wells and found that 14 percent of the
wells had detectable levels of VOCs (i.e., greater than 0.2 ug/L) and less than 2 percent of
the wells had levels of VOCs that exceeded drinking water guidelines (Zogorski et al.,
2006). The most common VOCs that exceeded guidelines in the survey were the fumigant

Dibromochloropropane and the solvents Perchloroethene and Trichloroethene.

Emerging Contaminants
Emerging contaminants are another group of contaminants of concern for domestic
wells. These are contaminants whose risk to human health and occurrence and distribution
in groundwater are not yet fully understood. They may come from industrial, agricultural,
and sewage sources including septic systems. Examples include pharmaceuticals,
personal-care products, and per- and polyfluoroalkyl substances (PFAS). PFAS are used for
many purposes, such as non-stick coatings for cookware and firefighting foam. They are
highly resistant to degradation in the environment, difficult to treat, and have been
associated with health problems such as kidney and testicular cancer, bowel disease, high
cholesterol, and thyroid disruption (Lee and Murphy, 2020). PFAS monitoring to date has
focused on public water supplies and, therefore, less is known about their occurrence in
domestic wells. However, PFAS have been detected in domestic wells in Ohio and West
Virginia, USA near a manufacturing facility; and in domestic wells in Alabama, USA near
agricultural fields where wastewater treatment plant biosolids were applied (Lee and
Murphy, 2020). Domestic wells may be more vulnerable to emerging contaminants like
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PFAS than public water supplies because domestic well owners are less likely to test their

wells for these contaminants.

6 Domestic Well Vulnerabilities

There are several reasons why domestic wells are more vulnerable to water quality
and quantity problems than public water wells. It is important to understand these
vulnerabilities so that appropriate solutions can be found to improve the safety and

reliability of domestic wells.

6.1 Lack of Water Quality Monitoring

One of the most difficult problems associated with domestic wells is ensuring they
have safe water quality. This is mainly because domestic well water quality is unregulated
and it is the well owner’s responsibility to ensure their water is safe to drink. Most
jurisdictions recommend that well owners carry out regular well maintenance and testing
for chemical and microbial contaminants. The recommended frequency of testing and the
parameters to be tested vary, but many jurisdictions recommend that well owners test their
well water either yearly or every two years (Colley et al., 2019). Adherence to these
recommendations is voluntary, however, and well owners often rely on their own senses
(taste, smell, appearance, personal illness) to determine if their water quality is satisfactory.
Unfortunately, most groundwater contaminants with adverse health effects have no taste,
odor, or visual indicators, so they are invisible to well owners who do not test their water.
As indicated by the theme for World Water Day 2022 “Groundwater: making the invisible
visible”, there are significant challenges to managing an invisible resource like
groundwater and this is doubly true for the water quality of domestic wells, which is an

invisible problem within an invisible resource.

Domestic water quality testing rates are low. Typically, less than about one third of
North American well owners test their well water quality in accordance with government
recommendations and less than half have tested their well within the last 10 years (Colley
et al., 2019). A well owner’s decision to test their well water quality can involve numerous
considerations and is influenced by the well owner’s income and education level. Colley
and others (2019) present a health-belief model that suggests well owners are more likely
to test their wells if they believe they are susceptible to a threat, if the threat is sufficiently
serious, if testing has clear benefits, if the barriers and costs of testing are not too high, and
if an event triggers them to take action (e.g., a noticeable change in well water aesthetics, a

real-estate transaction, or learning about contaminated wells in their neighborhood).

There are multiple and complex reasons why a well owner may not test their well
water quality (Chappells et al., 2015; Colley et al., 2019; Munene and Hall, 2019). When
domestic well owners are asked about their water quality sampling habits, some of the most
common reasons for not testing include:
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e lack of concern;
e the inconvenience of testing; and
o the cost of testing (Figure 13).

All of these potential barriers must be considered in order to make significant
improvements to domestic well testing rates and there is no single approach for motivating
all well owners (Morris et al., 2016). The lack of regular water quality monitoring makes
domestic wells vulnerable to undetected contaminants, and as a result, domestic well

owners may unknowingly be exposed to contaminants for long periods of time.

NO WATER QUALITY CONCERNS

INCONVENIENCE OF SAMPLING

COST OF SAMPLING

TESING IS DONE BY ANOTHER PARTY

OTHER

0 0.05 0.1 0.15 0.2 0.25 03 035 04 0.45

PERCENTAGE OF SURVEY RESPONDENTS (%)

Figure 13 - Reasons given by domestic well owners for not testing their well water. From a survey of 420 well
owners in Nova Scotia, Canada (modified from Chappells et al., 2015).

6.2 Water Treatment Challenges

Selecting a water treatment system can be a complex decision requiring knowledge
of water chemistry and treatment methods. There is no single treatment technology that
treats all contaminants. Treatment systems must be chosen based on the unique water
chemistry of each well and must consider which contaminants must be reduced to meet
water quality targets, as well as pre-treatment requirements for the selected technology to
work properly.

Many domestic well owners do not have the knowledge needed to choose and

install their own treatment systems and, therefore, they often rely on well owner
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educational websites and water treatment companies for help. The water treatment
industry is not regulated in most jurisdictions, although there are professional associations
that offer voluntary certification to promote high professional standards within the
industry. The lack of regulation of the water treatment industry leaves well owners
potentially vulnerable to poor advice. A study in Pennsylvania, USA, found that 10 percent
of well owners had been sold treatment equipment they did not need, and other surveys
have reported that obtaining impartial advice on water treatment equipment is a common
problem (Chappells et al., 2014).

Once an appropriate water treatment system is selected and installed, it requires
regular monitoring and maintenance to ensure the treatment is effective and the water is
safe to drink (Figure 14). As discussed previously, most well owners do not monitor their
water quality regularly and, therefore, they are vulnerable to contaminant exposure if their
treatment system fails. Surveys of household arsenic treatment systems show that it is
common for treatment systems to fail. One study that tested raw and treated water in
domestic wells in several states in the United States reported that approximately 23 percent
of arsenic treatment systems were not in compliance with arsenic drinking water guidelines
(Zheng, 2017).

7 == Maintained & Safe water
Monitored

Treated 0
Failed Treatment
Not safe
Contaminated [ | Not Treated Not safe
groundwater s | ¢um Not Tested
— Not safe

Figure 14 - Steps needed to ensure that well water is safe to drink, including initial testing to identify
contamination, installation of an appropriate treatment system, followed by maintenance and monitoring of the
treatment system (modified from Zheng and Flanagan, 2017).

As an example of the challenges of selecting and maintaining a water treatment
system, consider an ultraviolet light, which is one of the most commonly used methods for
treating microbial contaminants in domestic well water. These systems are simple to
operate because they use an ultraviolet light to deactivate microbial contaminants as they
flow past the light. In the selection of an ultraviolet treatment system, however, the well
owner must consider the intensity of the ultraviolet light (different intensities are needed
for different concentrations and types of pathogens), the water flow rate (which controls
the water’s contact time with the light and thus its effectiveness), and the pre-treatment
requirements to remove turbidity, color (which reduce light penetration), and dissolved
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solids (which may precipitate on the light’s protective glass sleeve and reduce light
intensity). Pre-treatment methods include sediment filters to remove turbidity, and water
softeners to remove hardness, iron, and manganese. Once an ultraviolet system is installed,
it must be maintained by replacing the light bulb annually and regularly cleaning the
protective glass sleeve that houses the ultraviolet light bulb. If well owners are unlikely to
carry out regular water quality monitoring, they may also be unlikely to carry out regular

treatment system maintenance.

An ultraviolet system for treating microbial contaminants is a relatively simple
system compared to others, such as an arsenic treatment system. For arsenic in domestic
well water, there are multiple treatment technologies to choose from (e.g., reverse osmosis,
adsorption media, anion exchange) and not all technologies are effective for all types of
arsenic. Dissolved arsenic can be present as Arsenic (III) and Arsenic (V), depending on
redox conditions, which can change over time (e.g., due to seasonal variations) and/or with
pumping. Well owners will typically not know which type of arsenic is present in their well
water because arsenic speciation is not included in a standard domestic well water quality
analysis. One of the most common household treatment methods for arsenic is reverse
osmosis and this method is known to be poor at removing Arsenic (III). To compensate for
this, a pre-treatment unit can be added that oxidizes Arsenic (III) to Arsenic (V), which is
more effectively removed by reverse osmosis. Given the complexities of water treatment, it
is understandable that many homeowners rely on a water treatment company to choose
and install a treatment system. This may result in the well owner not understanding what
type of treatment system they have or even what it is designed to treat. One study that
surveyed 99 owners of domestic wells in Maine, USA, found that 26 percent had
mistakenly thought their sediment filter or water softener was for arsenic treatment (Zheng,
2017).

6.3 Vulnerability to Contamination

Domestic wells can be vulnerable to contamination because they are often located
close contaminant sources, and they often draw water from shallow, unconfined aquifers
that are susceptible to contamination from human activities on the land surface. Many
domestic well owners do not maintain their well or check the condition of their well
regularly. The lack of well maintenance can result in unsanitary conditions and poor water

quality, as shown in the examples in Figure 15.
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Figure 15 - Examples of unsanitary conditions at domestic wellheads; a)
cobwebs inside a well indicating insect activity; b) dead rodents floating
in a well; ¢) dug well with abundant roots protruding though the brick-lined
walls; and, d) flooded well pit and missing well cap allowing surface water
to enter the well (photographs by Stew Hamilton).

Contaminant Sources Near Domestic Wells

Domestic wells are often located close to contaminant sources, such as a septic
system, a heating oil tank (Figure 16), a farmyard, or a road where salt is applied for
de-icing during the winter. Household pets are another potential source of contamination,
from either pet feces near the well or the burial of deceased pets on the property. The
population of cats and dogs in Canada in 2020 was estimated to be about 16 million (CAHI,
2021), equal to about 42 percent of the human population. The proximity of these multiple
types of contaminant sources to domestic wells makes the wells vulnerable to
contamination. Unlike many municipal wellfields, domestic wells do not have wellhead

and wellfield protection plans in place to manage the risks that these contaminants pose.
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Figure 16 - Two domestic wells located near a home heating oil tank.
This example shows how domestic wells can be subject to multiple
vulnerabilities, including droughts and contaminant sources. The dug
well (left foreground) has been replaced with a deep drilled well (right,
with a blue well cap) because seasonal droughts frequently caused
this shallow dug well to go dry. Both wells are located close to a
heating oil tank (grey tank beside house), which could contaminate
the wells if an oil leak or spill occurred (photograph by John Drage).

In rural areas there is often no central public water supply or central wastewater
system available and, therefore, a homeowner will have both a domestic well and a septic
system located on their property (Figure 17). Although most well construction regulations
specify a minimum separation distance between wells and septic systems (typically
ranging from 15 to 30 m), they are usually located relatively close to each other because
they must both be located on the homeowner’s property and close to the house. In
subdivisions, there can be multiple septic systems present and, therefore, even if a well
owner installs their well upgradient from their own septic system, it may be down-gradient

of their neighbot’s septic system.

Domestic
well

Domestic septic system

Figure 17 - A household with a domestic well and septic system, showing the
potential for septic system effluent to flow towards the well (modified from Waller,
1994).
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A properly functioning septic system can reduce contaminant concentrations so
they do not adversely impact water wells, provided that both the septic system and well
are properly located, designed, constructed, and maintained. Nonetheless, rapid
contaminant transport can occur in certain conditions. A study that examined 248 disease
outbreaks (23,000 illness cases) associated with untreated groundwater, including public
groundwater systems and domestic wells, found that human sewage was the most
common source of contamination (Wallender et al., 2014). The study also concluded that
for the majority of cases (67 percent) where the contributing factors were known, the
contamination was facilitated by improper design, maintenance, or location of septic
systems or water wells. Further information about septic system impacts on groundwater

quality can be found in another book in the Groundwater Project series (Robertson, 2021) 7.

In addition to the common sources of contaminants located on a homeowner’s own
property, domestic wells are sometimes located close to commercial, industrial, or
agricultural contaminant sources. For example, gas stations, dry cleaners, landfills, and
crop fertilizing activities are known to have caused domestic well contamination. Box 31
discusses an example of a domestic well that has been contaminated by activities carried

out at a waste disposal site.

Domestic Wells in Shallow Aquifers

Domestic wells are inherently more vulnerable to contamination from human
activities because they often draw water from shallow aquifers that are susceptible to
contamination from human activities on the ground surface. Domestic wells tend to be
shallow for economic reasons. Homeowners must pay for their well construction and, to
keep costs low, they will usually stop drilling as soon as the well is deep enough to provide
enough water to meet their needs. A study in the US that looked at over 1,200 wells of
various well types from across the country reported that the median domestic well depth

was 49 m, compared to 130 m for public wells (DeSimone et al., 2009).

As indicated in Figure 18, the travel time for contaminants to migrate from the
ground surface to the intake of a shallow well may be days to years. This provides limited
opportunity for contaminants to be attenuated before they reach the well. In contrast,
deeper public water supply wells may have groundwater travel times ranging from years
to centuries. The longer the groundwater travel time, the more opportunity there is for the
concentrations of anthropogenic contaminants that originate at the ground surface to be
reduced by natural attenuation. A deep well is also more likely to be protected from

contamination by confining layers located above the well intake zone.
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Figure 18 - Groundwater and contaminant travel times for shallow domestic wells are shorter than for deeper
public wells, providing less time for anthropogenic contaminants to be attenuated (modified from Dubrovsky et
al., 2010).

Microbial Contaminants in Domestic Wells

As discussed in Section 5, Water Quality of Domestic Wells, microbial contaminants
are among the most common type of contaminants found in domestic wells. Regional
surveys of domestic wells (Table 2) often detect bacteria in about one third of sampled
wells. Microbial contaminants are found in all types of wells, not just domestic wells, but
they are detected more frequently in domestic wells than public wells. For example, a
national survey of microbial water quality in the United States tested 405 domestic wells
and 227 public wells and reported that coliform bacteria were detected in untreated water
in 33 percent of domestic wells and 16 percent of public wells (Embrey and Runkle, 2006).
A review of waterborne infectious disease outbreaks in England and Wales reported that
private water supplies, most of which are sourced from domestic wells serving individual
households, had incidences of outbreaks up to 35 times more than public water supplies
(Smith et al., 2006).

Why are domestic wells more vulnerable to microbial contamination? There are
many factors that control the risk of microbial contamination in wells, including the
characteristics of the microbial sources near the well (e.g., proximity of the source, quality
of construction and maintenance of nearby septic systems) and the migration pathways
that allow microbial contaminants to travel from the source to the well. Migration pathways

include both hydrogeological pathways and pathways associated with the well’s
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construction. Figure 19 shows examples of common conditions that can cause microbial
contamination in domestic wells.

Drilled well
Missing

Poor surface seal
& no annular seal

e e st VAL

Figure 19 - Examples of common conditions that can cause microbial contamination in domestic wells.

Studies that look at the causes of microbial contamination in domestic wells usually
investigate correlations between well contamination and the well characteristics, including
its proximity to contaminant sources, its hydrogeologic setting, and its construction. With
respect to contaminant sources, septic systems, feedlots, and manure spreading have been
associated with microbial contamination. A report that pooled data from 55 studies on
pathogen contamination in groundwater systems found that septic systems were the most
frequently confirmed or likely source of contamination (Hynds et al., 2013). A study in
Florida, USA, found that decreasing distance between domestic wells and septic tanks was
correlated with increasing concentrations of fecal coliform bacteria in wells (Arnade, 1999).
Studies of domestic wells in agricultural areas have found that wells located closer to
animal feedlots and manure spreading activities have a higher risk of bacterial
contamination (Goss et al., 1998; Conboy and Goss, 2000).

With respect to hydrogeological settings, several studies have reported that
microbial contamination is more common in wells constructed in fractured rock and
carbonate rock, compared to wells in unconsolidated aquifers (Lee and Murphy, 2020;
DeSimone et al., 2009; Embrey and Runkle, 2006; Kraus and Griebler, 2011). This can be
attributed to the lack of natural attenuation of microorganisms and the rapid contaminant
transport that can occur in fractures and karst solution channels. A study in New Jersey,
USA that analyzed data from 51,000 domestic wells found that bedrock wells were three
times more likely to have coliform bacteria present compared to wells in unconsolidated
aquifers (Atherholt et al., 2013). The same study reported that bacteria was more frequently
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detected in wells in areas with thin till layers (< 6 m) overlying the bedrock, than wells with
thick till layers (6 to 60 m). Bedrock aquifers with thin overlying soil profiles are more
vulnerable to microbial contamination because there is less opportunity for contaminants

to be removed by natural attenuation as water percolates through the soil.

Well construction is frequently cited as a cause of microbial contamination in well
water. A review of 55 studies of pathogen contamination in groundwater supplies in
Canada and the United States reported that there are 50 percent more cases of pathogens
in poorly designed and constructed wells than adequately designed wells (Hynds et al.,
2014). Well construction factors that are commonly associated with microbial
contamination in domestic wells include shallow well depths (or shallow intake zones),
dug wells, and older wells (Owusu et al.,, 2021; Lee and Murphy, 2020; Goss et al., 1998).
Shallow wells access shallow groundwater with relatively short travel times that have less
opportunity to attenuate microorganisms. It is important to note that it is the minimum
depth of the water intake zone that controls whether shallow groundwater enters a well,
not the total depth of the well. For example, a well that is 50 m deep with 6 m of casing and

annular seal can allow shallow groundwater from a depth of 6 m to enter the well.

Dug wells are more susceptible to microbial contamination because they are
shallow and often the casing and/or annular seals are not continuous. Older wells can be
susceptible to microbial contamination because they may have deteriorated over time (e.g.,
cracks or holes have developed in the casing, or annular seals have failed) or may have
been installed using outdated well construction methods. Common well integrity problems
that can cause microbial contamination include poor surface seals at the wellhead (allowing
surface water to enter the well), no sanitary well cap (allowing vermin to enter the well),
and inadequate, or failed, casing and annular seals. With respect to annular well seals,
researchers have observed that cracks and voids in grout can develop over time and dye
tests have shown that these grout failures can allow dye to migrate to significant depths
(> 10 m) below the ground surface (Olafsen Lackey et al., 2009).

Risk factors commonly associated with microbial contamination are summarized in

Table 3. In general, wells have a higher risk of microbial contamination if:

e they are located near a microbial source (e.g., septic system, animal feedlots,
manure spreading);

e they are located in a hydrogeological setting that allows for rapid microbial
transport (e.g., fractured rock, carbonate rock, areas with thin soil profiles);
and/or,

e they have well construction characteristics or deficiencies that make them
susceptible to microbial contamination (e.g., shallow intake depths, inadequate

casing and grout, poor sanitary wellhead conditions).
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Table 3 - Examples of sources and pathways that can cause microbial contamination in well water.

Sources & Pathways Risk Factors Explanation

Septic systems that have failed, or are too close to water
wells, may cause contamination.

Wells close to feedlots are reported to have a higher risk
of bacterial contamination.

Septic systems

Sources Animal feedlots

Manure spreading near wells has been reported to

Manure spreadin . . . L
P 9 increase the risk of bacterial contamination.

Fractured rock provides less natural attenuation than
Fractured rock unconsolidated aquifers and can have fast groundwater
velocities that lead to rapid microbial transport.
Carbonate rock can have fractures and karst solution
Carbonate rock channels with rapid microbial transport and minimal
natural attenuation.

Pathways:
hydrogeological

Thin soil and sediment layers provide less attenuation of
microorganisms than thick layers of unconsolidated
materials.

Thin unconsolidated
materials

Shallow water tables or thin unsaturated zones provide
less opportunity for attenuation of microorganisms.
Shallow groundwater has shorter travel times to reach
Shallow wells the well and less opportunity for attenuation of
microorganisms.

These wells are shallow and often lack continuous casing
and annular seals.

Shallow water tables

Dug and bored wells

Older wells may have deteriorated casing and annular

Older wells
seals and may not be constructed to modern standards.

Pathways:

. Inadequate or failed annular seals can allow shallow
well construction Poor annular seals

water to enter the well.

Inadequate or deteriorated casing can allow shallow

Inadequate casin
q 9 water to enter the well.

Poor surface seals, that do not slope away from the well
and do not provide low permeability seals at the ground
surface, can allow surface water to enter the well.

No sanitary well cap  Sanitary well caps prevent vermin from entering the well.

Poor surface seal at
wellhead

Some of these factors, especially the hydrogeologic setting, are not specific to
domestic wells but can affect all well types. However, as noted earlier, domestic wells are
more susceptible to microbial contamination than public water wells because they are more
likely to be shallow, located near a microbial source, and have well construction

deficiencies.

Because there are multiple risk factors that can cause microbial contamination in
wells, public water supplies commonly use a multi-barrier approach to reduce risks. Macler
and Merkle (2000) explain that the multi-barrier approach for groundwater supplies
typically includes:

e source water protection (i.e., controlling the sources of contamination in the well’s

capture zone);

36

The GROUNDWATER PROJECT ©The Author Free download from gw-project.org
Anyone may use and share gw-project.org links. Direct distribution of the book is strictly prohibited.



Domestic Wells — Introduction and Overview John Drage

o wellhead integrity monitoring and maintenance (i.e., controlling migration
pathways at the well);
e water treatment (i.e., water disinfection to remove pathogens); and,

e water quality monitoring.

Most jurisdictions recommend these multi-barrier practices to domestic well owners,
including source protection (i.e., maintaining septic systems, setback distances between
wells and septic systems), routine well inspection and maintenance, and routine water
quality testing. Water disinfection is clearly associated with reduced microbial
contamination in public water supplies, and it would be prudent to include disinfection as
a standard practice for domestic wells. Water disinfection systems, such as ultraviolet
lights, are effective, simple to operate and maintain, and are relatively inexpensive

compared to the construction cost of a domestic water well.

6.4 Vulnerability to Groundwater Level Declines

As discussed previously, domestic wells tend to be as shallow as possible to keep
well construction costs low. They are often installed just deep enough to meet domestic
water needs, based on the groundwater levels at the time of well construction. This can
make domestic wells vulnerable to future groundwater level declines caused by seasonal
drought, climate change, well interference, or aquifer depletion. If groundwater level
declines are sufficiently large compared to the available drawdown in a well, the well
owner may be faced with a temporary or permanent water shortage. This may require the
well owner to make changes to their well, such as lowering the pump or deepening the
well. If these solutions do not work, they may need to install a new deeper well or obtain

water from an alternate source.

Aquifer depletion is occurring in most of the major aquifers in the world’s arid and
semi-arid areas (Famiglietti, 2014). As groundwater levels drop in these aquifers, shallow
domestic wells are among the first wells to go dry. Drawing water from new deeper wells
may not be possible for domestic well owners because of the increased cost associated with
deeper well construction, energy to pump groundwater from greater depth, and treatment

of the potentially poorer quality groundwater found at depth.

A drought in California, USA, between 2012 and 2016 was reported to have caused
almost 12,000 people to run out of water (Cagle, 2020). The impact of this drought was
especially severe in California’s Central Valley where it was estimated that about one in
five wells ran dry. Aquifer depletion had already lowered the water table here to 250 m
below ground surface in some places (Stokstad, 2020). Domestic wells in the Central Valley
are going dry more often than other well types because they tend to be shallower. An
analysis of dry wells during the 2012-2016 California drought estimated that 6 percent of
agricultural wells and 19 percent of domestic wells went dry during this period (Jasechko
and Perrone, 2020). Domestic wells are reported to be shallower than agricultural wells in
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several agricultural areas around the world (Jasechko and Perrone, 2021), indicating that
their vulnerability to groundwater level declines compared to other well types is a global

issue.

The problem of dry domestic wells is not restricted to California. In the Western
United States, a study evaluated more than two million well records and estimated that
about 4 percent of domestic wells went dry between 2013 and 2015 (Perrone and Jasechko,
2017). In Nova Scotia, Canada, a drought in 2016 was reported to have caused more than
1,000 water wells to go dry, 93 percent of which were domestic dug wells (Kennedy et al.,
2017). Many municipal governments in Nova Scotia are now providing loans to help well

owners install deeper wells.

7 Domestic Well Protection

7.1 Regulations

Several types of regulations are currently used to protect domestic wells. The most
common are water well construction regulations, which are used by many jurisdictions to
ensure that water wells are properly constructed and resilient to contamination from
shallow groundwater and contaminants at the ground surface. The goals of most well
construction regulations are to: protect the health and safety of the well owner and the
environment, protect aquifers and water resources, protect aquitards (i.e., low permeability
geologic formations that restrict the flow of groundwater and contaminants between
aquifers), and protect groundwater quality and quantity. Well construction regulations
typically specify who can construct a well (e.g., a licensed well contractor), the methods
and materials that must be used, setback distances from potential sources of contamination,
requirements for well development, requirements for sealing abandoned wells (so they do
not provide pathways for contaminants to reach aquifers), yield testing, and reporting
(water well records). In some jurisdictions, the well construction regulations require that a
permit be obtained before a domestic well is constructed (e.g., Colorado and Wyoming,
USA). The key elements of water well construction regulations that help protect wells from
surface contaminants and shallow groundwater contamination include requirements for a

sanitary well cap, adequate well casing, and an annular seal.

Water well construction regulations are usually applicable to the construction of all
types of water wells, including domestic wells. In most cases, they apply at the time of well
construction and are the only regulations a domestic well owner is required to follow. They
do not usually include any chemical testing or ongoing maintenance and monitoring
requirements. Specific examples of water well construction regulations include the
Province of Ontario’s Regulation 903 (Province of Ontario, 1990) and Kansas State’s Article
30 (State of Kansas, 2013).
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Other types of regulations used to protect domestic wells are those that require
water quality testing at the time of well construction or during a property sale. Although
these types of regulations have not been widely adopted, a limited number of jurisdictions
require initial testing when a domestic well is first installed (e.g., New Brunswick, Canada,
and North Carolina, USA) and during real estate transactions (e.g., New Jersey, Oregon,
and Rhode Island, USA). Examples of water quality testing regulations for domestic wells
include the Canadian Province of New Brunswick’s Potable Water Regulation (Province of
New Brunswick, 1993) and the State of New Jersey’s Private Well Testing Act (Atherholt et
al., 2009). These one-time sampling requirements can be an effective way to identify
existing contamination at a point-in-time, but they do not identify seasonal or future
changes to water quality like regular testing can. A study that looked at the frequency of
testing for arsenic in domestic wells in both the United States and India concluded that
because of temporal variations in arsenic levels in wells, a single test is inadequate to ensure
that well water meets water quality guidelines in the long-term (Mailloux et al., 2021). The
study found that in order to have less than a 5 percent chance of exceeding the guideline in
the future, wells must be tested every year if the concentration in the well water is more
than half the guideline, and every five years if the concentration is less than half the
guideline. A study in Ontario, Canada reviewed 700,000 E. coli sample results from more
than 200,000 domestic wells and concluded that, because of temporal variations in E. coli
detections, one sample is not enough to determine the long-term microbiological safety of
domestic wells (Latchmore et al., 2020).

Some jurisdictions have regulations for protecting domestic wells in subdivision
developments (Figure 20) which require a hydrogeological assessment prior to the
subdivision’s approval. These assessments look at both groundwater quality and quantity
issues and evaluate whether future problems are likely and what mitigation measures can
be used to lower the risks. For example, if an assessment indicates that the proposed density
of lots (the land designated for one home) in a subdivision will result in excessive well
interference or aquifer depletion, the number of approved lots can be reduced.
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Domestic well Septic system Unsaturated
Zzone

Water table

Cone of
depression

Figure 20 - Domestic wells in a subdivision, showing the potential for septic system impacts on wells and well
interference effects from multiple cones of depression (modified from Waller, 1994).

The introduction of regulations to protect domestic wells in subdivisions has often
been in response to historical problems. For example, the Province of Ontario, Canada,
introduced requirements for hydrogeological studies in subdivisions (Ontario Ministry of
Environment and Energy, 1996) after a number of subdivisions with domestic wells were
found to have groundwater quality problems, including high nitrate levels from on-site
septic systems. In Nova Scotia, Canada, hydrogeological study requirements for
subdivision developments were introduced after well interference problems in a
subdivision caused numerous domestic wells to go dry and necessitated the extension of
central municipal water services. The Nova Scotia guide for hydrological assessments in
subdivisions now includes a spreadsheet tool for evaluating the water balance for the
planned number of lots and the interference between wells on each lot (Nova Scotia

Environment, 2011).

Many jurisdictions regulate groundwater pumping with a permit system and
require approvals for certain industrial activities (e.g., quarries, mines, landfills,
petrochemical facilities). Examples of using permits to regulate pumping are provided by
Nowlan (2005). Requiring permits for pumping and approval of activities are not
specifically designed to protect domestic wells, but they sometimes require the proponent
to identify nearby domestic wells and evaluate the potential impact that the proposed
activity may have on water wells. Permits for these activities may include conditions that
protect existing domestic wells, such as baseline surveys (e.g., water quality testing, water
level measurements), contingency plans to address well interference problems, and
requirements to remedy any impacts on domestic wells caused by the proposed activity.
Examples of groundwater permitting systems that address effects on existing water wells
include the State of Arizona’s well spacing and impact rules (Arizona Department of Water
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Resources, 2021) and the Canadian Province of Nova Scotia’s groundwater withdrawal

approval process (Nova Scotia Environment, 2010).

7.2 Education and Outreach Programs

Education and outreach programs are the most common approach for protecting
domestic wells. These programs promote awareness and voluntary stewardship, including
regular well maintenance, water quality testing, and the use of water treatment equipment.

Many jurisdictions maintain government websites that provide advice and fact sheets for

domestic well owners. Examples include the USEPA’s Private Drinking Water Wells
website” and Health Canada’s Be Well Aware website 7. Educational websites for domestic

well owners are also maintained by some non-government organizations, such as
Wellowner.org” and The Private Well Class”.

In addition to fact sheets, educational websites sometimes include other
information and tools that can help well owners protect their wells, including hazard maps
for common well water contaminants (e.g., maps of arsenic in well water), online access to
water well record databases, and story maps, infographics, and webinars. Interpretive tools
are also available online that allow well owners to enter their well water chemistry results

for comparison to drinking water quality guidelines.

Unfortunately, educational efforts, such as websites and fact sheets, do not
necessarily cause behavioral change or prompt well owners to test their well water quality
(Chappells et al., 2014; Morris et al., 2016). The lack of effectiveness of educational material
at prompting homeowners to test has also been observed in radon gas outreach programs,
which have similar objectives to domestic well outreach programs. Radon is a naturally
occurring radioactive gas that can accumulate in indoor air and cause lung cancer. Like
domestic wells, testing for radon in indoor air by homeowners is voluntary. In 2020,
Canada’s National Radon Program mailed 1.5 million postcards to homeowners living in
high-risk radon areas to encourage them to test their indoor air for radon gas. Follow-up
investigations found that this educational initiative increased radon awareness but had
little effect on homeowner testing rates, which increased by only 0.5 percent (Penstone and
Howe, 2020).

Community-based education programs for domestic well owners appear to be more
effective than those that rely solely on websites and fact sheets. Results from the Canadian
Province of Ontario’s Well Aware educational program indicates that well owners were
five times more likely to follow recommendations and fix problems with their domestic
wells if they were visited at home by a peer well owner, compared to receiving advice from

generic sources, such as a website (Chappells et al., 2014).

A community-based domestic well education program in Pennsylvania, USA,
called the Master Well Owner Network, recruited and trained over 200 local volunteers.

The volunteers engaged in domestic well education initiatives, including talking to
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neighbors, presentations at local community meetings, hosting booths at community
events, and media interviews. The program was able to reach over 30,000 well owners and
surveys indicated that 82 percent of those contacted by a volunteer had taken action to
protect their water supply, including water testing and the installation of water treatment
equipment (Clemens et al., 2007). Although these types of community-based programs
involving face-to-face contact with well owners are effective, they are more costly to
operate and more difficult to maintain than educational websites and have not been widely

adopted as long-term strategies for protecting domestic wells.

7.3 Other Protection Methods

During a property sale, mortgage lenders may require domestic wells to have a
water quality test to confirm that the water meets drinking water quality guidelines and a
yield test to confirm that the well can produce enough water to meet domestic needs. In
addition, some local governments require wells to be tested as part of their building code

and permitting process.

Free or discounted water sampling and analysis is provided to domestic well
owners in some jurisdictions. For example, this service is offered in Alberta, Manitoba, and
Ontario, Canada. In these jurisdictions, the program includes bacteria analysis only, and
the well owner is responsible for collecting the water sample and delivery to the laboratory.
Counties in Iowa, USA provide a more comprehensive service, which includes free or
discounted sample collection, water analysis (may include bacteria, nitrate, arsenic), as well
as assistance to interpret the results and choose a mitigation option. Although the Iowa
program processes up to 7,000 water samples each year, the service is under-utilized. This
suggests that reducing cost and inconvenience barriers to water quality testing is not
enough to encourage widespread testing, and that more outreach and education is also

needed to convince well owners of the importance of testing (APHL, 2019).

Financial assistance programs have also been used to help domestic well owners
with other problems besides water quality testing. The Well Compensation Program in
Wisconsin, USA provides grants to well owners of contaminated wells, including those
with high levels of arsenic. The program helps pay for a new well, reconstruction of an
existing well, connecting to another water supply, or installing a treatment system
(Wisconsin Department of Natural Resources, 2005). In Nova Scotia, Canada, low interest
loans are provided by some local governments to assist domestic well owners to install
deeper wells that are more resilient to seasonal droughts than shallow wells (Province of
Nova Scotia, 2016).

8 Domestic Wells and Research

Much of the research associated with domestic wells focuses on characterizing their

vulnerabilities and identifying ways to improve their management and protection (e.g.,
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Chappells at al., 2014; Zheng and Ayotte, 2015; Colley et al. 2019; Jasechko and Perrone,
2020). However, data collected from domestic wells have been used for several other
purposes. Domestic wells are extremely useful for carrying out regional groundwater
research and monitoring because of the large and geographically distributed datasets they
can provide. Domestic well data are commonly used in epidemiological studies and
contaminant exposure estimates during the development of drinking water quality
guidelines. Chemistry data and geological information from domestic wells have also been

used for petroleum and mineral exploration programs.

Installing new test wells and monitoring wells is often the costliest part of regional
groundwater research and aquifer characterization. If done appropriately, and with
consideration of their limitations, using data collected from domestic wells can avoid or
reduce the cost of installing research wells. Some studies have used domestic wells as an
exclusive data source, while other studies have used them to supplement data collected
from research and monitoring wells. It is important to keep in mind that domestic wells
may not represent ambient groundwater conditions because they are actively being
pumped, which can affect water levels and water chemistry, and their well construction
characteristics (e.g., long open-hole sections and large diameters compared to monitoring
wells) can influence groundwater chemistry. Long open-hole sections allow groundwater
to enter the well from a relatively long integrated depth interval, and sometimes from

multiple aquifers, rather than a discrete point within one aquifer.

One of the most common sources of data provided by domestic wells is water well
construction records. Many jurisdictions require a water well record to be submitted when
a new well is constructed, and they maintain online water well record databases that are
publicly accessibly. Well records include information that is valuable to regional
groundwater studies, such as stratigraphy, groundwater level at the time of well
construction, and well yield. The short-term yield tests that are usually carried out when a
domestic well is installed can be used to estimate the specific capacity of the well and the
aquifer’s transmissivity. It should be noted that domestic well records may lack detail and
accuracy because they are not collected for research purposes and the information may be
collected by people without training in hydrogeology. However, if there are enough well
records available to correctly assess the general conditions and trends for a given
geographical area, then errors in individual records may not have a significant impact on
research conclusions. Another book in the Groundwater Project series on domestic wells
provides more information on water well record databases” (Kennedy, 2021).

Domestic wells have also been used for regional groundwater quality surveys,
groundwater level surveys, and long-term groundwater level monitoring. In these cases,
groundwater researchers seek permission from domestic well owners to sample their wells
or monitor groundwater levels, and the data are either collected by groundwater
researchers or in collaboration with the well owners (Figure 21). For example, the USGS
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sampled approximately 3,670 domestic wells in addition to public supply wells and
monitoring wells to assess the water quality of principal aquifers of the United States
(DeSimone et al., 2014). Domestic wells have also been used to build community-based
groundwater level monitoring networks, which are operated by either non-government
groups, or as partnerships between domestic well owners and government researchers
(Drage and Kennedy, 2020).

Figure 21 - A hydrogeologist installing a real-time groundwater level sensor in a
domestic dug well for a community-based groundwater monitoring network
(photograph by John Drage).

9 Summary and Path Forward

Domestic wells are the source of water for hundreds of millions of people around
the world. They are one of the safest and most reliable types of water supplies for
households that do not have access to public water supplies. However, they can be

vulnerable to water quality and quantity problems for several reasons, including:

e their water quality is mostly unregulated and most domestic wells are not
monitored regularly;

e they are often located close to contaminant sources;

e they are often relatively shallow and vulnerable to surface contaminants,
droughts, and aquifer depletion; and,

e they are privately owned by individuals who often do not have the resources to

ensure their wells can provide safe and reliable quantities of water.
The current approach for managing and protecting domestic wells, which relies

primarily on voluntary action by the well owner, is failing to effectively address these

multiple vulnerabilities.
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9.1 Water Quality

With respect to water quality, surveys commonly find that more than 40 percent of
domestic wells exceed drinking water guidelines, indicating that they continue to represent
a significant public health risk. This is a preventable problem that can be corrected with
better support to domestic well owners for both water quality monitoring and water

treatment.

Current research suggests a combination of actions are needed to meet this
objective, including more appropriate levels of regulations for domestic well testing and
water treatment, improved education and outreach programs, which consider vulnerable
socio-economic populations and local face-to-face engagement with well owners, and
making water quality testing easy and inexpensive. There is also a need for additional
large-scale, long-term water quality monitoring initiatives for domestic wells to better
understand the risk of contaminant exposure and inform policies for improving the safety
of domestic wells. Most domestic well water quality surveys are currently limited in

geographic scope, surveillance period, and the suite of contaminants tested.

Microbial contaminants, arsenic, and fluoride are among the highest priority
contaminants in domestic wells because of their significant health effects and widespread
occurrence. In order to reduce the impact of these contaminants on domestic well owners,
we need new reliable, user-friendly and low-cost ways to test, monitor, and treat them.
Because of the extent of the public health crisis caused by arsenic, researchers have called
for all domestic wells worldwide to be tested for arsenic. They have also recommended that
testing be encouraged through policy changes, such as mandatory water quality testing,
and by making testing easy, accessible, and free (Zheng, 2020; Zheng and Flanagan, 2017).

9.2 Water Quantity

Domestic well water quantity problems are likely to increase in the future due to
increased frequency of droughts associated with climate change and aquifer depletion
caused by increased pumping. As water tables decline, shallow domestic wells will be the
first to go dry. In the more extreme cases, the water table will become too deep to be

accessed by domestic wells at an affordable cost to homeowners.

Researchers have suggested that legislation and sustainable planning initiatives are
needed that specifically include the protection of domestic wells from declining
groundwater levels. In cases where aquifer depletion is occurring, this could be done by
setting minimum groundwater level targets that support domestic well use. This would
need to be done in combination with effective groundwater withdrawal permitting systems
that include the monitoring of groundwater withdrawal volumes and adequate
groundwater level monitoring. Domestic well owners could also be protected by providing
grants, low-cost loans, and tax rebates for replacing water wells that have gone dry.
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9.3 Domestic Wells and Technological Advances

Technological advances have potential to help domestic well owners to test and
monitor their wells as well as provide access to real-time data and groundwater knowledge.
Such advances include the widespread availability of internet service, cellular networks,
smartphones, low-cost water sensors, and Internet-of-Things (IoT) technologies.
Approximately 50 percent of the world currently has access to internet service and
two-thirds of the world’s population use cell phones, about half of which are smartphones.
Researchers are currently working on ways to use smartphones to test for arsenic in well
water, either in combination with biosensors that attach to phones (Doyle, 2019) or by using
the phone’s camera to analyze the color and concentration of arsenic test strips (Haque et
al.,, 2018). New interactive smartphone apps are also being developed that allow domestic
well owners to enter their site-specific water well and property data to carry out a
personalized risk assessment for their well (O’'Dwyer, 2018; Hoffman et al., 2019).
Internet-of-Things devices and low-cost sensors are now being used to monitor real-time

groundwater levels in domestic wells (Drage and Kennedy, 2020).

Since smartphones and IoT devices are connected to the internet, they can be linked
with online dashboards that allow domestic well owners to share and view real-time data
in user-friendly formats. It is also becoming more common for governments to provide
online interactive risk maps for groundwater contaminants and online water well record

databases, both of which are valuable sources of information for domestic well owners.

In addition to technological advances, social media has great potential to be used
for education and outreach to domestic well owners. Groundwater researchers have
pointed out that, with over 2.3 billion people using social media worldwide, these networks
can allow groundwater information to reach a wide audience, including domestic well
owners (Re and Misstear, 2017). It is encouraging that new technologies and
communication methods have the potential to democratize groundwater data and
knowledge for domestic well owners, who are currently left essentially on their own to

manage their water supplies in isolation.
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10 Exercises

Exercise 1

A homeowner is having a new domestic well installed to supply a household with
four people. The well has been drilled to a depth of 50 m below the ground surface and the
well yield has been measured to be 2 L/min. The homeowner wants to know if this well can
supply enough water for their home or if they should continue to drill deeper. Do you think
this well will meet their water supply needs? The home is in Canada where the average
domestic water use is 215 L/day per person. It is a drilled well with a diameter of 152 mm
and static water level of 5 m below the ground surface. You can assume a 5 m water level

allowance above the bottom of the well for the pump setting.

Click for solution to Exercise 171

Exercise 2

A domestic well owner has tested their well water and found the arsenic
concentration to be 15 ug/L. Is the well water safe to drink? What would you recommend
the well owner do? Use the World Health Organization (WHO) drinking water guideline
for arsenic to make your decision. Would your recommendation change if you used the

drinking water guideline from where you live?

Click for solution to Exercise 21

Exercise 3

Why might a domestic well owner not test their well water quality? What policies
or programs would you recommend be put in place to encourage well owners to test their

wells?

Click for solution to Exercise 31

Exercise 4

A homeowner is planning to install a new domestic well. What steps can they take

to reduce their well’s vulnerability to contamination and ensure their water is safe to drink?

Click for solution to Exercise 41
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12 Boxes

Box 1 - How Much Water is Needed from a Domestic Well?

In the United States, the average domestic water use is about 300 L/day per person
(Dieter and Maupin, 2017). Using this amount as an example, a domestic well serving a
single-family, four-person household needs to provide 1,200 L/day and must be able to
provide this in a two-hour period to meet peak water demands. This can be achieved with
a combination of well yield and water storage. The storage component can be supplied
from both the standing water in the well and/or a storage tank. Wells with higher yields
need less water storage to meet water quantity requirements compared to wells with lower
yields.

The amount of available water stored in the well can be calculated from the well
depth, well diameter, static water level, and the pump intake setting allowance from the
bottom of the well. For example, consider a 20 m deep, 152 mm diameter drilled well with
a static water level of 5 m below the ground surface, a pump intake setting allowance of
5m (i.e,, an available height of the water column of 10 m and a radius of 0.076 m), and a
9 L/min well yield will meet the 1,200 L/day requirement as illustrated in Figure Box 1-1
and using calculations as outlined in Box Table 1-1. However, if that same well had a lower
yield of 6 L/min, then it would need to be at least 40 m deep to meet the 1,200 L/day
requirement. The additional water stored in the casing of the 40 m deep well will make up
for the lower well yield during peak demand. Figure Box 1-1 shows examples of well yields
and depths that can meet the 1,200 L/day requirement and Table Box 1-1 shows the

calculations used to prepare the figure.
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Figure Box 1-1 - Wells with various yields and depths that can meet domestic water quantity
needs (modified from Nova Scotia Environment and Labour, 2004).
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Table Box 1-1 - Water volume calculations for the wells in Figure Box 1-1.

Total Water Volume

Well Well Yield Water Volume Water Volume Water Volume Available from
Depth (L/min) from 24-Hour from 2-Hour from Well 2-Hour Well Yield
(m) Well Yield (L) Well Yield (L) Storage (L) and Well Storage
(L)
20 9 12,960 1,080 181 1,261
40 6 8,640 720 544 1,264
60 3 4,320 360 907 1,267
80 1 1,440 120 1,270 1,390

Notes:

1. The target water supply volume of 1,200 L/day assumes a four-person household with each person using
300 L/day.

2. Itis assumed that the entire water volume of 1,200 L/day will need to be supplied during a two-hour
period to meet the peak demand. In addition, the well yield must be able to replenish this 1,200 L volume
within 24 hours on an ongoing daily basis. To satisfy these requirements, the columns in this table hamed
“Water Volume from 24-Hour Well Yield” and “Total Water Volume Available from 2-Hour Well Yield and
Well Storage” must both meet or exceed the target volume of 1,200 L/day.

3. The “Water Volume from Well Storage” calculation assumes a 152 mm diameter well and that the

available drawdown in the well is equal to the well depth minus 10 m (i.e., the static water level in the well
is 5 m below ground surface and a 5 m allowance at the bottom of the well is used for a pump setting of
3 m off the bottom and a pump submergence of 2 m). The formula is as follows:

Water Volume from Well Storage (L) =

(Well Depth (m) =10 m) = r? (1,000 L/m3) = (Well Depth (m) — 10) (3.146) (0.152/2)2 (2,000).

Return to the main text?
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Box 2 - Domestic Well Contamination Discovered by Health Effects

In Bangladesh and India, arsenic in groundwater was first discovered in domestic
wells in the 1980s after patients were diagnosed with arsenic-induced skin lesions
(Figure Box 2-1). The source of the arsenic was eventually discovered by analyzing the well
water used by the patients. A subsequent regional well survey involving 200 villages with
suspected arsenic contamination was carried out to determine the extent of the arsenic
problem. Approximately 62 percent of the 33,000 wells sampled had arsenic concentrations
greater than 100 ug/L (Smith et al., 2000). Since this discovery, Bangladesh has introduced
programs to reduce arsenic exposure from well water, which primarily involve drilling
deeper wells that avoid the high arsenic levels found in the local shallow aquifers (Kundu
et al., 2016).

In Nova Scotia, Canada, arsenic contamination in groundwater was first discovered
in 1976 after a patient at a local hospital was found to have chronic arsenic intoxication. The
source of the arsenic was found to be the patient’'s domestic dug well. Historically, dug
wells in Nova Scotia were sometimes constructed by lining the well walls with
arsenopyrite-rich waste rock from gold mine sites. The arsenic concentration from the
patient’s dug well was 5,000 ug/L (Grantham and Jones, 1977), which is 500 times higher
than the current Canadian drinking water guideline (10 ug/L). This discovery led to an
investigation of arsenic levels in groundwater in former gold mining districts throughout
the province. The investigations found that arsenic was not restricted to gold mining
districts but was a province-wide problem associated with naturally occurring arsenic,
particularly in metamorphic and plutonic bedrock aquifers. It is estimated that about
20 percent of domestic wells in the province exceed the drinking water quality guideline
for arsenic, and it is now routine to analyze for arsenic in domestic well water in Nova

Scotia.
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Figure éox 2-1 - Skin lesions caused by arsenic
in well water (photograph by World Health
Organization (photograph from Smith et al., 2000).

A similar situation occurred in Nova Scotia, Canada, in 1978. In this case, previously
unknown groundwater contamination was discovered by chance when a research project
at Dalhousie University was studying the levels of various metals in the general population.
The study found high levels of uranium in the hair samples collected from one of the study
participants. Further investigations traced the source of the uranium to the domestic drilled
well where the person obtained their drinking water (Grantham, 1986). As result of this
discovery, regional well water surveys were carried out in the 1980s which found that
naturally occurring uranium in groundwater is a province-wide problem, especially in
plutonic and sedimentary bedrock aquifers. It is estimated that more than 6 percent of
domestic wells in the province exceed the drinking water quality guideline for uranium

(20 ug/L). It is now routine to analyze for uranium in domestic well water in Nova Scotia.

Return to where text linked to Box 21
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Box 3 - Domestic Well Contamination Near a Waste Disposal Site

An example of a domestic well that has been contaminated by industrial activity is
shown in Figure Box 3-1. This well is located adjacent to a construction and demolition
debris disposal site in Nova Scotia, Canada. The site was used to store and transfer
construction debris materials such as wallboard, concrete, and roofing shingles. The
uranium concentration in this well increased from approximately 200 to 1,400 ug/L during
the eight-year period of monitoring shown in Figure Box 3-1, which is 70 times greater than

the Canadian drinking water guideline for uranium (20 ug/L).

In this case, there is no uranium in the leachate or waste materials at the site.
However, it is suspected that leachate from the waste materials has migrated into the
subsurface and caused naturally occurring uranium in the underlying bedrock aquifer to
be mobilized (Letman et al., 2018). The leachate contains high levels of dissolved calcium,
due to the dissolution of gypsum in waste wallboard, and this is suspected to have led to
the formation of mobile calcium-uranyl-carbonate complexes. This example demonstrates
how anthropogenic activities can cause unexpected contaminant mobilization that can

affect domestic wells.

1600

1400 2

s

1200

1000

800 P

600 /

400

Uranium concentration (ug/L)

Canadian Drinking Water
Guideline for uranium, 20 ug/L

200

Figure Box 3-1 - Uranium concentration in a domestic well located adjacent to a construction demolition and
debris disposal site (modified from Letman et al., 2018).

Return to where text linked to Box 31
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13 Exercise Solutions

Solution Exercise 1
Determine if the well can supply the daily target water supply volume for the

household by following the example calculations in Box 1. The target water supply volume
is 860 L/day, based on four people using 215 L/day per person.

L
day
rson

215
target water volume = 4 person * e

=860 L/day

Therefore, the well must be able to provide 860 L/day and must be able to provide
this amount on both an ongoing daily basis and within a two-hour period to meet peak
water demands. This can be achieved with a combination of well yield and water storage.
The volume of water that can be supplied from the two-hour well yield and daily well yield
is 240 L and 2,880 L, respectively.

L
2 hour well yield = 2 hr x 2

* 60 min/hr = 240 L
min

L
24 hour well yield = 24 hr * 2

min

* 60 min/hr = 2,880 L

The amount of available water stored in the well is calculated from the well depth
(50 m), well diameter (152 mm), static water level (5 m), and pump setting allowance (5 m),
and is calculated to be 726 L.

well storage volume = (well depth — static level — pump setting) * nr? =
2
(50m—5m—5m)+m(222)" 51,000 L/m? = 726 L
The total amount of water that this well can provide within a two-hour period is
966 L (i.e., by adding the two-hour well yield (240 L) and the well storage (726 L) together).

total water available in 2 hour period = 2 hour well yield + well storage
=240L+ 726 =966 L

It is concluded that the well can meet this household’s needs because the target
water supply of 860 L/day is exceeded by both the daily well yield (2,880 L/day) and the
two-hour yield combined with well storage (966 L).

Return to Exercise 1.1
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Solution Exercise 2

Search the internet to find the WHO arsenic drinking water guideline. For example,

this WHO webpage” states that the current recommended limit for arsenic in drinking
water is 10 ug/L. The arsenic concentration in the well exceeds this limit and, therefore, the
water is not considered safe to drink. The well owner should either treat the water to reduce
the arsenic level to below 10 ug/L (it is preferred to reduce arsenic levels as low as practical
to minimize arsenic exposure) or use another source for drinking water that meets drinking
water quality guidelines (e.g., bottled water, a different well, rainwater, treated surface
water). To determine if the arsenic concentration in this well meets drinking water
guidelines where you live, search the internet to find the drinking water guideline used in

your jurisdiction.

Return to Exercise 2.1

Solution Exercise 3
Common reasons why well owners do not test their well water quality include:

e lack of concern;
e inconvenience of testing; and,

e cost of testing.

Well owners may also not be aware of the need for water quality testing or have the
knowledge to carry out testing (e.g., where to get the sample bottles, what parameters to
test the water for, where to get the water samples analyzed).

Examples of policies that can encourage domestic well owners to test their well

include:

¢ mandatory testing when a new well is constructed; and,

¢ mandatory testing during a property sale.

Examples of initiatives that can address common barriers to water quality testing

include:

e well owner education and outreach programs that help raise awareness about
well water quality risks and provide information about how to test the water
quality of a well (such as face-to-face community outreach activities and
educational websites);

¢ making testing more convenient by providing well water sampling services,
sample pick-up services, local sample drop-off sites, or mail-in sample options;
and,

e providing free or subsidized water testing programs.

Return to Exercise 31
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Solution Exercise 4

Several steps can be taken during the planning, construction, and operation of a

well to protect it from contamination and ensure the water is safe to drink.

1.

At the planning stage, it is important to identify potential contaminant sources
(such as septic systems, oil tanks, farmyards, and manure spreading activities)
and keep the well away from these sources and upgradient from them, if
possible.

During well construction, it is important to follow local well construction
regulations (if applicable), including the use of proper well construction
materials, proper well design, and a licensed well contractor. Well construction
features that help reduce the risk of contamination include adequate casing,
annular seal, and a sanitary well cap.

Once the well is in operation, it should be regularly maintained (e.g., the casing
and well cap should be routinely inspected to confirm they are in good
condition), and the water should be regularly tested. Well owners should also
maintain their septic system and keep contaminant sources away from their
well. This includes ensuring that petroleum, paints, and household solvents are
properly stored and kept away from the well, and lawn fertilizers, pesticides,
and de-icing road salt are not applied near the well. If water treatment
equipment is used, it should be maintained in accordance with the
manufacturer’s recommendations and tested regularly to confirm it is providing

effective treatment.

Return to Exercise 41
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Please consider signing up to the GW-Project mailing list and stay informed about new
book releases, events and ways to participate in the GW-Project. When you sign up to our
email list it helps us build a global groundwater community. Sign up 7.

THE emV.--.
GROUNDWATER

PROJECT
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