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Printing and Saving Instructions
The best thing to do is to download this pdf document to your computer
desktop and open it with Adobe Acrobat DC reader.

Adobe Acrobat DC reader is a free computer software program and you can
find it at Adobe Acrobat’s website.

You can complete the course by viewing the course materials on your
computer or you can print it out. We give you permission to print this
document.

Printing Instructions: If you are going to print this document, this document
is designed to be printed double-sided or duplexed but can be single-sided.

This course booklet does not have the assignment. Please visit our website
and download the assignment also.

State Approval Listing Link, check to see if your State accepts or has pre-
approved this course. Not all States are listed. Not all courses are listed.

If the course is not accepted for CEU credit, we will give you the course free
if you ask your State to accept it for credit if you provide the letter of approval
or acceptance.

Professional Engineers; Most states will accept our courses for credit but
we do not officially list the States or Agencies acceptance or approvals.

You can obtain a printed version from TLC for an additional $69.95 plus
shipping charges.

Link to assignment...
http://www.tlch20.com/PDF/WELLFIELD%20ASSIGNMENT.pdf

State Approval Listing Link
http://www.tlch20.com/PDF/CEU%20State%20Approvals.pdf
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Important Information about this Manual

Disclaimer

This manual has been prepared to assist employees in the general awareness of the water distribution
system and groundwater production system, complex pumping ideas, dangerous excavation techniques,
water regulatory sampling and dealing with often-complex procedures and requirements for safely handling
hazardous and toxic materials. The scope of the material is quite large, requiring a major effort to bring it
under control. Employee health and safety, as well as that of the public, depend upon careful application
of federal and state regulations and safe working procedures.

This manual will cover general laws, regulations, required procedures and work rules relating to water
distribution and sampling. It should be noted, however, that the federal and state regulations are an ongoing
process and subject to change over time. For this reason, a list of resources and hyperlinks is provided to
assist in obtaining the most up-to-date information on various subjects. You can find these on our website
or in this manual.

This manual is a guidance document for employees who are involved with water distribution, water quality
and pollution control. It is not designed to meet the full requirements of the United States Environmental
Protection Agency (EPA) or the Department of Labor-Occupational Safety and Health Administration
(OSHA) rules and regulations.

This course manual will provide general guidance and should not be used as a preliminary basis for
developing general water/wastewater sampling plans or water distribution safety plans or procedures. This
document is not a detailed water/wastewater textbook or a comprehensive source book on
water/wastewater/safety rules and regulations.

Technical Learning College makes no warranty, guarantee or representation as to the absolute correctness
or appropriateness of the information in this manual and assumes no responsibility in connection with the
implementation of this information.

It cannot be assumed that this manual contains all measures and concepts required for specific conditions
or circumstances. This document should be used for guidance and is not considered a legal document.
Individuals who are responsible for water distribution, production and/or sampling and the health and safety
of workers at hazardous waste sites should obtain and comply with the most recent federal, state, and local
regulations relevant to these sites and are urged to consult with OSHA, EPA and other appropriate federal,
state and local agencies.

Library of Congress Card Number 6584889
ISBN 978-0-9799559-7-6
Copyright Notice

©2000-2018 Technical Learning College (TLC) No part of this work may be reproduced or distributed in any form or by any
means without TLC’s prior written approval. Permission has been sought for all images and text where we believe copyright
exists and where the copyright holder is traceable and contactable. All material that is not credited or acknowledged is the
copyright of Technical Learning College. This information is intended for educational purposes only. Most unaccredited
photographs have been taken by TLC instructors or TLC students. We will be pleased to hear from any copyright holder and will
make good on your work if any unintentional copyright infringements were made as soon as these issues are brought to the
editor's attention.

Every possible effort is made to ensure that all information provided in this course is accurate. All written, graphic, photographic
or other material is provided for information only. Therefore, Technical Learning College accepts no responsibility or liability
whatsoever for the application or misuse of any information included herein. Requests for permission to make copies should be
made to the following address:

TLC

P.O. Box 3060

Chino Valley, AZ 86323

Information in this document is subject to change without notice. TLC is not liable for errors or omissions appearing in this
document.
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Contributing Editors

Joseph Camerata has a BS in Management with honors (magna cum laude). He retired
as a Chemist in 2006 having worked in the field of chemical, environmental, and industrial
hygiene sampling and analysis for 40 years. He has been a professional presenter at an
EPA analytical conference at the Biosphere in Arizona and a presenter at an AWWA
conference in Mesa, Arizona. He also taught safety classes at the Honeywell and City of
Phoenix, and is a motivational/inspirational speaker nationally and internationally.

Eric Pearce S.M.E., chemistry and biological review.
Pete Greer, S.M.E., retired biology instructor.

Jack White, Environmental, Health, Safety expert, Art Credits.

This course contains EPA’s federal rule requirements. Please be
aware that each state implements drinking water regulations that may
be more stringent than EPA’s regulations. Check with your state
environmental agency for more information.
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Technical Learning College’s Scope and Function

Technical Learning College (TLC) offers affordable continuing education for today’s
working professionals who need to maintain licenses or certifications. TLC holds
approximately eighty different governmental approvals for granting of continuing
education credit.

TLC’s delivery method of continuing education can include traditional types of classroom
lectures and distance-based courses or independent study. Most TLC'’s distance based
or independent study courses are offered in a print based format and you are welcome to
examine this material on your computer with no obligation. Our courses are designed to
be flexible and for you do finish the material on your leisure. Students can also receive
course materials through the mail.

The CEU course or e-manual will contain all your lessons, activities and assignments.
Most CEU courses allow students to submit lessons using e-mail or fax; however, some
courses require students to submit lessons by postal mail. (See the course description for
more information.)

Students have direct contact with their instructor—primarily by e-mail. TLC’s CEU courses
may use such technologies as the World Wide Web, e-mail, CD-ROMs, videotapes and
hard copies. (See the course description.) Make sure you have access to the necessary
equipment before enrolling, i.e., printer, Microsoft Word and/or Adobe Acrobat Reader.
Some courses may require proctored exams depending upon your state requirements.

Flexible Learning

At TLC, there are no scheduled online sessions you need contend with, nor are you
required to participate in learning teams or groups designed for the "typical" younger
campus based student. You will work at your own pace, completing assignments in time
frames that work best for you. TLC's method of flexible individualized instruction is
designed to provide each student the guidance and support needed for successful course
completion.

We will beat any other training competitor’s price for the same CEU material or classroom
training. Student satisfaction is guaranteed.

Course Structure

TLC's online courses combine the best of online delivery and traditional university
textbooks. Online you will find the course syllabus, course content, assignments, and
online open book exams. This student friendly course design allows you the most flexibility
in choosing when and where you will study.

Classroom of One

TLC Online offers you the best of both worlds. You learn on your own terms, on your own
time, but you are never on your own. Once enrolled, you will be assigned a personal
Student Service Representative who works with you on an individualized basis throughout
your program of study.
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Course specific faculty members are assigned at the beginning of each course providing
the academic support you need to successfully complete each course.

Satisfaction Guaranteed
Our Iron-Clad, Risk-Free Guarantee ensures you will be another satisfied TLC student.

We have many years of experience, dealing with thousands of students. We assure you,
our customer satisfaction is second to none. This is one reason we have taught more
than 20,000 students.

Our administrative staff is trained to provide the best customer service in town. Part of
that training is knowing how to solve most problems on the spot with an exchange or
refund.

TLC Continuing Education Course Material Development

Technical Learning College’s (TLC’s) continuing education course material development
was based upon several factors; extensive academic research, advice from subject
matter experts, data analysis, task analysis and training needs assessment process
information gathered from other states.

Rush Grading Service

If you need this assignment graded and the results mailed to you within a 48-
hour period, prepare to pay an additional rush service handling fee of $50.00.
This fee may not cover postage costs. If you need this service, simply write
RUSH on the top of your Registration Form. We will place you in the front of
the grading and processing line.

For security purposes, please fax or e-mail a copy of your driver’s license and
always call us to confirm we’ve received your assignment and to confirm your
identity.

Thank you...

Please fax or e-mail the answer key to TLC
Western Campus Fax (928) 272-0747
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Course Description

WELLFIELD OPERATOR CEU TRAINING COURSE 30 Hours

This CEU training course is a detailed explanation of groundwater production and
groundwater mining along with detailed understanding pumps and motors. This is an excellent
CEU training course that applies to both Water Treatment and Distribution Operators. This
course also covers in detail: Distribution, Disinfection, Chlorine, O® and disinfection
alternatives, and related disinfection byproduct fundamentals. This course will briefly cover
various water quality issues E.G., tastes and odor problems and MCL/EPA Rules. This course
will also cover advanced groundwater production, protection and distribution problem solving
solutions.

This course reviews groundwater pump operation, starting with hydraulic fundamentals and
advancing to the electrical power and other related components of pumping water. The
student will develop an understanding of the engineering science pertaining to liquid pressure,
flow and pumping dynamics. This course covers the basics of hydraulic fundamentals
commonly related to the study of the mechanical properties of water. This course also
examines hydrostatics or fluid mechanics as well as the history and development of pumps,
hydraulics and the science of fluids. It presents several familiar topics in pumping along with
hydraulics and hydrostatics that often appear in most educational expositions of introductory
science, and which are also of historical interest and can enliven a student’s educational
experience. You will not need any other materials for this course.

Water Distribution, Well Drillers, Pump Installers, Water Treatment Operators, and
General Backflow Assembly Testers.

The target audience for this course is the person interested in working in a water or distribution
facility and/or wishing to maintain CEUs for certification license, meet education needs for
promotion, or to learn how to do the job safely and effectively.

Final Examination for Credit
Opportunity to pass the final comprehensive examination is limited to three attempts per
course enrollment.

Prerequisites None

Course Procedures for Registration and Support

All of Technical Learning College’s (TLC) correspondence courses have complete registration
and support services offered. Delivery of services will include e-mail, web site, telephone, fax
and mail support. TLC will attempt immediate and prompt service.

When a student registers for a distance or correspondence course, he/she is assigned a start
date and an ending date. It is the student's responsibility to note dates for assignments and
keep up with the course work. If a student falls behind, he/she must contact TLC and request
an end date extension in order to complete the course. It is the prerogative of TLC to decide
whether to grant the request. All students will be tracked by a unique number assigned to the
student.

Instructions for Written Assignments
The Wellfield Operator CEU Training course uses a multiple-choice answer key. Students
may e-mail or fax the completed answer key and registration forms to TLC.
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Feedback Mechanism (Examination Procedures)
Each student will receive a feedback form as part of their study packet. You will be able to
find this form in the front of the course assignment or lesson.

Security and Integrity

All students are required to do their own work. All lesson sheets and final exams are not
returned to the student to discourage sharing of answers. Any fraud or deceit and the student
will forfeit all fees and the appropriate agency will be notified.

Grading Criteria
TLC will offer the student either pass/fail or a standard letter grading assignment. If TLC is not
notified, you will only receive a pass/fail notice.

Recordkeeping and Reporting Practices
TLC will keep all student records for a minimum of seven years. It is your responsibility to give
the completion certificate to the appropriate agencies.

ADA Compliance

TLC will make reasonable accommodations for persons with documented disabilities.
Students should notify TLC and their instructors of any special needs. Course content may
vary from this outline to meet the needs of a particular group.

Training Objective
To train wellfield operators in the safe operation and effective maintenance and
regulatory compliance of groundwater production and water distribution systems.

Educational Mission

The educational mission of TLC is:

To provide TLC students with comprehensive and ongoing training in the theory and
Skills needed for the environmental education field,

To provide TLC students with opportunities to apply and understand the theory and
Skills needed for operator certification,

To provide opportunities for TLC students to learn and practice environmental
educational skills with members of the community for the purpose of sharing diverse
perspectives and experience,

To provide a forum in which students can exchange experiences and ideas related to
environmental education,

To provide a forum for the collection and dissemination of current information related
to environmental education, and to maintain an environment that nurtures academic
and personal growth.
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References........oouvveeeeeiiiiii e e 541

Hand digging, getting soaked with water and mud, being run over from traffic are just a few
tasks/concerns/dangers and major portions of repairing the distribution system. We hope to
be able to teach you about the system. You will understand the distribution system and
water quality.

Before any excavation, always determine the location of the other buried utilities, before
tapping a main for a new service connection, the operator should call Bluestake or One-Call
centers.

14
Wellfield ® 15" Edition TLC (866) 557-1746 Fax (928) 468-0675



Groundwater Production/ Treatment System

Your heart and lungs play a vital role in keeping you alive. If you don’t take care of your body and
how your blood circulates, you will die. Our body works very similar to the water system we operate.
Our lungs clean the blood exchanging carbon dioxide with oxygen; our water treatment plant treats
the water by taking impurities out. Our heart pumps the blood to our lungs and out to other vital
organs; our water pump stations deliver the water to our systems and to the customers.

What happens if our arteries become clogged and damaged or we lose circulation? The blood flow
will no longer make its way back to the lungs or the lungs will no longer be able to send the purified
blood to the vital organs. The same can happen if we have problems with our water transmission
lines or distribution lines.

Water Treatment Basics

Water is a powerful solvent that is capable of dissolving almost everything it comes in contact with.
For instance, water can pick up harmless minerals from the earth, such as calcium, magnesium,
carbonates and sulfates. These give the water a pleasing taste as well as beneficial health qualities.
This is also because water utilities across the country have in place effective processes to remove
contaminants that cause waterborne diseases. The most commonly used processes include
filtration, flocculation and sedimentation, and disinfection.

Flocculation/Sedimentation

The flocculation process coagulates (joins together) particles with alum and metal salts so that they
settle out of the water as sediment. Sedimentation is simply a gravity process that removes
flocculated particles from the water.

Filtration

Filtration removes remaining particles from the water supply. Those particles may include silt, natural
organic matter, iron and manganese, and microorganisms. Filtration clarifies water and improves the
effectiveness of disinfection.

Disinfection (Chlorination, Ozonation) | ,
Water is then disinfected to ensure that
dangerous microbes are killed.

Chlorine-based disinfectants or ozone
are used because they are very
effective. Chlorine-based disinfectants
also provide residual protection against
biological contamination in the water
distribution system. This is a critical step
to assure our water is safe all the way to
the consumer's tap.

Groundwater and Wells

A well can be easily contaminated if it is
not properly constructed or if toxic
materials are released into the well. Toxic material spilled or dumped near a well can leach into the
aquifer and contaminate the groundwater drawn from that well.

15
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Contaminated Wells

Contaminated wells used for drinking water are especially dangerous. Wells can be tested to see
what chemicals may be in the well and if they are present in dangerous quantities.

Groundwater is withdrawn from wells to provide water for everything from drinking water for the home
and business to water to irrigate crops to industrial processing water. When water is pumped from
the ground, the dynamics of groundwater flow change in response to this withdrawal. Groundwater
flows slowly through water-bearing formations (aquifers) at different rates. In some places, where
groundwater has dissolved limestone to form caverns and large openings, its rate of flow can be
relatively fast but this is exceptional.

Well with a mineral oil sealed vertical turbine pump.

Aquifer Question 91

Many terms are used to describe the nature and extent of the groundwater resource. The level below
which all the spaces are filled with water is called the water table. Above the water table lies the
unsaturated zone. Here the spaces in the rock and soil contain both air and water. Water in this zone
is called soil moisture. The entire region below the water table is called the saturated zone and water
in this saturated zone is called groundwater.

Fractured aquifers are cracks, joints, or fractures in solid rock, through which groundwater moves.
Examples of fractured aquifers include granite and basalt. Limestones are often fractured aquifers,
but here the cracks and fractures may be enlarged by solution, forming large channels or even
caverns. Limestone terrain where solution has been very active is termed karst.

Porous media such as sandstone may become so highly cemented or recrystalized that all of the
original space is filled. In this case, the rock is no longer a porous medium. However, if it contains
cracks it can still act as a fractured aquifer.

Most of the aquifers of importance to us are unconsolidated porous media such as sand and gravel.
Some very porous materials are not permeable. Clay, for instance, has many spaces between its
grains, but the spaces are not large enough to permit free movement of water.

16
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Groundwater usually flows downhill with the slope of the water table. Like surface water, groundwater
flows toward, and eventually drains into, streams, rivers, lakes and the oceans.

Groundwater flow in the aquifers underlying springs or surface drainage basins, however, does not
always mirror the flow of water on the surface.

Therefore, groundwater may move in different directions below the ground than the water flowing on
the surface.

Vertical Turbine Well
17
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Unconfined aquifers are those that are bounded by the water table. Some aquifers, however, lie
beneath layers of impermeable materials. These are called confined aquifers, or some-times artesian
aquifers. A well in such an aquifer is called an artesian well. The water in these wells rises higher
than the top of the aquifer because of confining pressure. If the water level rises above the ground
surface a flowing artesian well occurs.

The piezometric surface is the level to which the water in an artesian aquifer will rise.

Cone of Depression

When pumping begins, water begins to flow towards the well in contrast to the natural direction of
groundwater movement. The water level in the well falls below the water table in the surrounding
aquifer.

As a result, water begins to move from the aquifer into the well. As pumping continues, the water
level in the well continues to increase until the rate of flow into the well equals the rate of withdrawal
from pumping. The movement of water from an aquifer into a well results in the formation of a cone
of depression. The cone of depression describes a three-dimensional inverted cone surrounding the
well that represents the volume of water removed as a result of pumping. Drawdown is the vertical
drop in the height between the water level in the well prior to pumping and the water level in the well
during pumping.

Lateral Radius
ul’:f Influence

Unsaturated

Unconfined

. Sand and

" Gravel
Aquifer

. Confining
/" Layer
Bedrock

Depression ,;{
Water Surface _ v 7
While Pumping Pumping
- _ Water Level |72

When a well is installed in an unconfined aquifer, water moves from the aquifer into the well through
small holes or slits in the well casing or, in some types of wells, through the open bottom of the well.
The level of the water in the well is the same as the water level in the aquifer. Groundwater continues

to flow through and around the well in one direction in response to gravity.
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Groundwater Section

Half of all Americans and more than 95 percent of rural Americans get their household water supplies
from underground sources of water, or ground water. Ground water also is used for about half of the
nation's agricultural irrigation and nearly one-third of the industrial water needs. This makes ground
water a vitally important national resource.

Over the last 10 years, however, public attention has been drawn to incidents of ground-water
contamination. This has led to the development of ground-water protection programs at federal,
state, and local levels. Because ground-water supplies and conditions vary from one area to another,
the responsibility for protecting a community's ground-water supplies rests substantially with the local
community.

If your community relies on ground water to supply any portion of its fresh water needs, you, the
citizen, will be directly affected by the success or failure of a ground-water protection program.

Equally important, you, the citizen, can directly affect the success or failure of your community's
ground-water protection efforts.

This guide is intended to help you take an active and positive role in protecting your community's
ground-water supplies. It will introduce you to the natural cycle that supplies the earth with ground
water, briefly explain how ground water can become contaminated, examine ways to protect our
vulnerable ground-water supplies, and, most important of all, describe the roles you and your
community can play in protecting valuable ground-water supplies.

2 PRECIPITATION {

PRECIPITATION

SOIL ZONE J SOIL ZONE ‘ SOIL ZONE

RECHARGE TO
WATER TABLE

WATER TABLE

CAPILLARY FRINGE CAPILLARY FRINGE

SATURATED ZONE
(below the water table)

CAPILLARY FRINGE

(Material above water table that may contain water by capillary pressure in small voids)
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The hydraulic gradient is a vector gradient between two or more hydraulic head measurements over
the length of the flow path. It is also called the 'Darcy slope', since it determines the quantity of a
Darcy flux, or discharge. A dimensionless hydraulic gradient can be calculated between two
piezometers as:

dh  hy — hy

T length
where
tis the hydraulic gradient (dimensionless),
dhis the difference between two hydraulic heads (Length, usually in m or ft), and

dlis the flow path length between the two piezometers (Length, usually in m or ft)

The hydraulic gradient can be expressed in vector notation, using the del operator. This requires a
hydraulic head field, which can only be practically obtained from a numerical model, such as
MODFLOW. In Cartesian coordinates, this can be expressed as:

oh Oh Oh oh, Oh, Oh

dx dy 0z or Oy~ 0z
This vector describes the direction of the groundwater flow, where negative values indicate flow
along the dimension, and zero indicates 'no flow'. As with any other example in physics, energy must
flow from high to low, which is why the flow is in the negative gradient. This vector can be used in
conjunction with Darcy's law and a tensor of hydraulic conductivity to determine the flux of water in

three dimensions.
21
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EVAPORATION

MOUNTAINS

The water cycle, also known as the hydrologic cycle or the H.O cycle, describes the continuous
movement of water on, above and below the surface of the Earth. Although the balance of water on
Earth remains fairly constant over time, individual water molecules can come and go, in and out of
the atmosphere. The water moves from one reservoir to another, such as from river to ocean, or
from the ocean to the atmosphere, by the physical processes of evaporation, condensation,
precipitation, infiltration, runoff, and subsurface flow. In so doing, the water goes through different
phases: liquid, solid (ice), and gas (vapor).

The water cycle involves the exchange of heat, which leads to temperature changes. For instance,
when water evaporates, it takes up energy from its surroundings and cools the environment. When
it condenses, it releases energy and warms the environment. These heat exchanges influence
climate.

By transferring water from one reservoir to another, the water cycle purifies water, replenishes the
land with freshwater, and transports minerals to different parts of the globe. It is also involved in
reshaping the geological features of the Earth, through such processes as erosion and
sedimentation. Finally, the water cycle figures significantly in the maintenance of life and ecosystems
on Earth.
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The VTP pumps are normally designed to operate in wells or sumps. The bowl assembly consists
primarily of a suction case or bell, one or more pump bowls, and a discharge case. The number of
stages (bowls) employed is determined by the head requirements of the installation. The pump bowil
assembly is positioned in the sump or well at a depth to provide the proper submergence.
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Well drilling is the process of drilling a hole in the ground for the extraction of a natural resource
such as ground water, natural gas, or petroleum. Drilling for the exploration of the nature of the
material underground (for instance in search of metallic ore) is best described as borehole drilling,
or 'drilling'.

The earliest wells were water wells, shallow pits dug by hand in regions where the water table
approached the surface, usually with masonry or wooden walls lining the interior to prevent collapse.
Modern drilling techniques utilize long drill shafts, producing holes much narrower and deeper than
could be produced by digging.

Well drilling can be done either manually or mechanically and the nature of required equipment varies
from extremely simple and cheap to very sophisticated well drilling equipment.
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Percussion drilling is a commonly found groundwater production drilling technique in which a drill bit
attached to rope or cable is repeatedly raised and lowered, impacting soil and rock and making the
hole deeper. Frequently used to drill wells or during mineral prospecting activities, percussion drilling
has been used for thousands of years and is adaptable to whatever technology is available.

Percussion drills may be simple apparatuses consisting of a heavy drill bit and a rope, and operated
by hand. Modern percussion drilling may also be called cable drilling and uses an engine and cable
to drill holes that may be hundreds of feet deep.

One use of percussion drilling is in third-world countries as a cheap and reliable way to drill water
wells. Equipment is easy to build, transport, and simple to use. Percussion drills introduce less
contamination than conventional hand drilling methods. This technique can drill a narrower and
deeper hole than hand drilling through many different types of soil and rock.

If the substance being drilled through is sturdy enough, drilling can continue until water is reached.
If drilling occurs in loose soil or sand, a pipe may need to be inserted to keep walls from collapsing.
After the well is deep enough, permanent casing is installed, too.
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Hydraulic fracturing is the propagation of fractures in a rock layer by a pressurized fluid. Some
hydraulic fractures form naturally -- certain veins or dikes are examples -- and can create conduits
along which gas and petroleum from source rocks may migrate to reservoir rocks. Induced hydraulic
fracturing or hydrofracturing, commonly known as fracing, fraccing, or fracking, is a technique used
to release petroleum, natural gas (including shale gas, tight gas, and coal seam gas), or other
substances for extraction. This type of fracturing creates fractures from a wellbore drilled into
reservoir rock formations.

Proponents of hydraulic fracturing point to the economic benefits from vast amounts of formerly
inaccessible hydrocarbons the process can extract. Opponents point to potential environmental
impacts, including contamination of ground water, risks to air quality, the migration of gases and
hydraulic fracturing chemicals to the surface, surface contamination from spills and flowback and the
health effects of these. For these reasons hydraulic fracturing has come under scrutiny
internationally, with some countries suspending or banning it.
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Groundwater Explained

Many people have never heard of ground water. That's not really so surprising since it isn't readily visible --
ground water can be considered one of our "hidden" resources.

What Is Groundwater and Where Does It Come From?

Actually ground water occurs as part of what can be called the oldest recycling program - the hydrologic cycle.
The hydrologic cycle involves the continual movement of water between the earth and the atmosphere through
evaporation and precipitation. As rain and snow fall to the earth, some of the water runs off the surface into
lakes, rivers, streams, and the oceans; some evaporates; and some is absorbed by plant roots. The rest of the
water soaks through the ground's surface and moves downward through the unsaturated zone, where the open
spaces in rocks and soil are filled with a mixture of air and water, until it reaches the water table. The water
table is the top of the saturated zone, or the area in which all interconnected spaces in rocks and soil are filled
with water. The water in the saturated zone is called ground water. In areas where the water table occurs at
the ground's surface, the ground water discharges into marshes, lakes, springs, or streams and evaporates
into the atmosphere to form clouds, eventually falling back to earth again as rain or snow - thus beginning the
cycle all over again.

Where Is Ground Water Stored?

Ground water is stored under many types of geologic conditions. Areas where ground water exists in sufficient
quantities to supply wells or springs are called aquifers, a term that literally means "water bearer." Aquifers
store water in the spaces between particles of sand, gravel, soil, and rock as well as cracks, pores, and
channels in relatively solid rocks. An aquifer's storage capacity is controlled largely by its porosity, or the
relative amount of open space present to hold water. Its ability to transmit water, or permeability, is based in
part on the size of these spaces and the extent to which they are connected.

Basically, there are two kinds of aquifers: confined and unconfined. If the aquifer is sandwiched between layers
of relatively impermeable materials (e.g., clay), it is called a confined aquifer. Confined aquifers are frequently
found at greater depths than unconfined aquifers. In contrast, unconfined aquifers are not sandwiched between
these layers of relatively impermeable materials, and their upper boundaries are generally closer to the surface
of the land.

Does Ground Water Move?

Ground water can move sideways as well as up or down. This movement is in response to gravity, differences
in elevation, and differences in pressure. The movement is usually quite slow, frequently as little as a few feet
per year, although it can move as much as several feet per day in more permeable zones. Ground water can
move even more rapidly in karst aquifers, which are areas in water soluble limestone and similar rocks where
fractures or cracks have been widened by the action of the ground water to form sinkholes, tunnels, or even
caves.

How Is Ground Water Used?

According to the U.S. Geological Survey, ground-water use increased from about 35 billion gallons a day in
1950 to about 87 billion gallons a day in 1980. Approximately one-half of all fresh water used in the nation
comes from ground water. Whether it arrives via a public water supply system or directly from a private well,
ground water ultimately provides approximately 35 percent of the drinking water supply for urban areas and
95 percent of the supply for rural areas, quenching the thirst and meeting other household needs of more than
117 million people in this nation.

Overall, more than one-third of the water used for agricultural purposes is drawn from ground water; Arkansas,
Nebraska, Colorado, and Kansas use more than 90 percent of their ground-water withdrawals for agricultural
activities. In addition, approximately 30 percent of all ground water is used for industrial purposes. Groundwater
use varies among the states, with some states, such as Hawaii, Mississippi, Florida, Idaho, and New Mexico,
relying on ground water to supply considerably more than three-fourths of their household water needs and
other states, such as Colorado and Rhode Island, supplying less than one-quarter of their water needs with
ground water.
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Ground-Water Quality

Until the 1970s, ground water was believed to be naturally protected from contamination. The layers of soil
and particles of sand, gravel, crushed rocks, and larger rocks were thought to act as filters, trapping
contaminants before they could reach the ground water. Since then, however, every state in the nation has
reported cases of contaminated ground water, with some instances receiving widespread publicity. We now
know that some contaminants can pass through all of these filtering layers into the saturated zone to
contaminate ground water.

Between 1971 and 1985, 245 ground-water related disease outbreaks, with 52,181 associated ilinesses, were
reported. Most of these diseases were short-term digestive disorders. About 10 percent of all ground-water
public water supply systems are in violation of drinking water standards for biological contamination. In
addition, approximately 74 pesticides, a number of which are known carcinogens, have been detected in the
ground water of 38 states. Although various estimates have been made about the extent of ground-water
contamination, these estimates are difficult to verify given the nature of the resource and the difficulty of
monitoring its quality.

How Does Ground Water Become Contaminated?

Ground-water contamination can originate on the surface of the ground, in the ground above the water table,
or in the ground below the water table. Table | shows the types of activities that can cause ground-water
contamination at each level. Where a contaminant originates is a factor that can affect its actual impact on
ground-water quality. For example, if a contaminant is spilled on the surface of the ground or injected into the
ground above the water table, it may have to move through numerous layers of soil and other underlying
materials before it reaches the ground water.

As the contaminant moves through these layers, a number of processes are in operation (e.g., filtration,
dilution, oxidation, biological decay) that can lessen the eventual impact of the substance once it finally reaches
the ground water. The effectiveness of these processes also is affected by both the distance between the
ground water and where the contaminant is introduced and the amount of time it takes the substance to reach
the ground water. If the contaminant is introduced directly into the area below the water table, the primary
process that can affect the impact of the contaminant is dilution by the surrounding ground water.

Infiltration of polluted surface water De-icing salt use & storage
Land disposal of wastes Animal feedlots
GROUND Stockpiles Fertilizers & pesticides
SURFACE : .
Dumps Accidental spills
Sewage sludge disposal Airborne source particulates
Septic tanks, cesspools, & privies Underaround pioeline leaks
ABOVE Holding ponds & lagoons aerg PP
; . Artificial recharge
WATER Sanitary landfills Sumps and drv wells
TABLE Waste disposal in excavations Gravz ards ry
Underground storage tank leaks y
Waste disposal in wells Exploratory wells
BELOW .
WATER Drainage wells and canals Abandoned wells
Underground storage Water-supply wells
TABLE . ”
Mines Ground-water withdrawal

TABLE 1. Activities That Can Cause Ground-Water Contamination

In comparison with rivers or streams, ground water tends to move very slowly and with very little turbulence.
Therefore, once the contaminant reaches the ground water, little dilution or dispersion normally occurs.
Instead, the contaminant forms a concentrated plume that can flow along the same path as the ground water.
Among the factors that determine the size, form, and rate of movement of the contaminant plume are the
amount and type of contaminant and the speed of ground-water movement.

Because ground water is hidden from view, contamination can go undetected for years until the supply is
tapped for use.
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What Kinds of Substances Can Contaminate Groundwater, and Where Do They Come From?
Question 91

Substances that can contaminate ground water can be divided into two basic categories: substances that occur
naturally and substances produced or introduced by man's activities. Substances that occur naturally include
minerals such as iron, calcium, and selenium. Substances resulting from man's activities include synthetic
organic chemicals and hydrocarbons (e.g., solvents, pesticides, petroleum products); landfill leachates (liquids
that have dripped through the landfill and carry dissolved substances from the waste materials), containing
such substances as heavy metals and organic decomposition products; salt; bacteria; and viruses. A significant
number of today's ground-water contamination problems stem from man's activities and can be introduced into
ground water from a variety of sources.

Septic Tanks, Cesspools, and Privies

A major cause of ground-water contamination in many areas of the United States is effluent, or outflow, from
septic tanks, cesspools, and privies. Approximately one fourth of all homes in the United States rely on septic
systems to dispose of their human wastes. If these systems are improperly sited, designed, constructed, or
maintained, they can allow contamination of the ground water by bacteria, nitrates, viruses, synthetic
detergents, household chemicals, and chlorides. Although each system can make an insignificant contribution
to ground-water contamination, the sheer number of such systems and their widespread use in every area that
does not have a public sewage treatment system makes them serious contamination sources.

Surface Impoundments

Another potentially significant source of ground-water contamination is the more than 180,000 surface
impoundments (e.g., ponds, lagoons) used by municipalities, industries, and businesses to store, treat, and
dispose of a variety of liquid wastes and wastewater. Although these impoundments are supposed to be sealed
with compacted clay soils or plastic liners, leaks can and do develop.

Agricultural Activities

Agricultural activities also can make significant contributions to ground-water contamination with the millions
of tons of fertilizers and pesticides spread on the ground and from the storage and disposal of livestock wastes.
Homeowners, too, can contribute to this type of ground-water pollution with the chemicals they apply to their
lawns, rosebushes, tomato plants, and other garden plants.

Landfills

There are approximately 500 hazardous waste land disposal facilities and more than 16,000 municipal and
other landfills nationwide. To protect ground water, these facilities are now required to be constructed with clay
or synthetic liners and leachate collection systems. Unfortunately, these requirements are comparatively
recent, and thousands of landfills were built, operated, and abandoned in the past without such safeguards. A
number of these sites have caused serious ground-water contamination problems and are now being cleaned
up by their owners, operators, or users; state governments; or the federal government under the Superfund
program. In addition, a lack of information about the location of many of these sites makes it difficult, if not
impossible, to determine how many others may now be contaminating ground water.

Underground Storage Tanks

Between five and six million underground storage tanks are used to store a variety of materials, including
gasoline, fuel oil, and numerous chemicals. The average life span of these tanks is 18 years, and over time,
exposure to the elements causes them to corrode. Now, hundreds of thousands of these tanks are estimated
to be leaking, and many are contaminating ground water. Replacement costs for these tanks are estimated at
$1 per gallon of storage capacity; a cleanup operation can cost considerably more.

Abandoned Wells

Wells can be another source of ground-water contamination. In the years before there were community water
supply systems, most people relied on wells to provide their drinking water. In rural areas this can still be the
case. If a well is abandoned without being properly sealed, however, it can act as a direct channel for
contaminants to reach ground water.
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Accidents and lllegal Dumping
Accidents also can result in ground-water contamination. A large volume of toxic materials is transported
throughout the country by truck, train, and airplane.

Every day accidental chemical or petroleum product spills occur that, if not handled properly, can result in
ground-water contamination. Frequently, the automatic reaction of the first people at the scene of an accident
involving a spill will be to flush the area with water to dilute the chemical. This just washes the chemical into
the soil around the accident site, allowing it to work its way down to the ground water. In addition, there are
numerous instances of ground-water contamination caused by the illegal dumping of hazardous or other
potentially harmful wastes.

Highway De-icing

A similar flushing mechanism also applies to the salt that is used to de-ice roads and highways throughout the
country every winter. More than 11 million tons of salt are applied to roads in the United States annually. As
ice and snow melt or rain subsequently falls, the salt is washed into the surrounding soil where it can work its
way down to the ground water. Salt also can find its way into ground water from improperly protected storage
stockpiles.

What Can Be Done After Contamination Has Occurred?

Unlike rivers, lakes, and streams that are readily visible and whose contamination frequently can be seen with
the naked eye, ground water itself is hidden from view. Its contamination occurs gradually and generally is not
detected until the problem has already become extensive. This makes cleaning up contamination a
complicated, costly, and sometimes impossible process.

In general, a community whose ground-water supply has been contaminated has five options:
¢ Contain the contaminants to prevent their migration from their source.

o Withdraw the pollutants from the aquifer.
e Treat the ground water where it is withdrawn or at its point of use.

¢ Rehabilitate the aquifer by either immobilizing or detoxifying the contaminants while they are still in
the aquifer.

e Abandon the use of the aquifer and find alternative sources of water

Which option is chosen by the community is determined by a number of factors, including the nature and
extensiveness of the contamination, whether specific actions are required by statute, the geologic conditions,
and the funds available for the purpose. All of these options are costly. For example, a community in
Massachusetts chose a treatment option when the wells supplying its public water system were contaminated
by more than 2,000 gallons of gasoline that had leaked into the ground from an underground storage tank less
than 600 feet from one of the wells.

The town temporarily provided alternative water supplies for its residents and then began a cleanup process
that included pumping out and treating the contaminated water and then recharging the aquifer with the treated
water. The cleanup effort alone cost more than $3 million. Because of the high costs and technical difficulties
involved in the various containment and treatment methods, many communities will choose to abandon the
use of the aquifer when facing contamination of their ground-water supplies.

This requires the community to either find other water supplies, drill new wells farther away from the
contaminated area of the aquifer, deepen existing wells, or drill new wells in another aquifer if one is located
nearby. As Atlantic City, New Jersey, found, these options also can be very costly for a community. The wells
supplying that city's public water system were contaminated by leachate from a landfill. The city estimated that
development of a new wellfield would cost approximately $2 million.
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Government Ground-Water Protection Activities

Given the importance of ground water as a source of drinking water for so many communities and individuals
and the cost and difficulty of cleaning it up, common sense tells us that the best way to guarantee continued
supplies of clean ground water is to prevent contamination.

Are There Federal Laws or Programs to Protect Ground Water? Question 132
The U.S. Environmental Protection Agency (EPA) is responsible for federal activities relating to the quality of
ground water. EPA's ground-water protection activities are authorized by a number of laws, including:

e The Safe Drinking Water Act, which authorizes EPA to set standards for maximum levels of
contaminants in drinking water, regulate the underground disposal of wastes in deep wells,
designate areas that rely on a single aquifer for their water supply, and establish a nationwide
program to encourage the states to develop programs to protect public water supply wells (i.e.,
wellhead protection programs).

o The Resource Conservation and Recovery Act, which regulates the storage, transportation,
treatment, and disposal of solid and hazardous wastes to prevent contaminants from leaching into
ground water from municipal landfills, underground storage tanks, surface impoundments, and
hazardous waste disposal facilities.

o The Comprehensive Environmental Response, Compensation, and Liability Act (Superfund), which
authorizes the government to clean up contamination caused by chemical spills or hazardous waste
sites that could (or already do) pose threats to the environment, and whose 1986 amendments
include provisions authorizing citizens to sue violators of the law and establishing "community right-
to-know" programs (Title Il1).

o The Federal Insecticide, Fungicide, and Rodenticide Act, which authorizes EPA to control the
availability of pesticides that have the ability to leach into ground water.

e The Toxic Substances Control Act which authorizes EPA to control the manufacture, use, storage,
distribution, or disposal of toxic chemicals that have the potential to leach into ground water.

e The Clean Water Act, which authorizes EPA to make grants to the states for the development of
ground-water protection strategies and authorizes a number of programs to prevent water pollution
from a variety of potential sources.

The federal laws tend to focus on controlling potential sources of ground-water contamination on a national
basis. Where federal laws have provided for general ground-water protection activities such as wellhead
protection programs or development of state ground-water protection strategies, the actual implementation of
these programs must be by the states in cooperation with local governments.

A major reason for this emphasis on local action is that protection of ground water generally involves making
very specific decisions about how land is used. Local governments frequently exercise a variety of land-use
controls under state laws.

Do the States Have Laws or Programs to Protect Ground Water?
According to a study conducted for EPA in 1988, most of the states have passed some type of ground-water
protection legislation and developed some kind of ground-water policies. State ground-water legislation can
be divided into the following subject categories:
o Statewide strategies - Requiring the development of a comprehensive plan to protect the state's
ground-water resources from contamination.

e Ground-water classification - Identifying and categorizing ground-water sources by how they are
used to determine how much protection is needed to continue that type of use.
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e Standard setting - Identifying levels at which an aquifer is considered to be contaminated.

e Land-use management - Developing planning and regulatory mechanisms to control activities on the
land that could contaminate an aquifer.

e Ground-water funds - Establishing specific financial accounts for use in the protection of ground-
water quality and the provision of compensation for damages to underground drinking water supplies
(e.g., reimbursement for ground-water cleanup, provision of alternative drinking water supplies).

e Agricultural chemicals - Regulating the use, sale, labeling, and disposal of pesticides, herbicides,
and fertilizers.

¢ Underground storage tanks - Establishing criteria for the registration, construction, installation,
monitoring, repair, closure, and financial responsibility associated with tanks used to store hazardous
wastes or materials.

o Water-use management - Including ground-water quality protection in the criteria used to justify more
stringent water allocation measures where excessive ground-water withdrawal could cause ground-
water contamination.

Appendix 1 presents a matrix showing the types of ground-water protection legislation enacted by the states.
In addition to ground-water protection programs states may have developed under their own laws, one state
ground-water protection program is required by federal law. The 1986 amendments to the Safe Drinking Water
Act established the wellhead protection program and require each state to develop comprehensive programs
to protect public water supply wells from contaminants that could be harmful to human health. Wellhead
protection is simply protection of all or part of the area surrounding a well from which the well's ground water
is drawn. This is called a wellhead protection area (WHPA). The size of the WHPA will vary from site to site
depending on a number of factors, including the goals of the state's program and the geologic features of the
area.

The law specifies certain minimum components for the wellhead protection programs:
e The roles and duties of state and local governments and public water suppliers in the management
of wellhead protection programs must be established.
o The WHPA for each wellhead must be delineated (i.e., outlined or defined).

e Contamination sources within each WHPA must be identified.

e Approaches for protecting the water supply within the WHPAs from the contamination sources (e.g.,
use of source controls, education, training) must be developed.

e Contingency plans must be developed for use if public water supplies become contaminated.

e Provisions must be established for proper sitting of new wells to produce maximum water yield and
reduce the potential for contamination as much as possible.

e Provisions must be included to ensure public participation in the process.

For a program to be successful, all levels of government must participate in the wellhead protection program.
The federal government is responsible for approving state wellhead protection programs and for providing
technical support to state and local governments. State governments must develop and implement wellhead
protection programs that meet the requirements of the Safe Drinking Water Act. Although the responsibilities
of local governments depend on the specific requirements of their state's program, these governments often
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are in the best position (and have the greatest incentive) to ensure proper protection of wellhead areas. They
have the most to lose if their ground-water becomes contaminated.

Although the Clean Water Act does not require states to develop ground-water protection strategies, the
legislation does authorize states to take this action. As of 1989, all 50 states have at least begun to develop
ground-water protection strategies, and some of these are in advanced stages. Proceeding at varying paces,
the states are tailoring their efforts to fit their own perceived needs and budgets.

Citizen and Community Roles

In the first three chapters of this guide, you learned how dependent our nation is on ground water to provide
water for drinking and other household uses, agriculture, and industry. You also learned a little about the many
substances that can contaminate our ground-water supplies, where they can come from, and how difficult and
costly it is to try to clean up ground water once it has been contaminated. Finally, you were given some
information about current national and state programs to protect ground water. This chapter will focus on what
actions you and your community can take to protect your ground-water supplies.

What Information Do You and Your Community Need?

Because no two communities are exactly alike in terms of hydrogeologic conditions, resources, or problems,
ground-water protection efforts should be tailored specifically to meet the needs of each community. Thus,
before you can begin to help your community develops an effective program to manage its ground-water
resources; you will need the answers to some very specific questions.

What Has Your State Done to Protect Ground Water?

As you saw in Chapter lll, the Safe Drinking Water Act requires all states to develop programs to protect public
water supply wells from contaminants that could be harmful to human health. Information on your state's
wellhead protection program should be available from the agency in your state that is managing this program.
(Appendix 2 contains a list of the state agencies managing wellhead protection programs.)

Chapter Ill also mentioned that all 50 states are in the process of developing comprehensive ground-water
protection strategies. Such a strategy can provide you with information on who has what ground-water
responsibility in the state and on how any existing state programs fit together. A copy of your state's ground-
water protection strategy should be available from the agency in your state that is managing this effort.
(Appendix 2 also contains a list of these state agencies.)

Does Your Community's Drinking Water Come from Ground Water, and What Information Is Available
About Your Community's Wells?

If your community's drinking water comes from ground water, you will need some basic information about your
community's hydrogeologic setting, including the types of soil conditions and geologic formations and the type,
location, and depth of the aquifer that stores the ground water. In addition, information on the community's
wells will be needed, including whether they are public or private, shallow or deep; their locations; and how
they are constructed. It also could be important to know if sites have been identified for future wells.

Potential sources for this information include your local library, your local water supply agency, and your state
geological survey, a local office of the U.S. Geological Survey (USGS), a county agricultural extension agent,
or even the geology or engineering department of a local university or college.

What Is the Current Quality of Your Ground-Water Supply, and What Actual or Potential Sources of
Contamination Are Present in Your Community?

You will need to know if your water is currently free from bacterial and chemical pollution and what kinds of
procedures are in place to test or monitor ground-water quality. Initial information on the quality of your
community's ground water should be available from your local water supply agency or your local health
department. Closely related to the issue of ground-water quality is determining whether there are activities in
the community that produce or use toxic or hazardous substances and where underground storage tanks are
located. Information on activities using or producing toxic or hazardous materials may be more difficult to
obtain, but the community right-to-know provisions in the 1986 Superfund amendments may give you a starting
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point. These provisions require the establishment of state planning commissions, emergency planning districts,
and local emergency planning committees.

They also require companies that use certain toxic or hazardous substances to report to these committees.
Companies also are required to report serious environmental releases immediately. All of this information is
required to be available to the public.

Another source of information on environmental releases is available in a data base developed by EPA called
the Toxic Chemical Release Inventory that is publicly accessible through the National Library of Medicine. The
data include the names, addresses, and public contacts of plants manufacturing, processing, or using the
reported chemicals; the maximum amount stored onsite; the estimated quantity emitted into the air, discharged
into bodies of water, injected underground, or released to land; methods used in waste treatment and their
efficiency; and information on the transfer of chemicals offsite for treatment and disposal.

(To obtain additional information on this data base, see Appendix 2.) On a local level, your community's fire
department also may be helpful in providing information on both companies using toxic or hazardous materials
and the location of underground storage tanks.

What Can Your Community Do to Protect Its Ground Water?

If your community relies on ground water for its water supplies, it has a strong incentive to protect that ground
water. Before a plan or program can be developed to protect ground water, it is important to identify existing
or potential threats to the ground water. This will generally mean conducting an inventory to learn the location
of facilities using, manufacturing, or storing materials that have the potential to pollute ground water.

How your community conducts this inventory will depend largely on the resources available, particularly the
number of people available to do the work and funds. A number of communities, however, have had great
success in using groups of volunteers to conduct their inventories. For example, the city of El Paso, Texas,
has mobilized its senior citizens with the help of the federally funded Retired Senior Volunteer Program (RSVP)
and the Texas Water Commission. The inventory of existing or potential threats to the community's ground
water may be quite long, and it is unlikely that your community will have the resources to address all of these
threats. How do community officials decide which threats are the most serious or set priorities? One way is to
assess these threats on the basis of their relative risks to the community's ground water. This requires
determining which of the specific pollutants are most likely to be released and reach the ground water in
concentrations high enough to pose health risks.

In addition to having an incentive to protect its ground water, your community has a number of powers that can
be used for that purpose. These include implementing zoning decisions; developing land-use plans; overseeing
building and fire codes; implementing health requirements; supplying water, sewer, and waste disposal
services; and using their police powers to enforce regulations and ordinances. A few communities have begun
developing their own ground-water protection programs using a variety of management tools based on these
powers.

These management tools include:

e Zoning Ordinances - To divide a municipality into land-use districts and separate incompatible land
uses such as residential, commercial, and industrial; zoning also defines the type of activity that can
occur within a district and specifies appropriate regulations that can be used prevent activities that
could be harmful to the community's ground water.

e Subdivision Ordinances - Applied when a piece of land is actually being divided into lots for sale or
development to ensure that growth does not outpace available local facilities such as roads, schools,
and fire protection; subdivision ordinances also can be used to set density standards, require open
space set asides, and regulate the timing of development, all of which can have significant impacts
on ground-water quality.
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o Site Plan Review - To determine if a proposed development project is compatible with existing land
uses in the surrounding area and if existing community facilities will be able to support the planned
development; this review also can be used to determine compatibility of the proposed project with
any ground-water protection goals.

e Design Standards - To regulate the design, construction, and ongoing operation of various land-use
activities by imposing specific physical requirements, such as the use of double-walled tanks to store
chemicals underground.

o Operating Standards - To ensure the safety of workers, other parties, and the environment by
specifying how an activity is to be conducted; these can take the form of best management practices
(BMPs) that define a set of standard operating procedures for use in a particular activity to limit the
threat to the environment (e.g., limits on pesticide applications or animal feedlot operations).

e Source Prohibitions - To prohibit the storage or use of dangerous materials in a defined area; these
can take the form of prohibitions of certain activities or of restrictions on the use of certain materials.

o Purchase of Property or Development Rights - To guarantee community control over the activities
on lands that feed water into an aquifer, this may involve outright purchase of the land or of a more
limited interest, such as surface-use rights.

e Public Education - To build community support for regulatory programs, such as controls on
pollution sources in special zoning districts, and to motivate voluntary ground-water protection
efforts, such as water conservation or household hazardous waste management.

o Ground-Water Monitoring - To assess the quality of local aquifers by sampling public and private
wells for selected contaminants.

e Household Hazardous Waste Collection - To alleviate the threat to ground water from the disposal
in regular trash pick-ups, sewers, or septic systems of household products that contain hazardous
substances or other materials that can be harmful to ground water, such as paints, solvents, or
pesticides.

o Water Conservation - To reduce the total quantity of water withdrawn from ground-water aquifers
and to protect against contamination by reducing the rate at which contaminants can spread in the
aquifer (e.g., excessive withdrawals from an aquifer located near the ocean can draw salt water into
the aquifer and contaminate wells).

How Can You Clean Up Your Own Act?

So far, the emphasis has been on how you can help your community to protect its ground water through the
development of community-wide policies and programs. But ground-water protection also begins at home.
How do your personal habits affect your community's ground water quality? What can you, as an individual,
do to protect your community's ground water?

How Do You Dispose of the Polluting Materials Used in Your Home?

You may be surprised to learn that the way you dispose of products you use at home can contribute to the
contamination of your community's ground water. You may be even more surprised to learn that a number of
the products you use at home contain hazardous or toxic substances.

The truth is, however, that products like motor oil, pesticides, left-over paints or paint cans, mothballs, flea
collars, weedkillers, household cle