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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 reader.

Abode Acrobat reader is a free computer software program and you can
find it at Abode 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.

You can obtain a printed version from TLC for an additional $79.95 plus
shipping charges.

Link to assignment...
http://www.tlch2o.com/PDF/WELLFIELD%20ASSIGNMENT .pdf

State Approval Listing Link
http://lwww.tlch2o0.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

©2006 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 420

Payson, AZ 85547-0420

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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We have taught this course to over 5,000 students in a conventional classroom
setting. Call and schedule a class at your facility or utilize the distance learning
course to obtain your CEUs.

Library of Congress Card Number TX-6-825-267
DISTRIBUTION BASICS I

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, City of Phoenix. Art Credits.
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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. 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.
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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 Back-up Fax (928) 468-0675.
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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, 0® 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 their social security
number or a unique number will be 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 rear of the course 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.

Wellfield Wyatt Edition © 1/13/2011 TLC 10 (866) 557-1746 Fax (928) 468-0675



TABLE OF CONTENTS

Backflow Section
Cross-Connection Terms
Types of Assemblies
Water Distribution Section
Distribution Valves
Meters

Water Theft

System Layouts
Distribution Pipes

Joints & Fittings

Water Main Installation
Water Softening

Water Filters

Safe Drinking Water Act Summary
Primary Drinking Water MCLs
Secondary Drinking Water MCLs
New EPA Rules

Water Treatment System
Aquifer

Groundwater Section
Water Well Reports
Water Bearing Zone
Casing Driver Methods
Choice of Casing

Water Demand
Disinfection of Reservoirs
Hydropneumatic Tank
Waterborne Pathogens
Protozoan Diseases
Waterborne Diseases
Bacteriological Monitoring
HPC

Periodic Chart

pH

Chlorine Section

DPD Residual Method

Chemistry of Chlorination
Chlorinator Parts
Troubleshooting Hypochlorination
Disinfection Policy

Alternant Disinfectants
Amperometric Titration

Chlorine Dioxide

Wellfield Wyatt Edition © 1/13/2011 TLC

13
15
25
35
37
61
62
65
69
73
76
77
80
85
93
99
101
105
106
109
123
129
141
153
175
178
181
193
195
196
197
203
227
229
231
236

243
251
255
257
258
259
261

11

(866) 557-1746 Fax (928) 468-0675



Fluoride

Water Quality

Corrosion Control
Alkalinity / pH Adjustment
Activated Carbon
Hydraulic Section

Pump Fundamentals
Pump Definitions

Pump Categories

Basic Pump

Centrifugal Pump

Motor Coupling and Bearings
Couplings

Excavation Safety
Shoring System

One Call Center
Glossary

Microorganisms
Conversion Factors

Hand digging, getting soaked with water and mud, being run over from traffic are just a
few tasks and maijor 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 as well.

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.
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Backflow/Cross-Connection Section

We are going to start with the basics, first the most important part, understand a large
water quality issue and then examining water mining. In the above photo, a certified
Backflow Tester is carefully examining a Double Check Detector Check fire line
assembly.

Notice the water meter which will detect any unauthorized water usage that is being
used in the fire line. Yes, people can steal water through a fireline. | personally would
never drink water out of a fireline but some people will do just about anything to steal
or to save a small amount of money.
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Recent Backflow Situations

Oregon 1993
Water from a drainage pond, used for lawn irrigation, is pumped into the potable water supply
of a housing development.

California 1994
A defective backflow device in the water system of the County Courthouse apparently caused
sodium nitrate contamination that sent 19 people to the hospital.

New York 1994

A 8-inch reduced pressure principle backflow prevention assembly in the basement of a
hospital discharged under backpressure conditions, dumping 100,000 gallons of water into the
basement.

Nebraska 1994

While working on a chiller unit of an air conditioning system at a nursing home, a hole in the
coil apparently allowed Freon to enter the circulating water and from there into the city water
system.

California 1994
The blue tinted water in a pond at an amusement park backflowed into the city water system
and caused colored water to flow from homeowner’s faucets.

California 1994
A film company shooting a commercial for television accidentally introduced a chemical into
the potable water system.

lowa 1994
A backflow of water from the Capitol Building chilled water system contaminated potable water
with Freon.

Indiana 1994
A water main break caused a drop in water pressure, allowing anti-freeze from an air
conditioning unit to backsiphon into the potable water supply.

Washington 1994
An Ethylene Glycol cooling system was illegally connected to the domestic water supply at a
veterinarian hospital.

Ohio 1994
An ice machine connected to a sewer sickened dozens of people attending a convention.
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Cross-Connection Terms

Cross-connection

A cross-connection is any temporary or permanent connection between a public water system
or consumer’'s potable (i.e., drinking) water system and any source or system containing
nonpotable water or other substances. An example is the piping between a public water
system or consumer’s potable water system and an auxiliary water system, cooling system, or
irrigation system.

Heating System
Line Treated with a
Hexavalent Chromium

CONTAMINANT: Any natural or man-made physical, chemical, biological, or radiological
substance or matter in water, which is at a level that may have an adverse effect on public
health, and which is known or anticipated to occur in public water systems.

CONTAMINATION: To make something bad. To pollute or infect something. To reduce the
quality of the potable (drinking) water and create an actual hazard to the water supply by
poisoning or through spread of diseases.

CORROSION: The removal of metal from copper, other metal surfaces and concrete surfaces
in a destructive manner. Corrosion is caused by improperly balanced water or excessive water
velocity through piping or heat exchangers.

CROSS-CONNECTION: A physical connection between a public water system and any
source of water or other substance that may lead to contamination of the water provided by
the public water system through backflow. This also might be the source of an organic
substance causing taste and odor problems in a water distribution system.

CROSS-CONTAMINATION: The mixing of two unlike qualities of water. For example, the
mixing of good water with a polluting substance like a chemical substance.
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Common Cross-Connections

Potable
Water Line

Make-up
Water Line
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Backflow
Backflow is the undesirable reversal of flow of nonpotable water or other substances through a

cross-connection and into the piping of a public water system or consumer’s potable water
system. There are two types of backflow--backpressure and backsiphonage.

Backsiphonage

City Water

Make-up - | - -
Water Line

Backpressure Example
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Backsiphonage

Backsiphonage is backflow caused by a negative pressure (i.e., a vacuum or partial vacuum)
in a public water system or consumer’s potable water system. The effect is similar to drinking
water through a straw. Backsiphonage can occur when there is a stoppage of water supply
due to nearby firefighting, a break in a water main, etc. Hoses are the greatest source of

backsiphonage problems.
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Backpressure

Backpressure is backflow caused by a downstream pressure that is greater than the upstream
or supply pressure in a public water system or consumer’s potable water system.
Backpressure (i.e., downstream pressure that is greater than the potable water supply
pressure) can result from an increase in downstream pressure, a reduction in the potable
water supply pressure, or a combination of both. Increases in downstream pressure can be
created by pumps, temperature increases in boilers, elevation, etc.

Reductions in
potable water
supply pressure
occur whenever
the amount of
water being used
exceeds the
amount of water
being supplied,
such as during
water line flushing,

Erefl?(ht!ng, otr / RECOMMENDED INSTALLATION
reaxs in water SCHOOL " OF BACKFLOW PREVENTER LEAKING CHECK VALVES
mains. — ) B N
g Sz — i
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=
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Backpressure example:
Booster pumps, pressure vessels
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Backflow Review Statements

Backflow Condition: A continuous positive pressure in a distribution system is essential for
preventing a backflow condition or event.

Backflow or Cross-connection Failure: What might be the source of an organic substance
causing taste and odor problems in a water distribution system?

Backflow Prevention: To stop or prevent the occurrence of, the unnatural act of reversing the
normal direction of the flow of liquid, gases, or solid substances back in to the public potable
(drinking) water supply. See Cross-connection control.

Backflow: Minimum water pressure must be maintained to ensure adequate customer service
during peak flow periods. However minimum positive pressure must be maintained in mains to
protect against backflow or backsiphonage from cross-connections.

Backflow: Name the most common CAUSE for public water supply contamination. Backflow
or cross-connection. To reverse the natural and normal directional flow of a liquid, gases, or
solid substances back into the public potable (drinking) water supply. This is normally an
undesirable effect.

Backsiphonage Backflow: What does a backsiphonage condition usually cause? Reduced
pressure or negative pressure on the service or supply side.

Backflow: What does a double check valve backflow assembly provide effective protection
from? Both backpressure and backsiphonage of pollution only.

Backflow: What is equipment that utilizes water for cooling, lubrication, washing or as a
solvent always susceptible to? A cross-connection.

Backflow: What is the definition of ‘backflow’? A reverse flow condition that causes water or
mixtures of water and other liquids, gases, or substances to flow back into the distribution
system.

Backflow: What is the difference between a reduced pressure principle backflow device and a
double check backflow device? The RP has a relief valve.

Backflow: What is the maximum time period between having a backflow device tested by a
certified backflow tester? 1 year.

Backflow: What must an operator ensure when installing a pressure vacuum breaker
backflow device? It must be at least 12 inches above the highest downstream outlet.
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Backflow Responsibility

The Public Water Purveyor

The primary responsibility of the water purveyor is to develop and maintain a program to
prevent or control contamination from water sources of lesser quality or other contamination
sources from entering into the public water system. Under the provisions of the Safe Drinking
Water Act of 1974 (SDWA) and current Groundwater Protection rules, the Federal
Government, through the EPA, (Environmental Protection Agency), set national standards of
safe drinking water. The separate states are responsible for the enforcement of these
standards as well as the supervision of public water systems and the sources of drinking
water. The water purveyor or supplier is held responsible for compliance to the provisions of
the Safe Drinking Water Act, to provide a warranty that water quality by their operation is in
conformance with EPA standards at the source, and is delivered to the customer without the
quality being compromised as its delivery through the distribution system.

This is specified in the Code of Federal Regulations (Volume 40, Paragraph141.2 Section ¢ )”:
Maximum contaminant level means the permissible level of a contaminant in water which is
delivered to the free flowing outlet of the ultimate user of a public water system, except in the
case of turbidity where the maximum permissible level is measured at the point of entry (POE)
to the distribution system. Contaminants added to the water under circumstances controlled by
the user, except those resulting from corrosion of piping and plumbing caused by water
quality, are excluded from this definition.

The Water Consumer

Has the responsibility to prevent contaminants from entering into the public water system by
way of their individual plumbing system, and retain the expenses of installation, maintenance,
and testing of the approved backflow prevention assemblies installed on their individual water
service line.

The Certified General Backflow Tester

Has the responsibility to test, maintain, inspect, repair, and report/notify on approved backflow
prevention assemblies as authorized by the persons that have jurisdiction over those
assemblies.

Why do water suppliers need to control cross-connections and protect their public
water systems against backflow?

Backflow into a public water system can pollute or contaminate the water in that system (i.e.,
backflow into a public water system can make the water in that system unusable or unsafe to
drink), and each water supplier has a responsibility to provide water that is usable and safe to
drink under all foreseeable circumstances.

Furthermore, consumers generally have absolute faith that water delivered to them through a

public water system is always safe to drink. For these reasons, each water supplier must take
reasonable precautions to protect its public water system against backflow.
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What should water suppliers do to control cross-connections and protect their public
water systems against backflow?

Water suppliers usually do not have the authority or capability to repeatedly inspect every
consumer’s premises for cross-connections and backflow protection. Alternatively, each water
supplier should ensure that a proper backflow preventer is installed and maintained at the
water service connection to each system or premises that poses a significant hazard to the
public water system.

Generally, this would include the water service connection to each dedicated fire protection
system or irrigation piping system and the water service connection to each of the following
types of premises: (1) premises with an auxiliary or reclaimed water system; (2) industrial,
medical, laboratory, marine or other facilities where objectionable substances are handled in a
way that could cause pollution or contamination of the public water system; (3) premises
exempt from the State Plumbing Code and premises where an internal backflow preventer
required under the State Plumbing Code is not properly installed or maintained; (4) classified
or restricted facilities; and (5) tall buildings. Each water supplier should also ensure that a
proper backflow preventer is installed and maintained at each water loading station owned or
operated by the water supplier.

Degrees of Hazards (HAZARD RATINGS) High or Contaminant and Low or Pollutional

Two Classification of Protection

Containment Protection or Secondary protection

This approach utilizes a minimum of backflow devices and isolates the customer from the
water main. It virtually insulates the customer from potentially contaminating or polluting the
public water supply system. Containment protection does not protect the customer within his
own building; it does effectively remove him from the possibility public water supply
contamination. Containment protection is usually a backflow prevention device as close as
possible to the customer’'s water meter and is often referred to as “Secondary Protection”.
This type of backflow protection is excellent for water purveyors and is the least expense to
the water customer but does not protect the occupants of the building.

Internal Protection or Primary protection

The water purveyor may elect to protect his customers on a domestic internal protective basis
and/or “fixture outlet protective basis.” In this case, cross-connection-control devices (backflow
preventors) are placed at internal hazard locations and at all locations where cross-
connections may exist including the “ast free flowing outlet.” This type of protection entails
extensive cross-connection survey work usually performed by a plumbing inspector or a
Cross-Connection Specialist. In a large water supply system, internal protection in itself is
virtually impossible to achieve and police due to the quantity of systems involved, the
complexity of the plumbing systems inherent in many industrial sites, and the fact that many
plumbing changes are made within commercial establishments that do not get the plumbing
department’s approval or require that the water department inspects when the work is
completed. Internal protection is the most expensive and best type of backflow protection for
both the water purveyor and the customer alike, but it is very difficult to maintain. In order for
the purveyor to provide maximum protection of the water distribution system, consideration
should be given to requiring the owner of the premises to provide, at his own expense,
adequate proof that his internal water supply system complies with the local or state plumbing
code(s).
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This RP was covered with 3 foot high grass. The grass was thriving because the RP
was leaking. No one noticed, not even the customer that was used to paying an
additional $150 each month for the leak. Remember, every drop counts, find and stop
all leaks. Any leak makes the Distribution Section and/or water department look bad.
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We have trained more than 20,000 operators in continuing education. Let us help you
keep your license with a TLC continuing education course. We are here to help you in
your professional career.

We know the training material; we have worked it; we have field experience; and we

can teach you everything you need to know. We care for you and your career. We
want to be known for service and education.
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Types of Backflow Prevention Methods and Assemblies

Approved Air Gap Separation (AG)

An approved air gap is a physical separation between the free flowing discharge end of a potable water
supply pipeline, and the overflow rim of an open or non-pressure receiving vessel. These separations
must be vertically orientated a distance of at least twice the inside diameter of the inlet pipe, but never
less than one inch. An obstruction around or near an air gap may restrict the flow of air into the outlet
pipe and nullify the effectiveness of the air gap to prevent backsiphonage.

When the air flow is restricted, such as the case of an
air gap located near a wall, the air gap separation must
be increased. Also, within a building where the air
pressure is artificially increased above atmospheric,
such as a sports stadium with a flexible roof kept in
place by air blowers, the air gap separation must be
increased.

What should a potable water line be equipped with
when connected to a chemical feeder for fluoride?
Air gap or vacuum breaker.

Air Gap Separation: A physical separation space that is

AIR GAP

SUPPLY VALVE / I

e
‘Y
“# 1l
=l

present between the discharge vessel and the receiving vessel, for an example, a kitchen faucet.

Which of these ice machine drains are approved air gaps?
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Atmospheric Vacuum Breaker (AVB)

The Atmospheric Vacuum Breaker contains a float check (poppet), a check seat, and an air
inlet port. The device allows air to enter the water line when the line pressure is reduced to a
gauge pressure of zero or below. The air inlet valve is not internally loaded. To prevent the air
inlet from sticking closed, the device must not be installed on the pressure side of a shutoff
valve, or wherever it may be under constant pressure more than 12 hours during a 24 hour
period.

Atmospheric vacuum breakers are designed to prevent backflow caused by backsiphonage
only from low health hazards. Atmospheric Vacuum Breaker Uses: Irrigation systems,
commercial dishwasher and laundry equipment, chemical tanks and laboratory sinks
(backsiphonage only, non-pressurized connections)

(Note: hazard relates to the water purveyor's risk assessment; plumbing codes may allow AVB
for high hazard fixture isolation).
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Pressure Vacuum Breaker Assembly (PVB)

The Pressure Vacuum Breaker Assembly consists of a spring loaded check valve, an
independently operating air inlet valve, two resilient seated shutoff valves, and two properly
located resilient seated test cocks. It shall be installed as a unit as shipped by the
manufacturer. The air inlet valve is internally loaded to the open position, normally by means
of a spring, allowing installation of the assembly on the pressure side of a shutoff valve.

PRESSSURE VACUUM BREAKER ASSEMBLY

T LT
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Double Check Valve Assembly (DC)

The Double Check Valve Assembly consists of two internally loaded check valves, either
spring loaded or internally weighted, two resilient seated full ported shutoff valves, and four
properly located resilient seated test cocks. This assembly shall be installed as a unit as
shipped by the manufacturer. The double check valve assembly is designed to prevent
backflow caused by backpressure and backsiphonage from low health hazards.
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Reduced Pressure Backflow Assembly (RP)

The reduced pressure principle backflow assembly consists of two independently acting spring
loaded check valves separated by a spring loaded differential pressure relief valve, two
resilient seated full ported shutoff valves, and four properly located resilient seated test cocks.
This assembly shall be installed as a unit shipped by the manufacturer. During normal
operation, the pressure between the two check valves, referred to as the zone of reduced
pressure, is maintained at a lower pressure than the supply pressure. If either check valve
leaks, the differential pressure relief valve maintains a differential pressure of at least two (2)
psi between the supply pressure, and the zone between the two check valves, by discharging
water to atmosphere. The reduced pressure backflow assembly is designed to prevent
backflow caused by backpressure and backsiphonage from low to high health hazards.

REDUCED PRESSURE BACKFLOW ASSEMBLY
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Why do Backflow Preventers Have to be Tested Periodically?

Mechanical backflow preventers have internal seals, springs, and moving parts that are
subject to fouling, wear, or fatigue. Also, mechanical backflow preventers and air gaps can be
bypassed. Therefore, all backflow preventers have to be tested periodically to ensure that they
are functioning properly. A visual check of air gaps is sufficient, but mechanical backflow
preventers have to be tested with properly calibrated gauge equipment.

Backflow prevention devices must be tested annually to ensure that they work properly. It is
usually the responsibility of the property owner to have this test done and to make sure that a
copy of the test report is sent to the Public Works Department or Water Purveyor.

If a device is not tested annually, Public Works or the Water Purveyor will usually notify the
property owner, asking them to comply. If the property owner does not voluntarily test their
device, the City may be forced to turn off water service to that property.

State law requires the City to discontinue water service until testing is complete.

Troubleshooting Table for Cross-Connection Problems
1. Sudsy or soapy water.

3. Positive Coliform.

3. Coloring in the water (unusual colors such as bright blue).
4. Organic odors.

Possible Causes

1A. Hose connected to an unprotected hose bib with the other end in a bucket or sink of soapy
water.

2A. Hose connected to an unprotected hose bib with the other end lying on the floor of the
pump house, on the ground in the car wash area, in the wading or swimming pool or other
nonpotable liquid.

2B. Unprotected potable water line feeding a lawn irrigation system.

2C. Submerged inlet, e.g. faucet submerged.

3A. Backflow from toilet.

4A. Handheld pesticide/herbicide applicator attached to unprotected hose.

Possible Solutions

1A. Equip all hose bibs with an AVB.

2A. Equip all hose bibs with an AVB.

2B. Install a backflow preventer on the potable water line feeding the irrigation system.

2C. Relocate faucet above flood level.

3A. Get help. Bring in someone who understands cross connections to evaluate the system.
4A. Don't use these devices.
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BACKFLOW AWARENESS EXERCISE

1. Define the term BACKFLOW?

2. Define the term BACKPRESSURE?

3. Define the term BACKSIPHONAGE?

4. Why is backflow a concern?

5. Do you believe backflow is a reasonable concern to you? Why?

6. When should a water supplier cause a backflow-prevention assembly to be installed?
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Define the following abbreviations:

7. AG
8. RP
9. PVB
10.DC

11. What does your State use for a reference or standard for determining what type of
backflow assembly can be used? Please provide the name/title or reference of this Rule
or Regulation.

12. What State agency is responsible for backflow protection?

13. Are single family residences in your State required to have a backflow assembly?

14. What is the standard or description for an Air Gap?

15. Give one example of an Air Gap that you have seen?

16. Give two examples of how a PVB can be used?
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17. Give one example of a backflow prevention assembly, manufactures name, model
number, and type of assembly.

18. Explain Pascal’'s Law?

19. Explain Bernoulli’s Principle?

20. Explain in detail a backflow/cross-connection occurrence. If you are unfamiliar with a
backflow/cross-connection occurrence, please use the library or the Internet and you will be
able to find several occurrences. We would prefer an actual report of a backflow occurrence
that you know of or have seen.
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REDUCED-PRESSURE BACKFLOW ASSEMBLY

TEST COCK # 1

TEST COCK # 2 _[.@ P

SHUT-OFF
VALVE # 1

TEST COCK # 1 SHUT-OFF VALVE # 2

DOUBLE-CHECK BACKFLOW ASSEMBLY
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Water Distribution Section

A water service worker installing a new copper water service line on an asbestos
cement water main. Notice the bronze saddle with a corporation stop, a
compression type fitting and a locking nut to secure the copper pipe to the corp.
Bottom photo, the saw blade hole saw type tapping machine which was used to
tap the main for the new service. This was completed with the water main under
pressure so that other customers on the main did not have their water service
disrupted due to the new service.
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Notice the corrosion inside this cast iron main.

This corrosion is caused by chemical changes produced by electricity or electrolysis.
We call this type of corrosion “tuberculation”. It is a protective crust of corrosion
products that have built up over a pit caused by the loss of metal due to corrosion or
electrolysis. This type of corrosion will decrease the C-Factor (friction loss) and the
carrying capacity in a pipe. Crenothrix bacteria or Red-lron bacteria will live and
thrive in the bioslime in this type of tuberculation. Now, for dealing with this
bacterium, there are two methods: 1) the fast method, super chlorinate and flush
forever. Or, 2) replace the line with a nice and new plastic water main. It is up to
your supervisor, but remember the nasty bacteria in the water. No one that knows
about it would ever drink water from the house service. Biofilms are the result of a
complex interaction among microorganisms. The organisms form microcolonies and
secrete extracellular material that makes them highly resistant to biocides. Nasty for
sure!
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Water System Design and Valves

System design depends on the area where you live. You may be a flatlander, like in Texas,
and the services could be spread out for miles. You may live in the Rocky Mountain area
and have many fluctuating elevations. Some areas may only serve residents on a part-time
basis and water will sit for long periods of time, while other areas may have a combination of
peaks and valleys with short and long distances of service. Before you design the system
you need to ask yourself some basic questions.

What is the source of water?

What is the population?

What kind of storage will | need for high demand and emergencies?
How will the pressure be maintained?

pPwpnPE

System Elements

The elements of a water distribution system include: distribution mains, arterial mains,
storage reservoirs, and system accessories. These elements and accessories are described
as follows:

DISTRIBUTION MAINS Distribution mains are the pipelines that make up the distribution
system. Their function is to carry water from the water source or treatment works to users.

ARTERIAL MAINS Arterial mains are distribution mains of large size. They are
interconnected with smaller distribution mains to form a complete gridiron system.

STORAGE RESERVOIRS Storage reservoirs are structures used to store water. They also
equalize the supply or pressure in the distribution system. A common example of a storage
reservoir is an aboveground water storage tank. The purpose of a hydropneumatic tank is to
provide air for the water system.

Looking inside of a booster pump station, notice the PRV and air relief valve.
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Commonly found system accessories include the following:

Booster stations are used to increase water pressure from storage tanks for low-pressure
mains.

Valves control the flow of water in the distribution system by isolating areas for repair or by
regulating system flow or pressure.

Two different styles of Gate Valves.
Top photograph is valve ready for a gate valve replacement. Bottom photograph is OS&Y
commonly found on fire lines. (Outside Screw and Yoke) As the gate is lifted or opened, the
stem will rise.

Gate valves should be only used in the distribution system for main line isolation.
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Distribution Valves

The purpose of installing shutoff valves in water mains at various locations within the
distribution system is to allow sections of the system to be taken out of service for repairs or
maintenance, without significantly curtailing service over large areas.

Valves should be installed at intervals not greater than 5,000 feet in long supply lines and
1,500 feet in main distribution loops or feeders. All branch mains connecting to feeder mains
or feeder loops should have valves installed as close to the feeders as practical. In this way,
branch mains can be taken out of service without interrupting the supply to other locations.

In the areas of greatest water demand, or when the dependability of the distribution system is
particularly important, valve spacing of 500 feet may be appropriate.

At intersections of distribution mains, the number of valves required is normally one less than
the number of radiating mains. The valve omitted from the line is usually the one that
principally supplies flow to the intersection. Shutoff valves should be installed in standardized
locations (that is, the northeast comer of intersections or a certain distance from the center
line of streets), so they can be easily found in emergencies. All buried small- and medium-
sized valves should be installed in valve boxes. For large shutoff valves (about 30 inches in
diameter and larger), it may be necessary to surround the valve operator or entire valve within
a vault or manhole to allow repair or replacement.

Classification of Valves

There are two maijor classifications of water valves: Rotary and Linear. Linear is a fancy
word for up and down or blade movement.

Gate Valve Linear Valve Our primary Linear valve
The most common valve in the distribution system. Primarily used for main line shut
downs. Should be exercised on annual basis.

Gate valves are used when a straight-line flow of fluid and minimum flow restriction are
needed. Gate valves are so-named because the part that either stops or allows flow through
the valve acts somewhat like a gate. The gate is usually wedge-shaped. When the valve is
wide open the gate is fully drawn up into the valve bonnet. This leaves an opening for flow
through the valve the same size as the pipe in which
the valve is installed.

Therefore, there is little pressure drop or flow
restriction through the valve. Gate valves are not
suitable for throttling purposes. The control of flow is
difficult because of the valve’s design, and the flow
of fluid slapping against a partially open gate can
cause extensive damage to the valve. Except as
specifically authorized, gate valves should not be
used for throttling.
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| always liked to listen to the Valve Key when shutting down a Gate valve. You will easily hear
it sing as you shut the water off or leak by. It is very easy to create a water hammer with
opening or closing a Gate valve. Always take your time when operating a Gate valve or any
valve. | know that most of you will not listen to me and you will end up breaking plastic water
services and customer’s water lines at first. Next, you’ll move up to water main breaks. We
like to blame the Fire Department or Street Sweepers for water hammers, and they should be
blamed, but most water hammers are created by water personnel. Yes, | said it. A great
example is watching a rookie shut down or open a fire hydrant. These young rookies like to
turn the hydrant on or off as fast as possible, like the Firemen do. Pretty soon, the hydrant
starts chattering and pumping. The ground feels like an earthquake and the rookie pretends
that nothing is happening. We've all done this and if you haven'’t, you’'ve probably never
worked in the field.

Problems

Valve Jammed Open
Dr. Rusty recommends that opened valves should not be jammed-tight on the backseat.

Always back the valve-off a quarter turn from the fully opened position.

Note that motor operated valves coast inevitably to the backseat by tripping on a limit switch.
Valve should not be back seated on torque.

Valve Jammed Closed
Variations in the temperature and/or pressure of the working fluid are often the cause of a
valve failing to open.

Thermal binding can occur in high temperature situations depending on the seat and wedge
material, length of exposure and closing torque applied. Thermal binding can cause galling on
the valve sealing surfaces as well as on the guides.

A valve can lock in the closed position when high pressure enters the cavity and has no way
to escape. This is known as over-pressurization.

If Excessive Torque is Needed to Work the Valve
Variations in the temperature and/or pressure of the working fluid are often the cause of a
valve failing to open.

Thermal binding can occur in high temperature situations depending on the seat and wedge
material, length of exposure and closing torque applied. Thermal binding can cause galling on
the valve sealing surfaces as well as on the guides.

A valve can lock in the closed position when high pressure enters the cavity and has no way
to escape. This is known as over-pressurization. We will cover this in a later section.

Single direction sealing gate valves have a nameplate on the side of the valve that has a relief
hole or pressure equalizer. This should be the high pressure side when the valve is closed.

Wellfield Wyatt Edition © 1/13/2011 TLC 40 (866) 557-1746 Fax (928) 468-0675



Here is a nasty 4-inch broken gate valve with serious tuberculation. The valve is
broken in the closed position. The rust particles are sharp and can easily cut the
water service worker. The flange bolts or Tee bolts were cut off to replace this valve.
The rubber gasket will leave a black ink-like stain on your clothes and in the water line
as well. You will see lots of nasty stuff in the top portion of a valve. Some engineers
or big shots refer to this area of the valve as the “Angular space”. If they really knew
that this space contained nasty particles or debris and sediment they would never visit
your Yard or facility again.

One practice that | am not sure about is the common procedure of only removing the
bonnet or removing the guts of a closed valve. | guess that sometimes this practice is
necessary, but | don’t like removing the guts and packing of cement and a redwood
plug in the stem hole but it happens.

Dr. Rusty’s advice, “This is a difficult job because of mud and water lines under
pressure, be super careful of rust particles cutting your skin. Get in line at the Doctors
or Health Provider’s facility and get all of your shots, especially Tetanus and Hepatitis.
| know some of you will fight this but the facts are that you will probably be infected
with something nasty. Best advice, obtain your water treatment certs or get a job
promotion and get out of the hole.”
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Gate valve storage procedures: Always store a gate valve with the gate up or opened.
Not like in this picture. Sunlight will give these rubber components a good shot of
Vitamin D and sunburn, destroying the rubber. | like to keep the valves covered, open
position and clean. | know that some of you don’t care because these valves are so
damn heavy and bother-some. Get over it and quit making $800.00 bird nests! We
are professionals and must remember the final outcome. We provide drinking water to
the public.

Knife Gate Valve

Always follow standard safety procedures when working on
a valve. Install the valve so that the arrows on both sides of
the body are in the direction of positive pressure differential.

SIDE WHEN
The preferred orientation is with the stem vertical and the Hﬂm

handwheel pointing up. The opposite orientation is not
recommended, because fiber and dirt can build-up in the
bonnet.
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Ductile pipe cement-lined iron pipe shown above. I've seen thousands of dollars of
pipe that is dropped or moved with the front bucket of a backhoe and destroyed. This
destroys the interior protection of the pipe, causing leaks which will start in a few
years. | know that some of you welcome this as job security. These nitwits need job
security, but water professionals do not need crappy work to keep them employed.
Always protect and store all types of pipe in a pipe rack and covered. This goes for
the proper storage of rubbers as well.

Flex Coupling-sometimes referred to as a Dayton-used to join pipes or to “cut-in a
valve”. You will learn that you can use different sizes to join pipe or even file out the
inside diameter to adjust to larger pipes like ACP. This flex coupling only has three
bolts. | like four or more for work with larger pipes. Professor Rusty’s trick--When
working on a water line, | like to turn the valves on slowly to fill the water main as the
flex couplings are being tightened. This allows the air to escape and for you to find
leaks. It also allows debris in the main to flush out.
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Here is a four-way pipe cutting tool used for iron pipe. Be careful not to break the
wheels by over tightening. | personally like 4-Ways because of the nice cut. You will
learn to recognize the distinct snap of cut pipe. The only drawback to these cutters is
cutting a small section out of the main. You may need to make two or three more cuts
and break the section out with a cocking hammer. It will easily cut Ductile, galvanized,
and even plastic. Plastic pipe cutters utilize sharper cutting wheels. Rookies like to
thread the pipe rather than cut the pipe. It is fun to watch and to tease these rookies
about it, especially if they just finished jumping a stop with the valve closed or no ball.
Good times for sure in the crazy Distribution field.

Photograph on right-difficult to see-
these are pipe crimpers. These will
easily and effectively stop flow in
copper or plastic pipe in tubing less
than 2 inches. The only problem is
dealing with the crimp when you are
finished. | suggest placing a flex
coupling over the crimp in plastic and
completely cutting the crimped area
out when done in copper pipe.
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Top photograph-two gate valves blew out-you can see the kickers or thrust blocks in
the background. Bottom photograph- a tapping machine and a new gate valve.
These tapping machines are very, very expensive. | can’t believe the cost of a new
one. Even buying a used one will set you back more than a new car.
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Some days are nothing but hand-digging in the worse possible situations, other days
everyone needs to come out and see what’s going on. The best thing is to obtain the
most education you can and promote up the ladder or find a technical or managerial
job. You cannot endure 20-30 years in the hole without one or more injuries.
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Common Rotary Valves

Globe Valve Rotary Valve

It is primarily used for flow regulation, and works similar to a faucet. Rare to find in most
distribution systems, but can be found at treatment plants. Always follow standard safety
procedures when working on a valve.

Most Globes have compact OS & Y type, bolted bonnet, rising stem, with renewable seatring
valves. A Check Valve spring loaded disc resulting with most advanced design features
provides the ultimate in dependable, economical flow control.

Globe valves should usually be installed with the inlet below the valve seat. For severe
throttling service, the valve may be installed so that the flow enters over the top of the seat and
goes down through it. Note that in this arrangement, the packings will be constantly
pressurized. If the valve is to be installed near throttling service, verify with an outside
contractor or a skilled valve technician. Globe valves, per se, are not suitable for throttling
service. The valve should be welded onto the line with the disc in the fully closed position.
Leaving it even partially open can cause distortion and
leaking. Allow time for the weld to cool before operating
the valve the first time in the pipeline.

The preferred orientation of a globe valve is upright. The
valve may be installed in other orientations, but any
deviation from vertical is a compromise. Installation
upside down is not recommended because it can cause
dirt to accumulate in the bonnet.

Globe Valve Problems and Solutions

If the valve stem is improperly lubricated or
damaged: disassemble the valve and inspect the stem.
Acceptable deviation from theoretical centerline created
by joining center points of the ends of the stem is
0.005"/ft of stem. Inspect the threads for any visible signs
of damage.

Small grooves less than 0.005" can be polished with an
Emory cloth.

Contact specialized services or an outside contractor if

run-out is unacceptable or large grooves are discovered
on the surface of the stem. GLOBE VALVE

If the valve packing compression is too tight: Verify the packing bolt torque and adjust if
necessary.

Foreign debris is trapped on threads and/or in the packing area: This is a common
problem when valves are installed outdoors in sandy areas and areas not cleaned before
operating. Always inspect threads and packing area for particle obstructions, even seemingly
small amounts of sand trapped on the drive can completely stop large valves from cycling. The
valve may stop abruptly when a cycle is attempted.
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With the line pressure removed from the valve, disconnect the actuator, gear operator, or
handwheel and inspect the drive nut, stem, bearings and yoke bushing. Contaminated parts
should be cleaned with a lint-free cloth using alcohol, varsol or equivalent. All parts should be
re-lubricated before re-assemble. If the valves are installed outdoors in a sandy area, it may
be desirable to cover the valves with jackets.

If the valve components are faulty or damaged: If you suspect that the valve components
are damaged or faulty contact specialized services or an outside contractor.

If the valve’s handwheel is too small: Increasing the size of the handwheel will reduce the
amount of torque required to operate the valve. If a larger handwheel is installed, the person
operating the valve must be careful not to over-torque the valve when closing it.
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RISING STEM VALVE

Wellfield Wyatt Edition © 1/13/2011 TLC 48 (866) 557-1746 Fax (928) 468-0675



Ball or Corporation Stop Rotary Valve Small valves 2 inch and smaller

Most commonly found on customer or water meters. All small backflow assemblies will have
two Ball valves. It is the valve that is either fully on or fully off. It is the valve that you use to
test the abilities of a water service rookie. The best trick is to remove the ball from the Ball
valve and have a rookie Jump a Stop. The Corp is usually found at the water main on a
saddle. Some people say that the purpose of the Corp is to regulate the service. | don'’t like
that explanation. No one likes to dig up the street to regulate the service and Ball valves are
only to be used fully on or fully off.

Most ball valves are the quick-acting type. They require only a 90-degree turn to either
completely open or close the valve. However, many are operated by planetary gears. This
type of gearing allows the use of a relatively small handwheel and operating force to operate a
fairly large valve. Always follow standard safety procedures when working on a valve.

The gearing does, however, increase the
operating time for the valve. Some ball valves
also contain a swing check located within the
ball to give the valve a check valve feature. The
brass ball valve is often used for house
appliance and industry appliance, the size
range is 1/4”-4”. Brass or zinc is common for
body, brass or iron for stem, brass or iron for
ball, aluminum, stainless steel, or iron for
handle including a Teflon seal in the ball
housing.

Flush the pipeline before installing the valve. Debris allowed to remain in the pipeline (such as
weld spatters, welding rods, bricks, tools, etc.) can damage the valve. After installation, cycle
the valve a minimum of three times and re-torque bolts as required. Ensure that the valve is in
the open position and the inside of the body bore of the valve body/body end is coated with a
suitable spatter guard.
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Bird’s eye view of the stainless steel ball.

Removing the ball is very difficult. | think they use a robot to tighten the rear nut to
keep you from removing it. | recommend that you always use pipe dope or Teflon
tape when installing a Stop. | know a lot of you think that brass or bronze will make up
the slack or a small leak, but pipe dope, Teflon dope or tape makes a nicer job and

makes for an easier removal.
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Butterfly Valve Rotary Valve

Usually a huge water valve found in both treatment plants and throughout the distribution
system. If the valve is not broken, it is relatively easy to operate. It is usually accompanied by
a Gate valve used as a by-pass to prevent water hammer. When | was a Valve man, it
seemed that every Bypass valve was broken closed when near a Butterfly valve.

These are rotary types of valves usually found on large transmission lines. They may also
have an additional valve beside it, known as a “bypass” to prevent a water hammer.

Some of these valves can require 300-600 turns to F
open or close. Most Valvemen or the politically '
correct term “Valve Operators” will use a machine to
open or close a Butterfly Valve, the machine will
count the turns required to open or close the valve.

Butterfly valves should be installed with the valve
shaft horizontal or inclined from vertical. Always
follow standard safety procedures when working on a
valve. The valve should be mounted in the preferred
direction, with the "HP" marking. Thermal insulation
of the valve body is recommended for operating
temperatures above 392°F (200°C).

The valve should be installed in the closed position to ensure that the laminated seal in the
disc is not damaged during installation.

If the pipe is lined, make sure that the valve disc does not contact the pipe lining during the
opening stroke. Contact with lining can damage the valve disc.
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54 inch Butterfly valve on a huge transmission line. Nice job but no shoring, ladder or
valve blocking.
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Butterfly Valve Problems

A butterfly valve may have jerky operation for the following reasons:

If the packing is too tight. Loosen the packing torque until it is only hand tight. Tighten to the
required level and then cycle the valve. Re-tighten, if required. CAUTION: Always follow safety
instructions when operating on valve.

If the shaft seals are dirty or worn out: Clean or replace components, as per assembly-
disassembly procedure. CAUTION: Always follow safety instructions when operating on valve.

If the shaft is bent or warped: The shaft must be replaced. Remove valve from service and
contact an outside contractor or your expert fix-it person.

If the actuator/shaft adaptor is misaligned: Remove the actuator mounting and realign.
If the valve has a pneumatic actuator, the air supply may be inadequate: Increase the air

supply pressure to standard operating level. Any combination of the following may prevent the
valve shaft from rotating.
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If the actuator is not working: Replace or repair the actuator as required. Please contact
specialized services or an outside contractor for assistance.

If the valve is packed with debris: Cycle the valve and then flush to remove debris. A full
cleaning may be required if flushing the valve does not improve valve shaft rotation. Flush or
clean valve to remove the debris.

A broken 54-inch Butterfly valve and a worker inside the water main preparing the
interior surface. Notice, this is a Permit Required Confined Space. A Hot work permit
is also required.
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COMBINATION AIR VALVE

AIR DISCHARGE
LARGE QUANTITY
WHEN FILLING

AIR RELEASE
SMALL QUANTITY
WHEN PRESSURIZED
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Why use automatic air valves?

U Increase flow capacity

[ Reduce pumping costs (less electricity)
U Lessen the effect of water hammer.

0 Prevent vacuum damage, such as
pipeline collapse, seal failure,

" 18951

MADE IN USA

GA Industries Inc.

contamination and cross connection.

U Keep the lines full to reduce corrosion of

the pipe.
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INTERNAL VIEW OF COMBINATION AIR VALVE
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Pressure Reducing Valves Rotary Valve

How do Pressure Relief Valves Operate?
Most pressure relief valves consist of a main valve and pilot control system. The basic main
Cla-Val valve is called a Hytrol Valve.

PRESSURE REDUCING VALVE

When no pressure is in the valve, the spring and the weight of the diaphragm assembly hold
the valve closed.

Often a small box can be connected to an existing pilot PRV valve to control the main
Pressure Reducing Valve on the pipe network. This single box contains both the control
electronics and an integral data logger to save the cost and space of having both a controller
and a separate data logger. There are basically two types of PRV controllers: time based (to
reduce the pipe pressure at low demand times, e.g. at night) or flow modulated, which can
realize leakage savings throughout the day and night (by adjusting the pressure according to
the demand, to prevent excessive pressure at any time of the day or night).
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Valve Exercising

Valve exercising should be done once per
year (especially main line valves) to detect
malfunctioning valves and to prevent
valves from becoming inoperable due to
freezing or build-up of rust or corrosion. A
valve inspection should include drawing
valve location maps to show distances
(ties) to the valves from specific reference
points (telephone poles, stonelines, etc.).

Valve Exercising Machine —

Hydrants are designed to allow water from the distribution system to be used for fire-fighting
purposes.

Left photograph-- the bottom of a dry barrel fire hydrant, there is a drainage hole on
the back of this hydrant, sometimes referred to as a “weep hole”. Right photograph--
an “Airport Runway” type of hydrant.
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More on Water Distribution Valves

Water distribution valves are provided in the design of the water systems to allow for the
isolation and shut-off of water when emergency conditions occur. It is important to recognize
that these valves are a critical link in the management of emergencies that occur in the
distribution system. Additionally, these valves are usually operated infrequently. Therefore,
the establishment of an annual valve exercising program is essential to the viability of an utility
emergency operations plan.

Emergency operations of water valves presumes that the system operators are familiar with
the exact locations of many key water valves within the water system. Of equal importance is
the knowledge that when these valves need to be operated in order to isolate a section of the
distribution system, they will operate and close effectively in order to prevent a large loss of
the water recourse and excessive property damage.

Routine valve inspections should be conducted on the water system valves and the following
tasks should be accomplished:

e The accuracy of all valves and valve boxes are verified against existing records. If
inconsistencies are found, the records are updated to reflect accurate information.

¢ An inspection is performed on each valve stem and nut to determine if any damage
exists.

e The valve is fully closed and the number of turns necessary to accomplish a full closing
is recorded.

o The valve is re-opened, and the system flows are re-established.

o The valve box and cover is cleaned, inspected for damaged and painted blue.

Exercising of all valves should be accomplished at the same time as the valve inspection. The
exercising program assures that the valve operates and loosens any encrustation from valve
seats and gates. Many valve manufacturers recommend that the valve stem be completely
opened and then backed off by one complete turn.
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Distribution System Hydrant Maintenance/Flushing

Fire hydrants provide not only fire protection, but also a method of moving large amounts of
water out of various portions of the water system if microbiological and/or chemical
contamination occurs and an emergency is declared. As a result, fire hydrant maintenance is
conducted on al fire hydrants to assure their viability at all times.

Fire hydrant maintenance includes the following specific procedures:

All fire hydrants are inspected for leakage and repairs are made when necessary.
The fire hydrant is fully opened and the ease of operation is noted.

The hydrant flow is directed to waste. During this procedure, care is taken to direct
and/or disperse the flow to minimize property damage.

All fire hydrant nozzle caps are inspected for thread damage and lubricated to provide
ease of operation.

All fire hydrant nozzle cap thread gaskets are inspected and replaced as necessary.
If a fire hydrant is found to be inoperable, a tag is placed on the hydrant, and the “out
of service” is immediately reported to the Fire Department.

Accurate records related to the maintenance procedures performed on the fire
hydrants are maintained by the water department.

'Jb

Wellfield Wyatt Edition © 1/13/2011 TLC 59 (866) 557-1746 Fax (928) 468-0675



Water Meters

Record the flow of water in a part of the distribution system.
Bypass, Compound, Turbine or Propeller meters.
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Water Meters

It is important to account for the water produced and supplied. A master meter should be
installed on each source, with service meters placed at each point of use. These should be
read and recorded periodically. Totals from the master meters should be compared to totals
from the service meters to compute the amount of water lost in the distribution system. This
information is important in locating and eliminating leaks and unauthorized taps.

Losses of 10 to 20 percent are not uncommon in many distribution systems. Also, it has been
shown that a system which is not metered is likely to have a water usage up to three times as
great as a metered system. Un-metered water users tend to water freely and have little
incentive to repair plumbing leaks.

Dooonom
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Water Theft (Unaccounted for Water)
Commonly found methods and devices. Notice diversion with the Semi-truck and dial
removal. Customers can be very tricky in water theft.

It is all about deception when stealing water and customers can think of incredible
methods to save a small amount of water. | wish these customers could figure how to
save gas instead.
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Meter Shop

Equipment used for meter calibration. Most meters will read lower than normal, never higher.
All meters will create “head loss” on the water service except for a “Magnetic Meter”. The
large tanks are used to measure the water in gallons that is used to calibrate or check the

water meter.

Most water utilities will charge the customer a fee to check the accuracy of the meter.
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Service Connections
Service connections are used to connect individual buildings or other plumbing systems to the
distribution system mains.

Water Meter Re-setter, Riser, or sometimes referred to as a copper yoke.

Common distribution fittings. Single check, Poly Pig, 1 inch repair clamp,
4 inch full circle clamp, T- Bolt and a corp. and bronze saddle.
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System Layouts

There are three general ways systems are laid out to deliver water (picture your quarter
section layouts). They include:

A. Tree systems
B. Loop or Grid systems

C. Dead-end systems - Undesirable, taste and odor problems.
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Tree System

Older water systems frequently were expanded without planning and developed into a treelike
system. This consists of a single main that decreases in size as it leaves the source and
progresses through the area originally served. Smaller pipelines branch off the main and
divide again, much like the trunk and branches of a tree.

A treelike system is not desirable because the size of the old main limits the expansion of the
system needed to meet increasing demands. In addition, there are many dead ends in the
system where water remains for long periods, causing undesirable tastes and odors in nearby
service lines. The most reliable means to provide water for firefighting is by designing
redundancy into the system. There are several advantages gained by laying out water mains
in a loop or grid, with feeder and distributor mains interconnecting at roadway intersections
and other regular intervals.
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Friction Loss
Water will still be distributed through the system if a single section fails. The damaged section

can be isolated and the remainder of the system will still carry water.

Water supplied to fire hydrants will feed from multiple directions. Thus during periods of peak
fire flow demand, there will be less impact from "friction loss" in water mains as the velocity
within any given section of main will be less since several mains will be sharing the supply.

A temporary blow-off at a dead-end line.
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Troubleshooting Table for Distribution System

Problem

1. Dirty water complaints

2. Red water complaints

3. No or low water pressure
4. Excessive water usage.

Possible Cause

1A. Localized accumulations of debris, solids/particulates in distribution mains

1B. Cross connection between water system and another system carrying non-potable water.
2A. Iron content of water from source is high. Iron precipitates in mains and accumulates.
2B. Cast iron, ductile iron, or steel mains are corroding causing “rust” in the water.

3A. Source of supply, storage or pumping station interrupted.

3B. System cannot supply demands.

3C. Service line, meter, or connections shutoff, or clogged with debris.

3D. Broken or leaking distribution pipes.

3E. Valve in system closed or broken.

4A. More connections have been added to the system.

4B. Excessive leakage (>15% of production)is occurring, meters are not installed or not
registering properly.

4C. lllegal connections have been made.

Possible Solution

1A. Collect and preserve samples for analysis if needed. Isolate affected part of main and
flush.

1B. Collect and preserve samples for analysis if needed. Conduct survey of system for cross
connections. Contact State Drinking Water Agency.

2A. Collect and test water samples from water source and location of complaints for iron. If
high at both sites, contact regulatory agency, TA provider, consulting engineer or water
conditioning company for assistance with iron removal treatment.

2B. Collect and analyze samples for iron and corrosion parameters. Contact State Drinking
Water Agency , TA provider, consulting engineer or water conditioning company for assistance
with corrosion control treatment.

3A. Check source, storage and pumping stations. Correct or repair as needed.

3B. Check to see if demands are unusually high. If so, try to reduce demand.

Contact State Drinking Water Agency, TA provider or consulting engineer.

3C. Investigate and open or unclog service.

3D. Locate and repair break or leak.

3E. Check and open closed isolation and pressure-reducing valves. Repair or contact
contractor if valves are broken.

4A. Compare increase in usage over time with new connections added over same period. If
correlation evident take action to curtail demand or increase capacity if needed. Contact State
Drinking Water Agency , TA provider or consulting engineer.

4B. Conduct a water audit to determine the cause. If leakage, contact regulatory agency, and
consulting engineer or leak detection contractor.

4C. Conduct survey to identify connections.
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Types of Pipes Used in the Distribution Field

Several types of pipe are used in water distribution systems, but only the most common types
used by operators will be discussed. These piping materials include copper, plastic,
galvanized steel, and cast iron. Some of the main characteristics of pipes made from these
materials are presented below.

Plastic Pipe (PVC)

This is currently the most common type of pipe used in distribution systems. It is available in
diameters of 1/2" and larger, and in lengths of 10", 20', and 40'. A main advantage is its light
weight, allowing for easy installation. A disadvantage is its inability to withstand shock loads.
Since it is non-metallic, a tracer wire must be installed with the PVC water main so that it can
be located after burial. The National Sanitation Foundation (NSF) currently lists most brands of
PVC pipe as being acceptable for potable water use. This information should be stamped on
the outside of the pipe, along with working pressure and temperature, diameter and pipe
manufacturer. PVC pipe will have the highest C Factor of all the above pipes. The higher the
C factor the smoother the pipe.

Plastic pipe has seen extensive use in current construction. Available in different lengths and
sizes, it is lighter than steel or copper and requires no special tools to install. Plastic pipe has
several advantages over metal pipe. It is flexible, it has superior resistance to rupture from
freezing, it has complete resistance to corrosion and in addition, it can be installed above
ground or below ground.

One of the most versatile plastic and polyvinyl resin pipes is the polyvinyl chloride (PVC). PVC
pipes are made of tough, strong thermoplastic material that has an excellent combination of
physical and chemical properties. Its chemical resistance and design strength make it an
excellent material for application in various mechanical systems.

Sometimes polyvinyl chloride is further chlorinated to obtain a stiffer design, a higher level of
impact resistance, and a greater resistance to extremes of temperature. A CPVC pipe (a
chlorinated blend of PVC) can be used not only in cold-water systems, but also in hot-water
systems with temperatures up to 210°F. Economy and ease of installation make plastic pipe
popular for use in either water distribution and supply systems or sewer drainage systems.

Various types and sizes of coupons or tap cut-outs. You will want to date and collect
these cut-outs to determine the condition of the pipe or measure the corrosion.
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Cast Iron (CIP)

This is another type of piping material that has been in use for a
long time. It is found in diameters from 3" to 48". Advantages of
this material are its long life, durability and ability to withstand
working pressures up to 350 psi. Disadvantages include the fact
that it is heavy, difficult to install and does not withstand shock
loading. Although it is not currently the material of choice, there is
still a lot of it in the ground.

Ductile Iron Pipe (DIP) \
This was developed to overcome the breakage problems ’
associated with cast iron pipe. It can be purchased in 4" to

45" diameters and lengths of 18' to 20'. Its main advantage is
that it is nearly indestructible by internal or external

pressures. It is manufactured by injecting magnesium into
molten cast iron. It is sometimes protected from highly
corrosive soils by wrapping the pipe in plastic sheeting prior

to installation. This practice can greatly extend the life of this
type of pipe.

Steel Pipe

This pipe is often used in water treatment plants and pump stations. It is available in various
diameters and in 20' or 21' lengths. Its main advantage is the ability to form it into a variety of
shapes. It also exhibits good yielding and shock resistance. It has a smooth interior surface
and can withstand pressures up to 250 psi. A disadvantage is that it is easily corroded by both
soil and water. To reduce corrosion problems, steel pipe is usually galvanized or dipped in
coal-tar enamel and wrapped with coal-tar impregnated felt. At present, however, coal-tar
products are undergoing scrutiny from a health standpoint and it is recommended that the
appropriate regulatory agencies be contacted prior to use of this material.

Asbestos Cement Pipe (ACP)

This pipe is manufactured from Portland cement,
long fibrous asbestos and silica. It is available in
diameters from 3" to 36" and in 13' lengths. Its main
advantages are its ability to withstand corrosion
and its excellent hydraulic flow characteristics due
to its smoothness. A major disadvantage is that it is
brittle and is easily broken during construction or by
shock loading. There is some concern regarding
the possible release of asbestos fibers in corrosive
water and there has been much debate over the
health effects of ingested asbestos. Of greater
certainty, however, is the danger posed by
inhalation of asbestos fibers.

Asbestos is considered a hazardous material, and precautionary measures must be taken to
protect water utility workers when cutting, tapping or otherwise handling this type of pipe.
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Galvanized Pipe

Galvanized pipe is commonly used for the water
distributing pipes inside a building to supply hot and
cold water to the fixtures. This type of pipe is -

manufactured in 21-ft lengths. It is GALVANIZED YT |
(coated with zinc) both inside and outside at the il 'Jili" ' 'j'['i‘l'|-|"-'"1
factory to resist corrosion. Pipe sizes are based on [11S8 | Ul Lk

nominal INSIDE diameters. Inside diameters vary
with the thickness of the pipe. Outside diameters
remain constant so that pipe can be threaded for
standard fittings.

i
1
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Copper Pipe or Tubing

Copper is one of the most widely used materials for tubing. This is because it does not rust and is
highly resistant to any accumulation of scale particles in the pipe. This tubing is available in three
different types: K, L, and M.

K has the thickest walls, and M, the thinnest walls, with L’s thickness in between the other two.
The thin walls of copper tubing are soldered to copper fittings. Soldering allows all the tubing and
fittings to be set in place before the joints are finished. Generally, faster installation will be the
result.

Type K copper tubing is available in either rigid (hard temper) or flexible (soft temper) and is
primarily used for underground service in the water distribution systems.

Soft temper tubing is available in 40- or 60-ft coils, while hard temper tubing comes in 12- and 20-
ft straight lengths. Type L copper tubing is also available in either hard or soft temper and either in
coils or in straight lengths. The soft temper tubing is often used as replacement plumbing because
of the tube’s flexibility, which allows easier installation. Type L copper tubing is widely used in
water distribution systems. Type M copper tubing is made in hard temper only and is available in
straight lengths of 12 and 20 ft. It has a thin wall and is used for branch supplies where water
pressure is low, but it is NOT used for mains and risers. It is also used for chilled water systems,
for exposed lines in hot-water heating systems, and for drainage piping.

Copper Tubing Crimpers. Great if you are unable to get a shut-down. Just place this
dude on the pipe. The problem is to fix that crimp when you are finished with the leak.
They need to invent an uncrimper.
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A normal day for a water distribution worker.
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Joints and Fittings

Fittings vary according to the type of piping material used. The major types commonly used in
water service include elbows, tees, unions, couplings, caps, plugs, nipples, reducers, and
adapters.

Besides bell-and-spigot joints, cast-iron water pipes and fittings are made with either flanged,
mechanical, or screwed joints. The screwed joints are used only on small-diameter pipe.

Tapping Sleeve

Customers are not inconvenienced by having their water turned off is one of the
reason we utilize pressure taps or hot taps. Some of you are lucky to punch a hole
with a ball-peen hammer. A Gate Valve is used to isolate sections of water mains. Not
to be used to throttle or regulate the flow. A Globe valve should be used to regulate
the flow. Be sure to chlorinate or disinfect all distribution parts such as valves and

piping!

Caps
A pipe cap is a fitting with a female (inside) thread. It is used like a plug, except that the pipe
cap screws on the male thread of a pipe or nipple.

Couplings
The three common types of couplings are straight coupling, reducer, and eccentric reducer.
The STRAIGHT COUPLING is for joining two lengths of pipe in a straight run that do not
require additional fittings. A run is that portion of a pipe or fitting continuing in a straight line in
the direction of flow.

A REDUCER is used to join two pipes of different sizes. The
ECCENTRIC REDUCER (also called a BELL REDUCER)
has two female (inside) threads of different sizes with
centers so designed that when they are joined, the two
pieces of pipe will not be in line with each other, but they can
be installed to provide optimum drainage of the line.
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Elbows (OR ELLS) 90° AND 45°

These fittings (fig. 8-5, close to middle of figure) are used
to change the direction of the pipe either 90 or 45
degrees. REGULAR elbows have female threads at both
outlets. STREET elbows change the direction of a pipe in
a close space where it would be impossible or impractical
to use an elbow and nipple. Both 45 and 90-degree
street elbows are available with one female and one
male threaded end. The REDUCING elbow is similar to
the 90-degree elbow except that one opening is smaller
than the other is.

Nipples

A nipple is a short length of pipe (12 in. or less) with a male thread on each end. It is used for
extension from a fitting. At times, you may use the DIELECTRIC or INSULATING TYPE of
fittings. These fittings connect underground tanks or hot-water tanks. They are also used with
pipes of dissimilar metals. These help slow down corrosion that starts inside the pipe and
works to the outside of the pipe.

Do not heat or solder dielectric fittings. You may melt the plastic coating on them.

Zinc is a coating on the outside and inside of pipes to slow corrosion. This process is called
“Galvanization”.

Tees

A tee is used for connecting pipes of different diameters or for changing the direction of pipe
runs. A common type of pipe tee is the STRAIGHT tee, which has a straight-through portion
and a 90-degree takeoff on one side.

Notice the type of pipe connection device.
This is known as a “Restraining Flange”.—

All three openings of the straight tee are of the same size.

Another common type is the REDUCING tee, similar to the
straight tee just described, except that one of the threaded
openings is of a different size than the other.
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Unions

There are two types of pipe unions. The GROUND JOINT
UNION consists of three pieces, and the FLANGE UNION is
made in two parts. Both types are used for joining two pipes
together and are designed so that they can be disconnected
easily. When joined, the two pieces of pipe will not be in line
with each other, but they can be installed to provide optimum
drainage of the line.

Disinfection of Repaired Pipeline Sections

You should recognize that the protection of the public health of its water customers is the
primary role of a water provider. Accordingly, the disinfection of all repaired water
appurtenances is paramount to the return of the water system to its’ normal operation mode.
Prior to initiating the disinfection process, a thorough cleaning of all repaired pipes and or
reservoirs must be accomplished. The following table indicates the amount of Sodium
Hypochlorite and Calcium Hypochlorite that is necessary to disinfect 100,000 gallons of water.

DISINFECTION TABLE
For 100,000 Gallons Of Water

Desired Pounds of Gallons
Chlorine Liquid of Sodium

Dose in  Chlorine Hypo Pounds of

MG/L Required Chlorite 10% 15% Calcium
Required  Available Available Hypo
5% Chlorine Chlorine Chlorite
Available Required. 65%
Chlorine Available

2 1.7 3.9 2.0 1.3 2.6

10 8.3 19.4 9.9 12.8 12.8

50 42 97 49.6 64 64

Spare Parts Inventory

You should maintain a complete inventory of spare parts for the maintenance and repair of all
water transmission and distribution lines. The water lines in the system range in size between
% inch and 16 inches in diameter. Additionally, you should maintain spare motor controls,
pump ends, and motors for all wells and booster stations. Water system personnel can repair
the entire range of water lines without assistance from outside contractors. Stand-by
warehouse personnel should be available twenty four hours per day to assist in the delivery of
spare parts in instances requiring emergency repair.
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Preventative Maintenance (PM)

Preventative maintenance can extend the life of any water pipeline. Pipes can deteriorate on
the inside as a result of corrosion and on the outside as a result of aggressive soil and
moisture. The Water Department should maintain an intense leak detection program to
effectively reduce operating costs and provide revenue savings by reducing lost and
unaccounted for water. Leaks can originate in joints and fittings or any corroded portion of a
pipeline. Additionally, leaks will undermine the pavement and water soak the area around the
leaking section of pipeline. When leaks are discovered, they are repaired within twenty four
hours after properly locating all underground utilities through the Underground Service Alert or
“Blue Stake” procedure.

Water Main Installation

Installation of new or replacement pipe sections should be in accordance with good
construction practices. The line must be buried a minimum of 30" below the ground surface to
prevent freezing. The line must be bedded and backfilled properly insuring protection from
weather and surface loadings. Also, thrust blocking (Kickers) at all bends, tees, and valves is
essential to hold the pipe in place and prevent separation of line sections. Thrust blocking is
not necessary if the pipe is welded.

Disinfection of new installations or repaired sections is required prior to placing them in
service. This can be accomplished by filling the line with a 25 mg/1 free chlorine solution and
allowing it to stand for 24 hours. Valves and fittings used in the waterworks industry are made
of cast iron, steel, brass, stainless and fiberglass. Enough gate valves should be placed
throughout the system to enable problem areas (leaks, etc.) to be isolated and repaired with
minimal service disruption. Air relief valves should be installed at high points in the system.
Valves should be installed with valve boxes and covers.

Regardless of the type of pipe installed, certain maintenance routines should be performed on
the distribution system to maintain water quality and optimal service. These programs should
be scheduled and performed on a regular basis.

Flushing at blowoffs on dead end lines and at fire hydrants throughout the system should be
done at least twice per year. Flushing is needed to remove stagnant water in dead ends and to
remove accumulated sediment that results from turbidity, iron, manganese, etc. This should
also help minimize customer complaints of water quality. Flushing should always be done from
the source to the ends of the system. Affected customers should be notified of this process in
advance. To do an adequate job of flushing, the flow should reach a velocity of at least 2.5
feet per second, known as the “minimum cleansing velocity” of the system (at hydrant
locations).

These tests are important to determine the adequacy of the distribution system in transmitting
water, particularly during days of peak demand. Also, these tests can help determine if pipe
capacity is decreasing over time due to internal corrosion or deposits.

Pressure tests should be done at various locations in the distribution system several times per
year. This helps to monitor the performance of the system and alert the operator to problems
such as leaks or internal deposits. It is sometimes advantageous to have certain points in the
system continuously monitored to provide a constant evaluation of the system.
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Water Softening

Water softening is a method of removing minerals from water which makes the water hard.
Hard water does not dissolve soap readily. It forms scale in pipes, boilers, and other
equipment in which it is used.

The principal methods of softening water are the lime soda process and the ion exchange
process.

In the lime soda process, soda ash and lime are added to the water in amounts determined by
chemical tests. These chemicals combine with the calcium and magnesium in the water to
make insoluble compounds that settle to the bottom of the water tank.

In the ion exchange process, the water filters through minerals called zeolites. As the water
passes through the filter, the sodium ions in the zeolite are exchanged for the calcium and
magnesium ions in the water, and the water is softened. After household softeners become
exhausted, a strong solution of sodium chloride (salt) is passed through the filter to replace the
sodium that has been lost. The use of two exchange materials makes it possible to remove
both metal and acid ions from water. Some cities and towns, however, prohibit or restrict the
use of ion exchange equipment on drinking water, pending the results of studies on how
people are affected by the consumption of the added sodium in softened water.

Calcium and magnesium in water create hard water, and high levels can clog pipes. The best
way to soften water is to use a water softener unit connected into the water supply line. You
may want to consider installing a separate faucet for unsoften water for drinking and cooking.
Water softening units also remove iron.

The containers hold the resin for the deionization.
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Soften Household Water
The most common way to soften household water is to use a water softener. Softeners may
also be safely used to remove up to about 5 milligrams per liter of dissolved iron if the water
softener is rated for that amount of iron removal. Softeners are automatic, semi-automatic, or
manual. Each type is available in several
sizes and is rated on the amount of
hardness it can remove before
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Mechanical Water Treatment Softeners

Mechanical water treatment softening units can
be permanently installed into the plumbing
system to continuously remove calcium and
magnesium. Water treatment softeners operate
on the ion exchange process. In this process,
water passes through a media bed, usually
sulfonated polystyrene beads. The beads are
supersaturated with sodium. The ion exchange
process takes place as hard water passes
through the softening material. The hardness
minerals attach themselves to the resin beads
while sodium on the resin beads is released
simultaneously into the water.

When the resin becomes saturated with calcium
and magnesium, it must be recharged. The
recharging is done by passing a salt (brine)
solution through the resin. The sodium replaces
the calcium and magnesium which are
discharged in the waste water. Hard water treated ' -
with an ion exchange water softener has sodium added. According to the Water Quality
Association (WQA), the ion exchange softening process adds sodium at the rate of about 8
mg/liter for each grain of hardness removed per gallon of water.

For example, if the water has a hardness of 10 grains per gallon, it will contain about 80
mg/liter of sodium after being softened in an ion exchange water softener if all hardness
minerals are removed. Because of the sodium content of softened water, some individuals
may be advised by their physician, not to install water softeners, to soften only hot water or to
bypass the water softener with a cold water line to provide unsoften water for drinking and
cooking, usually to a separate faucet at the kitchen sink.

Mechanically softened water is not recommended for watering plants, lawns, and gardens due
to its sodium content.

The container behind the salt pallet is a high concentration of salt and water. (Brine)
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Water Filters

Water filters generally come in two forms. Portable ion exchange water filters, and reverse
osmosis water filters. Both are used for "point of use" drinking water, that is, to filter out
harmful or unwanted particles before the water is used for human consumption.

Reverse Osmosis works by forcing the water through a semi-permeable membrane that stops
certain particles from passing through.

Portable water filters work using a cartridge containing activated carbon and ion exchange
resin. The carbon absorbs and helps reduce the levels of chlorine and chlorine compounds, as
well as pesticides, color and other organic substances. This improves taste and appearance.
The ion exchange resin works to reduce temporary hardness.

Activated Carbon Filtration

Activated carbon has been used for many years to solve water problems. In the beginning, its
use was more art than science. Today, however, we understand more about what activated
carbon can remove and how it removes impurities.

Activated carbon quickly and effectively removes chlorine from water.

The presence of organic matter in water can cause color, taste and odor complaints. Activated
carbon adsorbs organic matter in its extensive network of pores. The adsorption process takes
time, so service rates should be limited to 5 gpm/ft (12m/hr) or less for these applications.

A handful of GAC. Just expensive burnt coconuts shells.

Wellfield Wyatt Edition © 1/13/2011 TLC 80 (866) 557-1746 Fax (928) 468-0675



SOCs and VOCs

Synthetic organic chemicals (SOC) include all man-made organics, some of which are volatile
organic compounds (VOC). Activated carbon can substantially reduce many VOCs such as
benzene, trichloroethane and carbon tetrachloride.

Activated carbon also removes SOCs such as Alachlor, EDB and toluene. The EPA is
establishing limits for these chemicals in public drinking water supplies.

Before recommending treatment, water suspected of containing any of these and other
substances must be analyzed to determine their concentrations and whether they exceed EPA
standards.

Activated carbon beds compact with use so they may need occasional backwashing, however,
backwash carbon as little as possible to prevent loss of the fragile material. Also, contaminant-
laden carbon may migrate toward the bottom of the bed during backwash and reduce filter
performance. When operating carbon on turbid water supplies, remove suspended particles
with a depth filter before treating it with activated carbon. A carbon filter typically backwashes
at 10 gpm/ft (25 m/hr.) for about 10 minutes, followed by a 5 minute down flow rinse. Over a
period of several months to two years, the carbon's adsorption capacity diminishes. The
exhausted carbon bed should be replaced with fresh carbon. The old carbon should be hauled
to an approved disposal facility.

GASES AND CHEMICALS

ACTIVATED CARBON ABSORBS GASES AND CHEMICALS
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Membrane Filtration Processes

ibligue et universitai

In 1748, the French physicist Nollet first noted that water
would diffuse through a pig bladder membrane into alcohol.
This was the discovery of osmosis, a process in which water
from a dilute solution will naturally pass through a porous
membrane into a concentrate solution. Over the years,
scientists have attempted to develop a membrane that
would be useful in industrial processes, but it wasn’t until
the late 1950s that membranes were produced that could be
used for what is known as reverse osmosis. In reverse
osmosis, water is forced to move through a membrane from
a concentrate solution to a dilute solution.

Since that time, continual improvements and new
developments have been made in membrane technology,
resulting in ever-increasing uses in many industries. In
potable water treatment, membranes have been used for
desalinization, removal of dissolved inorganic and organic
chemicals, water softening, and removal of the fine solids. In particular, membrane technology
enables some water systems having contaminated water sources to meet new, more stringent
regulations. In some cases, it can also allow secondary sources, such as brackish
groundwater, to be used. There is great potential for the continuing wide use of membrane
filtration processes in potable water treatment, especially as technology is improved and cost
are reduced.

ot e |

Description of Membrane Filtration Processes
In the simplest membrane processes, water is forced through a porous membrane under
pressure while suspended solid, large molecules or ions are held back or rejected.

Types of Membrane Filtration Normal Osmosis

Processes
The two general classes of membrane
processes, based on the driving force
used to make the process work, are:

e Pressure-driven processes

o Electric-driven processes

Higher
Y Concentration Lower
Concentration

Semi-permeable
Membrane

Pressure-Driven Processes
The four general membrane processes

that operate by applying pressure to the 44— 'Water Flow
raw water are:

¢ Microfiltration

e Ultrafiltration

e Nandfiltration

e Reverse Osmosis
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Microfiltration

Microfiltration (MF) is a process in which water is forced under pressure through a porous
membrane. Membranes with a pore size of 0.45 mm are normally used; this size is relatively
large compared with the other membrane filtration processes.

This process has not been generally applicable to drinking water treatment because it either
does not remove substances that require removal from potable water, or the problem
substances can be removed more economically using other processes. The current primary
use of MF is by industries to remove very fine particles from process water, such as in
electronic manufacturing. In addition, the process has also been used as a pretreatment for
other membrane processes. In particular, Reverse Osmosis (RO) membranes are susceptible
to clogging or binding unless the water being processed is already quite clean.

However, in recent years, microfiltration has been proposed as a filtering method for particles
resulting from the direct filtration process. Traditionally, this direct filtration process has used
the injection of coagulants such as alum or polymers into the raw water stream to remove
turbidity such as clay or silts. The formed particles were then removed by rapid sand filters.
The suggested use is to improve filtering efficiency, especially for small particles that could
contain bacterial and protozoan life.

Ultrafiltration

Ultrafiltration (UF) is a process that uses a membrane with a pore size generally below 0.1 m.
The smaller pore size is designed to remove colloids and substances that have larger
molecules, which are called high-molecular-weight materials.

UF membranes can be designed to pass material that weigh less than or equal to a certain
molecular weight. This weight is called the molecular weight cutoff (MWC) of the membrane.
Although UF does not generally work well for removal of salt or dissolved solids, it can be used
effectively for removal or most organic chemicals.

Nanofiltration

Nanofiltration (NF) is a process using membranes that will reject even smaller molecules than
UF. The process has been used primarily for water softening and reduction of total dissolved
solids (TDS). NF operates with less pressure than reverse osmosis and is still able to remove
a significant proportion of inorganic and organic molecules. This capability will undoubtedly
increase the use of NF for potable water treatment.

Reverse Osmosis

Reverse Osmosis (RO) is a membrane process that has the highest rejection capability of all
the membrane processes. These RO membranes have very low MWC pore size that can
reject ions at very high rates, including chloride and sodium.

Water from this process is very pure due to the high reject rates. The process has been used
primarily in the water industry for desalinization of seawater because the capital and operating
costs are competitive with other processes for this service. The RO also works most organic
chemicals, and radionuclides and microorganisms.
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Nollet’s first RO machine.
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Safe Drinking Water Act (SDWA)

On August 6, 1996, President Clinton signed the Reauthorization of the Safe Drinking Water Act,
bringing to a successful conclusion to years of work on the part of water professionals and a broad
range of public interest groups throughout the nation. This new law strikes a balance among federal,
state, local, urban, rural, large and small water systems in a manner that improves the protection of
public health and brings reason and good science to the regulatory process.

The major elements of this law include:

e The law updates the standard-setting process by focusing regulations on contaminants known to
pose greater public health risks.

o It replaces the current law's demand for 25 additional standards every three years with a new
process based on occurrence, relative risk, and cost-benefit considerations.

e |t also requires the EPA to select at least five new candidate contaminants to consider for regulation
every five years.

e The EPA is directed to require public water systems to provide customers with annual "Consumer
Confidence Reports" in newspapers and by direct mail.

e The reports must list levels of regulated contaminants along with Maximum Contaminant Levels
(MCLs) and Maximum Contaminant Level Goals (MCLGs), along with plainly worded definitions of
both.

e The reports must also include a plainly worded statement of the health concerns for any
contaminants for which there has been a violation, describe the utility's sources of drinking water
and provide data on unregulated contaminants for which monitoring is required, including
Cryptosporidium and radon.

o The EPA must establish a toll-free hot line customers can call to get additional information.

e The EPA is required to publish guidelines for states to develop water source assessment programs
that delineate protection areas and assess contamination risks.

e The EPA is required to identify technologies that are affordable for small systems to comply with
drinking water regulations.

e Technical assistance funds and Small System Technical Assistance Centers are authorized to meet
the training and technical needs of small systems.

e States are authorized to grant variances for compliance with drinking water regulations for systems
serving 3,300 or fewer persons.

e The EPA is required to publish certification guidelines for operators of community and nontransient
noncommunity public water systems.

o States that do not have operator certification programs that meet the requirements of the guidelines
will lose 20 percent of their SRLF grant.

e A source water petition program for voluntary, incentive-based partnerships among public water
systems and others to reduce contamination in source water is authorized.

e The law establishes a new State Revolving Loan Fund (SRLF) of $1 billion per year to provide loans
to public water systems to comply with the new SDWA.

e |t also requires states to allocate 15 percent of the SRLF to systems serving 10,000 or fewer people
unless no eligible projects are available for loans.

e |t also allows states to jointly administer SDWA and Clean Water Act loan programs and transfer up
to 33 percent between the two accounts.

e States must ensure that all new systems have compliance capacity and that all current systems
maintain capacity, or lose 20 percent of their SRLF grant.

Although the EPA will continue to provide policy, regulations and guidance, state governments will now

have more regulatory flexibility allowing for improved communication between water providers and their

local regulators.

Increased collaboration will result in solutions that work better and are more fully supported by the
regulated community. States that have a source water assessment program may adopt alternative
monitoring requirements to provide permanent monitoring relief for public water systems in accordance
with EPA guidance.
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Safe Drinking Water Act of 1974

(PL 93-523) as amended by:

The Safe Drinking Water Act Amendments of 1986

National Primary Drinking Water Regulations, 40 CFR 141

National Interim Primary Drinking Water Regulations Implementation, 40 CFR142
National Secondary Drinking Water Regulations, 40 CFR 143

This is the primary Federal legislation protecting drinking water supplied by public water systems (those
serving more than 25 people). The Environmental Protection Agency (EPA) is lead agency and is
mandated to set standards for drinking water. The EPA establishes national standards of which the
states are responsible for enforcing.

The act provides for the establishment of primary regulations for the protection of the public health and
secondary regulations relating to the taste, odor, and appearance of drinking water. Primary drinking
water regulations, by definition, include either a maximum contaminant level (MCL) or, when a MCL is
not economically or technologically feasible, a prescribed treatment technique which would prevent
adverse health effects to humans. An MCL is the permissible level of a contaminant in water that is
delivered to any user of a public water system. Primary and secondary drinking water regulations are
stated in 40 CFR 141 and 143, respectively. As amended in 1986, the EPA is required to set maximum
contaminant levels for 83 contaminants deemed harmful to humans (with specific deadlines). It also has
authority over groundwater. Water agencies are required to monitor water to ensure it meets standards.

National Drinking Water Regulations

The Act instructs the EPA on how to select contaminants for regulation and specifies how EPA must
establish national primary drinking water regulations once a contaminant has been selected (Section
1412). As of late 1996, the EPA had promulgated 84 drinking water regulations.

Contaminant Selection

P.L. 104-182 establishes a new process for the EPA to select contaminants for regulatory consideration
based on occurrence, health effects, and meaningful opportunity for health risk reduction. By February
1998 and every 5 years thereafter, the EPA must publish a list of contaminants that may warrant
regulation. Starting in 2001, and every 5 years thereafter, the EPA must determine whether or not to
regulate at least 5 of the listed contaminants. The Act directs the EPA to evaluate contaminants that
present the greatest health concern and to regulate contaminants that occur at concentration levels and
frequencies of public health concern.
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The law also includes a schedule for the EPA to complete regulations for disinfectants and disinfection
byproducts (D/DBPs) and Cryptosporidium (a waterborne pathogen).

Standard Setting

Developing national drinking water regulations is a two-part process. For each contaminant that the
EPA has determined merits regulation, the EPA must set a non-enforceable maximum contaminant
level goal (MCLG) at a level at which no known or anticipated adverse health effects occur, and which
allows an adequate margin of safety. The EPA must then set an enforceable standard, a maximum
contaminant level (MCL), as close to the MCLG as is "feasible" using best technology, treatment
techniques, or other means available (taking costs into consideration).

Standards are generally based on technologies that are affordable for large communities; however,
under P.L. 104-182, each regulation establishing an MCL must list any technologies, treatment
techniques or other means that comply with the MCL and that are affordable for three categories of
small public water systems. The 1996 Amendments authorize the EPA to set a standard at other than
the feasible level if the feasible level would lead to an increase in health risks by increasing the
concentration of other contaminants or by interfering with the treatment processes used to comply with
other SDWA regulations. In such cases, the standard or treatment techniques must minimize the overall
health risk. Also, when proposing a regulation, the EPA must now publish a determination as to whether
or not the benefits of the standard justify the costs. If EPA determines that the benefits do not justify the
costs, the EPA may, with certain exceptions, promulgate a standard that maximizes health risk
reduction benefits at a cost that is justified by the benefits.

Risk Assessment

P.L. 104-182 adds risk assessment and communication provisions to SDWA. When developing
regulations, the EPA is now required to: (1) use the best available, peer-reviewed science and
supporting studies and data; and (2) make publicly available a risk assessment document that
discusses estimated risks, uncertainties, and studies used in the assessment.

When proposing drinking water regulations, the EPA must publish a health risk reduction and cost
analysis. The law permits the EPA to promulgate an interim standard without first preparing a benefit-
cost analysis or making a determination as to whether the benefits of a regulation would justify the costs
if the EPA determines that a contaminant presents an urgent threat to public health.

New regulations generally become effective 3 years after promulgation. Up to 2 additional years may be
allowed if the EPA (or a state in the case of an individual system) determines the time is needed for
capital improvements. Section 1412 includes specific provisions for arsenic, sulfate, and radon. The law
authorizes states to grant Systems variances from a regulation if raw water quality prevents meeting the
standards despite application of best technology (Section 1415). A new provision authorizes small
system variances based on best affordable technology.

States may grant these variances to systems serving 3,300 or fewer persons if the system cannot afford
to comply (through treatment, an alternative water source, or restructuring) and the variance ensures
adequate protection of public health; states may grant variances to systems serving between 3,300 and
10,000 persons with EPA approval. To receive a small system variance, the system must install a
variance technology identified by EPA. The variance technology need not meet the MCL, but must
protect public health.

The EPA must identify variance technologies for existing regulations. Variances are not available for
microbial contaminants. The Act also provides for exemptions if a regulation cannot be met for other
compelling reasons (including costs) and if the system was in operation before the effective date of a
standard or treatment requirement (Section 1416). An exemption is intended to give a public water
system more time to comply with a regulation and can be issued only if it will not result in an
unreasonable health risk. Small systems may receive exemptions for up to 9 years.
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State Primacy

The primary enforcement responsibility for public water systems lies with the states, provided they adopt
regulations as stringent as the national requirements, adopt authority for administrative penalties,
develop adequate procedures for enforcement, maintain records, and create a plan for providing
emergency water supplies (Section 1413). Currently, 55 of 57 states and territories have primacy
authority. P.L. 104-182 authorizes $100 million annually for the EPA to make grants to states to carry
out the public water system supervision program. States may also use a portion of their SRLF grant for
this purpose (Section 1443). Whenever the EPA finds that a public water system in a state with primary
enforcement authority does not comply with regulations, the Agency must notify the state and the
system and provide assistance to bring the system into compliance. If the state fails to commence
enforcement action within 30 days after the notification, the EPA is authorized to issue an administrative
order or commence a civil action.

Nonprimacy State

In a non-primacy state, the EPA must notify an elected local official (if any has jurisdiction over the water
system) before commencing an enforcement action against the system (Section 1414). Primacy states
may establish alternative monitoring requirements to provide interim monitoring relief for systems
serving 10,000 or fewer persons for most contaminants, if a contaminant is not detected in the first
quarterly sample. States with approved source water protection programs may adopt alternative
monitoring requirements to provide permanent monitoring relief to qualified systems for chemical
contaminants (Section 1418).

P.L. 104-182 requires states to adopt programs for training and certifying operators of community and
nontransient noncommunity systems. The EPA must publish guidelines specifying minimum standards
for operator certification by February 1999. Two years thereafter, the EPA must withhold 20% of a
state's SRLF grant unless the state has an operator certification program (Section 1419). States are
also required to establish capacity development programs based on EPA guidance. State programs
must include: 1) legal authority to ensure that new systems have the technical, financial, and managerial
capacity to meet SDWA requirements; and 2) a strategy to assist existing systems that are experiencing
difficulties to come into compliance. The EPA is required to withhold a portion of SRF grants from states
that do not have compliance development strategies (Section 1420).

Underground Injection Control

Another provision of the Act requires the EPA to promulgate regulations for state underground injection
control (UIC) programs to protect underground sources of drinking water. These regulations contain
minimum requirements for the underground injection of wastes in five well classes to protect
underground sources of drinking water and to require that a state prohibit, by December 1977, any
underground injection that was not authorized by state permit (Section 1421).

Ground Water Protection Grant Programs

The Act contains three additional ground water protection programs. Added in 1986, Section 1427
established procedures for demonstration programs to develop, implement, and assess critical aquifer
protection areas already designated by the Administrator as sole source aquifers. Section 1428, also
added in 1986, and established an elective state program for protecting wellhead areas around public
water system wells. If a state established a wellhead protection program by 1989, and the EPA
approved the state's program, then the EPA may award grants covering between 50% and 90% of the
costs of implementing the program. Section 1429, added by P.L. 104-182 authorizes the EPA to make
50% grants to states to develop programs to ensure coordinated and comprehensive protection of
ground water within the states.

Source Water Protection Programs

P.L. 104-182 broadens the pollution prevention focus of the Act to embrace surface water as well as
ground water protection. New Section 1453 directs the EPA to publish guidance for states to implement
source water assessment programs that delineate boundaries of assessment areas from which systems
receive their water, and identify the origins of contaminants in delineated areas to determine systems'
susceptibility to contamination. States with approved assessment programs may adopt alternative
monitoring requirements to provide systems with monitoring relief under Section 1418.
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New Section 1454 authorizes a source water petition program based on voluntary partnerships between
state and local governments. States may establish a program under which a community water system or
local government may submit a source water quality partnership petition to the state requesting
assistance in developing a voluntary partnership to: (1) reduce the presence of contaminants in drinking
water; (2) receive financial or technical assistance; and (3) develop a long-term source water protection
strategy. This section authorizes $5 million each year for grants to states to support petition programs.
Also, states may use up to 10% of their annual SRF capitalization grant for the source water
assessment activities or for the petition program.

State Revolving Funds

Section 1452, added by P.L. 104-182 authorizes a State Revolving Loan Fund (SRF) program to help
systems finance improvements needed to comply with drinking water regulations. The law authorizes
the EPA to make grants to states to capitalize SDWA SRFs, which states then use to make loans to
public water systems. States must match 20% of the federal grant.

Grants will be allotted to states using the formula for distributing state PWSS grants through FY1997;
then, grants will be allotted based on a needs survey. Each state will receive at least 1% of funds. The
District of Columbia will receive 1% of funds as well. A state may transfer up to 33% of the grant to the
Clean Water Act (CWA) SRF, or an equivalent amount from the CWA SRF to the SDWA SRF.

Drinking water SRFs may be used to provide loan and
grant assistance for expenditures that the EPA has
determined will facilitate compliance or significantly
further the Act's health protection objectives. States
must make available 15% of their annual allotment for
loan assistance to systems that serve 10,000 or fewer
persons. States may use up to 30% of their SRF grant
to provide grants or forgive loan principle to help
economically disadvantaged communities. Also, states
may use a portion of funds for technical assistance,
source water protection and capacity development
programs, and for operator certification.

Other Provisions

Public water systems must notify customers of violations with potential for serious health effects within
24 hours. Systems must also issue to customers annual reports on contaminants detected in their
drinking water (Section 1414).

Section 1417 requires any pipe, solder, or flux used in the installation or repair of public water systems
or of plumbing in residential or nonresidential facilities providing drinking water to be "lead free" (as
defined in the Act). As of August 1998, it will be unlawful to sell pipes, plumbing fittings or fixtures that
are not "lead free" or to sell solder or flux that is not lead free(unless it is properly labeled); with the
exception of pipes used in manufacturing or industrial processing. P.L. 104-182 sets limits on the
amount of lead that may leach from new plumbing fixtures, and allows one year for a voluntary standard
to be established before requiring the EPA to take regulatory action. The Administrator has emergency
powers to issue orders and commence civil action if a contaminant likely to enter a public drinking water
supply system poses a substantial threat to public health and state or local officials have not taken
adequate action (Section 1431).

If a chemical necessary for water treatment is not reasonably available, the Administrator can issue a
"certification of need," in which case the President can order an allocation of the chemical to those
needing it (Section 1441). The EPA is provided authority to conduct research, studies, and
demonstrations related to the causes, treatment, control, and prevention of diseases resulting from
contaminants in water. The Agency is directed to provide technical assistance to the states and
municipalities in administering their public water system regulatory responsibilities.
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The law authorizes annually, $15 million for technical assistance to small systems and Indian Tribes,
and $25 million for health effects research (Section 1442). P.L. 104-182 authorizes additional
appropriations for drinking water research, not to exceed $26.6 million annually.

The Administrator may make grants to develop and demonstrate new technologies for providing safe
drinking water and to investigate health implications involved in the reclamation/reuse of waste waters
(Section 1444). Also, suppliers of water who may be subject to regulation under the Act are required to
establish and maintain records, monitor, and provide any information that the Administrator requires to
carry out the requirements of the Act (Section 1445). The Administrator may also enter and inspect the
property of water suppliers to enable him/her to carry out the purposes of the Act. Failure to comply with
these provisions may result in criminal penalties. The Act established a National Drinking Water
Advisory Council, composed of 15 members (with at least 2 representing rural systems), to advise,
consult, and make recommendations to the Administrator on activities and policies derived from the Act
(Section 1446).

National Security

Any federal agency having jurisdiction over federally owned and maintained public water systems must
comply with all federal, state, and local drinking water requirements as well as any underground
injection control programs (Section 1447). The Act provides for waivers in the interest of national
security. Procedures for judicial review are outlined (Section 1448), and provision for citizens' civil
actions is made (Section 1449). Citizen suits may be brought against any person or agency allegedly in
violation of provisions of the Act, or against the Administrator for alleged failure to perform any action or
duty which is not discretionary.

The EPA may use the new estrogenic substances screening program created in the Food Quality
Protection Act of 1996 (P .L. 104-170) to provide for testing of substances that may be found in drinking
water if the Administrator determines that a substantial population may be exposed to such substances
(Section 1457). The EPA is directed to conduct drinking water studies involving subpopulations at
greater risk and biological mechanisms, and studies to support several rules including those addressing
D/DBPs and Cryptosporidium.

The Act includes a provision amending the Federal Food, Drug, and Cosmetic Act, generally requiring
the Secretary of Health and Human Services to issue bottled drinking water standards for contaminants
regulated under the Safe Drinking Water Act. Other provisions of P.L. 104-182 authorize water and
wastewater grants for colonies and Alaska rural and native villages, and authorize the transfer of the
Washington (D.C.) Aqueduct to a regional authority. The 1996 Amendments also authorize a $50 million
per year grant program for additional infrastructure and watershed protection projects; the conference
report lists, and directs the EPA to give priority consideration to 24 such projects.

Because of the events of 9/11, we have to prepare for an attack on our water
distribution system. This includes preparing for hurricanes, floods and terrorist
actions.
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Normal well crew, an Electrician, Distribution Foreman and
Hydrogeologist working together to provide quality groundwater.

Video screen of a well scan. This picture is from inside a truck cab. Technology today
is cutting edge and will only grow. This technology will find itself in new positions in

the water department. Nice and easy jobs that you can transfer into and get out of the
hole.
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Normal work for a distribution repair crew. It isn’t pretty but it pays the bills. These
photographs almost looked staged because the workers are too clean for being in a
hole. In the real world, you will be soaked with mud and water. The top photo looks to
be a tapping valve that has broken or blown off. No shoring or ladder in sight.
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National Primary Drinking Water Regulations

Inorganic
Chemicals

Antimony

Arsenic

Asbestos
(fiber >10
micrometers)
Barium

Beryllium

Cadmium

Chromium (total)

Copper

Cyanide (as free
cyanide)

Fluoride

Lead

2
MCL=
mMcLGl 3
- /L)ﬂ or TT=
I (mgi)?
0.006 0.006
none® 0.010
7 million 7 MFL
fibers per
Liter
2 2
0.004 0.004
0.005 0.005
0.1 0.1
1.3 Action
Level=1.
3 TT®
0.2 0.2
4.0 4.0
zero Action
Level=0.
015; TT?
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Potential Health Effects
from Ingestion of Water

Increase in blood cholesterol;
decrease in blood glucose

Skin damage; circulatory
system problems; increased
risk of cancer

Increased risk of developing
benign intestinal polyps

Increase in blood pressure

Intestinal lesions

Kidney damage

Some people who use water
containing chromium well in
excess of the MCL over many
years could experience allergic
dermatitis

Short term exposure:
Gastrointestinal distress.

Long term exposure: Liver or
kidney damage. Those with
Wilson's Disease should
consult their personal doctor if
their water systems exceed the
copper action level.

Nerve damage or thyroid
problems

Bone disease (pain and
tenderness of the bones);
Children may get mottled
teeth.

Infants and children: Delays in
physical or mental
development.

Adults: Kidney problems; high
blood pressure
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Sources of Contaminant in
Drinking Water

Discharge from petroleum
refineries; fire retardants;
ceramics; electronics; solder
Discharge from semiconductor
manufacturing; petroleum
refining; wood preservatives;
animal feed additives;
herbicides; erosion of natural
deposits

Decay of asbestos cement in
water mains; erosion of natural
deposits

Discharge of drilling wastes;
discharge from metal refineries;
erosion of natural deposits
Discharge from metal refineries
and coal-burning factories;
discharge from electrical,
aerospace, and defense
industries

Corrosion of galvanized pipes;
erosion of natural deposits;
discharge from metal refineries;
runoff from waste batteries and
paints

Discharge from steel and pulp
mills; erosion of natural
deposits

Corrosion of household
plumbing systems; erosion of
natural deposits; leaching from
wood preservatives

Discharge from steel/metal
factories; discharge from plastic
and fertilizer factories

Water additive which promotes
strong teeth; erosion of natural
deposits; discharge from
fertilizer and aluminum factories
Corrosion of household
plumbing systems; erosion of
natural deposits
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Inorganic Mercury  0.002

Nitrate (measured 10

as Nitrogen)

Nitrite (measured as 1 1
Nitrogen)

Selenium 0.05

Thallium 0.0005

mcLG!
(mg/L)?

Zero

Organic
Chemicals

Acrylamide

Alachlor zero

Atrazine 0.003

Benzene zero

Benzo(a)pyrene zero

Carbofuran 0.04

Carbon
tetrachloride
Chlordane

Zero

zero

Chlorobenzene 0.1

2,4-D 0.07

Dalapon 0.2
1,2-Dibromo-3-
chloropropane
(DBCP)

zero

10

0.002

0.05

0.002

MCL
or TT3

Kidney damage

"Blue baby syndrome" in
infants under six months - life
threatening without immediate
medical attention.

Symptoms: Infant looks blue
and has shortness of breath.
"Blue baby syndrome" in
infants under six months - life
threatening without immediate
medical attention.

Symptoms: Infant looks blue
and has shortness of breath.
Hair or fingernail loss;
numbness in fingers or toes;
circulatory problems

Hair loss; changes in blood;
kidney, intestine, or liver
problems

2

(mg/L)

TT:

0.002

0.003

0.005

0.0002

0.04

.005

0.002

0.1
0.07
0.2

0.0002
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Nervous system or blood

problems; increased risk of

cancer

Eye, liver, kidney or spleen
problems; anemia; increased

risk of cancer
Cardiovascular system
problems; reproductive
difficulties

Anemia; decrease in blood

platelets; increased risk of
cancer

Reproductive difficulties;
increased risk of cancer

Problems with blood or

nervous system; reproductive

difficulties.

Liver problems; increased risk

of cancer
Liver or nervous system

problems; increased risk of

cancer
Liver or kidney problems

Kidney, liver, or adrenal gland

problems
Minor kidney changes

Reproductive difficulties;
increased risk of cancer
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Potential Health Effects
4 from Ingestion of Water

Erosion of natural deposits;
discharge from refineries and
factories; runoff from landfills
and cropland

Runoff from fertilizer use;
leaching from septic tanks,
sewage; erosion of natural
deposits

Runoff from fertilizer use;
leaching from septic tanks,
sewage; erosion of natural
deposits

Discharge from petroleum
refineries; erosion of natural
deposits; discharge from mines
Leaching from ore-processing
sites; discharge from
electronics, glass, and
pharmaceutical companies

Sources of Contaminant in
Drinking Water

Added to water during
sewage/wastewater treatment

Runoff from herbicide used on
row crops

Runoff from herbicide used on
row crops

Discharge from factories;
leaching from gas storage tanks
and landfills

Leaching from linings of water
storage tanks and distribution
lines

Leaching of soil fumigant used
on rice and alfalfa

Discharge from chemical plants
and other industrial activities
Residue of banned termiticide

Discharger from chemical and
agricultural chemical factories
Runoff from herbicide used on
row crops

Runoff from herbicide used on
rights of way

Runoff/leaching from soil
fumigant used on soybeans,
cotton, pineapples, and
orchards
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o-Dichlorobenzene
p-Dichlorobenzene
1,2-Dichloroethane
1-1-
Dichloroethylene
cis-1, 2-
Dichloroethylene
trans-1,2-
Dichloroethylene
Dichloromethane
1-2-
Dichloropropane
Di(2-
ethylhexyl)adipate

Di(2-
ethylhexyl)phthalate

Dinoseb

Dioxin (2,3,7,8-
TCDD)

Diquat
Endothall
Endrin
Epichlorohydrin
Ethylbenzene

Ethelyne dibromide

Glyphosate
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachlorocyclopen
tadiene

Lindane

Methoxychlor

Oxamyl (Vydate)

Polychlorinated
biphenyls (PCBs)

0.6

0.075

zero

0.007

0.07

0.1

zero

Zero

0.4

zero

0.007

Zero

0.02
0.1

0.002
zero

0.7

zero

0.7

Zero

zZero

zero

0.05

0.0002

0.04

0.2

zero

0.6
0.075
0.005
0.007
0.07
0.1
0.005
0.005

0.4
0.006

0.007
0.000000
03

0.02

0.1

0.002
TT:

0.7

0.00005

0.7
0.0004
0.0002

0.001

0.05
0.0002

0.04
0.2

0.0005

Wellfield Wyatt Edition © 1/13/2011 TLC

Liver, kidney, or circulatory
system problems

Anemia; liver, kidney or spleen
damage; changes in blood
Increased risk of cancer

Liver problems
Liver problems
Liver problems

Liver problems; increased risk
of cancer
Increased risk of cancer

General toxic effects or
reproductive difficulties

Reproductive difficulties; liver
problems; increased risk of
cancer

Reproductive difficulties

Reproductive difficulties;
increased risk of cancer

Cataracts

Stomach and intestinal
problems

Nervous system effects
Stomach problems;
reproductive difficulties;
increased risk of cancer
Liver or kidney problems

Stomach problems;
reproductive difficulties;
increased risk of cancer
Kidney problems; reproductive
difficulties

Liver damage; increased risk
of cancer

Liver damage; increased risk
of cancer

Liver or kidney problems;
reproductive difficulties;
increased risk of cancer
Kidney or stomach problems

Liver or kidney problems

Reproductive difficulties

Slight nervous system effects

Skin changes; thymus gland
problems; immune
deficiencies; reproductive or
nervous system difficulties;
increased risk of cancer
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Discharge from industrial
chemical factories
Discharge from industrial
chemical factories
Discharge from industrial
chemical factories
Discharge from industrial
chemical factories
Discharge from industrial
chemical factories
Discharge from industrial
chemical factories
Discharge from pharmaceutical
and chemical factories
Discharge from industrial
chemical factories
Leaching from PVC plumbing
systems; discharge from
chemical factories
Discharge from rubber and
chemical factories

Runoff from herbicide used on
soybeans and vegetables
Emissions from waste
incineration and other
combustion; discharge from
chemical factories

Runoff from herbicide use
Runoff from herbicide use

Residue of banned insecticide
Discharge from industrial
chemical factories; added to
water during treatment process
Discharge from petroleum
refineries

Discharge from petroleum
refineries

Runoff from herbicide use
Residue of banned termiticide
Breakdown of hepatachlor

Discharge from metal refineries
and agricultural chemical
factories

Discharge from chemical
factories

Runoff/lleaching from insecticide
used on cattle, lumber, gardens
Runoff/leaching from insecticide
used on fruits, vegetables,
alfalfa, livestock
Runoff/leaching from insecticide
used on apples, potatoes, and
tomatoes

Runoff from landfills; discharge
of waste chemicals
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Pentachlorophenol

Picloram
Simazine
Styrene

Tetrachloroethylene

Toluene

Total
Trihalomethanes
(TTHMs)
Toxaphene

2,4,5-TP (Silvex)
1,2,4-
Trichlorobenzene
1,1,1-
Trichloroethane

1,1,2-
Trichloroethane
Trichloroethylene

Vinyl chloride

Xylenes (total)

Radionuclides

Beta particles and
photon emitters

Gross alpha particle

activity

Radium 226 and
Radium 228
(combined)

zero
0.5
0.004
0.1
zero

1

none®
zero
0.05
0.07

0.20

0.003
zero

zero

mcLG!
(mg/L)*

none>

none®

none®

0.001
0.5

0.004
0.1

0.005

0.10
0.003

0.05
0.07

0.2

0.005
0.005

0.002

10

MCL2
or T3
(mg/Ly*

4

millirems
per year
15
picocurie
s per
Liter
(pCilL)

5 pCi/L
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Liver or kidney problems;
increased risk of cancer
Liver problems

Problems with blood

Liver, kidney, and circulatory
problems

Liver problems; increased risk
of cancer

Nervous system, kidney, or
liver problems

Liver, kidney or central
nervous system problems;
increased risk of cancer
Kidney, liver, or thyroid
problems; increased risk of
cancer

Liver problems

Changes in adrenal glands

Liver, nervous system, or
circulatory problems

Liver, kidney, or immune
system problems
Liver problems; increased risk

of cancer
Increased risk of cancer

Nervous system damage

Potential Health Effects
from Ingestion of Water

Increased risk of cancer

Increased risk of cancer

Increased risk of cancer

96

Discharge from wood
preserving factories
Herbicide runoff

Herbicide runoff

Discharge from rubber and
plastic factories; leaching from
landfills

Discharge from factories and
dry cleaners

Discharge from petroleum
factories

Byproduct of drinking water
disinfection

Runoff/leaching from insecticide
used on cotton and cattle

Residue of banned herbicide
Discharge from textile finishing
factories

Discharge from metal
degreasing sites and other
factories

Discharge from industrial
chemical factories

Discharge from petroleum
refineries

Leaching from PVC pipes;
discharge from plastic factories

Discharge from petroleum
factories; discharge from
chemical factories

Sources of Contaminant in

Drinking Water

Decay of natural and man-
made deposits

Erosion of natural deposits

Erosion of natural deposits
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mcL2

e McLG! or T2 Potential Health Effects Sources of Contaminant in
(mgIL)ﬂ (mgIL)i from Ingestion of Water Drinking Water

Giardia lamblia zero TT® Giardiasis, a gastroenteric Human and animal fecal waste
disease

Heterotrophic plate  N/A TT® HPC has no health effects, but n/a

count can indicate how effective
treatment is at controlling
microorganisms.

Legionella zero TT® Legionnaire's Disease, Found naturally in water;
commonly known as multiplies in heating systems
pneumonia

Total Coliforms zero 5.0% Used as an indicator that other Human and animal fecal waste

(including fecal potentially harmful bacteria

coliform and E. Coli) may be present’®

Turbidity N/A T Turbidity has no health effects Soil runoff
but can interfere with
disinfection and provide a
medium for microbial growth. It
may indicate the presence of
microbes.

Viruses (enteric) zero TT® Gastroenteric disease Human and animal fecal waste

We teach this course in both a conventional classroom setting and in a distance based
CEU course. We have taught over 20,000 students.
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Never work in an unprotected trench and without hard hats or shoring or let an unsafe
operator run the backhoe, as in this photograph. You need shoring and a ladder in all
trenches, the only thing | see correct, is the spoil is two feet from the edge of the

trench.
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National Secondary Drinking Water Regulations

National Secondary Drinking Water Regulations (NSDWRs or secondary
standards) are non-enforceable guidelines regulating contaminants that may
cause cosmetic effects (such as skin or tooth discoloration) or aesthetic effects
(such as taste, odor, or color) in drinking water.

The EPA recommends secondary standards to water systems but does not
require systems to comply. However, states may choose to adopt them as

enforceable standards.

Contaminant

Secondary Standard

Aluminum 0.05to 0.2 mg/L
Chloride 250 mg/L

Color 15 (color units)
Copper 1.0 mg/L
Corrosivity noncorrosive
Fluoride 2.0 mg/L
Foaming Agents 0.5 mg/L

Iron 0.3 mg/L
Manganese 0.05 mg/L

Odor 3 threshold odor number
pH 6.5-8.5

Silver 0.10 mg/L
Sulfate 250 mg/L

Total Dissolved

Solids 500 mg/L

Zinc 5 mg/L
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Important Notes

! Maximum Contaminant Level Goal (MCLG) - The maximum level of a contaminant in drinking
water at which no known or anticipated adverse effect on the health effect of persons would
occur, and which allows for an adequate margin of safety. MCLGs are non-enforceable public
health goals.
2 Maximum Contaminant Level (MCL) - The maximum permissible level of a contaminant in
water which is delivered to any user of a public water system. MCLs are enforceable
standards. The margins of safety in MCLGs ensure that exceeding the MCL slightly does not
Eose significant risk to public health.
Treatment Technique - An enforceable procedure or level of technical performance which
public water systems must follow to ensure control of a contaminant.
* Units are in milligrams per Liter (mg/L) unless otherwise noted.
® MCLGs were not established before the 1986 Amendments to the Safe Drinking Water Act.
Therefore, there is no MCLG for this contaminant.
® Lead and copper are regulated in a Treatment Technique which requires systems to take tap
water samples at sites with lead pipes or copper pipes that have lead solder and/or are served
by lead service lines. The action level, which triggers water systems into taking treatment steps
if exceeded in more than 10% of tap water samples, for copper is 1.3 mg/L, and for lead is
0.015mgl/L.
’ Each water system must certify, in writing, to the state (using third-party or manufacturer's
certification) that when acrylamide and epichlorohydrin are used in drinking water systems, the
combination (or product) of dose and monomer level does not exceed the levels specified, as
follows:
e Acrylamide = 0.05% dosed at 1 mg/L (or equivalent)
e Epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent)
® The Surface Water Treatment Rule requires systems using surface water or ground water
under the direct influence of surface water to (1) disinfect their water, and (2) filter their water or
meet criteria for avoiding filtration so that the following contaminants are controlled at the
following levels:
e Giardialamblia: 99.9% killed/inactivated
Viruses: 99.99% killed/inactivated
e Legionella: No limit, but EPA believes that if Giardia and viruses are inactivated,
Legionella will also be controlled.
e Turbidity: At no time can turbidity (cloudiness of water) go above 5 Nephelolometric
turbidity units (NTU); systems that filter must ensure that the turbidity go no higher than
1 NTU (0.5 NTU for conventional or direct filtration) in at least 95% of the daily samples
in any month.
e HPC: NO more than 500 bacterial colonies per milliliter.
® No more than 5.0% samples total coliform-positive in a month. (For water systems that collect
fewer than 40 routine samples per month, no more than one sample can be total coliform-
positive). Every sample that has total coliforms must be analyzed for fecal coliforms. There
cannot be any fecal coliforms.
"% Fecal coliform and E. coli are bacteria whose presence indicates that the water may be
contaminated with human animal wastes. Microbes in these wastes can cause diarrhea,
cramps, nausea, headaches, or other symptoms.
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New EPA Rules

Arsenic

Arsenic is a chemical that occurs naturally in the earth's crust. When rocks, minerals, and soil
erode, they release arsenic into water supplies. When people either drink this water or eat
animals and plants that drink it, they are exposed to arsenic. For most people in the U.S,,
eating and drinking are the most common ways that people are exposed to arsenic, although it
can also come from industrial sources. Studies have linked long-term exposure of arsenic in
drinking water to a variety of cancers in humans.

To protect human health, an EPA standard limits the
amount of arsenic in drinking water. In January 2001, the
EPA revised the standard from 50 parts per billion (ppb),
ordered that it fall to 10 ppb by 2006. After adopting
10ppb as the new standard for arsenic in drinking water,
the EPA decided to review the decision to ensure that
the final standard was based on sound science and
accurate estimates of costs and benefits. In October
2001, the EPA decided to move forward with
implementing the 10 ppb standard for arsenic in drinking water.

More information on the rulemaking process and the costs and benefits of setting the arsenic
limit in drinking water at 10 ppb can be found at www.epa.gov/safewater/arsenic.html.

ICR

The EPA has collected data required by the Information Collection Rule (ICR) to support future
regulation of microbial contaminants, disinfectants, and disinfection byproducts. The rule is
intended to provide EPA with information on chemical byproducts that form when disinfectants
used for microbial control react with chemicals already present in source water (disinfection
byproducts (DBPs)); disease-causing microorganisms (pathogens), including Cryptosporidium;
and engineering data to control these contaminants.

Drinking water microbial and disinfection byproduct information collected for the ICR is now
available in the EPA's Envirofacts Warehouse website.

Disinfection Byproduct Regulations

In December 1998, EPA established the Stage 1 Disinfectants/Disinfection Byproducts Rule
that requires public water systems to use treatment measures to reduce the formation of
disinfection byproducts and to meet the following specific standards:

Total trihalomethanes (TTHM) 80 ppb

Haloacetic acids (HAA5) 60 ppb

Bromate 10 ppb

Chlorite 1.0 parts per million
(ppm)
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Currently trihalomethanes are regulated at a maximum allowable annual average level of 100
ppb for water systems serving more than 10,000 people under the Total Trihalomethane Rule
finalized by EPA in 1979. The Stage 1 Disinfectant/Disinfection Byproduct Rule standards
became effective for trihalomethanes and other disinfection byproducts listed above back in
December 2001 for large surface water public water systems. Those standards became
effective in December 2003 for small surface water and all ground water public water systems.

Disinfection byproducts are formed when disinfectants used in water treatment plants react
with bromide and/or natural organic matter (i.e., decaying vegetation) present in the source
water. Different disinfectants produce different types or amounts of disinfection byproducts.
Disinfection byproducts for which regulations have been established have been identified in
drinking water, including trihalomethanes, haloacetic acids, bromate, and chlorite.

Trihalomethanes (THM) are a group of four chemicals that are formed along with other
disinfection byproducts when chlorine or other disinfectants used to control microbial
contaminants in drinking water react with naturally occurring organic and inorganic matter in
water. The trihalomethanes are chloroform, bromodichloromethane, dibromochloromethane,
and bromoform. EPA has published the Stage 1 Disinfectants/Disinfection Byproducts Rule to
regulate total trihalomethanes (TTHM) at a maximum allowable annual average level of 80
parts per billion. This new standard replaced the old standard of a maximum allowable annual
average level of 100 parts per billion back in December 2001 for large surface water public
water systems. The standard became effective for the first time back in December 2003 for
small surface water and all ground water systems.

Haloacetic Acids (HAA5) are a group of chemicals that are formed along with other
disinfection byproducts when chlorine or other disinfectants used to control microbial
contaminants in drinking water react with naturally occurring organic and inorganic matter in
water. The regulated haloacetic acids, known as HAAS, are: monochloroacetic acid,
dichloroacetic acid, trichloroacetic acid, monobromoacetic acid, and dibromoacetic acid. EPA
has published the Stage 1 Disinfectants/Disinfection Byproducts Rule to regulate HAA5 at 60
parts per billion annual average. This standard became effective for large surface water public
water systems in December 2001 and for small surface water and all ground water public
water systems in December 2003.

Bromate is a chemical that is formed when ozone, used to disinfect drinking water, reacts with
naturally occurring bromide found in source water. EPA has established the Stage 1
Disinfectants/Disinfection Byproducts Rule to regulate bromate at an annual average of 10 ppb
in drinking water. This standard became effective for large public water systems in December
2001 and for small surface water and all ground public water systems in December 2003.

Chlorite is a byproduct formed when chlorine dioxide is used to disinfect water. The EPA has
published the Stage 1 Disinfectants/Disinfection Byproducts Rule to regulate chlorite at a
monthly average level of 1 ppm in drinking water.

This new standard became effective for large surface water public water systems in December

2001 and for small surface water and all ground water public water systems in December
2003.
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Microbial Regulations

One of the key regulations developed and implemented by the United States Environmental
Protection Agency (USEPA) to counter pathogens in drinking water is the Surface Water
Treatment Rule.

Among its provisions, the rule requires that a public water system, using surface water (or
ground water under the direct influence of surface water) as its source, have sufficient
treatment to reduce the source water concentration of Giardia and viruses by at least 99.9%
and 99.99%, respectively. The Surface Water Treatment Rule specifies treatment criteria to
assure that these performance requirements are met; they include turbidity limits, disinfectant
residual and disinfectant contact time conditions.

Disinfectant Review Statements:
Disinfectant residual: The CT values for disinfection are used to determine the disinfection
efficiency based upon time and what other parameter?

Bacteria, Virus and Intestinal parasites: What types of organisms may transmit waterborne
diseases?

Disinfection By-Products (DBPs): The products created due to the reaction of chlorine with
organic materials (e.g. leaves, soil) present in raw water during the water treatment process.
The EPA has determined that these DBPs can cause cancer.

How is the effectiveness of disinfection determined? From the results of coliform testing.

The treatment of water to inactivate, destroy, and/or remove pathogenic bacteria, viruses,
protozoa, and other parasites.

What types of source water are required by law to treat water using filtration and disinfection?
Groundwater under the direct influence of surface water, and related surface water sources.

E. Coli, Escherichia coli: A bacterium commonly found in the human intestine. For water
quality analyses purposes, it is considered an indicator organism. These are considered
evidence of water contamination. Indicator organisms may be accompanied by pathogens, but
do not necessarily cause disease themselves.

pH Strips

pH is on a scale from 0-14. 7 is considered neutral and acid is on the 0 to 7 side and the base
is 7-14. pH is known as the Power of Hydroxyl lon activity.
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Common water distribution sample bottles, Radiochems, VOCs, (Volatile Organic
Compounds), TTHMs, Total Trihalomethanes), Nitrate, Nitrite.

Most of these sample bottles will come with the preservative already inside the bottle. Some bottles
will come with a separate preservative (acid) for the field preservation. Slowly add the acid or other
preservative to the water sample; not water to the acid or preservative.

Bac-T Sample Bottle, often referred to as a Standard Sample, 100 mis.
Notice the white powder inside the bottle. That is Sodium Thiosulfate, a
de-chlorination agent. Be careful not to wash-out this chemical while
sampling. Notice the custody seal on the bottle.

Coliform bacteria are common in the environment and are generally
not harmful. However, the presence of these bacteria in drinking water is usually a result of a
problem with the treatment system or the pipes which distribute water, and indicates that the water
may be contaminated with germs that can cause disease.

The bottle with the yellow color on the left indicates coliform bacteria is present. If the
bottle fluoresces under a black light, fecal bacteria is present.
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Water 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.
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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
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.
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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
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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
Je———|
of Influence

Unsaturated
Zone
Unconfined
L Sand and
1 [ Gravel
vaaten Aquifer
Table "Cone of -
Depression s~ Confining
Water Surface : Layer
While Pumping Pumping : Bedrock

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.

Groundwater Transducer (pH, Temp. chemical detection and D.O.) depth probe. These
tools are used to find the depth and pH of well water.
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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 illnesses,
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 Sumos and drv wells
TABLE Waste disposal in excavations Grav‘t)a ards ry
Underground storage tank leaks y
BELOW Waste disposal in wells Exploratory wells
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?
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 (see p. 8). 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.

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.
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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:
e 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.

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.
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Are There Federal Laws or Programs to Protect Ground Water?
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.

e 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 I11).

e 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.

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.
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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.

e 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.

e 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.

e 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
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.
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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 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.

Wellfield Wyatt Edition © 1/13/2011 TLC 117 (866) 557-1746 Fax (928) 468-0675



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.

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.

o 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.
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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.

e 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 cleaners, and even a number of medicines contain materials that can be
harmful to ground water and to the environment in general. (See Appendix 1 for a list of the types of products
commonly found around homes and their potentially harmful components.) The average American disposes
of approximately one pound of this type of waste each year. So, although the amount of any of these
substances that you pour down your drain, put in your trash, or dump on the ground may seem insignificant
to you, try multiplying it by the number of people in your community. That amount may not seem so
insignificant.

Don't Pour It Down the Drain! Anything you pour down your drain or flush down your toilet will enter your

septic system or your community's sewer system. Using this method to dispose of products that contain
harmful substances can affect your septic system's ability to treat human wastes.
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Once in the ground, these harmful substances can eventually contaminate the ground water. In addition,
most community wastewater treatment plants are not designed to treat many of these substances. Thus,
they can eventually be discharged into bodies of surface water and cause contamination.

Don't Put It in the Trash! Community landfills also generally are not equipped to handle hazardous
materials. As rain and snow pass through the landfill, the water can become contaminated by these products
and eventually carry them into the ground water and surface water.

Don't Dump It on the Ground! Hazardous wastes that are dumped on or buried in the ground can
contaminate the soil and either leach down into the ground water or be carried into a nearby body of surface
water by runoff during rainstorms.

Do Use and Dispose of Harmful Materials Properly! There are very few options for disposing of
hazardous products used in your home, so the first step may be to limit your use of such products. Whenever
possible, substitute a nonhazardous product. When that is not possible, buy only as much as you need.

Larger quantities may be less expensive, but they leave you with the problem of disposing of them safely.
Finally, urge community officials to sponsor periodic household hazardous waste collection days if they have
not established this policy.

By helping your community to centralize collection of hazardous household wastes for appropriate disposal,
you will be helping your community to make a major contribution toward protecting its ground water. The
saying "Garbage in, garbage out" applies to more than computer data bases.

How Do You Take Care of Your Septic System?
Your septic system is designed to have its effluent discharge into a drainage field where it undergoes some
decomposition by micro-organisms in the soil as it works its way down to the ground water. If your system is
not pumped out frequently enough, solid materials can leave the tank and enter the drainage field. Any
substances poured down your drains also will enter that drainage field and, eventually, the ground water.
To prevent ground-water contamination from your septic system:
e Have your septic system inspected annually and pumped out regularly; no chemical or other additive
can be a substitute for this, and these septic system chemicals actually can prevent your septic
system from functioning properly

e Be cautious about what you put into your system; substances like coffee grounds, cigarette butts,
sanitary items, or fats do not break down easily in septic systems, and chemicals like paints,
solvents, oil, and pesticides will go from your septic system into the ground water.

e Limit the amount of water entering your system by using water-saving fixtures and appliances.

How Does Your Garden Grow?

If you are a homeowner, you probably take a lot of pride in your home and the yard surrounding it. You may
apply fertilizers to make your grass thick and green, your flowers colorful, and your vegetable crop abundant.
You also may use pesticides to keep bugs from ruining what the fertilizers have helped to produce. What you
may not know, however, is that many of these fertilizers and pesticides contain hazardous chemicals that
can travel through the soil and contaminate ground water. If you feel you must use these chemicals, use
them in moderation. This is not a case of "more is better." Your county extension agent can provide
information on natural ways to control lawn, garden, and tree pests that can reduce reliance on chemicals.

What Else Can You Do?

Get informed and get involved! Around the country, citizens are getting involved in their communities,
volunteering their time and energy, and making a difference. If you think one person can't change the
system, help form a group. You, alone or as part of a group, can help to educate your family, friends, and
neighbors about the importance of ground water to your community. And, after you've cleaned up your own
act, you can help your community clean up its act.
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APPENDIX 1. POTENTIALLY HARMFUL COMPONENTS OF

COMMON HOUSEHOLD PRODUCTS

Product

Antifreeze (gasoline or coolant systems)

Automatic transmission fluid
Battery acid (Electrolyte)

Degreasers for driveways and garages

Degreasers for engines and metal

Engine and radiator flushes
Hydraulic fluid (brake fluid)
Motor oils; and waste oils
Gasoline and jet fuel

Diesel fuel, kerosene, #2 heating oil
Grease, lubes

Rustproofers

Car wash detergents

Car waxes and polishes
Asphalt and roofing tar

Paints, varnishes, stains, dyes
Paint and lacquer thinner

Paint and varnish removers, deglossers

Paint brush cleaners

Floor and furniture strippers

Metal polishes

Laundry soil and stain removers
Spot removers arid dry cleaning fluid

Other solvents

Rock salt (Halite)

Refrigerants

Bug and tar removers

Household cleansers, oven cleaners
Drain cleaners

Toilet cleaners

Cesspool cleaners

Disinfectants
Pesticides (all types)

Photochemicals

Printing ink

Wood preservatives (creosote)
Swimming pool chlorine

Lye or caustic soda

Jewelry cleaners
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Toxic or Hazardous Components

methanol, ethylene glycol

petroleum distillates, xylene

sulfuric acid petroleum solvents, alcohols, glycol
ether

chlorinated hydrocarbons, toluene, phenols,
dichloroperchloroethylene

petroleum solvents, ketones, butanol, glycol
ether

hydrocarbons, fluorocarbons

hydrocarbons

hydrocarbons

hydrocarbons

hydrocarbons

phenols, heavy metals

alkyl benzene sulfonates

petroleum distillates, hydrocarbons
hydrocarbons

heavy metals, toluene

acetone, benzene, toluene, butyl, acetate, methyl
ketones

methylene chloride, toluene, acetone, xylene,
ethanol, benzene, methanol

hydrocarbons, toluene, acetone, methanol, glycol
ethers, methyl ethyl ketones

xylene

petroleum distillates, isopropanol, petroleum
naptha

petroleum distillates, tetrachloroethylene
hydrocarbons, benzene, trichloroethylene, 1, 1, 1
trichloroethane

acetone, benzene

sodium concentration

1, 1, 2 trichloro - 1, 2, 2 trifluoroethane

xylene, petroleum distillates

xylenols, glycol ethers, isopropanol

1, 1, 1 trichloroethane

xylene, sulfonates, chlorinated phenols
tetrachloroethylene, dichlorobenzene, methylene
chloride

cresol, xylenols

napthalene, phosphorus, xylene, chloroform,
heavy metals, chlorinated hydrocarbons
phenols, sodium sulfite, cyanine, silver halide,
potassium bromide

heavy metals, phenol-formaldehyde
pentachlorophenols

sodium hypochlorite

sodium hydroxide

sodium cyanide
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Chemical separation and recycling of batteries, oils and paint is important to a groundwater
protection program. This includes proper pesticide disposal and triple-rinsing pesticide
containers. Be carefully on chemical application and always clean-up spills.
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Water Well Reports and Hydrogeology
Introduction

Filling in the blanks doesn’t just satisfy some agency’s requirements. Good well reports
also provide hydrogeologists from the public and private sector with valuable information
regarding local ground water systems. By Dennis Nelson

HYDROGEOLOGISTS ARE OFTEN CALLED UPON TO evaluate an aspect of a ground water
system—for example, the direction of ground water flow, the potential impact of a given land use
on ground water, the potential impact of a well on another well or nearby stream, or the “capture
zone” for a given well. 3 ! !

In order to conduct such an evaluation, the
hydrogeologist must have actual or reasonable
estimates of the physical and hydraulic
properties of the geologic material through
which the ground water is moving. In some
cases, data may be available in the form of
geologic maps, aquifer tests, monitoring wells,
or written reports. In many cases, however, the
only information available is in the form of well
reports (well logs), filed by well constructors at
the time of drilling.

The importance of water well reports in
hydrogeological investigations cannot be
overstated. The information collected by well constructors during and after the drilling of a well is
often the only information available to the hydrogeologist. In many cases, it is our only “window”
into the aquifer. The purpose of this document is to describe the type of ground water information
needed to conduct typical hydrogeological assessments, and how the data collected by well
constructors is used to obtain this information.

Hydrogeologic Data

For hydrogeologists to make reliable assessments about the current and future status of ground
water, they need to know where ground water occurs in the subsurface, what the properties are
of the various geologic units below the surface, and how fast and in what direction ground water
is moving. Obtaining the data necessary for these studies can be time consuming and expensive.

Well reports, however, can provide information that can be used to determine if further data is
needed, and if so, what data and from where. In this document, important hydrogeologic
parameters that are used will be discussed first, followed by several general examples of how
they are used. Finally, how a typical well report can be used to acquire this data will be
described.

Depth to the Aquifer

It is necessary to identify which geologic unit is the aquifer; i.e., the porous and permeable rock or
sediment that contains ground water and the depth at which it occurs. It is often also important to
know the type of geologic materials that occur from the surface down to the top of the aquifer.

Nature of the Aquifer

The nature of the aquifer can be described as either unconfined or confined. An unconfined
aquifer has the water table as its upper surface; there are no significant low-permeability layers
between the water table and the surface; and the aquifer is recharged locally, (in the immediate
vicinity of the well). The top of the aquifer, the water table, can rise or fall depending on water use
and amount of recharge to the aquifer.
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A confined aquifer has a low-permeability geologic formation (a confining layer) as its upper
boundary; the ground water in the aquifer is under pressure; the aquifer is separated from the
surface by the confining layer and generally is recharged at some distance from the well, e.g., in
nearby or distant areas of higher topography.

7z

Groundwater Flow
Drechion

Hydraulic
Head Contoury

Figure 1.

Hydraulic Head (h)

The hydraulic head is a measure of the energy that the water at a certain depth possesses
because of its elevation and the pressure exerted through the weight of the water above it.
Hydraulic head has units of feet, and generally corresponds to the elevation of water in the well.

Hydraulic head is the driving force for ground water movement either in a horizontal or vertical
direction. Ground water moves from where the head is higher to where the head is lower. If we
have enough hydraulic head data for an aquifer over a given area, we can contour the head
elevation just like the ground elevation is contoured on a topographic map. Ground water will
move from high head areas to low head areas and will generally flow in a direction that crosses
the contours at a 90° angle (see Figure 1).

The change in hydraulic head (h1- h2) over the distance from point 1 to point 2 (D1,2) is the
gradient (l), calculated as
I =(h1-h2)/D1,2

In Figure 1, assuming points 1 and 2 represent individual wells, the gradient would be the
difference in head between well 1 (~102 feet) and well 2 (~68 feet) divided by the horizontal
(map) distance between the two wells.

Thickness of the Aquifer (b) and Water-Bearing Zones

To evaluate the amount of ground water moving through the aquifer or its ability to supply ground
water to wells, it is necessary to know the thickness of the aquifer. It is also important to be able
to identify whether the aquifer is uniform throughout its thickness or consists of one or more
discrete water-bearing zones.

Aquifer Porosity (n)

The volume of open space relative to the total volume of the aquifer (porosity) and the degree to
which these pore spaces are interconnected (effective porosity) controls the volume of water in
the aquifer and the amount of water that can be reasonably withdrawn from the aquifer. For a
given gradient, the effective porosity strongly influences the velocity in which the ground water is
moving.
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Permeability of the Aquifer (K)

The permeability, or hydraulic conductivity, of the aquifer is a measure of how fast ground water
can move through the aquifer. Hydraulic conductivity has units of distance/time, e.g., feet/day,
although it does not represent an actual speed.

Examples of the Use of Hydrogeological Parameters--Is the Aquifer

Unconfined or Confined?

As indicated previously, whether an aquifer is confined or unconfined has important implications
for its vulnerability to pollution. The most direct method of determining this characteristic is to
compare the hydraulic head to the elevation of the top of the aquifer. Unconfined aquifers have
the water table as their upper boundary. The water table is at atmospheric pressure and
therefore, when the aquifer is drilled into, the water level in the well remains at the same elevation
as the water table. Confined aquifers contain water that is under pressure.
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When the aquifer is drilled into, the water level in the well will rise to a higher elevation than that
of the top of the aquifer (remember that water seeks its own level).

Volume Rate of Ground Water Moving Through an Aquifer

If we wanted to know how much ground water was traveling through an aquifer, we can apply
Darcy’s law, which states that the rate (Q) is equal to the hydraulic conductivity (K), times the
cross-sectional area of the aquifer (A), times the hydraulic gradient (1):

Q (ft’/day) = K (ft/day) X A (ft?)
X | (ft/ft),

where | = (h1- h2)/d in Figure 2.

Consider a gravel quarry that intersects an aquifer through a thickness of 50 feet and a width of
500 feet. If the aquifer had a hydraulic conductivity of 50 feet/day with a gradient of a 1-foot drop
for every 1000 feet of horizontal distance (I = 0.001), what volume of ground water would have to
be pumped out of the quarry each day in order to keep it dry?

Q (ft3/day) = 50 ft/day X (50 feet X 500 feet) X 0.001 (ft/ft)

Q (ft3/day) = 1250 ft3/day or approximately 9300 gallons per day

It is common to combine the hydraulic conductivity and aquifer thickness to yield a number
referred to as the transmissivity (T = Kb), a parameter that is more directly related to the volume
of ground water flow. Using the transmissivity term, Darcy’s law becomes;

Q (ft’/day) = T (ft’/day) X w (ft) X | (ft/ft)

In What Direction Is Groundwater Flowing?

The direction of ground water flow is from higher to lower hydraulic head. Consequently, if we
have wells that produce from the same aquifer, we can estimate the direction of ground water
flow. The hydraulic head can be measured by lowering a probe through the observation port of a
number of wells, all within the same relative time period, i.e., within a few days of each other.

A minimum of three wells is required to estimate the direction of flow. We can also determine the
gradient from these wells. Three wells from the same aquifer have hydraulic heads (elevation of
the water table) of 207, 208, and 210 feet.

What is the direction ground water is flowing and what is the gradient?

We begin by drawing a line from the lowest (207 feet) to highest (210 feet) value of head. We
note that somewhere along that line, the elevation of 208 feet, the intermediate value, must fall. If
we assume that the water table has a constant slope, an elevation of 208 feet will occur one-third
of the way from 207 to 210 ([208-207]/[210-207]).

Once we have determined where the 208 feet elevation occurs along the line, we can draw a line
from that point to the well with the 208 feet hydraulic head. This line represents the 208 feet
contour on the water table. As mentioned before, ground water tends to flow directly across, i.e.,
perpendicular to, the contours from higher head to lower head.
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The arrow, then, represents the direction of flow. The gradient can be calculated by measuring
D, the distance along the perpendicular from the well, with the 210-foot head to the 208-foot
contour using the equation:

I=(h2-h1)/D =(210 - 208)/D
Note that the three-point solution works best on wells that are relatively close to one another.

How Fast Is Ground Water Moving?
The speed of ground water movement in the down gradient direction can be calculated using a
modified version of Darcy’s law:

V (ft/day) = KI

This equation assumes that ground water is moving across the entire area of the aquifer, but in
the real world, ground water does not flow that way. Ground water is moving only through the
pore spaces (actual openings in that area). As a result, we have to include the porosity (n) in this
equation: V = Kl/n

Using the gravel quarry example given before (K = 50 ft/day; | = 0.001; n = 0.25), the velocity of
ground water through the aquifer can be determined as follows:

V = (50 ft/day X 0.001)/0.25 = 0.2 foot/day

What Is the Drawdown Associated with Pumping of a Well?

Often we would like to know how the pumping of one well might affect the water level in another.
There is a relation between the pumping rate of the well, the transmissivity of the aquifer, the
distance between wells, the storage coefficient of the aquifer, and the duration of the pumping
event.

The storage coefficient of an aquifer is related to how much water is released from the aquifer as
the hydraulic head of the ground water drops. The storage coefficient is slightly less than porosity
for an unconfined aquifer (from 0.10 to 0.25) and is significantly less than porosity in a confined
aquifer (from 0.01 to 0.000001 or less).

For unconfined aquifers, using the porosity is a reasonable approximation in most cases. No
simple expression is available to determine drawdown as a function of distance for a given set of
conditions; however, there are a number of computer programs that can perform this calculation
with input of the previously mentioned parameters.

Using the Well Report

Although most of the proposed questions can best be addressed through more detailed
hydrogeologic investigations, we can often make reasonable estimates from available well reports
if they have been carefully filled out (see The Well Guy, “Lithology,” May 2002, Water Well
Journal). Well report forms vary from state to state, but most contain data that is relevant to a
hydrogeologic investigation. Using typical entries from a well report form, let's examine where we
can obtain the data we need.
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Well Location

For most hydrogeologic studies, the precise location of the well is very important. In many cases,
wells are located only to the nearest section or perhaps in a quarter-section. In the latter case, we
still only know the location to the nearest 40 acres. Over the last few years, well constructors
have been using tax lot information to locate wells. This is an improvement, but depending on lot
size, there still may be significant uncertainty.

We hope that more and more well constructors will take
advantage of low-cost global positioning system (GPS)
technology and begin reporting well location as latitude
and longitude. There are 24 satellites positioned above
the earth’s surface and at any given time off-the shelf
GPS units are capable of linking to three or more of these
and determining locations within 100 feet or less. Such
high precision locations greatly enhance our ability to use
the well report data to determine direction of ground
water flow, ground water gradients, variation of aquifer
properties throughout an area, and so on.

Well Tests

Most well reports require the well constructor to perform
some level of pump test to evaluate the capacity of the
well. If the well constructor has carefully monitored the rate of water production (Q) and
drawdown (s) associated with that production over the period of the test (t), the hydrogeologist
can often derive useful information regarding the permeability or hydraulic conductivity (K) of the
aquifer. The specific capacity (SC) of the aquifer at the well site is defined as the ratio of the
discharge of the well to the total drawdown:

SC = Q (gpm)/s (ft.)

The transmissivity of the aquifer can be estimated from the specific capacity through the following
relationship:

T (ft/day) = AC X SC (gpm/ft.)
Where AC is a number varying in value depending on the aquifer characteristics.

If the hydrogeologist can determine the aquifer thickness from elsewhere in the well report, the
hydraulic conductivity can be derived from this transmissivity value. It must be stressed that the
specific capacity data can in no way replace the time-drawdown information acquired from a well-
designed constant rate aquifer test. However, it does provide an approximation, and if enough
specific capacity data can be found for an area, reasonable estimates can be made.

For information on conducting aquifer tests, see www.ohd.hr.state.or.us/ and click on “How to
prepare for an aquifer test.” So what is a hydrogeologist looking for in specific capacity data?
Ideally, the SC test will have been accomplished using a pump over a period of at least four
hours. Why four hours? Let’'s consider a 50 gpm test of 25-foot-thick sand and gravel aquifer. If
this test lasts for only an hour, all the water will be derived from within 4.5 feet of the well. This
small volume will not be very representative of the aquifer in general. If the test is run over a
longer time period, a larger volume of aquifer can be “sampled” and the resulting hydraulic
conductivity estimate will be more representative of the aquifer.

Wellfield Wyatt Edition © 1/13/2011 TLC 128 (866) 557-1746 Fax (928) 468-0675



Depth to First Water-Bearing Zone

There seems to be two ways that well constructors interpret this parameter. Some report the
depth at which water is first encountered in the drill hole; while others report the depth where
enough water to supply the well is encountered. From the hydrogeologist perspective, the first
interpretation is preferred because it tells us where the top of the aquifer is.

It is common to find that an aquifer, i.e., a water-saturated geologic unit, varies in permeability in
the vertical sense. For example, consider a 50-foot-thick sand aquifer that occurs at a depth of 30
feet and contains silt in the top 5 feet. The entire 50 feet of aquifer is saturated; however, useful
quantities of water can be produced from only the lower 45 feet. First, recognizable water would
be encountered at 30 feet, while producible water would not be encountered until 35 feet.

From the hydrogeologist's view, the top of the aquifer is at 30 feet. Why is this so important? In
order to determine whether the aquifer is confined or is unconfined, we must compare the
elevation of the static water level to elevation of the top of the aquifer. In the case just given, the
static water level in a well in this aquifer would be at 30 feet. If we had mistakenly thought that the
top of the aquifer was at 35 feet, we may have considered it to be confined when actually it is
unconfined.

Static Water Level

The driving force for ground water movement is the hydraulic head, and the static water level
(SWL) is a measure of that force (head = ground elevation- SWL). If we want to determine the
ground water flow direction and the gradient, we may be able to gather that information from well
reports. Care must be taken in using SWLs from wells drilled at different times of the year or over
a period of years. Careful SWL measurements greatly enhance our understanding of the nature
of ground water movement.

Well report forms generally provide space for SWL reporting as a function of depth in a given
well. Multiple aquifers exist in most areas and these aquifers may be encountered as one drills
deeper into the ground. ldentifying where one aquifer ends and another begins is key to
identifying the source of ground water to individual wells. Although this often can be determined
by careful review of the lithologic log provided by the well constructor, the transition from one
aquifer to the next can be indicated by a marked change in the SWL.

A change in SWL is a better indicator that a different aquifer has been encountered than the
lithologic description. A progressive change in the static water level with depth can indicate to the
hydrogeologist that the area represents a recharge zone (decreasing head with depth) or a
discharge zone (increasing head with depth). Identification of recharge and discharge zones may
have important implications in ground water protection and identifying the relation between area
ground water and local streams.

Water-Bearing Zones

A well report that does not indicate where within the 200 feet of open hole the water is actually
coming from does not provide enough information to describe how water moves to the well. In
some cases, the screened or perforated portions of cased wells provide a clue, but all too often,
the screened interval is either significantly greater or less than the actual thickness of the water-
bearing zone(s). Arriving at accurate estimates of aquifer parameters or calculating ground water
velocity requires us to know the thickness of the water-bearing zone(s). On well reports, if well
constructors can identify the depth(s) where ground water is found and estimate the yield from
each zone, the hydrogeologist can increase his or her understanding of the ground water system
significantly.
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Lithologic Log

The well log portion of the well report describes what the driller encountered in the subsurface.
Clear descriptions of the material drilled through, e.g., the relative proportions of silt/clay in the
sand units, the locations of weak (fractured) zones in bedrock, whether a clay unit contains
lenses or layers of sand, etc., allow the hydrogeologist to better estimate the potential
permeability of these zones. This information also allows the hydrogeologist to better estimate the
recharge amount, vulnerability from contaminants from the surface, degree of hydraulic
connection to surface water, and so on. Of course, it is not necessary that well constructors be
trained geologists. But it is important that their observations, coupled with their experience on a
rig, be recorded. Once a hydrogeologist has examined a number of well reports from a given
driller, he or she can begin to attach geologic terms to the descriptions provided. Consistency in
reporting lithologic character and distribution with depth is very important.

Contributions of Well Constructors to Hydrogeology

This document stresses the importance of data that is recorded on well reports and how that data
influences hydrogeologic investigations. Filling in those blanks doesn'’t just satisfy some agency’s
requirements; it also provides hydrogeologists from the public and private sector valuable
information regarding local ground water systems. Well constructors can provide important
contributions to the science by making careful observations and measurements when recording
that data on the well report.

Dennis O. Nelson is a registered geologist and the ground water coordinator at the Drinking
Water Program, Oregon Department of Human Services (442 A Street, Springfield, OR 97477;
541-726-2587; fax 541-726-2596; donelson@oregonvos.net).

His current work focuses on the hydrogeologic identification of the source of ground water-based
public water systems (drinking water protection areas), determining the sensitivity of aquifers to
contamination, and assisting public water systems and communities in developing drinking water
protection plans.

Reprinted with permission of the Water Well Journal. Copyright 2003 by the National Ground
Water Association (www.ngwa.org). All rights reserved.

Intermittent
Spring Line Major
Aquifer Recharge Area Perennial

Discharge Area A EGER

Discharge
Area

Clay

Years Decades Centuries Millennia Saline Groundwater

Wellfield Wyatt Edition © 1/13/2011 TLC 130 (866) 557-1746 Fax (928) 468-0675



Up until 1940, mules were used as the horsepower to drill wells.

How Wells are Drilled

Man has been digging holes into the ground to obtain water for thousands of years. Early on,
these wells were dug by hand and sometimes using animals. This work could be dangerous and
slow requiring many years to complete. In these modern times, wells can be drilled much faster
and safer using numerous technologically advanced methods.

Some examples of today’s more common well drilling methods include rotary, auger, and cable
tool with many variations of each. Drilling fluids are often used during drilling in order to keep
the borehole open while drilling is done. Drilling fluids stabilize the hole and aid in the removal of
cuttings. Typical drilling fluids may be water, mud, air, chemical or natural additives, or
combinations of each.

Although each drilling technique may be utilized in different types of geology, each one is better
suited for particular types of material. For example, air rotary with downhole hammer is
particularly suited for hard rock drilling, while mud rotary is better suited for drilling in sediment.
No matter what type of rig or method is being used, a highly trained and skilled driller is required
to operate it successfully.
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Basic Rotary Drilling Methods

Rotary drilling utilizes a drilling rig with a rotating bit and circulating drilling fluid to penetrate
into the aquifer. It is the most common type of drilling method used today. Common variations of
this method include: direct and reverse mud rotary, direct air rotary, and drill through casing
driver methods.

The Rotary Drill String

Rotary drilling methods use a drill string, which typically consists of a bit, collar, drill pipe and a
kelly (if table driven). A kelly is a section of heavy walled pipe that can be hexagonal, square, or
rounded with grooves. The kelly is several feet longer than the drill pipe being used and fits into
the table drive much like the splines on an automobile’s drive shaft fit into a transmission.

The table drive turns the kelly and the rest of the drill string connected below as it slips down
through the table. Some rotary rigs use a top drive to turn the drill string and are like a drill press,
but larger. A top drive is free to move up and down the mast of the rig while rotating the drill
string. Drill pipe makes up a majority of the overall length of a drill string and is used in various
diameters and wall thicknesses for added strength. Drill pipe can be used in various lengths but
are typically 20-foot sections and may be connected to the drive unit with a sub.

A sub is a length of pipe used to connect pipes and/or act as shock absorber (floating sub)
between the drill pipes and drive unit. At the end of the drill pipe is the drill collar. The drill collar
or stabilizer is typically very heavy and is often gauged close to the diameter of the bit being
used. There are many types of drill collars that are often custom made by the driller by adding
metal ribs to heavy drill pipe. The drill collar aids in maintaining a consistent borehole diameter
and primarily helps to prevent borehole deviation.

At the end of the collar is the rotary bit. Several types of bits may be used, such as drag bits or
roller bits. Drag bits are typically used in unconsolidated to semi-consolidated sand, silt, and
clay-rich formations. Drag bits come in many shapes and sizes and cut with a shearing action
aided by the jetting of drilling fluids from nozzles or jets in the bit. Roller bits, such as the
common tri-cone bit, typically utilize interlocking teeth or buttons on individual rotating cones to
cut, crush, or chip through the formation.

Roller bits are also aided by the jetting of drilling fluids from nozzles or jets in the bit. These bits
can be used in consolidated formations and even hard rock applications if equipped with carbide
buttons. These types of bits are often referred to as roller button bits.

Often an initial borehole needs to be reamed or made larger. Reamers are bits that can be used
to enlarge, straighten, or clean an existing borehole. Occasionally, under reamers are used to
enlarge deeper sections of an existing borehole without requiring the enlargement of the entire
upper well bore.

Under reaming involves the projection of cutting blades beneath permanently installed casing in

loosely consolidated sediments. This can allow for the cost effective installation of well screen
and gravel pack within deeper loosely consolidated aquifers.
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Top, drill rigging mast. Below, drilling rods on carasell and rack, notice copper
pipe thread coating which prevents thread lock during high torque.
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Direct Rotary Method

Direct rotary drilling methods utilize a rotating bit at the end of a drilling string with drilling fluid
that is circulated from the rig through the drill pipe and jets in the bit. Down-force exerted by the
drilling rig and/or the weight of the drill string itself is used along with rotating action to force the
bit downwards, cutting through the sediment or rock. The drilling fluid that is pumped by the rig’s
mud pump and/or air compressor is jetted out of ports in the bit.

These ports are called jets. The drilling fluid carries cuttings up the annular space between the
drill pipe and formation and into mud pits or containment recirculating systems on the
surface. The drilling fluid pressurizes the borehole and helps to keep the hole open while
removing cuttings. If this pressure is lost due to washouts, voids, caverns, or any number of
other causes, circulation will not be maintained and drilling will likely have to be stopped.

Large drill rigs may utilize the cutting’s containment systems that separate the cuttings from the
drilling fluid before a pickup pump recirculates the drilling fluid back down the borehole, where the
process is then repeated.

Also, one or more temporary mud pits may be dug into the ground adjacent to the rig in order to
contain and settle out cuttings from the drilling fluid before recirculating.

Direct Mud Rotary Method

Direct Mud rotary drilling rigs use various types of mud or drilling fluid to drill into the ground.
Mud is circulated down the drill string and through the bit at the bottom of the borehole. The mud
then carries the cuttings generated by the bit up to the surface and into the mud recirculating
system.

Soil or formation samples may be collected from the recirculating system as drilling proceeds. A
vibrating screen or set of screens called a shaker may be used in part of the recirculating system
on larger rigs. It separates out cuttings from drilling fluid and provides an ideal sampling
location. The mud not only removes cuttings but also adheres to and pushes against the
borehole walls, minimizes fluid loss, and cools the bit.

The process of building up a film of mud on the borehole walls is important to mud rotary drilling
and is called mud caking. Sometimes specially trained personnel are needed to manage the
physical properties of the mud to ensure that a proper mud cake thickness is maintained and that
a proper density or weight of mud is used to efficiently drill the well. The mud engineer will often
use bentonite clay and water to make the mud drilling fluid. Sometimes chemical additives such
as drilling polymers or gels may be used.

Mud engineers play an important role in ensuring that
a mud rotary drilled well can be drilled to the proper
depths successfully and ultimately developed for use.
Sometimes the loss of mud drilling fluids to cavities in
the earth cannot be stopped with a mud cake alone,
however. In these instances, casing or grout may
be installed to permit drilling beyond such zones.

Mud Pump
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Reverse Mud Rotary Method

Reverse mud rotary drilling rigs utilize the same process as direct mud rotary with the exception
that the mud drilling fluid injection process is reversed. Reverse rotary methods pump the drilling
fluid down the borehole to the bit where the cuttings are forced up the drill string and into the
containment or recirculating system.

The reverse method is utilized in situations where borehole stability problems are particularly
difficult and would otherwise prevent conventional drilling of the well to the total target depth.

This method is particularly applicable to hard rock aquifers in zones where highly fractured or
weathered rock may prevent the efficient flow of drilling fluids up the borehole walls to the
surface. Also, fluid losses may be minimized with this method.

Samples are collected in the same way as mud rotary.

Air Rotary Method

Air rotary methods utilize compressed air and derived drill cuttings and groundwater as the
drilling fluid. Air is forced through the drill string and out the bit where it then mixes with and lifts
cuttings and any derived groundwater to the surface.

Once at the surface, the cuttings and groundwater are typically contained in subsurface pits,
much like the mud rotary method.

Soil or formation samples may be collected in a bucket or shovel placed beneath the table of the
rig as drilling proceeds, resulting in representative samples. The borehole is kept in a pressured
condition while drilling, in order to maintain the circulation of drilling fluid to the surface.

Biodegradable foam or surfactant (soap) is often added while drilling with air in order to maintain
sufficient hole pressurization so that cuttings may be lifted to the surface efficiently while
maintaining hole stability.

As in drilling with mud, if this pressure is lost due to washouts, voids, caverns, or any number of
causes, circulation cannot be maintained and drilling may not continue.

The air rotary method is particularly suitable to hard rock drilling with a down hole air hammer.
The air hammer utilizes compressed air to drive a piston up and down which makes the hammer
bit move up and down while the drill string rotates.

The combined rotating and hammering action generates great rock breaking force and is very
valuable for drilling through solid rock or consolidated formations. Conventional air rotary drilling
methods utilize roller bits in the same way as those used for mud rotary drilling.

In hard rock or consolidated formations, a roller button bit may be used when drilling pressures
are too high or borehole sizes are too large for the efficient operation of an air hammer.
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Several containment pits installed in series can help cuttings to settle out.
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Drill through Casing Driver Method

The drill through casing driver method drives casing into the borehole as the drill string advances.
A casing driver is a pneumatic device designed to push or pull casing that is typically attached to
a top head drive air rotary rig. Heavy gauge steel casing is used with a cutting shoe installed on
the down hole side.

The cutting shoe is a specially designed hardened steel ring that is installed on the casing end. It
helps the casing cut its way through the formation as it is forced downward by the casing driver.
The drill string is inserted into the casing and the casing is attached to the casing driver. As the
drill string penetrates into the overburden or formation, the casing driver hammers the casing
down, following the drill string.

The drill string may employ a hammer or roller bit. The driller pays close attention to the distance
between the cutting shoe and the bit and adjusts as is necessary. Cuttings rise to the surface
with the injected air through the casing and exit through the casing driver.

The cuttings are then collected near the rig. As the borehole is drilled, the casing advances and
isolates the material being drilled from the remaining borehole. As a result, very accurate soil or
cuttings samples may be collected as drilling proceeds with this method.

The addition of casing and drill string can continue until competent formation is encountered.
Once the well has been drilled to competent formation, conventional drilling methods may be
utilized to continue. The casing driver method is often used to install temporary casing in order to
permit the installation of a well in unstable aquifers.

In this instance, the casing driver may be used as a puller to remove the temporary casing
following well construction. This method is most useful when accurate formation or soil samples
are needed and when drilling in troublesome unconsolidated overburden or formations with
numerous cobbles or boulders.

Cutting Shoe

The Cutting Shoe is welded to the bottom of casing before installation.

Wellfield Wyatt Edition © 1/13/2011 TLC 141 (866) 557-1746 Fax (928) 468-0675



A Casing Driver attached to a top drive air rig.
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Auger Boring Methods

Auger boring methods make use of a rotating blade or spiral flange, which may be attached to a
pilot bit and cutter head. Down-force applied by the rig along with the rotating action of the
blade and cutting action of the pilot and/or cutter bits facilitates the boring process.

Soil samples may be collected as cuttings rise or are brought to the surface, or they may be
collected with split spoon type samplers.

Augers are capable of boring large diameter holes in excess of four feet in diameter. They are
typically used in shallow applications (less than 200 feet) and where stable silt and clay soils or
soft materials are dominant.

These boring methods are commonly used to construct large diameter boreholes for the
construction of surface seals around wells through thin and stable overburden sediments which
overlie the aquifer below. One of the methods is commonly used in environmental applications
for the collection of soil samples. There are three primary types of auger boring methods: solid
stem, bucket, and hollow stem.

Typical Auger Rig

Wellfield Wyatt Edition © 1/13/2011 TLC 143 (866) 557-1746 Fax (928) 468-0675



Solid Stem Auger Method

The solid stem auger boring method uses a spiral flanged drill pipe driven by either a kelly or
rotary drive head, like those used on rotary rigs. The drill pipe may be continuously flanged or
just the initial section is flanged. Flanged sections of drill pipe are referred to as flighting. The
lower portion of flighting, having the cutter bit attached, makes the initial cuts into the formation,
providing the path for the remaining flighting to follow. Larger diameter augers typically employ a
single flight and can be used in stable formations to depths of approximately 60 feet. Deeper
borings are typically installed with continuous flighting and only in stable formations.
Occasionally, the lower flight is removed from the borehole so that cuttings, which accumulate at
the bottom of the borehole, may be removed and/or sampled. When boring with continuous
flighting, cuttings are brought to the surface by the spiral action of the flighting. Samples may be
collected from these cuttings or the flighting may be brought to the surface and samples collected
from the cutting head. This method is not suited for applications below the water table and may
provide limited soil sample data. However, it may be used to aid in quickly constructing the larger
diameter upper sections for larger wells.

Auger Flighting: N e e e . -
Cutting Head — 4 )
Bucket Auger Method

The bucket auger method essentially combines the rotary and auger techniques. The bucket
auger method employs a single, typically large in diameter, bucket auger to drill or bore into the
ground. The bucket auger is a cylinder constructed with auger like blades at its bottom edge.
These blades may be armored with various forms of cutting teeth or blades to provide strength
and “bite”. The bucket auger is rotated via a kelly and table drive much like those of rotary rigs.
However, bucket auger rigs utilize a telescoping kelly. A telescoping kelly consists of two or
more sections of square piping that telescope into each other. This type of kelly allows the rig to
drill to depths of 40 feet or more without requiring the addition and removal of drill pipe. When the
bucket is filled with cuttings it is closed and brought to the surface where it is swung out to the
side of the rig by a specially designed swing arm or dumping arm. At this point the bucket is
opened and cuttings are dumped. Soil samples may then be collected and can be considered
representative of the section bored. Bucket auger methods typically cannot be used in material
containing cobbles and boulders, but is used most often in more stable semi consolidated silty
or clay rich deposits. Large diameter wells up to 4 feet in diameter may be constructed with the
bucket auger method, with smaller diameters approaching 200 feet in depth. Occasionally,
drilling fluids such as bentonite mud may be used in order to maintain borehole stability when
drilling in questionable materials.

Bucket Auger Rig (notice swing arm)
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Hollow Stem Auger Method

The hollow stem auger method has been used in the geotechnical field for many years for its
usefulness in obtaining soil samples. Continuous hollow stem flights are used with a pilot and
cutter head.

The lowermost flight contains a plug that is connected to drill pipe that passes through the center
of the flights and is ultimately connected to a top drive. The plug prevents soil from entering the
auger and is connected to the pilot bit that helps to guide the auger downward during boring.

When the plug is removed, accurate soil samples may be obtained while the flighting remains to
keep the borehole open. Samples are typically collected with a split spoon sampler or core
barrel sampler driven into the soil a few feet ahead of the flighting.

The use of larger diameter continuous flights can also permit the installation of well screen and
filter media in otherwise relatively unstable formations by its acting as temporary casing. Wells
constructed with this method are normally less than 200 feet deep. This method is also limited to
relatively soft ground applications with few boulders or cobbles.
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What is a significant deficiency?

Significant deficiencies cause, or have the potential to cause, the introduction of contamination
into water delivered to customers. This could include defects in design, operation, or maintenance
of the source, treatment or distribution systems. They could also be represented by the failure or
malfunction of those systems. The rule requires each state to define and describe at least one
type of specific significant deficiency for each of the eight sanitary survey elements.

An example of a source-related significant deficiency could be a well located near a source of
fecal contamination (e.g., failing septic systems or a leaking sewer line) or in a flood zone. EPA
will develop guidance to help states carry out sanitary surveys and identify significant deficiencies
that could affect the quality of drinking water.
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Cable Tool or Percussion Method

The cable tool or percussion method is one of the oldest and most reliable forms of well drilling
still used today. This method is adaptable to virtually every kind of drilling environment. As a
result, numerous variations in both rig types and methods have evolved over its history.
However, it is often used as a method of last resort when time is an issue, due to its typically slow
process. Still, the cable tool method can surely succeed where any of the other methods fail.

Cable tool or percussion drilling methods utilize a system of cables and reels to lift and drop a
very heavy drilling string as downward progress is made. The weight and force of the bits’ impact
breaks up the ground and permits a typically slow, but steady, downward movement. Water is
used as the primary drilling fluid. As drilling proceeds, cuttings and water mix, forming slurry.
This slurry is allowed to pass back and forth through a watercourse or opening within the drill
string.

The drill sting is occasionally removed from the borehole through the use of a specially designed
bailer. A bailer is a section of pipe constructed with a check valve located at the bottom of the
pipe. As the bailer is lowered, it fills with the drilling fluid and cuttings.

When the bailer is raised up, the valve at the bottom of the pipe closes, trapping the slurry inside.
The slurry can then be lifted to the surface and the contents dumped into a containment system,
where samples may then be collected.

The cable tool drill string is comprised of a cable, swivel socket, drilling jars, drill stem, and
drill bit. The primary cable is used to lift and drop the drill string, while the swivel socket provides
a rotating mechanism.

The rotation allowed by the swivel socket ensures that fresh cuts are made with each strike of the
bit. The drilling jars are used only for additional upward shock to remove the bit, should it
become stuck in the borehole.

The drill stem provides the majority of the weight of the drill string and also helps to maintain a
straight borehole. It serves the same purpose as the drill collar used in rotary methods. Cable
tool bits are normally a wedge shape, although numerous variations may be used for different
formations, including carbide button and armored bits for consolidated formations.

The borehole may remain open or casing may be advanced while drilling, in order to keep the
borehole open in unstable formations. Casing is advance by either pushing it hydraulically, like a
large press, or by driving it down with the drill string or a drive block.

The drive block is a heavy collar type device that attaches over the drill pipe and is lifted up and
allowed to fall, striking the casing and forcing it down. An accessory reel called a cathead is
used to lift and drop the drive block with a heavy rope.

Also, a drive clamp may be attached to the top of the drill stem and serves as a striking surface.
A cutting shoe is attached to the bottom edge of the casing to add strength and provide cutting
ability.  Drilling, casing advancement, and bailing alternate as the borehole gets progressively
deeper. If the casing becomes too difficult to advance further and the required drill depth has yet
to be achieved, a smaller borehole and casing may be used inside of the outer casing in order to
continue. This is called telescoping.
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Selecting an Appropriate Well Site

Before a well can be drilled a permit is normally required. The permit helps to ensure that an
appropriate location of the well is selected which reduces the possibility of contamination. The
ideal well location has good drainage and is higher than the surrounding ground surface.

All possible sources of contamination should be at a lower elevation than the well, and the
distances to those contamination sources must be in accordance with the State or Local Water
Well Construction Codes.

Surface drainages should not allow surface water to accumulate within a 15-foot radius of the
well. A well must also never be located closer than 20 feet to sewers, 100 feet to septic tanks, or
100 feet to sewage seepage fields. (The “code” refers to the requirements of the well permit
process enforced by the State or Local regulating agency.)

Well Construction

Following the drilling of a well, it must be constructed to meet strict standards set by the
governing agency. Each State has well construction design criteria for water supply wells.
Before a well is drilled, a well drilling permit is normally required to be in hand. The purpose of
the well drilling permit is to ensure that a qualified driller is being used to drill and complete the
well to a standard set by the governing agency.

The drilling permit also ensures that the regulating agency is aware of the location and
proposed use of wells and that they are not constructed within close proximity to any activities
that may put the water supply at risk, such as a septic tanks or chemical storage areas.

A permit application fee is normally charged. The permit will normally require information about

the proposed well’s location, depth, diameter, anticipated production rate, sanitary seal, and
proposed construction at a minimum.
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Permitting requirements and well construction standards can vary by state and location.
As such, well construction specifications presented in this document are general in nature
and should not be considered legal in your state.

One should become familiar with his state’s particular regulations regarding well drilling
and construction.

WELL PROTECTION
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Common Well Construction Specifications

Water wells should always be located and constructed in such a manner that they yield safe
water at all times and under all conditions. Contamination of a water supply typically occurs when
leachate from sewage systems or surface waters enter a well. Surface water may enter the well
through an opening in the top or by seeping through the shallow borehole walls.

Tests have shown that bacterial contamination is usually eliminated after filtering through 10 feet
of normal soil. Therefore, construction of the well must ensure that the top and uppermost 20 feet
of the well bore are sealed and watertight. This is the primary reason why surface casing and
surface seals are so important.

All wells must be constructed with a surface seal to prevent the infiltration of surface water
and/or surface contaminants into the well bore and aquifer. This seal is installed in the upper
portions of the well bore between the annulus and surface casing and will normally extend to
the ground surface around the well.

The seal is constructed by pouring or pumping neat cement grout and/or bentonite between the
surface casing and the well bore. The installation of the cement or grout between the annulus
and surface casing effectively seals off the upper borehole from the surface.

The surface casing used is a solid piece of permanently installed casing, usually steel, that
should be of sufficient size to allow the completion of the well within it. In addition to the surface
seal, a well seal or cap is always installed with the pumping equipment to ensure no surface
water or debris enters the well.

When the well is drilled into the aquifer, the depths of water (productive intervals) and
estimated well yield are normally logged by the driller or geologist. Sometimes the aquifer’s
productive intervals may not be known, due to drilling method limitations or a lack of regional
hydrogeological data.

In these instances, specialized borehole geophysical logging equipment may be used to
isolate the areas of optimum production capability and aid in determining the ultimate well design.
In addition, preliminary pumping tests are normally conducted to ensure the well is as productive
as originally estimated and to obtain preliminary aquifer parameters.

Following the installation of the well's surface seal, the well is then reamed (if necessary) to
accept additional blank casing, well screen, and filter or gravel pack. Once the well has been
reamed large enough in diameter for the anticipated flow rate, the appropriate casing can be
installed.

The well casing ensures that the borehole remains open and that debris from the formation(s)
does not enter the well, thereby protecting the pump equipment and the well itself. Blank casing
is normally installed to the depth of the main producing zone.

At this point, well screen is used and may extend to the total depth of the well or may be used
intermittently to total depth with blank casing used through unstable or non-productive areas.
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A groundwater production crew, an Electrician, Distribution Foreman, and a
Hydrogeologist work closely to deliver groundwater to the public.
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Choice of Casing

The choice of casing is as important as its placement. There are numerous types of casing
designed for specific applications. The type of well casing needed is related to the type of
aquifer, well depth, water quality, well use, and regulatory requirements. Stainless steel casing
and screen may be required for one situation, while PVC or low carbon steel may be acceptable
in another. As such, please check with your regulating agency and well driller to ensure the
installation of the appropriate type of casing for your application.

As with casing, the choice of well screen is as important as its placement. The size of the
openings in the casing (screen slot or perforated opening size) are dependent on the grain size of
the filter or gravel pack used. The same applies to applications where a well is naturally
developed or naturally packed (no filter pack is used). As a rule, course grained sediment or
fractured hard rock aquifers may be naturally developed, while fine-grained sediment aquifers
typically require a filter pack. The selection of screen slot size is normally made based on
samples collected from the aquifer during drilling and consideration of the filter or gravel pack
grain-size. A sieve analyses is often conducted in order to select the optimum size of slot for the
application. During a sieve analyses for well screen, determination samples are screened
through various sizes of sieves. The sieve size that retains 40% of total aquifer sample is
normally used to select the well screen and associated filter pack material.

The sieve analyses results will indicate in decimal inches what size slot may be used.

For Example: A sieve analyses indicates that a 40% share of a sample from an aquifer is
retained in a .050 sieve. This suggests that the well screen slot size should be .050 inches wide
and that a filter pack of .050 or larger may be used within that portion of the aquifer.

However, unless the entire aquifer is uniform in composition, it is always possible that the ideal
slot size for one interval may not be
ideal in another. This is why the
collection of samples during drilling is so
important. It is not unusual to have a
single well-constructed with several
different slot sizes over variable
intervals. It is still possible though to
identify a single slot size that may be
effective throughout the screened
interval by varying the filter pack size
and adjusting the slot size to the
smallest observed 40% retention sieve
analyses result. Not only are there
numerous types of casing and slot
sizes, but there are also many different
types of well screen. A few of the more
common types of well screen are: wire wrapped, continuous screen, slotted, louvered, and
perforated screens.

All except wire wrapped are available in various types of metal or PVC composition. Again, the
appropriate selection depends on local regulations, use, type of aquifer, depth, water quality,
location and possibly much more. Therefore, please refer to your driller and regulatory agency
for the proper selection or recommended well screen. As a rule, wire wrapped screen or
continuous screen is normally used in municipal applications where a high yield is obtained from
unconsolidated to semi-consolidated formations.
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Slotted and perforated screens are stronger and less expensive than wire wrapped screens and
are best suited to deep applications, where borehole stability is a concern, and in domestic
applications. Louvered screen is used in high yield production wells but particularly in filter
packed wells and may help where cascading water is a problem.

Louvers

The louvers deflect groundwater above pumping levels back into the annulus or filter pack so that
air entrainment and corrosion within the well are minimized.  Air entrainment occurs when
cascading water drops into the pumping water level creating turbulence and making bubbles.
These bubbles may get drawn into a vortex created by the pump and then included in the water
pumped from the well.

Once the casing and screen specifications are determined, they may be installed into the well.
Due to weight, casing is often installed with a drill rig. If a well is telescoped, the driller will install
the largest diameter portions first. Gravel or filter packs can then be installed. A bentonite or
cement plug is often installed in the bottom of the borehole before the filter pack is installed,
effectively sealing the bottom of the casing and borehole. If certain intervals of the well need to
be isolated from others, inflatable packers and bentonite or cement grout may be used. The
inflatable packer is used to seal off a portion of the annulus to prevent the mixing of the seal
material and the filter pack.

These types of seals are commonly used for wells constructed within confined aquifers so that
they may be isolated to prevent cross connection with other aquifers or formations. Well
centralizers are normally installed on the screen and casing before installation. The centralizers
are a type of banding or metal offset that, when installed, ensures the casing and screen do not
rest up against the borehole walls.

The centralizers will minimize the potential of bridging during the installation of filter media and
grout. When complete, the well casing is capped and normally must terminate at least 12 inches
above ground level. Once the well construction is completed it may be developed.
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Large Bullnose Bailer
Fills from the bottom up great for removing water from the casing.
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Well Brushing
A homemade well casing cleaning brush, great for cleaning and redeveloping the well.
This is a 12 inch casing.
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Specialized Well Construction Information
(Please check with your regulating agency and well driller to ensure your well is properly
constructed)

Fractured Formations

Wells obtaining water from fractured formations such as limestone or granite are susceptible to
contamination. Contaminated water can move rapidly through these types of formations.
Therefore, proper well location and construction are very important when drilling wells in these
types of formations. When the overburden overlying the upper bedrock formation is less than 30
feet thick, the well casing should extend to a depth of at least 40 feet below ground level.

The annular space between the well bore and the casing should also be pressure grouted.
Where the well is drilled to obtain water from a formation located below a fractured formation, the
casing should extend at least through the fractured formation and be seated in firm rock or clay.
Where the overburden overlying the upper bedrock formation is greater than 30 feet thick, the
casing should be fitted with a drive shoe and driven to a firm seat in the bedrock. The annular
space around the casing can then be sealed with Bentonite grout or neat cement grout.

Auger Drilled Wells

As opposed to smaller diameter drilled wells, auger wells are generally constructed at locations
where aquifers (water bearing geologic formations) are both shallow and low yielding. An aquifer
that yields only 1 gallon per minute will provide 1,440 gallons per day. Auger wells range in depth
from 30 to 100 feet.

To compensate for low-yielding aquifers, large diameter auger wells serve as storage reservoirs
to provide water during periods of high demand. An auger well with a diameter of 3 feet, a total
depth of 50 feet and a water depth of 30 feet, contains approximately 1,600 gallons of water.

There are two recommended methods for the construction of auger wells.

1) Auger (bored) Well with Buried Slab Construction

Auger wells are usually constructed utilizing the buried slab method. With this method, the upper
well casing shall extend to a depth of 10 feet or more below ground surface and be firmly
imbedded in a uniformly tapered hole that is formed when the reinforced concrete buried slab is
manufactured, or shall be connected to a pipe cast in the concrete slab. The upper well casing
should be at least 4 inches in diameter and extend from the concrete slab to at least 8 inches
above the finished ground surface.

A bentonite seal that is a minimum of 12 inches in thickness shall be installed over the buried slab
the entire diameter of the borehole. The earth fill on top of the buried slab and around the upper
well casing should be well compacted and mounded to drain away from the well.

Sand or gravel cannot be used as fill on top of the buried slab. The lower concrete casing is
normally constructed using pre-cast concrete sections ranging in diameter from 2 to 3 feet. The
diameter of the well bore hole below the buried slab must be at least 4 inches greater than the
outer diameter of the well casing, and the annular space (opening between concrete casing and
well bore) must be filled with pea gravel to the well bottom.

The discharge pipe exits the well below grade through an approved pitless well adapter. A pitless
well adapter is a mechanical device attached to the well casing pipe, usually below frost level,
that permits water to pass through the wall of the casing and provides protection to the well and
water from contamination. An approved vented well cap or seal should be properly installed on
top of the well casing. As an alternative, the discharge pipe can exit at the top of the well casing
through an approved well seal. If the pump is located away from the well, the buried pipe leading
to the pump from the well must be encased in a pressure discharge line at system pressure.
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Wellfield Wyatt Edition © 1/13/2011 TLC 158 (866) 557-1746 Fax (928) 468-0675



Auger (bored) Well with Concrete Collar

For auger wells not finished with a buried slab, the concrete casing also ranges in diameter from
2 to 3 feet. The annular space between the excavation and the installed casing should be grouted
with concrete that is at least 6 inches thick and poured without construction joints from a minimum
of 10-20 feet below ground level to the ground surface. The diameter of the well bore hole below
the grouting must be at least 4 inches greater than the outside diameter of the well casing and the
annular space should be filled with pea gravel to the well bottom.

The casing should extend at least 8-12 inches above the finished ground surface. The cover slab
must be at least 4 inches thick, without joints, adequately reinforced and with a diameter sufficient
to extend to the outer edge of the casing.

Adequate sized pipe sleeve(s) should be cast in place in the slab to accommodate the type of
pump or pump piping proposed for the well.

A watertight joint must be made where the slab rests on the well casing. If a manhole is installed,
it should consist of a curb cast in the slab and extend 4 inches above the slab. A watertight cover
must be provided over the manhole and should overhang the curb at least 2 inches. The
discharge pipe must exit the well in a watertight manner at the top of the well casing through an
approved well seal.
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Why is EPA taking a risk-based approach to protect drinking water provided by ground
water systems?

An evaluation of data on outbreaks and the occurrence of waterborne viral and bacterial
pathogens and indicators of fecal contamination in ground water supplying public water system
(PWS) wells indicate that there is a subset of ground water systems (GWS) that are susceptible
to fecal contamination. Therefore, in 1996, Congress amended the Safe Drinking Water Act
(SDWA) to require that EPA take a targeted risk-based approach to require GWSs that are
identified as being at the greatest risk of contamination to take action to protect public health.
Previously, the 1986 Amendments to the SDWA had included a provision that would have
required all PWSs using ground water to disinfect. This would have posed a great implementation
challenge for approximately 147,000 GWSs and states.

What types of pathogens can be found in water provided by ground water systems?
Ground water that is susceptible to fecal contamination may contain harmful viruses or bacteria.
Viral pathogens found in GWSs may include enteric viruses such as Echovirus, Hepatitis A and
E, Rotavirus and Noroviruses (i.e., Norwalk-like viruses) and enteric bacterial pathogens such as
Escherichia coli (including E. coli 0O157:H7), Salmonella species, Shigella species, and Vibrio
cholerae. Ingestion of these pathogens can cause gastroenteritis or, in certain rare cases, serious
illnesses such as meningitis, hepatitis, or myocarditis. Health implications in sensitive
subpopulations may be severe (e.g., hemolytic uremic syndrome) and may cause death.

What causes contamination of ground water?

Viral and bacterial pathogens are present in human and animal feces, which can, in turn,
contaminate drinking water. Fecal contamination can reach ground water sources, including
drinking water wells, from failed septic systems, leaking sewer lines, and by passing through the
soil and large cracks in the ground. Fecal contamination from the surface may also get into a
drinking water well along its casing or through cracks if the well is not properly constructed,
protected, or maintained.

Does this rule address private wells? If not, how does EPA help protect them?

This rule does not address private wells because they are not under the jurisdiction of the Safe
Drinking Water Act and are therefore not subject to EPA regulation. EPA has provided outreach
material to states and homeowners to help them understand how to manage individual wells.
EPA recommends that well owners periodically test their water for microbial and chemical
contaminants and properly maintain their well. Information is available on EPA's Private Wells
Web site.

What are the basic requirements of the rule?
The risk-targeting strategy incorporated into the rule provides for:

e regular sanitary surveys of public water systems to look for significant deficiencies in key
operational areas;

o triggered source water monitoring when a system that does not sufficiently disinfect
drinking water identifies a positive sample during its Total Coliform Rule monitoring and
assessment monitoring (at the option of the state) targeted at high-risk systems;

o implementation of corrective actions by ground water systems with a significant
deficiency or evidence of source water fecal contamination to reduce the risk of
contamination; and,

e compliance monitoring for systems that are sufficiently disinfecting drinking water to
ensure that the treatment is effective at removing pathogens.
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Well Development Section

Once well construction is complete, the well is developed. The purpose of well development is to
purge the well and bore of all drilling mud and or fluid, fine grained sediment, and loose aquifer
matter.

The well development process also helps to settle the gravel or filter pack and/or rearrange
particles within the well and nearby aquifer to allow for the most efficient operation of the well.
Not surprisingly, the drilling procedure often damages the aquifer around the well.

Well development can significantly improve a well’s performance by essentially repairing as much
of this damage as possible by improving the transition from the aquifer to the well. The screened
and productive portions of the well can be subjected to various development techniques.

All methods of well development essentially involve the flushing of water back and forth between
the well and aquifer.

If you think of the aquifer as one great big natural media filter, the development process to a well
is much the same as the backwashing process for a water treatment system. So what about hard
rock wells? Wells constructed in hard rock aquifers are not composed of unconsolidated
sediments. Still, they can and should be developed because fine cuttings, drilling mud, and clay
within the fractures and pore spaces near the well can obstruct flow from otherwise productive
zones.

Well development procedures can remove such sediments from hard rock wells also. Several
common methods of well development include, surge-block, jetting, airlift, and pump surging.
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Well Surging or Backwashing

Pump surging (sometimes called Rawhiding) involves the repeated pumping and resting of the
well for well development purposes. A column of water that is withdrawn through a pump is
allowed to surge back into the well by turning the pump on and off repeatedly. However,
sufficient time for the pump motor to stop reverse rotation must be allowed, such that pump
damage can be avoided. Occasionally, water is pumped to waste until it is clear of sediment
before again shutting the pump off. This is done to permanently remove the sediments that are
being developed by the backwashing action. The process continues until sufficient quantities of
water produced are consistently clean.

Surge-blocks, swabs, or plungers are disc shaped devices made to fit tightly within the well.
Their edges are usually fitted with rubber or leather rings to make a tight seal against the well
casing. Pipe sections are then attached to the surge-block to lower it into the well, above the well
screen, and about 15 feet below the water level. The assembly is then repeatedly lifted up and
down. The up and down action of the surge-block creates suction, and compression strokes that
force water in and out of the well through the screened interval, gravel pack, and aquifer. It works
like a plunger in the way that it removes small obstructions and sediments from the well. The
surge-block is slowly lowered each time resistance begins to decrease.

Once the top of the screen is reached, the assembly may be removed and accumulated sediment
either bailed or airlifted out of the well. Surging within known problem areas of the screened
interval may be conducted also. The cycle of swabbing and removing sediment should be
continued until resistance to the action of the swab or block is significantly lower than at the start
of development. The development is complete when the amount of sediment removed is both
significantly and consistently less than when surging began.

Airlifting (or Air surging) involves the introduction of large short blasts of air within the well that
lifts the column of water to the surface and then drop it back down again. Continuous airlifting or
air pumping from the bottom of the well is then used occasionally to lift sediments out of the well.
Airlift development is most often used following initial pump surging, and is employed to confirm
that the well is productive, since the injection of air into a plugged well may result in casing or
screen failure.

Air lifting development is most often done with a rotary drilling rig through the drill string.
Sometimes special air diffusers or jets are used to direct the bursts of air into preferred directions
(see jetting). Piping is inserted into the well and intermittent blasts of air are introduced as the
piping is slowly lowered into the well. Sometimes surfactant or drill foam is added to aid in the
efficiency of sediment removal and cleaning of the well. Air surging development is much the
same as drilling the well with air rotary; only the well has already been constructed. Specialized
air development units are available independent of a drilling rig, which may be used as well. The
great thing about air rotary drilled wells is that they are essentially developed while drilling,
particularly in hard rock formations, when greater than 100 gallons per minute is being lifted to the
surface. The development of a filter pack (if used) in such wells is still recommended.

Jetting is a type of well development technique in which water and/or air is jetfed or sprayed
horizontally into the well screen. This method is especially suited for application in stratified and
unconsolidated formations. The water or air is forced through nozzles in a specially designed
jetting tool (or simply drilled pipe and fittings) at high velocities. Normally, air lifting or pumping is
used in conjunction with jetting methods in order to minimize potential damage to the well bore.
Jetting with water alone can be so powerful that the sediment, which is supposed to be removed,
can be forced into the formation causing clogging problems.

This is why pumping or airlifing while jetting with water is so important. Jetting is normally
conducted from the bottom of the well screen upwards.
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Rotary Rig

A rotary rig is often used to provide the fluid or air with sustained pressure while the tool is slowly
raised up through the screen. As jetting proceeds, sediment is occasionally removed from the
bottom of the well bore thru the use of a bailer or airlifting. Several passes should be made over
the length of screen until sediment generation drops off.  Air is normally used for jetting in
shallow aquifers (less than 300 feet of submergence) due to limited supply pressures. Jetting in
PVC constructed wells is not recommended since the high velocities of fluid and sediment can
erode and possibly cut through the plastic well screen. In addition, wells constructed with
louvered or slotted screen limit the effectiveness of jetting. In these types of wells, surging may
be more effective.
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In the best of situations a combination of methods can be used to ensure the
efficient development and operation of a well.
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Selecting an Optimum Pumping Rate

Before a well can be completed with the necessary pumping equipment, it should be tested for
capacity and proper operation. When the well was drilled, the driller and geologist kept close
watch of the amount of water production that had been obtained. The development techniques
used can also be useful in estimating a wells production rate. However, the driller will normally
know what to expect based on his experience, and the geologist or hydrologist will also obtain
information on other nearby wells to bracket the expected production rate. If the well was drilled
with air rotary, the airlift at the time of drilling also can serve as a baseline to estimate the well’s
production rate. Either way, the well is normally pump tested following well development.

A pumping test is normally conducted for at least eight hours in order to estimate a well’s
maximum production rate. Ideally, a twenty-four hour step test is conducted. A step test is a
variable rate pumping test, typically conducted for 24 hours at up to six different pumping rates.
Typically, the well will be pumped at the lower estimated maximum pumping rate for the first four
hours.

The pumping rate is then adjusted upwards in equal amounts every four hours until 24 hours of
pumping have been completed. The personnel conducting the test keep track of the water levels
in the well to ensure that the steps are not too large and not too small.

In the end, the optimum pumping rate is selected following a careful review and comparison of
the water level data for each rate. The well's specific capacity (Sc) is then determined. Specific
capacity is the gallons per minute the well can produce per foot of drawdown. Specific capacities
for each of the pumping steps are compared. The highest Sc observed is normally associated
with the optimum pumping rate. That rate should also have resulted in stabilized pumping levels
or drawdown.

Well pumping test being conducted in photograph above. (Notice the portable
electric generator for powering the pump. The Hydrogeologist is using a depth
probe to measure the drop in the static water level.)
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Pump Selection

A drill rig in the snow.
Basically, a well is a hole drilled into an aquifer. A pipe and a pump are used to pull
water out of the ground, and a screen filters out unwanted particles that could clog the
pipe. Wells come in different shapes and sizes, depending on the type of material the
well is drilled into and how much water is being pumped out.

Three Basic Types of Wells

o Bored or shallow wells are usually bored into an unconfined water
source, generally found at depths of 100 feet or less.

o Consolidated or rock wells are drilled into a formation consisting entirely
of a natural rock formation that contains no soil and does not collapse.
Their average depth is about 250 feet.

¢ Unconsolidated or sand wells are drilled into a formation consisting of
soil, sand, gravel, or clay material that collapses upon itself.
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Selection of Pumping Equipment

The proper selection of pumping equipment for a well is of great importance. The
primary factors that must be considered before selecting the well pump are: flow rate,
line pressure, pumping lift (total dynamic head), power requirements (and limitations),
and size of piping. Each of these components must be considered together when
selecting well pumps.

Pumping Lift and Total Dynamic or Discharge Head

The most important components in selecting the correct pump for your application are:
total pumping lift and total dynamic or discharge head. Total dynamic head refers to the
total equivalent feet of lift that the pump must overcome in order to deliver water to its
destination, including frictional losses in the delivery system.

Basic Pump Operating Characteristics

"Head" is a term commonly used with pumps. Head refers to the height of a vertical
column of water. Pressure and head are interchangeable concepts in irrigation, because
a column of water 2.31 feet high is equivalent to 1 pound per square inch (PSI) of
pressure. The total head of a pump is composed of several types of head that help
define the pump's operating characteristics.

Total Dynamic Head
The total dynamic head of a pump is the sum of the total static head, the pressure head,
the friction head, and the velocity head.

The Total Dynamic Head (TDH) is the sum of the total static head, the total friction
head and the pressure head.

Total Static Head

The total static head is the total vertical distance the pump must lift the water. When
pumping from a well, it would be the distance from the pumping water level in the well to
the ground surface plus the vertical distance the water is lifted from the ground surface
to the discharge point. When pumping from an open water surface, it would be the total
vertical distance from the water surface to the discharge point.

Pressure Head

The pressure head at any point where a pressure gauge is located can be converted
from pounds per square inch (PSI) to feet of head by multiplying by 2.31. For example,
20 PSl is equal to 20 times 2.31 or 46.2 feet of head. Most city water systems operate at
50 to 60 PSI, which, as illustrated in Table 1, explains why the centers of most city water
towers are about 130 feet above the ground.

Table 1. Pounds per square inch (PSI) and equivalent head in feet of water.

PSI Head (feet)
0 0
5 11.5
10 23.1
15 34.6
20 46.2
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25 57.7

30 69.3
35 80.8
40 92.4
45 104
50 115
55 127
60 138
65 150
70 162
75 173
80 185
85 196
90 208
95 219
100 231

Friction Head

Friction head is the energy loss or pressure decrease due to friction when water flows
through pipe networks. The velocity of the water has a significant effect on friction loss.
Loss of head due to friction occurs when water flows through straight pipe sections,
fittings, valves, around corners, and where pipes increase or decrease in size. Values for
these losses can be calculated or obtained from friction loss tables. The friction head for
a piping system is the sum of all the friction losses.

Velocity Head
Velocity head is the energy of the water due to its velocity. This is a very small amount of
energy and is usually negligible when computing losses in an irrigation system.

Suction Head

A pump operating above a water surface is working with a suction head. The suction
head includes not only the vertical suction lift, but also the friction losses through the
pipe, elbows, foot valves, and other fittings on the suction side of the pump. There is an
allowable limit to the suction head on a pump and the net positive suction head (NPSH)
of a pump sets that limit.

The theoretical maximum height that water can be lifted using suction is 33 feet.
Through controlled laboratory tests, manufacturers determine the NPSH curve for their
pumps. The NPSH curve will increase with increasing flow rate through the pump. At a
certain flow rate, the NPSH is subtracted from 33 feet to determine the maximum suction
head at which that pump will operate. For example, if a pump requires a minimum NPSH
of 20 feet the pump would have a maximum suction head of 13 feet. Due to suction
pipeline friction losses, a pump rated for a maximum suction head of 13 feet may
effectively lift water only 10 feet. To minimize the suction pipeline friction losses, the
suction pipe should have a larger diameter than the discharge pipe.

Operating a pump with suction lift greater than it was designed for, or under conditions
with excessive vacuum at some point in the impeller, may cause cavitation. Cavitation is
the implosion of bubbles of air and water vapor and makes a very distinct noise like
gravel in the pump. The implosion of numerous bubbles will eat away at an impeller and
it eventually will be filled with holes.
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Pump Power Requirements
The power added to water as it moves through a pump can be calculated with the
following formula:
Q x TDH
WHP = ---mme- (1)
3960

where:

WHP = Water Horse Power
Q = Flow rate in gallons per minute (GPM)
TDH = Total Dynamic Head (feet)

However, the actual power required to run a pump will be higher than this because
pumps and drives are not 100 percent efficient. The horsepower required at the pump
shaft to pump a specified flow rate against a specified TDH is the Brake Horsepower
(BHP) which is calculated with the following formula:
WHP
BHP = (2)
Pump Eff. x Drive Eff.

BHP -- Brake Horsepower (continuous horsepower rating of the power unit).

Pump Eff. -- Efficiency of the pump usually read from a pump curve and having a value
between 0 and 1.

Drive Eff. -- Efficiency of the drive unit between the power source and the pump. For
direct connection this value is 1, for right angle drives the value is 0.95 and for belt
drives it can vary from 0.7 to 0.85.

Effect of Speed Change on Pump Performance
The performance of a pump varies with the speed at which the impeller rotates.
Theoretically, varying the pump speed will result in changes in flow rate, TDH and BHP
according to the following formulas:

RPM,
(----)x GPM; = GPM,; (3)

RPM;

RPM,
(-----Y* X TDH,; = TDH,  (4)
RPM;

RPM,

(—-—---)®x BPH; =BPH, (5)
RPM;
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where:
RPM; = Initial revolutions per minute setting
RPM, = New revolutions per minute setting
GPM = Gallons per Minute
(subscripts same as for RPM)
TDH = Total Dynamic Head
(subscripts same as for RPM)
BHP = Brake Horsepower
(subscripts same as for RPM)

As an example, if the RPM are increased by 50 percent, the flow rate will increase by 50
percent, the TDH will increase 2.25 times, and the required BHP will increase 3.38 times
that required at the lower speed. It is easy to see that with a speed increase the BHP
requirements of a pump will increase at a faster rate than the head and flow rate
changes.

Pump Efficiency
Manufacturers determine by tests the operating characteristics of their pumps and
publish the results in pump performance charts commonly called "pump curves."

A typical pump curve for a horizontal centrifugal pump. NPSH is the Net Positive
Suction Head required by the pump and TDSL is the Total Dynamic Suction Lift
available (both at sea level).

All pump curves are plotted with the flow rate on the horizontal axis and the TDH on the
vertical axis. The curves in a pump curve are for a centrifugal pump tested at different
RPM. Each curve indicates the GPM versus TDH relationship at the tested RPM. In
addition, pump efficiency lines have been added and wherever the efficiency line
crosses the pump curve lines that number is what the efficiency is at that point. Brake
horsepower (BHP) curves have also been added; they slant down from left to right. The
BHP curves are calculated using the values from the efficiency lines. At the top of the
chart is an NPSH curve with its scale on the right side of the chart.

Reading a Pump Curve

When the desired flow rate and TDH are known, these curves are used to select a
pump. The pump curve shows that a pump will operate over a wide range of conditions.
However, it will operate at peak efficiency only in a narrow range of flow rate and TDH.
As an example of how a pump characteristic curve is used, let's use the pump curve to
determine the horsepower and efficiency of this pump at a discharge of 900 gallons per
minute (GPM) and 120 feet of TDH.

Solution: Follow the dashed vertical line from 900 GPM until it crosses the dashed
horizontal line from the 120 feet of TDH. At this point the pump is running at a peak
efficiency just below 72 percent, at a speed of 1600 RPM. If you look at the BHP curves,
this pump requires just less than 40 BHP on the input shaft. A more accurate estimate of
BHP can be calculated with equations 1 and 2. Using equation 1, the WHP would be
[900 x 120] / 3960 or 27.3, and from equation 2 the BHP would be 27.3 / 0.72 or 37.9,
assuming the drive efficiency is 100 percent. The NPSH curve was used to calculate the
Total Dynamic Suction Lift (TDSL) markers at the bottom of the chart. Notice that the
TDSL at 1400 GPM is 10 feet, but at 900 GPM the TDSL is over 25 feet.
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Changing Pump Speed

In addition, suppose this pump is connected to a diesel engine. By varying the RPM of
the engine we can vary the flow rate, the TDH and the BHP requirements of this pump.
As an example, let's change the speed of the engine from 1600 RPM to 1700 RPM.
What effect does this have on the GPM, TDH and BHP of the pump?

Solution: We will use equations 3, 4 and 5 to calculate the change. Using equation 3,
the change in GPM would be (1700/1600) x 900, which equals 956 GPM. Using
equation 4, the change in TDH would be (1700/1600)? x 120, which equals 135.5 feet of
TDH. Using equation 5, the change in BHP would be (1700/1600)® x 37.9, which equals
45.5 BHP. This point is plotted on Figure 2 as the circle with the dot in the middle. Note
that the new operating point is up and to the right of the old point and that the efficiency
of the pump has remained the same.

When a pump has been selected for installation, a copy of the pump curve should be
provided by the installer. In addition, if the impeller(s) was trimmed, this information
should also be provided. This information will be valuable in the future, especially if
repairs have to be made.

Determining Friction Losses

A well system installer and/or engineer can help in determining the friction losses in the
distribution system. There are numerous friction loss tables with values of equivalent
feet of head for given flow rates and types and diameters of pipe available. However,
unless great distances or small diameter pipes are used, friction loss is almost
negligible. The lift requirements for the pump primarily include the height to which the
pump must deliver the water from the wellhead, plus the distance from the pumping level
to the land surface.

For example: A municipal supply well has been tested and determined to yield 500gpm.
The well was constructed with 10 inch casing that has been perforated from 200 to 500
feet below the ground surface within an unconfined aquifer. The static water level has
been measured at 100 feet while the drawdown at 500gpm has been estimated at 80
feet. The full level of the storage tank for the well exerts about 87psi at the wellhead and
is connected to the well via a 12-inch distribution main. Three-phase power is available
and 4-inch column pipe is to be used down the hole. The pump intake is to be set at 180
feet.

Before we can select an appropriate pump, we first need to determine what the total
dynamic head is. After referring to a friction loss table for flow in 4 inch and 12-inch
pipe; we determine that the friction losses in the 4 inch pipe will be about 24 feet per 100
foot, while losses in the 12 inch main are negligible.

This leads us to determine that there will be about 43 feet of friction loss through the 4-
inch pipe. We also know that the total lift is equal to the drawdown, plus the distance to
the land surface from the static water level, plus the vertical distance to the full level of
the storage tank. We know from physics that for every foot of water there is .433psi of
pressure or 2.31ft of head for every 1 psi. The line pressure at the well head is equal to
the height of the column of water above the well head, which gives us a line pressure at
the well head of 87psi or 200 feet of water. The total lift from the pump to the wellhead
180 feet and equivalent to 78psi. So the total dynamic head is equivalent to a lift of 380
feet or an equivalent pressure of about 165psi at the pump, plus about 43 feet of friction
loss. Therefore, in order to pump 500gpm under these circumstances, the pump that is
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selected should have its most efficient operating range in the neighborhood of 423 feet
total lift. We then look at performance curves from the various pump manufacturers to
determine the best pump and power combination for the application.

Because this is a municipal supply well that is pumping directly into the distribution
system, we will choose a submersible turbine for the job rather than a line shaft turbine,
which must be lubricated. Upon looking at the curves for this application, one will find
that a 75HP, 8in, 5 stage, submersible pump will do the job most efficiently without
risking the over-pumping of the well.

FRICTION LOSS
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Elements of Total Dynamic Head for the proper selection of pumping equipment.
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A new 8 inch submersible pump and motor with 6 inch column pipe
about to be installed in a high capacity municipal supply well.

The Well Head Assembly

An approved well cap or seal is to be installed at the wellhead to prevent any
contamination from entering the well through the top once construction is complete.
When the well is completed with pumping equipment a well vent is also required.

The well vent pipe should be at least V2 inch in diameter, 8 inches above the finished
grade, and be turned down, with the opening screened with a minimum 24-mesh durable
screen to prevent entry of insects. Only approved well casing material meeting the
requirements of the Code may be utilized.

In addition, frost protection should be provided by use of insulation or pump house.
Turbine and submersible pumps are normally used. Any pressure, vent, and electric
lines to and from the pump should enter the casing only through a watertight seal.

Pumps and pressure tanks may be located in basements and enclosures. However,
wells should not be located within vaults or pits, except with a variance permit.

If the pump discharge line passes through the well casing underground, an approved
pitless adapter should be installed. The well manifold should include an air relief valve,
flow meter, sample port, isolation valve, and a check valve. If the well should need
rehabilitation, additional construction, or repair, it must be done in compliance with the
State or Local Water Well Construction Codes.
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Preparing an explosive charge to ‘hydrofract” or loosen or dislodge any debris or
corrosion inside an existing well casing. This explosive material is made in 25 or
50 foot lengths and has a blasting cap to start the explosion. Believe it or not,
you cannot hear the explosion, since it is deep underwater. The bottom photo is
the remains of the explosive charge. This procedure will usually increase well

production.
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Blasting cap on the explosive cord. Below, some of the debris from inside the
well casing following the explosion. After talking to this man, | found out that
after 9-11, he had to increase his fees because of the ATF and new rules
concerning explosives. Be prepared to pay through the nose for this treatment
process. Consider this fee the price of admission for having adequate water to
supply your customer’s demands.
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Water Use or Demand

Water system demand comes from a number of sources including residential,
commercial, industrial and public consumers as well as some unavoidable loss and
waste. If fire protection is desired, that could also represent a rather significant (although
not continuous) demand upon the system. The combination of storage reservoirs and
distribution lines must be capable of meeting consumers’ needs for quality, quantity and
pressure at all times. The quantity of water used in any community varies from 50 to 500
gallons per person per day. A common design assumption is to use from 100 to 150
gallons per person per day for average domestic use. The maximum daily use is
approximately 2 to 3 times the average daily use. Maximum daily use is usually
encountered during the summer months and can vary widely depending on irrigation
practices.

Water Pressure

For ordinary domestic use, water pressure should be between 25 and 45 psi. A minimum
of 60 psi at a fire hydrant is usually adequate, since that allows for up to 20 psi pressure
drop in fire hoses. In commercial and industrial districts, it may be common to have 75
psi or higher. 20 psi is considered the minimum required at any point in the water
system, so that backflow and infiltration is prevented. Pressure is provided by the direct
force of the water (such as water from a pump), or by the height of the water (such as a
storage reservoir). 2.31 feet of water is equal to 1 psi, or 1 foot of water is equal to about
a half a pound (.433 pounds to be exact).

Storage and Distribution

The cost of supplying water to the users of any water system includes the installation of
storage and distribution facilities. Also, there are on-going maintenance costs associated
with cleaning, repairing and replacing these facilities. The distribution system must also
protect water quality between the source and the customer’s tap. Proper construction is
important in maintaining system integrity. Care must be taken that no foreign material is
introduced into the system during pipe laying operations. Pipe ends should be covered
at the end of the work day or during interruptions of construction.

All pipes, joints and fittings should be pressure tested and disinfected with a 5% chlorine
solution such as household bleach before backfilling. It is also important that all
materials in contact with potable water meet the requirements of the National Sanitation
Foundation (NSF) or American Water Works Association (AWWA) or have equivalent
third-party certification. This includes solders (must be lead-free), pipes, joining and
sealing materials, and protective coatings.

Water Storage Facilities

Water storage facilities and tanks vary in size, shape, and application. There are
different types that are used in the water distribution systems, such as stand pipes,
elevated tanks and reservoirs, hydropneumatic tanks and surge tanks.

These tanks serve multiple purposes in the distribution system. Just the name alone can
give you an idea of its purpose.

e Surge Tanks
e Reservoirs
o Elevated Tanks Water towers and Standpipes
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Surge Tanks

What really causes water main breaks - ENERGY - when released in a confined space,
such as a water distribution system? Shock waves are created when hydrants, valves, or
pumps are opened and closed quickly, trapping the kinetic energy of moving water within
the confined space of a piping system. These shock waves can create a turbulence that
travels at the speed of sound, seeking a point of release. The release the surge usually
finds is an elevated tank, but the surge doesn't always find this release quickly enough.
Something has to give, and oftentimes, it's your pipe fittings. Distribution operators are
aware of this phenomenon! It's called WATER HAMMER.

This banging can be heard as water hammer. Try it at home - turn on your tap, then turn
it off very quickly. You should hear a bang, and maybe even several. If you turn the tap
off more slowly, it should stay quiet, as the liquid in the pipes slows down more
gradually. A Surge tank should not be used for water
storage.

The goal of the water tower or stand pipe is to store
water high in the air, where it has lots of gravitational
potential energy. This stored energy can be
converted to pressure potential energy or kinetic
energy for delivery to homes. Since height is
everything, building a cylindrical water tower is
inefficient. Most of the water is then near the ground.
By making the tower wider near the top, it puts most
of its water high up.

Storage Reservoirs

Storage reservoirs allow the system to meet the fluctuations in demand described
earlier. It is recommended that the volume of storage be equal to from one to three days
of the system’s average daily use. It is also recommended that storage reservoirs be
located at a high enough elevation to allow the water to flow by gravity to the distribution
system.

This, coupled with restricted usage on the part of
the consumers, should provide an uninterrupted
water supply in the event of pump failure, loss of
power or an acute contamination event or cross-
connection. Also, if applicable, some storage for
fire protection should be provided. Reservoirs are
also used as detention basins to provide the
required chlorine contact time necessary to
ensure the adequacy of disinfection. As such, the
contact time in a reservoir is greatly improved
when the reservoir is constructed with a separate
inlet and outlet pipe, preferably located on
opposite sides of the reservoir and at different
levels. Also, baffles inside the reservoir (walls, curtains, or spirals) increase the contact
time by preventing the water from leaving the reservoir too quickly (known as “short-
circuiting”).
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Steel Reservoirs

Steel reservoirs or tanks generally have lower construction and installation costs than
concrete, but require more maintenance. To protect against corrosion, the exterior
should be kept cleaned and painted. Interiors of steel reservoirs are commonly coated
with an epoxy or enamel-type finish. Some coal-tar linings used in the past have
apparently degraded over time and are implicated in the release of small amounts of
solvents into the stored water.

Steel reservoirs are usually welded or bolted together and are manufactured in a variety
of sizes. Small steel reservoirs can be manufactured off-site and then trucked and lifted
into place. Steel tanks should be inspected once a year and repainted every 5-7 years.
Steel tank should also have cathodic protection and be screened to keep birds and
insects out. The maintenance program for reservoir tanks should call for annual draining
for a complete inspection of the interior. Cleaning and disinfection prior to placing the
reservoir or tank back in service is necessary.

Disinfection by chlorine can be accomplished by one of three methods:

1. Fill the tank or reservoir with a 25 mg/1chlorine solution and leave it for 24 hours.
2. Fill the reservoir with a 50 mg/1 chlorine solution and leave it for 3 hours.
3. Spray or brush on a 200 mg/1 chlorine solution and allow it to remain for 3 hours.

The chlorinated water shall be disposed of in a manner that will not have an adverse
effect on the environment. Check with your state environmental, health or drinking water
section.

Large steel water storage tank
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Disinfection of Water Storage Reservoirs

The distribution system is the piping that delivers water to service connections.

There are several types of piping material that can be used.

Each has its advantages and disadvantages.

The pipe material must have adequate strength to withstand external loads from backfill,
traffic and earth movement, high burst strength to withstand high water pressure, smooth

interior surfaces, corrosion resistant exteriors and tight joints.

A number of linings are also used to extend the life of the pipe and improve flow
characteristics:

Reservoir size (gals.) Gallons of 5% bleach to add to achieve a 25ppm chlorine
dose

1,000 5
2,000 1
3,000 1.5
4,000 2
5,000 2.5
10,000 5
20,000 10
30,000 15
40,000 20
50,000 25

Reservoir size (gals.) Amount (in pounds of dry weight) of 65% strength dry
chlorine powder (HTH) to add to achieve a 25ppm dose.

10,000 3.5
20,000 6.5
30,000 10
40,000 13
50,000 16
100,000 32
200,000 64
300,000 100
400,000 130
500,000 160
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Top of a storage reservoir needs to be kept locked and monitored.

Large Gate Valve and a Butterfly Valve which works like an old fashioned
carburetor.

Pouring a Calcium Hypochlorite solution down a well to disinfect the well.
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150 pound chlorine gas cylinder.
Always tag the empty cylinder and store upright.

Chlorine Review Statements

v

What are the requisite emergency procedures in case of a large, uncontrolled,
CI2 leak? Immediately notify the local emergency response team; immediately
warn and evacuate people living or working in adjacent areas and

What compounds are formed in water when CI2 gas is introduced? CI2 gas forms
a mixture of hydrochloric and hypochlorous acids.

What does ‘breakpoint chlorination’ mean? Adding CI2 to the water until the CI2
demand is satisfied.

What happens when hypochlorite is brought into contact with an organic
material? The organic material decomposes, releasing heat very rapidly.

What is the name of a device that has a transparent tube with a tapered bore
containing a ball and is often used to measure the rate of a gas or liquid?
Rotameter.

What is the primary safety concern when using ClI2 gas as opposed to calcium
hypochlorite or sodium hypochlorite? The potential for a gas leak.

What is the purpose of an evaporator? To convert liquid CI2 to gaseous CI2 for
use by gas chlorinators.

What is the purpose of the bottom valve on a 1-ton CI2 cylinder? To remove
liquid CI2.

What is the purpose of the ejector on a hypochlorinator? The ejector draws in
additional water for dilution of the hypochlorinate solution.

What may happen if the temperature of a full CI2 cylinder is increased by 50°F. (30° C.)?
The cylinder may rupture.
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Hydropneumatic Tank Section

Hydropneumatic Tanks Out of Service for Maintenance

Effects on the Water Supply

Whenever a tank must be taken out of service for maintenance, the operator should
insure that the water pressure is maintained by other back-up tanks in the system. If this
is not possible, customers should be given as much advance notice as possible,
maintenance should be conducted during periods of low water demand, and the
maintenance should be conducted as quickly as possible to reduce the time without
water service.

Troubleshooting Hydropneumatic Tank Problems
The purpose of a hydropneumatic tank is to provide air for the water system. It is the
responsibility of the operator to perform basic troubleshooting of problems in
hydropneumatic tank systems. The operator has to decide, based on his/her own
training and capability when a problem requires assistance from another operator or an
outside expert. Operators should not hesitate to seek assistance if they are
uncomfortable with a particular problem or situation. Remember, the goal is to provide a
safe and consistent supply of water and this cannot always be accomplished by one or
two individuals who may have many other responsibilities.
Corrective action should only be performed by individuals who
are trained and skilled in that particular area.

WELL PROTECTION

Corrective actions by unskilled individuals could result in
personal injury or serious damage to the water system
equipment. The following troubleshooting table is provided to
assist operators of small water systems to troubleshoot basic

25' MINIMUM

problem with hydropneumatic tanks. It must be recognized that — }
problems occurring in hydropneumatic tanks could also be N |
related to the well, water supply pump and controls, and the A—

distribution system, therefore other troubleshooting tables
included in this manual should be consulted in addition to the
troubleshooting table for hydropneumatic tanks.

Troubleshooting Table for Hydropneumatic Tanks

Problem

. Well pump will not start.

. Well pump will not shut off.

. Well pump starts and stops too frequently (Excessive cycle rate).

. Sand / sediment is present in the water.

. Air is present in the water.

. QOil is present in the water.

. Dirt and or bacteria present in the water.

. Excessively high distribution system pressure (greater than 70 psi).

. Excessively low distribution system pressure (normal working pressure below 40 psi
or occasional pressures below 20 psi during peak usage).

10. Corrosion present on outside of tank.

11. Tank is unstable and can be easily be moved, or tank is supported by the piping.

OCoONOOOAPRLWN -
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Possible Hydropneumatic Tank Problem Causes

1A. Circuit breaker or overload relay tripped.

1B. Fuse(s) burned out.

1C. No power to switch box.

1D. Short, broken or loose wire.

1E. Low voltage.

1F. Defective motor.

1G. Defective pressure switch.

2A. Defective pressure switch.

2B. Cut-off pressure setting too high.

2C. Float switch or pressure transducer not functioning.

3A. Leaking foot valve or check valve.

3B. Defective pressure switch or automatic control system. High or Low pressure cutoff
switches may need to be adjusted.

3C. Excessive water use or major leak in water distribution system.

3D. Water-logged hydropneumatic tank.

3E. Air-logged hydropneumatic tank.

4A. Problems with well screen or gravel

4B. If there is iron or manganese in the well water and it is not removed before the
hydropneumatic tank, and the air in the hydropneumatic tank comes into direct contact
with the water in the tank, then

the iron and manganese could be oxidizing and settling in the tank. Also, sediment could
be present in the distribution system.

5A. If there is a check valve between the well pump and the hydropneumatic tank, and
air is present on the well side of the check valve, then the pump may be breaking
suction. In this case, the water level in well is near or below the pump intake.

5B. If there is a check valve between the well pump and the hydropneumatic tank, and
air is present only on the hydropneumatic tank side of the check valve and in the
distribution system, then air from hydropneumatic may be tank entering water.

6A. Qil leaking from air compressor.

7A. Refer to troubleshooting table on “hypochlorinators.”

7B. Replace filter. Also review troubleshooting table on “hypochlorinators.” Notify water
system specialist.

8A. See Problem Item #2 in this troubleshooting table.

9A. Refer to troubleshooting guide section “Pumps.” Notify supervisor.

10A. Clean area with a wire brush. Prime and paint the surface with. Do not chip rust
from the tank unless it is drained and out of service. If chipping is required, contact a
tank corrosion specialist. The tank may not be structurally sound and re-pressurizing
could cause further damage or personal injury. Note: 50 psi exerts a pressure of 3.5 tons
per square foot! Never paint the tank interior without first consulting the state regulatory
authority.

11A. Provide suitable and permanent supports so the tank cannot be moved and the
piping is not supporting the weight of the tank. This may require taking the system out of
service while these repairs are made. Never try to move a tank that is pressurized. Notify
your water system specialist.
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Possible Hydropneumatic Tank Solutions

1A. Reset breaker or manual overload relay.

1B. Check for cause and correct, replace fuse(s).

1C. Check incoming power supply. Contact power company.

1D. Check for shorts and correct, tighten terminals, replace broken wires.

1E. Check incoming line voltage. Contact power company if low.

1F. Contact electrical contractor.

1G. Check voltage of incoming electric supply with pressure switch closed. Contact
power company if voltage low. Perform maintenance on switch if voltage normal. Refer
to trouble-shooting table on “Pumps.”

3A. Contact well specialist.

3B. Contact well specialist or electrician.

3C. Locate and repair leak.

3D. Check air-to-water ratio from sight tube (if provided). If the tube is completely filled
with water or if the water level exceeds 2/3 of the volume of the tank, then air will have to
be introduced into the tank. Check tank and air system for leaks. The optimum air-to-
water ratio in the hydropneumatic tank should be 2/3 water to 1/3 air. If the problem
persists or if there is no sight tube, notify water system specialist.

3E. Check air-to-water ratio from sight tube (if provided). If the tube is completely filled
with air or if the water level is less than 1/2 of the volume of the tank, then air will have to
bled from the tank. The optimum air-to-water ratio should be 2/3 water to 1/3 air. If the
problem persists or if there is no sight tube, notify water system specialist.

4A. Contact well contractor.

4B. Check air-to-water ratio from sight tube (if provided). If the tube is completely filled
with air or if the water level is less than 1/2 of the volume of the tank, then air will have to
bled from the tank. The optimum air-to-water ratio should be 2/3 water to 1/3 air. If the
problem persists or if there is no sight tube, notify water system specialist. If there is a
physical separation between the air and water in the tank, then the separator could have
broken. Notify water system specialist.

5A. Partially throttle discharge valve. Notify supervisor or well service company.

5B. Improve removal of iron and manganese. If the hydropneumatic tank is equipped
with a drain, open the drain valve and discharge the sediment to waste.

6A. Check the oil separator on the discharge side to the air compressor.

Notify water system specialist. Consider replacing the unit with a non-oil lubricated type
unit.

7A. Inadequate disinfection.

7B. Intake filters on air compressor broken or dirty.

8A. Automatic pressure controls needs adjustment or cut-out sequence is not
functioning.

9A. Automatic pressure controls needs adjustment or cut-in sequence is not functioning.
10A. Inadequate protective coating (paint).

11A. Tank supports are inadequate.

Note: If the water supply pump is running constantly, excessive pressures can develop
in the hydropneumatic tank and distribution system. The tank should be equipped with a
pressure relief valve that opens at approximately 100 psi. This may protect the tank from
damage but it is possible that the distribution system could be damaged if pressures
exceed normal working pressures. Check for leaks throughout the service area. Notify
electrician experienced with industrial controls.
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Effects of a broken water service.

Broken water main, much more larger and stronger leak, more damage, more
customers without water. More chance of water contamination.
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Common Water Quality Definitions

Units of Measurement

mg/l = Milligrams per liter. One milligram per liter equals one packet of artificial
sweetener sprinkled into 250 gallons of iced tea.

Mg/l = Micrograms per liter. One microgram per liter is equal to one packet of artificial
sweetener sprinkled into an Olympic-size swimming pool.

NTU = Nephelometric Turbidity Units. A measurement on the cloudiness of the water.
pCi/l = Picocuries per liter. A measure of radioactivity.

Acronyms

Maximum Contaminant Level (MCL) - The highest level of a contaminant that is
allowed in drinking water.

Maximum Contaminant Level Goal (MCLG) - The level of a contaminant in drinking
water below which there is no known or expected risk to health.

Treatment Technique (TT) - A required process intended to reduce the level of a
contaminant in drinking water.

Action Level (AL) - The concentration of a contaminant that, if exceeded, triggers
treatment or other requirements which a water system must follow.
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Timeline of Existing Federal Water and State Drinking Water
Quality Regulations

National Interim Primary Drinking Water Regulations (NIPDWR) Promulgated 1975-
1981 Contained 7 contaminants Targeted: Trihalomethanes, Arsenic, and Radionuclides
Established 22 drinking water standards.

Phase 1 Standards Promulgated 1987 Contained 8 contaminants Targeted: VOCs.

Phase 2 Standards Promulgated 1991 Contained 36 contaminants Targeted: VOCs,
SOCs, and IOCs.

Phase 5 Standards Promulgated 1992 Contained 23 contaminants Targeted: VOCs,
SOCs, and IOCs.

Surface Water Treatment Rule (SWTR) Promulgated 1989 Contained 5 contaminants
Targeted: Microbiological and Turbidity.

Stage 1 Disinfectant/Disinfection By-product (D/DBP) Rule Promulgated 1998
Contained 14 contaminants Targeted: DBPs and precursors.

Interim Enhanced Surface Water Treatment Rule (IESWTR) Promulgated 1998
Contained 2 contaminants Targeted: Microbiological and Turbidity.

Radionuclide Rule Promulgated 2000 Contained 4 contaminants Targeted:
Radionuclides.

Arsenic Rule Promulgated 2001 Contained 1 contaminant Targeted: Arsenic.

Filter Backwash Recycling Rule Promulgated 2001 Contained - Targeted:
Microbiological and Turbidity.
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Water Quality Key Words

2,4-D: A chlorinated phenoxy compound, functions as a systemic herbicide and is used to control
many types of broadleaf weeds. There are many forms or derivatives (esters, amines, salts) of
2,4-D and these vary in solubility and volatility. Unless otherwise specified, this document will
refer to the acid form of 2,4-D. This compound is used in cultivated agriculture and in pasture and
rangeland applications, forest management, home and garden situations and for the control of
aquatic vegetation. 2,4-D was a major component (about 50%) of the product Agent Orange used
extensively throughout Vietnam. However most of the problems associated with the use of Agent
Orange were associated with a contaminant (dioxin) in the 2,4,5-T component of the defoliant.
The association of 2,4-D with Agent Orange has prompted a vast amount of study on the
herbicide.

ANTIMONY: A chemical element with the symbol Sb (Latin: stibium, meaning "mark") and
atomic number 51. A metalloid, antimony has four allotropic forms. The stable form of antimony is
a blue-white metalloid. Yellow and black antimony are unstable non-metals. Antimony is used in
flame-proofing, paints, ceramics, enamels, a wide variety of alloys, electronics, and rubber.

ASBESTOS: A mineral fiber that has been used commonly in a variety of building construction
materials for insulation and as a fire-retardant. EPA and CPSC have banned several asbestos
products. Manufacturers have also voluntarily limited uses of asbestos. Today, asbestos is most
commonly found in older homes, in pipe and furnace insulation materials, asbestos shingles,
millboard, textured paints and other coating materials, and floor tiles.

BARIUM: A chemical element. It has the symbol Ba, and atomic number 56. Barium is a soft
silvery metallic alkaline earth metal. It is never found in nature in its pure form due to its reactivity
with air. Its oxide is historically known as baryta but it reacts with water and carbon dioxide and is
not found as a mineral. The most common naturally occurring minerals are the very insoluble
barium sulfate, BaSO4 (barite), and barium carbonate, BaCO3 (witherite). Benitoite is a rare gem
containing barium.

BERYLLIUM: A chemical element with the symbol Be and atomic number 4. A bivalent element,
beryllium is a steel grey, strong, light-weight yet brittle alkaline earth metal. It is primarily used as
a hardening agent in alloys, most notably beryllium copper. Commercial use of beryllium metal
presents technical challenges due to the toxicity (especially by inhalation) of beryllium-containing
dusts.

BROMATE: An inorganic anion, bromate is tasteless and colorless, with a low volatility. As a
moderately strong oxidant, bromate is reactive. BrO3- is a bromine-based oxoanion. A bromate is
a chemical compound that contains this ion. Examples of bromates include sodium bromate,
(NaBrO3), and potassium bromate, (KBrO3).

CADMIUM: A chemical element with the symbol Cd and atomic number 48. A relatively
abundant, soft, bluish-white, transition metal, cadmium is known to cause cancer and occurs with
zinc ores. Cadmium is used largely in batteries and pigments, for example in plastic products.

CHLORITE: The chlorite ion is CIO2-. A chlorite (compound) is a compound that contains this
group, with chlorine in oxidation state +3. Chlorites are also known as salts of chlorous acid.

CHROMIUM: A chemical element which has the symbol Cr and atomic number 24. It is a steel-
gray, lustrous, hard metal that takes a high polish and has a high melting point. It is also odorless,
tasteless, and malleable.

CONTACT TIME (CT): To inactivate viruses and bacteria, the minimum disinfection contact time
measured before the first customer should be six milligrams per minute per liter (6 mg-min/L).
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This value is called “Chlorine Contact Time” or CT. To calculate CT, multiply the free chlorine
residual concentration (C) times the contact time (T). To get the required CT value of 6, adjust the
free chlorine residual concentration or the contact time.

DISINFECTION BYPRODUCTS: Disinfection byproducts are chemical, organic and inorganic
substances that can form during a reaction of a disinfectant with naturally present organic matter
in the water.

DPD METHOD: Presence of free chlorine in the distribution network is indication of correct
disinfection. Chlorine in water is determined according to ISO 7393-2 by colorimetric HACH
method on the basis of DPD (N, N-diethyl - p — phenylendiamine). The photometric detection
uses the wave lengths of 490 — 555 nm. Hach elected, for most of his DPD colorimetric systems,
the wave length of 530 nm.

FORMAZIN TURBIDITY UNIT (FTU): A unit used to measure the clarity of water. The ISO refers
to the units as FNU (Formazin Nephelometric Units). The technique is the same as that for the
NTU, but the calibration uses microspheres of the polymer formazin.

HALOACETIC ACIDS: Haloacetic acids are carboxylic acids in which a halogen atom takes the
place of a hydrogen atom in acetic acid. Thus, in a monohaloacetic acid, a single halogen would
replace a hydrogen atom. For example, chloroacetic acid would have the structural formula
CH,CICO,H. In the same manner, in dichloroacetic acid two chlorine atoms would take the place
of two hydrogen atoms (CHCI,CO,H).

HIGH-TEST HYPOCHLORITE: A composition composed mainly of calcium hypochlorite is
commonly called high test hypochlorite. High-Test Hypochlorite contains not less than 60.0% of
available chlorine.

HYDROCHLORIC ACID: It is the aqueous solution of hydrogen chloride gas (HCI). It is a strong
acid, and the major component of gastric acid, and of wide industrial use. Hydrochloric acid must
be handled with appropriate safety precautions because it is a highly corrosive liquid.

INFORMATION COLLECTION RULE (ICR): EPA collected data required by the Information
Collection Rule (May 14, 1996) to support future regulation of microbial contaminants,
disinfectants, and disinfection byproducts. The rule was intended to provide EPA with information
on chemical byproducts that form when disinfectants used for microbial control react with
chemicals already present in source water (disinfection byproducts (DBPs)); disease-causing
microorganisms (pathogens), including Cryptosporidium; and engineering data to control these
contaminants.

IRON BACTERIA: In the management of water-supply wells, iron bacteria are bacteria that
derive the energy they need to live and multiply by oxidizing dissolved ferrous iron (or the less
frequently available manganese and aluminum). The resulting ferric oxide is insoluble, and
appears as brown gelatinous slime that will stain plumbing fixtures, and clothing or utensils
washed with the water carrying it, and may contribute to internal corrosion of the pipes and
fixtures the water flows through. They are known to grow and proliferate in waters containing as
low as 0.1mg/l of iron. However, at least 0.3 ppm of dissolved oxygen is needed to carry out
oxidation. The proliferation of iron bacteria, in some way, increases the chance of sulfur bacteria
infestation.

LETHAL CONCENTRATION 50: Also referred to as LC50, a concentration of a pollutant or
effluent at which 50 percent of the test organisms die; a common measure of acute toxicity.
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MANGANESE (IV) OXIDE: The chemical compound MnO2, commonly called manganese
dioxide. This blackish or brown solid occurs naturally as the mineral pyrolusite, which is the main
ore of manganese. It is also present in manganese nodules. The principal use for MnO2 is for
dry-cell batteries, such as the alkaline battery and the zinc-carbon battery. In 1976 this application
accounted for 500,000 tons of pyrolusite. MnO2 is also used for production of MnO4—. It is used
extensively as an oxidizing agent in organic synthesis, for example, for the oxidation of allylic
alcohols.

MAXIMUM CONTAMINANT LEVEL (MCL): The maximum concentration of a chemical that is
allowed in public drinking water systems.

MAXIMUM CONTAMINANT LEVEL GOAL (MCLG): The maximum level at which a contaminant
can exist in drinking water without having an adverse effect on human health.

NEPHELOMETRIC TURBIDITY UNIT (NTU): The unit used to describe turbidity. Nephelometric
refers to the way the instrument, a nephelometer, measures how much light is scattered by
suspended particles in the water. The greater the scattering, the higher the turbidity. Therefore,
low NTU values indicate high water clarity, while high NTU values indicate low water clarity.

PERMISSIBLE EXPOSURE LIMIT (PEL or OSHA PEL): A legal limit in the United States for
exposure of an employee to a substance or physical agent. For substances it is usually
expressed in parts per million (ppm), or sometimes in milligrams per cubic meter (mg/m®). Units
of measure for physical agents such as noise are specific to the agent. Permissible Exposure
Limits are established by the Occupational Safety and Health Administration (OSHA).

POWDERED ACTIVATED CARDON TREATMENT (PACT): A wastewater technology in which
powdered activated carbon is added to an anaerobic or aerobic treatment system. The carbon in
the biological treatment process acts as a "buffer" against the effects of toxic organics in the
wastewater.

PPM: Abbreviation for parts per million.

QUICKLIME: A calcium oxide material produced by calcining limestone to liberate carbon
dioxide, also called “calcined lime” or “pebble lime”, c