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Printing and Saving Instructions

TLC recommends that you download and save this pdf document and
assignment to your computer desktop and open it with Adobe Acrobat DC
reader.

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

You can complete the course by viewing the course on your computer or
you can print it out. This course booklet does not have the assignment (the
test). Please visit our website and download the assignment (the test).

Printing Instructions: Once you have purchased the program, we will give
you permission to print this document. If you are going to print this
document, it was designed to be printed double-sided or duplexed but can
be printed single-sided.

Hyperlink to Assignment...
http://www.abctlc.com/downloads/PDF/WD1ASS.pdf

State Approval Listing Link, check to see if your State accepts or has pre-
approved this course. Not all States are listed. Not all courses are listed.
Do not solely trust our list for it may be outdated. Itis your sole responsibility
to ensure this course is accepted for credit. No refunds.

State Approval Listing URL...
http://www.abctlc.com/downloads/PDF/CEU%20State%20Approvals.pdf

Hyperlink to the Glossary and Appendix
http.//www.abctlc.com/downloads/PDF/WTGlossary.pdf

You can obtain a printed version from TLC for an additional $189.95 plus
shipping charges.

All downloads are electronically tracked and monitored for security
purposes.
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Some States and many employers require the final exam to be proctored.
Do not solely depend on TLC’s Approval list for it may be outdated.

Most of our students prefer to do the assignment in Word and e-mail or fax the
assignment back to us. We also teach this course in a conventional hands-on class.
Call us and schedule a class today.

Precept-Based Training Course

This training course is based upon a form of induction training, made of topical and
technical precepts. The training topics are made up of “micro-content” or “precepts”™ or
small chunks of information that can be easily digested. These bite-size pieces of
technical information are considered to be one of the most effective ways of teaching
people new information because it helps the mind retain knowledge easier.

Micro-learning or precept-based training doesn’t rely on the student to process a large
amount of information before breaking it down. Our method includes short modules with
clearly defined learning goals for each section. This method allows a student to hone in
on a particular skill, then given the opportunity to exhibit their knowledge in the final
assessment.
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Normal duties for a distribution worker include:
Working in unsafe trenches, dangerous road conditions and operating a tamper to
compact the soil to be able to support heavy traffic.

Library of Congress Card Number 6572324
ISBN 978-0-9799559-0-7

Responsibility

This course contains EPA’s federal rule requirements. Please be aware that each state
implements drinking water, groundwater production and safety regulations that may be
more stringent than EPA’s or OSHA'’s regulations. Check with your state environmental
agency for more information. You are solely responsible in ensuring that you abide with
your jurisdiction or agency’s rules and regulations.
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Copyright Notice

1999-2022 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. Other materials including text and artwork are in the public
domain or fair use (the state of belonging or being available to the public as a whole, and therefore
not subject to copyright.) All material that is not credited or acknowledged or referenced in the rear
of this course is the copyright of Technical Learning College. Most unaccredited photographs
have been taken by TLC instructors or TLC students. All written, graphic, photographic or other
material is provided for educational information only. 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. This educational training course and
assignment is intended for educational purposes only. Every possible effort was made to ensure
that all information provided in this course is accurate. Therefore, Technical Learning College
accepts no responsibility or liability whatsoever for the application or misuse of any information
included herein.

Requests for acknowledgements or permission to make copies shall be made to the following
address: TLC, P.O. Box 3060, Chino Valley, AZ 86323

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

Contributing Editors

James L. Six Received a Bachelor of Science Degree in Civil Engineering from the University of
Akron in June of 1976, Registered Professional Engineer in the State of Ohio, Number 45031
(Retired), Class IV Water Supply Operator issued by Ohio EPA, Number WS4-1012914-08, Class
Il Wastewater Collection System Operator issued by Ohio EPA, Number WC2-1012914-94

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.

James Bevan, Water Quality Inspector S.M.E. Twenty years of experience in the environmental
field dealing with all aspects of water regulations on the federal, state, and local levels. Teacher
and Proctor in Charge for Backflow Certification Testing at the ASETT Center in Tucson for the
past 15 years and possess an Arizona Community College, Special Teaching Certificate in
Environmental Studies.

Dr. Pete Greer S.M.E., Retired biology instructor, chemistry and biological review.

Jack White, Environmental, Health, Safety expert, City of Phoenix. Art Credits.
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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, groundwater production and sampling/compliance. 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 sampling plans or water distribution safety plans or
procedures. This document is not a detailed groundwater or distribution textbook or a comprehensive
source book on water, 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, the EPA and other appropriate federal, state and local agencies.

Chlorine gas will cause olfactory fatigue, if not death.
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Technical Learning College’s Scope and Function

Welcome to the Program,

Technical Learning College (TLC) offers affordable continuing education for today’s working
professionals who need to maintain licenses or certifications. TLC holds several different
governmental agency 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. TLC’s distance based or independent study
courses are offered in a print - based distance educational format. We will beat any other training
competitor’s price for the same CEU material or classroom training.

Our courses are designed to be flexible and for you to finish the material at your convenience.
Students can also receive course materials through the mail. The CEU course or e-manual will
contain all your lessons, activities and instruction to obtain the assignments. All of TLC’s CEU
courses allow students to submit assignments using e-mail or fax, or by postal mail. (See the
course description for more information.)

Students have direct contact with their instructor—primarily by e-mail or telephone. 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 closed-book exams, depending upon your state or employer
requirements.

Flexible Learning

At TLC, there are no scheduled online sessions or passwords 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.

Course Structure

TLC's online courses combine the best of online delivery and traditional university textbooks. You
can easily find the course syllabus, course content, assignments, and the post-exam
(Assignment). This student-friendly course design allows you the most flexibility in choosing when
and where you will study.

Classroom of One

TLC 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 (S.M.E.) are assigned at the beginning of each course providing
the academic support you need to successfully complete each course. Please call or email us for
assistance.
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Satisfaction Guaranteed

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.

We welcome you to do the electronic version of the assignment and submit the answer key and
registration to us either by fax or e-mail.

If you need this assignment graded and a certificate of completion within a 48-hour turn around,
prepare to pay an additional rush charge of $50.

We welcome you to complete the assignment in Word.

Once we grade it, we will mail a certificate of completion to you. Call us if
you need any help.

Contact Numbers
Telephone (866) 557-1746
Fax (928) 468-0675
Email Info@tlch20.com
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Course Description

Distribution Basics CEU Training Course

Review of water distribution systems and related treatment fundamentals. This course will
cover the basic requirements of the Safe Drinking Water Act and general water distribution
principles. You will not need any other materials for this course. Task Analysis and Training
Needs Assessments have been conducted to determine or set Needs-To-Know for this
course. The following is a listing of some of those who have conducted extensive valid studies
from which TLC has based this program upon: the Environmental Protection Agency (EPA),
the Arizona Department of Environmental Quality (ADEQ), the Texas Commission of
Environmental Quality (TCEQ) and the American Boards of Certification (ABC).

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

Course Procedures for Registration and Support

All of Technical Learning College’s 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 end 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.

Instructions for Written Assignments

The Distribution Basics CEU training course uses a multiple choice answer key. If you should
need any assistance, please email all concerns and the final test to: info@tlch2o0.com. You
may write your answers or type out your own answer key.

TLC would prefer that you utilize the answer key found on the TLC website under Assignments
and e-mail the answer key to TLC, but it is not required. You may also fax the answer key.
Please call us a couple hours later to ensure we received your information.

You can write your answers in this manual or type out your own answer key. TLC would prefer
that you type out and e-mail the final exam to TLC, but it is not required. There is a Second
Edition of this course available. 40 PDHs, 4 CEUs, 40 Contact Hours for $200.00. Check
with your State for course acceptance.

Feedback Mechanism (examination procedures)
Each student will receive a feedback form as part of their study packet. You will be able to
find this form in the front section of the assignment.
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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.

Required Texts
The Distribution Basics CEU training course will not require any other materials. This course
comes complete. No other materials are needed.

Recordkeeping and Reporting Practices

TLC will keep all student records for a minimum of seven years. It is the student’s
responsibility to give the completion certificate to the appropriate agencies. We will send the
required information to Texas, Indiana and Pennsylvania for your certificate renewals.

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 this particular group.

You will have 90 days from receipt of this manual to complete it in order to receive your
Continuing Education Units (CEUs) or Professional Development Hours (PDHs). A score of
70% or better is necessary to pass this course.

Educational Mission

The educational mission of TLC is:

To provide TLC students with comprehensive and ongoing training in the theory and skKills
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.

Objective: To train distribution operators in the safe and effective maintenance and
operation of various water distribution systems and related daily operations.
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Topic Legend

This CEU course covers several different educational topics/functions/purposes/objectives of
conventional water distribution, cross-connection control, safety, pumps, groundwater production,
disinfection, bacteriological monitoring and regulatory compliance. The topics listed below are to
assist in determining which educational objective or goal is covered for a specific topic area:

CRAO - Compliance and Regulatory Affairs: The regulatory and compliance component of
your need to know. May be a requirement of the SDWA act or State Regulations, i.e. Compliance,
non-compliance, process control related sampling or other drinking water related
requirement. This EPA information is to satisfy the regulatory portion of your operator training.
Part of O&M or laboratory training requirement for many operators.

DISN - Disinfection: This area covers plant disinfection procedures. Part of O&M training for
many operators. May include alternative disinfection procedures, i.e. Ozone and Ultraviolet

GP - GROUNDWATER MINING OR PRODUCTION: This may be considered O&M training for
many operators or credit for pump engineers or well drillers.

M/O - Microorganisms: The biological component. The microorganisms that are specifically
found in drinking water. This section may be part of required sampling, i.e. Total Coliform Rule or
other biological related sampling. Part of O&M or laboratory training requirement for many
operators.

MOTOR: Having to do with the electrical-mechanical portion of moving water. This may be
considered O&M training for many operators. Maybe good for credit for those who hold an
electrician or instrumentation certification.

O&M - Operations and Maintenance: This area is for normal Operation and/or Maintenance of
the distribution system. Part of O&M training requirement for many operators.

PE - PUMP ENGINEERING: The technical science of pumping and pump performance principles.
May be a law or theory or calculation related to pumping. Information that a pump engineer or well
operator may need.

SAFETY: This area describes process safety procedures. It may be part of O&M training
requirement for many operators.

TECH - TECHNICAL: The daily operation of mechanical or physical treatment
process/component. Part of O&M training for many operators.

WQ - Water Quality: Having to do with Water Quality or pollutants, i.e., hard water to primary
water standards. May be a requirement of the SDWA and/or water chemistry concerns. This along
with the EPA information is to satisfy the regulatory portion of your operator training.
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Preface

TREATMENT s | 010 L0
WATER

Safe Drinking Water Act of 1974 Introduction
(PL 93-523) as amended by:

e The Safe Drinking Water Act Amendments of 1986

¢ National Primary Drinking Water Regulations, 40 CFR 141

e 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 the 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 the
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.
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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. 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. 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 the 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 the 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.

More on these concerns in the Water Quality Section of the course.
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Topic 1- Water Distribution Operation & Maintenance Section

Section Focus: You will learn the basics of the water distribution system including operations
and maintenance concerns. At the end of this section, you will be able to describe how treated
water is delivered to the customer through distribution piping and valves. There is a post quiz at
the end of this section to review your comprehension and a final examination in the Assignment
for your contact hours.

Scope/Background: The purpose of distribution system is to deliver potable water to consumer
with appropriate quality, quantity and pressure. Distribution system is used to describe collectively
the facilities/equipment used to supply water from its source to the point of usage.

The distribution system must protect water quality between the source and the customer’s
tap. Proper construction/repair is important in maintaining system integrity. Care must be
taken that no foreign material is introduced into the system during repair or pipe laying
operations.
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Distribution Overview

Water supply distribution systems are rather straightforward in the majority of systems, however,
proper evaluation of water supplies and distribution for larger communities or for groundwater
production is no simple thing. Water distribution systems need to preform maintenance and
repairs to ensure the public is provided safe drinking water at all times.

Water distribution systems consist of an interconnected series of components. They
include:

e pipes

o storage facilities

¢ components that convey drinking water

Water distribution systems meet fire protection needs for:
e cities

homes

schools

hospitals

businesses

industries

other facilities

Public water systems depend on distribution systems to provide an uninterrupted supply of
pressurized safe drinking water to all consumers. Distribution system mains carry water from
either:

¢ the treatment plant to the consumer; or

¢ the source to the consumer when treatment is absent.

Distribution systems span almost one million miles in the United States. They represent the vast
majority of physical infrastructure for water supplies. Distribution system wear and tear can pose
intermittent or persistent health risks.

Water Quality and the Distribution System
New pipes are added to distribution systems as development occurs. The additions result in a
wide variation in:

¢ Pipe sizes

e Materials

e Methods of construction

¢ Age within individual distribution systems and across the nation

As these systems age, deterioration can occur due to corrosion, materials erosion, and external
pressures. Deteriorating water distribution systems can lead to:

e Breaches in pipes and storage facilities

e Intrusion due to water pressure fluctuation

e Main breaks

We will cover these concerns in this section.
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Water Distribution System Introduction

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-Iron bacteria will live and thrive in the bioslime in this
type of tuberculation.

For dealing with this bacterium, there are two methods: 1) the fast method, super
chlorinate and continuously flush. 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 micro-colonies and
secrete extracellular material that makes them highly resistant to biocides.
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What Is Distribution’s Purpose?

The water distribution system is the essential link between the water supply source and the
consumer. It is an elaborate conveyance system that allows water to be moved through miles of
piping before reaching the customer’s tap.

Pumps allow water to move through the system or from the well; valves allow water pressure and
flow direction to be regulated along the way.

The Water Distribution Department/Division is generally responsible for the maintenance of water
mains, water services, fire hydrants, water valves and backflow devices located within the
City's/Water Provider’s service area.

In short, the Distribution Department/Division ensures that treated water is delivered to the
customer’s tap without any new contamination.
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Wear appropriate personal protective equipment (PPE) as required for the task being
performed and as required per OSHA regulations. Ensure a spotter is used if there are
overhead power lines, underground utilities or tight working conditions in the work area.

Verify the competent person is on site and that records are kept of all work and safety
procedures.

CONCRETE THRUST BLOCK

NEED TO POUR AGAINST
UNDISTURBED SOILS

PIPING

TYPICAL THRUST BLOCKING (KICKER)
28
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Distribution System Design

System design depends on the area where you live. You may be a flatlander, or 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?

Rwbdbn

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
abovegroundwater storage tank.

Inside a giant booster pump station.
29
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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.

Different types of Gate Valves. (Linear)

Top photo is valve ready for a valve re-placement. It has a mechanical type joint for connection.
Bottom photo is OS&Y commonly found on fire lines. This is a flange type joint. (Outside Screw
and Yoke) As the gate is lifted or opened, the stem will rise.

Gate valves should be used in the distribution system for main line isolation only. Gate valve is
a linear type of valve. Unused gate valves should be stored upright with the gate down.

TLC hands-on valve class
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Distribution System Layouts

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

Tree systems
Loop or Grid systems

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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Water Distribution Valve Section - Introduction

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. Equal in 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 are accomplished:

The accuracy of all valves and valve boxes is 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.
The valve is fully closed and the number of turns necessary to accomplish a full closing is
recorded.

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

Portable valve exercising machine.
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Top photo, two gate valves blew out, you can see the kickers or thrust blocks in the
background.

Bottom photo, a tapping machine and a new gate valve. These tapping machines are
very expensive.
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Classification of Valves

There are two major 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.

It is suggested 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. Itis 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 will move up to water main breaks. We like to blame the Fire Department or Street
Sweepers for water hammers. A great example is watching a rookie shut down or open a fire
hydrant. Rookies like to turn the hydrant on or off as fast as possible, as the Firemen do.
Soon, the hydrant starts chattering and pumping. The ground feels like an earthquake and
the rookie pretends that nothing is happening. We have all done this and if you haven'’t, you've
probably never worked in the field.

Installation of Valves — Assignment Notes
At intersections of distribution mains, the number of valves required is normally one less than
the number of radiating mains.

All buried small- and medium-sized valves shall not be installed in the sidewalk for safety.

For large shutoff valves, it is necessary to surround the valve operator or entire valve within a
vault or manhole to allow repair or replacement.
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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.
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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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Common Rotary Valves

Globe Valve - Rotary Valve
Primarily used for flow regulation, and works similar to a faucet. They are 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 stems, with renewable seat
rings. The disc results with most advanced design features provide 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.

RISING STEM GATE VALVE GLOBE VALVE

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.
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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.

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. 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 being re-assembled. 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--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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Ball or Corporation Stop - Rotary Valve

Small Valves 2 inches 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; and the one 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 1/47-4”.

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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At a water treatment plant, we can see both valve actuators control devices and
Butterfly valves as well. Bottom photo is a cut-away of an actuator.
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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 with a Gate
valve used as a by-pass to prevent water hammer.

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

Some of these valves can require 300-600 turns to 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.

54-inch Butterfly valve on a huge transmission line. Nice job but no shoring, no 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 a 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 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:

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 and a worker inside the water main preparing the interior
surface. Notice, this is a Permit Required Confined Space. Hot work permit is also
required. Side note, there is a plastic version of the 54 and 60-inch butterfly valve.
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Water Meter Sub-Section

Bypass, Compound, Turbine and Propeller meters.

Meter Purpose: Is to properly record the flow of water in a part of the distribution
system. To properly account and bring revenue to the City or Water Provider.
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Water Meter Operation

Itis important to account for the water produced and supplied. A master meter should be installed
on each source (well), with service meters placed at each point of use or service connection.
These meters 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.
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WATER OUT

FLOW FINDER

Rotates when water flow passes
through the meter. Can also be used
to detect water leaks

METER DIAL

Registers total gallons used.
Typically billed in increments
of hundreds of gallons

WATER IN

RESIDENTIAL WATER METER (5/8 OR %.”)
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STOP VALVE

WATER METER

Water meters are used to measure the volume of water used by residential and commercial
building that are supplied with water by a public water supply system.

Water meters can also be used at the water source, well, or throughout a water system to
determine flow through that portion of the system.

Most of the US, water meters are calibrated in cubic feet (ft.3), or US gallons on a mechanical or
electronic register and are read with electronic methods.

Some electronic meter registers can display rate-of-flow in addition to total usage. There are
several types of water meters in common use.

Selection is based on different flow measurement methods, the type of end user, the required
flow rates, and accuracy requirements. In North America, standards for manufacturing of water
meters are made by the American Water Works Association (AWWA).

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 and Mains Section
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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Ensure policies and procedures will be followed when excavating across foreign utilities
and other underground structures. Ensure that the competent person is available while
any trenching/excavation work is being performed. Ensure that benching, sloping, and
shoring practices are followed when necessary. Ensure proper protection and support of
existing utilities and structures.
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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)

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. Collect and date these cut-outs to
determine the condition of the pipe or measure corrosion.

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.
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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.

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 (coated
with zinc) both inside and outside at the factory to resist
corrosion. Pipe sizes are based on nominal INSIDE
diameters. Inside diameters vary with the thickness of the T i .,

pipe. Outside diameters remain constant so that pipe can f Ir | |' il HUH

be threaded for standard fittings.

Copper

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 four different types: K, L, and M
for water and DWYV for sewer applications.

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, the result will be faster installation.

Type K copper tubing is available as 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 5

systems, for exposed lines in hot-water heating systems,
and for drainage piping.

Notice that the pipe has been illegally cut with a power saw
blade. Please check with OSHA on details on handling this
common water pipe. ACP will not corrode like metal pipe
but will become slow and stained by iron over time. Itis
easily cracked by heavy loads, but easily repaired with a
clamp.

ACP Pipe with illegal power saw cut marks.
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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

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 closed 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, it 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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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.

Most distribution departments will have an assigned fire hydrant repair crew.
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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, ensuring protection from weather and surface
loadings.

Also, thrust blocking (Kickers) at all bends, tees, and valves & 5 e b
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 highpoints 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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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.

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 should be repaired within twenty-four hours
after properly locating all underground utilities through the Underground Service Alert or “Blue
Stake” procedure.
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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 Causes

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 Solutions

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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Water Use or Demand Introduction

Water system demand (usage) 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 200 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.

62
Distribution Basics TLC © 7/18/2022 (866) 557-1746



Water Storage Section

Water storage facilities and tanks are required for pressure and firefighting demands and vary in
size, shape, and application. There are different types that are used in the water distribution
systems, such as standpipes, 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 - Large concrete or steel underground facilities
o ELEVATED tanks -Water towers and Standpipes

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 movmg water within the confined space
of a piping system. rr—r—

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, often times, 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 never be used for water storage.

The goal of the water tower or standpipe 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.
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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”).

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.
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Distribution Storage Functions

Storage within a distribution system enables the system to process water at times when treatment
facilities otherwise would be idle. It is then possible to distribute and store water at one or more
locations in the service area that are closer to the user.

3

1. Advantages.

The principal advantages of distribution storage include the fact that storage equalizes demands
on supply sources, production works, and transmission and distribution mains. As a result, the
sizes or capacities of these elements need not be so large. Additionally, system flows and
pressures are improved and stabilized to better serve the customers throughout the service area.
Finally, reserve supplies are provided in the distribution system for emergencies, such as
firefighting and power outages.

2. Meeting system demands and required fire flow.

The location, capacity, and elevation (if in fact elevated) of distribution storage are closely
associated with system demands and the variations in demand that occur throughout the day in
different parts of the distribution system. System demands can be determined only after a careful
analysis of an entire distribution system. However, some general rules may serve as a guide to
such analysis.
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Elevated and Ground-Level Storage

Storage within the distribution system normally is provided in one of two ways: elevated storage
or ground storage with high-service pumping. It should be noted that elevated storage provides
the best, most reliable and most useful form of storage, particularly for structural fire suppression.

Elevated Storage
Properly sized elevated water tanks provide dedicated fire storage and are used to maintain
constant pressure on the water supply distribution system.

Domestic water supplies are regularly fed to the system from the top 10 to 15 feet of water in the
elevated tanks. As the water level in the tank drops, the tank controls call for additional high-
service pumps to start in order to satisfy the system demand and refill the tanks. The high-service
pumps are constant-speed units, which can operate at their highest efficiency point virtually all
the time. The remaining water in the tanks (70 to 75 percent) normally is held in reserve as
dedicated fire storage. This reserve will feed into the system automatically as the fire-flow demand
and the domestic use at a specific time exceed the capacity of the system’s high-service pumps.

Ground Storage

Since water kept in ground storage is not under any significant pressure, it must be delivered to
the point of use by pumping equipment. This arrangement limits the water distribution system’s
effectiveness for fire suppression in three ways:

1. There must be sufficient excess pumping capacity to deliver the peak demand for normal uses
as well as any fire demand, which requires a generally unused investment in pumping capacity.
The pumps are activated periodically to redistribute the water in the holding tank to avoid
stagnation of the water.

2. Standby power sources and standby pumping systems must be maintained at all times because
the system cannot function without the pumps.

3. The distribution lines to all points in the water distribution system must be significantly oversized
to handle peak delivery use plus fire flow, no matter where the fire might occur near one or more
fire hydrants on the piping system.

However, in hilly areas it is frequently possible to install ground reservoirs at sufficient elevation
so that the water would “float” on the distribution system. This eliminates the need for pumps at
the ground-storage facility. If the desired overflow elevation can be achieved on a hill, a
considerably larger storage capacity can be installed when compared to an elevated tank. This
may result in placement of the storage facility on a hill in a less desirable location.

Such a placement would provide larger storage capacity than could be achieved by an elevated
storage tank(s), or it should provide the equivalent storage more economically. When ground-
level storage is used in areas of high fire risks, the energy that would be needed to deliver the
water is lost on the initial delivery of water to the tank.

The water supply must be re-pumped and re-pressurized with the consequent addition of more
standby generators and more standby pumps. In addition, the system’s high-service pumps must
be either variable speed or controlled by discharge valves to maintain constant system pressures.
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This equipment is expensive, uses additional electrical power, and requires extensive operation
and maintenance.

Frequently, the additional capital costs for pumps, generators, and backup systems, and the long-
term energy costs, significantly increase the costs of a ground-storage system.

Chemical Contaminants in Storage Tanks

Coating materials are used to prevent corrosion of steel storage tanks and to prevent moisture
migration in concrete tanks. Through the 1970's, coatings used in finished water storage facilities
were primarily selected because of their corrosion resistance and ease of application. This led to
the use of industrial products like coal tars, greases, waxes and lead paints as interior tank
coatings. These products offered exceptional corrosion performance but unknowingly contributed
significant toxic chemicals to the drinking water.

Grease coatings can differ greatly in their composition from vegetable to petroleum based
substances and can provide a good food source for bacteria, resulting in reduced chlorine
residuals and objectionable tastes and odors in the finished water (Kirmeyer et al. 1999).

Indicators of Water Quality Problems within Storage Facilities

There are several indicators that may suggest water quality problems are occurring within storage
facilities. These include aesthetic considerations that may be identified by consumers, as well as
the results of storage facility monitoring efforts. It should be noted that indicators can be triggered
by factors other than water age, such as insufficient source water treatment, pipe materials, and
condition/age of distribution system and storage facility.

Aesthetic Indicators
The following indicators may be identified during water consumption:
e Poor taste and odor — Aged, stale water provides an environment conducive to the growth
and formation of taste and odor causing microorganisms and substances.
e Improperly cured coatings can impart taste and odor to the stored water.
Sediment accumulation — Improperly applied coatings can slough off reservoirs and
accumulate at the bottom. Sediment carried into the storage facility from the bulk water
can accumulate within the reservoir if reservoir maintenance and cleaning are not routinely
performed.

Water Temperature
Stagnant water will approach the ambient temperature. Temperature stratification within
reservoirs will impede mixing. Turnover due to stratification can entrain accumulated sediment.

Monitoring Indicators
The following indicators require sample collection and analysis:

e Depressed disinfectant residual — Chlorine and chloramines undergo decay over time.
Elevated DBP levels — The reaction between disinfectants and organic precursors occur
over long periods.

o Elevated bacterial counts (i.e., heterotrophic plate count).

o Elevated nitrite/nitrate levels (nitrification) for chloraminating systems.

References
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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.

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 problem with hydropneumatic tanks.

It must be recognized that problems occurring in hydropneumatic tanks could also be related to
the well, water supply pump and controls, and the 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.

OCoONOOOaADRWN -~
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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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Water Distribution Section Post Quiz
Answers are found before the References in the rear.

Internet Link to Assignment...
http://www.abctlc.com/downloads/pdf/WD1ASS.pdf

System Layouts
1. Newer water systems are frequently expanded with planning and developed into a tree-like

system.
A. True B. False
2. The Tree system consists of a single main that as it leaves the

source and progresses through the area originally served.

Friction Loss

3. The damaged section can be isolated and the remainder of the system will still carry
pressure, water will not be distributed if a single section fails.

A. True B. False

4. During periods of peak fire flow demand, there will be less impact from in water
mains as the velocity within any given section of main.

Water Storage Facilities
5. According to the text, there are different types that are used in the water distribution systems,
such as stand pipes, elevated tanks and reservoirs, hydropneumatic tanks and?

6. According to the text, which of the following terms can be converted to pressure potential
energy or kinetic energy for delivery to homes?

Storage Reservoirs
7. Itis recommended that be located at a high enough elevation to allow the
water to flow by gravity to the distribution system.

8. According to the text, some storage for this term should be provided.

9. Which of the following terms inside the reservoir increase the contact time by preventing the
water from leaving the reservoir too quickly?

Water Storage Introduction
10. Which of the following terms prevents contamination of water as it travels to the customer,
finished water storage facilities are an important component of the protective distribution system?

Storage and Distribution
11. Proper construction is important in maintaining system integrity and the distribution system
must also protect?
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Steel Reservoirs

12. Steel reservoirs or tanks generally have higher construction and installation costs than
concrete, and require less maintenance.

A. True B. False

Categories of Finished Water Storage Facilities
13. Ground storage tanks or reservoirs can be below ground, and may be accompanied by pump
stations if not built at elevations providing the required system pressure by?

Municipal Water Supply Systems

14. In hilly areas, it is frequently possible to install ground reservoirs at sufficient elevation so
that the water would “float” on the distribution system.

A. True B. False

Troubleshooting Hydropneumatic Tank Problems
15. The purpose of a hydropneumatic tank is to provide pressure for the water system.
A. True B. False

16. It is the responsibility of the operator to perform basic troubleshooting of problems in
hydropneumatic tank systems.
A. True B. False
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Topic 2—- Cross-Connection-Backflow Prevention Section

Section Focus: You will learn the basics of cross-connection protection and backflow prevention.
At the end of this section, you will be able to describe cross-connection dangers and backflow
prevention methods. There is a post quiz at the end of this section to review your comprehension
and a final examination in the Assignment for your contact hours.

Scope/Background: The Environmental Protection Agency (EPA) holds local water providers
responsible for maintaining a certain amount of purity in potable water systems. Many states
and/or local municipalities require annual testing of backflow prevention assemblies. In most
cases, the law requires a double check (DC), reduced pressure principle device (RP) device, or
an air gap when backflow prevention is mandated

A Certified Backflow Tester (Jerry Durbin) examining a Double Check Detector check fire
line assembly.

Notice the water meter in photo, it is to detect any un-authorized water usage used in
the fire line.

Most of this section comes from the EPA’s Cross-Connection Manual.
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What is a Cross-Connection?

When drinking water piping connects to various plumbing fixtures (drain) or water utilizing
equipment a cross-connection is created. If improperly protected, contamination can result
when a backflow event occurs; allowing contaminates to reverse flow from the fixture/equipment
back into the drinking water piping.

What Can Cause a Backflow

Conditions that are likely to create a backflow event are typically common, but unfavorable,
hydraulic events that occur within the public or private segments of the water distribution system
such as: an owner or worker draining down a house or building to make a plumbing repair; a
broken water main or distribution pipe; severe/widespread power outages; fire fighters using large
quantities of water to extinguish a fire, or; a water utilizing piece of equipment or process creating
pressures greater than those present in water distribution system.

When these unfavorable hydraulic events are occurring, contaminates can be back-siphoned into
the drinking water due to negative pressures; or contaminates can back-pressured into the
drinking water due to excessive pressure imposed by the water utilizing piece of equipment or
process
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Backflow Introduction

Backflow Prevention, also referred to as Cross-Connection Control, addresses a serious health
issue. This issue was addressed on the federal level by passage of the "Federal Safe Drinking
Water Act" as developed by the Environmental Protection Agency (E.P.A.) and passed into law
on December 16, 1974. This Act tasked each state with primary enforcement responsibility for a
program to assure access to safe drinking water by all citizens. Such state program regulations
as adopted are required to be at least as stringent as the federal regulations as developed and
enforced by the E.P.A.

The official definition of a cross-connection is "the link or channel connecting a source of pollution
with a potable water supply." There are two distinct levels of concern with this issue. The first is
protection of the general public and the second is protection of persons subject to such risks
involving service to a single customer, be that customer an individual residence or business.

Sources of pollution which may result in a danger to health are not always obvious and such
cross-connections are certainly not usually intentional. They are usually the result of oversight or
a non-professional installation. As source examples, within a business environment the pollutant
source may involve the unintentional cross-connection of internal or external piping with chemical
processes or a heating boiler. In a residential environment the pollutant source may be an
improper cross-connection with a landscape sprinkler system or reserve tank fire protection
system. Or, a situation as simple as leaving a garden hose nozzle submerged in a bucket of liquid
or attached to a chemical sprayer.

Another potential hazard source within any environment may be a cross-connection of piping
involving a water well located on the property. This is a special concern with older residences or
businesses, which may have been served by well water prior to connection to the developed water
system. There are many other potential sources of pollutant hazards. Control of cross-
connections is possible but only through knowledge and vigilance. Public education is essential,
for many that are educated in piping and plumbing installations fail to recognize cross-connection
dangers.

Another buried RP assembly deep inside a vault, all we can see is a test cock. All RPs
need to be installed 12 inched above the ground. This device was buried in ground and
not tested for over 25 years. Owners are required to test their devices once a year at a
minimum.
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Top photo, a Hot Box, a good method of keeping the assembly from freezing during the
winter. Bottom, electrical heat tape method for freeze protection.
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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 a
sodium nitrate contamination that sent 19 people to the hospital.

New York 1994
An 8-inch reduced pressure principle backflow 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 caoill
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 homeowners’ 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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PLASTIC WATER MAIN LEA

PLASTIC WATER MAIN LEAK

MOST PLASTIC MAIN WATER LEAKS ARE CAUSED BY ROCKS OR SHARP OBJECTS
SCRAPING AGAINST PIPING / LEAKS ARE GENERALLY HORIZONTAL LEAKS
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Common Cross-Connection Sub-Section

Potable
Water Line

Make-up
Water Line
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Cross-Connection Terminology

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 Failure: Could be the source of an organic substance causing taste and odor
problems in a water distribution system.

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. The mixing of two unlike qualities of water; for example, the mixing of
good water with a polluting substance like a chemical.
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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 - - -z
Water Line

Backpressure
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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.

Cooling Tower - A common location
for finding a cross-connection.
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Backpressure

Backpressure backflow 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, etc.

‘| WATER
COOLER

BUBBLER
Reductions in potable
water supply pressure .
occur whenever the ———=—) BUBBLER

amount of water being
used exceeds the
amount of water being

'/ RECOMMENDED INSTALLATION
OF BACKFLOW PREVENTER LEAKING CHECK VALVES

supplied, such as during sc"oc:L _ s ,
water line flushing, ' R Yo O
firefighting, or breaks in A7 TOXIC RUST INHIBITOR
water mains. \ ) & DEFOAMANT
” CONTAINING SODIUM
i DICHROMATE
Backpressure
Example: ) e
Booster Pumps, PUMP

Pressure Vessels,
Boilers
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I -«ffmm BACKSIPHONAGE
MAY OCCUR
AT THIS POINT

ASPIRATOR EFFECT DIAGRAM
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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 it is delivered through the
distribution system.

This is specified in the Code of Federal Regulations (Volume 40, Para 141.2 Section c )”:
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 assembilies 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.

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 fore-seeable 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.

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 pose a significant hazard to the public water
system.
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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, Contaminant and Low, Pollutional

Containment Protection, 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, 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 “last 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 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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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 in 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.

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

Air Gap Separation: A physical separation space that is present between the discharge vessel
and the receiving vessel, for an example, a kitchen faucet.

SUPPLY VALVE
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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 only to prevent backflow caused by
backsiphonage 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

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.

£

TEST COCK # 3 | G

ot

TEST COCK # 2

SHUT-OFF
VALVE # 1

TEST COCK # 1 SHUT-OFF VALVE # 2

Double Check Assembly —Common on Firelines
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Reduced Pressure Backflow Assembly (RP)

The reduced pressure 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.

&

TEST COCK # 3 TEST COCK # 4

TEST COCK # 1
SHUT-OFF VALVE # 2
RELIEF VALVE

: =
TEST COCK # 2 _@,)[ e

Reduced Pressure Principle Assembly
Common on commercial and Industrial facilities

Various examples of RPs and these are easy to find around most water treatment
facilities. Incredibly, these devices can be found installed incorrectly, or even installed
backwards with the guts removed.
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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 normally notify the
property owner, asking them to comply. If the property owner does not voluntarily test their device,
the Water provider may be forced to turn off water service to that property. State law may require
the Water provider to discontinue water service until testing is complete.

Troubleshooting Table for Cross Connection Problem

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

This PVB is not 12 inches above the ground nor the highest downstream outlet.
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Cross-Connection/Backflow Prevention Section Post Quiz

1. A continuous positive pressure in a distribution system is essential for preventing what event?

2. What might be the source of an organic substance causing taste and odor problems in a water
distribution system?

3. 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 or backsiphonage from cross-connections.

4. Backflow: To the natural and normal directional flow of liquids, gases, or solid
substances back in to the public potable (drinking) water supply. This is normally an undesirable
effect.

5. Backsiphonage condition usually causes a reduced pressure or negative pressure on
the

6. What is equipment that utilizes water for cooling, lubrication, washing or as a solvent always
susceptible to?

7. An operator shall ensure when installing a pressure vacuum breaker backflow device that it
must be at above the highest downstream outlet.

Backflow/Cross-Connection Section

8. What term represents any temporary or permanent connection between a public water system
or consumer’s potable water system and any source or system containing nonpotable water or
other substances?

9. What term represents backflow caused by a negative pressure (i.e., a vacuum or partial
vacuum) in a public water system or consumer’s potable water system?

10. Backflow is the undesirable reversal of flow of nonpotable water or other substances through
a and into the piping of a public water system or consumer’s potable
water system.

11. The principal types of mechanical backflow preventer are the reduced-pressure principle
assembly, the , and the double check valve assembly.
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12. What term represents a stoppage of water supply due to nearby firefighting, a break in a
water main?

13. What term represents 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?

14. What term represents two forms-backpressure and backsiphonage?

15. The basic mechanism for preventing backflow is a mechanical , Which
provides a physical barrier to backflow.

16. According to the text, basic means of preventing backflow is an , Which
either eliminates a cross-connection or provides a barrier to backflow.
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Topic 3- Groundwater Production System Section

Section Focus: You will learn the basics of the groundwater production system. At the end of this
section, you will be able to describe how groundwater is pumped and delivered to the customer.
There is a post quiz at the end of this section to review your comprehension and a final examination
in the Assignment for your contact hours.

Scope/Background: EPA issued the Groundwater Rule (GWR) to improve drinking water quality
and provide protection from disease-causing microorganisms. Water systems that have
groundwater sources may be susceptible to fecal contamination. In many cases, fecal
contamination can contain disease causing pathogens. The purpose of the Groundwater Rule
(GWR) is to reduce disease incidence associated with harmful microorganisms in drinking water.
Other EPA drinking water regulations pertain to groundwater systems include:

o Stage 1 and 2 Disinfectants and Disinfection Byproducts Rules (DBPR) (monitoring for

DBPs in the distribution system)

e Groundwater Rule (sanitary surveys)

» Revised Total Coliform Rule (monitoring for bacterial contamination in distribution

systems)

PUMPING

r WELL

INFILTRATION
STREAM

WATER TABLE

@~ GROUNDWATER
- FLOW

GROUNDWATER
FLOW

PUMPING WELLS CAN DRAW DOWN THE AQUIFER ‘
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Contaminated Wells Introduction

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

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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Groundwater - Introduction

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

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

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

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

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

? = PRECIPITATION {

PRECIPITATION

SOIL ZONE SOIL ZONE | SOIL ZONE

RECHARGE TO
WATER TABLE

ATER TABLE

d

CAPILLARY FRINGE CAPILLARY FRINGE

SATURATED ZONE
(below the water table)

CAPILLARY FRINGE

(Material above water table that may contain water by capillary pressure in small voids)
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VERTICAL TURBINE WELL EXAMPLE

DUG DRIVEN BORED / DRILLED

COMMON TYPES OF WATER WELLS
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Aquifer - Introduction
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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.

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.
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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.

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.

l_ UNCONFINED AQUIFERl— UNCONFINED AQUIFER _l

CONFINING CONE OF
DEPRESSION
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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.
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of Influence

Unsaturated
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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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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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Groundwater Explained

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

What Is Groundwater and Where Does It Come From?

Actually groundwater 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 groundwater. In areas where
the water table occurs at the ground's surface, the groundwater 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 Groundwater Stored?

Groundwater is stored under many types of geologic conditions. Areas where groundwater 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 Groundwater Move?

Groundwater 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. Groundwater 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 groundwater to form sinkholes, tunnels, or even caves.

How Is Groundwater Used?

According to the U.S. Geological Survey, groundwater 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 groundwater. Whether it arrives via a public water supply system
or directly from a private well, groundwater 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.
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Overall, more than one-third of the water used for agricultural purposes is drawn from
groundwater; Arkansas, Nebraska, Colorado, and Kansas use more than 90 percent of their
groundwater withdrawals for agricultural activities. In addition, approximately 30 percent of all
groundwater 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 groundwater 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
groundwater.

Groundwater Quality

Until the 1970s, groundwater 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 groundwater. Since then, however,
every state in the nation has reported cases of contaminated groundwater, 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 groundwater.

Between 1971 and 1985, 245 groundwater related disease outbreaks, with 52,181 associated
illnesses, were reported. Most of these diseases were short-term digestive disorders. About 10
percent of all groundwater 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 groundwater of 38 states. Although various estimates have been made about the
extent of groundwater contamination, these estimates are difficult to verify given the nature of the
resource and the difficulty of monitoring its quality.

How Does Groundwater Become Contaminated?
Groundwater 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 groundwater contamination at each level.
Where a contaminant originates is a factor that can affect its actual impact on groundwater 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 groundwater.

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 groundwater.

The effectiveness of these processes also is affected by both the distance between the
groundwater and where the contaminant is introduced and the amount of time it takes the
substance to reach the groundwater. 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 groundwater.
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Infiltration of polluted surface water

De-icing salt use & storage

gsggggE Land disposal of wastes Animal feedlots
Stockpiles Fertilizers & pesticides
Dumps Accidental spills
Sewage sludge disposal Airborne source particulates
Septic tanks, cesspools, & privies Underaround pieline leaks
ABOVE Holding ponds & lagoons aerg PP
. . Artificial recharge
WATER Sanitary landfills Sumos and drv wells
TABLE Waste disposal in excavations Gravz ards Y
Underground storage tank leaks y
Waste disposal in wells Exploratory wells
BELOW .
WATER Drainage wells and canals Abandoned wells
TABLE Underground storage Water-supply wells

Mines

Groundwater withdrawal

TABLE 1. Activities That Can Cause Groundwater Contamination

In comparison with rivers or streams, groundwater tends to move very slowly and with very little
turbulence. Therefore, once the contaminant reaches the groundwater, little dilution or dispersion
normally occurs. Instead, the contaminant forms a concentrated plume that can flow along the
same path as the groundwater. 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
groundwater movement.

Because groundwater is hidden from view, contamination can go undetected for years until the
supply is tapped for use.

What Kinds of Substances Can Contaminate Groundwater, Where Do They Come From?
Substances that can contaminate groundwater 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 groundwater contamination problems stem from man's activities and can be
introduced into groundwater from a variety of sources.

Septic Tanks, Cesspools, and Privies

A major cause of groundwater 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
groundwater by bacteria, nitrates, viruses, synthetic detergents, household chemicals, and
chlorides.

Although each system can make an insignificant contribution to groundwater 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.
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Surface Impoundments

Another potentially significant source of groundwater 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 groundwater 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 groundwater
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 groundwater, 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
groundwater contamination problems and are now being cleaned up by their owners, operators,
or users; state governments; or the federal government under the Superfund program.

In addition, a lack of information about the location of many of these sites makes it difficult, if not
impossible, to determine how many others may now be contaminating groundwater.

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 groundwater.
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 groundwater 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 groundwater.

Accidents and lllegal Dumping
Accidents also can result in groundwater contamination. A large volume of toxic materials is
transported throughout the country by truck, train, and airplane.

Every day accidental chemical or petroleum product spills occur that, if not handled properly, can
result in groundwater 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 groundwater. In addition, there are numerous instances of groundwater
contamination caused by the illegal dumping of hazardous or other potentially harmful wastes.
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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 groundwater. Salt also can find its way
into groundwater 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, groundwater itself is hidden from view. lts 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 groundwater supply has been contaminated has five options:
1. Contain the contaminants to prevent their migration from their source.

2. Withdraw the pollutants from the aquifer.
3. Treat the groundwater where it is withdrawn or at its point of use.

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

5. 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 groundwater 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 Groundwater Protection Activities

Given the importance of groundwater 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 groundwater is to prevent contamination.
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Are There Federal Laws or Programs to Protect Groundwater?

The U.S. Environmental Protection Agency (EPA) is responsible for federal activities relating to
the quality of groundwater. EPA's groundwater protection activities are authorized by a number
of laws, including:

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).

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 groundwater from municipal landfills, underground storage tanks, surface impoundments,
and hazardous waste disposal facilities.

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 Ill).

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

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 groundwater.

The Clean Water Act, which authorizes EPA to make grants to the states for the development of
groundwater 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 groundwater contamination on
a national basis. Where federal laws have provided for general groundwater protection activities
such as wellhead protection programs or development of state groundwater protection strategies,
the actual implementation of these programs must be by the states in cooperation with local
governments.

A maijor reason for this emphasis on local action is that protection of groundwater generally
involves making very specific decisions about how land is used. Local governments frequently
exercise a variety of land-use controls under state laws.
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Do the States Have Laws or Programs to Protect Groundwater?

According to a study conducted for EPA in 1988, most of the states have passed some type of
groundwater protection legislation and developed some kind of groundwater policies. State
groundwater legislation can be divided into the following subject categories:

Statewide strategies - Requiring the development of a comprehensive plan to protect the state's
groundwater resources from contamination.

Groundwater classification - Identifying and categorizing groundwater sources by how they are
used to determine how much protection is needed to continue that type of use.

Standard setting - Identifying levels at which an aquifer is considered to be contaminated.

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

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

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

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

Water-use management - Including groundwater quality protection in the criteria used to justify
more stringent water allocation measures where excessive groundwater withdrawal could cause
groundwater contamination.
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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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APPENDIX 1. POTENTIALLY HARMFUL COMPONENTS OF
COMMON HOUSEHOLD PRODUCTS

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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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 groundwater systems. By Dennis Nelson

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

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 groundwater 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 groundwater 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
groundwater, they need to know where groundwater occurs in the subsurface, what the properties
are of the various geologic units below the surface, and how fast and in what direction
groundwater 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 groundwater 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.
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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.

A confined aquifer has a low-permeability geologic formation (a confining layer) as its upper
boundary; the groundwater 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.

| 7

Groundwater Flow
Dircction

100
90
80 70
Hydraulic
Head Contoury

(S ]

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 groundwater movement either in a horizontal or vertical
direction. Groundwater 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. Groundwater 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 (1), 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.
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Thickness of the Aquifer (b) and Water-Bearing Zones

To evaluate the amount of groundwater moving through the aquifer or its ability to supply
groundwater 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 groundwater is
moving.

hl

h2

AREA

Figure 3.
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Permeability of the Aquifer (K)

The permeability, or hydraulic conductivity, of the aquifer is a measure of how fast groundwater
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.

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 Groundwater Moving Through an Aquifer

If we wanted to know how much groundwater 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 1 (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 groundwater 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 groundwater flow. Using the transmissivity term, Darcy’s law becomes;

Q (ft¥/day) = T (ft?/day) X w (ft) X | (ft/ft)
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In What Direction Is Groundwater Flowing?

The direction of groundwater 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 groundwater 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 groundwater 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, groundwater tends to flow directly across, i.e.,
perpendicular to, the contours from higher head to lower head.

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 Groundwater Moving?
The speed of groundwater 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 groundwater is moving across the entire area of the aquifer, but in
the real world, groundwater does not flow that way. Groundwater 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
groundwater through the aquifer can be determined as follows:

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

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 groundwater flow, groundwater
gradients, variation of aquifer properties throughout
an area, and so on.
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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.

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.
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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 groundwater 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
groundwater 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 groundwater 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. Identifying where one aquifer ends and another begins is key to identifying the
source of groundwater 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 groundwater protection and identifying the relation between area groundwater 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 groundwater 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 groundwater is found and estimate the yield from each zone, the
hydrogeologist can increase his or her understanding of the groundwater 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 groundwater 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 groundwater 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 groundwater-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 Groundwater
Association (www.ngwa.org). All rights reserved.
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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.
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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.

—

Roller Reamer

Drag Bit Drag Type Under-reamer
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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.
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Mud Pump

Well Drilling Components and Products

Constructed Mud Pits
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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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Air Rotary Containment Pit Hammer & Bit
(Notice Foam and Water Truck)

First Pit (heavy with cuttings) Last Pit (small amount of fines)

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.
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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 soll
samples. There are three primary types of auger boring methods: solid stem, bucket, and
hollow stem.
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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: B e T T R N N (N
Cutting Head ' 1) 1) |-
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.
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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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PERCUSSION DRILLING

Percussion drilling is a commonly found groundwater production drilling technique in which a drill
bit attached to rope or cable is repeatedly raised and lowered, impacting soil and rock and making
the hole deeper. Frequently used to drill wells or during mineral prospecting activities, percussion
drilling has been used for thousands of years and is adaptable to whatever technology is available.

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

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

If the substance being drilled through is sturdy enough, drilling can continue until water is reached.
If drilling occurs in loose soil or sand, a pipe may need to be inserted to keep walls from collapsing.
After the well is deep enough, permanent casing is installed, too.
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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.

[T ———————

Wire wrapped screen being installed in a well.
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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.
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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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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
groundwater systems?

An evaluation of data on outbreaks and the occurrence of waterborne viral and bacterial
pathogens and indicators of fecal contamination in groundwater supplying public water system
(PWS) wells indicate that there is a subset of groundwater 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 groundwater 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 groundwater systems?
Groundwater 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 O157: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 groundwater?

Viral and bacterial pathogens are present in human and animal feces, which can, in turn,
contaminate drinking water. Fecal contamination can reach groundwater 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: regular sanitary surveys of
public water systems to look for significant deficiencies in key operational areas; 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; implementation of corrective actions by
groundwater systems with a significant deficiency or evidence of source water fecal contamination
to reduce the risk of contamination; and 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 jetted 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.
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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 airlifting while jetting with water is so important. Jetting is normally
conducted from the bottom of the well screen upwards.

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.

m «—DRILL STEM OR DRILL PIPE

Jetting Nozzle
% @ that can be —
attached to

drill pipe.

T STATIC WATER LEVEL

«—S0LID SURGE PLUNGER

+~— WELL CASING

“T—WELL SCREEN

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 testis 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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Groundwater Production System Post Quiz

1. Toxic material spilled or dumped near a well can leach into and contaminate
the groundwater drawn from that well.

2. 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?

3. Above the water table lies the?

4. may move in different directions below the ground than the water flowing
on the surface.

5. Unconfined aquifers are those that are bounded by the water table. Some aquifers lie beneath
layers of impermeable materials.
A. True B. False

6. Clay has many spaces between its grains, but the spaces are not large enough to permit free
movement of water.
A. True B. False

7. usually flows downhill with the slope of the water table.

Cone of Depression

8. When pumping begins, water begins to flow towards the well in contrast to the natural direction
of groundwater movement.

A. True B. False

9. describes a three-dimensional inverted cone surrounding
the well that represents the volume of water removed as a result of pumping.

10. 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.
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11. When a well is installed in , 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.

Where Is Groundwater Stored?
12. Areas where groundwater exists in sufficient quantities to supply wells or springs are called
aquifers, a term that literally means?

13. If the aquifer is sandwiched between layers of relatively impermeable materials, it is called?

14. Confined aquifers are not sandwiched between layers of relatively impermeable materials,
and their upper boundaries are generally closer to the surface of the land.
A. True B. False

Groundwater Quality

15. 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 groundwater.

A. True B. False

Water Use or Demand
16. Water system demand comes from a number of sources including residential, commercial,
industrial and public consumers as well as waste and some?

17. The combination of storage reservoirs and distribution lines must be capable of meeting
consumers’ needs for pressure at all times.
A. True B. False

18. The quantity of water used in any community varies from 100 to 200 gallons per person per
day.
A. True B. False

152
Distribution Basics TLC © 7/18/2022  (866) 557-1746



Topic 4 - Pumps and Motors Section

Section Focus: You will learn the basics of hydraulics, with a study into various pumps and
motors. At the end of this section, you will be able to describe water pumps and motors and the
associated hydraulic principles that are found in water treatment production. There is a post quiz
at the end of this section to review your comprehension and a final examination in the Assignment
for your contact hours.

Scope/Background: The main purpose of this section is to provide understanding of various
water lifting procedures, basic pump fundamentals, hydraulic principles, theory, maintenance,
related electrical and motor principles.
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Pump Introduction

Moving fluids plays a major role in the process of a plant. Liquid can only move on its own power
from top to bottom or from a high pressure to a lower pressure system. This means that energy
to the liquid must be added to move the liquid from a low to a higher level.

To add the required energy to liquids, pumps are used. There are many different definitions of a
pump but it can be described as: A machine used for the purpose of transferring quantities of
liquids, gases and even solids from one location to another.
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Types of Pumps

Pump types generally fall into two main categories - Rotodynamic and Positive Displacement, of
which there are many forms.

The Rotodynamic pump transfers rotating mechanical energy into kinetic energy in the form of
fluid velocity and pressure. The Centrifugal and Liquid Ring pumps are types of rotodynamic
pump, which utilize centrifugal force to transfer the fluid being pumped.

The Rotary Lobe pump is a type of positive displacement pump, which directly displaces the
pumped fluid from pump inlet to outlet in discrete volumes.
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Common Hydraulic Terms

Head
The height of a column or body of fluid above a given point expressed in linear units. Head is
often used to indicate gauge pressure. Pressure is equal to the height times the density of the
liquid.

Head, Friction

The head required to overcome the friction at the interior surface of a conductor and between fluid
particles in motion. It varies with flow, size, type, and conditions of conductors and fittings, and
the fluid characteristics.

Head, Static
The height of a column or body of fluid above a given point.

Hydraulics
Engineering science pertaining to liquid pressure and flow.

Hydrokinetics
Engineering science pertaining to the energy of liquid flow and pressure.

Pascal's Law
A pressure applied to a confined fluid at rest is transmitted with equal intensity throughout the
fluid.

Pressure
The application of continuous force by one body upon another that it is touching; compression.
Force per unit area, usually expressed in pounds per square inch (Pascal or bar).

Pressure, Absolute
The pressure above zone absolute, i.e. the sum of atmospheric and gauge pressure. In vacuum
related work it is usually expressed in millimeters of mercury. (mmHg).

Pressure, Atmospheric
Pressure exerted by the atmosphere at any specific location. (Sea level pressure is approximately
14.7 pounds per square inch absolute, 1 bar = 14.5psi.)

Pressure, Gauge
Pressure differential above or below ambient atmospheric pressure.

Pressure, Static
The pressure in a fluid at rest.
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Hydraulic Principles Sub- Section

Definition Hydraulics is a branch of engineering concerned mainly with moving liquids. The
term is applied commonly to the study of the mechanical properties of water, other liquids, and
even gases when the effects of compressibility are small. Hydraulics can be divided into two
areas, hydrostatics and hydrokinetics.

Hydraulics The Engineering science pertaining to liquid pressure and flow.

The word hydraulics is based on the Greek word for water, and originally covered the study of
the physical behavior of water at rest and in motion. Use has broadened its meaning to include
the behavior of all liquids, although it is primarily concerned with the motion of liquids.
Hydraulics includes the manner in which liquids act in
tanks and pipes, deals with their properties, and explores &
ways to take advantage of these properties. \

Hydrostatics, the consideration of liquids at rest, involves
problems of buoyancy and flotation, pressure on dams
and submerged devices, and hydraulic presses. The
relative incompressibility of liquids is one of its basic
principles. Hydrodynamics, the study of liquids in motion,
is concerned with such matters as friction and turbulence
generated in pipes by flowing liquids, the flow of water
over weirs and through nozzles, and the use of hydraulic
pressure in machinery.

Hydrostatics

Hydrostatics is about the pressures exerted by a fluid at
rest. Any fluid is meant, not just water. Research and
careful study on water yields many useful results of its
own, however, such as forces on dams, buoyancy and
hydraulic actuation, and is well worth studying for such
practical reasons.

The definition of a fluid deserves careful consideration. It is usually stated that a fluid is a
substance that cannot resist a shearing stress, so that pressures are normal to confining surfaces.

Geology has now shown us clear that there are substances which can resist shearing forces over
short time intervals, and appear to be typical solids, but which flow like liquids over long time
intervals. Such materials include wax and pitch, ice, and even rock.

A ball of pitch, which can be shattered by a hammer, will spread out and flow in months. Ice, a
typical solid, will flow in a period of years, as shown in glaciers, and rock will flow over hundreds
of years, as in convection in the mantle of the earth.

Shear earthquake waves, with periods of seconds, propagate deep in the earth, though the rock
there can flow like a liquid when considered over centuries. The rate of shearing may not be
strictly proportional to the stress, but exists even with low stress.

Viscosity may be the physical property that varies over the largest numerical range, competing
with electrical resistivity.
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There are several familiar topics in hydrostatics which often appears in expositions of introductory
science, and which are also of historical interest and can enliven their presentation. Let’s start our
study with the principles of our atmosphere.
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Atmospheric Pressure

The atmosphere is the entire mass of air that surrounds the earth. While it extends upward for
about 300 miles, the section of primary interest is the portion that rests on the earth’s surface
and extends upward for about 7 1/2 miles. This layer is called the troposphere.

If a column of air 1-inch square extending all the way to the "fop" of the atmosphere could be
weighed, this column of air would weigh approximately 14.7 pounds at sea level. Thus,
atmospheric pressure at sea level is approximately 14.7 psi.

As one ascends, the atmospheric pressure decreases by approximately 1.0 psi for every 2,343
feet. However, below sea level, in excavations and depressions, atmospheric pressure increases.
Pressures under water differ from those under air because the weight of the water must be added
to the pressure of the air.

Atmospheric pressure can be measured by any of several methods. The common laboratory
method uses the mercury column barometer. The height of the mercury column serves as an
indicator of atmospheric pressure. At sea level and at a temperature of 0° Celsius (C), the height
of the mercury column is approximately 30 inches, or 76 centimeters. This represents a pressure
of approximately 14.7 psi. The 30-inch column is used as a reference standard.

Another device used to measure atmospheric pressure is the aneroid barometer. The aneroid
barometer uses the change in shape of an evacuated metal cell to measure variations in
atmospheric pressure. The thin metal of the aneroid cell moves in or out with the variation of
pressure on its external surface. This movement is transmitted through a system of levers to a
pointer, which indicates the pressure.

The atmospheric pressure does not vary uniformly with altitude. It changes very rapidly.
Atmospheric pressure is defined as the force per unit area exerted against a surface by the weight
of the air above that surface. In the diagram below, the pressure at point "X" increases as the
weight of the air above it increases. The same can be said about decreasing pressure, where the
pressure at point "X" decreases if the weight of the air above it also decreases.

Top of the Atmosphere

T

I

| Weight of the air in the column
| applies a pressure to point "X"
I

1

I Surface
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Barometric Loop

The barometric loop consists of a continuous section of
supply piping that abruptly rises to a height of approximately
35 feet and then returns back down to the originating level. It
is a loop in the piping system that effectively protects against
backsiphonage. It may not be used to protect against back-
pressure.

Its operation, in the protection against backsiphonage, is
based upon the principle that a water column, at sea level
pressure, will not rise above 33.9 feet. In general, barometric
loops are locally fabricated, and are 35 feet high.

Pressure may be referred to using an absolute scale, pounds
per square inch absolute (psia), or gauge scale, (psiag).
Absolute pressure and gauge pressure are related. Absolute
pressure is equal to gauge pressure plus the atmospheric
pressure. At sea level, the atmospheric pressure is 14.7
psia.

Absolute pressure is the total pressure.

Gauge pressure is simply the pressure read on the gauge. If there is no pressure on the gauge
other than atmospheric, the gauge will read zero. Then the absolute pressure would be equal to
14.7 psi, which is the atmospheric pressure.
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Pressure

By a fluid, we have a material in mind like water or air, two very common and important fluids.
Water is incompressible, while air is very compressible, but both are fluids. Water has a definite
volume; air does not. Water and air have low viscosity; that is, layers of them slide very easily on
one another, and they quickly their shapes when disturbed by flows. Other fluids, such as
molasses, may have high viscosity and take a long time to come to equilibrium, but they are no
less fluids. The coefficient of viscosity is the ratio of the shearing force to the velocity gradient.
Hydrostatics deals with permanent, time-independent states of fluids, so viscosity does not
appear, except as discussed in the Introduction.

P P
+ &

4

EQUALITY OF PRESSURE -CURTIAN RINGS DIAGRAM

Pressure Definition

A fluid, therefore, is a substance that cannot exert any permanent forces tangential to a boundary.
Any force that it exerts on a boundary must be normal perpendicular to the boundary. Such a
force is proportional to the area on which it is exerted, and is called a pressure.

We can imagine any surface in a fluid as dividing the fluid into parts pressing on each other, as if
it were a thin material membrane, and so think of the pressure at any point in the fluid, not just at
the boundaries. In order for any small element of the fluid to be in equilibrium, the pressure must
be the same in all directions (or the element would move in the direction of least pressure), and if
no other forces are acting on the body of the fluid, the pressure must be the same at all
neighboring points.

Pascal’s Principle

Therefore, in this case the pressure will be the same throughout the fluid, and the same in any
direction at a point (Pascal's Principle). Pressure is expressed in units of force per unit area such
as dyne/cm?, N/cm? (pascal), pounds/in? (psi) or pounds/ft? (psf). The axiom that if a certain
volume of fluid were somehow made solid, the equilibrium of forces would not be disturbed, is
useful in reasoning about forces in fluids.

Equality of Pressure

On earth, fluids are also subject to the force of gravity, which acts vertically downward, and has
a magnitude y = pg per unit volume, where g is the acceleration of gravity, approximately 981
cm/s? or 32.15 ft/s?, p is the density, the mass per unit volume, expressed in g/cm?3, kg/m3, or
slug/ft3, and y is the specific weight, measured in Ib/in3, or Ib/ft® (pcf).
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Gravitation
Gravitation is an example of a body force that disturbs the equality of pressure in a fluid. The
presence of the gravitational body force causes the pressure to increase with depth, according to
the equation dp = pg dh, in order to support the water above. We call this relation the barometric
equation, for when this equation is integrated, we find the variation of pressure with height or
depth. If the fluid is incompressible, the equation can be integrated at once, and the pressure as
a function of depth h is p = pgh + p0.
Free Surface

The density of water is about 1 g/cm?, or its specific weight is
62.4 pcf. P

1
We may ask what depth of water gives the normal sea-level
atmospheric pressure of 14.7 psi, or 2117 psf.

This is simply 2117 / 62.4 = 33.9 ft of water. This is the
maximum height to which water can be raised by a suction 1
pump, or, more correctly, can be supported by atmospheric pgh o h
pressure. b
Equality of Pressure e
Professor James Thomson (brother of William Thomson, Lord R '
Kelvin) illustrated the equality of pressure by a "curtain-ring"
analogy shown in the diagram. A section of the toroid was
identified, imagined to be solidified, and its equilibrium was
analyzed. P,

The forces exerted on the curved surfaces have no
component along the normal to a plane section, so the
pressures at any two points of a plane must be equal, since the fluid represented by the curtain
ring was in equilibrium.

Increase of Pressure with Depth

The diagrams illustrates the equality of pressures in orthogonal directions. This can be extended
to any direction whatever, so Pascal's Principle is established. This demonstration is similar to
the usual one using a triangular prism and considering the forces on the end and lateral faces
separately.

THRUST ON A PLANE DIAGRAM
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General Pumping Fundamentals- Introduction
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Here are the important points to consider about suction piping when the liquid being pumped is
below the level of the pump:

First, suction lift is when the level of water to be pumped is below the centerline of the
pump. Sometimes suction lift is also referred to as ‘negative suction head'.

The ability of the pump to lift water is the result of a partial vacuum created at the center
of the pump.

This works similar to sucking soda from a straw. As you gently suck on a straw, you are
creating a vacuum or a pressure differential. Less pressure is exerted on the liquid inside
the straw, so that the greater pressure is exerted by the atmosphere on the liquid around
the outside of the straw, causing the liquid in the straw to move up. By sucking on the
straw, this allows atmospheric pressure to move the liquid.

Look at the diagram illustrated as “1”. The foot valve is located at the end of the suction
pipe of a pump. It opens to allow water to enter the suction side, but closes to prevent
water from passing back out of the bottom end.

The suction side of pipe should be one diameter larger than the pump inlet. The required
eccentric reducer should be turned so that the top is flat and the bottom tapered.

Notice in illustration “2” that the liquid is above the level of the pump. Sometimes this is referred
to as flooded suction’ or ‘suction head’ situations.

Points to Note are:

If an elbow and bell are used, they should be at least one pipe diameter from the tank bottom
and side. This type of suction piping must have a gate valve which can be used to prevent the
reverse flow when the pump has to be removed. In the illustration, you can see in both cases
the discharge head is from the centerline of the pump to the level of the discharge water. The
total head is the difference between the two liquid levels.
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Dynamic Pump Definitions

Hyperlink to the Glossary and Appendix
http.//www.abctlc.com/downloads/PDF/WTGlossary.pdf

Fluid: Any substance that can be pumped such as oil, water, refrigerant, or even air.

Gasket: Flat material that is compressed between two faces to form a seal.

Gland follower: A bushing used to compress the packing in the stuffing box and to control leakoff.
Gland sealing line: A line that directs sealing fluid to the stuffing box.

Horizontal pumps: Pumps in which the center line of the shaft is horizontal.

Impeller: The part of the pump that increases the speed of the fluid being handled.

Inboard: The end of the pump closest to the motor.

Inter-stage diaphragm: A barrier that separates stages of a multi-stage pump.

Key: A rectangular piece of metal that prevents the impeller from rotating on the shaft.
Keyway: The area on the shaft that accepts the key.

Kinetic energy: Energy associated with motion.

Lantern ring: A metal ring located between rings of packing that distributes gland sealing fluid.
Leak-off: Fluid that leaks from the stuffing box.

Mechanical seal: A mechanical device that seals the pump stuffing box.

Mixed flow pump: A pump that uses both axial-flow and radial-flow components in one
impeller.

Multi-stage pumps: Pumps with more than one impeller.
Outboard: The end of the pump farthest from the motor.
Packing: Soft, pliable material that seals the stuffing box.

Positive displacement pumps: Pumps that move fluids by physically displacing the fluid inside
the pump.

Radial bearings: Bearings that prevent shaft movement in any direction outward from the cen-
ter line of the pump.

Radial flow: Flow at 90° to the center line of the shaft.
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Retaining nut: A nut that keeps the parts in place.

Rotor: The rotating parts, usually including the impeller, shaft, bearing housings, and all other
parts included between the bearing housing and the impeller.

Score: To cause lines, grooves or scratches.

Shaft: A cylindrical bar that transmits power from the driver to the pump impeller.
Shaft sleeve: A replaceable tubular covering on the shaft.

Shroud: The metal covering over the vanes of an impeller.

Slop drain: The drain from the area that collects leak-off from the stuffing box.
Slurry: A thick, viscous fluid, usually containing small particles.

Stages: Impellers in a multi-stage pump.

Stethoscope: A metal device that can amplify and pinpoint pump sounds.
Strainer: A device that retains solid pieces while letting liquids through.
Stuffing box: The area of the pump where the shaft penetrates the casing.
Suction: The place where fluid enters the pump.

Suction eye: The place where fluid enters the pump impeller.

Throat bushing: A bushing at the bottom of the stuffing box that prevents packing from being
pushed out of the stuffing box into the suction eye of the impeller.

Thrust: Force, usually along the center line of the pump.

Thrust bearings: Bearings that prevent shaft movement back and forth in the same direction as
the center line of the shaft.

Troubleshooting: Locating a problem.

Vanes: The parts of the impeller that push and increase the speed of the fluid in the pump.
Vertical pumps: Pumps in which the center line of the shaft runs vertically.

Volute: The part of the pump that changes the speed of the fluid into pressure.

Wearing rings: Replaceable rings on the impeller or the casing that wear as the pump oper-
ates.
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Pump Introduction

Pumps are used to move or raise fluids. They are not only very useful, but are excellent examples
of hydrostatics. Pumps are of two general types, hydrostatic or positive displacement pumps, and
pumps depending on dynamic forces, such as centrifugal pumps. Here we will only consider
positive displacement pumps, which can be understood purely by hydrostatic considerations.
They have a piston (or equivalent) moving in a closely-fitting cylinder, and forces are exerted on
the fluid by motion of the piston.

Let's cover the essentials first. The key to the whole operation is, of course, the pump. And
regardless of what type it is (reciprocating piston, centrifugal, turbine or jet-ejector, for either
shallow or deep well applications), its purpose is to move water and generate the delivery force
we call pressure.

Sometimes — with centrifugal pumps in particular — pressure is not referred to in pounds per
square inch but rather as the equivalent in elevation, called head. No matter; head in feet divided
by 2.31 equals pressure, so it's simple enough to establish a common figure.

Pumps may be classified on the basis of the application they serve. All pumps may be divided
into two major categories: (1) dynamic, in which energy is continuously added to increase the fluid
velocities within the machine, and (2) displacement, in which the energy is periodically added by
application of force.

PUMPS

| ) ) |
ROTO OTHERS POSITIVE
DYNAMIC “;g-c',"\’(':ﬁ'éif’ DISPLACEMENT

E

‘CENTRIFUGAL | TURBINE \ ROTARY
| _ | 1
INTERNAL EXTERNAL LOBE SLIDE
GEAR GEAR VANE
Types of Pumps

The family of pumps comprises a large number of types based on application and capabilities.
The two major groups of pumps are dynamic and positive displacement.

RECIPROCATINGl
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Dynamic Pumps (Centrifugal Pump)

Centrifugal pumps are classified into three general categories:

Radial flow—a centrifugal pump in which the pressure is developed wholly by centrifugal force.
Mixed flow—a centrifugal pump in which the pressure is developed partly by centrifugal force
and partly by the lift of the vanes of the impeller on the liquid.

Axial flow—a centrifugal pump in which the pressure is developed by the propelling or lifting
action of the vanes of the impeller on the liquid.

PUMP DISCHARGE

IMPELLER
ROTATION

VOLUTE TYPE DIFFUSER TYPE

TYPES OF CENTRIFUGAL PUMPS

We have already seen an important example of this in the hydraulic lever or hydraulic press, which
we have called quasi-static. The simplest pump is the syringe, filled by withdrawing the piston and
emptied by pressing it back in, as its port is immersed in the fluid or removed from it.

More complicated pumps have valves allowing them to work repetitively. These are usually check
valves that open to allow passage in one direction, and close automatically to prevent reverse
flow. There are many kinds of valves, and they are usually the most trouble-prone and
complicated part of a pump.

The force pump has two check valves in the cylinder, one for supply and the other for delivery.
The supply valve opens when the cylinder volume increases, the delivery valve when the cylinder
volume decreases.

The lift pump has a supply valve and a valve in the piston that allows the liquid to pass around it
when the volume of the cylinder is reduced. The delivery in this case is from the upper part of the
cylinder, which the piston does not enter.

Diaphragm pumps are force pumps in which the oscillating diaphragm takes the place of the
piston. The diaphragm may be moved mechanically, or by the pressure of the fluid on one side of
the diaphragm.
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Some positive displacement pumps are shown below. The force and lift pumps are typically used
for water. The force pump has two valves in the cylinder, while the lift pump has one valve in the
cylinder and one in the piston. The maximum lift, or "suction," is determined by the atmospheric
pressure, and either cylinder must be within this height of the free surface.

LIFT PUMP BELLOWS PUMP

TYPES OF POSITIVE DISPLACEMENT PUMPS

The force pump, however, can give an arbitrarily large pressure to the discharged fluid, as in the
case of a diesel engine injector. A nozzle can be used to convert the pressure to velocity, to
produce a jet, as for firefighting. Fire fighting force pumps usually have two cylinders feeding one
receiver alternately. The air space in the receiver helps to make the water pressure uniform.

The three pumps below are typically used for air, but would be equally applicable to liquids. The
Roots blower has no valves, their place taken by the sliding contact between the rotors and the
housing.

The Roots (rotating lobe) blower can either exhaust a receiver or provide air under moderate
pressure, in large volumes.

The Bellows is a very old device, requiring no accurate machining. The single valve is in one or
both sides of the expandable chamber. Another valve can be placed at the nozzle if required. The
valve can be a piece of soft leather held close to holes in the chamber.

The bicycle pump uses the valve on the valve stem of the tire or inner tube to hold pressure in
the tire. The piston, which is attached to the discharge tube, has a flexible seal that seals when
the cylinder is moved to compress the air, but allows air to pass when the movement is reversed.
Diaphragm and vane pumps are not shown, but they act the same way by varying the volume of
a chamber, and directing the flow with check valves.
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Positive Displacement Pump Examples

DURING THE DISCHARGE
STROKE, THE PISTON TRAVELS
TO THE RIGHT, SEATING THE

CHECK VALVE IN THE SUCTION
LINE, ALLOWING THE CHECK
VALVE TO OPEN ON THE
DISCHARGE LINE

DISCHARGE
CHECK VALVE

PISTON TYPE -POSITIVE DISPLACEMENT PUMP

AIR VESSEL

PISTON
MOVING
UPWARDS

DISCHARGE
(LIQUID)
SUCTION VALVE

CLOSED DISCHARGE VALVE OPEN

SUCTION VALVE OPEN
SUCTION DISCHARGE VALVE
(LIQUID) CLOSED

POSITIVE DISPLACEMENT PUMP
RECIPROCATING PISTON TYPE
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Positive Displacement Pump Sub-Section

A positive displacement pump has an expanding cavity on the suction side of the pump and a
decreasing cavity on the discharge side. Liquid is allowed to flow into the pump as the cavity on
the suction side expands and the liquid is forced out of the discharge as the cavity collapses. This
principle applies to all types of positive displacement pumps whether the pump is a rotary lobe,
gear within a gear, piston, diaphragm, screw, progressing cavity, etc.

A positive displacement pump, unlike a centrifugal pump, will produce the same flow at a given
RPM no matter what the discharge pressure is. A positive displacement pump cannot be operated
against a closed valve on the discharge side of the pump, i.e. it does not have a shut-off head like
a centrifugal pump does. If a positive displacement pump is allowed to operate against a closed
discharge valve, it will continue to produce flow that will increase the pressure in the discharge
line until either the line bursts or the pump is severely damaged or both.

DISCHARGE
HIGH
PRESSURE

SUCTION
Low
PRESSURE

POSITIVE DISPLACEMENT PUMP WITH ROTATING LOBES

Types of Positive Displacement Pumps

Single Rotor Multiple Rotor
Vane Gear
Piston Lobe
Flexible Member Circumferential Piston
Single Screw Multiple Screw

There are many other types of positive displacement pumps. We will look at:
@ Plunger pumps

o  Diaphragm pumps

*  Progressing cavity pumps, and

o  Screw pumps
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Single Rotator Positive Displacement Pump

Component

Vane

Piston

Flexible Member

Single Screw

Multiple Rotator

Component

Gear

Lobe

Circumferential piston

Multiple Screw

Plunger Pump

Description

The vane(s) may be blades, buckets, rollers, or slippers that cooperate
with a dam to draw fluid into and out of the pump chamber.

Fluid is drawn in and out of the pump chamber by a piston(s) reciprocating
within a cylinder(s) and operating port valves.

Pumping and sealing depends on the elasticity of a flexible member(s) that
may be a tube, vane, or a liner.

Fluid is carried between rotor screw threads as they mesh with internal

threads on the stator.

Description

Fluid is carried between gear teeth and is expelled by the meshing of the
gears that cooperate to provide continuous sealing between the pump inlet
and outlet.

Fluid is carried between rotor lobes that cooperate to provide continuous
sealing between the pump inlet and outlet.

Fluid is carried in spaces between piston surfaces not requiring contacts
between rotor surfaces.

Fluid is carried between rotor screw threads as they mesh.

The plunger pump is a positive displacement pump that uses a plunger or piston to force liquid
from the suction side to the discharge side of the pump. Itis used for heavy sludge. The movement
of the plunger or piston inside the pump creates pressure inside the pump, so you have to be
careful that this kind of pump is never operated against any closed discharge valve. All discharge
valves must be open before the pump is started, to prevent any fast build-up of pressure that

could damage the pump.

Diaphragm Pumps

In this type of pump, a diaphragm provides the mechanical action used to force liquid from the
suction to the discharge side of the pump. The advantage the diaphragm has over the plunger is
that the diaphragm pump does not come in contact with moving metal. This can be important
when pumping abrasive or corrosive materials.

There are three main types of diaphragm pumps available:

1. Diaphragm sludge pump

2. Chemical metering or proportional pump
3. Air-powered double-diaphragm pump
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Basic Centrifugal Pump

The water pump commonly found in our systems is centrifugal pumps. These pumps work by
spinning water around in a circle inside a cylindrical pump housing. The pump makes the water
spin by pushing it with an impeller. The blades of this impeller project outward from an axle like
the arms of a turnstile and, as the impeller spins, the water spins with it. As the water spins, the
pressure near the outer edge of the pump housing becomes much higher than near the center of
the impeller.

There are many ways to understand this rise in pressure, and here are two:
CENTRIFUGAL FORCE ACTS THIS WAY

BUT RELEASED
PARTICLE GOES
THIS WAY

ROTATING CYLINDER

CENTRIFUGAL WATER EFFECT IN ACTION DIAGRAM

First, you can view the water between the impeller blades as an object traveling in a circle. Objects
do not naturally travel in a circle--they need an inward force to cause them to accelerate inward
as they spin. Without such an inward force, an object will travel in a straight line and will not
complete the circle. In a centrifugal pump, that inward force is provided by high-pressure water
near the outer edge of the pump housing.

The water at the edge of the pump pushes inward on the water between the impeller blades and
makes it possible for that water to travel in a circle. The water pressure at the edge of the turning
impeller rises until it is able to keep water circling with the impeller blades.

You can also view the water as an incompressible fluid, one that obeys Bernoulli's equation in the
appropriate contexts. As water drifts outward between the impeller blades of the pump, it must
move faster and faster because its circular path is getting larger and larger. The impeller blades
cause the water to move faster and faster. By the time the water has reached the outer edge of
the impeller, it is moving quite fast. However, when the water leaves the impeller and arrives at
the outer edge of the cylindrical pump housing, it slows down because of the loss of energy.
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Glenn

Bernoulli’s Equation Research

Center
V = Velocity
Restrictions : p = Pressure
Inviscid r = Density
Steady

Incompressible (low velocity)
No heat addition.

Negligible change in height.

Along a streamline:
static pressure + dynamic pressure = total pressure

P+ rv® =P

s 2 t
(ps+ %12)1 - (ps+ %2 2

Here is where Bernoulli's equation figures in. As the water slows down and its kinetic energy
decreases, that water's pressure potential energy increases (fo conserve energy). Thus, the
slowing is accompanied by a pressure rise. That is why the water pressure at the outer edge of
the pump housing is higher than the water pressure near the center of the impeller. When water
is actively flowing through the pump, arriving through a hole near the center of the impeller and
leaving through a hole near the outer edge of the pump housing, the pressure rise between center
and edge of the pump is not as large.

IMPELLER BLADE

FLOW TRACES

VANELESS
DIFFUSER

COMMON PUMP IMPELLER

174
Distribution Basics TLC © 7/18/2022  (866) 557-1746



Three Types of Water Pumps

The most common type of water pumps used for municipal and domestic water supplies are
dynamic pumps or also referred to as variable displacement pumps. A variable displacement
pump will produce at different rates relative to the amount of pressure or lift the pump is working
against. Centrifugal pumps are variable displacement pumps that are by far used the most. The
water production well industry almost exclusively uses Turbine pumps, which are a type of
centrifugal pump.

Turbine Pump

The turbine pump utilizes impellers enclosed in single or multiple bowls or stages to lift water by
centrifugal force. The impellers may be of either a semi-open or closed type. Impellers are
rotated by the pump motor, which provides the horsepower needed to overcome the pumping
head. A more thorough discussion of how these and other pumps work is presented later in this
section. The size and number of stages, horsepower of the motor and pumping head are the key
components relating to the pump’s lifting capacity.

STUFFING
BOX

IMPELLER

VENTURI

NOZZLE ;

RETURN
PIPE

EJECTOR

VERTICAL TURBINE INSTALLATION DIAGRAM

Vertical Turbine Pump

Vertical turbine pumps are commonly used in groundwater wells but also in many other
applications. These pumps are driven by a shaft rotated by a motor that is usually on the surface.
The shaft turns the impellers within the pump housing while the water moves up the column.

This type of pumping system is also called a line-shaft turbine. The rotating shaft in a line shaft
turbine is actually housed within the column pipe that delivers the water to the surface. The size
of the column, impeller, and bowls are selected based on the desired pumping rate and lift
requirements.
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Column pipe sections can be threaded or coupled together while the drive shaft is coupled and
suspended within the column by spider bearings. The spider bearings provide both a seal at the
column pipe joints and keep the shaft aligned within the column. The water passing through the
column pipe serves as the lubricant for the bearings. Some vertical turbines are lubricated by oil
rather than water. These pumps are essentially the same as water lubricated units; only the drive
shaft is enclosed within an oil tube.

Food grade oil is supplied to the tube through a gravity feed system during operation. The oil
tube is suspended within the column by spider flanges, while the line shaft is supported within the
oil tube by brass or redwood bearings. A continuous supply of oil lubricates the drive shaft as it
proceeds downward through the oil tube.

A small hole located at the top of the pump bow unit allows excess oil to enter the well. This
results in the formation of an oil film on the water surface within oil-lubricated wells. Careful
operation of oil lubricated turbines is needed to ensure that the pumping levels do not drop enough
to allow oil to enter the pump. Both water and oil lubricated turbine pump units can be driven by
electric or fuel powered motors.

Most installations use an electric motor that is connected to the drive shaft by a keyway and nut.
However, where electricity is not readily available, fuel powered engines may be connected to the
drive shaft by a right angle drive gear. Also, both oil and water lubricated systems will have a
strainer attached to the intake to prevent sediment from entering the pump.

When the line shaft turbine is turned off, water will flow back down the column, turning the
impellers in a reverse direction. A pump and shaft can easily be broken if the motor were to turn
on during this process. This is why a time delay or ratchet assembly is often installed on these
motors to either prevent the motor from turning on before reverse rotation stops or simply not
allow it to reverse at all.

Three Main Types of Diaphragm Pumps

In the first type, the diaphragm is sealed with one side in the fluid to be pumped, and the other in
air or hydraulic fluid. The diaphragm is flexed, causing the volume of the pump chamber to
increase and decrease. A pair of non-return check valves prevents reverse flow of the fluid.

Volumetric Positive Displacement

The second type of diaphragm pump also works with volumetric positive displacement, but differs
in that the prime mover of the diaphragm is neither oil nor air; but is electro-mechanical, working
through a crank or geared motor drive. This method flexes the diaphragm through simple
mechanical action, and one side of the diaphragm is open to air. The third type of diaphragm
pump has one or more unsealed diaphragms with the fluid to be pumped on both sides.

The diaphragm(s) again are flexed, causing the volume to change. When the volume of a chamber
of either type of pump is increased (the diaphragm moving up), the pressure decreases, and fluid
is drawn into the chamber.

When the chamber pressure later increases from decreased volume (the diaphragm moving
down), the fluid previously drawn in is forced out. Finally, the diaphragm moving up once again
draws fluid into the chamber, completing the cycle. This action is similar to that of the cylinder in
an internal combustion engine.
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Cavitation

Cavitation is defined as the phenomenon of formation of vapor bubbles of a flowing liquid in a
region where the pressure of the liquid falls below its vapor pressure. Cavitation is usually divided
into two classes of behavior: inertial (or transient) cavitation and non-inertial cavitation. Inertial
cavitation is the process where a void or bubble in a liquid rapidly collapses, producing a shock
wave.

Such cavitation often occurs in pumps, propellers, impellers, and in the vascular tissues of plants.
Non-inertial cavitation is the process in which a bubble in a fluid is forced to oscillate in size or
shape due to some form of energy input, such as an acoustic field. Such cavitation is often
employed in ultrasonic cleaning baths and can also be observed in pumps, propellers etc.

Cavitation is, in many cases, an undesirable occurrence. In devices such as propellers and
pumps, cavitation causes a great deal of noise, damage to components, vibrations, and a loss of
efficiency. When the cavitation bubbles collapse, they force liquid energy into very small volumes,
thereby creating spots of high temperature and emitting shock waves, the latter of which are the
source of a rattling noise.

The noise created by cavitation is a particular problem for military submarines, as it increases the
chances of being detected by passive sonar. Although the collapse of a cavity is a relatively low-
energy event, highly localized collapses can erode metals, such as steel, over time. The pitting
caused by the collapse of cavities produces great wear on components and can dramatically
shorten a propeller's or pump's lifetime. After a surface is initially affected by cavitation, it tends
to erode at an accelerating pace.

The cavitation pits increase the turbulence of the fluid flow and create crevasses that act as
nucleation sites for additional cavitation bubbles. The pits also increase the component's surface
area and leave behind residual stresses. This makes the surface more prone to stress corrosion.

Impeller

An impeller is a rotating component of a centrifugal pump, usually made of iron, steel, aluminum
or plastic, which transfers energy from the motor that drives the pump to the fluid being pumped
by accelerating the fluid outwards from the center of rotation.

The velocity achieved by the impeller transfers into pressure when the outward movement of the
fluid is confined by the pump casing. Impellers are usually short cylinders with an open inlet (called
an eye) to accept incoming fluid, vanes to push the fluid radically, and a splined center to accept
a driveshaft.
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Factor

Mechanics

Dynamic (Centrifugal) Pump

Impellers pass on velocity from the
motor to the liquid which helps move
the fluid to the discharge port (produces
flow by creating pressure).

Positive Displacement Pump

Traps confined amounts of liquid and
forces it from the suction to the
discharge port (produces pressure by
creating flow).

Performance

Flow rate varies with a change in
pressure.

Flow rate remains constant with a
change in pressure.

Viscosity

Flow rate rapidly decreases with
increasing viscosity, even any
moderate thickness, due to frictional
losses inside the pump.

Due to the internal clearances high
viscosities are handled easily and flow
rate increases with increasing
viscosity.

Efficiency

Efficiency peaks at a specific pressure;
any variations decrease efficiency
dramatically. Does not operate well
when run off the middle of the curve;
can cause damage and cavitation.

Efficiency is less affected by pressure,
but if anything tends to increase as
pressure increases. Can be run at any
point on their curve without damage or
efficiency loss.

Suction Lift

Standard models cannot create suction
lift, although self-priming designs are
available and manometric suction lift is
possible through a non-return valve on
the suction line.

Create a vacuum on the inlet side,
making them capable of creating
suction lift.

Shearing

High-speed motor leads to shearing of
liquids. Not good for shear sensitive
mediums.
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Low internal velocity means little shear
is applied to the pumped medium.
Ideal for shear sensitive fluids.
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Submersible Pump

Introduction

Submersible pumps are in essence very similar to turbine pumps. They both use impellers rotated
by a shaft within the bowls to pump water. However, the pump portion is directly connected to
the motor.

The pump shaft has a keyway in which the splined motor end shaft inserts. The water-tight motor
is bolted to the pump housing. The pump’s intake is located between the motor and the pump
and is normally screened to prevent sediment from entering the pump and damaging the
impellers.

The efficient cooling of submersible motors is very important, so these types of pumps are often
installed such that flow through the well screen can occur upwards past the motor and into the
intake. If the motor end is inserted below the screened interval or below all productive portions
of the aquifer, it will not be cooled, resulting in premature motor failure.

Some pumps may have pump shrouds installed on them to force all the water to move past the
motor to prevent overheating.

The shroud is a piece of pipe that attaches to the pump housing with an open end below the
motor. As with turbine pumps, the size of the bowls and impellers, number of stages, and
horsepower of the motor are adjusted to achieve the desired production rate within the limitations
of the pumping head.

Insertion of motor spline into the pump keyway.

| Left- Cut away of a small turbine pump without the motor.
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Key Pump Words

NPSH: Net positive suction head - related to how much suction lift a pump can achieve by
creating a partial vacuum. Atmospheric pressure then pushes liquid into the pump. A method of
calculating if the pump will work or not in a given application.

S.G.: Specific gravity. The weight of liquid in comparison to water at approx. 20 degrees C, when
it has a SG = 1.

Specific Speed: A number which is the function of pump flow, head, efficiency etc. Not used in
day to day pump selection, but very useful, as pumps with similar specific speed will have similar
shaped curves, similar efficiency / NPSH / solids handling characteristics.

Vapor Pressure: If the vapor pressure of a liquid is greater than the surrounding air pressure,
the liquid will boil.

Viscosity: A measure of a liquid's resistance to flow. i.e.: how thick it is. The viscosity determines
the type of pump used, the speed it can run at, and with gear pumps, the internal clearances
required.

Friction Loss: The amount of pressure / head required to 'force' liquid through pipe and fittings.
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Centrifugal Pump Sub-Section

By definition, a centrifugal pump is a machine, a machine that imparts energy to a fluid. This
energy infusion can cause a liquid to flow, rise to a higher level, or both.

The centrifugal pump is an extremely simple machine. It is a member of a family known as rotary
machines and consists of two basic parts: 1) the rotary element or impeller and 2) the stationary
element or casing (volute). The figure at the bottom of the page is a cross section of a centrifugal
pump and shows the two basic parts.

In operation, a centrifugal pump “slings” liquid out of the impeller via centrifugal force. One fact
that must always be remembered: A pump does not create pressure, it only provides flow.
Pressure is just an indication of the amount of resistance to flow.

Centrifugal pumps may be classified in several ways. For example, they may be either SINGLE
STAGE or MULTI-STAGE. A single-stage pump has only one impeller. A multi-stage pump has
two or more impellers housed together in one casing.

BASIC COMPONENTS
OF A CENTRIFUGAL
PUMP:

® VOLUTE, CASING, BODY
- OR DIFFUSER

® IMPELLER
- OR IMPELLERS

® DRIVER (MOTOR)

BASICS OF A CENTRIFUGAL PUMP

As a rule, each impeller acts separately, discharging to the suction of the next stage impeller. This
arrangement is called series staging. Centrifugal pumps are also classified as horizontal or
vertical, depending upon the position of the pump shaft.

Impellers

The impellers used on centrifugal pumps may be classified as single suction or double suction.
The single-suction impeller allows liquid to enter the eye from one side only. The double-suction
impeller allows liquid to enter the eye from two directions.

Impellers are also classified as closed or open. Closed impellers have side walls that extend from
the eye to the outer edge of the vane tips. Open impellers do not have these side walls. Some
small pumps with single-suction impellers have only a casing wearing ring and no impeller ring.
In this type of pump, the casing wearing ring is fitted into the end plate.
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Recirculation lines are installed on some centrifugal pumps to prevent the pumps from
overheating and becoming vapor bound, in case the discharge is entirely shut off or the flow of
fluid is stopped for extended periods.

Seal piping is installed to cool the shaft and the packing, to lubricate the packing, and to seal the
rotating joint between the shaft and the packing against air leakage. A lantern ring spacer is
inserted between the rings of the packing in the stuffing box.

Seal piping leads the liquid from the discharge side of the pump to the annular space formed by
the lantern ring. The web of the ring is perforated so that the water can flow in either direction
along the shaft (between the shaft and the packing).

Water flinger rings are fitted on the shaft between the packing gland and the pump bearing
housing. These flingers prevent water in the stuffing box from flowing along the shaft and entering
the bearing housing.

Look at the components of the centrifugal pump.

" DISCHARGE
NOZZLE
STUFFING BOX
PACKING
IMPELLER

CASING WEAR RING

IMPELLER
EYE

CASING

CENTRIFUGAL PUMP BREAKDOWN DIAGRAM #1
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As the impeller rotates, it sucks the liquid into the center of the pump and throws it out under
pressure through the outlet. The casing that houses the impeller is referred to as the volute, the
impeller fits on the shaft inside. The volute has an inlet and outlet that carries the water as shown
below.

N\ PACKING IN
.\, STUFFING BOX

BEARING

SUCTION ROTATING
(Inlet) SHAFT
IMPELLER
VANE
CENTRIFUGAL PUMP BREAKDOWN DIAGRAM #2
VALUES OF SPECIFIC SPEEDS (PUMP IMPELLER)

-USED TO DESCRIBE THE SHAPE OF A PUMP IMPELLER

-PERFORMANCE IS EXPRESSED IN TERMS OF PUMP SPEED, REQUIRED FLOW AND TOTAL HEAD

FORMULA TO CALCULATE: Specific Speed (Ng)= N-Q (N: SPEED OF PUMP(rpm) Q: FLOW H: HEAD)

H (3/4)
=3 =3

E
=1 S
S| o ) I =3

=3

000,

0
10000
20000

< o

RADIAL VANE FRANCIS VANE MIXED FLOW AXIAL FLOW

IMPELLER SPECIFIC SPEEDS - IMPELLER VANE CROSS SECTION
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SUCTION HEAD

~. S
: i

SUCTION HEAD (Suction Lift)
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Vertical Turbine Pump Sub- Section

Vertical turbine pumps are available in deep well, shallow well, or canned configurations. VHS or
VSS motors will be provided to fulfill environmental requirements. Submersible motors are also
available. These pumps are also suitable industrial, municipal, commercial and agricultural
applications.

Deep well turbine pumps are adapted for use in cased wells or where the water surface is below
the practical limits of a centrifugal pump. Turbine pumps are also used with surface water
systems. Since the intake for the turbine pump is continuously under water, priming is not a
concern. Turbine pump efficiencies are comparable to, or greater than most centrifugal pumps.
They are usually more expensive than centrifugal pumps and more difficult to inspect and repair.
The turbine pump has three main parts: (1) the head assembly, (2) the shaft and column assembly
and (3) the pump bowl assembly. The head is normally cast iron and designed to be installed on
a foundation. It supports the column, shaft, and bowl assemblies, and provides a discharge for
the water. It also will support an electric motor, a right angle gear drive or a belt drive.

Bowl Assembly

The bowl assembly is the heart of the vertical turbine pump. The impeller and diffuser type casing
is designed to deliver the head and capacity that the system requires in the most efficient way.
Vertical turbine pumps can be multi-staged, allowing maximum flexibility both in the initial pump
selection and in the event that future system modifications require a change in the pump rating.
The submerged impellers allow the pump to be started without priming. The discharge head
changes the direction of flow from vertical to horizontal, and couples the pump to the system
piping, in addition to supporting and aligning the driver.

Drivers

A variety of drivers may be used; however, electric motors are most common. For the purposes
of this manual, all types of drivers can be grouped into two categories:

1. Hollow shaft drivers where the pump shaft extends through a tube in the center of the rotor and
is connected to the driver by a clutch assembly at the top of the driver.

2. Solid shaft drivers where the rotor shaft is solid and projects below the driver mounting base.
This type of driver requires an adjustable flanged coupling for connecting to the pump.

Discharge Head Assembly

The discharge head supports the driver and bowl assembly as well as supplying a discharge
connection (the “NUF” type discharge connection which will be located on one of the column pipe
sections below the discharge head). A shaft sealing arrangement is located in the discharge head
to seal the shaft where it leaves the liquid chamber. The shaft seal will usually be either a
mechanical seal assembly or stuffing box.

Column Assembly

The shaft and column assembly provides a connection between the head and pump bowls. The
line shaft transfers the power from the motor to the impellers and the column carries the water to
the surface. The line shaft on a turbine pump may be either water lubricated or oil lubricated.

The oil-lubricated pump has an enclosed shaft into which oil drips, lubricating the bearings. The
water-lubricated pump has an open shaft. The bearings are lubricated by the pumped water. If
there is a possibility of fine sand being pumped, select the oil lubricated pump because it will keep
the sand out of the bearings. If the water is for domestic or livestock use, it must be free of oil and
a water-lubricated pump must be used.
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Line shaft bearings are commonly placed on 10-foot centers for water-lubricated pumps operating
at speeds under 2,200 RPM and at 5-foot centers for pumps operating at higher speeds. Oil-
lubricated bearings are commonly placed on 5-foot centers.

A pump bowl encloses the impeller. Due to its limited diameter, each impeller develops a relatively
low head. In most deep well turbine installations, several bowls are stacked in series one above
the other. This is called staging. A four-stage bowl assembly contains four impellers, all attached
to a common shaft and will operate at four times the discharge head of a single-stage pump.

Impellers used in turbine pumps may be either semi-open or enclosed. The vanes on semi-open
impellers are open on the bottom and they rotate with a close tolerance to the bottom of the pump
bowl. The tolerance is critical and must be adjusted when the pump is new.

During the initial break-in period the line shaft couplings will tighten, therefore, after about 100
hours of operation, the impeller adjustments should be checked. After break-in, the tolerance
must be checked and adjusted every three to five years or more often if pumping sand.

Column assembly is of two basic types, either of which may be used:

1. Open line shaft construction utilizes the fluid being pumped to lubricate the line shaft bearings.
2. Enclosed line shaft construction has an enclosing tube around the line shaft and utilizes oil,
grease or injected liquid (usually clean water) to lubricate the line shaft bearings.

Column assembly will consist of:

1) column pipe, which connects the bowl assembly to the discharge head,

2) shaft, connecting the bowl shaft to the driver and,

3) may contain bearings, if required, for the particular unit. Column pipe may be either threaded
or flanged.

Note: Some units will not require column assembly, having the bowl assembly connected
directly to the discharge head instead.

Bowl Assemblies

The bowl consists of:

1) impellers rigidly mounted on the bowl shaft, which rotate and impart energy to the fluid,
2) bowls to contain the increased pressure and direct the fluid,

3) suction bell or case which directs the fluid into the first impeller, and

4) bearings located in the suction bell (or case) and in each bowl.

Both types of impellers may cause inefficient pump operation if they are not properly adjusted.
Mechanical damage will result if the semi-open impellers are set too low and the vanes rub against
the bottom of the bowls. The adjustment of enclosed impellers is not as critical; however, they
must still be checked and adjusted.

Impeller adjustments are made by tightening or loosening a nut on the top of the head assembly.
Impeller adjustments are normally made by lowering the impellers to the bottom of the bowls and
adjusting them upward.

The amount of upward adjustment is determined by how much the line shaft will stretch during
pumping. The adjustment must be made based on the lowest possible pumping level in the well.
The proper adjustment procedure if often provided by the pump manufacturer.
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Vertical Turbine Pump

Large Diameter Submersible Pump, Motor, and Column Pipe

Larger check valve installed on submersible pump to prevent water hammer (notice motor
shaft splines.)
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Common Elements of Vertical Turbines

Vertical Hollow Shaft
@ / or Solid Shaft Motors

Cast Iron or Fabricated
Discharge Head

Packed Stuffing Box
or Mechanical Seal

Threaded or Flanged
Column Assemblies

Lineshaft

Intermediate Bowls

Impellers

Intermediate Bowl Bearings

Suction Bell Bearing
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Pump Performance and Curves

Let’s looks at the big picture. Before you make that purchase of the pump and motor you need
to know the basics such as:

Total dynamic head, the travel distance
Capacity, how much water you need to provide
Efficiency, help determine the impeller size
HP, how many squirrels you need

RPM, how fast the squirrels run

PUMP CURVE
; OPERATING

SHUT-OFF HEAD POINT
POINT ‘

EFFICIENCY
CURVE

J

RUN-OUT
POINT

& SYSTEM
CURVE

TOTAL HEAD, H;

0 FLOW RATE, Q

PUMP PERFORMANCE CURVE (CENTRIFUGAL PUMP)
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VOLUTE CASING

SUCTION EYE

DISCHARGE

@ LIQUID FORCED INTO
IMPELLER

@ VANES PASS KINETIC
ENERGY TO LIQUID BEING
PUMPED: LIQUID IS ROTATED
AND LEAVES THE
IMPELLER

@ VOLUTE CASING CONVERTS
THE KINETIC ENERGY INTO
PRESSURE ENERGY

HOW A CENTRIFUGAL PUMP WORKS
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Motor and Pump Calculations

The centrifugal pump pumps the difference between the suction and the discharge heads. There
are three kinds of discharge head:

Static head. The height we are pumping to or the height to the discharge piping outlet
that is filling the tank from the top. Note: that if you are filling the tank from the bottom, the
static head will be constantly changing.

Pressure head. If we are pumping to a pressurized vessel (like a boiler) we must convert
the pressure units (psi. or Kg.) to head units (feet or meters).

System or dynamic head. Caused by friction in the pipes, fittings, and system
components. We get this number by making the calculations from published charts.

Suction head is measured the same way.

If the liquid level is above the pump center line, that level is a positive suction head. If the
pump is lifting a liquid level from below its center line, it is a negative suction head.

If the pump is pumping liquid from a pressurized vessel, you must convert this pressure
to a positive suction head. A vacuum in the tank would be converted to a negative suction
head.

Friction in the pipes, fittings, and associated hardware is a negative suction head.
Negative suction heads are added to the pump discharge head, positive suctions heads
are subtracted from the pump discharge head.

Total Dynamic Head (TDH) is the total height that a fluid is to be pumped, taking into account

friction

losses in the pipe.

TDH = Static Lift + Static Height + Friction Loss

where:

Static Lift is the height the water will rise before arriving at the pump (also known as the 'suction

head").

Static Height is the maximum height reached by the pipe after the pump (also known as the
'discharge head').

Friction Loss is the head equivalent to the energy losses due to viscose drag of fluid flowing in
the pipe (both on the suction and discharge sides of the pump). It is calculated via a formula or
a chart, taking into account the pipe diameter and roughness and the fluid flow rate, density,
and viscosity.

Motor hp Brake hp Water hp
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Horsepower
Work involves the operation of force over a specific distance. The rate of doing work is called
power.

The rate in which a horse could work was determined to be about 550 ft-Ibs./sec or 33,000 ft-
Ibs./min.

1 hp = 33,000 ft-Ibs./min
Motor Horsepower (mhp)
1 hp = 746 watts or .746 Kilowatts

MHP refers to the horsepower supplied in the form of electrical current. The efficiency of most
motors range from 80-95%. (Manufactures will list efficiency %)

Brake Horsepower (bhp)
Water hp
Brake hp = ---------------
Pump Efficiency
BHP refers to the horsepower supplied to the pump from the motor. As the power moves through
the pump, additional horsepower is lost, resulting from slippage and friction of the shaft and other
factors.

Water Horsepower

(flow gpm)(total hd)

Water hp =
3960

Water horsepower refers to the actual horse power available to pump the water.

Horsepower and Specific Gravity

The specific gravity of a liquid is an indication of its density or weight compared to water. The
difference in specific gravity, include it when calculating ft-lbs./min pumping requirements.

(ft)(Ibs./min)(sp.gr.)

= whp
33,000 ft-Ibs./min/hp

MHP and Kilowatt requirements

1hp =0.746 KW or (hp) (746 watts/hp)

1000 watts/kW
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Well Calculations
1. Well drawdown

Drawdown ft = Pumping water level, ft - Static water level, ft

2. Well yield
Flow, gallons
Well yield, gpm =
Duration of test, min

3. Specific yield

Well yield, gpm
Specific yield, gpm/ft =
Drawdown, ft

4. Deep well turbine pump calculations.

Discharge head, ft = (pressure measured) ( 2.31 ft/psi)
Field head, ft = pumping water + discharge head, ft
Bowl head, ft = field head + column friction

1 psi = 2.31 feet of head
1 foot of head = .433 psi

DISCHARGE
HEAD
TOTAL
HEAD
SUCTION -
LIFT : 2
I 8 DIAMETERS

_ FOOT VALVE
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Example 1

A centrifugal pump is located at an elevation of 722 ft. This pump is used to move water from
reservoir A to reservoir B. The water level in reservoir A is 742 ft and the water level in reservoir
B is 927 ft. Based on these conditions answer the following questions:

1. If the pump is not running and pressure gauges are installed on the suction and
discharge lines, what pressures would the gauges read?

Suction side:

Discharge side:

2. How can you tell if this is a suction head condition?

3. Calculate the following head measurements:

SSH:
SDH:

TSH:

4. Convert the pressure gauge readings to feet:

6 psi:
48 psi:
110 psi:

5. Calculate the following head in feet to psi:

20 ft:
205 ft:

185 ft:
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NPSH - Net Positive Suction Head

A pump creates a partial vacuum and atmospheric pressure forces water into the suction of the
pump, and NPSH describes the concept. NPSH(r) is the Net Positive Suction Head Required by
the pump, which is read from the pump performance curve. (Think of NPSH(r) as friction loss
caused by the entry to the pump suction.)

NPSH (a) is the Net Positive Suction Head Available, which is calculated as follows:
NPSH(a)=p+s-v-f

Where:
'p'= atmospheric pressure,
's'= static suction (If liquid is below pump, it is shown as a negative value)
'v'= liquid vapor pressure
'f'= friction loss

NPSH (a) must exceed NPSH(r) to allow pump operation without cavitation. (It is advisable to
allow approximately 1 meter difference for most installations.) The other important fact to
remember is that water will boil at much less than 100 deg C° if the pressure acting on it is less
than its vapor pressure, i.e. water at 95 deg C is just hot water at sea level, but at 1500m above
sea level it is boiling water and vapor.

The vapor pressure of water at 95 degrees C is 84.53 kPa, there was enough atmospheric
pressure at sea level to contain the vapor, but once the atmospheric pressure is dropped at a
higher elevation, the vapor is able to escape. This is why vapor pressure is always considered in
NPSH calculations when temperatures exceed 30 to 40 degrees C.

Suction Lift

Suction conditions are some of the most important factors affecting centrifugal pump operation. If
they are ignored during the design or installation stages of an application, they will probably come
back to haunt you.

A pump cannot pull or "suck" a liquid up its suction pipe because liquids do not exhibit tensile
strength. Therefore, they cannot transmit tension or be pulled. When a pump creates a suction, it
is simply reducing local pressure by creating a partial vacuum. Atmospheric or some other
external pressure acting on the surface of the liquid pushes the liquid up the suction pipe into the
pump.

Atmospheric pressure at sea level is called absolute pressure (PSIA) because it is a measurement
using absolute zero (a perfect vacuum) as a base. If pressure is measured using atmospheric
pressure as a base it is called gauge pressure (PSIG or simply PSI).

Atmospheric pressure, as measured at sea level, is 14.7 PSIA. In feet of head it is:
Head = PSI X 2.31 / Specific Gravity

For Water it is:
Head =14.7 X 2.31/1.0 = 34 Ft
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Thus, 34 feet is the theoretical maximum suction lift for a pump pumping cold water at sea level.
No pump can attain a suction lift of 34 ft; however, well designed ones can reach 25 ft quite easily.

You will note, from the equation above, that specific gravity can have a major effect on suction
lift. For example, the theoretical maximum lift for brine (Specific Gravity = 1.2) at sea level is 28
ft. The realistic maximum is around 20ft. Remember to always factor in specific gravity if the liquid
being pumped is anything but clear, cold (68 degrees F) water.

In addition to pump design and suction piping, there are two physical properties of the liquid being
pumped that affect suction lift:

1) Maximum suction lift is dependent upon the pressure applied to the surface of the liquid at
the suction source. Maximum suction lift decreases as pressure decreases.

2) Maximum suction lift is dependent upon the vapor pressure of the liquid being pumped. The
vapor pressure of a liquid is the pressure necessary to keep the liquid from vaporizing (boiling) at
a given temperature. Vapor pressure increases as liquid temperature increases. Maximum
suction lift decreases as vapor pressure rises.

It follows then, that the maximum suction lift of a centrifugal pump varies inversely with altitude.
Conversely, maximum suction lift will increase as the external pressure on its source increases
(for example: a closed pressure vessel).

Cavitation - Two Main Causes:

A. NPSH (r) EXCEEDS NPSH (a)

Due to low pressure the water vaporizes (boils), and higher pressure implodes into the vapor
bubbles as they pass through the pump, causing reduced performance and potentially major
damage.

B. Suction or discharge recirculation. The pump is designed for a certain flow range, if there is
not enough or too much flow going through the pump, the resulting turbulence and vortexes can
reduce performance and damage the pump.

Affinity Laws

The Centrifugal Pump is a very capable and flexible machine. Because of this it is unnecessary
to design a separate pump for each job. The performance of a centrifugal pump can be varied by
changing the impeller diameter or its rotational speed. Either change produces approximately the
same results. Reducing impeller diameter is probably the most common change and is usually
the most economical. The speed can be altered by changing pulley diameters or by changing the
speed of the driver. In some cases both speed and impeller diameter are changed to obtain the
desired results.

When the driven speed or impeller diameter of a centrifugal pump changes, operation of the pump
changes in accordance with three fundamental laws. These laws are known as the "Laws of
Affinity". They state that:

1) Capacity varies directly as the change in speed

2) Head varies as the square of the change in speed

3) Brake horsepower varies as the cube of the change in speed
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If, for example, the pump speed were doubled:

1) Capacity will double

2) Head will increase by a factor of 4 (2 to the second power)

3) Brake horsepower will increase by a factor of 8 (2 to the third power)

These principles apply regardless of the direction (up or down) of the speed or change in
diameter.

Consider the following example. A pump operating at 1750 RPM, delivers 210 GPM at 75' TDH,
and requires 5.2 brake horsepower. What will happen if the speed is increased to 2000 RPM?
First we find the speed ratio.

Speed Ratio = 2000/1750 = 1.14

From the Laws of Affinity:
1) Capacity varies directly or:
1.14 X 210 GPM = 240 GPM

2) Head varies as the square or:
1.14 X1.14 X75=97.5 TDH

3) BHP varies as the cube or:
1.14 X1.14 X114 X5.2=7.72 BHP

Theoretically the efficiency is the same for both conditions. By calculating several points a new
curve can be drawn.

Whether it be a speed change or change in impeller diameter, the Laws of Affinity give results
that are approximate. The discrepancy between the calculated values and the actual values
obtained in test are due to hydraulic efficiency changes that result from the modification. The
Laws of Affinity give reasonably close results when the changes are not more than 50% of the
original speed or 15% of the original diameter.

Affinity Laws - Centrifugal Pumps
If the speed or impeller diameter of a pump changes, we can calculate the resulting
performance change using:

Affinity laws

a. The flow changes proportionally to speed

i.e.: double the speed / double the flow

b. The pressure changes by the square of the difference
i.e.: double the speed / multiply the pressure by 4

c. The power changes by the cube of the difference

i.e.: double the speed / multiply the power by 8

Notes:

1. These laws apply to operating points at the same efficiency.

2. Variations in impeller diameter greater than 10% are hard to predict due to the change in
relationship between the impeller and the casing. For rough calculations you can adjust a duty
point or performance curve to suit a different speed. NPSH (r) is affected by speed / impeller
diameter change = DANGER!

197
Distribution Basics TLC © 7/18/2022  (866) 557-1746



BACKFLOW
AREA

BACKFLOW
CAVITATION

BUBBLE
CAVITATION

INFLUENT FLOW i

Oo °®®e®9®®
",0@@ @ce _ _ ® , @

O

)]

PUMP CAVITATION

Ideal Solid
== |ldeal Plastic Fluid
-
-o"'”
-
—-—“’—"

0 - .~ Non Newtonian Fluid

[72] -

Q U d

= & -

o -

5 - -

i - o -t =

n . _ o Newtonian Fluid

” Lot
” =T
o7
,_.-
P
o
= Ideal Fluid

;TEI:]‘II‘]iCB'
A Learning VELOCITY GRADIENT

A= College

198
Distribution Basics TLC © 7/18/2022 (866) 557-1746



Pump Casing Sub-Section

There are many variations of centrifugal pumps. The most common type is an end suction pump.
Another type of pump used is the split case. There are many variations of split case, such as;
two-stage, single suction, and double suction. Most of these pumps are horizontal.

There are variations of vertical centrifugal pumps. The line shaft turbine is really a multistage
centrifugal pump.

Impeller

In most centrifugal pumps, the impeller looks like a number of cupped vanes on blades mounted
on a disc or shaft. Notice in the picture below how the vanes of the impeller force the water into
the outlet of the pipe.

The shape of the vanes of the impeller is important. As the water is being thrown out of the pump,
this means you can run centrifugal pumps with the discharged valve closed for a SHORT period
of time. Remember the motor sends energy along the shaft, and if the water is in the volute too
long it will heat up and create steam. Not good!

Impellers are designed in various ways. We will look at.
o Closed impellers
e Semi-open impellers
e Opened impellers, and
o Recessed impellers

OPEN SEMI-OPEN CLOSED

IMPELLER TYPES

The impellers all cause a flow from the eye of the impeller to the outside of the impeller. These
impellers cause what is called radial flow, and they can be referred to as radial flow impellers.

The critical distance of the impeller and how it is installed in the casing will determine if it is high
volume / low pressure or the type of liquid that could be pumped.

Axial flow impellers look like a propeller and create a flow that is parallel to the shaft.
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Packing Seals

PUMP PACKING BOX WITH ADJUSTMENT LOCK NUTS

How can we prevent the water from leaking along the shaft?
A special seal is used to prevent liquid leaking out along the shaft. There are two types of seals
commonly used:

e Packing seal
¢ Mechanical seal

Leakage
During pump operation, a certain amount of leakage around the shafts and casings normally
takes place.

This leakage must be controlled for two reasons:

(1) to prevent excessive fluid loss from the pump, and

(2) to prevent air from entering the area where the pump suction pressure is below atmospheric
pressure.

The amount of leakage that can occur without limiting pump efficiency determines the type of
shaft sealing selected. Shaft sealing systems are found in every pump. They can vary from simple
packing to complicated sealing systems.

Packing is the most common and oldest method of sealing. Leakage is checked by the
compression of packing rings that causes the rings to deform and seal around the pump shaft
and casing.

The packing is lubricated by liquid moving through a lantern ring in the center of the packing. The
sealing slows down the rate of leakage. It does not stop it completely, since a certain amount of
leakage is necessary during operation. Mechanical seals are rapidly replacing conventional
packing on centrifugal pumps.
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Some of the reasons for the use of mechanical seals are as follows:
1. Leaking causes bearing failure by contaminating the oil with water. This is a major problem in
engine-mounted water pumps.

2. Properly installed mechanical seals eliminate leakoff on idle (vertical) pumps. This design
prevents the leak (water) from bypassing the water flinger and entering the lower bearings.

Leakoff causes two types of seal leakage:
a. Water contamination of the engine lubrication oil.
b. Loss of treated fresh water that causes scale buildup in the cooling system.

Lantern Rings

Lantern rings are used to supply clean water along the shaft. This helps to prevent grit and air
from reaching the area. Another component is the slinger ring. The slinger ring is an important
part of the pump because it is used to protect the bearings. Other materials can be used to prevent
this burier.

Wear Rings

Not all centrifugal pumps have wear rings. However, when they are included, they are usually
replaceable. Wear rings can be located on the suctions side and head side of the volute. Wear
rings could be made of the same metal but of different alloys. The wear ring on the head side is
usually a harder alloy. It's called a “WEAR RING” and what would be the purpose?

Finger is shown pointing to a Lantern Ring. This old school method of sealing a pump is
still out there. Notice the packing on both sides of the ring. The packing joints need to
be staggered and the purpose of this device is to allow pressurized cooling water to the
Stuffing Box.
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INCORRECT CORRECT
(butt joint) (skive joint)
(stagger @ 45 degree angle)

Skive Packing Procedure

Install one ring at a time: Make sure it is clean, and has not picked up any dirt in handling. If
desired, lubricate the shaft inside of the stuffing box. Seat rings firmly (except PTFE filament
and Graphite yarn packing, which should be snugged up very gently, then tightened gradually
after the pump is on stream). Joints of successive rings should be staggered and kept at least
90° apart. Each individual ring should be firmly seated with a tamping tool. When enough rings
have been individually seated so that the nose of the gland will reach them, individual tamping
should be supplemented by the gland.

LANTERN RING

PUMPED CONNCTION

FLUID

T N ..

-STUFFING BOX |
IMPELLER = e |

PACKING
GLAND

LANTERN RING BETWEEN PACKING FOR COOL / CLEAN FLUID BARRIER
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Mechanical Seals

Mechanical seals are rapidly replacing conventional packing as the means of controlling leakage
on rotary and positive-displacement pumps. Mechanical seals eliminate the problem of excessive
stuffing box leakage, which causes failure of pump and motor bearings and motor windings.

Mechanical Seals
There are many types of mechanical seals. The photograph re——
below illustrates the basic components of a mechanical seal.
Similar to the packing seal, clean water is fed at a pressure
greater than that of the liquid being pumped. There is little or no
leakage through the mechanical seal. The wearing surface must
be kept extremely clean. Even fingerprints on the wearing
surface can introduce enough dirt to cause problems.

MECHANICAL SEALS

Mechanical seals are ideal for pumps that operate in closed systems (such as fuel service and
air-conditioning, chilled-water, and various cooling systems). They not only conserve the fluid
being pumped, but also improve system operation.

The type of material used for the seal faces will depend upon the service of the pump. Most water
service pumps use a carbon material for one of the seal faces and ceramic (tungsten carbide) for
the other. When the seals wear out, they are simply replaced.

You should replace a mechanical seal whenever the seal is removed from the shaft for any
reason, or whenever leakage causes undesirable effects on equipment or surrounding spaces.
Do not touch a new seal on the sealing face because body acid and grease or dirt will cause the
seal to pit prematurely and leak.
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Stub or Step Sleeves

Mechanical shaft seals are positioned on the shaft by stub or step sleeves. Mechanical shaft seals

must not be positioned by setscrews. Shaft sleeves are chamfered (beveled) on the outboard
ends for easy mechanical seal mounting.

Mechanical shaft seals serve to ensure that position liquid pressure is supplied to the seal faces

under all conditions of operation. They also ensure adequate circulation of the liquid at the seal
faces to minimize the deposit of foreign matter on the seal parts.
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Motor Coupling Sub-Section

The pump coupling serves two main purposes:
e It couples or joins the two shafts together to transfer the rotation from motor to impeller.
o It compensates for small amounts of misalignment between the pump and the motor.

Remember that any coupling is a device in motion. If you have a 4-inch diameter coupling rotating
at 1800 rpm, its outer surface is traveling about 20 mph. With that in mind, can you think of safety
considerations?

There are three commonly used types of couplings: Rigid, Flexible and V-belts.

Rigid Coupling

Rigid couplings are most commonly used on vertically mounted pumps. The rigid coupling is
usually specially keyed or constructed for joining the coupling to the motor shaft and the pump
shaft. There are two types of rigid couplings: the flanged coupling, and the split coupling.

Flexible Coupling

The flexible coupling provides the ability to compensate for small shaft misalignments. Shafts
should be aligned as close as possible, regardless. The greater the misalignment, the shorter the
life of the coupling. Bearing wear and life are also affected by misalignment.

SPLIT-CASE
PUMP

COUPLING

BASE PLATE

FLEXIBLE COUPLED PUMP AND MOTOR
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Alignment of Flexible and Rigid Couplings
Both flexible and rigid couplings must be carefully aligned before they are connected.

Misalignment will cause excessive heat and vibration, as well as bearing wear. Usually, the
noise from the coupling will warn you of shaft misalignment problems.

Three types of shaft alignment problems are shown in the pictures below:

— e e s e =

ANGULAR MISALIGNMENT  ANGULAR AND PARALLEL PARALLEL MISALIGNMENT

Different couplings will require different alignment procedures. We will look at the general
procedures for aligning shafts.

1. Place the coupling on each shaft.

2. Arrange the units so they appear to be aligned. (Place shims under the legs of one of the
units to raise it.)

3. Check the run-out, or difference between the driver and driven unit, by rotating the shafts
by hand.

4. Turn both units so that the maximum run-out is on top.

Now you can check the units for both parallel and angular alignment. Many techniques are used,
such as: straight edge, needle deflection (dial indicators), calipers, tapered wedges, and laser
alignment.

V-Belt Drive Couplings

V-belt drives connect the pump to the motor. A pulley is mounted on the pump and motor shaft.
One or more belts are used to connect the two pulleys. Sometimes a separately mounted third
pulley is used. This idler pulley is located off centerline between the two pulleys, just enough to
allow tensioning of the belts by moving the idler pulley. An advantage of driving a pump with belts
is that various speed ratios can be achieved between the motor and the pump. Alignment is still
important, but less critical using v-belts.

Shaft Bearings

There are three types of bearings commonly used: ball bearings, roller bearings, and sleeve
bearings. Regardless of the particular type of bearings used within a system--whether it is ball
bearings, a sleeve bearing, or a roller bearing--the bearings are designed to carry the loads
imposed on the shaft.

Bearings must be lubricated. Without proper lubrication, bearings will overheat and seize.

Proper lubrication means using the correct type and the correct amount of lubrication. Similar to
motor bearings, shaft bearings can be lubricated either by oil or by grease.
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Motor Sub-Section

We will now refer to the motor, coupling, and bearings. The power source of the pump is usually
an electric motor. The motor is connected by a coupling to the pump shaft. The purpose of the
bearings is to hold the shaft firmly in place, yet allow it to rotate. The bearing house supports the
bearings and provides a reservoir for the lubricant. An impeller is connected to the shaft. The
pump assembly can be a vertical or horizontal set-up; the components for both are basically the
same.

Motors

The purpose of this discussion on pump motors is to identify and describe the main types of
motors, starters, enclosures, and motor controls, as well as to provide you with some basic
maintenance and troubleshooting information. Although pumps may be driven by diesel or
gasoline engines, pumps driven by electric motors are commonly used in our industry.

There are two general categories of electric motors:
% D-C motors, or direct current
% A-C motors, or alternating current

You can expect most motors at facilities to be A-C type.

D-C Motors

The important characteristic of the D-C motor is that its
speed will vary with the amount of current used. There are
many different kinds of D-C motors, depending on how
they are wound and their speed/torque characteristics.

A-C Motors

There are a number of different types of alternating current motors, such as Synchronous,
Induction, wound rotor, and squirrel cage. The synchronous type of A-C motor requires complex
control equipment, since they use a combination of A-C and D-C. This also means that the
synchronous type of A-C motor is used in large horsepower sizes, usually above 250 HP. The
induction type motor uses only alternating current. The squirrel cage motor provides a relatively
constant speed. The wound rotor type could be used as a variable speed motor.

Motor Starters
All electric motors, except very small ones such as chemical feed pumps, are equipped with
starters, either full voltage or reduced voltage. This is because motors draw a much higher current
when they are starting and gaining speed. The purpose of the
reduced voltage starter is to prevent the load from coming on
until the amperage is low enough.

Motor Enclosures

Depending on the application, motors may need special
protection. Some motors are referred to as open motors.
They allow air to pass through to remove heat generated
when current passes through the windings.

Other motors use specific enclosures for special
environments or safety protection.
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Two Types of Totally Enclosed Motors

¢ TENYV, or totally enclosed non-ventilated motor
d TEFC, or totally enclosed fan cooled motor

Totally enclosed motors include dust-proof, water-proof and explosion-proof motors. An explosion
proof enclosure must be provided on any motor where dangerous gases might accumulate.

Motor Controls

All pump motors are provided with some method of control, typically a combination of manual and
automatic. Manual pump controls can be located at the central control panel, at the pump, or at
the suction or discharge points of the liquid being pumped.

There are a number of ways in which automatic control of a pump motor can be regulated
@ Pressure and vacuum sensors ‘

* Preset time intervals
* Flow sensors
* | evel sensors

Two typical level sensors are the float
sensor and the bubble regulator. The
float sensor is pear-shaped and hangs
in the wet well. As the height increases,
the float tilts, and the mercury in the
glass tube flows toward the end of the
tube that has two wires attached to it.
When the mercury covers the wires, it
closes the circuit.

For a bubbler level sensor, a low pressure air supply is allowed to escape from a bubbler pipe in
the wet well. The back-pressure on the air supply will vary with the liquid level over the pipe.
Sensitive air pressure switches will detect this change and use this information to control pump
operation.

Motor Maintenance

Motors should be kept clean, free of moisture,
and lubricated properly.

Dirt, dust, and grime will plug the ventilating
spaces and can actually form an insulating
layer over the metal surface of the motor.

What condition would occur if the
ventilation becomes blocked?
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Type of Motor Commutation

Self-Commutated

Mechanical-
Commutator Motors

AC

e Universal
motor
(AC
commutator
series motor
or
AC/DC
motor)

e Repulsion
motor

Simple
electronics

DC

Electrically
excited DC
motor:

e Separately

excited
e Series
e Shunt
e Compound
PM DC motor
Rectifier,
linear

transistor(s)
or DC chopper

Electronic-
Commutator
(EC)
Motors

AC

With PM rotor:

e BLDC motor

With
ferromagnetic
rotor:

e SRM

More elaborate
electronics
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Externally Commutated

Asynchronous
Machines

Three-phase
motors:

e« SCIM

¢« WRIM

AC motors:

e Capacitor
¢ Resistance

e Shaded-pole

Most elaborate

Synchronous
Machines

AC

Three-phase
motors:

¢ WRSM
PMSM or
BLAC motor

o IPMSM
o SPMSM
e Hybrid

AC motors:

Permanent-
split
capacitor
Hysteresis
e Stepper

e SyRM-PM
hybrid

electronics (VFD), when provided
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Understanding Motors
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The classic division of electric motors has been that of Direct Current (DC) types vs. Alternating
Current (AC) types. This is more a de facto convention, rather than a rigid distinction. For
example, many classic DC motors run happily on AC power.

The ongoing trend toward electronic control further muddles the distinction; as modern drivers
have moved the commutator out of the motor shell. For this new breed of motor, driver circuits
are relied upon to generate sinusoidal AC drive currents, or some approximation of. The two best
examples are: the brushless DC motor and the stepping motor, both being polyphase AC motors
requiring external electronic control.

There is a clearer distinction between a synchronous motor and asynchronous types. In the
synchronous types, the rotor rotates in synchrony with the oscillating field or current (e.g.
permanent magnet motors). In contrast, an asynchronous motor is designed to slip; the most
ubiquitous example being the common AC induction motor which must slip in order to generate
torque.

A DC motor is designed to run on DC electric power. Two examples of pure DC designs are
Michael Faraday's homopolar motor (which is uncommon), and the ball bearing motor, which is
(so far) a novelty. By far the most common DC motor types are the brushed and brushless types,
which use internal and external commutation respectively to create an oscillating AC current from
the DC source -- so they are not purely DC machines in a strict sense.

Brushed DC motors

The classic DC motor design generates an oscillating current in a wound rotor with a split ring
commutator, and either a wound or permanent magnet stator. A rotor consists of a coil wound
around a rotor that is then powered by any type of battery. Many of the limitations of the classic
commutator DC motor are due to the need for brushes to press against the commutator. This
creates friction. At higher speeds, brushes have increasing difficulty in maintaining contact.
Brushes may bounce off the irregularities in the commutator surface, creating sparks. This limits
the maximum speed of the machine.
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The current density per unit area of the brushes limits the output of the motor. The imperfect
electric contact also causes electrical noise. Brushes eventually wear out and require
replacement, and the commutator itself is subject to wear and maintenance. The commutator
assembly on a large machine is a costly element, requiring precision assembly of many parts.

COMMUTATOR

BRUSH BRUSH

WIRE CONNECTING
ARMATURE & FIELD

WIRE CONNECTING
ARMATURE & FIELD

FIELD

ARMATURE — (Fixed)
(Rotating) 7 "

ARMATURE DRIVE SHAFTU

DIAGRAM SHOWING MECHANICAL CONSTRUCTION
OF A DC SERIES WOUND MOTOR

Brushless DC Motors

Some of the problems of the brushed DC motor are eliminated in the brushless design. In this
motor, the mechanical "rotating switch" or commutator/brush gear assembly is replaced by an
external electronic switch synchronized to the rotor's position. Brushless motors are typically 85-
90% efficient, whereas DC motors with brush gear are typically 75-80% efficient.

Midway between ordinary DC motors and stepper motors lies the realm of the brushless DC
motor. Built in a fashion very similar to stepper motors, these often use a permanent magnet
external rotor, three phases of driving coils, one or more Hall Effect sensors to sense the position
of the rotor, and the associated drive electronics. The coils are activated one phase after the
other by the drive electronics, as cued by the signals from the Hall effect sensors. In effect, they
act as three-phase synchronous motors containing their own variable-frequency drive electronics.
Brushless DC motors are commonly used where precise speed control is necessary, as in
computer disk drives or in video cassette recorders, the spindles within CD, CD-ROM (etc.) drives,
and mechanisms within office products such as fans, laser printers, and photocopiers.

212
Distribution Basics TLC © 7/18/2022  (866) 557-1746



SOLENOID

END COVER
DRIVE ‘
PINION

8 BEARING
COMMUTATOR CAP

STARTER MOTOR

Universal Motors

A variant of the wound field DC motor is the universal motor. The name derives from the fact that
it may use AC or DC supply current, although in practice they are nearly always used with AC
supplies.

The principle is that in a wound field DC motor the current in both the field and the armature (and
hence the resultant magnetic fields) will alternate (reverse polarity) at the same time, and hence
the mechanical force generated is always in the same direction. In practice, the motor must be
specially designed to cope with the AC current (impedance must be taken into account, as must
the pulsating force), and the resultant motor is generally less efficient than an equivalent pure DC
motor.

Operating at normal power line frequencies, the maximum output of universal motors is limited
and motors exceeding one kilowatt are rare. But universal motors also form the basis of the
traditional railway traction motor in electric railways. In this application, to keep their electrical
efficiency high, they were operated from very low frequency AC supplies, with 25 Hz and 16 2/3
hertz operation being common. Because they are universal motors, locomotives using this design
were also commonly capable of operating from a third rail powered by DC.

The advantage of the universal motor is that AC supplies may be used on motors which have the
typical characteristics of DC motors, specifically high starting torque and very compact design if
high running speeds are used. The negative aspect is the maintenance and short life problems
caused by the commutator. As a result, such motors are usually used in AC devices such as food
mixers and power tools which are used only intermittently.

Continuous speed control of a universal motor running on AC is very easily accomplished using
a thyristor circuit, while stepped speed control can be accomplished using multiple taps on the
field coil. Household blenders that advertise many speeds frequently combine a field coil with
several taps and a diode that can be inserted in series with the motor (causing the motor to run
on half-wave rectified AC).
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Moisture

Moisture harms the insulation on the windings to the point where they may no longer provide the
required insulation for the voltage applied to the motor. In addition, moisture on windings tend to
absorb acid and alkali fumes, causing damage to both insulation and metals. To reduce problems
caused by moisture, the most suitable motor enclosure for the existing environment will normally
be used. It is recommended to run stand by motors to dry up any condensation which accumulates
in the motor.

Motor Lubrication

Friction will cause wear in all moving parts, and lubrication is needed to reduce this friction. It is
very important that all your manufacturer's recommended lubrication procedures are strictly
followed. You have to be careful not to add too much grease or oil, as this could cause more
friction and generate heat.

To grease the motor bearings, this is the usual approach:
1. Remove the protective plugs and caps from the grease inlet and relief holes.
2. Pump grease in until fresh starts coming from the relief hole.

If fresh grease does not come out of the relief hole, this could mean that the grease has been
pumped into the motor windings. The motor must then be taken apart and cleaned by a qualified
service representative.

To change the oil in an oil lubricated motor, this is the usual approach:
Remove all plugs and let the oil drain.

Check for metal shearing (pieces of metal in the oil).

Replace the oil drain.

Add new oil until it is up to the oil level plug.

Replace the oil level and filter plug.

abron=

Never mix oils, since the additives of different oils when combined can cause breakdown of the
oil.
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Maintenance Sub-Section

Maintenance of Centrifugal Pumps

When properly installed, maintained and operated, centrifugal pumps are usually trouble-free.
Some of the most common preventative and corrective maintenance actions that you may be
required to perform are discussed in the following sections.

Repacking - Lubrication of the pump packing is extremely important.
The quickest way to wear out the packing is to forget to open the water
piping to the seals or stuffing boxes. If the packing is allowed to dry
out, it will score the shaft. When operating a centrifugal pump, be sure
there is always a slight trickle of water coming out of the stuffing box or
seal. How often the packing in a centrifugal pump should be renewed
depends on several factors, such as the type of pump, condition of the
shaft sleeve, and hours in use.

To ensure the longest possible service from pump packing, make
certain the shaft or sleeve is smooth when the packing is removed
from a gland. Rapid wear of the packing will be caused by roughness
of the shaft sleeve (or shaft where no sleeve is installed). If the shaft is
rough, it should be sent to the machine shop for a finishing cut to
smooth the surface. If it is very rough, or has deep ridges in it, it will
have to be renewed. It is absolutely necessary to use the correct packing.

When replacing packing, be sure the packing fits uniformly around the stuffing box. If you have to
flatten the packing with a hammer to make it fit, YOU ARE NOT USING THE RIGHT SIZE. Pack
the box loosely, and set up the packing gland lightly. Allow a liberal leak-off for stuffing boxes that
operate above atmospheric pressure.

Next, start the pump. Let it operate for about 30 minutes before you adjust the packing gland for
the desired amount of leak-off. This gives the packing time to run-in and swell. You may then
begin to adjust the packing gland. Tighten the adjusting nuts one flat at a time. Wait about 30
minutes between adjustments. Be sure to tighten the same amount on both adjusting nuts. If you
pull up the packing gland unevenly (or cocked), it will cause the packing to overheat and score
the shaft sleeves. Once you have the desired leak-off, check it regularly to make certain that
sufficient flow is maintained.

Last Word on Mechanical Seals

Mechanical seals are rapidly replacing conventional packing as the
means of controlling leakage on rotary and positive-displacement
pumps. Mechanical seals eliminate the problem of excessive stuffing
box leakage, which causes failure of pump and motor bearings and
motor windings.

Mechanical seals are ideal for pumps that operate in closed systems
(such as fuel service and air-conditioning, chilled-water, and various
cooling systems). They not only conserve the fluid being pumped,
but also improve system operation.
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The type of material used for the seal faces will depend upon the service of the pump. Most water
service pumps use a carbon material for one of the seal faces and ceramic (tungsten carbide) for
the other. When the seals wear out, they are simply replaced.

You should replace a mechanical seal whenever the seal is removed from the shaft for any
reason, or whenever leakage causes undesirable effects on equipment or surrounding spaces.
Do not touch a new seal on the sealing face because body acid and grease or dirt will cause the
seal to pit prematurely and leak.

Mechanical shaft seals are positioned on the shaft by stub or step sleeves. Mechanical shaft seals
must not be positioned by setscrews. Shaft sleeves are chamfered (beveled) on outboard ends
for easy mechanical seal mounting.

Mechanical shaft seals serve to ensure that liquid pressure is supplied to the seal faces under all
conditions of operation. They also ensure adequate circulation of the liquid at the seal faces to
minimize the deposit of foreign matter on the seal parts.
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Pump Not Delivering Water

If your pump is not delivering water, verify that the pump shaft is turning in the direction of the
arrow on the pump casing. As viewed from the motor end, the rotation is usually clockwise, but
check the startup instructions that came with the pump.

On three-phase motors, swap any two power leads to change rotation. It is recommended that a
qualified electrician perform this task.

If the pump does not prime, check for air leaks on discharge valves. Many all-metal gate-type
valves will not seal properly to create a vacuum. Sand or other debris lodged between the rubber
flap and the valve seat will prevent check valves from sealing and forming a tight joint. See if the
rubber face is cracked or chipped and not seating. Replace the gate valve or check valve. Check
connections between pump and primer. On a hand primer, if grass or other debris is lodged in the
check valve, air is pulled back into the pump at every stroke and the pump will not prime. After
proper priming, fill the system slowly.

Pump Maintenance Tasks
Twice a Year:
¢ Thoroughly clean suction and discharge piping and connections, removing moss and
debris.
e Tighten all drain and fill plugs in the pump volute case to avoid air and water leaks. Use a
pipe thread compound on all pipe threads.
e Check for cracks or holes in the pump case.
e Clean trash screening device and screens on the suction pipe.

Servicing Impeller and Wear Rings

If you suspect that your pump impeller is clogged or damaged, or that the wear rings are worn,
you can dismantle the pump. This will take some work and is best done in the shop. Or have a
qualified pump repair shop undertake this procedure.

Always follow the directions in the manufacturer's manual, if available, instead of the following
simplified directions.

¢ Remove suction cover or volute case.
Remove debris from impeller and volute. Remove pebbles lodged between vanes.
Check wear at the impeller eye and vanes. If worn, repair or replace the impeller.
Re-machine or replace wear ring if clearance is greater than 1/32 inch per side.
Replace suction cover or volute. Use a new gasket.

On the Suction Side of Pump:
e A well designed and screened sump that keeps trash away.
Suction line joints that are airtight under a vacuum.
No high spots where air can collect.
A suction line water velocity of five feet per second (fps) or less; two to three fps is best.
A suction entrance at least two pipe bell diameters from sump inlet.
A suction lift (vertical distance from water surface to pump impeller) less than 15 to 20
feet.
An eccentric reducer to keep air from becoming trapped in the reducer fitting.
e A vacuum gauge to indicate whether the primer is pulling a vacuum or just moving air
through the pump.
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On the Discharge Side of Pump:

e A valve size that is the same diameter as the mainline.
A non-slam check valve to prevent back spin when shutting off the pump.
An air relief device when a buried mainline is used.
A discharge line water velocity of less than seven fps. Five fps is best.
An energy efficient 1800 rpm motor with a 15 percent safety factor.
A simple shade over the motor.

Turbine Pump Installation
The properly constructed well should also:
o Be at least six inches in diameter larger than the outside diameter of the well casing when
a gravel pack is required.
¢ Have horizontal well screen slots that continue below the pumping water level. The
openings should hold back at least 85 percent of the surrounding material.

Control Panel for Electric Motors
The importance of a properly installed control panel cannot be overemphasized for personal
safety and for protecting your investment in your pump and motor. Your control panel should:
¢ Have a shade over it to keep thermal breakers cool.
e Be mounted on secure poles or foundation.
e Have any missing knockout plugs and other holes in the starting switch box replaced and
screened or puttied against rodents, insects, and dirt.
e Have a small hole (3/16-inch diameter) in the bottom of the panel to allow moisture to
drain.

Your control panel should include the following controls at a minimum:
e Circuit breaker(s) for overload currents.
e Lightning arrester.
e Surge protector.
e Phase failure relay, to protect the motor from phase reversal or failure and from low
voltage.
e A pressure switch to shut off the motor if pumping pressure drops to undesirable levels.

Casing

Casing is the tubular structure that is placed in the drilled well to maintain the well opening. Along
with grout, the casing also confines the groundwater to its zone underground and prevents
contaminants from mixing with the water. Some states or local governing agencies have laws that
require minimum lengths for casing.

The most common materials for well casing are carbon steel, plastic (most commonly, but not
exclusively, PVC), and stainless steel. Different geologic formations dictate what type of casing
can be used. For example, parts of the country where hard rock lies underground are known
strictly as “steel states.”

Residents in some areas have a choice between steel and PVC, both of which have advantages.
PVC is lightweight, resistant to corrosion, and relatively easy for contractors to install. However,
it is not as strong and not as resistant to heat as steel. Steel, though, is susceptible to corrosion,
can have scale build-up, and can cost more than PVC. Some contractors also use concrete,
fiberglass, and asbestos cement casing.
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Caps
On the top of the casing should be an approved well cap. It should fit snugly so debris, insects,
or small animals can’t find their way into the well system.

Well caps are usually aluminum or a thermoplastic, and include a vented screen so that the
pressure difference between the inside and outside of the well casing may be equalized when
water is pumped from the well.

The casing and cap should extend at least 6 to 8 inches above the ground. If the well is near a
river or stream, it should extend at least past the flood level to prevent overflows from
contaminating the groundwater.

Well Screens

Well screens are filtering devices used to prevent excess sediment from entering the well. They
attach to the bottom of the casing, allowing water to move through the well, while keeping out
most gravel and sand. The most popular screens are continuous slot, slotted pipe, and perforated

pipe.

Perforated pipe is a length of casing that has holes or slots drilled into the pipe. It is not efficient
for aquifers that feature a lot of sand and gravel because it has wide openings.

There is less open area in the other two types of screens. Continuous slot screens are made of
wire or plastic wrapped around a series of vertical rods. Slotted pipe screens, which have the
least amount of open area, feature machine-cut slots into steel or plastic casing at set distances.

Pitless Adapters
Pitless adapters provide wells with a sanitary — and frost-proof — seal between the well casing
and the water line running to the well system owner’s house.

After a frost line is determined for the area where the well is being installed, the adapter is
connected to the well casing below the frost line. Water from the well is then diverted horizontally
at the adapter to prevent it from freezing.
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Pump Troubleshooting Sub-Section

Some of the operating problems you may encounter with centrifugal pumps as an Operator,
together with the probable causes, are discussed in the following paragraphs.

If a centrifugal pump DOES NOT DELIVER ANY LIQUID, the trouble may be caused by
(1) insufficient priming;

(2) insufficient speed of the pump;

(3) excessive discharge pressure, such as might be caused by a partially closed valve or some
other obstruction in the discharge line;

(4) excessive suction lift;

(5) clogged impeller passages;

6) the wrong direction of rotation (this may occur after motor overhaul);

(7) clogged suction screen (if used);

(8) ruptured suction line; or

(9) loss of suction pressure.

If a centrifugal pump delivers some liquid but operates at INSUFFICIENT CAPACITY, the trouble
may be caused by

(1) air leakage into the suction line;

(2) air leakage into the stuffing boxes in pumps operating at less than atmospheric pressure;

(3) insufficient pump speed;

(4) excessive suction lift;

(5) insufficient liquid on the suction side;

(6) clogged impeller passages;

(7) excessive discharge pressure; or

(8) mechanical defects, such as worn wearing rings, impellers, stuffing box packing, or sleeves.

If a pump DOES NOT DEVELOP DESIGN DISCHARGE PRESSURE, the trouble may be caused
by

(1) insufficient pump speed;

(2) air or gas in the liquid being pumped,;

(3) mechanical defects, such as worn wearing rings, impellers, stuffing box packing, or sleeves;
or

(4) reversed rotation of the impeller (3-phase electric motor-driven pumps).

If a pump WORKS FOR A WHILE AND THEN FAILS TO DELIVER LIQUID, the trouble may be
caused by

(1) air leakage into the suction line;

(2) air leakage in the stuffing boxes;

(3) clogged water seal passages;

(4) insufficient liquid on the suction side; or

(5) excessive heat in the liquid being pumped.
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If a motor-driven centrifugal pump DRAWS TOO MUCH POWER, the trouble will probably be
indicated by overheating of the motor. The basic causes may be

(1) operation of the pump to excess capacity and insufficient discharge pressure;

(2) too high viscosity or specific gravity of the liquid being pumped; or

(3) misalignment, a bent shaft, excessively tight stuffing box packing, worn wearing rings, or other
mechanical defects.

VIBRATION of a centrifugal pump is often caused by

(1) misalignment;

(2) a bent shaft;

(3) a clogged, eroded, or otherwise unbalanced impeller; or

(4) lack of rigidity in the foundation. Insufficient suction pressure may also cause vibration and
cavitation, as well as noisy operation and fluctuating discharge pressure, particularly in pumps
that handle hot or volatile liquids.

If the pump fails to build up pressure when the discharge valve is opened and the pump comes
up to normal operating speed, proceed as follows:

1. Shut the pump discharge valve.

2. Secure the pump.

3. Open all valves in the pump suction line.

4. Prime the pump (fill casing with the liquid being pumped) and be sure that all air is expelled
through the air cocks on the pump casing.

5. Restart the pump. If the pump is electrically driven, be sure the pump is rotating in the correct
direction.

6. Open the discharge valve to “load” the pump. If the discharge pressure is not normal when the
pump is up to its proper speed, the suction line may be clogged, or an impeller may be broken. It
is also possible that air is being drawn into the suction line or into the casing. If any of these
conditions exist, stop the pump and continue troubleshooting according to the technical manual
for that unit.
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Troubleshooting Table for Well/Pump Problems

. 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.

. Well pump operates with reduced flow.

. Well house flooded without recent precipitation.

. Red or black water complaints.

. Raw water appears turbid or a light tan color following rainfall.

. Coliform tests are positive.

OCOoONOOOAPRLWN -

Possible 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. Pressure switch settings too close.

3B. Pump foot valve leaking.

3C. Water-logged hydropneumatic tank.

4A. Problems with well screen or gravel envelope.

5A. Valve on discharge partially closed or line clogged.
5B. Well is over-pumped.

5C. Well screen clogged.

6A. Check valve not operating properly.

6B. Leakage occurring in discharge piping or valves.
7A. Water contains excessive iron (red brown) and/or manganese (black water).
7B. Complainant’s hot water needs maintenance.

8A. Surface water entering or influencing well.

9A. Sample is invalid.

9B. Sanitary protection of well has been breached.

Possible 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.
2A. Check switch for proper operation. Replace switch.

2B. Adjust setting.
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2C. Check and replace components or cable as needed.

3A. Adjust settings.

3B. Check for backflow. Contact well contractor.

3C. Check air volume. Add air if needed. If persistent, check air compressor, relief valve, air
lines and connections, and repair if needed.

4A. Contact well contractor.

5A. Open valve, unclog discharge line.

5B. Check static water level and compare to past readings. If significantly lower, notify well
contractor.

5C. Contact well contractor.

6A. Repair or replace check valve.

6B. Inspect and repair/replace as necessary.

7A. Test for iron and manganese at well. If levels exceed 0.3 mg/L iron or 0.005 mg/L
manganese, contact regulatory agency, TA provider or water treatment contractor.

7B. Check hot water heater and flush if needed.

8A. Check well for openings that allow surface water to enter. Check area for sinkholes,
fractures, or other physical evidence of surface water intrusion. Check water turbidity. Notify
regulatory agency if >0.5 NTU. Check raw water for coliform bacteria. Notify regulatory agency
immediately if positive.

9A. Check sampling technique, sampling container, and sampling location and tap.

9B. Notify regulatory agency immediately and re-sample for re-testing.

This brush is used to dislodge debris inside well casing. Just a big toilet cleaning brush.
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SCADA - Simply Explained

Supervisory control and data acquisition — SCADA refers to ICS (industrial control systems)
used to control infrastructure processes (water treatment, wastewater treatment, gas pipelines,
wind farms, etc.), facility-based processes (airports, space stations, ships, etc.,) or industrial
processes (production, manufacturing, refining, power generation, etc.).

Supervisory Control and Data Acquisition (SCADA) is a control system architecture that uses
computers, networked data communications and graphical user interfaces for high-level process
supervisory management, but uses other peripheral devices such as programmable logic
controller (PLC) and discrete PID controllers to interface with the process plant or machinery.
The use of SCADA has been also considered for management and operations of project-driven-
process in construction.

The following subsystems are usually present in SCADA systems:
» The apparatus used by a human operator; all the processed data are presented to the
operator
* A supervisory system that gathers all the required data about the process
* Remote Terminal Units (RTUs) connected to the sensors of the process, which helps to
convert the sensor signals to the digital data and send the data to supervisory stream.
» Programmable Logic Controller (PLCs) used as field devices
» Communication infrastructure connects the Remote Terminal Units to supervisory system.
Generally, a SCADA system does not control the processes in real time — it usually refers to the
system that coordinates the processes in real time.
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Remote Operation

SCADA is a real time control tool. It is not supposed to be a tool for detailed analysis of past
performance but you the operator are able to research past performance to be able to react to
current conditions. Thus, some form of trending is included with SCADA. The trending function
is as close to analysis as most SCADA software get. Let us say a water treatment operator
wants to examine chemical usage in GAC filters and determine how each filter behaved over
the past six weeks. In this case, SCADA is your tool of choice. Some SCADA let you look at
these three filters and compare their performance with some time period in the past.
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SCADA Systems Concepts
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SCADA refers to the centralized systems that control and monitor the entire sites, or they are
the complex systems spread out over large areas. Nearly all the control actions are automatically
performed by the remote terminal units (RTUs) or by the programmable logic controllers (PLCs).
The restrictions to the host control functions are supervisory level intervention or basic
overriding.

For example, the PLC (in an industrial process) controls the flow of cooling water, the SCADA
system allows any changes related to the alarm conditions and set points for the flow (such as
high temperature, loss of flow, etc.) to be recorded and displayed.

Data acquisition starts at the PLC or RTU level, which includes the equipment status reports,
and meter readings. Data is then formatted in such way that the operator of the control room
can make the supervisory decisions to override or adjust normal PLC (RTU) controls, by using
the HMI.

SCADA systems mostly implement the distributed databases known as tag databases,
containing data elements called points or tags. A point is a single output or input value controlled
or monitored by the system. Points are either ‘soft’ or ‘hard’.

The actual output or input of a system is represented by a hard point, whereas the soft point is
a result of different math and logic operations applied to other points. These points are usually
stored as timestamp-value pairs.

Series of the timestamp-value pairs gives history of the particular point. Storing additional
metadata with the tags is common (these additional data can include comments on the design
time, alarm information, path to the field device or the PLC register).
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The key attribute of a SCADA system is its ability to perform a supervisory operation over a
variety of other proprietary devices. SCADA systems typically use a tag database, which
contains data elements called tags or points, which relate to specific instrumentation or actuators
within the process system according to such as the Piping and instrumentation diagram. Data
is accumulated against these unique process control equipment tag references.

Referring to the Diagram

Level 0 contains the field devices such as flow and temperature sensors, and final control
elements, such as control valves.

Level 1 contains the industrialized input/output (I/O) modules, and their associated distributed
electronic processors.

Level 2 contains the supervisory computers, which collate information from processor nodes on
the system, and provide the operator control screens.

Level 3 is the production control level, which does not directly control the process, but is
concerned with monitoring production and targets.

Level 4 is the production scheduling level.

Level 1 contains the programmable logic controllers (PLCs) or remote terminal units (RTUSs).

Level 2 contains the SCADA software and computing platform. The SCADA software exists only
at this supervisory level as control actions are performed automatically by RTUs or PLCs.
SCADA control functions are usually restricted to basic overriding or supervisory level
intervention.

For example, a PLC may control the flow of cooling water through part of an industrial process
to a set point level, but the SCADA system software will allow operators to change the set points
for the flow.

The SCADA also enables alarm conditions, such as loss of flow or high temperature, to be
displayed and recorded. A feedback control loop is directly controlled by the RTU or PLC, but
the SCADA software monitors the overall performance of the loop.

Levels 3 and 4 are not strictly process control in the traditional sense, but are where production
control and scheduling takes place.

Data acquisition begins at the RTU or PLC level and includes instrumentation readings and
equipment status reports that are communicated to level 2 SCADA as required.

Data is then compiled and formatted in such a way that a control room operator using the HMI
(Human Machine Interface) can make supervisory decisions to adjust or override normal RTU
(PLC) controls. Data may also be fed to a historian, often built on a commodity database
management system, to allow trending and other analytical auditing.
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Pumps and Motors Section Post Quiz

Definitions

1. What is the mechanical device that seals the pump stuffing box?

2. What definition represents is the energy associated with circular motion?

3. What is the fluid that leaks from the stuffing box?

Hydraulic Terms
4. What is the engineering science pertaining to liquid pressure and flow?

5. What gauge pressure means?

Pump Introduction
6. The key to understanding a pumps operation is that a pump moves water and
generates the delivery we call pressure.

7. Centrifugal pump operation — pressure is not usually referred to in pounds per
square inch but rather as the equivalent in elevation, called?

8. According to the text, pumps may be classified on the basis of the application they
serve.
A. True B. False

9. According to the text, all pumps may be divided into two major categories: (1)
dynamic and (2)?

Understanding the Basic Water Pump
10. According to the text, the centrifugal pumps work by spinning water around in a
circle inside a?

11. The pump makes the water spin by “pulling” it with an impeller.
A. True B. False
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12. The blades of this impeller project inward from an axle like the arms of a turnstile
and, as the impeller spins, the water moves through it.
A. True B. False

13. In a centrifugal pump, the water pressure at the edge of the turning impeller rises
until it is able to keep water circling with the?

14. In a centrifugal pump, as water drifts outward between the of
the pump, it must move faster and faster because its circular path is getting larger and
larger.

15. As the water slows down and its kinetic energy decreases, that water's pressure
potential energy increases.
A. True B. False

16. As the water spins, the pressure near the outer edge of the pump housing
becomes much lower than near the center of the impeller.
A. True B. False
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Topic 5- Water Quality Section

Section Focus: You will learn the basics of the EPA’s Safe Water Drinking Act and the reasons
why we need to ensure the water means federal standards. At the end of this section, you will
be able to describe EPA’s Primary and Secondary standards. There is a post quiz at the end of
this section to review your comprehension and a final examination in the Assignment for your

contact hours.

Scope/Background: EPA identifies contaminants to regulate in drinking water to protect public
health. The Agency sets regulatory limits for the amounts of certain contaminants in water
provided by public water systems. These contaminant standards are required by the Safe
Drinking Water Act (SDWA). Drinking water standards may apply differently based on type and
size of public water systems.
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e BIOLOGICAL | |\VESTOCK WASTE PATHOGENIC (DISEASE-
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(DO) AQUATIC PLANTS AQUATIC ORGANISMS
NITROGEN AND FERTILIZERS AND DETERGENTS | EXCESSIVE ALGAE GROWTH CAN
PHOSPHORUS CHEMICAL FROM LAWNS AND RUNOFF LEAD TO LOW DO
ZINC. ARSENIC. LEAD LANDFILLS: INDUSTRIAL GENETIC MUTATIONS OR DEATH
: 4 ; CHEMICAL : IN FISH & WILDLIFE (HUMAN HEALTH
MERCURY, CADMIUM, NICKEL DISCHARGES; RUNOFF Hgoal ey
SALTWATER INTRUSION KILLS FRESHWATER SPECIES
SALT CHEMICAL | (I NEAR OCEAN) OF PLANTS AND ANIMALS
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SOLE%E%R?LES PHYSICAL | DEVELOPMENT; AGRICULTURE ~ [RE<pRATION IN AQUATIC ANIMALS

IMPORTANT WATER QUALITY CONCERNS

Common Water Quality 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.
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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.

Federal Water Drinking Water Quality Regulations Timeline

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 2 contaminants, Targeted:
Microbiological and Turbidity.
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What is Water?

Water is the chemical substance with chemical formula H2O: one molecule of water has two
hydrogen atoms covalently bonded to a single oxygen atom. Water is a tasteless, odorless liquid
at ambient temperature and pressure, and appears colorless in small quantities, although it has
its own intrinsic very light blue hue. Ice also appears colorless, and water vapor is essentially
invisible as a gas.

HYDROGEN HYDROGEN

COVALENT BOND COVALENT BOND

S\/ OXYGEN \/z

LONE PAIR LONE PAIR

WATER MOLECULE DIAGRAM

Water is primarily a liquid under standard conditions on earth, to other analogous hydrides of
the oxygen family in the periodic table, which are gases, such as hydrogen sulfide. The elements
surrounding oxygen in the periodic table, nitrogen, fluorine, phosphorus, sulfur and chlorine, all
combine with hydrogen to produce gases under standard conditions. The reason that water
forms a liquid is that oxygen is more electronegative than all of these elements with the exception
of fluorine.

Oxygen attracts electrons much more strongly than hydrogen, resulting in a net positive charge
on the hydrogen atoms, and a net negative charge on the oxygen atom. The presence of a
charge on each of these atoms gives each water molecule a net dipole moment.

Electrical attraction between water molecules due to this dipole pulls individual molecules closer
together, making it more difficult to separate the molecules and therefore raising the boiling
point.
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Boiling Phase

Once liquid water is heated to 212°F (100°C) it takes a significant amount of energy to change
the “phase” of water from a liquid state to a gas state. That is one reason it's easier to heat a
pot of water to boiling rather than to evaporate all of it.
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Surface (Raw) Water Introduction
We will go into greater detail on these concerns in the Water Analysis section.

INTRODUCTION OF RAW WATER

Raw Water is natural water found
in the Environment that has not
been treated and does not have
any of its Minerals, lons, Particles,
Bacteria, or Parasites removed

SOURCES:

¢ Rain Water

¢ Ground Water

¢ Water from Infiltration Wells
¢ Lakes and River Water

INTRODUCTION TO RAW WATER

nnnnnnn

Because raw water (surface water) is never pure of pollution, we need to properly treat it. Most
of the earth’s water sources obtain their water supplies through precipitation (rain). During
precipitation, water passes over (runoff) and through the ground (infiltration), acquiring a wide
variety of dissolved or suspended impurities that intensely alters its usefulness. Water has
unique physical, chemical and biological properties.

These characteristics have a direct influence on the most effective types of treatment methods
and/or chemicals. The improvement of water quality and formation of policy measures
(administrative and engineering) revolves around these characteristics.

It is important to remember that raw water will normally contains varying amounts of dissolved
minerals including calcium, magnesium, sodium, chlorides, sulfates and bicarbonates,
depending on its source.

It is also not uncommon to find traces of iron, manganese, copper, aluminum, nitrates,
insecticides and herbicides.

Currently, we also need to deal with contaminants of emerging concern including
Pharmaceuticals and Personal Care Products. EPA defines emerging contaminants as: An
emerging contaminant (EC) is a chemical or material characterized by a perceived, potential, or

real threat to human health or the environment or by a lack of published health standards.

The maximum allowable amounts of all these substances are strictly limited by the regulations
(MCLS). These are usually referred to as contaminants and/or pollutants.
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WATER PROPERTIES
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BIOLOGICAL PROPERTIES OF WATER

ADHESION: Water tends to stick unlike substances.
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Surface Water Properties

Some of the water will be immediately impounded in lakes and reservoirs, and some will collect
as runoff to form streams and rivers that will then flow into the ocean. Water is known as the
universal solvent because most substances that come in contact with it will dissolve. What’s the
difference between lakes and reservoirs?

Reservoirs are lakes with man-made dams. Surface water is usually contaminated and unsafe
to drink.

Depending on the region, some lakes and rivers receive discharge from sewer facilities or
defective septic tanks. Runoff could produce mud, leaves, decayed vegetation, and human and
animal refuse. The discharge from industry could increase volatile organic compounds. Some
lakes and reservoirs may experience seasonal turnover.

Changes in the dissolved oxygen, algae, temperature, suspended solids, turbidity, and carbon
dioxide will change because of biological activities.
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Managing Water Quality at the Source

Depending on the region, source water may have several restrictions of use as part of a Water
Shed Management Plan. In some areas, it may be restricted from recreational use, discharge
or runoff from agriculture, or industrial and wastewater discharge. Another aspect of quality
control is aquatic plants.

The ecological balance in lakes and reservoirs plays a natural part in purifying and sustaining
the life of the lake. For example, algae and rooted aquatic plants are essential in the food chain
of fish and birds. Algae growth is the result of photosynthesis. Algae growth is supplied by the
energy of the sun. As algae absorbs this energy, it converts carbon dioxide to oxygen.

This creates aerobic conditions that supply fish with oxygen. Without sun light, the algae would
consume oxygen and release carbon dioxide. The lack of dissolved oxygen in water is known
as anaerobic conditions. Certain vegetation removes the excess nutrients that would promote
the growth of algae. Too much algae will imbalance the lake and kill fish.

Most treatment plant upsets such as taste and odor, color, and filter clogging is due to algae.
The type of algae determines the problem it will cause, for instance slime, corrosion, color, and
toxicity. Algae can be controlled in the water supply by using chemicals such as copper sulfate.

Depending on federal regulations and the amount of copper found natural in water, operators
have used potassium permanganate, powdered activated carbon and chlorine to control algae
blooms. The pH and alkalinity of the water will determine how these chemicals will react.

Many water systems are limiting their chlorine usage because it reacts with the organics in the
water to form trihalomethanes. Most treatment plants that do not use chlorine in the disinfection
process will still add chlorine for a residual in the distribution system.
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Physical Characteristics of Water

Physical characteristics such as taste, odor, temperature, pH, TDS, and turbidity; are mostly
how the consumer judges how well the provider is treating the water.
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Physical characteristics are the elements found that are considered alkali, metals, and non-
metals such as carbonates, fluoride, sulfides or acids. The consumer relates it to scaling of
faucets or staining. Particles and rust come from the distribution system, the gradual breakdown
of the lining of concrete or iron water pipes (mains) or from sediment that has accumulated over
the years and is disturbed in some way.

SOLIDS

Solid material in wastewater may be dissolved, suspended, or settled.

Total dissolved solids or TDS (sometimes called filterable residue) is measured as
the mass of residue remaining when a measured volume of filtered water is
evaporated. The mass of dried solids remaining on the filter is called total suspended
solids (TSS) or non-filterable residue.

Settleable solids are measured as the visible volume accumulated at the bottom of
an Imhoff cone after water has settled for one hour.

Turbidity is a measure of the light scattering ability of suspended matter in the water.

Salinity measures water density or conductivity changes caused by dissolved
materials.
Technical

Learning
College
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Total Dissolved Solids (TDS) is not a primary pollutant; it is an indicator of aesthetic water
characteristics such as hardness and an indication of an assortment of chemical contaminants
which might be present, such as Arsenic. We will cover this in a few more pages.

pH is the negative logarithm of the hydrogen ion concentration, [H*], a measure of the degree
to which a solution is acidic or alkaline. An acid is a substance that can give up a hydrogen ion
(H*); a base is a substance that can accept H*.

The more acidic a solution the greater the hydrogen ion concentration and the lower the pH; a
pH of 7.0 indicates neutrality, a pH of less than 7 indicates acidity, and a pH of more than 7
indicates alkalinity. We will cover this subject further in the Water Analysis/Laboratory Section.
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Alkalinity

Alkalinity of water is its acid-neutralizing capacity. It is the sum of all the titratable bases. The
measured value may vary significantly with the end-point pH used. Alkalinity is a measure of an
aggregate property of water and can be interpreted in terms of specific substances only when
the chemical composition of the sample is known.

Alkalinity is significant in many uses and treatments of natural waters and
wastewaters. Because the alkalinity of many surface waters is primarily a function of carbonate,
bicarbonate, and hydroxide content, it is taken as an indication of the concentration of these
constituents. The measured values also may include contributions from borates, phosphates,
silicates or other bases if these are present.

Alkalinity Measurements

Alkalinity in excess of alkaline earth metal concentrations is significant in determining the
suitability of water for irrigation. Alkalinity measurements are used in the interpretation and
control of water and wastewater treatment processes
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TURBIDITY SAMPLES IN NTU's (Neophelometric Turbidity Unit)

Turbidity Introduction

One physical characteristic of water is turbidity. A measure of the cloudiness of water caused
by suspended particles. The cloudy appearance of water caused by the presence of tiny
particles. High levels of turbidity may interfere with proper water treatment and monitoring. If
high quality raw water is low in turbidity, there will be a reduction in water treatment costs.
Turbidity is undesirable because it causes health hazards.

The turbidity in natural surface waters is composed of a large number of sizes of particles. The
sizes of particles can be changing constantly, depending on precipitation and manmade factors.

When heavy rains occur, runoff into streams, rivers, and reservoirs occurs, causing turbidity
levels to increase. In most cases, the particle sizes are relatively large and settle relatively
quickly in both the water treatment plant and the source of supply. However, in some instances,
fine, colloidal material may be present in the supply, which may cause some difficulty in the
coagulation process.

Generally, higher turbidity levels require higher coagulant dosages. However, seldom is the
relationship between turbidity level and coagulant dosage linear. Usually, the additional
coagulant required is relatively small when turbidities are much higher than normal due to higher
collision probabilities of the colloids during high turbidities.
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Conversely, low turbidity waters can be very difficult to coagulate due to the difficulty in inducing
collision between the colloids. In this instance, floc formation is poor, and much of the turbidity
is carried directly to the filters. Organic colloids may be present in a water supply due to pollution,
and these colloids can be difficult to remove in the coagulation process. In this situation, higher
coagulant dosages are generally required.

Turbidity MCL

An MCL for turbidity established by the EPA because turbidity interferes with disinfection. This
characteristic of water changes the most rapidly after a heavy rainfall. The following conditions
may cause an inaccurate measure of turbidity; the temperature variation of a sample, a
scratched or unclean sample tube in the nephelometer and selecting an incorrect wavelength of

a light path.
T SURFACE WATER
Oto1 ntu's ;\> 0-1 NTUs PERFECT
_—
=
_—

A-EROUNDWATER 5.0 NTUs \

10.1 to 40 ntu's

POOR

TURBIDITY PARAMETERS (NTU) FOR WATER QUALITY

Surface Water System Compliance Information
(Depends on Systems and Rule)
» 0.34 NTU in 95% of samples, never to exceed 1.0 NTU spike
» Sample turbidity at each individual filter effluent
» Sample the combined filter turbidity at the clear well
» (Groundwater turbidity < 5.0 NTU allowed)

Turbidity Key
» Turbidity can also be measured in ppm (parts per million) and its size is measured in
microns. Turbidity can be particles in the water consisting of finely divided solids, larger

than molecules, but not visible by the naked eye; ranging in size from .001 to .150mm (1
to 150 microns).

» 0.34 NTU in 95% of surface water samples, never to exceed 1.0 NTU spike
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EXAMPLES OF TDS

(Total Dissolved Solids)
FOUND IN WATER SOURCES

CAN BE FROM AGRICULTURE OR
URBAN RUNOFF, WHICH CARRY
EXCESS MINERALS INTO THE

CALCIUM WATER SOURCE

MINERAL SPRINGS CONTAIN
HIGH LEVELS OF TDS BECAUSE
THE ROCKS WHICH THE WATER
SOURCE FLOWS THROUGH
HAVE A HIGH SALT CONTENT

PHOSPHORUS

Technical

onene MINERALS THAT AFFECT THE QUALITY OF WATER SOURCE

Lead does not usually occur naturally in water supplies but is derived from lead distribution and
domestic pipework and fittings. Water suppliers (distribution systems) have removed most of
the original lead piping from the mains distribution system, however many older properties still
have lead service pipes and internal lead pipework. The pipework (including the service pipe)
within the boundary of the property is the responsibility of the owner of the property, not the

water supplier.
F . S
ef.

THE PRIMARY SOURCE OF ARSENIC
IN OUR DRINKING WATER (Wells) IS
mmm ARSENIC-RICH ROCKS WHICH THE
WATER HAS BEEN FILTERED

ARSENIC ENTERS THE AIR THROUGH
ROCK EROSION, FROM MINING
VOLCANO ERUPTIONS OR FOREST FIRE

;

ARSENIC CAN ENTER OUR

IN THE COMMUNITIES

SURFACE WATER THROUGH 'WHERE RESIDENTS COOK
RUNOFF FROM AGRICUL TURE \WITH AND DRINK THE SAME
AND INDUSTRIAL ACTIVITIES CONTAMINATED WELLS,
THE ARSENIC INTAKE
WHEN CONTAMINATED MULTIPLIES

GROUNDWATER IS USED TO
IRRIGATE THE FIELDS, ARSENIC
ACCUMULATES IN THE SOIL AND
THE CROPS

ARSENIC IN DRINKING WATER
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| [SEWERINPUTS (Provides Nutrients)|

SURFACE LAYER

AV TORTANKGON (Less dense water) DO FROM AIR
Do FROM PHOTOSYNTHESIS |
A s T HIGH DO IN SURFACE WATER

: NO MIXING BETWEEN

RUNOFF NUTRIENTS

DO USED IN SEDIMENTS IN THE
WATER SOURCE FLOOR

Technical

= Learning DISSOLVED OXYGEN AFFECT IN WATER SOURCES

College

Dissolved Oxygen

The level of dissolved oxygen in natural waters is often a direct indication of quality, since aquatic
plants produce oxygen, while microorganisms generally consume it as they feed on pollutants.
At low temperatures the solubility of oxygen is increased, so that in winter, concentrations as
high as 20 ppm may be found in natural waters; during summer, saturation levels can be as low
as 4 or 5 ppm. Dissolved oxygen is essential for the support of fish and other aquatic life and
aids in the natural decomposition of organic matter.

THE SURFACE LAYER OF WATER
THAT IS CONSTANTLY MIXED BY WIND §
EPILIMNION WAVES AND IS WARMED BY SUN FROM

LATE SPRING TO LATE FALL

MIDDLE LAYER CHARACTERIZED BY
METALIMNION STEEP GRADIENT IN TEMPERATURE

SHOWN BY REGIONS ABOVE (Epilimnion)

SUMMER
AND BELOW (Hypolimnion).

(Layering)

THE DEEPEST LAYER OF UNIFORMLY

40 HYPOLIMNION COLD WATER THAT DOES NOT MIX WITH

UPPER LAYERS, HAS LOW CIRCULATION.,

(Temperature in degrees celcius)

ATechnical

Ay THERMAL STRATIFICATION (Temperature Transition Zones)

Thermal stratification is possible as water becomes less dense when heated, meaning water
weighs less per unit volume. Therefore, warmer water will be lighter and colder water will be
heavier. Due to this, there will always be a level of “self-induced” thermal stratification in a water
storage.
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pH Sub-Section

'0 |[4ACIDITY
Battery Acid 1
Lemon Juice 2
Vinegar 3 Eish Die Acid Rain
4 No fish
reproduction
5 Normal range of
Milk 8 pH precipitation
7 NEUTRAL Normal range of water
Baking Soda 8
9
Milk of Magnesia 10
11
Ammonia 12
Lye 13
14vBASE
Basics

pH: A measure of the acidity of water. The pH scale runs from 0 to 14 with 7 being the mid-point
or neutral.

A pH of less than 7 is on the acid side of the scale with 0 as the point of greatest acid activity.

A pH of 7, there are an equal amount or number of hydroxyl (OH-) and Hydrogen (H+) ions in
the solution.

A pH of more than 7 is on the basic (alkaline) side of the scale with 14 as the point of greatest

basic activity. Normal rain has a pH of 5.6 — slightly acidic because of the carbon dioxide picked
up in the earth's atmosphere by the rain.

pH = (Power of Hydroxyl lon Activity).
The acidity of a water sample is measured on a pH scale. This scale ranges from 0 (maximum

acidity) to 14 (maximum alkalinity). The middle of the scale, 7, represents the neutral point. The
acidity increases from neutral toward 0.

Because the scale is logarithmic, a difference of one pH unit represents a tenfold change. For
example, the acidity of a sample with a pH of 5 is ten times greater than that of a sample with a

pH of 6. A difference of 2 units, from 6 to 4, would mean that the acidity is one hundred times
greater, and so on.

245
Distribution Basics TLC © 7/18/2022  (866) 557-1746



NEUTRAL
ACIDIC

0 1 2 3 4 5

ALKALINE (Base)
1 12 13 14

PR | 1 1 1 1 1
WOV =Tt 11, I I
1 101" 1072 107% 10" 107> 10

6

oy

107 107" 1072497 107" 107° 107% 10

1077107% 10°% 1074 107 1072 10°" 1

Technical

i pH SCALE

Hydrogen lon pH Comparison Chart
pH | Hydrogen lon Concentration, mmol/L
14 | 0.00000000000001
13 | 0.0000000000001
12 | 0.000000000001
11 | 0.00000000001
10 | 0.0000000001

0.000000001

0.00000001

0.0000001

0.000001

0.00001

0.0001

0.001

0.01

0.1
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pH Testing Section

22-30

11.0-12.0

e ]
MORE ACIDIC NEUTRAL MORE BASE

pH SCALE

As a water treatment operator, you will need to master pH sampling and testing. pH
measurements are important in water and wastewater processes (sampling) but also in
medicine, biology, chemistry, agriculture, forestry, food science, environmental science,
oceanography, civil engineering, chemical engineering, nutrition, and many other applications.

In water and wastewater processes, pH is a measure of the acidity or basicity of an aqueous
solution.

The pH scale is traceable to a set of standard solutions whose pH is established by international
agreement.

Primary pH standard values are determined using a concentration cell with transference, by
measuring the potential difference between a hydrogen electrode and a standard electrode such
as a silver chloride electrode. Measurement of pH for aqueous solutions can be done with a
glass electrode and a pH meter, or using indicators like strip test paper.

pH VALUES CHANGE WITH THE ADDITION OF DIFFERENT
TYPES OF CHLORINE
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Mathematically, pH is the measurement of hydroxyl ion (H+) activity and expressed as the
negative logarithm of the activity of the (solvated) hydronium ion, more often expressed as the
measure of the hydronium ion concentration.

14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
pot | I 1 | I I I | I I | 1 | | ]
I | T T | T T T T T | T T T |
pH 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
RELATIONSHIP BETWEEN p(OH’) & p (H*)
red = ACIDIC / blue = BASIC)
History

The scientific discovery of the p[H] concept was first introduced by Danish chemist Sgren Peder
Lauritz Sgrensen at the Carlsberg Laboratory back in 1909 and revised to the modern pH in
1924 to accommodate definitions and measurements in terms of electrochemical cells. In the
first papers, the notation had the "H" as a subscript to the lowercase "p", as so: pH.

Alkalinity

Alkalinity is the quantitative capacity of an aqueous solution to neutralize an acid. Measuring
alkalinity is important in determining a stream's ability to neutralize acidic pollution from rainfall
or wastewater. It is one of the best measures of the sensitivity of the stream to acid inputs. There
can be long-term changes in the alkalinity of rivers and streams in response to human
disturbances.

Reference. Bates, Roger G. Determination of pH: theory and practice. Wiley, 1973.
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pH Definition and Measurement

CONCENTRATION
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pH Scale

Technical Definition of pH

In technical terms, pH is defined as the decimal logarithm of the reciprocal of the hydrogen ion
activity, aH+, in a solution.

pH=- logy (ayt) = logyy (=~

lon-selective electrodes are often used to measure pH, respond to activity.

In this calculation of electrode potential, E, follows the Nernst equation, which, for the
hydrogen ion can be written as

RT 2.303RT
E=E°+7 In(a,+)=E° —TpH

where E is a measured potential, E° is the standard electrode potential, R is the gas constant,
T is the temperature in kelvin, F is the Faraday constant. For H* number of electrons transferred

is one. It follows that electrode potential is proportional to pH when pH is defined in terms of
activity.

249

Distribution Basics TLC © 7/18/2022 (866) 557-1746



International Standard ISO 31-8 is the standard for the precise measurement of pH as follows:
A galvanic cell is set up to measure the electromotive force (EMF) between a reference electrode
and an electrode sensitive to the hydrogen ion activity when they are both immersed in the same
aqueous solution.

The reference electrode may be a silver chloride electrode or a calomel electrode. The
hydrogen-ion selective electrode is a standard hydrogen electrode.

Reference electrode | concentrated solution of KCI || test solution | Hz | Pt

Firstly, the cell is filled with a solution of known hydrogen ion activity and the emf, Es, is
measured. Then the emf, Ex, of the same cell containing the solution of unknown pH is

measured. ES ~ Ex
pH(X) = pH(S) + :

The difference between the two measured emf values is proportional to pH. This method of
calibration avoids the need to know the standard electrode potential. The proportionality

1

constant, 1/z is ideally equal to 2-3”3[;‘T.f“ Fthe "Nernstian slope".

If you were to apply this practice the above calculation, a glass electrode is used rather than the
cumbersome hydrogen electrode. A combined glass electrode has an in-built reference
electrode. It is calibrated against buffer solutions of known hydrogen ion activity. IUPAC has
proposed the use of a set of buffer solutions of known H* activity.

Two or more buffer solutions should be used in order to accommodate the fact that the "slope"
may differ slightly from ideal.

The electrode is first immersed in a standard solution and the reading on a pH meter is adjusted
to be equal to the standard buffer's value, to implement the proper calibration. The reading from
a second standard buffer solution is then adjusted, using the "slope" control, to be equal to the
pH for that solution. Further details, are given in the [IUPAC recommendations.

When more than two buffer solutions are used the electrode is calibrated by fitting observed pH
values to a straight line with respect to standard buffer values. Commercial standard buffer
solutions usually come with information on the value at 25 °C and a correction factor to be
applied for other temperatures. The pH scale is logarithmic and pH is a dimensionless quantity.

pH Indicators

Visual comparison of the color of a test solution with a standard color chart provides a means to
measure pH accurate to the nearest whole number. Indicators may be used to measure pH, by
making use of the fact that their color changes with pH.
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More precise measurements are possible if the color is measured spectrophotometrically, using
a colorimeter of spectrophotometer. Universal indicator consists of a mixture of indicators such
that there is a continuous color change from about pH 2 to pH 10. Universal indicator paper is
made from absorbent paper that has been impregnated with universal indicator.

pOH

pOH is sometimes used as a measure of the concentration of hydroxide ions, OH", or alkalinity.
pOH values are derived from pH measurements. The concentration of hydroxide ions in water
is related to the concentration of hydrogen ions by

- K W
OH™| =
O =
where Ky is the self-ionization constant of water. Taking logarithms

pOH = pl(\\r — pH

At room temperature pOH = 14 — pH. However, this relationship is not strictly valid in other
circumstances, such as in measurements of soil alkalinity.

Extremes of pH

Measurement of pH below about 2.5 (ca. 0.003 mol dm=2 acid) and above about 10.5 (ca.
0.0003 mol dm™ alkali) requires special procedures because, when using the glass electrode,
the Nernst law breaks down under those conditions.

Extreme pH measurements imply that the solution may be concentrated, so electrode potentials
are affected by ionic strength variation. At high pH the glass electrode may be affected by
"alkaline error", because the electrode becomes sensitive to the concentration of cations such
as Na* and K* in the solution. Specially constructed electrodes are available which partly
overcome these problems. Runoff from industrial outfalls, restaurant grease, mines or mine
tailings can produce some very low pH values.

Applications

Water has a pH of pKu/2, so the pH of pure water is about 7 at 25 °C; this value varies with
temperature. When an acid is dissolved in water, the pH will be less than that of pure water.
When a base, or alkali, is dissolved in water, the pH will be greater than that of pure water.

A solution of a strong acid, such as hydrochloric acid, at concentration 1 mol dm= has a pH of
0. A solution of a strong alkali, such as sodium hydroxide, at concentration 1 mol dm=, has a
pH of 14. Thus, measured pH values will lie mostly in the range 0 to 14, though negative pH
values and values above 14 are entirely possible.

Since pH is a logarithmic scale, a difference of one pH unit is equivalent to a tenfold difference
in hydrogen ion concentration.

The pH of an aqueous solution of pure water is slightly different from that of a salt such as
sodium chloride even though the salt is neither acidic nor basic.

In this case, the hydrogen and hydroxide ions' activity is dependent on ionic strength, so K,
varies with ionic strength. The pH of pure water decreases with increasing temperatures. One
example is the pH of pure water at 50 °C is 6.55.

251
Distribution Basics TLC © 7/18/2022  (866) 557-1746



Seawater

The pH of seawater plays an important role in the ocean's carbon cycle, and there is evidence
of ongoing ocean acidification caused by human caused carbon dioxide emissions. pH
measurement can be complicated by the chemical properties of seawater, and several distinct
pH scales exist in chemical oceanography.

These solutions have a relatively low ionic strength (~0.1) compared to that of seawater (~0.7),
and, as a consequence, are not recommended for use in characterizing the pH of seawater,
since the ionic strength differences cause changes in electrode potential.

To resolve this problem, an alternative series of buffers based on artificial seawater was
developed. This new series resolves the problem of ionic strength differences between samples
and the buffers. The newest pH scale is referred to as the total scale, often denoted as pHr.
The bottom line: do not use a fresh water pH meter to measure the pH of seawater.
Calculation of pH

The calculation of the pH of a solution containing acids and/or bases is an example of a chemical
speciation calculation, that is, a mathematical procedure for calculating the concentrations of all
chemical species that are present in the solution. The complexity of the procedure depends on
the nature of the solution.

If the pH of a solution contains a weak acid requires the solution of a quadratic equation.

If the pH of a solution contains a weak base may require the solution of a cubic equation.

For strong acids and bases no calculations are necessary except in extreme situations.

The general case requires the solution of a set of non-linear simultaneous equations.

A complicating factor is that water itself is a weak acid and a weak base. It dissociates
according to the equilibrium

2H,0 = H307(aq) + OH (aq)
with a dissociation constant, Ky defined as

K, =[H'OH]

where [H*] represents for the concentration of the aquated hydronium ion and [OH] stands for
the concentration of the hydroxide ion.
Kw has a value of about 107'* at 25 °C, so pure water has a pH of approximately 7.

This equilibrium needs to be considered at high pH and when the solute concentration is
extremely low.
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Strong Acids and Bases

Strong Acids and Bases

Strong acids and bases are compounds that, for practical purposes, are completely dissociated
in water. Under normal circumstances, this means that the concentration of hydrogen ions in
acidic solution can be taken to be equal to the concentration of the acid. The pH is then equal
to minus the logarithm of the concentration value.

Hydrochloric acid (HCI) is an example of a strong acid. The pH of a 0.01M solution of HCI is
equal to —log10(0.01), that is, pH = 2.

Sodium hydroxide, NaOH, is an example of a strong base. The p[OH] value of a 0.01M solution
of NaOH is equal to —log10(0.01), that is, p[OH] = 2.

From the definition of p[OH] above, this means that the pH is equal to about 12. For solutions of
sodium hydroxide at higher concentrations, the self-ionization equilibrium must be taken into
account.

Weak Acids and Bases
A weak acid or the conjugate acid of a weak base can be treated using the same formalism.

Acig: HA= H" + A~
Base: HAT = H" + A

First, an acid dissociation constant is defined as follows. Electrical charges are omitted from
subsequent equations for the sake of generality
- _ H]A]

[H A]

and its value is assumed to have been determined by experiment. This being so, there are three
unknown concentrations, [HA], [H*] and [A] to determine by calculation. Two additional
equations are needed.
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One way to provide them is to apply the law of mass conservation in terms of the two

"reagents" H and A. -~
Ca = [A] + [HA]
C = [H] + [HA]

C stands for analytical concentration. In some texts one mass balance equation is replaced by
an equation of charge balance. This is satisfactory for simple cases like this one, but is more
difficult to apply to more complicated cases as those below.

Together with the equation defining K,, there are now three equations in three unknowns. When
an acid is dissolved in water Ca = Cy = C,, the concentration of the acid, so [A] = [H]. After some
further algebraic manipulation an equation in the hydrogen ion concentration may be obtained.

[H]? + K [H] - K,C, =0

Digital pH Meter
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Alkalinity Sub-Section

Introduction

Alkalinity of water is its acid-neutralizing capacity. It is the sum of all the titratable bases. The
measured value may vary significantly with the end-point pH used. Alkalinity is a measure of an
aggregate property of water and can be interpreted in terms of specific substances only when
the chemical composition of the sample is known.

Alkalinity and pH Adjustment

Adjusting pH and alkalinity is the most common corrosion control method because it is simple
and inexpensive. pH is a measure of the concentration of hydrogen ions present in water;
alkalinity is a measure of water’s ability to neutralize acids.

Generally, water pH less than 6.5 is associated with uniform corrosion, while pH between 6.5
and 8.0 can be associated with pitting corrosion. Some studies have suggested that systems
using only pH to control corrosion should maintain a pH of at least 9.0 to reduce the availability
of hydrogen ions as electron receptors. However, pH is not the only factor in the corrosion
equation; carbonate and alkalinity levels affect corrosion as well.

Generally, an increase in pH and alkalinity can decrease corrosion rates and help form a
protective layer of scale on corrodible pipe material.

Chemicals commonly used for pH and
alkalinity adjustment are hydrated lime
(CaOH; or calcium hydroxide), caustic
soda (NaOH or sodium hydroxide), soda
ash (Na2COs3 or sodium carbonate), and
sodium bicarbonate (NaHCO3;, essentially
baking soda).

Care must be taken, however, to maintain
pH at a level that will control corrosion but
not conflict with optimum pH levels for
disinfection and control of disinfection by-
products.

Corrosion Inhibitors AN -
Inhibitors reduce corrosion by forming protective coatings on pipes. The most common
corrosion inhibitors are inorganic phosphates, sodium silicates and mixtures of phosphates and
silicates. These chemicals have proven successful in reducing corrosion in many water
systems.

The phosphates used as corrosion inhibitors include polyphosphates, orthophosphates, glassy
phosphates and bimetallic phosphates. In some cases, zinc is added in conjunction with
orthophosphates or polyphosphates.

Glassy phosphates, such as sodium hexametaphosphate, effectively reduce iron corrosion at
dosages of 20 to 40 mg/l.
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Glassy phosphate has an appearance of broken glass and can cut the operator. Sodium
silicates have been used for over 50 years to inhibit corrosion. The effectiveness depends on
the water pH and carbonate concentration.

Sodium silicates are particularly effective for systems with high water velocities, low hardness,
low alkalinity and a pH of less than 8.4.

Typical coating maintenance doses range from 2 to 12 mg/1. They offer advantages in hot water

systems because of their chemical stability. For this reason, they are often used in the boilers
of steam heating systems.

J' LOW ALKALINITY

HIGH ALKALINITY

{1 f} [} {} —
TIME OF DAY

ALKALINITY CAN CHANGE THROUGHOUT THE DAY DIAGRAM
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Hardness Introduction

Temporary and Permanent
There are two types of hardness: temporary and permanent. Temporary hardness comes out
of the water when it is heated and is deposited as scale and “fur” on kettles, coffee makers and

taps and appears as a scum or film on tea and coffee. Permanent hardness is unaffected by
heating. We will cover this in the advanced water treatment section

WATER HARDNESS (Salt Types)

CARBONATE HARDNESS COMPOUNDS NON-CARBONATE HARDNESS COMPOUNDS
CALCIUM CARBONATE (CaCO;) CALCIUM SULPHATE (CaSO,)
MAGNESIUM CARBONATE (MgCO,) MAGNESIUM SULPHATE (MgS0,)
CALCIUM BICARBONATE (Ca(HCO;),) CALCIUM CHLORIDE (CaCl,)
MAGNESIUM BICARBONATE (Mg(HCO;),) MAGNESIUM CHLORIDE (MgCl,)
CALCIUM HYDROXIDE (Ca(OH),)
MAGNESIUM HYDROXIDE (Mg(OH),)

ATechnical
4 Learning

A= College CAUSES OF HARDNESS THAT AFFECTS WATER QUALITY

' TOTAL HARDNESS|

YE

SODIUM IONS POTASSIUM IONS

HCO. [oR [°F- %%

CHLORIDE IONS NITRATE IONS SULFATE IONS
BICARBONATE (POLYATOMIC IONS)

ALKALINITY
= CARBONATE HARDNESS CHART
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Objections to Hard Water

Scale Formation

Hard water forms scale, usually calcium carbonate, which causes a variety of problems. Left to
dry on the surface of glassware and plumbing fixtures, including showers doors, faucets, and
sink tops; hard water leaves unsightly white scale known as water spots. Scale that forms on
the inside of water pipes will eventually reduce the flow capacity or possibly block it entirely.
Scale that forms within appliances and water meters causes wear on moving parts.

When hard water is heated, scale forms much faster. In particular, when the magnesium
hardness is more than about 40 mg/l (as CaCQs3), magnesium hydroxide scale will deposit in
hot water heaters that are operated at normal temperatures of 140-150°F (60-66°C).

A coating of only 0.04 in. (1 mm) of scale on the heating surfaces of a hot water heater creates
an insulation effect that will increase heating costs by about 10 percent.

Effect on Soap

The historical objection to hardness has been its effect on soap. Hardness ions form precipitates
with soap, causing unsightly “curd,” such as the familiar bathtub ring, as well as reduced
efficiency in washing and laundering. To counteract these problems, synthetic detergents have
been developed and are now used almost exclusively for washing clothes and dishes.

These detergents have additives known as sequestering agents that “tie up” the hardness ions
so that they cannot form the troublesome precipitates. Although modern detergents counteract
many of the problems of hard water, many customers prefer softer water. These customers can
install individual softening units or use water from another source, such as a cistern, for washing.
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Total Dissolved Solids (TDS)

Total dissolved solids (TDS) represents the combined total of all organic and inorganic
substances found in drinking water. The total dissolved solids present in water is one of the
leading causes of particles and sediments in drinking water, which give water its color, odor,
and flavor, and can be a general indicator of water quality.

Organic substances found in drinking water may include:

e Algae e Herbicides

e Bacteria o Fertilizers

e Fungi o Disinfectants

e Hair ¢ Pharmaceuticals
o Pesticides

Inorganic substances found in drinking water may include:

e Arsenic ¢ Calcium
e Lead ¢ Potassium
e Mercury e Magnesium
e Chlorine ¢ Fluoride
e Sodium
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Secondary Standard

TDS is most often measured in parts per million (ppm) or milligrams per liter of water (mg/L).
The normal TDS level ranges from 50 ppm to 1,000 ppm. The Environmental Protection
Agency (EPA), which is responsible for drinking water regulations in the United States, has
identified TDS as a secondary standard, meaning that it is a voluntary guideline. While the
United States set legal standards for many harmful substances, TDS, along with other
contaminants that cause aesthetic, cosmetic, and technical effects, has only a guideline.
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Levels of TDS (milligrams per litre) Rating
Less than 300 Excellent

300 - 600 Good

600 - 900 Fair

900 - 1,200 Poor

Above 1,200 Unacceptable

Increased concentrations of dissolved solids can also have technical effects. Dissolved solids
can produce hard water, which leaves deposits and films on fixtures and can corrode the
insides of hot water pipes and boilers.

PARAMETERS |  CLARITY TURBIDITY 70T SUSPERD=D SOLIDS
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HOW FAR LIGHT CAN PASS | MEASURES THE DEGREE TO | PARTICLES THAT ARE LARGER
DEFINITION THROUGH THE WHICH WATER LOSES THAN 2 MICRONS FOUND IN
WATER COLUMN IT'S TRANPARENCY THE WATER COLUMN
TURBIDITY AND CLARITY ARE DIRECTLY RELATED.
TURBIDITY IS A MEASURE OF THE WATER'S CLARITY I T
COMMENTS TURBIDITY, TURBIDITY IS NOT
High Turbidity = Low Clarity A DIRECT MEASUREMENT OF
Low Turbidity = High Clarity TOTAL SUSPENDED SOLIDS
ORGANIC AND INORGANIC SUSPENDED SOLIDS, LIKE CLAY, ORGANIC AND INORGANIC
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DISSOLVED COLORED MATERIALS (Smaller than 2 Microns) | hottom of water by strong flow)
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HOWISIT TO MEASURE TSS, A WATER
MEASURED? INDIRECT MEASUREMENT: SECCHI DISK or TURBIDITY TUBE SAMPLE IS FILTERED, DRIED
] _ _ AND WEIGHED
Indirect Methods are Quick and Expensive but are Dependent
on the Visual Acuity of the Observer

TOTAL DISSOLVED SOLIDS / WATER TREATMENT
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Langelier Saturation Index

The Langelier Saturation index (LSI) is an equilibrium model derived from the theoretical
concept of saturation and provides an indicator of the degree of saturation of water with respect
to calcium carbonate. It can be shown that the Langelier saturation index (LSI) approximates
the base 10 logarithm of the calcite saturation level. The Langelier saturation level approaches
the concept of saturation using pH as a main variable. The LSI can be interpreted as the pH
change required to bring water to equilibrium.

si=] [eu]+ [m] o+ fer] + [af] - DST]

SATURATION pHAS TEMPERATURE CALCIUM ALKALINITY TDS

INDEX TESTED FACTOR FACTOR FACTOR FACTOR
0.4 02 -01 +0.1  +0.2 +0.4
1 f I 1 1 1 I I
| | 1 | 1 1
CORROSION BALANCED WATER SCALING
[

|

‘THE IDEAL RANGE FOR "BALANCED" WATER IS BETWEEN -0.3 to +0.3 |

LANGELIER SATURATION INDEX

Water with a Langelier saturation index of 1.0 is one pH unit above saturation. Reducing the
pH by 1 unit will bring the water into equilibrium. This occurs because the portion of total
alkalinity present as COs* decreases as the pH decreases, according to the equilibria
describing the dissociation of carbonic acid:

H,CO, & HCO, + H'
HCO, & CO,” +H*

If LS| is negative: No potential to scale, the water will dissolve CaCOs

If LSl is positive: Scale can form and CaCOs precipitation may occur

If LSl is close to zero: Borderline scale potential.

Water quality or changes in temperature, or evaporation could change the index.

The LSl is probably the most widely used indicator of cooling water scale potential. It is purely
an equilibrium index and deals only with the thermodynamic driving force for calcium carbonate
scale formation and growth. It provides no indication of how much scale or calcium carbonate
will actually precipitate to bring water to equilibrium.

It simply indicates the driving force for scale formation and growth in terms of pH as a master
variable. In order to calculate the LS|, it is necessary to know the alkalinity (mg/l as CaCOs),
the calcium hardness (mg/l Ca?* as CaCQO:s), the total dissolved solids (mg/l TDS), the actual
pH, and the temperature of the water (°C).
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If TDS is unknown, but conductivity is, one can estimate mg/L TDS using a conversion table.
LSl is defined as:

LSI = pH - pHs

Where:
pH is the measured water pH
pHs is the pH at saturation in calcite or calcium carbonate and is defined as:

pHs = (9.3 + A + B) - (C + D)

Where:
A = (Log1 [TDS]-1)/10
B =-13.12 x Log1o (°C + 273) + 34.55
C = Log1o [Ca?* as CaCO3] - 0.4
D = Log+o [alkalinity as CaCO3]
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Radiological Characteristics
Radiological characteristics are the result of water coming in contact with radioactive materials.
This could be associated with atomic energy.

&
®
NATURALLY OCCURING ADSORBED IN FOODS SUCH AS INGESTED
RADIONUCLIDE IN SOIL OR ROCKS MEAT AND VEGETABLES
RADIONUCLIDES

ALPHA PARTICLES

STOPPED A SHEET OF
PAPER

BETA PARTICLES

STOPPED BY A LAYER OF CLOTHING
OR BY A FEW MILIMETERS OF A
SUBSTANCE LIKE ALUMINUM

GAMMA RAYS & X-RAYS

STOPPED BY SEVERAL FEET OF
CONCRETE OR A FEW INCHES
OF LEAD

RADIATION SOURCE

PENETRATING POWER OF ALPHA / BETA PARTICLES AND
GAMMA RAYS AND X-RAYS

Most of these substances are of natural origin and are picked up as water passes around the
water cycle. Some are present due to the treatment processes that are used make the water
suitable for drinking and cooking.

263
Distribution Basics TLC © 7/18/2022  (866) 557-1746



EDGE OF SPRAY
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BUFFER ZONE
CALCULATOR

SURFACE
WATER

LAKE OR POND

eonege ZONE USED TO AVOID CONTAMINATION OF WATER SOURCES FROM PESTICIDE APPLICATIONS

Insecticides and Herbicides

Insecticides and herbicides (sometimes referred to as pesticides) are widely used in
agriculture, industry, leisure facilities and gardens to control weeds and insect pests and may
enter the water cycle in many ways. Aluminum salts are usually added during water treatment
to remove color and suspended solids and may reduce any residual insecticides in the water.
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Biological Characteristics of Water

Biological characteristics are the presence of living or dead organisms. Biological
characteristics will also interact with the chemical composition of the water. The consumer will
become sick or complain about hydrogen sulfide odors, the rotten egg smell. We will cover the
Total Coliform Rule in detail in the Water Monitoring Section - Microbiological section and again
in the Appendix.

Pathogen Definition
A pathogen is an organism capable of causing disease. Pathogens include parasites, bacteria
and viruses.

Biological Parameters

Biological parameters are important factor that determine quality of drinking water. It is
more important than physical and chemical parameters in term of direct effect on
human health.

Some important biological characteristics affecting quality of drinking water includes
bacteria, protozoa, virus and algae.

CYCLOSPORA CRYPTOSPORIDIUM

GIARDIA
|< 8 - 10 MICROMETERS ’l

& :

BACTERIA VIRUS
COMPARATIVE SIZES OF PROTOZOAN PARASITES

Bacteriological Aspects of Water Pollution

Human beings and other animals discharge large number of intestinal bacteria into
stool and urine. Therefore, bacteria appears in drinking water when water source is
contaminated with feces.

Some intestinal bacteria which are normal flora of intestine are not pathogenic while
other bacteria causes serious disease when they are present in drinking water.
Some pathogenic bacteria includes- Salmonella, Shigella, Vibrio cholera, Yersinia
enterocolitica.
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These bacteria are only present in drinking water if source of water is contaminated

with feces.

Drinking water must be regularly check to detect intestinal pathogens. However all

intestinal pathogens are difficult to cultivate and identify in routine examination.

Therefore, presence of pathogenic intestinal bacteria is indirectly checked by detecting

intestinal normal flora. Such organism which are routinely checked for quality of water

is known as indicator organism for fecal contamination.

= Some indicator organism are fecal coliform ( E. coli), fecal Streptococci
(Enterococcus), Clostridium perfringens

Cysts

Cysts are associated with the reproductive stages of parasitic microorganisms (protozoans)
which can cause acute diarrhea type ilinesses; they come from farm animals, wild animals and
people. Cysts are very resistant to normal disinfection processes but can be removed by
advanced filtration processes installed in water treatment works. Cysts are rarely present in
the public water supply. We will cover this area in the water monitoring section.
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Drinking Water Tastes and Odors

Health concerns are not the only criteria that we use to judge our drinking water. In fact, often
the most noticeable qualities that determine whether water is acceptable to consumers are
unpleasant taste or odor, staining, poor reaction with soap, or mineral buildup in pipes and
plumbing. These problems result from elevated concentrations of "nuisance" constituents.
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Most nuisance constituents occur naturally. These constituents are more likely to occur at
nuisance concentrations in groundwater than surface water, because they result from the
reaction of groundwater with aquifer rocks and sediments as the water moves underground.

Yellow Water Complaints

Dissolved iron in groundwater can stain laundry, sinks, bathtubs, and toilets a brownish red,
and can degrade plumbing and heating systems. Iron also gives drinking water an unpleasant
taste, making it undrinkable for many well owners. Manganese often co-occurs with iron and
causes many of the same problems.
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Hard Water

Hard water—defined by high concentrations of calcium and magnesium—causes water pipes
and fixtures to become coated with scale, limits the ability of soaps and detergents to form
suds, and can cause premature failure of plumbing and heating fixtures. pH outside of
acceptable ranges can give water a metallic taste and can cause corrosion of pipes. A high
dissolved solids concentration—a measure of all dissolved substances in water, also referred
to as salinity—makes water taste disagreeably salty.

EPA Guidelines for Nuisance Constituents

The EPA recommends limits, called Secondary Maximum Contaminant Levels (SMCLs), for
nuisance constituents in public water supplies. The SMCLs are non-health-based, non-
enforceable guidelines for concentrations of 15 constituents in drinking water. These
guidelines are designed to assist public water systems in managing their drinking water for
aesthetic considerations, such as taste, color, and odor. These contaminants are not
considered to present a risk to human health at the SMCL.

Because they can be smelled, tasted, or seen, nuisance constituents may be more likely to be
noticed by consumers than contaminants that actually are a health risk. However, some
constituents that have an SMCL also have a higher human-health benchmark. Manganese is
one example—the black staining caused by manganese might be just a nuisance or might
signal a concentration high enough to be a health risk.

Dissolved Solids

In other situations, the presence of nuisance constituents can signal geochemical conditions
that promote high concentrations of other, more harmful contaminants. For example, high
concentrations of dissolved solids are considered a nuisance because they cause water to
taste salty, but high dissolved solids is not in itself a health concern. However, high dissolved
solids can be an indication that there are elevated concentrations of arsenic, uranium, or other
trace elements in the groundwater as well. The occurrence of nuisance constituents in drinking
water therefore can indicate that testing for a broader range of constituents could be warranted
to assess possible risks and to determine options for reducing those risks.
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Safe Drinking Water Act (SDWA) Introduction

On August 6, 1996, President Clinton signed the Reauthorization of the Safe Drinking Water
Act, bringing 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 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.

SAFE DRINKING WATER ACT (SDWA)

W DRAFTED IN 1974,

% AMENDED IN 1986 AND ALSO IN 1996.

% SETS NATIONAL HEALTH-BASED STANDARDS FOR DRINKING
WATER TO PROTECT AGAINST BOTH NATUALLY-OCCURING -
AND MAN-MADE CONTAMINANTS THAT MY BE FOUND | s ST 3
DRINKING WATER. B A ]

X THE UNITED STATES ENVIRINMENTAL PROTECTION AGENCY (EPA)
IS RESPONSIBLE FOR REGULATION AND ENFORCEMENT BY
SETTING STANDARDS FOR DRINKING WATER BASED ON SOUND -
SCIENCE TO PROTECT AGAINST HEALTH RISKS, CONSIDERING K
AVAILABLE TECHNOLOGY AND ASSOCIATED COSTS. { T

% THE AMENDMENTS REQUIRE MANY ACTIONS TO PROTECT =N ;@

DRINKING WATER AND IT'S SOURCES: . 8k

RIVERS - /T =
LAKES F-—;

RESERVOIRS
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GROUNDWATER WELLS

SAFE DRINKING WATER ACT FACTS
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The major elements of this law include:

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

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

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

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

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.

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
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drinking water and provide data on unregulated contaminants for which monitoring is
required, including Cryptosporidium and radon.
The EPA must establish a toll-free hot line customers can call to get additional information.

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

o 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.

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

o 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.

o It 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.

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

o 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.

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 the best
technology (Section 1415). A new provision authorizes small system variances based on best
affordable technology.
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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 the 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.

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 EPA
to make grants to states to carry out the public water system supervision program. States may
also use a portion of their SRF 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 SRF 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. Beginning in 2001,
the EPA is required to withhold a portion of SRF grants from states that do not have compliance
development strategies (Section 1420).
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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).

Groundwater Protection Grant Programs

The Act contains three additional groundwater 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 groundwater within the states. Appropriations for these three programs and for
LYIC state program grants are authorized starting back in FY2003.

Source Water Protection Programs

P.L. 104-182 broadens the pollution prevention focus of the Act to embrace surface water as
well as groundwater 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.

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.
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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 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).

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. 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).
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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).

Three Types of Public Water Systems

Community Water Systems (CWSs)

o Provide water to the same population year-round (for example: homes, apartment
buildings)

o Approximately 52,000 systems serving the maijority of the U.S. population

Non-Transient Non-Community Water Systems (NTNCWSs)

o Provide water to the same people at least six months a year, but not all year (for
example: schools, factories, churches, office buildings that have their own water system)
o  Approximately 85,000 systems

Transient Non-Community Water System (TNCWS)

o Provide water where people do not remain for long periods of time (for example: gas
stations, campgrounds)

o  Approximately 18,000 systems

INTERIM ENHANCED WATER DISINFECTION BYPRODUCTS TOTAL COLIFORM RULE
TREATMENT RULE

LEAD AND COPPER RULE

PARAMETERS THAT AFFECT SURFACE WATER TREATMENT RULES

IESWTR DBP'S TCR :I

Technical
Learning
College
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SDWA MCLs Introduction

Radionuclides

Alpha Emitters Certain minerals are radioactive and may emit a form of radiation known as alpha
radiation. Some people who drink water containing alpha emitters in excess of EPA standards over
many years may have an increased risk of getting cancer.

Beta/photon Emitters Certain minerals are radioactive and may emit forms of radiation known as
photons and beta radiation. Some people who drink water containing beta and photon emitters in
excess of EPA standards over many years may have an increased risk of getting cancer.

Combined Radium 226/228 Some people who drink water containing radium 226 or 228 in excess
of EPA standards over many years may have an increased risk of getting cancer.

Radon gas can dissolve and accumulate in undergroundwater sources, such as wells, and
concentrate in the air in your home. Breathing radon can cause lung cancer. Drinking water
containing radon presents a risk of developing cancer. Radon in air is more dangerous than radon
in water. Radon in water is typically released into the air while showering.

Water Sampling Bottles

These are commonly found examples of various water sampling bottles. VOC and THM bottles
are in the front.

You will have to make sure there is absolutely no air inside these tiny bottles. Any air bubble can
ruin the sample. There are several ways to get the air out. The best one is slowly overfill the bottle
to get a reverse meniscus. Second, is to fill the cap with water before screwing it onto the bottle.
The third one is to use a thin copper tube and slowly fill the bottle.
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Inorganic Contaminants

Antimony Cadmium Cyanide Nitrite
Asbestos Chromium Mercury Selenium
Barium Copper Nitrate Thallium
Beryllium

Inorganic Contaminants

Arsenic. Some people who drink water containing arsenic in excess of EPA standards over many
years could experience skin damage or problems with their circulatory system, and may have an
increased risk of getting cancer.

Fluoride. Many communities add fluoride to their drinking water to promote dental health. Each
community makes its own decision about whether or not to add fluoride. The EPA has set an
enforceable drinking water standard for fluoride of 4 mg/L. Some people who drink water-
containing fluoride in excess of this MCL level over many years could get bone disease, including
pain and tenderness of the bones. The EPA has also set a secondary fluoride standard of 2 mg/L
to protect against dental fluorosis.

Dental fluorosis, in its moderate or severe forms, may result in a brown staining and/or pitting of
the permanent teeth. This problem occurs only in developing teeth, before they erupt from the
gums. Children under nine should not drink water that has more than 2 mg/L of fluoride.

Lead. Typically leaches into water from plumbing in older buildings. Lead pipes and plumbing
fittings have been banned since August 1998. Children and pregnant women are most susceptible
to lead health risks. For advice on avoiding lead, see the EPA’s “Lead in Your Drinking Water” fact
sheet.

Synthetic Organic Contaminants, including Pesticides & Herbicides

2,4-D Dibromochloropropane  Hexachlorobenzene

2,4 5-TP (Silvex) Dinoseb Hexachlorocyclopentadiene
Acrylamide Dioxin (2,3,7,8-TCDD) Lindane

Alachlor Diquat Methoxychlor

Atrazine Endothall Oxamyl [Vydate]

Benzoapyrene Endrin PCBs [Polychlorinated biphenyls]
Carbofuran Epichlorohydrin Pentachlorophenol

Chlordane Ethylene dibromide Picloram

Dalapon Glyphosate Simazine

Di 2-ethylhexyl adipate Heptachlor Toxaphene

Di 2-ethylhexyl phthalate  Heptachlor epoxide

Volatile Organic Contaminants

Benzene trans-1,2-Dicholoroethylene 1,2,4-Trichlorobenzene

Carbon Tetrachloride
Chlorobenzene
o-Dichlorobenzene
p-Dichlorobenzene
1,1-Dichloroethylene
cis-1,2-Dichloroethylene

Dichloromethane
1,2-Dichloroethane
1,2-Dichloropropane
Ethylbenzene
Styrene
Tetrachloroethylene
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Commonly Found Distribution System Water Quality Problems

Turbidity

Turbidity is caused by particles suspended in
water. These particles scatter or reflect light rays,
making the water appear cloudy. Turbidity is
expressed in nephelometric turbidity units (ntu)
and a reading in excess of 5 ntu is generally
noticeable to water system customers.

Besides the appearance being unpleasant to
customers, turbidity in water is significant from a
public health standpoint because suspended
particles could shelter microorganisms from the
disinfectant and allow them to still be viable when
they reach the customer.

EPA regulations direct that, for most water
systems, the turbidity of water entering the
distribution system must be equal or less than 0.5
ntu in at least 95 percent of the measurements
taken each month. At no time may the turbidity
exceed 5 ntu.

Turbidity changes in the distribution system can indicate developing problems. Increases in turbidity
may be caused by changes in velocity or inadequate flushing following main replacement or repairs.

Hardness

Hardness is a measure of the concentration of calcium and magnesium in water. Water hardness
usually comes from water contacting rock formations, such as water from wells in limestone formations.
Soft groundwater may occur where topsoil is thin and limestone formations are sparse or absent. Most
surface water is of medium hardness.

Hard and soft water are both satisfactory for human consumption, but customers may object to very
hard water because of the scale it forms in plumbing fixtures and on cooking utensils. Hardness is also
a problem for some industrial and commercial users because of scale buildup in boilers and other
equipment.

Water generally is considered most satisfactory for household use when the hardness is between 75
and 100 mg/L as calcium carbonate (CaCO3). Water with 300 mg/L of hardness usually is considered
hard. Very soft water of 30 mg/L or less is found in some section of the United States. Soft water
usually is quite corrosive, and may have to be treated to reduce the corrosivity.

Iron

Iron occurs naturally in rocks and soils and is one of the most abundant elements. It occurs in two
forms. Ferrous iron (Fe+?) is in a dissolved state, and water containing ferrous iron is colorless. Ferric
iron (Fe+3) has been oxidized, and water containing it is rust-colored.

Water from some well sources contains significant levels of dissolved iron, which is colorless, but
rapidly turns brown as air reaches the water and oxidizes the iron.
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There are no known harmful effects to humans from drinking water containing iron, but NSDWR
suggest a limit of 0.5 mg/L. At high levels, the staining of plumbing fixtures and clothing becomes
objectionable. Iron also provides nutrient source for some bacteria that grow in distribution systems
and wells. Iron bacteria, such as Gallionella, cause red water, tastes and odors, clogged pipes, and
pump failure.

Whenever tests on water samples show increased iron concentrations between the point where water
enters the distribution system and the consumer’s tap, either corrosion, iron bacteria, or both are
probably taking place. If the problem is caused by bacteria, flushing mains, shock chlorination, and
carrying increased residual chlorine are alternatives to consider.

Manganese

Manganese in groundwater creates problems similar to iron. It does not usually discolor the water, but
will stain washed clothes and plumbing fixtures black; this is very unpopular with customers.
Consumption of manganese has no known harmful effects on humans, but the NSDWR recommend a
concentration not to exceed 0.05 mg/L to avoid customer complaints.

Water Quality Safeguards
The critical safeguard for water distribution system operations are
e continuous positive pressure in the mains; 20 pounds per square inch (psi) minimum residual
pressure is recommended;
e maintenance of chlorine residual;
e cross-connection control; and
o frequent testing.

TRANSMITTED
LIGHT DETECTOR

APERTURE

90° DETECTOR

P i) BASICS OF A TURBIDIMETER

A= Ccollege
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Sampling Plan Introduction

A written sampling plan must be developed by the water system. These plans will be reviewed by
the Health Department or State Drinking Water agency during routine field visits for sanitary
surveys or technical assistance visits. This plan should include:

1. The location of routine sampling sites on a system distribution map. You will need to locate
more routine sampling sites than the number of samples required per month or quarter. A
minimum of three sites is advised and the sites should be rotated on a regular basis.

2. Map the location of repeat sampling sites for the routine sampling sites. Remember that
repeat samples must be collected within five (5) connections upstream and downstream from
the routine sample sites.

3. Establish a sampling frequency of the routine sites.

4. Sampling technique, establish a minimum flushing time and requirements for free chlorine
residuals at the sites (if you chlorinate continuously).

The sampling sites should be representative of the distribution network and pressure zones. If
someone else, e.g., the lab, collects samples for you, you should provide them with a copy of
your sampling plan and make sure they have access to all sample sites.

IDENTIFICATION OF CHAIN TYPE

POPULATION OF OF
CUSTODY SAMPLE

SIZE OF
THE
SAMPLE

NUMBER OF
SAMPLES

SAMPLING

SAMPLING SOP CALIBRATION

SAMPLE

TREATMENT h STORAGE TIME
CONTAINER I SUB-SAMPLING

PROCEDURES FOR TAKING WATER SAMPLES ARE:

-WEAR GLOVES AND EYE PROTECTION

- ONLY USE 125 mL or 150 mL PLASTIC SAMPLE BOTTLES

- RINSE THE BOTTLE AND CAP THREE TIMES WITH THE SAMPLE WATER AND FILL WITHIN ONE TO TWO INCHES FROM THE TOP
- PLACE SAMPLE INTO A COOLER WITH ICE FOR IMMEDIATE DELIVERY TO THE LABORATORY

Technical PROPER SAMPLING PROCEDURES (WATER)

Learnin q
College
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WATER TESTING LAB
456 SOMEWHERE ST.
ANYWHERE, AZ 85002

TEST REPORT:

WATER COMPANY DRINKING WATER

123 ANYWHERE ST. ANALYSIS RESULTS

SOMEWHERE, AZ 85001 FOR MODEL : RO103TDS
NOTE:

ND THIS CONTAMINANT WAS NOT DETECTED AT OR ABOVE OUR STATED DETECTION LEVEL |

NBS NO BACTERIA SUBMITTED NBR NO BACTERIA REQUIRED]

* THE MCL {Maximum Contaminant Level) OR AN ESTABLISHED GUIDELINE HAS BEEN EXCEEDED FOR THIS CONTAMINANT]
** BACTERIA RESULTS MAY BE INVALID DUE TO LACK OF COLLECTION INFORMATION OR BECAUSE SAMPLE HAS EXCEEDED
THE 30-HOUR HOLDING TIMES

ANALYSIS PERFORMED: P-PRESENCE A - ABSENCE EP - E.COLI PRESENCE EA -E.COLI ABSENCE MA: NOT ANALYZED

n L] L]
I McL ! Det I Level

ANALYSIS : {mg/l) : Level : Detected
TOTAL COLIFORM P =] A
INORGANIC CHEMICALS - Metals
Aluminum 0.2 0.1 ND
Arsenic 0.05 0.020 ND
Barium 2 0.30 ND
Cadmium 0.005 0.002 ND
Chromium 01 0.010 ND
Copper 1.3 0.004 ND
Iron 0.3 0.020 ND
Lead 0.015 0.002 ND
Manganese 0.05 0.004 ND
Mercury 0.002 0.001 ND
Nickel 0.1 0.02 ND
Selenium 0.05 0.020 ND
Silver 01 0.02 ND
sodium e 1.0 ND
Zinc 5 0.004 ND
INORGANIC CHEMICALS - Other, and Physical Factors
Alkalinity (TotalasCaCO ) e 0.1 ND
Chloride 250 50 ND
Fluoride 4 0.5 ND
Nitrate as N 10 0.5 ND
Nitrite as N 1 0.5 ND
Sulfate 250 50 ND
Hardness (suggested limit - 100) 10 ND
pH (Standard Units) 65-85 = e 7.7
Total Dissolved Solids 500 20 ND
Turbidity (Turbidity Units) 1.0 0.1 ND

T THMS 0.080 0.004 ND

WATER ANALYSIS REPORT EXAMPLE
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Older Stage 1 DBPR Information

Disinfection Byproduct Regulations

In December 1998, the 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 parts per billion (ppb)
Haloacetic Acids (HAA5) =60 ppb
Bromate = 10 ppb
Chlorite = 1.0 parts per million (ppm)
HALOGEN

HYDROGEN

=mm CARBON

CHLORINE

HALOGEN HALOGEN

CHLORINE [ORGANIC MATTER| CARCINOGENIC DISINFECTION
BYPRODUCTS

DISINFECTION BYPRODUCT PRODUCTION DIAGRAM

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 were regulated at a maximum allowable annual average level of 100 parts per
billion for water systems serving over 10,000 people under the Total Trihalomethane Rule finalized
by the EPA in 1979.

The Stage 1 Disinfectant/Disinfection Byproduct Rule standards became effective for
trihalomethanes and other disinfection byproducts listed above in December 2001 for large surface
water public water systems. Those standards became effective in December 2003 for small surface
water and all groundwater public water systems.

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. The EPA has
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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
groundwater systems.

CHLORINE
BASED
DISINFECTANTS

DISINFECTION
BY-PRODUCTS

DISINFECTION TREATMENT DISINFECTION BYPRODUCTS HEALTH EFFECTS
TRIHALOMETHANES (THM's) INCREASED RISK OF CANCER; PROBLEMS
: IN THE KIDNEY, LIVER AND THE CENTRAL
CHLORINATION gﬁtgl’;ﬁEEIC ACIDS (HAA's) NERVOUS SYSTEM. REDUCED ABILITY FOR

RED BLOOD CELLS TO CARRY OXYGEN.

CHLORINE CHLORATE REDUCED ABILITY FOR RED BLOOD CELLS

DIOXIDE CHEORITE SYSTEM EFFECTS (fo nfants and young chidren)
CHLORAMINE CHLORATE REDUCED ABILITY FOR RED BLOOD CELLS
OZONATION BROMATE INCREASED RISK OF CANCER

) DISINFECTION BYPRODUCT FORMATION AND EFFECTS

College

Haloacetic Acids (HAAS5) 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 HAA5, 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 back in December
2001 and for small surface water and all groundwater public water systems back in December
2003.

Drinking water standards may apply differently based on type and size of public water
systems.
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Disinfection Rules Stages 1 & 2 DBPR Introduction

The following are EPA’s federal rule requirements. Please be aware that each state implements
drinking water regulations that may be more stringent than EPA’s regulations. Check with your
state environmental agency for more information.

Stage 2 DBPR

EPA finalized the Stage 2 Disinfectants and Disinfection Byproduct Rule (DBPR) to reduce potential
health risks from DBPs. The Long Term 2 Enhanced Surface Water Treatment Rule (LT2ZESWTR)
implemented at the same time as the Stage 2 DBPR to ensure that drinking water is safe from both
microbial pathogens and DBPs.

General Requirements
To comply with the Stage 2 Disinfectants and Disinfection Byproducts Rule (Stage 2 DBPR),
published on January 4, 2006 (71 FR 388) systems must do the following:

¢ Conduct an Initial Distribution System Evaluation (IDSE) to find locations in the distribution
system that have high levels of TTHM and HAA5 and that can be used as compliance monitoring
sites for the Stage 2 DBPR.

* Use a locational running annual average (LRAA) calculation to determine compliance with
the Stage 2 DBPR maximum contaminant levels (MCLs) of:

—0.080 mg/L (80 ppb) for total trihalomethanes (TTHM), and
—0.060 mg/L ( 60 ppb) for five haloacetic acids (HAAS).
Note: The MCL values are the same as the Stage 1 MCLs; only the calculation method changes.

* Monitor for Stage 2 compliance at the required number of locations for each system’s retail
population

« Identify when TTHM or HAAS levels exceed the operational evaluation level and, when this
happens, look at source water, operational practices, and treatment to find ways to reduce TTHM
and HAA5 concentrations in the distribution system. Each of these general requirements are
covered in more detail in the rest of this guidance manual. The Stage 2 DBPR is an extension of
the Stage 1 Disinfectants and Disinfection Byproducts Rule (Stage 1 DBPR). Systems must also
continue to comply with the other requirements of the Stage 1 DBPR in addition to meeting the
requirements of the Stage 2 DBPR. This includes compliance with the MCLs for bromate (for
systems using ozone) and chlorite (for systems using chlorine dioxide), the MRDLs for chlorine or
chloramine (depending on the residual disinfectant used), as well as TOC removal requirements.

Compliance Timeline
Your compliance schedule for the Stage 2 DBPR are based on whether your system is part of a
combined distribution system:

* If your system is part of a combined distribution system, you must comply with the revised MCLs
by the same date as required for the largest system in your combined distribution system.
Example: if your system serves 8,000 people, but you purchase water from a system that serves
250,000 people, you must comply by the dates shown in Schedule 1.
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* If your system is not part of a combined distribution system, compliance dates are based on the
population served by your system.

If you are using this guidance manual, you likely serve fewer than 10,000 people and you must
comply by the dates shown in Schedule 4.

Your State (or EPA) should have sent you a letter telling you what schedule you are on. If
you did not receive this letter or you have questions about your schedule, contact your State
(contact information is listed in Appendix C).

Note: You are on the same schedule for Stage 2 DBPR compliance as you were on for the IDSE.

The timeline on the next page shows important dates for the Stage 2 DBPR as well as periods for
Cryptosporidium and E. coli required under the LT2ZESWTR.

Note: The figure shows the 2-year period after systems must begin compliance as a “possible
extension.” States may give you up to an additional 2 years to comply if you need time to install
capital improvements.

How Does this Rule Relate to Other Federal, State, and Local Requirements?

As noted earlier, the Stage 2 DBPR is an extension of the Stage 1 Disinfectants and Disinfection
Byproducts Rule (Stage 1 DBPR). The Stage 2 DBPR and the Long Term 2 Enhanced Surface
Water Treatment Rule (LT2ESWTR) were published together to address the balance between
protection from microbial pathogens and the potential health effects from disinfectants and their
byproducts. You are still required to continue to meet all existing federal requirements. You may
call the Safe Drinking Water Hotline at (800) 426-4791 (e-mail: hotline-sdwa@epa.gov) for more
information on other drinking water rules.

Where do DBPs come from?

Chlorine and other chemical disinfectants have been widely used by public water systems (along
with filtration) to protect the public from microbial pathogens in drinking water. DBPs are formed
when certain disinfectants react with DBP precursors (organic and inorganic materials) in source
waters. In most cases, natural organic matter (NOM) is an important factor that affects the levels
of DBPs that form NOM is usually measured as Total Organic Carbon (TOC).

The levels of DBPs in drinking water can vary significantly from one point in a distribution system
to another, as many continue to form in the distribution system. DBP levels are generally higher in
surface water systems because surface water usually contains higher DBP precursor levels and
requires stronger disinfection.

Ensuring Safe Drinking Water

All drinking water systems want to provide water that is safe. One aspect of providing safe drinking
water is limiting the levels of DBPs in it. Long-term exposure to DBPs has been linked to bladder
cancer, and possibly colon and rectal cancers. More recent studies have shown that shorter-term
exposure to high levels of DBPs may be associated with adverse reproductive and developmental
health effects.

Limiting the levels of DBPs in your drinking water may require you to make some adjustments to
your current operations, such as:
» Making operational improvements at the plant or in the distribution system
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» Modifying current treatment operations to remove more DBP precursors or form lower levels
of DBPs

» Upgrading or installing a new treatment technology

What Does Compliance Monitoring Involve?
Monitoring requirements for TTHM and HAA5 are based on your source water type and the

population your system serves. Note that this is different than the Stage 1 DBPR monitoring
requirements that were based on the number of treatment plants in your system.

With population-based monitoring, there are five categories of small systems under the Stage 2
DBPR:

» Subpart H systems that serve fewer than 500 people.

» Subpart H systems that serve 500 to 3,300 people.

* Subpart H systems that serve 3,301 to 9,999 people.

» Groundwater systems that serve fewer than 500 people.
» Groundwater systems that serve 500 to 9,999 people.

If you do not know what type of system you are, you should contact your State to confirm this
information.

DISINFECTANTS AND DISINFECTION BYPRODUCTS RULE

COMPLIANCE
CHLORINE 4 (as Cl,) 4.0(as Cl,) ANNUAL AVERAGE
CHLORAMINE 4 (as Cl,) 4.0(as Cly) ANNUAL AVERAGE
CHLORINE DIOXIDE 0.8 (as CIO,) 0.8(as CIO,) ANNUAL AVERAGE
COMPLIANCE
DISINFECTION BYPRODUCTS MCLG (mg/L) MCL (mg/L) BASED ON:
TOTAL TRIHALOMETHANES (TTHM)' N/A 0.080 ANNUAL AVERAGE
- CHLOROFORM Kk
- BROMODICHLOROMETHANE 0
- DIBROMOCHLOROMETHANE 0.06
- BROMOFORM 0
HALOACETIC ACIDS (five) (HAAS5)2 N/A 0.60 ANNUAL AVERAGE
- DICHLOROACETIC ACID 0
- TRICHLOROACETIC ACID 0.3
CHLORITE 0.8 1.0 MONTHLY AVERAGE
BROMATE 0 0.010 ANNUAL AVERAGE
S DISINFECTION BYPRODUCTS RULE PARAMETERS EXAMPLE

earning
College
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STAGE 2 DISINFECTION BYPRODUCT RULE
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More on the Stage 2 DBP Rule

The following are EPA’s federal rule requirements. Please be aware that each state implements
drinking water regulations that may be more stringent than EPA’s regulations. Check with your
state environmental agency for more information.

The Stage 2 DBP rule is one part of the Microbial and Disinfection Byproducts Rules (MDBPs),
which are a set of interrelated regulations that address risks from microbial pathogens and
disinfectants/disinfection byproducts.

The Stage 2 DBP rule focuses on public health protection by limiting exposure to DBPs, specifically
total trihalomethanes (TTHM) and five haloacetic acids (HAA5), which can form in water through
disinfectants used to control microbial pathogens. This rule will apply to all community water
systems and nontransient noncommunity water systems that add a primary or residual disinfectant
other than ultraviolet (UV) light or deliver water that has been disinfected by a primary or residual
disinfectant other than UV.

Amendments to the SDWA in 1996 require EPA to develop rules to balance the risks between
microbial pathogens and disinfection byproducts (DBPs). The Stage 1 Disinfectants and
Disinfection Byproducts Rule and Interim Enhanced Surface Water Treatment Rule, promulgated
in December 1998, were the first phase in a rulemaking strategy required by Congress as part of
the 1996 Amendments to the Safe Drinking Water Act.

The Stage 2 Disinfectants and Disinfection Byproducts Rule (Stage 2 DBPR) builds upon the Stage
1 DBPR to address higher risk public water systems for protection measures beyond those required
for existing regulations. The Stage 2 DBPR and the Long Term 2 Enhanced Surface Water
Treatment Rule are the second phase of rules required by Congress. These rules strengthen
protection against microbial contaminants, especially Cryptosporidium, and at the same time,
reduce potential health risks of DBPs.

What is the Stage 2 DBPR?

The Stage 2 Disinfection Byproducts Rule will reduce potential cancer and reproductive and
developmental health risks from disinfection byproducts (DBPs) in drinking water, which form when
disinfectants are used to control microbial pathogens. Over 260 million individuals are exposed to
DBPs. This final rule strengthens public health protection for customers in the US by tightening
compliance monitoring requirements for two groups of DBPs, trihalomethanes (TTHM) and
haloacetic acids (HAAS5). The rule targets systems with the greatest risk and builds incrementally
on existing rules. This regulation will reduce DBP exposure and related potential health risks and
provide more equitable public health protection. The Stage 2 DBPR is being promulgated
simultaneously with the Long Term 2 Enhanced Surface Water Treatment Rule to address
concerns about risk tradeoffs between pathogens and DBPs.

What does the rule require?

Under the Stage 2 DBPR, systems will conduct an evaluation of their distribution systems, known
as an Initial Distribution System Evaluation (IDSE), to identify the locations with high disinfection
byproduct concentrations. These locations will then be used by the systems as the sampling sites
for Stage 2 DBPR compliance monitoring. Compliance with the maximum contaminant levels for
two groups of disinfection byproducts (TTHM and HAAS5) will be calculated for each monitoring
location in the distribution system. This approach, referred to as the locational running annual
average (LRAA), differs from previous requirements, which determine compliance by calculating
the running annual average of samples from all monitoring locations across the system.
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The Stage 2 DBPR also requires each system to determine if they have exceeded an operational
evaluation level, which is identified using their compliance monitoring results. The operational
evaluation level provides an early warning of possible future MCL violations, which allows the
system to take proactive steps to remain in compliance.

A system that exceeds an operational evaluation level is required to review their operational
practices and submit a report to their state that identifies actions that may be taken to mitigate
future high DBP levels, particularly those that may jeopardize their compliance with the DBP MCLs.

Who must comply with the rule?

Entities potentially regulated by the Stage 2 DBPR are community and nontransient noncommunity
water systems that produce and/or deliver water that is treated with a primary or residual
disinfectant other than ultraviolet light.

A community water system (CWS) is a public water system that serves year-round residents of a
community, subdivision, or mobile home park that has at least 15 service connections or an
average of at least 25 residents.

A nontransient noncommunity water system (NTNCWS) is a water system that serves at least 25
of the same people more than six months of the year, but not as primary residence, such as
schools, businesses, and day care facilities.

What are disinfection byproducts (DBPs)?

Disinfectants are an essential element of drinking water treatment because of the barrier they
provide against waterborne disease-causing microorganisms. Disinfection byproducts (DBPs) form
when disinfectants used to treat drinking water react with naturally occurring materials in the water
(e.g., decomposing plant material).

Total trihalomethanes (TTHM - chloroform, bromoform, bromodichloromethane, and
dibromochloromethane) and haloacetic acids (HAA5 - monochloro-, dichloro-, trichloro-,
monobromo-, dibromo-) are widely occurring classes of DBPs formed during disinfection with
chlorine and chloramine.

The amount of trihalomethanes and haloacetic acids in drinking water can change from day to day,
depending on the season, water temperature, amount of disinfectant added, the amount of plant
material in the water, and a variety of other factors.
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More on Evolving Disinfection Rules

In the past 40 years, the Safe Drinking Water Act (SDWA) has been highly effective in protecting
public health and has also evolved to respond to new and emerging threats to safe drinking water.
Disinfection of drinking water is one of the major public health advances in the 20th century. One
hundred years ago, typhoid, dysentery and cholera epidemics were common through American
cities; disinfection was a major factor in reducing these epidemics.

However, the disinfectants themselves can react with naturally-occurring materials in the water to
form unintended byproducts which may pose health risks. In addition, in the past thirty years
though, we have learned that there are specific microbial pathogens, such as Cryptosporidium,
which can cause iliness and is resistant to traditional disinfection practices.

Chlorine is the most widely used water disinfectant due to its effectiveness and cost. Most states
require community water systems to use chlorination. However, research shows that chlorine has
side effects. It reacts with organic matter present in water and forms a series of compounds that
have been linked to cancer in animals.

These compounds are called disinfection by-products (DBPs). All disinfectants form DBPs
in one of two reactions:

(1) chorine and chlorine-based compounds (halogens) react with organics in water causing the
chlorine atom to substitute other atoms, resulting in halogenated by-products and

(2) oxidation reactions, where chlorine oxidizes compounds present in water. Secondary by-
products are also formed when multiple disinfectants are used.

All living organisms have carbon as an essential element in their cells. When trees shed their
leaves, the leaves start decomposing and are ultimately broken down by bacteria into carbon-
containing compounds. Similarly, dead animals on land and fish and other aquatic life decompose
and disintegrate into compounds that contain carbon as an essential element. Hence, all surface
water and groundwater contain varying amounts of carbon-containing compounds called organic
matter (primarily humic and fulvic acids).

The EPA Surface Water Treatment Rule (SWTR) requires systems using public water supplies
from either surface water or groundwater under the direct influence of surface water to disinfect. In
addition, since some disinfectants produce chemical by-products, the dual objective of disinfection
is to provide the required level of organism destruction and remain within the maximum contaminant
level (MCL) for the SWTR disinfection set by EPA. An MCL is set for Total Trihalomethanes and
additional disinfection byproducts.

What are the microbial/disinfection byproducts (MDBP) rules and which ones apply to me?
The MDBP requirements have been in place for close to 30 years and include the following
federal rules:
o Total Trihalomethanes monitoring and MCL, promulgated Nov 1979
o Surface Water Treatment Rule, promulgated June 1989
o Interim Enhanced Surface Water Treatment Rule and Stage 1 Disinfectants /
Disinfection Byproducts Rule, promulgated Dec 1998
o Filter Backwash Rule, promulgated June 2001
o Long Term 1 Enhanced Surface Water Treatment Rule, promulgated Jan 2002
o Long Term 2 Enhanced Surface Water Treatment Rule and Stage 2 Disinfectants /
Disinfection Byproducts Rule, promulgated Jan 2006

289
Distribution Basics TLC © 7/18/2022  (866) 557-1746



o Groundwater Rule, promulgated Nov 2006

The Disinfectants and Disinfection Byproducts (DBP) rules apply to all community and non-
community water systems using a disinfectant such as chlorine, chloramines, ozone and chlorine
dioxide.

Compliance with the Stage 1 DBP requirements began in 2000. The Stage 2 DBP requirements
began in 2006 with the Initial Distribution System Evaluation (IDSE). Compliance monitoring for the
Stage 2 DBP begins in April 2012. See phased compliance schedule dependent on system
population below.

The Long Term 2 Enhanced Surface Water Treatment Rule (LT2) rule applies to all water systems
using surface water, groundwater under the influence of a surface water, as well as
groundwater/surface water blends. The LT2 requirements began in 2006 with the characterization
of raw water Cryptosporidium and E.coli levels. Systems serving <10,000 monitor for E.coli only
every two weeks for one year. Compliance with the LT2 requirements begin in April 2013.

The Groundwater Rule (GWR) applies to all public water systems using groundwater. The GWR
requirements begin in March 2009 with 6-months investigative monitoring (IM) for source water
E.coli, for systems currently applying disinfection only. All other requirements for the GWR began
back in Dec 20089.

Amendments to the SDWA in 1996 require EPA to develop rules to balance the risks between
microbial pathogens and disinfection byproducts (DBPs). It is important to strengthen protection
against microbial contaminants, especially Cryptosporidium, and at the same time, reduce potential
health risks of DBPs.

The Stage 1 Disinfectants and Disinfection Byproducts Rule and Interim Enhanced Surface Water
Treatment Rule, announced in December 1998, are the first of a set of rules under the 1996 SDWA
Amendments. This fact sheet focuses on the Stage 1 Disinfectants and Disinfection Byproducts
Rule. A separate fact sheet focuses on the Interim Enhanced Surface Water Treatment Rule (EPA
815-F-98-009).

Public Health Concerns

While disinfectants are effective in controlling many microorganisms, they react with natural organic
and inorganic matter in source water and distribution systems to form DBPs. Results from
toxicology studies have shown several DBPs (e.g., bromodichloromethane, bromoform,
chloroform, dichloroacetic acid, and bromate) to be carcinogenic in laboratory animals.

Other DBPs (e.g., chlorite, bromodichloromethane, and certain haloacetic acids) have also been
shown to cause adverse reproductive or developmental effects in laboratory animals.

Several epidemiology studies have suggested a weak association between certain cancers (e.g.,
bladder) or reproductive and developmental effects, and exposure to chlorinated surface water.
More than 200 million people consume water that has been disinfected. Because of the large
population exposed, health risks associated with DBPs, even if small, need to be taken seriously.
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Disinfection Byproduct Research and Regulations Summary

Drinking water chlorination has contributed to a dramatic decline in waterborne disease rates and
increased life expectancy in the United States. Largely because of this success, many Americans
take it for granted that their tap water will be free of disease-causing organisms.

In recent years, regulators and the public have focused gre