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DISTRIBUTION SYSTEM OPERATOR CERTIFICATION

Certification and Licensing Program

Mission
Promote responsible environmental stewardship.

Goal

Provide operators wh the basic knowledgeequired tomanagedrinking water, wastewater
andsolid wastesystems

The Division of Compliance Assistance offers free compliance assistance. Our services are
available to all individuals, communities and businesses regulated by the Kentucky
Department for Envonmental Protection. We want to help you succeed!

Hotline and Website for regulatory, technical or operational concerns
800-926-:8111

dca.ky.gov

Other programs administered by the Division of Compliance Assistance:

Kertucky Excel Program
Kentucky Brownfield Program
Kentucky Environmental Compliance Assistance Program

Disclaimer

All reasonable precautions have been taken in the preparation of this document, including both
technical and nottechnical proofing. The Kantky Division of Compliance Assistance and all staff
assume no responsibility for any errors or omissions. Should the summarized information in this
document be inconsistent with a governing rule or statute, the language of the rule or statute shall
preval. Reference herein to any specific commercial products, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the Kentucky Division of Complrassistance.
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Chapter 1: THE
DISTRIBUTION OPERATOR

Chapterl Objectives

1. Explain the threeharactersticsrelated to professionalism and drinking water
distribution systems operatorsdgulations, ethics, and professionalism
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Why should | become a certified operator?

Wastewater and drinking water system operators are frbné environmental
professicmalswho ensure the quality of Kentucky's water resources and protect the public's
health. Only operators that are certified by the Kentucky Certificationlacensing Branch
can be in responsible charge of a wastewater or drinking water system.

Working n the water and wastewater industry can be extremely rewarding as you
will be providing a critical service to your community. It just might be one of the most
important positions in the world since no one can live without water. It takes
knowledgeable, coscientious people to deliver clean, potable water and to ensure that
wastewater is treated and returned as clean water to the environment.

Certification Process

Certification is obtained by meeting minimum education and experience
requirements, submittinghe appropriate forms and fee and by passing the certification
examination with at least a 70%. Regulations pertaining to the certification of drinking water
and wastewater system operators are located!iil KAR Chapter 11

System Classifications

Class | Water d_istribution system serving a
population <1,500

Class II Water d_istribution system serving a
populationx ,5@0 but < 15,000

Class Il Water o!istribution system serving a
populationx 00 but < 50,000

Class |V Water d_istribution system serving a
populationx ,p00
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Regulatory Education and Experience

Class |

Class Il

Class llI

dass IV

High School Diploma or GEBdOne (1) year of acceptable operation ¢
a water distribution system shall be required.

High School Diploma or GBBd Two (2) years of acceptable operation
a water distribution system shall be required with Six (6) months in a
waterdistribii A 2y aeadSyY ASNWAy3a | LRL
High School Diploma or GEBbd Three (3) years of acceptable operatia
of a water distribution system with One (1) year of that experience in
gl GSNI RAadNROdziA2Yy &aeaidisSYy aSNDA
Baccalaureate degree in engineering, science or equivalent is require
and One (1) year of acceptable operation of a water distribution systé
ASNIAY3I | LRLMzZFGAZ2Y x MpZnnnd

Operator in Training (OIT) C ertifications

Operators in training certidations areavailable for each certification type.nAndividual

can apply for an OIT license that is one level higher and of the same type as the certification
that the individual currently holdsAn individual may also apply for an entry level OIT
certification. OITs must pass the appropriate operator certification exam and work under

the responsible charge of a mentor. To apply for the exam, individuals must submit the
following to the Certification and Licensing Branch:

= =4 -4 =4

Education ad Experience Dagnentation Form;
Registraton Form for Exams and Training;
The appropriate feeand
At SGGSNI FNRY GKS | LILJ
o! O2YYAGYSyd G2 20
becomes an OIT;
o A commtment to mentor the applicant as long as the applicant is under
GKS YSyi2NRa RANBOG NBaLRyaAiroftS OF
o Verification that the mentor is not currently mentoring any other OITs;
and
o Confirmation that the mentor holds a certification license that is equal
to or greater than the certification level required to serve in primary
responsibility of the facility where the mentor and prospective OIT
works.

-
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A Wastewater Treatment Clas®IT who operates a wastewater treatment plant
owned by the operator thaserves only one residence may have primary responsibolity
that plant. All other OITs may not be in responsible charge of a facility unless they hold an
additionalcertification license that does not have an OIT designation.

Certification Renewal or Ma intenance

Drinking water treatment, distribution and bottled wateslystem certiftations expire
on June 30 of evenumbered years. Certifications shall remain valid until the expiration
date, unless suspended, revoked or replaced by a higher classiicartficate before that
date. Certificates issued between Jan. 1 dnde 30of a renewal year will be issued to
include the next tweyear renewal periodrailure to renew before July 1 of the renewal year
will result in the expiration of certificationnal a late fee assessmenihe certificate shall
terminateif not renewed on or before Decemb8i of the year the certification expired.
Certified operators with expired certificates shall not be in responsible charge of a drinking
water or wastewater faidity.

Certified operators (excluding OIT certificates) may renew their license(s)
electronically through the cabinet Web site using ta€earcHink or by submitting the
Applcation for Certification Renewal and the appropriate fee to the Division of Compliance
Assistance, Certification and Licensing Branch, 300 Fair Oaks Lane, Frankfort, KY 40601.

Certified operators who are designated an Operator in Training may renew a
certification withoutexamination if the operator has:
v Satisfied the continuing education requirements;
v Earnedthe required years of operational experience,;
v Submitted an Education and Experience Documentation form verifyggr
her experience;
Submitteda letter of recommendation froma mentor; and
v Submitted a completed Application for Certification Renewal form and the renewal
fee to the cabinet or has renewed the certification electronically on the cabinet's
Web site.

<

Drinking water treatment, distribtion and bottled water certifiedperators training
hours shall be completed for each renewal during the two (2) year period immediately prior
to the certificate expiration dateCertified operators holding a treatmendistribution
and/or bottled watercertificate shall complete the required number of cabiregiproved
training hours for the highest certificate held in lieu of completing the required number of
continuing education hours required for both certificates.
1 Reminder-- Continuing education hoursarned prior to certification shall not count toward
certificate renewal
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Operator Ethics z Standards of Professional Conduct for Certified Operators

In order to safeguard the life, health, and welfare of the public and the environment
and to establisland maintain a high standard of integrity in the certified operator
professionstandards of professional conduct apply to persons certified imtance with
401 KAR Chapter 11. These standards state:

(a) A certified operator shall, during the performanctoperational duties, protect the
safety, health, and welfare of the public and the environment;

(b) A certified operator shall use reasonable care and judgment in the performance of
operational duties;

LT F OSNIATFTASR 2LISNI G2 Ndoger uBddzRIEEYISidntes I &
which the safety, health, and welfare of the public or the environment are
endangered, the certified operator shall inform the employer of the possible
consequences;

(d) A certified operator shall be objective, truthful, and coetel in applications, reports,
statements, and testimony provided to the cabinet; and

(e) A certified operator shall ensure the integrity of the samples that the operator
collects, prepares, or analyzes so that results shall be a true representation of water
quality.

The full set of standards is locateddil KAR 11:020

Certified operators who violate the standards4iol KAR 11:02&re subject to
disciplinary actions which include but are not limited to:

(a) Probation of the operator's certification for a spéed period of time, not to exceed
one (1) year;

(b) Suspension of the operator's certification for a specified period of time, not to exceed
four (4) years, during which the certification shall be considered void,;

(c) Revocation of the operator's certification;

(d) Civil or criminal penalties; or

(e) A combination of the disciplinary actions listed above.

Disciplinary actions are outlined 401 KAR 11:050, Section 4.

All regulations related to the certification of wastewater and drinking water operators are
located in401 KAR Chapter 11A copy of the regulations is located lne tappendix of this
manual and it is recommended that you become familiar with the regulations that govern
your profession.
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Key Definitions
Operatormeans a person involved in the operatioha wastewater treatment plant,

wastewater collection system, drinking water treatment plant, or drinking water distribution
system. (401 KAR 11:001)

Water Distribution Systems defined as the portion of the water supply in which water is
conveyed fromthe water plant or other supply point to the premises of a consumer or a
system of piping and ancillary equipment, which is owned or operated by an established
water system independent of the water supply system from which the potable water is
purchased.

Ethicsare defined as a code of morality or a system of moral principles governing the
appropriate conduct for a person or group.

System Classificatiorsre used in determiningegulatory standardand compliance
requirements for each drinking water sgsh.

Public water systems a water system for the provision of water to the public for human
consumption and the system has at least 15 service connections or regularly serves an
average of at least 25 individuals a year.

Community water systems a publc water system that serves at least 15 service
connections used by yeaound residents or regularly serves at least 25 geaund
residents.

Non-community water systenis a public water system that serves at least 15 service
connections used by persoresk than yeajround or serves an average of at least 25
individuals at least 60 days per year but less than greand.

Transient noncommunity water systenis a noacommunity water system that
does not regularly serve at least 25 of the same persons®weonths per year.
(Exampleg gas stations, parks, resorts, restaurants, etc. with their own water
systems. )
Non-transient noncommunity water systemisa noncommunity watersystem
that does not regularly serve at least 25 of the same persons oveméhsper
year. Example schools, factories, hospitals, etc., with their own water system.
Semipublic water systemnis a water system made available for drinking or domestic use
that serve more than three families but does not qualify as a public wastesy Semi
public water systems are commercial facilities that serve food or drink to the public and
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shall meet the requirements of 401 KAR 8:03@mipublic water systems are not required
to have certified operators.

Monthly Operator ReporfMOR)is@&@ @ 8 1 SYQa Y2y i Kt & LISNF2NXNI y(
compliance. It must be submitted to the Division of Water in Frankfort no later than 10 days
after the end of the month for which the report is filed.

KAR¢ Kentucky Administrative Regulations are thgukations set forth by the
Commonwealth of Kentucky, some of which regulate public water systems (Chapter 8, 11).

KRS&; Kentucky Revised Statutes are the laws that govern the Commonwealth of Kentucky.

SDWA¢ Safe Drinking Water Act was passed by the éthtates Congress in 1974 to
LINE G SOG Lzt AO KSIFfOGK o6& NBIdzEFGAy3a GKS yI
amended in 1986 and again in 1996 and requires many actions to protect drinking water and
its sources: rivers, lakes, reservoirs, 8gs, and groundwater wells. This act authorizes the
United State€nvironmentalProtection Agency US EPAto set national healttbased

standards for drinking water to protect against both naturally occurring and manmade
contaminants that may be found girinking water. The federal operator certification
requirement was established by this act.

Al #- Agency Interest Number is the number that the Kentucky Environmental Protection
Cabinet and the Division of Compliance Assistance (operator certificatigmgm) uses to
track all activities pertaining to an individual or group involving environmental or regulatory
compliance activities.

AWOPc Area Wide Optimization Program is a national program whose goal is to maximize
public health protection throughmtimization of existing conventional surface water
GNBIFGYSYyd dziAtAdGASao l2ht gl & RS@OSt 2LISR 0
regulatory, voluntary approach to microbial control using optimization tools to focus on
operational changes to impe@ the drinking water quality. Goals are set that go beyond the
regulatory requirements for conventional surface water treatment plants for settled water,
filtered water and disinfection.

List of Key Acronyms

AOC Assimilable Organic Carbgriow molecula weight dissolved organic
carbon (DOC) that is readily consumed by bacteria leading to growt
BAC Biologically Active Carbon
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BAT
CPE

GT
CTAP
CWS
D/DBP
D/DBPR
DBP
DOC
DOW
EPTDS
GW
GWR
GWUDI
HAA

HPC
LCR
LTESWTR
LT2

ug/L

MIEX
NOM

ppb

PWS

QA

QC
SDWA

SS

TC

TCR

THM
TNCWS
TOC

Best Available Treatment

Comprehensive Performance Evaluation

Concentration of disinfectant residual multiplidoy contact time
Kentucky DOW Comprehensive Technical Assistance Program
Community Water Supply

Disinfectant and Disinfection Byroduct

Disinfectant and Disinfection Byroduct Rule

Disinfection ByProduct

Dissoled Organic Carbon

Kentucky Division of Water

Entry Point To Distribution System

Groundwater

Groundwater Rule

Groundwater Under Direct Influence

Haloacetic Acids (chloroacetic acid, dichloroacetic acid, trichloroace
acid bromoacetic acid, dibromoacetic acid)

Heterotrophic Plate Count (synonymous with Standard Plate Count
Lead and Copper Rule

Long Term Enhanced Surface Water Treatment Rule

Long Term 2 Enhanced Surface Water Treatment Rule

Microgram per Liter

Magnetic resin(trademark acronym for a resin specific for DOC rem
Natural Organic Matter

parts per billion

Public Water System

Quality Assurance

Quiality Control

Safe Drinking Water Act (as amended.D96)

Sanitary Survey

Total Coliform

Total Coliform Rule

Trihalomethane

Transient NoArCommunity Water System

Total Organic Carbon
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Treated Water considered no later than the combined filter influent

TTHM Total Trihalomethaes (chloroform, bromodichloromethane,
dibromochloromethane, and bromoform)

USGS United States Geological Survey

uv Ultraviolet Light

UV 54 Ultraviolet wavelength at 254 nanometers

VA Vulnerability Assessment

VOC Volatile Organic Contaminant

WHPA Wellhead Protection Area

WTP Water TreatmentPlant

Ethics

1. nounc the study of moral standards and how they affect
conduct. ,
2. plural nourg a code of morality, a system of moral h—d
principles governing the appropriate conduct for a person et=—=>

group.

Your job as a distribution system operator has a direct impact on the health of the
people who consume your water. Failure to obtain a-Baample from a problem area or
worse yet, writing down false readings, ruins your reputation, puts your futwedilility in
jeopardy, puts your career choice at risk, could lead to incarceration and potentially could
cause someone who ingests your water to become sick or die. Nationally, more and more
certified operators are being prosecuted for unethical or distr@ble behavior in the
workplace. Water treatment and distribution in some areas have become a practice of
y20FdAy3 GKS ANRIKGE yYydzYoSNBE O L¥ G4KS AaN®3
visits from these regulatory agencies would probalady Ime as frequent or involved as they
would be if valid or honest numbers were turned in. Our job is to protect the consuming
public and provide potable water to each and every one of them, not satisfy regulatory
numbers. Take pride in your work and wuy ethical behavior.
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Chapter 1 Review

. Operator certification became federally mandated in

. A public water system is defined as having service connections or seleast at
people year round.

. Is it possible to obtain a Distribon Class It OIT certification if the applicant does not
currently hold a valid Distribution Class Il certification?

. After June 3% of evennumbered years, an operator has months to renew
before their certification terminates.

. Certified operatorsvho violate the standards 01 KAR 11:028ére subject to
disciplinary actions which mclude but are not limited to X
; ; , or

. The federal law that operator certification falls undstthe
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Answers for Chapter Review

1.

1996

2. 15,25

3. No

4,

5. Probation of the operator's certification for a specified period of time, not to exceed

6

one (1) year;

Suspension of the operator's certification for a specified period of time, mekteed
four (4) years, during which the certification shall be considered void;
Revocation of the operator's certification;

Civil or criminal penalties; or

A combination of the disciplinary actions listed above.

SDWA
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N

No AW

Chapter 2: WATER QUALITY

Chapter 2 Objectives:
Explaindl 3 5. ta> 1t9Qas FyR ¢dz2NDARAGES
Understand thestepsa distribution system operatomustengage in to miatain or
improvewater quality.
Identify theimportance ofpHas it relates to water quality.
Understand chemical reactions
Explain hovhalogenated dimfection byproductsare formed
Definecorrosionandscaling
Explain the purpose ghaximum contaminant level goalMCLGS).
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Water quality in the distribution system is initially determined by the daffemness of
the treatment operation that supplies that system. Actually improving the quality of the
water after it enters the distribution system is usually not a viable endeavor. The water
delivered to the consumer will be of a lesser quality than whatas when it entered the
system. How much the water quality degrades is largely the responsibility of the
distribution operator.

The challenge of the distribution operator isrm@intain the quality of the water
from the treatment facility to the consuerQt@ap. This is best accomplished by developing a
strategy of developing and maintaining a distribution system that is clean, biologically and
chemically stable, while protecting it from events and situations that will degrade the water
guality to an unsuitable level.

This is NOT an easy task, and a practical working knowledge of system design,
shortcomings, and practical solutions is necessary to maintain water quality to an acceptable
level. This will make it necessary for the distribution operatohdéve a rudimentary
knowledge of water chemistry, hydraulics, biology and water quality parameters.

Pathogens

Pathogens are disease causing organisms. Waterborne diseases are usually caused
by the presence dbacteria, viruse®or protozoa. Their orign could be a shortcoming in the
treatment process or they could enter a distribution system through a ecossection, line
installation or repair, intrusion, biofilms or an opening to the outside environment. Poor
operational and maintenance practices @xcessive water age will allow these pathogens to
reproduce and could cause serious and even fatal consequences to ensue. Disinfection
residuals need to be maintained to control the growth of microorganisms in our distribution
system, whether they aregthogenic or not. Large disinfectant demands reduce the
residual disinfectant levels and should be investigated immediately. There are some
pathogenic organisms that are extremely resistant to most current disinfection practices and
allowed to flourish cald bring about dire health concerns to our consuming public.

The challenge for distribution operators is to prevent the entry and to minimize the
growth of the entities that can harm the health of the people who consume the water that
Is ingested from oudistribution systems. Currently, coliform sampling is conducted to
indicate the likely presence of harmful pathogenic organisntdet&rotrophic Plate Count
(a.k.a. a Standard Plate Couftan measure microbidlacterialgrowth, and used over time
can ke a viable and useful indicator of distribution water quality.
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Common Harmful Pathogenic Organisms Found in Water

Etiological Commuundty Water | MNonconumundty Individual All Sysiems
Agent Swwtems® Wader Syvsiems | Wader Svysiems?

Cathreaks | Cases | Outhreaks | Cases | Outhreaks | Cases | Outhreaks | Cases
Fiardic 11 2,073 ] 1a7 ] 1a 22 2,256
Cryppfosporidium” T A07T G 2 aTa 2 = 11 A0E 250
Campplobaciar 1 172 3 1] 1 102 ] =40
Swrimonelice, 2 ] ] o] 1 =24 ] B33
rontyphodd
E coli 3 208 3 39 3 12 9 259
E coli 1] 0 1 B! 1] 1] 1 B!
AT HAC
Jdeuny
Shipalia 1 B3 5] Az 2 38 B als
Flesiomonas 1] 1] 1 all 1] 1] 1 all
shigelloides
Mon-0F 17 1 11 1] 1] 1] 1] 1 11
cholarae
Hepatitis & wdms 1] 0 1 46 1 10 2 Sa
HMorarallk-like 1 504 4 12068 1] 1] 3 2400
Virnses
Small, round- 1 142 1 70 1] 1] 2 218
structured wims
Chernical 18 522 ] 0 7 ] 25 531

Simplified Diagram of
o a Pathogen Encapsulated
Turbidity by a Particulate

Turbidity is suspended particles in water that may
be organic or inorganic by nature. Turbidity leveda be a
viable indicator of chemical or microbial growth in a : aevisss

. . - Virus or Bacteria hiding ina

distribution system. Turbidity can be the source of color, s erifice of the particulate.
taste or odor complaints, as well as providing a shield froffee=.1 to 100 pa)
disinfection.

Turbidity levels are determined by turbidimeters
thatmead dzZNB f S@Sta Ay be¢! Qa O0ySLIKST
dzy At aov o b¢! Qa | NB OFf OdzZ I SR ©
reflected off of turbidity particles. Particles of different
sizes, shapes and colors will reflect light differently. An
MCL of 0.3 measured at the entrgipt of the distribution is required by regulation.

Y STHNK O
YSI 4dz

a

Fizure | Cowtesy of Eric Karch and David Lofh's
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Higher turbidity levels in the distribution system should be identified and corrected
immediately because they could very well be an indication of water quality degradation.

Corrosion/Scaling

Corrosim is the deterioration of a substance due to its environment. In the
distribution system, corrosion is the decomposition of metallic components due to the
chemical and/or biological characteristics of the water that these components are always in
contactwith. Scaling is the deposition of calcium carbon&@aCO3pn distribution piping,
valves, meters, etc. This deposition results from chemically unstable water, due primarily to
the relative concentrations of pH, alkalinity, total dissolved solids, teatpee and
hardness.

Disinfection By-products

When chlorine reacts with organics, the chemical reaction forms halogenated
disinfection by products. These by products have been found to be carcinogenic or cancer
causing. Some of the by products that aegulated are Trihalomethanes, Haloacetic Acids
and Chlorite, among others. The formation of these chemical compounds is directly
proportionate to the amount of disinfectant, organic carbon and time, occurring
concurrently. The most effective means tepent the formation of these substances is to
optimize the entire treatment and distribution processes. The key is the removal of natural
organic matter (NOM) entering the distribution system, reduce the disinfectant demand in
the system and minimize thesidency time or water age in the system. More to the point,
we need to practice good operation and control of our systems.

pH

A measure of the hydrogen ion concentration. To put it another way, pH describes
the relative acidity of the water. It is rmsured on a scale from 0 (zero) to 14 with a reading
of 7 being neutral. A change in the pH of one number (example: from 5 to 6) is actually a
tenfold change in the relative acidity of the water. pH affects disinfection, corrosion control,
the depositionof scale and just about every reaction, biological and chemical, that occurs in
our water. A basic comprehension of pH can provide a better understanding of why
problems occur in some areas but not others.

Taste and Odor

Taste and odor can be the resoftimproper or incomplete treatment or a biological
or chemical phenomenon that occurs in the distribution system. It is frequently associated
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with either the decomposition of organic matter or a host of other distribution system

iIssues. Some taste andar issues are directly attributable to inorganic contaminants, such

as corrosion and scaling byproducts or chemical carryover from the treatment facility. Taste
and odor issues are more noticeable in warmer weather and/or warmer water

temperatures. Altaste and odor issues should be reported to the treatment facility
immediately or a small problem could accelerate into a large problem in a short period of
time. If these issues are not addressed, they will only become worse with time. The best
prevention of taste and odor problems is to keep them from occurring.

Hardness

Water that contains a high concentration of calcium or magnesium ions. These
complaints should be reported to the treatment facility. Hard water makes the lathering of
soap difficult as well as its propensity to form a layer of scale on dishes, basins and fixtures.
The deposition of scale on plumbing fixtures is calcium carbonate (CaCO3).

Air
Air can restrict the flow or, in some instances, act just like a closed valve in the
distribution system. Air in the form of dissolved oxygen, can intensely accelerate the rate of

corrosion. Sources of air should be identified immediately to prevent unfavorable results. Air
relief valves installed at the high points of a distribution systeithalleviate this problem.

Maintaining Water Quality in Distribution Systems

Proactive unidirectional flushing program

Storage tank cleaning and maintenance program
Minimization of residency time (water age)

Limit dead ends and proactively flush the omeplace
Disinfection of new and repaired installations
Viable corrosion control program

Crossconnection control programs

Budgeted line replacement program

Leak detection program

Water quality monitoring program

Communication with treatment personnel

Water quality considerations in design and replacement upgrades
Training

Public relations

<LK LK LKL L L LKL LLKLLKLKKLK KL
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Complaint Troubleshooting Guide

Possible Causes

Distribution System

Shutdown of water mains

Low pressure in water mains

Temperatue changes

Cross connections

Leaking pump glands

Main breaks

Fire hydrant use

Malfunctioning air relief valves

Premise plumbing

Overheating of hot water systems

Warming of cold water lines

Cross connections

Zinc

Complaint Investigatio

Necessary Information

Location

Determine pressure zone of complaint

When was the milky condition first noticed?

Does the milky appearance dissipate when a glass of water stands for se\
minutes?

Is the milky appearance present in botHdand hot water?
Has the household plumbing recently been turned off?
Field Investigation

/| KSO1 Odzad2YSND& ¢ 0SNIJ G LINBYAAaS
Eliminate air by flushing at hydrant or blevff

If necessary, take samples to laboratory

Check for faulty air reliefalves

Complaint Troubleshooting Guide cont.

Possible Causes
Distribution Systems
Treatment facilities
Main breaks

Dead ends
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Cross connections
New line installation, line repair or ferbishing
Fire hydrant use
/[ dzZAG2YSND&a &aASNWAOS ftAYyS RA&AGdZND I Y
Changes in pressure zones
Pipe coatings
Sand
Corrosion/scale
Premise Plumbing
Hot water systems
Cross connections
Scale
House plumbing system
Plumbing repas
Complaint Investigation
Necessary Information
Location
When was the condition first noticed?
2 KFG Aa GKS ¢l GSNXDa | LIISF NI yOSK
What color is prevalent?
Are both the hot and cold water affected?
Is the condition affecting all faucéts
What color, size and shape are the particles?
Field Investigation
Determine pressure zone of premises
Eliminate complaint by:
Flushing of hydrants and/or blow offs
Flush service line
Take a sample to laboratory if necessary

ComplaintTroubleshooting Guide cont.

Possible Causes
Distribution Systems
Water supply changes
Cross connections
Dead ends
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Maximum Contaminate Levels (MCL)

The USEPA has establisidaximumContaminantLevels for rgulated contaminants
and pollutants. These levels represent the highest level of a contaminant allowed that
would still allow the water to be safe to drink. For instance, the MCL for nitrate is 10.0 mg/I.
Water that contains levels higher than 10.0 mgfhitrate can causenethemoglobinemia
or blue baby syndrome Public notification must take place if these regulated levels are
al [ Qa FNBE OoNR1SY R2gy Ayl
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related or, in other words, can cause tiaproblems if water is consumed with levels that
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aesthetic and have no loAgrm derogatory health issues associated with them

The EPA has also established Maximum Contamibevel Goals (MCLG) that
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upon technology and the costs associated with the removal or reductions of the

aforementioned contaminants.

PRIMARY SECONDARY
nitrate 10.0 mg/I iron 0.3 mg/l
lead * 0.05 mg/l manganese 0.05 mg/l
copper * 1.3 mg/l sulfates 250 mg/I
fluoride 4.0 mg/l fluoride 2.0 mg/l

* denotes action levels

ACTION LEVEL for LEAD is .015 mg/l
ACTION LEVEL for COPPER is 1.3 mg/I

There iNO MCL for chlorine, but there is a Maximum Residual Disinfectant Level
(MRDL) that is 4.0 mg/Acute Tier 1 Violations require public notification within 24 hours.
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Chapter 2 Review

1. A primary MCL refers to related contaminants.

2. pH efers to the lon concentration of water.

3. Taste and odor issues as well as chemical reactions are exacerbated in water.

4 is an electrochemical process that can cause leaching and other health

related problems.
5.DBPs are caused by the reaction of and

6. Hardness is caused by high concentrations of or in the water.
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Answers for Chapter Review
1. Health

2. Hydrogen

3. Warmer

4. Corrosion

5. Chlorine, organics

6. Calcium, magnesiumns
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o o

Chapter 3: STORAGE

Chapter 3Objectives
Describe the state regulations related to drinking wagtarage operation, and
maintenance.
Explain the difference between the two typesméximum contaminant level®ICLS).
Describe the three types gtorageand the associatedesign features
Explain why excessiveater ageis one of the most important factors related to water
quality deterioration.
Explain the two ways to addresster age issues
Identify thechemnical biological andphysicalissues related to water quality problems.
Demonstrate the ability to calculaonversions,areg andvolumerelated to water storage.
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Traditionally, finished water storage facilities have been designed to equalize water
demands, reduce pressure fluctuations in the distribution system and provide reserves for
firefighting, power outages and other emergencies. Some storage facilities have been
operated to provide adequate pressure and have been kept full in order to be e par
emergency conditions. Additionally, some storage facilities have been designed such that
the high water level is below the hydraulic grade line of the system, making water turnover
extremely difficult. If the hydraulic grade line of the system drsigsificantly, very old
water may enter the system. If tanks are kept full yet are underutilized, the stored water
ages and water quality is frequently compromised.

Purpose of Storagelo meet all consumer demands

Storage Quantity Ensure an adequataupply for fire protection, peak usage periods,
distribution maintenance, plant shutdown, major leaks, pressure maintenance, or any other
consumer needs.

Quality: Provide pathogefiree water that is also free from inorganic precipitates, biological
activity, corrosion byproducts, taste, odor, color, turbidity, disinfectimyaproducts and any
other factor that is detrimental to the health or aesthetic properties of the water.

Under-storage limits the ability to get the necessary quantity of water to tesumer

A A ¥ A

sKSYy YSSRSRO® [ Ly Ffft2¢ LINB&aadzZNSE RNERLJA RdzN
maintained.

Overstorage can lead to water quality degradation due to the water age or lack of
turnover.

Ideally, the operator needs to maintain the minin@amount of water necessary to

meet demand on a daily basis in order to prevent water quality degradation and residual
chlorine depletion due to a lack of turnover.

Types of Storage

Underground
Ground level
Elevated storage
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Design Features

Storage tanks should be:
V Covered to prevent contamination

<

Vented to relieve vacuum conditions

<

Screened to prevent entry of birds, rodents, etc.

<

Screened and flappered overflows that extend to or below ground level and be
directed away from the tank foundmin, businesses, homes, etc.

<

Protected against corrosion and its-pyoducts.

Built and maintained to ensure structural integrity

Operation and Maintenance

Inspection coatings (paint), security, safety, corrosion protection, stiatfon, vents,
overflows, telemetry, valve operation, etc. Inspection can be accomplished by draining the
facility, diving, remote sensing or float down.

MonitoringY G 2GFf O2f AF2NXI RAAAYTFSOGIYyld NBaARdz
concentration ( heterotrophic ortandard plate counts), corrosion, scale, nitrification
(especially in systems using chloramines), taste, odor, iron, manganese, turbidity, gases, etc.

Cleaning and DisinfectiarDraining and cleaning of tanks should be performed when
necessary and should be considered on an annual basis. Painting and coatings should be
evaluated at least every five to ten years.
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Storage Tank Disinfection

Kentucky Administra¢e Regulations concerning Disinfection of New and Repaired Water
Lines

(1) New Construction Projects and Line Extensions

(a) Disinfection of water lines. A water distribution system, includittgage
distribution tanks or all extensions to existing systersball be thoroughly
disinfected beforebeing placed in service.

(b) A water distribution system shall disinfect with chlorine or chlorine compounds, ir
amounts as to produce a concentration oflaast fifty (50) ppmand a residual of at
leasttwenty-five (25)ppm at the end ofwenty-four (24) hours and the
disinfectionshall be followedy a thorougtflushing

(c) Other methods and testing procedures that provide an equivalent level of
protection maybe used if the cabinet grants prior written approval.

(401KAR:150,ScTIOM)

Continuous Method
. Drain and clean tank.

. As tank is refilling, inject chlorine into the flow to produce 50 ppm.

. Hold for 24 hours and then measure the free residual (must bepp@§.

. Refill with treated water and measure total coliforms and chlorine residual.

1
2
3
4. Drain and dechlorinate the chlorinated water in the tank.
5
6. Return to service *

7

. Record and maintain records for a minimum of five (5) years.
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Spray/Swab Method

1
2
3
4
S.
6
7
8
9

. Drain and clean tank
. Fill tank with a measured volume (i.e. 1 ft deep)
. Dose premeasured volume at 250 ppm

. Swab or spray interior walls and ceiling with the chlorine solution.

Repeat process no sooner than 1 hour later

. Allow an additional 30 minutesatact time
. Drain and dechlorinate the chlorinated water
. Refill with treated water and measure total coliforms and chlorine residual

. Return to servicé

10.Record and maintain records for a minimum of five years after fulfilling bacteriological

sample reqirements

* |If a new installation is involved, the continuous methagstbe used and negative
coliform resultgnustbe obtained before being placed into service.

Operational Issues

V Calibrate and maintain the accuracy of the telemetry and valving system
V Drawdown tanks as far as feasible before refilling so water turnover is achieved.
V Design the tank with a smaller diameter riser to increase velocity and increase mixing.

V Contemplate retrofitting older designs with separate inlets autets to induce
water circulation and mixing.
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Water Age

Traditionally many water storage facilities were built with a common inlet and outlet.
Water quality problems associated with water storage can be classified as chemical,
microbiological or physical.

Excessive ater ageis probably the most important factor related to water quality
deterioration. Long detention times can be conducive to microbial growth and chemical
changes. Excessive water age is usually caused by 1) under utilization and 2) short circuiting
within the storage facility. Poor mixing (including stratification) can make water quality
problems worse by creating zones within the water storage facility where the water age
significantly exceeds the average water age throughout your system.

Summary of Water Quality Problems Associated with
Finished Water Storage Facilities

CHEMICAILSSUES BIOLOGICAISSUES PHYSICAISSUES
Disinfectant Decay Microbial Regrowth* Corrosion
Chemical Contaminants*  Nitrification* Temperature/Stratification
DBP Formation* Pathogen Contamination* = Sediment*
Taste and Odors Taste and Odors

* Water quality issues with direct potential health impact

\/ GhRé 41 GSNEZ

turned over

Occasionally turned over
when demand is high

CNEBIjdz2Sy G G dzNJ
water

Single influent,
effluent pipe
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Guidelines on Water Turnover Rate

SOURCE

GUIDELINE

COMMENTS

Georgia Environmental
Protection Diision

Daily turnover goal equals
50% of storage facility
volume; minimum desired
turnover equals 30% of
storage facility volume.

As part of this project, state
regulators were interviewed
by telephone.

Virginia Dept of Health,
Water Supply Engineering
Divsion, Richmond, Va

Complete turnover
recommended every 72
hours

As part of this project, state
regulators were interviewed
by telephone.

Ohio EPA

Required daily turnover of
20%; recommended daily
turnover of 25%

Code of state regulations;
turnover shouldoccur in one
continuous period rather
than periodic water level
drops throughout the day

Baur and Eisenbart 1988

Maximum 57 day turnover

German source, cement
based internal surface

Braid 1994

50% reduction of water
depth during a 24our cycle

Scottid source

Houlmann 1992

Maximum 13 day turnover

Swiss source

Information taken from Kirmeyer ef. 1999

Summary

1 Microbiological, chemical, and physical water quality problems can occur in finished
water facilities due to poor mixing or undeuutilization.

1 Poor mixing can result from poor design and/or operational practices.

1 Healthrelated water quality issues associated with water age or lack of water

turnover:
o DBP formation

o Nitrification

o Pathogen contamination

0 Increases VOC/SOC concentrations

0 Loss offisinfectant residual
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Area and Volume

Area a two-dimensional measurement (length X widthAreais a measurement of the

amount of space on the surface on an object. Since the square is the basis by which these
measurements are made, the units used t@eess this grface space are in square feet

(ft?).

feet X feet = squarteet (ft%)

Volume:a threedimensional measurement (length X width X heighfplume isused to
measure the holding capacity of an object. The basis of measuring this capduitygishe
expressed as cubicde(ft).

feet X feet X feet = cubic feet{jt

OBJECT AREBA(ft?) | VOLUME (ft%)

Rectangle Length’ x Width' Length’ x Width' x Height'

Circle J85xD'x D’

Triangle Y (Base' x Altitude’)

Cylinder 785 x D' x D' x Length’

Sphere | S5236xD'xD'xD ¢
Diameter (D) =2 x radius Circumference = 3.14xD  Perimeter = Sum of the Sldcs

Volume Examples

1. The crossectional area of a 12 inch pipe is ?
785 x 1 ft x 1 ft = .785%t

2. The volume of a standpipe tha 20 feet in diameteand 60 feet in height is ?
.785 x 20ft x 20ft x 60 ft £8,840 ff

Conversions

Ly 2dzNJ AYRdAzZAGNEZX S R2y QiU dzadzrtte& dzasS YSI
cubic feet to gallons, we multiply the number of cubic feet by 7.48 gallons. To use the
previous problem as an example we would multiply 18) 8%by 7.48 gallons.

18,840 ff X 7.48 gallons 140,923.2 gallons
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> -

1 psi = 231 ft. of head
1 ft. of head = .433 psi
1 cuft of water = 7.48 gallons
1 cuft of water = 62.4 Ibs.
1 gallon = 8.34 lbs.
1 gallon = 3,785 ml
1 Liter = 1,000 ml
1 Liter = 1,000 grams
1 mg/L = 8.34 IbsMG
1 ppm =1 mglL
I ml = | gram
1 pound = 453.6 grams
1 pound = 7,000 grains
1 kilogram = 1,000 grams
1 cuft/sec = 448.8 gpm
1 MGD = 1.55 cuft/sec
1 MGD = 694.5 gpm
1 HP = 33,000 ft.Ibs/min
1 HP = .746 kilowatt
I mile = 5,280 feet

E S

We use conversions every day. Conversions are a change from one measuring or
calculating system to anotheBometimes, we must convert certain measurements in order
to determine dosages, volumes, velocities, dtoe key to using theonversion portion of the
formula sheet(above)is to find the two entities you need to solve the problem and then
decide whether to multiply or divide.

Conversion Examples

If you are gven cuft/sec (f/sec) and you need gallons per minute (gpthgre is only
one line under the conversions header that gives you both forms of measurement you need.

2 KF U

82dz 1y26

A a

multiply to obtain the answer.

2y

GKS ST

aARS

1. Convert 15 cuft/sec to gprih 15 cuft/sec X 448.8 gpm = 6732 gpm

Iy Ruldg K |

If you are given gpm and need to convert them to MGD there is only one line that has
both gpm and MGD. What we are given is on the right side and what we need to know is on

the left so we would divide.

2. Convert 500 gpm to MGDbH 2500 gpmb94.5 gpm = 3.599 or 3.6 MGD
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Math Review

If we need to find the area (a twdimensional measurement) in a rectangle, we
simply multiply length x width.

'OBJECT AREA(ft?)

' Rectangle Length’ x Width'
Circle 785 xD'x D
Triangle % (Base' x Altitude’)
Cylinder
Sphere

Diameter (D) =2 x radius

Circumference = 3.14xD

VOLUME
Length’ x Width' x Height'
.785 x D' x D’ x Length’
S5236xD'xD'x D '

Perimeter = Smnofthe'ﬁdcs

If we need the crose sectional area of a circle, we multip85 x diameter in feet x

diameter in feet, which gives us an answesquare feet (ft?).

2-d Area Examples

1. What would the area be of a basin that measures 6 feet wide by 10 feet long?
Area = Length in feet X Width in feet

Area =6 ft X 10 ft

Area = 6Gquare feet (ft?)

2. What would the crosssectional area of a 2ihch circle be?
Area = .785 X diameter in feet X diameter in feet

Area =.785 X 2 ft X 2 ft

Area = 3.14 ft2
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To find volume (the size of a threedimensional space enclosed within or apeed by
an object) in a rectangle, we account for the third measurement which would be height or
depth.

'OBJECT AREA(ft?) ‘ VOLUME

Rectangle Length’ x Width' Length' x Width' x Height'

Circle 785 xD'x D’

Triangle % (Base’ x Altitude’)

Cylinder .785 x D’ x D’ x Length’

Sphere _ S5236xD'xD'xD"
Diameter (D) =2 x radius Circumference = 3.14xD  Perimeter = Sum of the Sidcs

To find the volume of a pipe or cylinder, we multiply .785 x diameter in feet x
diameter in feet x height or depth in feet.

3-d Area Examples

1. A sedimentation basin measures 18 feet wide by 26 feet long by 12 feet in depth. What is
the volume of this basin?
Volume = Length (in feet) X Width (in feet) X Depth or Height (in feet)
Volume = 26 ft X 18 ft X 12 ft
Volume = 5,616 cubic feet (ft3

2. How many cubic feet of water would a-2#ch pipeline that measures 1500 feet in length
contain?
Volume = .785 X diameter (in feet) X diameter (in feet) X length (in feet)
Volume =.785 X 2 ft X 2 ft X 1500 ft
Volume = 4,710 cubic feet (ft3)
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Demand

A means that many states use to figure out the demand for a given area is as follows:
A Areato be served: 15,000 acres

A Number of customers per acre: 3.5 taps

A Peak hourly rate usage: 1.71 gpm

15,000 acres x 3.5 taps per acre = 52,500 taps
52,500 taps A.71 gpm x 1440 minutes = 129.3 MGD peak flow rate or for 24 hr basis
Y% the peak flow or 64.7 MGD
30 % needed to be storgd30)

67.4 MGD x 30 % = 19.4 MGD

To figure how much fire fighting water should be store@ccomplished by this formula:
A Area to beserved: 15,000 acres
A Estimated population per acre: 12 persons

A Fire storage reserve per capitéd gallons

15,000 acres x 12 persons = 180,000 pop.
180,000 pop. X 60 gal = 10,800,000 gallons
Domestic:19.4 MG
Fire:10.8 MG

Total minmum storage requiree 30.2 MG
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Chapter 3 Review

. Chemical reactions occur more quickly in water.

. Tank is an important consideration in reducing water age.
. A'lack of water turnover causes a rapid depletion of residuals
. A storage facility should turthe water completely over every hours.

. Every time a tank is taken out of service for repair or cleaning, it must be disinfected at
a dosage of ppm, held for hours and maintain a residual of

ppm.

.az2yl1Sea 9@ S0 Nats@donavwerage 198,808 dgakons of water a day.
What would the average daily water demand per resident be for the month of June?
a. 40 gallons
b. 175 gallons
c. 1187.5 gallons
d. 467.6 gallons
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Answers for Chapter 3 Review
1. Warmer

2. Turnover
3. Chlorine
4, 72

5. 50,24, 25

6. a
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Chapter 4: DISINFECTION

Chapterd Objectives

Explain the purpose disinfection

Explain the relation betweedosage demandndresidual.

Identify thechemicals and/or processesed to disinfect thevater.

Identify thefactorsthat affect thedisinfection process

Demonstrate competence with severdikinfection calculations

Describe the process fgipeline disinfection

Explain theegulationsassociated witldrinking water disinfection

Explain low to properlydisinfecta leak site.

Explain how to keep repair or replacement of pipgscontamination freeas possible.
10 Explain whategulatory parametersre involved when repairing a line.
11.Explain how to assure that tidisinfectantis reaching akreas of the entire pipe.

©CoNor~WNE
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Purpose of Disinfection

1 To kill pathogens
9 To provide a residual safeguard

Disinfection is the selective destruction or inactivation of pathogenic organlMfater, as
well as being the universal solvent, also provides a faverabVironment for the growth of
many biological organisms, some of which are capable of causing digéaserimary
purpose of disinfection is to kill or inactivate pathogens in the water.

Pathogensre diseasecausing organismalany of the largest disese outbreaks in
history can be attributed to waterborne pathogens. Because of their propensity to kill large
numbers of the population, these and all other pathogens should be controlled in the
treatment process. In fact, the processes of coagulatioectilation, sedimentation and
filtration were developed to control pathogenic contamination in drinking water. Pathogens,
GKAOK INB FT2dzyR AY SAUKSNI 0KS F2N¥xa 2F ol OG¢
disinfection. Some are killed, some aeenporarily inactivated, and some are not affected at
all by chemical disinfectants or biocides. Because of this fact, it is mandatory to optimize our
disinfection processes.

The secondary purpose of disinfection is to provide a residual safegifhed.
regulatory standards are met at the treatment process, it will degrade as it moves through
the distribution system. The degree of water quality degradation is affected by its chemical
and biological composition, as well as the physical condition of igtelalition system it
travels through. Proper management, which includes flushing, cleaning, pressure
maintenance, backflow prevention, monitoring and line replacement programs is necessary
to prevent substantial water quality degradation in the distrilomt system.

We maintain disinfectant residuals to provide a safeguard against pathogenic
contamination that could develop in the distribution system. The regulatedmum
disinfectant residual requirementgare 0.2 mg/l for chlorineand 0.5 mg/l for chbramines
The maximum residual disinfectant le¢®RDL)allowable in a distribution system4s0
mg/l for chlorine and chloramineand0.8 mg/I for chlorine dioxide.

Water quality degradation can be indirectly determined by ekating the disinfectant
demand:

DEMAND = DOSAGRESIDUAL
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When demand increases in the distribution system, the cause of this increase should
be determined and rectified immediately. Increasing the disinfectant feed will only cover up
any problems in the system, and it lmhake the development of halogenated disinfection by
products (carcinogens) much more problematic. It can also lead to compromised corrosion
control (lead, copper and other metal leaching; red or black water; leaks ;pressure issues), as
well as increasedperating costs.

Types ofDisinfectants

Chlorine

Chlorine is the most widely used disinfectant. Chlorine is effective at pathogenic
inactivation as well as providing a residual safeguard in the distribution system. Chlorine is
also a viable oxidize¢hat allows for the precipitation of substances, including iron and
manganese prior to settling or filtration. Chlorine volatizes gases, such as hydrogen sulfide,
methane and benzene, and will also reduce organic related taste and odor and color causing
compounds. When combined with organics for a significant length of time, the formation of
GNAKFEf2YSOKIyYySa FyR KFt2F OSGAO0 I OARa Oy 0
be carcinogenic, and their levels are federally regulated.

Evolution of Chlorine Delivery Methods

. Calcium
Hypochlorite

CHLORINE GAS
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Chlorine Gas

Chlorine is 100 % available gas that is fed out of pressurized tanks or cylinders that
actually contain both liquid and gas. The ligtoegas concentration is temperature
dependent with higher temperatures yielding a higher concetraof liquid. The
atmospheric expansion ratio from liquid to gas is 460:1, and a fusible plug is placed in the
bottom of the cylinders and designed to melt between 154%5° Fahrenheit in order to
exhaust the chlorine as a gas. In the event of a teathe bottom of a cylinder, it should be
rolled over to prevent an escape of the liquid. Chlorine is greepatow in color, and it is
2.5 times heavier than air. It is not flammable, but will readily support combustion. Chlorine
gas is corrosive vdn combined with moisture and usually lowers the pH of water.

Whenever chlorine is fed at a rate ®%0 Ibs. a day in 150 Ib. cylinders, two or more
cylinders must be connected together to prevent freezing of the feed system. Though small
leaks can beletected with a 10% ammonium hydroxide solution and will show up with the
appearance of a white cloud, leak repair kits, as well as SCBA equipment, should be kept just
outside of the chlorine room to allow for quick access. The chlorine feed systentasmeah
in a separate room that opens to the outdoors. It must be designed with an exhaust fan and
vent located near the floor that activates prior to entry and is capable of exchanging the
atmosphere in the chlorine room within one minute. A window fisual inspection and a
door equipped with panic hardware are also necessities pertinent to chlorine rooms.
Evacuation and emergency plans, as well asougate operator training, are essential for
the safe operation of these rooms. Inhalation of chlergas can be fatal and repeated brief
contact can permanently damage the lungs.

CalciumHypochlorite

65¢ 70 % available chlorine is manufactured as a powder as well as in granular form
and a tablet. Calcium hypochlorite has a tendency to elevate kthefpvater and is a weaker
disinfectant than chlorine gas. It has a maximum shelf life of two years and degrades rapidly
at that point, especially at higher temperatures. When in contact with oxidizers or organic
compounds, a high flammability factor niuse accounted for. Calcium hypochlorite should
be stored in a clean, cool, dry areaway from other chemicals. It is used frequently used in
distribution systems to disinfect new or repaired pipelines and storage facilities, as well in
treatment facilitiesbecause of safety concerns about chlorine gas.
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Sodium Hypochlorite

More commonly referred to as bleach, this is 52B2 % available chlorine. Just as
with calcium hypochlorite, sodium hypochlorite has a tendency to raise the pH of water and
is a weker disinfectant than both chlorine gas and calcium hypochlorite. Just as with all
chlorine products, an acid is produced when in contact with water and is corrosive. The shelf
life of sodium hypochlorite is 690 days and higher concentrations degeadore rapidly,
a2 ANBFGSNI @g2fdzySa 2F 6SIF{SNI az2fdziAzya &Kz dz
system disinfection, as well as a primary disinfectant in some treatment facilities. Sodium
hypochlorite should be stored in a cool, dark locatlecause heat, metals, and time will
cause it to degrade.

Chloramines

Chloramines are formed when water containing ammonia is chlorinated or when
ammonia is added to water containing chlorine. It is an effective bactericide that produces
fewer halogenged disinfection by products, and it is generated on site. Chloramine is a
weak disinfectant, and it is much less effective against viruses or protozoa than free chlorine.
Chloramine lasts longer in a distribution system than chlorine, by some acagquids27
days. Used appropriately as a secondary disinfectant, it prevents bacterial regrowth in a
distribution system.

Chlorine Doxide

This is a pungent, reddigjyellow gas that is an effective disinfectant against
waterborne microbes, includingrgptosporidium. It is an effective oxidizer with iron, sulfur
compounds and certain taste and odor issues. It dissipates quickly as it reacts as it converts
back to chlorine. Chlorine dioxide must be generated, site and can be formed by
combining gasous chlorine with a 25% dosage of sodium chlorite. A stronger disinfectant
than chlorine, it produces fewer halogenated-psoducts than does chlorine, but a major-by
product is chlorite.
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Ozone (Ozonation)

Ozone is formed when a third atom is atito an oxygen molecule. It is produced by
passing oxygen through low amperage current. Ozone requires a much shorter contact time
than chlorine and does not produce halogenateddsgducts unless the bromide ion is
present. Ozone is a viable disinfettagainst Giardia and Cryptosporidium. Ozone gas is
unstable and does not maintain an adequate residual in w&enne is the strongest
disinfectant availabléor the treatment of potable water.

OZONE
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6.4 Figure 1: Alternative disinfectants

Ultraviolet Disinfection (UV )

Ultraviolet radiationis generated by a special lamp that, if used correctly, penetrates
GKS OStft gLttt 2F |y 2NAHFYAaY FyR RAaNHzLII &
cell to reproduce. UV produces no known toxiegogducts and requires short contact times
to accomplish its task. It does not provide a residual disinfectant.

|
] UV LIGHT
? Bonds broken

1
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MIOX (Mixed Oxidants)

Miox is a dilute chlorindased liquid disinfectant generated through electrolysis of
salt water. It is a weaker, but safer, disinfectant than gaseolmick. In some instances,
reduced DBP formations have been reported. It is gaining popularity in some facilities
because of the cost and the ease of production of MIOX.

[Mixed Oxidant Disinfection

Reductants
hydrogen gas
Oxidants sodium hydroxide
hypochlorite
chlorine dioxide )
ozone Brine
@ salt
_ 12vDC
@ 6 amps

[ Pt ] {&== Water Source

6.4.2 Figure 1: Mixed oxidant disinfection

Factors that Affect the Disinfection Process

Dosage (Concentration of D isinfectant)

The more disinfectant added to the water, the more effective the disinfectant process
is if all other factors are equal. If longer contact times are used, similar results can be
achieved with reduced dosages. If shorter contact times ageel ugreater dosages are
required.

Contact Time

The longer the contact time, the more effective the disinfection process will be. The
disinfectant must physically come in contact with the pathogens or contaminants that we
desire to disrupt. So the longére disinfectant is allowed to react with the water, the more
effective it will be as a disinfectant. Inadequate contact between chlorine and water will not
allow breakpoint chlorination to occur, which will greatly reduce the viability of the
disinfecton process and the control of pathogens.
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recducing formation of destruction of free chlorine

compounds chloramines chloramines & presence of

COnzUming & chlo-organic & chlor-organic chlor-oFganic
Chiarine chiorine COmpouncds COmpaunds COmpounds

initial chiarine ("combined” chioring residual) (free chiorine rersidual)
residual demand)

— 1 2 i o1 4

F
—X- free chioring residual

combined chlorine residual K—Vj
y

—="T Breakpairt

Chiotine dosage incressing feed rate

b

Interfering S ubstances

Chlorine disinfectants must physically contact the pathogens they react with so
turbidity and other substances can provide a barrier or shield that may protect theogath
from effectual disinfection. Some substances are actually food sources for pathogens.

Temperature

The warmer the water, the faster the chemical reactions take place. In the warmer
months when the water is warmer, breakpoint chlorination can be emuickly achieved.
But, because the dissipation of chlorine is driven by chemical reaction, free residuals will be
harder to maintain in the summer months as opposed to the winter months.
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When chlorine is added to watghe following chemical re&ions take place.

Cl2 + H2G-HOCI + HCI
(Chlorine + wate¥--- Hypochlorous Acitl Hydrochloric Acid)

HOCL == H++ OCI
(Hypochlorous Acid= Hydrogen lon Hypochlorite Ioh

The Hypochlorous Acid and the Hypochlorite lon are the compotiradsnactivate or
kill pathogens. Hypochlorous Acid is 100 X more effective than the Hypochlorite lon. Both
occur simultaneously in water with the concentrations of each compound being pH
dependent.

= HOWCCHCT vs pld
£100 - <0
= 904 +10 =
E.n-| —||-2ﬂ ;
e HHHC e T i
- 70 - +30 £
= 60 4 440 F
= 50 s0 =
= 1 T
Z a0 : 70 £
= \ g
& 10 90 5
—" \_ -
;E u L L L L L i .H}D

4 5 6 T 8 9 10 11 112
prH

Point of Application

The more thorough the mixing process, the quicker the chemical reaction will take
place and the less contact time needed for effective disinfection. If we apply all of the
chlorine in one end of a long pipeline before filling it with water, then when wélldap the
pipe with water all of the disinfectant will wash toward the other end of the pipeline. Adding
a proportional amount to each pipe joint just before slowly filling the pipeline will provide a
more thorough and effective means of disinfection.
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Disinfection M onitoring & Control

Disinfection Feed and Dosage Determination

The amount of disinfectant applied to the water is dependent upondémandand
the desired amount ofesidualto be carried into the distribution system. The total of
demand+ residualmakes up thalosagerequired. Breakpoint chlorination should be
practiced at all times to ensure that all demand is met and a free residual is established after
adequate contact time.

If using theslugmethodof disinfection, the operator withdd an arbitrary amount of
disinfectant and then mathematically determine if sufficient amounts of the disinfectant
were added to achieve correct dosage requirements. For this type of applictien
following formula is used:

ppm (or mg/l) dbs. of diemical x % purity
8.34 x MG

Although the slug method works, it wastes chemical and therefore, money. A more
feasible method is to first determine what dosage is required and then calculate the amount
of chemical needed tobtain the desired results. Thw®ntinuous flow methodwhich feeds
the correct dosage of chemical into a flow of water, uses the following formula:

Ibs of chemical/day ppm (mg/l) X 8.34 X MGD
% purity

When dsinfecting a volume of water (no flow condition), such as when using the
spray or swab methqdhe formula used would be:

Ibs of chemical ppm (mag/l) X 8.34 X MG
% purity

When mixing a chlorine solution using@am or sodium hypochlorite, the following
formula can be used to determine the strength of solution:

strength of solution #bs of chlorine
Ibs of solution
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To express the strength of solution as a percentage lofricte in the solution, one
would multiply the strength of solution by 100. The strength of solution can be multiplied by
the pounds of solution fed to determine the pounds of chlorine fed. The pounds of solution
fed can be determined by multiplying thaltpns of solution fed by 8.34 (lbs).

For example, if 5 gallons of bleach (5.25% available) is mixed with 45 gallons of water
to produce 50 gallons of solution, the strength of solution would be calculated as follows:

5 gal. of bleach X 8.34 Ibs/gal0%25=2.189 Ibs of chlorine .005
50 gal. of solution X 8.34 Ibs/gal 417 Ibs of solution

.005 is the decimal equivalent of .5% (.005 X 100)

If 40 gallons of the solution was fed: 40 gal X 0.005 = 0.2 Ibs of chlorine fed

If the chemical being mixed into the solution is a liquid, then the final weight must be
multiplied by the specific gravity of the liquid chemical to get the actual weight of the
chemical being fed. This is because not all liquids weigh the same as watdib$8y3a4.

If the 0.2 Ibs of chlorine were fed intgd®0 gallons of watethe dosage could be
calculated as follows:

DOSAGE (ppm or mg/IPp=2 Ibs of chlorine= 4.79 or 4.8 ppm (mg/l)
8.34 X .005 MG

Bacteriological sampling is used to determine potential contamination problems
allowing the system to notify the public to boil their water while system personnel can locate
and rectify the cause of the problem. Just because bacteriologgraples are negative for
total coliforms does not meathe water is not contaminated-eterotrophic (standard) Plate
Counts are very useful monitoring tools for the disinfection process.
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Pipeline Disinfection

Operators should ensure that proper disinfien methods are followed to provide the
maximum public health protection when installing and repairing pipelines that are intended
for potable water service.

Inspection

Pipes and fittings should be examined for any damage with particular attention to
joints. Any damage to the pipe ends or gaskets may result in leakage. The pipe sections
should be clean and free of blemishes on the interior. Before placing a pipe in the trench it
should be thoroughly inspected for contamination.

Sanitary Construction Met hods

Sanitary procedures should be adopted whenever work is to be done to a pipeline. It
may seem unnecessary or time prohibitive to perform these sanitary practices, but
experience has shown that the steps actually save time because they reduce the
bacteriological test failure rates.

Keeping Pipes Clean and Dry

Keeping the pipe clean during installation is the singbst important factor that
results in successful disinfectiomhe interior of pipes must be protected during installation.
Openings shdd be sealed with watertight plugs or coverings when the construction is
halted and personnel are not present to ensure that contamination does not enter the pipe.
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U
U

U

:
:
:

Kerosene Water Specific HCL
SGof .8 Gravity =1 SGof1.2
6.67 Ibs/gal 8.34 Ibs/gallon 10.02/Ibs/gal

The new tank measures 42 feet in diameter and 95 feet tall. How malongalf 11%
bleach will be necessary to disinfect this structure if the bleach has a specific gravity of 1.4?

Lbs. = ppm X 8.34 X MG

Lbs. =50 ppm X 8.34(X85 X 42 ft X 42 ft X 95 ft X 7.48 gallons)
1,000,000

Lbs. =50 ppm X 8.34 X .98 MG
Lbs. of 100 % chlorine = 408.66

But we are using 11% bleach t08.66
A1

Lbs. of 11% bleach = 3715.1 (3715.0909)

Now, each gallon of bleach wgis 1.3 times more than water so the bleach weighs (8.34 X
1.3) 10.8 Ibs.

3715.1 Ibs of 11% bleach
10.8 Ibs/gal

Gallons of bleach = 344 (343.99) gallons
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401KAR 8:150

Section 4. Disinfection of New and Repaired Water Lines.

(1) New construction projects and line extensions.

(a) Disinfection of water lines. A water distribution system, including storage
distribution tanks, or all extensions to existing systems, shall be thoroughly
disinfected before being placed in service.

(b) A water distribution system shall disinfect with chlorine or chlorine
compounds, in amounts as to produce a concentration of at least fifty (50)
ppm and a residual of at least twenty-five (25) ppm at the end of twenty-four
(24) hours, and the disinfection shall be followed by a thorough flushing.

(c) Other methods and testing procedures that provide an equivalent level of
protection may be used if the cabinet grants prior written approval.

(d) A new water distribution line shall not be placed into service until
bacteriological samples taken at the points specified in paragraph (f) of this
subsection are examined and are shown to be negative following disinfection.

(e) A water distribution system shall submit to the cabinet results of
bacteriological samples for each new construction project, replacement, or
extension to existing systems, after the disinfection and flushing.

(f) A sample shall be taken in the newly constructed line at each of the following
points:

1) Within 1200 feet downstream of each connection point between
the existing and new lines;

2) One (1) mile intervals; and

3) Each dead end, without omitting any branch.

(g) A new or routine replacement line shall not be placed in service until negative
laboratory results are obtained on the bacteriological analyses.

(h) Sample bottles shall be clearly identified as “special” construction tests and
the results submitted to the cabinet shall be clearly marked as “special”
samples.

(i) With the routine monthly compliance bacteriological samples are to be used to
lift a boil water advisory. Samples to be used to lift a boil water advisory shall
be submitted to the cabinet as soon as results are known.

If using tablets of calcium hypochlorite, be sure to ussdfgrade glue when attaching
them to pipes. Attach the tablets to the top of the pipe so the disinfectant can disperse
throughout the pipe when it is filled.

1. The tablets are attached to the top
of the pipe.

2. The tablets begin to dissolve,
releasing chlorine into the water.

3. Chlorine fills the pipe and kills
microorganisms.
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Pipe Disinfection & Repair

Operators need to follow some important steps to ensure plblic health when
installing, replacing or repairing water lines.

Inspection

Pipes and fittings should be examined for any damage, with particular attention paid
to the joints. Any damage to this area could result in leakage. The pipe sections used for
potable water should be clean and inspected before placement in a ditch.

Sanitary Construction Methods

Sanitary procedures should be adopted to achieve satisfactory bacteriological quality.
Time spent in this regard may seem excessive or unnecessamxperience has shown that
the steps actually save time because they reduce the failure rate of bacteriological tests,
which would require additional disinfection or, in some cases, replacement.

Keep Pipe Clean and Dry

The interior of pipelines and fitigs need to be protected from contamination during
installation. Pipelines in storage should be covered or sealed to prevent contamination from
entering the pipe while waiting to be used. Openings should be sealed with a watertight
plug or other suitalg plugs when construction is halted and personnel are not present.

-
Best NMlanagement
Practices
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Disinfection

State mandated disinfection parameters must be followed before a new or repaired
line is put into service.

(2) Line repair due to breaks or ruptures.

(a) The system shall thoroughly flush the break area and maintain at least a
minimum disinfectant residual, pursuant to Section 1 (1) of this administrative
regulation.

(b) The system may leave the line in service or return the line to service before
receiving bacteriological results, and may forego a boil water advisory of:

1) Pressure is maintained;

2) The break area is thoroughly flushed; and

3) At least the minimum disinfectant residual, pursuant to Section
1(1) of this administrative regulation is maintained.

(c) The system shall take at least two (2) bacteriological tests, one (1) located
before, or just upstream of, the break or rupture, and one (1) located behind, or
just downstream of, the break or rupture, as close to the break or rupture as
practical. Additional samples may be required, if necessary to be
representative of the area affected by the break. Sample bottles shall be clearly
identified as ‘““special” tests and the results submitted to the cabinet shall be
clearly marked as ‘“‘special” samples.

(d) Records of results shall be submitted to the cabinet with routine monthly
compliance samples unless the samples are required to lift a boil water
advisory, and shall be maintained for one (1) year. Samples needed to remove
a boil water advisory shall be submitted to the cabinet as soon as the results
are known.

(e) A water system shall notify the cabinet immediately if the pressure drops
below twenty (20) pounds per square inch in the distribution system
surrounding the break, or a break or rupture occurs that requires more than
eight (8) hours to repair.

(f) The system shall issue a boil water advisory if the cabinet determines that a
boil water advisory to protect the public health.

(g) Reports pursuant to 401 KAR 8:020, Section 2(7)(c) are not required for a loss
of pressure, break, or rupture occurring in service lines serving only one (1)
single family residence.

(h) Community and non-transient non-community public water systems shall
maintain a log of all breaks or ruptures, which shall include the:

1) Date and location of the break or rupture;

2) Time it was discovered;

3) Population affected;

4} Length of time required to repair the break or rupture;
5) Date and time disinfectant residuals are detected; and
6) Date and time bacteriological samples are taken

(1) The log shall be available for inspection by the cabinet.
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Chapter 4 Math Problems to Review

. Getz water system disinfects their water at 2.5 ppm sodium hypochlorite. Through
tests trley have determined that the chlorine demand in Getz is 1.0ppm. What is
DSGT Qa RAaAAYTFSOGFYyG NBaARdz f K

. Petticoat Junction has determined thdtd chlorine demand in their system is 1.1
mg/l. At the far reaches of their distribution systethe chlorine residual is 0.8 mg/I.
2KIFG A& tSOGOGAO021I0 WdzyOlAz2yQa OKf2NAYS R23

. Barkerville treats their water with a 5.25 % available solution of sodiypochlorite

at a rate of 2.0 ppm. The treatment facility treats 2.5 MGD and their distribution

system contains four elevated storage facilities. Barkerville has 528 miles of

distribution piping and has discovered that the residual at the far reachteeof

aeadsSy Aa non LILIYO 2 KO A& . FNJSNDAfESQa

. How many pounds of 70 % available calcium hypochlorite would be needed to treat
720,000 gallons at a rate of 500 gpm to the desired dosage of 2.1 mg/I?

. Would the regulations be metif% R2&SR | yS¢ wmné¢ t+/ gl GSN
in length if we glued in 10 (ten) 1 {65% availablefiTH tablets?

. How many gallons of 9% available sodium hypochlorite will be needed to treat 90,000
gallons of water and obtain a dosage of 3.1 mgftre sodium hypochlorite has a
specific gravity of 1.4.
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7. If we add 2 gallons of bleach with a specific gravity of 1.5 to 200 gallons of water, what
would be the percent strength of this solution?

8. The second shift treatment operator in Mt. Airy use8 &s. of chlorine during his 8
hour shift. Mt Airy treats 4.5 MGD. What dosage did the second shift operator obtain
during his shift?

9. If Hooterville doses its water at the treatment facility with 12.5 pounds of gaseous
chlorine and the residual irhe distribution system is 0.8 mg/l. What would the
demand be if they treat 1 MGD?

10.If the concentration of the disinfectant is decreased then the must be
increased.

11.The strongest disinfectant for potable water disinfection is

12.1f your disinfectant residual is at least % of the total chlorine, then breakpoint has
been achieved.
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Answers for Chapter 4 Review

|

N

3

4.

ppm (dosagey 1.0 ppm (demand) = 1.5 ppm residual
1.1 ppm (demand) + 0.8 ppm (residual) = 1.9 ppm (mg/L)g#osa
2.0 ppm (dosage&) 0.4 ppm (residual) = 6.ppm (mg/L) demand
Ibs =ppm X 8.34 X MG

% purity

lbs =2.1 ppm X 8.34 X .72MG
.70 purity

Ibs = 12.61lbs = 18
.70

ppm =lbs of chemicals
8.34 X MG
ppm =10 Ibs ofchemical
8.34 X (.785 X .83 X .83 X 7500 ft X 7.48 gal)
ppm =10 |bs of HTHK .65
8.34 X .03 MG
ppm =6.51bs
.25
ppm = 26.00

Ibs =ppm X 8.34 X1G
% purity
Ibs =3.1 ppm X 8.34 X 0.08G
0.09

lbs =2.33
0.09
lbs = 25.9
gallons = 25.9 Ibs + 11.7 Ibs/gal (8.34 Ibs X 1.4 SG)
gallons = 2.2
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7. SOS =lbs ofchemical
Ibs of solution
SOS 25 Ibs of chemical
1693 Ibs of solution
0SS =0.014 SOS = 1.4%

8. ppm = Ibs of chemical + (8.34 X MG)
ppm = 8.5+ (8.34 X 1.5 MG)
ppm = .68

9. ppm =lbs of chemical
8.34 X 1 MG
ppm =12.5 Ibs
8.34
ppm = 1.5 (1.4988) dosage
1.5ppm (dosageg 0.8 ppm (residual) = 0.7 ppm DEMAND

10. Contact time
11. Ozone
12.85
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Chapter 5: BACTERIOLOGICAL
SAMPLING

Chapter5 Objectives

Identify the pupose ofsampling

Define apathogen

Describe the relationship betwegrathogens and coli forms

Describe requirements relative @irinking water sampling

Describe and explain proper drinking wagample collection techniques
Describe the importancefoepresentative sampling

Definethe relevanceand necessityof check samples

Denotedisinfection test methods

Defineregulatory parameter$or properrecord keeping

©CoNoOr~WNE
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Purpose of Bacteriological M onitoring

Bacteriological analysis is used for the
detection of pathogens in potable water.
Pathogens are diseasmusing organisms.

Coliforms found in the intestinatract of
warm-blooded animalsare used as indicator
organismsThey are easy to grow and identify an
the presence/absence tests are aélely
inexpensivelf coliforms are presenthere is a W
great likelihood that pathogens are also present.
Sodium thiosulfate is the dechlorinating tablet found in Basample bottles.

‘;Feégm co]If;rl}ls; A1) Wa_tew!

")
E
e
2
°
o
3
[

*Fecal or E. coli contamination dictates a regulatory mandatedwstiér and public notice.*

Sample Requirements
All systems require a minimum of 2 sampl€ke size of the population served
determines the required number of samples.
1 If <40 samples taken, all must be negative for compliance.
1 If > 40 samples taken, mayve 5 % positive without a violation.

(0#8 0

Heterotrophic Plate Count (HPC) measures the total number of bacteria in a sample.
This may also be called a standard plate count. An operator may us an HPC sample as a
residual compliance sample if needed.

Collection

Collect at least 100 milliliters of water in a sterile contairgample bottles contain
sodium thiosulfatehat is used to dechlorinate the sampléompliance samples should NOT
be collected from fire hydrants, water fountains, hoses or taps witlval faucetsDo NOT
use leaky faucets or faucets that sputter or do not have a steady Atiaw the water to run
in a pencisized stream for 2 3 minutes or until temperature is constartHE MAJORITY OF
SAMPLER ERROR IS THE RESULT OF POOR SEGHNIRNGH.

Representative 8mpling

Samples should represent the quality of the water throughout the entire system. A
negative sample only means that at the time the sample was taken at the location from
which it was taken, the water was satisfactory.
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Do NOTavoid suspected areas of poor water quality dead ends anelleavareas.
Update sampling plans as the distribution system extends or recedes and include residential,
commercial, industrial and educational sites.

Check 8mpling

Within 24 hours of a positersample notification, a system must collect 3 check
samples: 1 from the original sample location and 1 within 5 service connections upstream
and one within 5 service connections downstream.

Check samples are still considered compliance samipli® sysem collects fewer
than 5 samples a month for compliance, the month after a check sample incident the system
MUST submit 5 compliance samples.

Special samples (line extensions, new lines, line breaks, etc) do NOT count toward
O2YLIX Al yOS o . dgical @nfysis repoit farisy MTsttill Be submitted with
special samples even though they are NOT counted toward compliance.

Methods
Multiple Tube Fermentation ColiBlue 24
Membrane Filtration Colitag
MMO ¢ MUG Most Probable Number | Colilert 18
Ml aga Colilert
Coliscan Fluorocult
ONPGMUG Colisure

Recordkeeping

Always fill out Chain of Custody documents for samplesswCQa R2 bh¢ G 1 S
of a Chain of Custody documeiacteriological records must be maintained for 5 years.

~

Sampf 1 6Sftaz /KFEAY 2F [/ dzad2Reé R20dzyYSyida | yR

Collection date and time
Type of disinfection
Location code

Name, address and PWSID
Chlorine residual

Signature of sampler

< <K<K KL
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Chapter 5 Review

1. What temperature should theample achieve?

2. Check samples must number _ samples and be performed within __ hours of a positive
sample notification.

3. The number of samples taken is dependent upon

4. can be used in place of a compliance sample if minimum resegtatd are not
satisfied

5. What needs to be on a chain of custody?
a) PWSID
b) Samplers name
c) Where the sample was taken
d) All of the above
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Answers for Chapter 5 Review

1. The temperature of the water in the main.
2.3,24

3. Population

4. HRP Qa

5.d
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Chapter 6: PIPES & SERVICES

7.

8.

9.

Chapter6 Objectives

Identify importantinfrastructure issueselated to distribution systems.
Differentiate between the differentypesof pipes and thevariablesto consider when
selecting a pipe.

Describe the importance and need of detaildnagement plananddistribution
system mapss they relate to operational concerns and pipe installation.
Describe the regulatory requirements relatedrt@andated inclusions
Explainproper pipe installatiortechniques, bedding practices, and thrust blocking
techniques.

Differentiate between thaypesof distribution systemgtree, loop, grid, dead end
lines) and describe thghortcomingsandstrengthsof each type of system.
Describe the process gfpe disnfectionandrepairrelated topressureandleak
testingof new and repaired water lines.

Describe thébenefits of unidirectional flushingompared to conventional flushing.
Explain thesanitary practiceselated topipe repair

10.Calculatamath computationsrelated to area and volume of water distribution

systems (sedimentation basins, storage tanks, pipes, etc.) and related to basic
disinfection practices.

11.Explain the regulations and tests associated with improwater quality.
12.Identify thecharacterisics and pathogengelated tobiofilms
13.Differentiate betweerrepairandrehabilitationoptionsof water distribution pipes

(e.g., pipe bursting, slip lining, pigging, pipe jacking, etc.)

14.Explain the factors related to the depth and widthtiidnch excavaton and identify

basictrench safety practices
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Type of Pipe and Their Uses

1 Pipe material selection along with the appropriate size should match the intended use
of the pipe.

Some variables to consider when selecting the correct pipe are:

1 Flow requiremens
1 Pressure requirements
1 Corrosive characteristics
1 Ease of locating
1 Strength
1 Effective life spaig durability
1 Ease of repairs
MATERIAPROPERTY DI PVC HDPE
Tensile Strength 60,000 psi 7,000 psi 3,200 psi
Compressive strength 48,000 psi 9,000 psi 1,600 psi
Yield strength 42,000 psi 14,500 psi 5,000 psi
Ring bending stress 48,000 psi None specified None specified
Impact strength 17.5 ftlbs/in 0.75 ftlbs/in 3.5 ftIbs/in
Density 441 |bs/ft3 88.6 Ibs/ft3 59.6 Ibs/ft3
Modulus of elasticity 24,000,00 psi 400,000 psi 111,000 psi
Temperature range <150°F < 140°F -50 to 140° F under
pressure
Thermal expansion 0.07" per 10° F pey .33" per 10°F per 100" 1" per 10°F per 100’
100
Corrosion resistance (intf Goodw/cement Excellent Excellent
lining
Carosion resistance (ext Good w/polywrap Excellent Excellent
UV resistance Excellent Gradual strength Yesg w/carbon black
decline
Abrasion resistance Excellent Good Good
Cyclic resistance Excellent Fair Good
Permeation resistance Yes No-solvents & No ¢ solvents &
petroleum petroleum
Scale & growth Good Excellent Excellent
resistance
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Planning

Detailed plans of the project should be prepared by the project engineer in
conjunction with input of the distribution operator®lanning for future growth and
development will save money in the futur€hese plans should include grade, depth,
alignment and soil type specificatiorBlans must be submitted to the appropriate agencies
for approval beforeconstruction beginsRight of way and access issues shdudresolved
before beginning constructiorzamiliarizing your work plans with other utilities in the area
(phone, gas, cable, etanill aid in reduced problems once construction begReduce your
liability by always having utilitynes marked before awstructionbegins.In Kentucky the
number to call for line marking is 811.

Data Requirements for a Detailed Management Plan

COMMERCIAL

PHYSICAL Exist | New | PERFORMANCE Exist| New | SERVICE Exist | New

Installation/yr| Y Y | Complaint A Y | Critical Y Y

frequency custamer

Diameter Y Y | Type of complaint | A Y | Affect on Y Y
Community

Material Y Y | Break frequency A Y | No. of People| A A
Served

Length Y Y | Type of break A Y | Length of A A
shutdown

Location Y Y | Reason for break A Y | Coordination A A
w/others

Interior lining A Y | Service (hydraulic)] Y Y

adequacy

Exterior A Y | Fire Flow Adequac| Y Y

protection

Joint A Y

Wall A Y

thickness

Soll A A

conditions

Internal A

condition

External A

condition

Y =yes, in all cases A = as needed, or as available
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Pipe Installation

The proper installation of pipe will minimize maintenance problems and aid in
desirable water quality and therefore, public healtmproper installation can result in water
loss, water quality degradation, and loss of service, loss of comsoomfidence, water leaks

and increased monetary demands.

OPERATIONARHYSICAL Applies to| Options | CHEMICAL Applies to| Options

Manufacturing defects M,P,C No Internal corrosion M,C Yes

Improper M,P,C No External corrosiossoll M,C Yes

design/installation

Geologic instability M,P,C No External corrosion M,C Yes
other

Higher operating pressure  M,P,C Yes | Leadite corrosion M Yes

Hydraulic transients M,P,C Yes | Leadite expansion M Yes

Changes in water temp M Yes | Material M Yes
incompatibilities

Excessivexternal loads M,P,C No Gasket deterioration M,P,C Yes

Damage from digging M,P,C No Material fatigue No

M = Metallic (dictile iron and/or cast iron) P = (PVC or HDPE) C = Concrete (RCP or PCCP)

Comparison of Distribution -Size Pipe Materials z Operational Concerns

OPERATIONAIONCERN DI PVC HDPE
Ease of installation subjective subjective subjective
Can be direct tapped yes yes no
Need for special installation equipment no no yes
Need for special bedding for typical no yes no
installations
Need for joint restraint yes yes no
Ability to locate underground excellent poor ¢ needs | poor¢needs
tracer wire tracer wire
Applicable for abowground installations yes yes, with UV yes
protection
Applicable for aqueous installations yes yes Yespotential
for flattening
is high
Anticipated service life 100 years 50-100 years 50 years
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Distribution system maps

All systems are required by regulation to hayeto datemaps of their distribution
systemsCertain items are required to be listed on youap.

Public and semipublic water suppliegeneral provisions:

O 00~NO Ok WDN

(12) Maps
(a) Within twelve months of November 15, 1990, public and semipublic water systems
shall have on the premises, or conveniently located to the premises, and-andgie
map of the distributim system. The map shall, at a minimum, show:

1.
. Cutoff valves
. Fire hydrants
. Flush hydrants
. Tanks
. Booster pumps
. Chlorination stations
. Connection to emergency or alternative sources
. Wholesale customer master metees)d

10. Type of piping material in the distribution system and its location
(b) If a public water system, due to age, improper documentation, lost documentation ¢
other valid reason is not able to comply with this requirement, the system may petition
the cabinet to modify this requirement to the extent that compliance is not feasible. Th
petition for modification shall state specifically what portion of this requirement is not
practical and why.

Line size

(401 KAR 8:020
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When designing a distribution systethe elimination of deaeknd ines is very
important. Deadends promote the degradation of water qualdynd reduced or noexistent

chlorine residual.

TREE (BRANCHING) SYSTEVMDEAD ENDS LOOP SYSTEM
——]_ [~ Arterial S
/ Main - Mainm™~a
Distribution
Main

‘rf—l_ Main

T
llj— —T"L_I‘Distribution

Transmission
Line

GRID SYSTEM
L Arterial
—Distribution — Main
Main
Transmission
_ Line

Transmission Lines

Obviously, the grid system is superior
to the tree system as water is always moving
and replenishing itself. The elimination of
dead end lines or the frequent or routine
flushing of them should be a priority. There
are many types of flushing devices available
for this purpose, from homemade to solar
powered.
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Excavation

Many factors dictate the depth and width of a trench excavation. Economics, pipe
size, available equipment, location of excavation, climatic conditipipe load, soil
characteristics and groundwater conditions have an impact on the size of your trench.

Open cut excavations include clean up that can turn into an expensive endeavor. The
trench should be as shallow and narrow as is practical. Thehrdapth must satisfy the
need to prevent freezing in cold weather{3 feet). If sufficient depth is not obtainable, the
pipe should be insulated. The proper bedding material should be used to surround the pipe,
particularly in rock trenches to prevethe pipe movement on the rock and causing leaks.
Generally, the trench width should be no more than 1 to 2 feet greater than the pipe
diameter.

Trench Safety

OSHA regulations should be followed to prevent injury or death whenever an
excavation is undeaken.Spoil piles must be kept a minimum of two feet from the edge of a
trench so as not to increase the weight on a trench wall and increase the likelihood of a
trench collapse or cavim. Ladders for entry and exit must be placed no more than 25 feet
apart so workers can safegnter and leave the trench.
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Wherever possible, trenches should be stepped or sloped (grade of slope dependent
upon soil type) to cut down on the likelihood of a cane

SIMPLE SLOPE
SHORT TERM
(24 hours or less)

SIMPLE SLOPE
GENERAL

Exception: Simple slope excavations which are open 24 hours or less (short term) and
which are 12 feet or less in depth shall have a maximum allowable slope of 1/2:1,

SOIL
|
Gra|nular Coh|esive Granular cl)hesicmless
<15% Silt =15% Silt =15% Silt
& Clay & Clay & Clay
No PI isticity Pl as|ticity No Pla‘lsticity
Sa|n d, Cl |ay Si‘lt

Gravel

<0560, 05150Q =1.50Q,
Mon-fissured

Type C Type C Type B Type A Type B
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If sloping is not possible, shoring or trench boxes should be used to protect the
employees instiing or repairing the pipe.

Support or shield system

VERTICAL SIDED
LOWER PORTION
20 Max.

- ;
Whaler
Brace <
Wale _ ; Continucus T tep—Trench Box
p ; /( Tight Sheeting - NY
’ ASpreader
Broce Z : Designtrelnch width
A | | £ it wood sheeting at top of pipe o
2 | A, Shelf for Trench Box

at top of pipe
befora ramoval

4] :
) 112
18" Min.

Total height of vertical side

Sheeling/

e\,

Typical Continucus o Typical Trench Box
Tight Sheeting | »

¢ Trench
TYPICAL SHEETING OR TRENGH BOX
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Bedding

This is usually considered to be the material in which the pipe is partially or fully
embedded It increases the load bearing capability of the pipke trench botbm should be
correctly leveled and compacted to ensure continuous, firm support throughout its length.
The bedding material should be well graded material, uniform in size and not containing
rocks or other materials that cannot be graded uniformly.

!

Maximum:-20 i. ol cover per these spacs.
Additicnal cover depths can regudne an ex-
panded inacbeanng envelope zong as ge- FINAL BACKFEILL

; termined by an engingar

Bkl 1|z

,.‘u U] }lﬂmm
=

|

‘ B 127 M ram)
“ INITIAL BACKFILL

COVER _ . r A
SEQUENCE | 8 L Springline
DIAGRAM

HAUNCHINC

BEDDIMNG 18" Minkmam

I \mmx\\\m\\\\\\\\' oo
i@k&%mﬁx@@f”%ﬁ%ﬁ it e
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Pipe Laying

Water mains should not be placed in the same trench with sewer lines. If the sewer
pipe is leaking, as they often do, a water main could be surrounded by contaminated soil. If a
break were to ensue in that wateram, a serious health hazard could be in the making.
Waterlines should be laid at least 2 feet above and 2 feet laterally from the sewer line.
If the water and sewer lines are at the same elevation, they should be at least 10 feet apart.
Whenever a waterihe crosses a sewer line, the water line must be at least 3 feet above the
sewer line and should not contain any pipe joints, except pressure joints on either side of the
pipe crossing.

When pipelines are installed under roads, railroads, etc., the pipealdhe installed
in a way that allows for the accessible repair or replacement of that pipe. Casing or casement
pipe is required to protect the water line from loads and stress.

Thrust B locking

Water under pressure and in motion can exert tremendous forces inside a pipeline.
The forces can appeasavater hammer, and strains on every fitting and appurtenance
associated with the distribution system. A bend, tee, plug, hydrant, valve or any other fitting
that changes the direction or velocity of water should be blocked or restrained in some
manner. Thrust blocks are masses of concrete that are cast in place between the fitting that
needs to be restrained and the undisturbed soil in the trench.

For example: If the water in a completely full 12 inch pipe that is 500 feet in length is
required to stopor change directiojthere is over 24,485 Ibs of water moving in the pipe.

(.785x1'x1'x 500" x 7.48 gallons x 8.34 Ibs.)
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*** Do NOT cover the entire pipe or fitting with concrete as this will leadeixtra hours of
labor if the fitting requires maintenance**

Thrust Blocking

TYPICAL THRUST BLOCK DETAILS
FOR PVC BELL & RING PIPE

Thrust Blocks should be placed on the fioing
i the di vec tiom of water Mow,

o ot encase the entive GEGmge inconerete.,

Thrust blocking should be used on all gasket joint pipe and fittings since there are great thrusts developed whenever
there are changes in direction in the pipeling, dead ends, pipe sizes and valves, These thrusts can blow the joints apart
creating big messes,

The thrust block should be placed against undisturbed, fully compacted earth, It should have sufficient area on the soil

side o restraim the thrust, The fitting should be placed over a luage encugh arca W keep siresses on the Niling al a
FERETLE TR,

The thrust block should be designed knowing the intensity of the thrusts developed in the pipe and the load bearing
strength of the soil,

Using the tables on the following page vou can calculate the siee of the thrust block for varous pipe skees,
Example: 47 pipe with a2 maximum pressure of 100psi at a 90 degree elbow in clay soil.
Thrust developed = 1,800 [hs, Load bearing strength of clay = 500 Ibs.

1 BOHN 7 S0H) = 3.6 square feet thrust block

Page78




DISTRIBUTION SYSTEM OPERATOR CERTIFICATION

Recent technological developments such as thrust restraints, hydrant restraints, pipe
restraint rings, etc., can aid as an addition to thrust blocking oretmnes an alternative,
particularly where the soil is disturbed or cannot be tamped at the time of excavation.

Backfilling

The purpose of backfilling is to provide support for the pipe, provide lateral stability
between the pipe and the trench walls andfterm a cushion around the pipe to protect it
from potential damageThe backfill material should be clean and dry and small enough to fill
voids and effectively protect the pipe. The material should contain enough material to be
compacted properly to vialy protect the pipe. Larger rocks, debris and frozen material
should not be used to backfill. Fill the trench in stages and compact as each layer is installed.
Tamping can be achieved by hand, mechanically or by saturation.
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Pressure and Leak Testing

Testing for leaks and pressure should be accomplished before finish grading is done.
¢KS a0l yRINR F2N) LINBaadzNE (0SadAy3a Aa medp A
whichever is greater, and held for a minimum of 24 hours. If your pipe is installed by an
outside contractor, this testing before they leave can alleviate a great deal of exasperating
and expensive work just to put the pipeline in service.
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Tapping

Tapping, by definition, is the
cutting in of threads on the inside of
a drilled or cut hole. In the water
business, tapping is the connecting «
one water line to another.

Many utilities now use saddles
for tapping because of the
widespread use of p#dic pipe.
Connections can be made either
when the main is empty (dry tap) or
when the pipe is full and under
pressure (wet tap). Fortunately,
most tapping done today is wet
tapping. This method is preferred
because it lessens the risk of
contaminationand allows the
connection to be made to the
customer without service
interruption to other customers.

Drilling and Tapping a
Hole in the Water Main

Removing the Drilling-
and-Tapping Machine

Inserting the
Corporation Stop

Connecting the Water
Service Line and Opening
the Corporation-Stop Valve

The fitting used to connect small diameter service lines to water mains is called a
corporation stop. It is usually a brass ball valve that is threadeblath ends and screwed
directly into a water main or a tapping saddle.
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Larger taps are made by shutting off the main and installing a tee fitting or by tapping
into an existing watemain. The larger taps require more expensive tapping machines, as
well as operational expertise, and many utilities farm them out to contractors.

Flushing and deaning

The flushing of water lines is absolutely necessary to maintain water quality in
distribution systemsFlushing will generally occur for one of three purposes:

1) To flush out debris or chlorinated water from newly installed or repaired hites.
installation or repair of a water line, flush and pressure test, disinfect, dechlorimatdlash
again before returning or putting the water line into service.

2) To address localized problems such as taste, odor, color or coliform contamikiétien.
customer complaints or contamination monitoring necessitate a reactive form of flushing.
Reactionary flushing means that the problem exists before esryective actions are taken.

3) To systematically and routinely clean the distribution system pipitagined, engineered,
systematic flushing can achieve a degree of cleaningligtelbution g/stem dependent upon
the condition of the pipes and the viability of your flushing program. This type of flushing is
proactive and preventative and caifdone correctly, scour your distribution piping.
Velocities must be eninimum of 25 feet per secod (fps) with 56 fps being the optimum
velocities necessary to fulifushyour distribution system. Proactiwenidirectional flushing

will reduce customer complaints, improve water quality and prolong the life of your
distribution system.
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Mechanical cleaning could be necessary if tuberculation deposits are prolific or if
biofilms, iron bacteria, or slime growth®aund in large quantities. Try flushing initially, but
if this proves inadequate, it may become necessary to use mechanical devices such as pigs or
scrapers, to sufficiently clean the line. In addition to cleaning the lines, an increase in the
carrying @pacity of the lines will reduce pumping and energy costs as well as increase
operating pressures close to where they were when the main was installed.

Cleaning can restore lines to close to their original viability but frequently this is a
temporary repreve from the problems associated with old or neglected mains. A change in
water chemistry or the additions of corrosion inhibitors are necessary to prevent a
reoccurrence of tuberculation problems.

A line replacerant program should belanned for and implemented. These programs
call for the replacement of a certain percentage or dollar amount of distribution system
piping annually. This will also prevent the overall deterioration of the distribution system
and spread the cost of replacement over a lengeriod of time than having to replace a line
suddenly due to its failure.

In the United States, the average pipe age ranges from2ilyears. The current
replacement rate in the US is only 0.5% annually. Some of the oldest sections of pipe are
over 125 years old. Distribution piping will not last indefinitely and water quality is usually
adversely affected by the condition of these older pipes.

CROSSE=CTIONAAREA
PPEDIAMETER (SQUARE FEET GPM@2.5FPs GPM@5FPs
H € 0.022 25 50
neé 0.087 98 196
C € 0.196 220 440
y € 0.348 390 780
M A€ 0.545 612 1224
MH € 0.785 881 1762
MC € 1.395 1565 3130
MYy € 1.766 1981 3962
HNE 3.14 3523 7046
onég 4.91 5505 11010
ocC ¢ 7.065 8078 16156
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Biofilms

A thin layer of cells of a microorganism such astériumor fungus held to the
surface of pipes by a material these microorganipmosiuce. These entities alpooduce
and surround themselves with a gelatinous substance which makes rtb&stant to
biocides. The most effective and cosfffective way to remoe biofilms is flushing with
velocities in the 5 fps range.

Factors Causing Biofilm G rowth

Presence of microbial nutrients in the water

/| KI Ny O0SNRAGAOa 2F LIALIS ¢k tfazr &dzOK
Microbial and chemical quality of the water entering tthistribution system

Water temperature and pH

Low chlorine levels in the water

Velocity of the water

=A =4 -4 4 -8 9

Characteristics of Biofilms

Form on surfaces in aquatic systems
GwSaAranlyaé 2 oA20ARSa
Composed of organic and inorganic substances
Monitoring is diffialt

Release organisms into bulk fluid (in our case, water)
Pathogendound inBiofilm

E. Coli

- Legionella pneumophila
- Pseudomonas

- Anthrobacter

- Sarcina

- Micrococcus

- Klebsiella

- Enterobacter

=2 =2 -8 -8 -8 -9

Attachment Growth Detachment |
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Trenchless Technologies

1) Pipe Bursting a method wheretheexis A y 3 LA LIS A& aGaLX AG F LI NI €
the new pipe is pulled into place right behind the head that splits or bursts the existing pipe.
HDPE pipe or a special type of PVC is butt welded or fused together to allow for the long pipe

runs. A ppe larger than the original pipe can be pulled into place. Runs of 1500 feet or more
are possible with this method.

REPLACING WATER MAIN BY 'PIPE BURSTING'

Replacement pipe Bursting head Hydraulic

2) Slip Lining a method whereby a replacement pipe is pulled into an existing pipe. This
method is bound by the size dié existing pipe. Agajnuns of 1500 feet are not uncommon.

Remote Controlled
Mortar Supply Hose Fire Protection
Winch Mortar Mbxr Service
b7 o D and Pump Continuously
. Maintained
— Te Service Connections
DG Access lemporary Service |
. :
Tuberculated Pipe Lined Water Main "/
ST e W A
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3) Pigging and/or mechanical cleanimg mechanical means of removing mild tuberculation,
scaling or biofilms from an existing pipe. Pigs are run through the existing lineddary wa
pressure or mechanical scraper blades or rods are pulled through the existing pipe to clean it.

4) Pipe Jacking or microtunnelig@ technique for installing underground pipes where

hydraulic jacks are used with specialsigned pipe behind a shield at the same time as
excavation is taking place within the shield. Water is added at the point of excavation to
FT2NMOzNNEE (2 &a2F0Sy GKS 3IANRdzyR F2NJ 6KS SEOI
separated in the slurry sepation tank and reused for excavating.

SLURRY SEPARATION
FrIPMENT THAMA LaurCcH SHAFT

T - LASER
THEJDOLITE

T JIMMELL MG
MIACHIME

e JAGKE

ELURRY
2IFPES
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6) Cured in Place Sliplining method whereby a liner is pushed or pulled through an existing
LIALIS YR dOdz2NBRé 2NJ KSFGSR gAGK adadSrysz K20 |
pipe. Tk pipe is usually folded and allowed to unfold or sometimes forced to unfold by

pumping air through them.

Completion of Inversion

7) Cement lining A high speed cement lining machine is pulled through an existing pipe
followed by a trowel. The existing pipenisw relined with cement and its-Eactor returned

to a high level. This method, since it relines an existing pipe, is bound by the size of the
original pipe.

DIAGRAMNM OF ARCH ACTIOMN
INHERENT IM CEMENT-MORTAR LIMNINGS

FIFPE Wall

-_\_\‘“
CEMENT-MORTAR
, LIMIMG

=

CEMENT LININGS:
A COMNTINUOUS RING,
COMTAINED BY THE PIPE WaAlLL
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Figure 1, Technigue

8) Horizontal Directional Drilling st
A machine that useds of varying lengths
and diameters attached to a boring head.
These rods can be directed to follow a
predetermined route to follow the depth
androutes desired and not disturbther
utilities in the ground. Runs of 3000 feet arg
not uncommon. The oginal route is bored
and then the product pipe is pulled back to
the point of origin.

9) Moles- Pneumatically powered cylindrical tools laid in an excavated pit that bore a hole
through rock and dirt toward a second excavated pit. Usually useseforce connections.

CKSNE INB Y2NB YSUK2R& dzaSR T2NJ aUNBYyOKft S
most frequently used. With more and more utilities being laid underground, the viability of
open cut trenching is getting harder #ile time. One of these methods could be a favorable
alternative to the traditional opencut method of laying pipe and are extremely useful when
attempting to rehabilitate a pipeline.
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Leak Detection

Leak detection programs are a necessary task in alulision system. The costs of
treating water and never receiving any income from the water is foolish. Leak rates should
not exceed 15%. All services should be metered and accounted for each month.

Leak Detection Methods
LISTEN
1. Pick valves that are susgted to be in the general area of your leak
2. Follow the directional flow of the water
3. Pick two valves in series and shut the second valve (#2) off and then go back to the
first valve (#1) and shut if off. Wait ten minutes.
4) Crack open valve #1 and puethalve wrench on the valve and listen.
5) Since water under pressure moving through a small space makes a whistling or

a s

screeching sound. If there is no sound or if the sound suddenly stops then there is no

leak between those valves.
6. 6) If the noise contiues then the water is going somewhere, probably from your leak

Hydrant Pressure
1) Remove the hydrant cap and slowly flush line to remove any sediment.
2) Replace cap with a cap containing a pressure gauge.
3) Secure all hydrant caps and charge the hydrant.
4) Readthe line pressure.
5) Slowly close the two valves on either side of the hydrant starting with the downstream
valve (#2).
6) If both valves are tightly closed then the line pressure should hold.
7) If the pressure drops off quickly, water is leaving the main someehe
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Permanent meter seing. (particularlyiable on stream crossing, railroads, etc.)

1) Install a tap on both the upstream and downstream side of the valve on stream
crossings, railroads, etc.

2) Install a meter between the two taps

3) If water is movinghrough the meter, a leak is present.

DETECTION DEVICES

Geophoneg; consist of two specially designed heavy brass plates connected to earpieces
that resemble a doctd® stethoscope.

7 P — \\ P ——
/ m\\ - /’/;’:/—j:;:::’:::;j\:\ o

Portable electronic leak detectorsthese use electmic sound amplification and go from
basic models with just an on/off switch to ones that can tune out background noise.
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Leak correlatorg based on sound amplification, with a twist. A pair of small portable
amplification and transmitting devicesusually magnetic, are placed in contact with a meter,
valve, hydrant, exposed main etc., and spaced at varying distances dependent on the
composition of the line. The signal from each device is transmitted to the correlator. If line
size, location offie line and pipe material is known the correlator screen can show where
the leak is located. Usually within three feet or so.
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Chapter 6 Review

List three methods of trenchless technologies.

Unaccounted for water should be at or less.

Anytime water changes directions or stops, what should be added to the pipeline?
are microorganisms that attach themselves to pipe walls.

flushing is an engineered, more viable form of flushing.
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Answers for Bapter 6 Review

1. Pipe Bursting, CIP, Slip Lining, Epoxy Lining, and Cement Lining
2. 15%

3. Thrust blocks

4. Biofilms

5. Unidirectional
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Chapter 7:VALVES

Chapter7 Objectives

1. Describe thdunctionsas well as thetrengthsand shortcominggelated to the
different types of valveg¢gate, butterfly, globe, plug, ball, air/'vacuum release,
pressure reducing, altitude, and check).

2. Explain the importance and purpose ofave maintenance program
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Gate \alves

Gate Valve Closed Gate Valve Opened

Operated in a fully open or fully closed position only

Used for isolating a part of the distribution system or a piece of equipment (i.e. fire
hydrant, pump etc.)

NOT used for throttling
Very low headloss and turbulence in the fully open position
Not the lest choice if needed to operate frequently

Thrust blocking and/or mechanical restraint must be used if installed at a dead end or
water direction change

Types; solid wedge, double disk, solid split gate

Maintained by exercising a full cycle operatiamnaregular schedule at least
annually

Valve card notationg number of turns, direction of open, location, type, size, date of
installation and maintenance, inspection and/or repair.
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1 Leakage repait O-rings, seals, gaskets, or mechanical joint gasket

Butterfly Valves

I_E_I Epindle

A= =

[j c
Fluiel Tl ‘ |:|
[
-2}

End view of the disc within the butterfly valve at different stages of rotation

Valve hooy

Disc

Valve fully opan Valve ¥ open Valve fully clozed

O

Hluid passes freely
through the arifice

1 Primarily used for isolation, but can be used for throttling or even as a check valve.

1 Wears better than gate valves
1 Shorter, lighter, and cheaper than gate valves in most cases

1 Higher headloss than gate valared prevents the relining or mechanical cleaning of
pipes.

Install in a closed condition
1 Minimal maintenance requirements, but removal is necessary for repair

=
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GlobeValves

Globe Valve

—slem

An extremely versatile valve
Used primarily for pressure
Highes headloss of all valves operating in a fully open position

Can be used to control pressure, throttling (flow or altitude) and also isolation in small
flow or line size applications

Design aids in disc wear so maintenance is seldom necessary, but resnoval
compulsory for repair.

Design also excludes mechanical pipe cleaning or relining without valve removal
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Plug Valves

OPERATING PRINCIPAL

Top view-Valve open Top view-Valve closed
Line fluid

, Iy p

Floating plug Proprietary Floatingplug  Proprietary
seal design seal design

Used for isolation where frequent operation
is required

Not recommended for throttling unless
especially desiged as such

Design minimizes closing surge and allows
for longer valve life than a gate valve

Generally heavier and more expensive than
a gate valve

Low headloss, dependable, easy operation
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Ball Valves

End view of the ball within the valve at different

stages of rotation
Stem seals Valva Vale Valve
Stem fully open 5 gpen fully closed

Fuid passes
fraely through
the orifice

Seals

1 Really an improved version of the glvalve

1 Same characteristics as a plug valve except much lower turning torque required and
no metal to metal contact, whitextends the life of the valve

1 We primarily use these in our serviapplications (corporation stop)
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Air/Vacuum Release Valves

N7 N~
1

h Y

|

= MWJ

.

OPEN CLOSING CLOSED
air under pressure liquid causes poppet to rise; as liguid continues
flows out air under pressure to rise, poppet seals
still flows out againstorifice

Air release valves allow the removal of air from water lines due to turbulence or
temperature variances which could collect and act as a partially or fully closed valve.

Vacuum release valves relieve the occurrence of negative presisie to vacuum
conditions that could collapse our pipes.

Vacuum release valves allow air to enter the pipeline while draining.

Both air and vacuum relief valves should be installed at high points in the distribution
system and atop the mains.

) Air Release Yalve

Water —» -

Page
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(They may be installed as combinaticawes or singularly in tandem.)

Pressure Reducing \alves

1 Usually globe type valves with a spring loaded diaphragm

T tw£Qa +Fdzi2YFGAOFEE& YIAYGlFAyYy dgeyiithe yi 2 dzi
flow rate or upstream pressure.

1 These valves will hold a partially open position in response to the settings of the
springloaded diaphragm.

1 Pressure reducing valves will throttle in this open position relative to the balance of
opposing foces.

1 The use of two pressure reducing valves in sequence can be used to handle a wide
range of flow rates.

Page
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Altitude V alves

!E”

Controls tank levels below the hydraulic grade line
Four types:

1. Double Acting; closes when the level in the tank reashhigh water level; opens for
return flow out when line pressure falls below static reservoir head

2. Double Acting with Differential Contrqlworks like double acting valve, except it can be
set to activate under preset pressure parameters

3. Single Ating ¢ water discharges from the tank through a separate line. Valve actuates
to refill tank when the water level falls@6 inches below the high water level.

4. Single Acting with Differential ContrQlworks similarly to a single acting, except theveal
actuation level can be preset anywhere frong 15 feet.
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Check \alves

VX S A LA

1 Prevent the reverse flow of water or prevent the water from traveling in an
unintended direction

1 Many controls are available to actuate the valve, such asggate (illustrated above)
or spring loaded (illustrated below).

1 Used to maintain head pressure on the effluent side of a pump or maintain the

integrity of some meters
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Valves should be exercised at least annudltyexanple of a valve maintenance form is
included below

Valve Maintenance Report ordg Examples:

VALVE RECORD VALVE MAINTENANCE REPORT

XYZ Waterworks Valve No. || XYZ \&terworks Valve No.
Location LOCATION

ft of property lineof ___ | | MEASUREMENTS: CHECKED OK
& ft of property lineof
Size______ Make eryp Measured As Follows
Gearing -Byss FT OF P.L. of
Opens Turns to Operate FT OF P.L. of
Setin Depth to nut VALVE TURNS TO OPEN
Remarks: VALVE TURNS TO CLOSE

Packing: OK __ Tightened __ Replaced
Stem: OK __ Bent/Broken __ Replaced

MAINTENANCE & INSPECTION RECORD | nyt: OK Missing__ Replaced
DATE WORK DONE oK T BY Gears: Condition Greased
Box  oVault _ OK __ Replaced
Buried in. Protruding ____ in.
Risertooclosetostem ~ Reset
Cover: Missing ___ Broken __ Replaced
Wedgedin __ Tarred or Grouted In
Any Other Defects
Inspected By
(3X5o0r5 X 7 card) Defects Corrded By

Valve Maintenance Card
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Chapter 7 Review

. Explain the purposes of each type of valve and what application each is designed for.

. Where more than oneyipe of valve could be used in a particular application, why
would you choose the valve you do?

. Which type of frequently used valves are much more maintenance intensive than the
others?

. What valve is used to attach water services to water mains?

. Which vdve can be adjusted?
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Answers for Chapter Review
1. Gateg Isolation
Butterfly ¢ Isolation and throttling
Globec Throttling, pressure, altitude
Plugg Frequent isolation
Ball¢ Service connections
Air/lvacuumg To release aifrom lines and to relieve vacuum conditions in a pipeliaed
to drain a pipeline.
PRV« Maintain pressure
Check valves allows the movement of water in only one direction
2. Applicability
3. Butterflies
4. Corporation stop
5. PRV
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©NOORWDNPRE

Chapter 8: HYDRANTS

Chapter8 Objectives

Differentiate between the two majotypesof hydrants(wet barrel and dry barrel).
Describe the hydrantomponentsbonnet, upper barrel, lower barrel, and shoe).
Describethe proper order of installatiorfor a hydrant.

Identify thepurpose of flushing

Describehow to distinguisha fire hydrant from other types.

Identify thepurposeof blow off hydrants.

Identify how to obtainflow measurements

Describeproper maintenancgroceduresor hydrants.
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Two classifications of hydrants made in the United States are the wet barrel and the
dry barrel hydrant.Keep in mind that thé1INIMUM SIZE LINE USED FOR A FIRE HYDRANT
TO SATISFY FIRE FLOW AND PRESSURE REQUIREMENTS IS 6 INCHE

Wet barrel hydrants contain the operating valve in the nozzle section of the hydrant.

outlets, with each discharge port being independently

valved

Used in warm weather climates

Their main advarage is the ease in which a sed fire

truck can be connected

1 Not used in Kentucky because of variations in
temperature.

= =4

f These hydrants are equipped with special drain valves
weep holes that allow the above ground portion of the =&
hydrant to automatically drain when the hydrant is not iqie
use.

1 Used in colder climates where there is a likelihood of
freezing temperaturs. = >

T If equipped with a traffic kit, the hydrant will not usually l§ =
lose water if struck.
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*** FIRE HYDRANTS SHOULD ALWAYS BE OPENED AND CLOSE® SLOWLY.

Hydrant Components

Bonnet

The top of the hydrant contains the bonnet. The
bonnet protects the packing and the operating nut
mechanism.

Upper Barrel
The upper barrel contains the outlet nozzles and the

hé NAy3Ia GKIFOG LINBGSYd o1+ GSNJI S GSNRy 3
hydrant. Common nozzle sizes include 2% inch hose nozzles.o 41
and usually four or six inch pumper nozzles. 36— IS \?\\

38 —_ -]

30,

Lower Barrel —

These setions determine the height or bury depth of —
the hydrant. The bury or bury depth is the distance from the _
bottom of the inletconnection to a point four inches below 1L
the flange that connects the lower barrel to the upper barrel.
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Shoe

The shoe is wére the inlet connection is made. The shoe also changes the direction
of the flow from horizontal to verticalOnmost compression hydrants, the main valve
assembly is located either in the shoe or directly on top of it. The size of the main valve is
referred to as the main valve opening (MVO). This is the inside diameter of the valve seat
and sizes that range from four through six inches are common.

The shoe alsoontains the drain valve assembly and/or weep holes, used to drain
the hydrant when it is closed.

7.1.3 Figure 1: The basic fire hydrant
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Proper installation order on a fire hydrant is main, gate valve, pipe, and thrust block.
Fire hydrants should be inspected and maintained at least annually.

Compression Type Hydrants

In compression hydrants, the main valve moves jointly on a vertical axis against a seat
located in the hydrant base. The valve moves against the sedbse and away from the
seat to open. A vertical stem moves up or down when the operating nut is rotated. The
valve may be located below the seat and opens against the pressure or above the seat and
opens with the pressure.

—

CLOSED

Pitot Tubes, Diffusers, and Dechlorinators

Pitot tubes can be utilized in the distribution system to obtain flow measurements in
gallons per minute and pressure (PSI) readings from fire hydrants.
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Diffusers redirect the flow from the hydrant and semhat dissipate the force or
intensity of the flow in order to reduce potential property damage and hazards to motorists
during flushingSome diffusers are equipped with pressure and flow gauges and some have
dechlorinating capabilities.

Always dechlorinate the water when flushing. Chlorine flowing into streams will
damage the ecosystem of that stream. Sodium thiosulfate is commonly used to remove
chlorine from water. Chlorine levels should read 0.01 pptrdéscharge.

Blow Offs

Blow off valves are used to drain lines, remove accumulated sediment via flushing and
resolve customer complaintBlow offs are used at dead ends where fire hydrants are not
needed.All blow offs should be flushed regularly to imiain water quality.
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Chapter 8 Review

. Hydrants should be exercised and lubricated ¢m) a basis at a
minimum.

. One component that can prevent the successful opening or closing of a hydrant is the

. Water released from hydrants anddw-offs needs to be, by regulation,
before the water hits the ground.

. What is located in the show of the hydrant that allows water to drain from the
hydrant?
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Answers for Chapter 8 Review
1. Annual

2. Stem, operating nut

3.0.0L PPM

4. Weep holes
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~

Chapter 9: METERS

Chapter9 Objectives

Identify thepurposeof meters.

Describe issues to consider wheimoosing a meter

Identify different types of meterand the advantages and disadvantages of each type.
Identify properplacement and installation techniques

Describe the benefits dhutomated Meter Reading

Determine the amount of storageecessary to functionally operate a distribution

system.
Describe tle suggesteccceptable rate of water loss
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Water Loss

The United States possesses a 34,000,000g20i0ona-day supply.

6,000,000,000 gallons of water per day is water lossooraccounted for public use.

There are approximately 53,000 water systemthim United States.

The average water logs 113,207,540 gallons per system.

At a rate of $3.00 per thousand gallons, the average revenue loss per system equates to
$339,621 per system.

=A =4 =4 -4 =9

Because so many systems have ignoregholermaintained their distbution systems, these
figures can only increase.

Purpose
1. To measure and display the amount of water passing through it.

2. To preventwasted water by reducing consumption.
3. To enable accurate billing for the volume of water used by each customer

4. To measurghe volume of water produced in relation to the volume of water used so
water losses can be estimated and tracked.

When choosing a meter always take into account:

The ability to measure and register anticipated flow levels.

The ability to meet requiredapacity with minimal headloss.

The durability and ruggedness of the meter.

Is that meter supplier a known and reputable manufacturer?

Is the meter easy to maintain and repair?

Is there a sufficient quantity of spare parts and competent technical sef¥ices

< <K<K KL

Types of Meters

Meters can sually be classified as sm#tw meters, largeflow meters and combination
large- and smakflow meters.
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SMALL-FLOW METERS

Displacement Type

Pistort Measures the number of times the chamber (of a known volume) id fitel
emptied. A piston or disc goes through a particular cycle of motion, and its movement is
transferred to a register either notated in gallons or cubic feet per second.

Measuring Chamber
Cylindrical
Abwutrnent Control Roller

Pistan
T+

Magnet Assemibly
Howsing

Measuring
Chamber

Cylindrical Abutrent

Cover
A Cscillating Contvol Roller B} Single-Fiston Reciprocating

Figure 3-1: Piston Meter Designs

Advantages:

1 Measures wide variations of flow rates in preset parameters
1 Accurate at measuring low flows

Disadvantages:

1 Limited capacity (less accurate at greater sizes)
1 Corrosion, scalerather foreign matter will causmeter to underregister or stop
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NUTATING DISC dr!.wff‘w LU

Meter reading
_~ Decimal

— LInit of measurement

Swweep hand (one complete turn
equals 0.1 cubic metres or 22 gallons)

“ Meter size

POSITIVE DISPLACEMENT

FLOW = —»@ e Eg —»@ e %%
2 3 4 1b
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VELOCITY METERS

Normally used for pumps witbontinuous higklow rates, main transmission lines,
irrigation, industial and other higHlow applicationsAvailable in sizes anywhere up to 36
inches and above. Most measure the velocity of flow past a known-sexg®onal area.

Venturi Meter TurbineMeter

Works on the Bernoulli Principle

PropellerMeter

Advantages

1 Handles higHlow rates wihout damage to working parts.
1 Rugged and easy to maintain
1 Low headloss relative to higltow rates

Disadvantages

1 Unreliable at low flows
1 Mainly used for continuous higlow applications, such as irrigation, industrial, large
golf courses and other higilow applications

Page
121




DISTRIBUTION SYSTEM OPERATOR CERTIFICATION

COMPOUND METERS

Lowflow

V Used for accurate measurement of widely varied flows
V Combines both the velocity and displacememters into one unit

V The amount of headloss controls which unit is being utilized during a given tim

Advantages

1 Will measure a wide variance of flows from entities, such as hospitals, distilleries,
factories, etc.

Disadvantages

1 Friction or headloss higher than velocity meters
1 Accuracy is limited during changem from one meter to the other
{1 Large, heavy, cumbersome and expensive

ELECTRONIC METERS

Measures a differential in electrical
(magnetic) curent passing through a cross
sectional area.
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SONIC METERS
Uses sound waves to measure the flow of water

Advantages

1 Very accurate
1 No headloss

Disadvantages

1 Accuracy diminishes by anything that changes the velocity of the water. (i.e. pumps,
valves, elbows).

1 Atleast ten (10) diameter lengths of unahscted pipeline upstream are needed
from the flow meter to be considered useful and accurate.

PROPORTIONAL METERS
1 A certain amount of the total flow is diverted and measured through a sebgpdss
meter
1 The register that displays thesage is propaionally geared
1 Relativey accurate except for low flows
1 Principally used for fire lines
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MAG METERS

A magnetic flow meter (mag flowmeter) is a volumetric flow meter that does not have
any moving parts. The operatonofdmdy SGA O Ff 26 YSGUSNI A4 ol aSR
which states that the voltage induced across any conductor as it moves at right angles
through a magnetic field is proportional to the velocity of that conductor. For obtaining
viable measurements, there shloube a length of straight pipe 2 times the diameter of the
meter in front of the mag meter and a length of pipe equivalent to 1 times the diameter of
the meter after the placement of the meter. Elbows within this range will negatively affect
the accuracyf the flowmeters.

(X = dlameter)

—— 2X —>| @ -|<IX>

/

[ & wmx

B

(MAGNETIC
FIELD) —_

T —

< Ex_
Ck NI RIF&Qa&a C2NJ)dzf | (OLTAGE) i
Eis proportional toV XBXDwhere  ELECTRODE : _
E=voltage generated in a conductor 11 P — E (voLTace)
V =velocity of the conductor v | '
B =magnetic field strength (VELOCITY)
D = length of the conductor FLOW

T MAGNETIC
FIELD

FLowTuge COIL
LIQUID PRODUCT

SO
= AVER LIQUID VEL
EocVBD g _\aGNETIC FIELD

D = DISTAMCE BETWEEN ELECTRODES I:P|F'E I.D.}
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AMR (Automatic Meter Reading)

lawQa A& Iy AYLNRYSR YSGiK2R 2F NBO2NRAY 3
meter readers out every month to open every meter vault and rddbe volume used for
OKIFd Y2y 0K Kla y26 06S02YS AYLNRYOSRO® lawQa |
water usage. Benefits will be recognized by the utilities with increased efficiencies, outage
detection, backflow detection, tamper notificatiomd reduced labor cost as a result of
automating reads, connections and disconnects.

Accuracy Requirements for New Meters?®

AWWA Standard Designation
and Type of Meter At Normal Test Flow % | At Minimum Test Flow ¢
C700 Displacement Type 98.5¢ 101.5 95
C01 Turbine Type 98.0¢ 102.0 Not Required
C702 Compound Type 97.0¢ 103.0 95
C703 Fire Service Type 97.0¢ 103.0 95
C704 Propeller Type 98.0¢ 102.0 95

a. AWWA Standards

b. There is no standard for the accuracy of repaired meters, but the practioara utilities is to require the same accuracy as for

new meters at the normal test flow and at least 90 percent at the minimum test flow.

c.TEE | OOdzNI 0@ R daMgkpéribdéli KOK AGOKK FAYaa RSTFAY SR Ay (KS | hBFpercorit.6f S Al yRIE

*Water meters should be installed behind the curb and protected in a meter vault.**
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Water loss, sometimes referred to as rancounted for or noevenue water, is
something EVERY water system should be aware of and shisoltée endeavoring to
NBERdzOS @ ¢CKS /LI OAGe 5S8S@St2LIYSYyld ¢SIY FNRY
loss figures.An acceptable percentage of water loss is < 15Vhere are a number of
different formulas to determine the amount of nenevenue water, but two of the simplest
are included below.

1. Tucumcari treated 96 MG during December of 2009. Records indicate that Tucumcari
billed 88,673,249 gallons for December 2009. What is their percent of water loss?

a.10.8% b.7.6% c.9.2% d.12.3%
96,000,000 gallons treated

- 88,673,249 gallons billed
TZoHc>Tpm 3ALtt2ya at2ai0té

7,326,751 gallons + 96,000,000 gallons = 0.076
(to get pecentage, multiply .076 X 100 = 7.6%)

2. Pigeon Drop billed 31, 928,735 gallons in November of 2009 and treated 37,264,048
gallons. What is the percent water loss if the meter error has been determined to be
2%"7?

a.14% b.12% c. 10% d. 8%

37,264,048 gallons treated
- 31,928,735 gallons billed
5,335,313 gallon difference

5,335,313 gallons neaccounted for water

37,264,048 gallons treated = 0.14 or 14%

14% norrevenue waterc 2% meter error = 12% uex loss
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Meter Installation Chart

Date Purchased Brand Type Cost
Install % accuracy| % accuracy Cost of

Date | Min Flow | Int Flow| Max Flow| before repair| after repair Repair Tested by
Remarks:
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Chapter 9 Review

. Which meters have no moving parts?

. What happens when you install an undersizeeten in a supply line?

. The two types of meters commonly used for residential services are the
and the

. When a meter has excessive wear, what will be the results in relation to registering
flow?

. Which meter has the lowest headloss?

. If the city of Rays treated 117.8 MG of water during the month of May and thew non
accounted water totaled 2,238,200 gallons, what is your water loss percentage?
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Answers for Chapter 9 Review

1. Venuri, Mag Meter

2. It under registers

3. Nutating disc and piston

4. Under registers

5. Venturi or Mag Meter

6.2,238,200 = 19%
117,800,000
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Chapter 10: BASIC
HYDRAULICS

Chapterl0 Objectives

Identify mapr hydraulic concerns

Demonstrate the ability to calculaféow (as functions o¥elocityand crosssectional
area)in gpm from different size fire hydrant openings and pipes.

Differentiate between several concepts related to bdsidraulicse.g., psi 8. head,
pressure vs. velocity, static vs. dynamic) and describe the major hydcankernsof a
water distribution system.

Describehydraulic grade lin@s it relates to pressure head and elevation head.
Explain and calculate / ¢ TsinQWitiamds | T Sy Qa F2 N dz |
equivalent flow therule of continuity andpressure losselated to undersized piping.
Demonstrate the ability to determingppropriate line size and storage facility height
(pressure and head).
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The major hydraulic ewerns of a water distribution system are

1. Will water flow?
2. In what direction?
3. With sufficient pressure?

In Kentucky,lte minimum design pressure is B8i and the minimum working
pressure is 20 psi. When pressure falls below 20 psi, public notificatioandatory by
regulation. Accomplishing these hydraulic goals can be a difficult task, especially in terrain
that includes substantial changes in elevation, which are present in our state.
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Flow Rate Cdculations

Q=AXV

Q= FLOW expressed as ft¥/sec (cubic feet/secosometimes presented as9)
V = VELOCITY expressed as fps (feet per second)

A = CROSSECTIONAL AREA expressed as ft?

Flow is volume/timeCan be expressed as:
1 gallons per minute (gpm)
1 million gallons a dagMGD)

Velocity is speed or time/distanc€an be expressed as:
1 feet per second (fps)
1 yards per hour
1 blocks per day

Area is a twedimensional measuremenin this equation, we calculate the cress
sectional areaAll we are concerned with in this equatioglative to area is a two
dimensional measurement.

.785 X D (ft) X 0t) for a circle Length X Width for a rectangle

A A A A

v

A
A 4

Anytime you have a measurement notated in inches, we must convert it to feet in
order for us to calculate a correct answer. All that is needed to convert inches to teet is
divide by 12, which is how many inches are contained in a fdete are some examples:

8 inches is .666 feet (8 inches + 12 inchégs

2 inches is .166 feet (2 inches + 12 inchgs
42 inches i8.5feet (42 inches+ 12 inche}p

Page

133



DISTRIBUTION SYSTEM OPERATOR CERTIFICATION

Area Examples

1. What is the crossectional area of a 16 inch pipe?
The formula to obtain this is .785 X D (in feet) X D (in feet)

Area = .785 X (16 inches + 12 inches) X (16 inches + 12 inches)
Area =.785 X 1.33 ft X 1.33 ft
Area = 1.4t2 (actually 1.3885865 rounded up)

So, the crossectional area for a 16 inch pipe is 1.4 ft?

2. Water is flowing through a 4 foot long by 2 feet wide by 3 feet deep trench at 1.9 feet
per second. What is the flow?
Q=AXV
Q (flow) expressed as ftféc = (4 ft X 2 ft) X 1.9 fps
Q (flow) expressed as ft3/sec = 8 ftz2 X 1.9 fps

A = 15.2 ft3 (cubic feet per second)

Since we are figuring area (a twlomensional measurement), we do not need to
use the depth into the equation for the question above.

3. The flow through a 10 inch water line is 4.4 ft3/sec. What is the velocity of this water?

V=Q+A
V (velocity) expressed as feet per second (fps) = Q (flow) ft3/sec + A (area) ft2
V = 4.4 ft3/sec (flow) + (.785 X (10" + 12") X (10" + 12"))
V =4.4 ft3kec + (.785 X .83' (ft) X .83" (ft))
V = 4.4 ft3/sec + .54 ft2

V = 8.1 fps (feet per second)
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4.

The flow through a 22 inch pipe is 3142 gpm. What is the velocity?

V=Q+A
In order to satisfy the equation, we have to convert 3142 gpm into ft3/sec

The caversion sheet shows that 1 ft3/sec = 448.8 gpm
V = (3142 gpm + 448.8 gpm) +.785 X (22" + 12") X (22" + 12")
V=7 ft3/sec + (.785 X 1.83' X 1.83")
V =7 ft¥/sec + 2.6 ft?

V =2.69 or 2.7 fps

Practice Examples

1.

The flow through the 36 inch main transssion line in the community of Getz is 3.6
MGD. What is the velocity of the water through this pipeline?

Water is traveling through a 4 inch pipe at 0.7 fps. What is the flow in this pipe
expressed as gpm?

You are preparing to attach a line extenstora 12 inch pipe when the track hoe
operator punctures the existing line. It took 3 minutes for water to travel through the
trench that was 4 feet deep, 3 feet wide and 200 feet long. What is the velocity of this
water?

Water is flowing through a coptetely filled 24 inch water main at 75 feet per minute.
What is the flow in this pipeline?

In order for your new pump to work efficiently it needs a minimum of 700 gpm to be
pumped through it. The line attached to the pump is 18 inches, and the vgater
flowing at 1.1 fps. How many gallons per minute are moving through the new pump?
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Solutions

1)

2)

3)

4)

5)

V=Q+A

V = (3.6 MGD X 1.55 ft¥/sec) +.785 X (36" + 12") X (36" + 12")
V=558ft+ (785X 3" X 3

V =5.58 ft¥/sec + 7.07 ft2

V = 0.8 (actudy 0.789) fps

Q=AXV

Q=.785X(4"+12") X (4" + 12") X 0.7 fps

Q =(.785 X .33' X .33") X 0.7 fps

Q =0.085ft2 X 0.7 fps

Q =.0595 ft¥/sec How many gallons per minute would that be? 26.7 gpm

If it takes 3 minutes (188econds) for the water to travel 200 feet, then we could say
that the water was traveling at a rate of 1.1 fps (200 feet + 180 seconds).

Q=AXV

Q =(.785 X 2' X 2") X 1.25 fps which has been converted from 75 feet per minute
Q =3.14 ft2 X 1.2fps

Q = 3.9 ft¥/sec

Q=AXV

Q=(.785X(18"+12") X (18" + 12")) X 1.1 fps

Q=.7856X15 X 15 X 1.11ps

Q =1.94 ft3/sec

Q= Converting to gpm  1.94 ft3/sec X 448.8 gpm = 870.6 gpm
Q =870.6 gpm
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Hydraulics
Hydraulics ishe branch of engineering that focuses on the practical problems of
collecting, storing, measuring, transporting, controlling and using water or other liquids.
Liquids in motion produce forces and pressure whenever the velocity, flow direction or
elevationchanges. Knowing pipe pressure and flow along certain points in our distribution
systems can help determine the proper pipe size and sufficient capacity. These parameters
can also help determine what pipe material would work best in certain situatlans.
addition, having an understanding of hydraulics can help systems determine if pressure
reducers or pumps are necessary to transport water in an efficient madss,basic
understandings of hydraulics can save money, impreater quality, ensure redatory
compliance and help determine the cost and viability of distribution system improvements.
Some of the operational concerns than confront the successful delivery of our water
are elevational changes in the topography (elevational head), energyhimatgh the
transmission of the water through the pipelines (frictional head), (velocity head) and
pressure requirements that have to be maintained to ensure water quality and regulatory
complianceUnderstanding that water has a unit weight is importaiater has a unit
weight of 8.34 Ibs per gallon or 62.4 Ibs/fts.

1 cubic foot of water (1 ft X 1 ft X 1 ft) weighs 62.4 Ibs.
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If it rests on 1 square foot or 144 square inches, then it exerts Qpd88ds per
squareinch. (psi)Pressuras derived by the formula as Force/Area

62.4 1bs. _ 0.433 PS

_F _
P=a = 144 sq. in.

Therefore, me squarefoot of water exerts 0.433 psi

Now consider 10 feet of watetO cubic feet of water weighs 624 list rests o 1
square footor 144 squarenches.

F _ _62.4lbs./ft® x 1016 _ —
A~ 144 sq. in. = 433PS T

P =

To determine pressure (psi) in relation to a column of waterS a1 ¢ O6KSAIKGO
water. If a standpipe held 80 feet of water and the pressuae@ge was at the base of the
tank, then

Pressure (psi) =dight of water column X 0.433 psi
Pressure = 80 ft of water X 0.433 psi
Pressure = 34.64 psi

Water exerts force and pressure when it is confined in any type of structure. In our
business, the type of structures we commonly use are pipes and tanks.
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There is a difference between force and pressure. Pressure is defined as force per unit
area, commonly expressed as pounds per square inch (Ib/inz or psi).

water surface

zero gauge
pressure

| o
5 L 5

The pressure at poirh equals the pressure at poifg since these points are the
depth in the water. Likewise, the hydrostatic pressure at pdg)(§ andD are equivalent.

Hydrostatic P ressure
The pressure water exerts is callegdrostatic pessure.

These principles always apply to hydrostatic pressure.

1. Pressure depends only on the depth of water above the point in question (not on the
water surface area).

2. Pressure increases in direct proportion to the depth of water.

3. Pressure in a coimtuous volume of water is the same at all points that are at the same
depth or elevation.

4. Pressure at any point in the water acts in all directions at the same magnitude.

Pressure also exists at the surface of the water because of the weight of tHeoae.a
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This pressure is called atmospheric or barometric pressure. Atmospheric pressure at sea
level is 14.7 psi. In practical applications for the distribution operator, atmospheric pressure
is NOT used for hydraulic calculations and is considered &Zeeo reference or starting

point. The application that uses atmospheric pressure is called absolute pressure, as
opposed to gauge pressure.

Here we have two storage tanks side by side with different volumes. Even though
these tanks have differing volumes, the pressure is the same because the column of water in
each tank is the same. Hydrostatic pressure depends solely on the height of water above
given points and NOT on the volume of water. In this above illustratierpressure at the
base of each tank is 21.65 psi. (50 feet X .433 psi) If whatever pressure gauge we used
included atmospheric pressufpsia) they would NOT read the same.

36.35 psi

. . 21.65 psi
21.65 psi + 14.7 psi psig
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elevation 2000 feet maximum water height

Point A

ground surface

closed valve

water main

elevation 1900 feet

point C
elevation 1600 feet

elevation 1900 feet point D

point B

Examplel
A small water syem has an elevated water storage tank and connecting ductile iron

pipeline as shown in the illustration above. Calculate the hydrostatic pressure at points A, B,
C,D.

A. 2000 feetg 1950 feet = 50 feet elevational difference. 50 ft X 0.433 psi = 21i65 ps

B. The total depth of the water at point B is 2000 feet900 feet = 100 ft
100 feet X 0.433 psi = 43 psi or Ibs/in2

C. The pressure at point C is the same as point B because there is no elevational difference.

D. The total depth of the water above puiD is 2000 feet, 1600 feet = 400 feet
400 feet X 0.433 psi = 173.2 psi or Ibs/in?
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Example 2

Another issue that is becoming more commonplace is providing a water service for a
customer with a house at the top of a hlh. this example, a-6ich main preides the line to
be tapped for the service line. The pressure at the water meter is 51 psi. The house sits on a
hill and through topographic mapis determinedthe meter is at an elevation of 325 feet
and the house is at an elevation of 405 feet.

Calculate the pressure drop from the meter to the house.
325 feetg 405 feet = 80 feet
- 80 feet X 0.433 =34.64 psi
51 psi¢ 34.64 psi = 15.36 psi

[ SGQa GF 1S GKAA | adSL) TdzNI KS N CKAA K2d
Estimate another 1@eet of elevation to the second flooiSo, there is an additional 10 feet
of elevation, which will result in an additional 4.33 psi pressure drop up to the second floor
bathroom.

If we add the additional 4.33 psi to the original 34.64 psi, we now haressure
drop of 38.97 or 39 psi.

Our starting measurement of 51 psB9 psi (pressure drop) means that the water in
the second floor bathroom would be measured at approximately 12 psi.

In the above example, it would most likely be wise to inform thetemer that the
water pressure in their house will be low. ALSO, explain to the customer that THEY can
INSTALL and MAINTAIN a small booster pump to increase pressure. This is done at THEIR
SELSyasSs y2i (KS dzaiaAtAradeqQa SELSyaSo
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Example 3

The inverse ofhis situation could very well arise. A customer has a house in a valley
with an elevation 156 feet below the connecting point at thensmissiormain. The
pressure at the top of the hill is 94 psi.

What would the pressure be at the service connecenitrance to the house?
P (pressure) = 0.433 X Height

P =0.433 X 156 ft

P =67.55 psi

Pressure reading at thp of the hill94 psi + additional pressure gained by elevation
gained equals 67.55 psi.

94 psi + 67.55 psi = 161.55 psi at the service enganmche house.

It is sometimes more convenient to express pressure in terms of the height of a
column of water in feetThis is called pressure or elevational head and is the actual or
equivalent height of water above the point in question.

For examplewhen evaluating a water distribution system to determine how high the
pressure will push the water up a hill. By turning the equation around, we get:
H =P +0.433 or by using your conversion sheet, which dictates that every 1 psi is equivalent

to 2.31ft of head. (The 2.31 comes from dividing 1 by 0.433, which gives you 2.309 or 2.31.)

So if we had to overcome a rise in elevation of 65 feet and our starting pressure at the
main is 65 psi, then we could take 65 psi + 0.433 psi, which equals 150.1 feet

OR
Multiply the pressure in psi (65) X 2.31 ft of head, which equals 150.1 ft of head.

So theoretically, the water in the main could rise to a height of 150.1 feet, which is
equivalent to 65 psi.

If we had to overcome a @®ot rise n elevation and our starting pressure was 65 psi,
we could determine what the pressure would be at the crest or apex of the hill.
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Starting pressure of 65 psi minus the elevational difference in feet (65 feet) X 0.433 psi
means that we would loose 28.1 (fSi X 0.433 psi) psi, overcoming thef6bt hill. If we
start at the bottom of the hill with 65 psi and Istiact the 28.1 psi, we woulads$e that
energy overcoming the elevational difference and the theoretical pressure at the top of the
hill would be36.9 or 37 psi (65 pgi28.1 psi = 36.9 or 37 psi).

Hydraulic Grade L ine

The hydraulic grade line an imaginary line that displays the sum of the pressure
head and the elevational head. The hydraulic head represents the height to which a water
colurm would rise in open standpipes.

1 Astatic condition means the water in the pipeline is NOT moving, but is stationary.

1 Adynamiccondition indicates that the water is moving and impacting all the

entities that are affected by the movement of water.

Water wil flow from the area of higher pressure to areas of lower pressure. This is the
principle of how our distribution system work# the static condition, water is not moving.
In the dynamic or kinetic condition, water is moving through the pipelibgterent factors
impact the water whether it is in a static or dynamic condition.

Hydraulic Gradeline of Water in Motion (Dynamic or Kinetic Condition )

-

¢
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i

hydraulic grade line
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Hydraulic Grade Line (Static Condition)

.r — — — RN TR R TR S R T L TS S e . -
e S
s Sy, pressure used flowing
- . ey, i to this point
- L
s . : - "l~..
L o : = 8w
] - . . e
» : ™ - o
- -
B - ™ ™
] e = =
- : = ™ T
- -
n - ™ =
1] : [ ] -
" - . s bydraylic grodeline
: : = w (dynamiccondition)
= . . .
]
2] L] - : ( ;
a = n -
W

......r......................A......

valve
C Factor or Values
¢ KS dctoréor V@lue denotes the interior smoothness of a pipe. These factors are
given a numerical value in order to determine the amount of energy lost in a pipeline due to
friction. The energy losses are usually expressed as loss in feet of head, lassritops in
GKS @gSt20Ade 2F (GKS gl GSNIAY (KS LALISO® ¢ KS
associated with it.

Common Friction Factor Values Used for Design Purposes

Asbestos Cemer| 140

Cast Iron (new| 130

Cast Iron (40 yrold 62
Copper Tbe | 130

PVC Pip¢ 140

Steel Pipe 120

Ductile Iron Pipe (lined 140
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WHICH PIPE WOULD HAVE THE HIGHEST C FACTOR?

A common misconception is that pressure increases when the pipe size decreases.
Decreasing pipe diametevill increase the velocity, but will reduce tipeessure¢ meaning
that as the pipe size decreases, the water merely travels faster. The friction created by a
liquid flowing in a pipe depends upon itelocity and thediameter of the pipe.

1 Friction increaes as velocity increases.

1 Velocity and pressure have an inverse relationship. The faster the velocity, the more
energy is lost due to friction between the water and the pipe wall.

1 When flow is restricted, velocity increases.

[\ VACUUM
T —
- - 4
High pressure Low pressure
and low velocity and high velocity
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When the interig of a pipe has substantial tuberculation, flow in the pipe turns from
laminar to turbulent flow. Turbulent flow requires more energy to deliver the same volume
of flow.

Turbulent
om0
Laminar
i o i
——— - - ——— -
——— cmmmmeenat T B
- e e

When connections or additions to pipelines are needed, some calcusatiball the
factors that will come into play must be accounted for if we want to maintain the water
guality as well as deliver the necessary volume of water at sufficient pressures to our
customers. Frequently just throwing a pipe in the ground to dehlvater without factoring
in all the variables will not accomplish what we need and will most likely make conditions
worse for anyone hooked to this new line.

Over the years, engineers have developed a number of ways to determine pressure
loss relative tdlow demand and pipe size. If we install undersized lines, we run the risk of:
a. not delivering enough pressure to the customer
b. not delivering enough volume to the customer
c. creating backflow incidents
d. degrading water quality
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FRICTION LOSS OF WATER IN FEET PER 100 FEET LENGTH OF PIPE. BASED ON WILLIAM & HAZEN
FORMULA USING CONSTANT 100. SIZES OF STANDARD PIPE IN INCHES

us 172" Pipe 3/4" Pipe 1" Pipe 1 1/4" Pipe | 1 1/2" Pipe 2" Pipe 2 1/2" Pipe 3" Pipe 4" Pipe 5" Pipe 6" Pipe us
Gals Vel. ft Vel. ft Vel. ft Vel. ft Vel. ft Vel. ft. Vel. ft Vel. ft Vel. ft Vel. ft Vel. ft Gals
Per per Loss per Loss per Loss per Loss per Loss per Loss per Loss per Loss per Loss per Loss per Loss Per
Wit Sa6 in feet| 25 in feet Son in feet| Sis in feet| £5s in feet| Sok in feet| 255 in feet| Sec in feet| Eos in feet| S5k in feet| &55 in feet| Ky
2] 2.10 74 1.20 159 - 2 2 B R 2
41 4.21 270 241 70 1491 214 .86 57 .63 26 5 . 4
6] 6.31 57.0 | 3.61 147223455129 ) 120 94 56 81 20 6
8| 842 | 980 | 481 250 ] 298 7.8 172 | 203 | 1.26 95 82 33 52 11 9
100 1052 147.0) 6.02 § 380 ) 372 ) 117 | 214 | 3.05 1.57 143 1.02 50 65 17 45 07 10!
12 722 530 ) 446 | 164 | 257 43 189 | 2.01 123 79 78 23 54 10 12!
15 9.02 | 800§ 560f 250 | 3.1 6.5 236 ] 3.00 153 1.08 98 36 68 15 15
18 108411082 6.69 | 350 | 386 9.1 283 ] 424 1.84 149 1.18 50 .82 21 18!
20 120311360 744 | 420 | 429 111 315 | 520 | 204 182 1:31 61 91 25 51 06 20
25 930 )| 640 ] 536 166 | 380 | 730 | 255 | 273 1.63 92 1.13 38 64 09 25
30 1115)] 890 ) 643 | 230 |1 472 110 | 306 | 384 | 196 | 129 ]| 136 54 77 13 49 04 30
35). 13.02] 119.0] 751 | 312 ] 551 147 | 357 | 510 | 229 § 172 | 1.59 71 .89 g b7 S7 06 35
40 1488 152.0] 858 | 400 | 630 | 188 | 408 6.6 261 220 ) 182 91 1.02 122 65 08 40
45 965 ]| 500 )] 708 232 ] 460 8.2 294 | 280 204 1 115 | 115 .28 73 09 sy . 45
50 1072 600 | 787 | 284 | 5.11 9.9 3271332 2271138] 128 .34 .82 1 57 .04 50
55). 1178 720 | 866 | 340 | 562 | 118 | 359 | 4.01 2451158 ) 141 41 .90 14 62 05 55
60 1287 850 | 944 | 396 | 613 | 139 | 3902|465 ) 272 ) 182]) 153 47 98 16 68 06 60
65 1392 99.7 | 10.23) 459 | 664 | 161 ] 424 5.4 289 ] 216 ) 166 53 1.06 19 74 .076 65
70 15.01f 113.0f 1102 530 | 715 ] 184 | 458 6.2 318 257 179 63 1.14 21 79 08 70
75 16.06 | 128.04 11.80) 600 | 766 | 209 | 491 71 333 ] 300 1.91 3 1,22 24 85 10 75
80 1716 145.00 1259 68.0 | 817 | 237 | 523 79 363 )| 328 ] 204 81 T34 27 91 14 80
85 18.21§ 163.81 13.38] 750 | 868 | 265 | 556 8.1 378 ) 354 | 217 91 1339 31 96 12 85
90 19.301 1800 14.71| 840 | 919 | 294 | 588 9.8 4.09 108 | 230 1.00 147 34 1.02 14 90
95 14950 930 ] 970 | 326 | 6.21 108 | 422 | 433 )| 242 1.12 1.55 38 1.08 15 95
100 8" PIPE 1574110201 10.21] 358 | 6.54 120 454 | 496 | 255 1522 163 41 1:13 17 100
110 173111220 11.23) 429 | 718 145 | 5.00 6.0 281 146 1.79 49 1.25 21 110
120 188911430 12.25) 500 | 784 | 168 | 545 7.0 306 | 117 | 196 58 1.36 24 120
130 R U UURURUNT PRPRR (RTINS 2046 166.0f 1328 580 | 848 | 187 | 591 8.1 3:31 197 | 212 67 147 2 130
140 90 08 [escsnf el e feese 22041 1900f 1430 670 | 915 | 223 | 635 9.2 3571228229 76 1.59 32 140
150 96 .09 1532 760 | 9.81 2551 682 ] 105 ] 382 ) 262 | 245 88 1.70 36 150
160f 1.02 .10 T 16.34| 860 | 1046 290 | 726 | 118 | 408 ] 291 261 98 1.82 40 160
170] 1.08 11 10" PIPE 17.36| 960 | 11.11) 341 7| 133 | 433 | 326 | 277 | 108 | 192 45 170
180) 1.15 13 18.38| 107.04 1176 357 | 817 | 140 | 460 | 361 284 1122 ) 204 50 180
190) 1.21 14 1940 118.0f 1242 396 | 863 | 155 | 484 | 4.01 310 135]) 2186 55 190
200] 1.28 15 2042 129.0| 13.07| 431 908 | 178 ] 5.11 4.4 327 ) 148 ) 227 62 200
220) 1.40 18 90 06 2247115404 14.38) 520 | 989 | 213 | 562 5.2 3:59 1.77 | 2.50 73 220
2400 1.53 22 98 a7 2451118201569 61.0 | 10.89] 25.1 6.13 6.2 392|208 ] 272 87 240
260) 1.66 25 1.06 08 2655121104 16.99) 700 | 11.80) 29.1 6.64 72 425 | 241 295 1.00 260
280) 1.79 28 145 09 18.30) 810 | 12.71) 334 | 715 8.2 458 | 277 ) 318 1.14 280
3008 1.91 32 1.22 151 19.61) 920 | 13.62] 380 | 766 9.3 490§ 314 ) 340 1.32 300
320) 2.05 37 fi:< i 12 12" PIPE 2092 103.0) 1452 428 | 817 105 | 523 | 354 | 364 147 320
340] 2.18 41 1.39 14 22224 116041643 479 | 868 | 117 | 554 | 397 ] 384 | 162 340
360] 2.30 45 1.47 15: 1. 14" PIPE 2353112801634 530 | 9.19 | 131 587 14411408 ] 183 360
380] 2.43 .50 1.55 7 1.08 | .069 248411420 17250 590 | 969 | 140 | 619 | 486 | 431 | 2.00 380
400] 2.60 54 1.63 19 1.14 | 075 26.14 | 156.0) 18.16| 650 | 10.21) 160 | 654 5.4 455 | 220 400
450) 2.92 .68 1.84 23 1.28 95 . egmmEa 2040] 780 | 1149 198 | 7.35 6.7 511 ] 274 450
500] 3.19 .82 2.04 28 1421 113 | 104 06 2270 980 | 1277 240 | 817 8.1 568 | 290 500
550] 3.52 97 2.24 33 1.56 135 | 1.15 07 24961 117.04 14.04) 287 | 8.99 9.6 625 | 396 550
600 384 | 1.14 | 2.45 39 1.70 159 | 1.25 08 2723 137.0) 1535 337 | 980 | 113 | 681 | 465 600
650 4.16 | 1.34 | 2.65 45 1.84 19 1.37 09 16.59) 39.0 | 10.62] 132 | 738 | 540 650
700 446 | 154 | 2.86 52 1.99 22 146 10 17.87) 449 | 1144 151 | 795 ) 621 700
750) 4.80 1.74 | 3.06 59 2.13 24 158 11 16" PIPE 19151 510 1226 17.2 8.5 T2 750
800) 5.10 1.90 | 3.26 66 2:97 27 167 13 2042 570 | 13.07) 194 | 908 | 796 800
850) 548 | 2.20 | 347 75 2.41 31 1579 14 1.36 08 20" PIPE 2170 640 1 13.89] 217 | 965 | 8.95 850
900) 575 | 246 | 3.67 83 2.56 34 1.88 16 144 084 2298 710 | 14.71] 240 | 10.20f 10.11 900
950) 6.06 | 2.87 | 3.88 91 2.70 38 2.00 18 152 095 1552 267 | 1077 | 11.20 950
1000 6.38 | 2.97 | 4.08 1.03 | 2.84 41 2.10 19 1.60 10 1.02 04 16341 292 | 11.34 | 12.04 1000
1100 703 | 352 | 449 | 119 | 3.13 49 231 23 1.76 12 T2 04 17.97) 349 |1 12481455 1100
1200) 766 | 417 | 490 | 140 | 3.41 58 252 27 1.92 14 1.23 oo - 19.61| 409 | 1361 17.10 1200
1300) 830 | 485 | 531 1.62 | 3.69 67 D 32 2.08 g 7 133 06 24" PIPE 14 72 184 1300
1400f 895 | 550 | 571 1.87 | 3.96 78 292 36 224 19 143 064 15.90| 22.60 1400
1500 958 | 624 | 612 | 213 | 4.26 89 3:15 41 239 24 1553 o7 ’ o 17.02 | 25.60 1500
1600) 1021 7.00 | 653 | 239 | 465 98 334 47 266 24 1.63 08 Forccon 30" PIPE 18.10| 269 1600
1800 1150 878 | 735 | 296 | 5.11 | 1.21 375 58 287 30 1.84 10 1.28 04 1800
2000 1278 1071 816 | 359 | 568 | 149 | 417 71 3.19 9T 2.04 12 142 05 2000
22000 1405 12.78) 898 | 424 | 625 181 | 469 84 361 44 225 15 1.56 06 2200
24000 1532 142 | 980 | 504 | 681 2.08 | 5.00 99 383 52 245 47 1.70 07 1.08 02 2400
2600 1061) 5.81 738 ) 243 | 547 117 | 4.15 60 2.66 20 1.84 08 1.16 027 2600
2800 1141 670 | 795 275 | 584 132 | 447 68 2.86 23 1.98 09 A28 03 2800
3000 12241 762 | 852 315 | 6.01 149 | 479 78 3.08 27 2.13 10 1.37 037 3000
3200 1305 738 9.10 | 351 6.68 167 | 6.12 88 327 30 226 12 146 041 3200
3500 14301 10.08] 9.95 | 4.16 | 7.30 1.97 | 659 1.04 | 359 35 249 14 1.56 047 3500
3800 1561 134 [1080] 490 | 798 | 236 | 60.7 120 | 388 41 269 Sf2 1:73 05 3800
4200 . 1192 588 | 876 | 277 | 670 | 144 | 429 49 299 20 1.91 o7 4200
2500 1278 690 | 945 | 322 | 716 | 164 | 460 66 3.20 22 2.04 08 2500
5000 14.20] 840 | 1050 395 | 8.01 203 | 613 68 354 2 226 09 5000
5500 1M155) 465 | 878 | 239 | 564 82 3.90 .33 25 1M 5500
6000 1260 550 § 958 § 279 | 6.13 94 4.25 38 273 13 6000
6500 1365 645 | 1039 332 | 664 | 110 | 461 45 296 15 6500
7000 1460f 708 1118 370 | 715 | 125 | 497 52 3.18 17 7000
8000 1278 474 | 817 | 161 | 568 66 364 23 8000
9000 14.37) 5980 | 920 | 201 | 635 81 4.08 28 9000
10000 1596 7.19 | 10.20) 244 | 707 98 4.54 33 10000
12000 12.258 341 8.60 140 | 546 48 12000
14000 1430 464 | 995 187 | 637 63 14000
16000 11.38) 240 | 7.28 81 16000
18000 1276 297 | 8.18 1.02 18000
20000 14.20) 360 | 9.10 1.23 20000
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Example

You are going to install a new 6" line to supply water to a new subdivision. The
distance from the line you are tapping into to supply this new line all the way to the last
house in this subdivision is 2000 feet. There is also an @@eaincline of 75 feet to
overcome when delivering the water. Pressure at the spot that you are tying the new line to
has been measured at 100 psi, and the flow rate you want to achieve in the new pipe is 450
gpm. You are going to valve off each ingatson so there will be 6 gate valves installed on
this line.

Looking at the chart aboyeve can determine that for each 100 feet of pipe, we will
be adding the equivalent of 2.74 ft of head at 450 gpm. We are installing 2000 feet of pipe,
so that would e 20, 100 foot sections. We also need to push the water up 75 feet of incline.
As well, the six gate valves will be equivalent to 16 feet of head per valve. Now we can factor
in all of these parameters and determine if the six inch line is large enouagtomplish
what we need.

20 pipe sections X 2.74 ft of head plus 75 feet of elevational head plus 6 valves @ 16 feet
apiece.

20 pipe sections X 2.74 ft of head + 75 ft of head + 96 feet of head = 225.8 ft/head.

Starting pressure 100 psimin26.8F i 2F KSIFIR - ndnoo LJAAUL T

Page

149

H (]



DISTRIBUTION SYSTEM OPERATOR CERTIFICATION

Friction of Water (Continued)
Resistance of Valves and Fittings to Flow
of Fluids in Equivalent Length of Pipe

T Example: The dotted line shows

1 A that the resistance of a 6-inch

L \ Y. Standa::ag:bow is feegqugalgm to

- \ —()'...“.'Z approxi y 16 t -inch
D \ { Standard Pipe.
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From Crane Co. Technical Paper No. 409. Data based on the above chart are satislactory or most apphcatons; for
more detailed data and information refer to pages 3-110 to page 3-120 which are based on Crane Co. Technical Paper

No. 410. 3-121
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Transients

Five mechanisms/pathways can lead to water quality failures namely intrusion,
regrowth, breakthrough, internal corrosion / leaching and permeation.

Intrusion, a primary mechasin of water quality failures in distribution networks, has
accounted forapproximately 15% of the total documented cases of waterborne illnesses in
the UnitesSates in the last 30 years. Intrusion through water mains may occur during
maintenance and repaevents, through broken pipes and gaskets in the presence of
contaminated soil and/or crossonnections. The potential of contamination through
backflow or through leaky pipes increases whenever the water pressure in a pipe is very low
or negative. Thisan occur when the pipe is garessurized for repair or when it is used to
extinguish fire or during episodes of transient pressures.

Intrusion of contaminants into water distribution networks requires the simultaneous
presence of three elements; contanaition source, pathway and driving force. Intrusion of
O2Yy il YAYlFYy(lada OKAGKSNIZ2Z NBFSNNBR (G2 aAavyLie |
can occur through pipes and storage tanks (animals,-dastying bacteria, infiltration).
Intrusion throudn deteriorated water mains can occur during maintenance and repair events,
through broken pipes and gaskets, and crosanections. Kirmeyer et al. (2001) ranked
pathogen (contaminant) entry routes into the distribution network based on responses from
an expert panel, the members of which were instructed to identify and rank the importance
2T NRdz0S& 2F SYiGNB® LYGNHzaAAZ2Y 61 & NI OGSR Y2al
also introduce into the pipe chemicals, such as pesticides, herbicidesidaydons (gasoline
spills) as well as physical contaminants, such as plant debris and soil particles. Intrusion into
water mains requires the simultaneous presence of three elements, a pathway, driving force
(negative pressure differential between the pipnd its environment) and a contamination
source. Contamination sources can be either chemical (pesticides, herbicides, petroleum
products, fertilizers, solvents, detergents, pharmaceuticals, etc.) or microbiological
(microbes, viruses, bacteria). Kargal. (2003) reported concentrations of total coliform,
fecal coliform, clostridium, bacillus, and viruses in soil and water samples taken around the
water mains

'alL V3

The deterioration of pipe structural integrity can have a midtieted impact on water
guality, especially in the domain of contaminant intrusion. Frequent pipe breaks increase the
possibility of intrusion through the compromised sections in several ways. During repairs,
intrusion can occur if flushing and local disinfection procedures are puiopriately
followed. Furthermore, pipes are d@essurized in the vicinity of a break during repair. This
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low pressure increases the potential of contaminant intrusion through unprotected cross
connections. If the pipe has holes then-plieessurization Wi increase the likelihood of
contaminant intrusion, which can be especially detrimental if the surrounding soil is
contaminated by leaky sewers nearby, chemical spills, herbicides, pesticides, etc. Total and
fecal coliforms were found in more than 60% a6 of the samples, respectively.
Enteroviruses, Norwalk and Hepatitis A viruses were also found around the pipe giving a
strong indication of human and animal sources of contamination. Karim et al. (2003) also
reported the range of concentrations for vaus organisms found in soil samples collected in
the vicinity of the water mains.

A water distribution network can never be completely water tight due to the existence
of pipe cracks, holes, faulty gaskets and/or faulty appurtenances, which can serve as
intrusion pathways. The driving force required for intrusion is usually a pressure differential.
Therefore, it is improbable that intrusion will occur as long as the water pressure inside the
network is greater than the pressure outside although movemédmhrobial or viral
contaminants against the pressure gradient is possible. Pressure differential can occur during
maintenance activities, such as during break repairs, flushing, etc., when parts of the
distribution network are depressurized. Sources obntaminants include sewage water-ex
filtrated from adjacent broken sewers, contaminated groundwater/soil and backflow through
unprotected crossonnections. In addition to pressure differentials arising due to de
pressurization of pipes, extreme transtgaressures can also cause pressure differentials.
Extreme transient pressures in a water supply system can occur as a result of power failure in
a pumping station, fast closure of valves, fire flows, pipe rupture, etc. These transients can
cause negativpressures in pipes, which sometimes may be exacerbated by peculiar
topographical conditions. These negative pressures may provide a driving force for
contaminants to intrude through compromised pipe walls and joint gaskets. Extreme
transient pressures amnore likely to occur in long transmission mains than in an urban
RAAUONAOdzAAZ2Y YSG62N] AY 6KAOK dzaASNBQ Tl dzOShz:
relief valves. An exception may be during fire flows or in the vicinity of a wet industrial
facility. The volume of the inflow of the contaminated solute is typically quite small (less that
1% of the flow in the pipe) since the duration of transient pressures is quite short (Kirmeyer
et al. 2001).
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Frequency of Pressure Transients on
O Sl e

v

6PM (8/1/02) 6AM (8/2/02) 6PM 6AM (8/3/02) 6PM 6AM (8/4/02) 6PM 6AM (8/5/02) 6PM  6AM
AM

Pressure transients measured at a hose bib outside a residency

Distribution System Pressure @ 1 per sec

13:30:00.00 13:30:00.00 i 13:30:00.00 13:30:00.00 13:30:00.00
PST 080205 06103105

06/0405 0605105 06106105

Equivalent Flow Rate Calculation

The Williams and Hazearfula can also be used for\@luesother than 100 by first
converting theactual flow rateto anequivalent flow rateto obtain a GFactor of 100.
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The equation used to find the equailent flow rate is:

Equivalent Flow Rate HActual Flow Rate) (100)
GValue

Example

A 10 inch pipeline is 3000 feet long and has a smoothness geeff(GFactor) of 130.
Water is moving through the pipe at a flow rate of 3900 gpm. Using the W4llzand Hazen
formula, you can determine the friction head loss.

Since the &actor is NOT 100, first use the equation shown above to find the
equivalent flow rate.

Equivalent Flow Rate(Actual Flow Rate) (100)
GValue

Equivalent Flow Rate(3900 gpm) (100)
130

Equivalent Flow Rate = 3000 gpm

Now, use the Equivalent Flow Rate to find the friction loss from the Williams and
Hazen formulaFind a flow rate of 3000 gpm and then movetite 10 inch column. At that
point, the table shows a friction loss of 7.62 feet of head per 100 feet of pipe. The pipeline in
the example is 3000 feet long, so now calculate how many 100 foot sections of pipe are
contained in 3000 feetNow multiply thisnumber by the friction loss per 100 foot section of

pipe.
(30) (7.62) = 228.6 ft friction loss.

If we wanted to find out how much pressure would be lost through this pipe
(assuming it was level and straight with no fittings), we would multipisfigure by 0.433 psi
(1 ft of head = .433 psi)

228.6 ft friction loss X .433 psi = 98.98 psi
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By using the Williams and Hazen formula, we can determine that 98.98 psi would be
lost in this 3000 foot pipeline.

Rule of Continuity

500 gpm
500 12 inch diameter
gpm
150
agpm
mn
500 10 inch diameter
gpm
¢ ?gpm

What goes in has to come out! What would the flow in the 6 inch pipe be?
If we have 500 gpm coming into the 10" pipe and 150 gpm flowing through the 4" pipe, that
leaves us with 350 flowing through the 6" pipe.
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650 gpm

What would the elocity of the
water be in the 4" pipe?

yé&€ ncn

V=0Q-A

V =190 gpm (650 gpp¥60 gpm) + (.785 X .33' X .33")
V = .42 ft8/sec (190 gpm + 448.8 gpm) + .085 ft?

V = .42 ft¥/sec + .085 ft2

V =49 fps
5

City Outsice

shutott N Shutoft G

Valoe  Meter vane B rﬂ'
STREET Rl SIDEVIMK N i

Al o C LU Wga s e il onad A A [l

— I g - S B B
TR Lok ey T o Insice
\ B A ; . Shutotf
o L 5 . : Valve

*Privats
Wiker Line

Review questions provided at the end of Chapter 11.
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N =

Chapter 11: CENTRIFUGAL
PUMPS

Chapterll Objectives

DefineNSHAas opposed tiNSHR

Attain the ability to read @ump curve

Discern how small differencesimpeller type and sizaffects flow rate and pump
characteristics

Determine what differences occurngn centrifugal pumpsre used in parallel and in
series

Discover whyentrifugal pumpsre the pumps of choice in distribution systems
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PUMPS
APPLICATION FUNCTION PUMP TYPE

Low Service To lift water from the source to the Centrifugal
treatment process or from stage
to filter backwashing system.

High Service To discharge water under pressure Centrifugal
to the distribution system.

Booster To increase pressure in the Centrifugal
distribution system.

Well To lift water from shallow or deep Centrifugal
wells anddischarge it to the Or
treatment plant, storage facility, or Jet

distribution system.

Chemical Feed

To add chemical solutions at the
desired dosages for treatment or
disinfection processes

Positive Displacemen

Sampling To pump water from sapling Positive Displacemen
points to the lab or to automatic Or
analyzers. Centrifugal

Sludge To pump sludge from the Positive Displacemen
sedimentation facilities for further Or
treatment or disposal. Centrifugal
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What is a centrifugal pump?

It is a machine that imparts energy to a fluid, causing it to flow, rise to a higher level,
or both. It actually uses acceleration (not centrifugal force) to transform mechanical
(rotational) energy into hydraulic energy.

SOV DISCHARGE PRESSURE

How does it wo rk?

A centrifugal pump consists of an impeller and a volute (most end suction pumps) or a
diffuser (submersible turbine pumps).

Rotation of the impeller forces water from its entry point, at the impeller eye, through
0KS AYLIStf SNRa JdoydifaserlAswrtermgviefron tkeScen@eof tied
circular impeller to its periphery, its velocity increases. When it reaches the volute, velocity is
transformed into pressure.

The flow and pressure created by a centrifugal pump depends upon the d&sign
AYLISEESNI FYR AGa LISNALKSNIYt @St20A0eo Ly A
diameter, its rotational speed or both.

ApwYL) OFyy20 LlzZt 2NJ aaddzO01¢ 61 GSNI AyG2 Ada
strength.lt lifts water by creting a low pressure area in its impeller eye that allows
atmospheric or some other outside pressure to push the water into the eye that causes the
suction.
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, DISCHARGE
] 29

IMPELLER =N

\

IMPELLER VANES %/

~ ~
A L

WS

EYE OF THE = X .
IMPELLER - "@
SUCTION———" -
! ~—— VOLUTE CASING
CASING DRAIN i
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