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| NTRODUCTION

The "NeEw MEexcio WATER SysTEMS OPERATOR
CermiFicaTion  Stupy Guipe” was developedby Fred
Ragsdat of Ragsdat ard Associate unde contrad with
NMED Surfa@Wate Quality Bureau Withthiseditionthe
title haschangedo The"N ew Mexcio WATER SvsTems
OprerRATOR CERTIFICATION StubY MANUAL " toreflectthe
additionof furtherstudymaterial.lt shouldbeusedasatool
to assistWater Systemsoperatoran New Mexico in
preparatiorfor takingtheNewMexicoDistributionSystems
Operatg Smal Wate Systens Operatg ard\Wate Systems
Operatorcertification exams. In New Mexico Water
Certificationisdividedintothefollowingareas:

8 Four classesof Water System Operator
certification

8§ Threeclasse®f DistributionSystem®perator
certification

8 Two classe®f SmallWaterSystem€perator
certification

Thismanuéisndintendeltobe acomplegreferenemanuéfor
technicéinformation ltspurpogistoguidethereadetosudy
materidfor eatof themaja subjetareafor eatof thedasses.
Theeisnoimpliedclamthathisstud/guicecovesevel passible
poirtonwhichanoperatomay betestecHoweve, itisintended
tobecomprehenseinitscoveragof theessentianformaton
foreatbhexam Asnentechnologisaredevelopdardbecome
availablen theStateof NewMexicofurtheradditionswill be
macktothe Study Manudtoassisoperatosinunderstanding
thogadvancdwate treatmettechnologies.

Themanuais dividedinto fourteenbasicchapters.In the
futureachaptefifteenwill beaddedtontainingnformation
on emergingadvancedvatertreatmentechnologiesThe
manaulalso containsa useful Appendix: EPA manual
"ResponserotocolToolbox: Planningor andResponding
toDrinkingWate Contaminatio ThreasardIncidents!” Each
chaptetin the studymanuahasbasicandadvancedtudy
guestiongndsampldestquestionshatareintendedo help
theindividud determirethetypeof informationtha iscovered
inanexamBasiaguestionsvill generallycoverinformation
in theSmallWaterSystem&xamsandtheClassl and2 for
WaterSystemsndDistribution Systeme&xamsAdvanced
guestionsvill coverinformationin theWaterSystem<€lass
3 and4 andDistributionSystem<£lass3 exams.Thestudy
guestionsindsampleestguestionsiredesignedo directthe
readetoexaninformatiantha isrelatel tothechaptetopics.

Thereis only one correctanswerfor the SampleTest
Questions No answe sheeis provided You will haweto
look themup.

Distribution Systensexanswil | includeinformation
from Chapterd-5,7-10,and13-14.

Smal Wate Systensexamwill includeinformation
from Chapterd-5,7-11,and13.
AdvancedSmallWaterSystemxamwill also
includeinformationfrom Chapter$ and12.
Water SystemsClass1 examwill include
informationfrom Chapterd-4,7-11,and13-14.
Water SystemClass 2 exam will include
informationfrom Chapterd-11and13-14.
Water SystemsClass3 and 4 examswill
includeinformationfrom Chapterd throughl5.

Thecertificatinexansuseseverbtexisasreferenemanuals
for examtopics.Eachchapteiof thestudymanuakontains
referencet specificchaptersfthesenanual$or thosevho
wishtoaccesmoreinformationonthetopicscoveredn that
particulaisection.

U Office of Water Programs,California State
University, Sacramentd/Vater TreatmenPlant
Operation4thed, 1999 Volumes1 & 2.

U Office of Water Programs,California State
University, SacramentoSmall Water Systems
0&M. 4thed.,2001.

U Office of Water Programs,California State
University, SacramentoWater Distribution
SystenD&M. 4th ed.,2000.

0 ACR Publications,Inc., SkeetArasmith,
Introductionto SmallWaterSystemsl 993.

U FletcherDriscoll/USFilter, Groundwaterand
Wells 2" Edition,1986.

Speciakhanksto:

NMED SWQBUtility OperatorCertification Programfor
funding BabPadillafor hisgraphics theNexMexico Utility
OperatorCertificationAdvisoryBoardfor chapterreviews;
everyonavhohelpedo proofreadthefirst draft for typos;
Bill Peiferfor help formattingthe original text; Marilyn
Still for furthertyporevisionsRobert& NancyGottof Gott
ConsultingServicedor structuringsupplementaiext and
reformattingthe studyguide; and Extra SpecialKudosto
SeweHansa for contributirg the Advanced Water Chapte.







New M Exico ENVIRONMENT DEPARTMENT

SURFACE WATER QuALITY BUREAU

UTiLity OpPERATOR CERTIFICATION PROGRAM

NMED

TheNew Mexico WaterQuality ControlCommission,
throughthe New Mexico EnvironmentDepartment
(NMED), grantscertificationfor competencyto the
operator®f waterandwastewatesystems.The Utility
OperatorCertificationProgram(UOCP)conductghe
testingfor certification.Certainrequirementsmustbemet
beforean operatoris eligible to take a certification
examination.

An operatorbeginsthe processdy completinga test
applicatiorfromtheUltility OperatoCertificationProgram.
Applicationswill onlybeaccepted theyaresubmittecht
leag 30 daysprior totheexan date A certificatian officer
will revieweachapplicatiorto determinéf theoperators
eligibleto taketherequestedxaminationAn application
mustbesubmitteceventimeatestis taken.Examinations
aregivenseveratimesayearatvariousocationsaround
thestate Feesrangefrom $25.00- $30.00depending
ontheexaminationAcheckor moneyorderfor theproper
amouninust accompangachexamapplicatiorandpaid

to Utility Operator Certification Program.

Certificatesmustbe renewedeverythreeyears.The
renewaldate will be the last day of the certificate
holder'sbirth monthfollowing the third anniversary
of thecertificate. TheUOCPalsohandlegenewalof
certificates.Renewafeesrangegrom $20.00- $30.00

=

=

g

New
Mexico
Environment
Department

All correspondenc@cludingapplicationsshouldbe
mailedto:

NMED SurfaceWater Quality Bureau

Utility Operator Certification Program

PO Box 5469

depending on the level of certification to be renewed Santa Fe, NM 87502

per certificate.

TheUtility OperatorCertificationProgranmaintains
trainingcreditsfor certifiedoperator®nly. Eachoperator
mustkeeparecordof all trainingcreditsearned Anyone
whointendsto applyfor NM certificationmustinclude
documentatiownf trainingcreditswhentheapplications
submittedCertifiedoperatorshataretakinghigherlevel
examsmay also have to submit training credit
documentatioto updaterainingrecordiles attheUtility
OperatoCertificationProgram.

Pleasdeelfreeto call theUtility OperatorCertification
Prograntorequesinformationonexamapplicatiorforms,
examdatesandlocationsor certificationandrenewal.
Thetelephon@umbefrfor theoffice is 505827-2804



| MPORTANT FACTS ABouT OPERATOR C

ERTIFICATION

Anoperatq asdefinal by NM Wate Quality Contrd Commission
Regulationss "any persoremployedy theownerastheperson
responsibléortheoperatiorof all oranyportionof awatersupply
systenor wastewatefacility. Not includedin thisdefinitionare
suchpersonsasdirectorsof public works, city engineerscity

managersyrotherofficialsor personsvhosedutiedonotinclude
actualoperatioror directsupervisiorof watersupplysystemsr

wastewatefacilities."

UndertheUtility OperatoCertificationAct,'acertifiedoperators
apersomwhois certifiedby thecommissiorasbeingqualifiedto
superviseor operateone of the classificationsof watersupply
systemsor wastewateffacilities”. Experienceis "actual work
experiencdull orparttime,in thefieldsof publicwatersupplyor
publicwastewatetreatment.Work experiencén a relatedfield
maybeacceptedtthediscretiorof thecommission™Any claim
of related experienewil | bereviewetd by theWate Quality cantrol
CommissiorfWQCC)or its advisorybody,theUtility Operators
CertificationAdvisonBoard.

The Utility Operato Certificatin Advisory Boad (UOCAB) isa
seveAmemberboardappointedo functionwith the WQCCto
establishqualificationsof operatorsclassify systemsadopt
regulationsandadviseheadministratiorof theUtility Operators
CertificationAct. Its membersare drawnfrom certified water
systems operatosdwastewater facility operatorthroughout
theStateof NewMexico.

Experienc¢hatincludesoperationmaintenancer repairof water
treatmentand water distribution systemss acceptedasedon

whetheitisfull or parttime. TheNM Utilit y OperatoCertfication

Advisory Boadwill review ardapproeexperieneinothe relaed

fields,suchascommerciaplumbingor utility construction Credit
for parttime experiencavill bebasednthepercentagef time

devotedto actualoperationor maintenancer-ull time wateror

wastewatetaboratoryexperiencemay be countedas operator
experiencata rateof 25%of actualexperience.Thecreditfor

thisexperiencevill bedeterminedby reviewof theUOCAB.

Basic CERTIFICATION REQUIREMENTS

Therearethreebasiaequirementanoperatomust ExXPERIENCE TRAINING EpucaTion
meetto qualify for New Mexico certification. All CREDITS

certified operatorsnusthaveat leastone year of | Class1 lyear* 10 HS Grador GED*
actualexperiencen operatioror maintenancefa | Small Systems 1 year* 10 HSGrador GED*
public water system.All levels of certification | Class?2 2 years* 30 HSGrador GED*
require high school graduation or GED (see | c|ass3 4years* 50 HS Grador GED*
subst_ltutlons).AII Igv_elsof ce_rtlf!catlonreqU|rea Class4 lyearasClass3 8C HS Grador GED
certainnumberof fraining creditsin watersystems | .o, supstitution:

O&M or relatedfields.

SUBSTITUTIONS

Oneyearof additionakxperiencenaybesubstitutedor thehigh
schoobraduatioorGEDrequiremerfor all classegxceptClass
4. Educatioomaybesubstitutedor experiencertrainingcredits
in somecases.Theeducatiormustbein awateror wastewater
relatedield. Oneyearof vocationakducatiortanbesubstituted
for upto oneyearof experienceAssociatandBachelodegrees
in a relatedfield may be substitutedor up to threeyearsof
experiencands0trainingcredithoursdependingntheamount
of actuakxperienceThecriteriafor substitutiorof educatiorfior
experiencareasfollows:

-No more thanone year (30 semestehours)of successfully
completedcollegeeducatiorin a non-related field may be
substitutedfor an additionalsix months of the required
experience.

- One year of approvedvocationalschoolin the waterand/or

wastewatefield maybe substitutedor only one additional
3

year of therequiredexperience.



- An Associatedegreein atwo-yearprogramat anapproved
schooln thewaterand/omwastewatefield, andsix months
of actualexperiencen thatfield (which maybe accrued
before, during, or after the school program) may be
substitutedfor the requirementof any level up to and
includingClass2.

- An Assaociatedegreein atwo-yearprogramat anapproved
schoolin the water and/orwastewateffield and twelve
months of actualexperiencen thatfield (which maybe
accruedbefore, during,or aftertheschoolprogramymaybe
substitutedfor the requirementof any level up to and
includingClass3.

- Completionof at leastthree years of actualexperiencen
the water and/or wastewaterfield, plus high school
graduation or equivalent,plus 15 semesterhours of
successfullgompletedcollegeeducatiordirectly relatecto
thewateror wastewatefieldmay besubstitute for ary leve
uptoardincludingClass3.

- A Bachelor Degreein a majordirectly relatedto the water
or wastewatefield, plustwo yearsof actualexperiencén
that
field may besubstitutel for ary leve uptoardincludingClass3.
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CHAPTER 1: WATER SysTEMS OVERVIEW

Water systemstoday are finding themselveswith ever

increasingresponsibilitiedn the areaof propertreatment
and protectionof the water supply. The impacton small

systemsanbe substantial.lt is moreimportantthanever
to makesurethe peoplewhorunthesesystemshavebetter
understandin@f their system'soperation.

The basicresponsibilityof the systemis to provide each
individualwith anadequatsupplyof safe potabledrinking
water.Thisresponsibilityextendgo all employeesywhether
onamanagerialsupervisorypperationalpr clericallevel,
in somedirector indirect manner Eachemployeeshould
beawareof theirdutiesandcall to their supervisos attention
any condition that might impair water quality or cause
serviceinterruption to any part of the system.These
responsibilitiesanbebrokendowninto threemajorareas
of concern:
1. Providing enoughwater to meetthe total demands
of the system.
2. Providing water that is both safeand palatable to
the customers.
3. Providing that water to the customer when it is
needed.

MEeeTine WATER SvysTEM DEMANDS
Theamountof waterusedby theentiresystems knownas
thedemandlacedonthatsystemThisdemandnaycome
from severaldifferentsources.

DowmesTic WATER UsAGE

Domesticwaterusages anywaterthatis useddirectly by
peoplein their daily activities. Theseactivities include
bathing, drinking, cooking, sanitation and other
miscellaneousctivitieslike wateringlawns,washingthe
car and laundry. Two major factorsthat determinethe
domesticwaterdemandsplacedon a systemareone, the

requireas muchwaterasthe entire domesticdemandon
thesystem.

AGRICULTURAL WATER UsSAGE
Agricultural usageof wateris consideredo bewaterused

in irrigating crops, watering livestock, and in cooling and

cleanupof dairiesandfarmequipmentAgriculturaldemand
will generallyrepresent largerportion of the total water
usagethantheindustriesin rural areas.

PusLic WATER UsAGE

Public water usagemay be defined as any community
servicethat requirespotablewater. Servicesmay include

fire protection recreationswimmingpools,golf courses,
etc.) andstreetmaintenanceln rural communitieswhere
theseservicesarelimited, publicwaterusagemaynotbea

consideration.

Presentonditionsandfutureincrease# waterproduction
shouldbeconsidereavhendesigninghesystemOperators
maynotbeconcerneavith theoriginal designof thesystem
but shouldbe awareof the impact of new additionsand

extensiondgo the system.This is especiallytrue in areas
where presentwater mains are handling maximum

capacities.

SOURCESOF SUPPLY

Findingenoughwaterto satisfythe demandnthesystem
is thecertainlyamajorconcerrfor thewatersupplier. The
legal and financial considerationghat arisewhentrying
to procurewater rights or finance the capital funding
requiredto constructtreatmentfacilities can limit the
optionsavailablein manycases.

Systemsrefacedwith essentiallywo choicesvhenselecting

number of individuals the system serves and secondly agourceof supply. They candrill wells and useground

amountof watereachpersonon the systemwill needper

wateror, if a suitableriver or lake is presentthey may

day.Onanationwidebasistheaveragedaily consumption chooseo useasurfacewatersupply.

of water(total gallonsuseddividedby thetotal population)
is aboutl 30gallonsperpersorperday.However thisfigure

MEeeTING WATER QUALITY STANDARDS

will vary dependingon the geographidocationinvolved  prior to 1976, water quality was regulatedby individual
andthepopulationdensityof thatarea Ruralareadendto  statestandardsin many caseshesestandardsvere only
have a daily consumptionrate lower than the national recommendationstherthanenforceableegulationsThe
averagewhile urbanareasmayhavea higherrate. U.S. Congresgassedhe SafeDrinking WaterAct (P.L.

93-523) in 1976. The law setspermissiblelevels of

INDUSTRIAL WATER USAGE
Industrialusageof wateris consideredo bewaterusedfor
productionof goodsfor marketing.Theprimarysource®f

substance$ound in waterwhich could be hazardougo
public health. Theseregulationsinclude Maximum
Contaminant_evels or MCL, for inorganicand organic

industrialdemandsn rural areasaredairies food processing, chemicals,radioactivity, turbidity and microbiological

wood products,andtextiles.A singleindustrialusermay

levels.Testingandmonitoringrequirements,eportingand
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record keeping schedulesand public notification are
enforceduy individual stateagencies.

MeeTiné WATER CoONSUMPTION AND PEAK

DEmANDS

Peakwaterconsumptiorperiodswill vary daily according
to seasonsand geographiclocations. The major
responsibilityof the operatoris to makesurethe wateris
availablewhenit is needed.

SEASONAL DEMANDS

The amountof water usedeachday will generallyvary
accordingo thetime of year.Higherdaily demand®ccur
duringthe hot summemonthswhile thedemandwill tend
to drop off during the winter months. Fluctuationsin
temperaturendrainfall may alsodictatea rise or fall in
daily waterconsumption.

DaiLy Peak DEmMANDS

Ninety percenbof thedaily waterusagewill occurduringa
16-hour period.The peakdemandperiodsoccurbetween
theearlyhoursof themorning,(5amto 10am)andtheearly
eveninghours, (5pm to 10pm.) Demandwill usually
increasesarlierin ruralareasln urbanareaspeakdemands
will be higher during the week while in rural areasthe
highest peak demands occur on weekends.

ComPoNENTS oF A WATER SYSTEM
Watersystemsaremadeup of anumberof deviceghatare
usedto deliver water to the customer.The major
componentganbedividedinto the areasof the sourceof
water,its treatmentandits distribution.

WATER SOURCESAND TREATMENT

The sourceof water can be from groundwater,surface
water, or water purchasedrom anotherwater system.
Usually the sourceof your waterwill determinethe type

of treatmennecessaryn mostcircumstancegroundwater
requireslittle treatment.Groundwaterquality problems
include: mineralshardnessanddissolvedyassesSurface
watertypically requiresextensiveareatment.Surfacewater

gualityissuesre: turbidity, taste& odor,andcolor. Surface
waterusuallyrequireschemicaltreatmentndfiltration.

DisTriBUTION AND TRANSMISSION WATER M AINS

Main lines transportwater from the sourceor from the
treatmenfacility to the areato be served Thesepipesare
usuallythelargestin thesystemTheyalsoserveasfeeder
linesfor thoseuserswho arelocatedalongthem.

SERVICES

Servicesaresmalllines(usuallyl" or 3/4") thatcarrywater
fromthemainline to thewateruser.Theserviceconnection
includes:

1. Somemeansof tappingthemainline or feederline.

A corporatiorstopfor turningthewateroff atthemain

or feederline.

Servicepipeor tubing.

Sometypeof metersettewhichincludesameterstop.

Watermeter.

A fitting for the watercustomer'sonnection.

o0k w

Puwmps

Pumpsare usedto move raw water from the sourceinto
thetreatmentacility or from thewell into thesystemThey
are also usedto move treatedwater from the treatment
facility into the system.Pumpsareusedto createpressure
for the systemandto fill the waterstoragdacilities.

STORAGE TANKS

Storagdaankshold areserveof waterfor thosetimeswhen
thedemandor wateris greatetthancanbesuppliedby the
trunk line or by the pumps.They also provide water for
fire protectionandfor thosetimeswhenthe supplymight
beinterrupted.

ConTROLS
Automaticpumpcontrolssenseressur@nthesystemand
turn the pumpon whenthe pressurdalls below a desired
pointor whenthewaterlevelin thewatertowerdropsbelow
acertainlevel. Whenthewaterlevelin thetowerhasbeen
restoredor whenthe system'spressureénasbeenraisedto
normal,thecontrolsautomaticallyturnthepumpoff. Pump
controlscan also turn the pump off, if alarm conditions
occur. Thesetypes of alarm conditions include; high
dischargepressuremotoroverload high motoror bearing
temperaturesyr low suctionpressure.

| sOLATION VALVES
Isolationvalvesareusedthroughouthe systemo stopthe
flow of water. They are usually gatevalvesor butterfly
valves. The trunk line would have at leastoneisolation
valve per mile of line in smallrural systemsandin large
municipalsystemgsheymayneedto belocatedevery300-
600feet. Eachbranchline shouldhaveanisolationvalve
at the point of connectionto the trunk line. The proper
locationof thesevalvesis importantin orderto isolatesmall
sectionsof line for repair. This minimizesthe numberof
customerghatareout of waterduringtimeswhen repairs
arebeingmade.
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ConNTROL VALVES

awatersystems "out of sight",it shouldalwaysbeonthe

Control valvesare designedo control flows or pressures Mindof theoperatorA competenbperatoprovidesalarge

in thesystemThereareanumberof differentapplications

for thecontrolvalvesthatmaybeusedn thesystem.They

are usually diaphragmoperatedglobe valves that are
controlledby hydraulic pilot systems.Here are someof
theapplicationdor controlvalvesin awatersystem:

1. Pressuraeducingvalves- Thesevalvesare usedto
dropthepressurén adistributionzonein orderto avoid
damageo the system.

2. Pressurerelief valves - Thesevalves are usedto

degreeof protectionfor both the tremendoudinancial
investmengandthe healthof thecommunity.

References

Office of WaterProgramsCaliforniaStatdUniversity,Sacramento,
WaterTreatmenPlantOperation Volumel, 4" ed.,Chapterl
Office of WaterProgramsCaliforniaStateUniversity, Sacramento,
WaterDistribution SystenO&M, 4" ed.,Chapterl.

Office of WaterProgramsCaliforniaStateUniversity, Sacramento,

"bleed" water from the systemwhen the pressures SmallWaterSystenD&M, 4" ed.,Chapterl

reachapointthatcouldresultin damageo thesystem.
Altitude valves- Thesevalvesare usedwhentwo or
more storagetanks are on the samemain line. An
altitudevalvewill isolatethe lower tanksandprevent
themfrom overflowingwhile theothertanksarefilling.
Pressuresustain/flowlimiting valves- Thesevalves
areusedo limit theamountof flow to acertainportion
of the systemwhen it dropsthe pressurein other
sectionsbelowa certainpoint.

Pump control valves- Thesevalvesare designedo
replace check valves on boosterpumps.They are
closedwhen the pump startsand open slowly to
minimizesurgesn thesystem.Theyalsoclosebefore
the pumpstops.

SURGE TANKS

Surgetanks act as pressurizedshock absorbersn the
system.Theydissipatahepressurepikescausedy water
hammer.Water hammeroccurswhenwavesof high/low
pressureoccur, usually by openingor closing valvestoo
fast. Waterhammercandamagepiping.

FIRE HYDRANTS

Fire hydrantsallow fire-fighting equipmento drawalarge
volume of waterfrom the systemquickly. They may also
beusedassamplingsites flushingstationsandventpoints
for filling drainedlines.

OPERATOR RESPONSIBILITIES

An operatoris the personwho is, in whole or part,
responsibldor the operationof a watersystemaAt times,
he/shemaybeamanageraboratorytechnicianmechanic,
meter reader,public relationsperson,troubleshooterpr
inspector.Becominga competentoperatorrequiresthe
developmentof many skills. To becomea competent
operatorone must have an interestin his/herwork, be
dependablebewilling to learn,andbewilling to assume
responsibilityandwork without supervision.

Eachwater utility represents largefinancial investment
in facilities and equipmentand improper operationand
maintenanceanquickly damageboth.Althoughmuchof

Basic Srupy QUESTIONS

1. Whatarethethreeresponsibilitie®f anypublic
watersupplier?

Whatarethreeexample®f publicwaterusage?
Whatarethemaincomponentsf awatersystem?

ApvaNceD Stuby QUESTIONS
1.Whichof thefollowing is notlikely to presenawater
gualityissuan agroundwatesystem?
A. Hardness
B. Turbidity
C.lron
D.Bacteria
2.Pealdaily consumptiommaybe?2.5timesthedaily
average.
A.True
B. False

1-3



BLANK PAGE



CHAPTER 2. SarFe DrINKING WATER AcCT

The FederalSafe Drinking Water Act (PL93-523) was
enactedn 1974andwentinto effectin 1976. Thepurpose
of theAct is to establismationalenforceablestandard$or
drinkingwaterquality andto guarante¢hatwatersuppliers
monitor water to ensurethat it meetsnationalstandards.
ThisAct establisheaitherthe maximumconcentratiorof
pollutantsallowedin, or the minimum treatmentrequired
for, water that is deliveredto the customers.These
substanceareknownto presentadversehealtheffectsto
humansPrior to the passagef PL93-523 standardsvere
setby the individual stateregulatoryagencies. Thémits
andenforcemenproceduresariedfrom stateto stateand,
in passingthe law, Congresshas attemptedto assure
uniformly safedrinking waterfor the generalpublic. The
SDWAwasamendedn 1986andagainin 1996.

Each state (or tribal government) exceptWyoming and
the District of Columbia, has primacy regardingthe
enforcementof the standards.The New Mexico
EnvironmentDepartmentis the enforcementagencyfor
New Mexico.All samplingandreporting,exceptfor nor
TribalandFederabystemsis handledhroughtheNMED.

PusLic WATER SYSTEMS

The regulationsestablishedn PL93-523 apply only to
public watersystemsA public watersystems anysystem
that containsl5 serviceconnectionsresidentialor serves
25 peopleregularly.Thesesystemareresponsibldor both
complyingwith thesaegulationsandreportingto thepublic
when any standardsare exceededPublic water systems
canincludeprivateschoolsjnterstatereststops stateparks,
andevenrestaurants.

PriMARY CONTAMINANTS

The SDWA identified a number of chemicalsand
microorganismshatarefoundin drinking watersupplies.
Becauseexcessiveamountsof someof thesesubstances

Primary Contaminants
(1) Inorganic Chemicals
(2) Organic Chemicals

(3) Radioactive Chemicals

(4) Waterbormme Bacteria

Table 2.1 - Primary Contaminants

havebeendeterminecdr anticipatedo causeadverséiealth
effectstheyarereferredio asprimarycontaminantsThese
substancegan be groupedinto four major categories:
Inorganic chemicals,organic chemicals,radioactive
chemicalsandwaterbornébacteria. (SeeTable2.1.)

Maxivum CoNTAMINANT LEVELS (MCL)
Themaximumamountof anyoneof thesesubstancethat
canbe allowedin water,accordingto the regulations,is
known as the maximumcontaminantevel (MCL). The
MCLs for thesechemicalsandcompoundsresetatlevels
that are consideredto be many times less than the
concentrationghat are known, or anticipatedto cause
adversehealtheffects.

INorRGANIC CONTAMINANTS

Thesecontaminantsare mostly heavy metals.They may
enter the water supply naturally through ground water
formationsor from mining runoff andindustrialdischarges.
TheMCL for eachchemicalis listed Table2.2.

L eAap AND CoPPERRULE

A representativsamplingsurveymustbe conductedor
leadandcopperthat may beresent athe customers' tap.
Most of the lead and copperfound this way comesfrom
the customersplumbing. The systemwill be responsible
for treatingthe waterto stabilizethe corrosivequalities
thatcausetheleechingof leadandcopperfrom plumbing.
Samplingfor leadandcopperrequiregakinga"first draw"
samplefrom acustomer'sap,afterwaterhasbeenstanding
in the plumbingfor atleast6 hoursbut no longerthan18
hours If the90thpercentileesultsexceedheactionlevels
for eithermetal,the systenmusttakestepso stabilizethe
systemwaterthroughchemicaladditionof lime or another
formof alkalinity.

NITRATES

Nitratesarethe only chemicalcontaminanthatrepresent
an immediatehealthrisk. Pregnantmothersand infants
under18 monthscandevelopa conditionknownas"Blue
Baby Syndrome". The presenceof nitratesin the
bloodstreanreducesoxygenuptakethat givesthe skin a
bluetint.

FLUORIDE

Fluorideis addedo waterto helppreventoothdecayThe
optimumdosagdor fluoride is 0.8-1.2 mg/Il. However,at
higher concentrationsfluoride can createstainson teeth

and lead to brittle bones in older individuals. The average

ambientair temperaturéor thesystenis usedo determine
theoptimumdosagédor fluoride.
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Inorganic Contaminant MCL (mg/l)

Antimony 0.006

Arsenic 0.03

Barium 2.0

Beryllium 0.004

Cadmium 0.005

Chromium 0.1

Cyanide 0.2

Mercury 0.002

Nickel 0.1

Selenium 0.05

Thallium 0.002

Copper 1.3* Action level

Lead 0.015* Action level

Nitrates (as N) 10.0

Total Nitrate & Nitrite (as N) 10

Nitrite (as N) 1.0

Fluoride 2.0 Public Notice
4.0 Violation

Turbidity 1 NTU (single occurrence)
3NTU (< 5% of samples)

Asbestos 7,000,000 Fibers/L

Table 2.2 - Inorganic Contaminants

TurBIDITY

ORrcANIC CONTAMINANTS
Thesecontaminantsinclude herbicidesand
insecticideshatareprimarily usedn agriculture
applicationsprganicsolventausedn industrial
applicationsprganicby-productsof industrial
processesand chemical by-productsfrom
chlorination of drinking water. Runoff from
agricultural sprayingor improper application
techniguescan be a major sourceof these
contaminantsin a surface water supply.
Industrial discharges,accidentalspills and
improperdisposabf hazardousvastesanalso
becomesourcef contamination.

Thesecompoundsaregroupedtogetherunder
the headingsof Volatile Organic Compounds
or VOC's and SyntheticOrganic Compounds
or SOC's.There are currently 21 regulated
VOC's and 30 SOC'sthat must be analyzed.
Someof the VOC'sarelistedin Table2.3.

RapioACTIVE  CONTAMINANTS
Mostradioactivesubstancesccurnaturallyin
ground water and in somesurfacesupplies.
Somemanmade substancesnay also enter
drinkingwatersuppliesrom processindgacilities,
mining areasand nuclearpower plants.(See
Table2.4.)

Turbidity is clay, silt or mud in the water.

Althoughturbidity doesnot represent health
risk by itself, it canshieldharmfulbacterigrom

disinfection processesTurbidity is measured
in Nephelometridurbidity Units (NTU).The

device usedto measureNTU's is called a

nephelometeor turbidimeter.

Radioactive Contaminant MCL (pCifl)
Radium 226 and 228 5
Gross Alpha Activity 15

Gross Beta Activity (man-made)

4 millirem /yr

Organic Contaminant MCL (mg/T)
Benzene 0.005
Vinyl Chloride 0.002
Carbon Tetrachloride 0.005
Styrene 0.1

Total Trihalomethanes (TTHM) 0.1

Table 2.3- Organic Contaminants
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Table 2.4 - Radioactive Contaminants

BAcTERIOLOGICAL  CONTAMINANTS

The coliform group of bacteriarepresentghe indicator
organisms used in determining bacteriological
contaminationTheir presencéndicateshe possibilitythat
somepathogeniddiseasecausinglorganismsnayalsobe
presentThe MCL is exceededvhen 5% of the required
monthly routine (M/R) samplesindicate the presenceof

Coliform bacteriaThepresencef coliformin anysample
will requirethreerepeatsamplesbe taken.Theserepeat
samplesnustbetakenwithin 24 hrsof notificationof positive
results.



The regulationsstate that, when repeatsare required,a
minimum of five (5) samplesare now requiredfor the
month. This meansthat any small systemthat would
normallyonly takeonesamplegpermonth,will haveto take

required Whenevecompliancesamplesresubmittedt is
importantto maintaina "chain of custody"thatidentifies
who handledhe samplefrom thetime it wastakenuntil it
was tested.

four (4) repeats when they get a positive test result. If any

systemhasto take repeatsamples,t must also take a
minimumof five (5) samples théollowing month.

SecoNDARY CONTAMINANTS

Thereare certainsubstances waterthat, althoughthey

donotpresenserioushealthhazardsgcancauséemporary
physicaldiscomfortandmakethewaterunsuitableor use.

Each statemay determinewhich of thesestandardsare

includedin theirregulationsChloridescanmakethewater

tastesalty. Thisis alsoknownasbrackishwater.Sulphates
can causeminor gastreintestinal problems.Iron and

manganeseanresultin red or blackwaterproblemsThe

pH of the treatedwater can also createsomedigestive
problemsf it is veryhighorverylow. Recommendelgvels

for secondargontaminantgre:

M ONITORING AND REPORTING

The public water systemsare responsibl€or monitoring

their waterquality andreportingviolations of the SDWA

standardgo the public. The New Mexico Environment
Departments currentlycollectingandsubmittingsamples
tothelaboratoryfor all publicwatersupplies.Theprogram
is fundedthrougha "Water ConservatiorFee"of 3 cents
per 1000 gallons paid by each system.However, the

systemswill still be responsibléor the resultsof testing
andany public notificationthatmay be required.Systems
mustretaincopiesof chemicaknalysigecordgor 10years
andbacteriologicatestsresultsfor 5 years.

SAMPLING SCHEDULES

Samplesusedin testing for chemicaland biological
contaminantsnustbe collectedperiodically. Sampledor
inorganicchemicalanalysismustbe submittedonceevery
year for surfacesuppliesand onceevery threeyearsfor
groundwater supplies.Samplingfor organiccompounds
is donequarterlyfor theinitial setof samplesSurfacewater
plants must also collect four TTHM samplesquarterly
duringthisinitial period.After that,samplesarecollected
yearly for surfacewaterandeverythreeyearsfor ground
wateraslong asno VOC's or SOC'saredetected!f they
are found, the source(well or surfacesupply) must be
sampledevery quarter. Radiological samplesare taken
everyfour years.Underthe new Standardized/onitoring
Rule,mostchemicalcontaminantsaremonitoredn acycle
of 3/6/9years Eachthree(3) yearperiodis referredto asa
complianceperiod. Bacteriologicalsampling schedules
vary from stateto state.A minimum of one sampleper
monthis normallyrequiredfor thesmallessystemsAs the
populationservedncreasesodoeshenumberof samples

BACTERIOLOGICAL  VIOLATIONS
WhenapositiveBAC-T samplés reportedepeasamples
arerequiredIf therepeatcomebacknegative therés no
violation. If more than 5% of the monthly samplesare
positivefor Total Coliform (TC), including repeatsthere
is a nonracuteviolation that requirespublic notification.
This meansthat any systemtaking lessthan 40 samples
permonthcanonly havel total coliform positive sample
permonth.

If amonthlyroutinesamplds positivefor TC andfor fecal

or E. Coli; and any repeat is positive for TC, OR if any of
the repeatsare positive for fecal coliform, or E. Coli, an
acuteviolation has occurrGed that requiresnatification
throughthe electronicmedia. This sometimedriggersa
"Boil Order"advisory.

PusLic NoTIFICATION

Thewatersystenwill berequiredto notify the public any
time maximum contaminantlevels are exceededThese
violationsof the standardgall into two categoriesacute
violationsandnonacuteviolations.

A nonacuteviolation occurswhenanMCL is exceededbut
thesituationdoesnot presenainimmediatehealthrisk to the
public.In thiscasenotificationmustbeplacedon, or with the
billing noticewithin 45 daysandmustrunin the newspaper
within 14 days.In addition,all new customersnustbe sent
noticeof violationswhentheyconnecto thesystem.

Acute violations are violations that could resultin an

immediatedangeto the public healthandthereforerequire
immediatenotificationthroughtelevisionandradiostations
within 72 hours.Thisis in additionto thenewspapeand/or
billing notifications. Publicnotificationmustcontinueuntil

theproblemis correctedNotification mustalsobegivento

theNMED within 48 hoursanytimeasystenfailstocomply
with theNM Drinking WaterRegulations.

AcTiON PLANS FOR VIOLATIONS

If awatersupplyexceedshe primary standardshe water
systemmusteither provideadequatdreatmento remove
thecontaminantsrlocateanewsourceof supplythatmeets
theserequirements.

V ARIANCES AND EXEMPTIONS

A systemthatis foundto exceedthe MCL for a primary
contaminantmay not be ableto correctthe problemfor
financial or technical reasons. Dependingon the
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circumstancesthe systemmay be granteda varianceor
exemption.Thefactthatavarianceor exemptiorhasbeen
granteddoesnot meanthatthesystemis nolongerrequired
to notify the public of the problem.Notification must
continueon a monthly basisuntil the systemmeetsthe
standard

Variances

A variancemaybegrantedo awatersystenwhenits supply

is foundto exceednaximumstandardsindno technology
is availableto economicallyremovethesecontaminants.
Variancesmay be extendedat the discretionof the state

regulatoryagencyif no treatmentmethodsare made

availableduringthe periodthevarianceis granted.

Exemptions
When a systemis unableto financially provide the

necessarytreatmentto reduce contaminantlevels to
acceptabldéimits, anexemptiorcanbegrantedo thewater
systemExemptionsaregrantedby stateregulatoryagencies
only in caseswherea serioushealthhazards not present.

OTHER NEW REGULATIONS
Thel1986amendmentto the SDWA includeda numberof
new rules regardingtreatmentand operationsof public
water supplies. The major changesare identified below
with a brief descriptionof therule andits implications.

SurRrFACE WATER RULE

Any systenthatusessurfacewvatermustprovidetreatment
of the supply. The minimumacceptabldevel of treatment
is filtration anddisinfection. Infiltration galleriesmaynow
be consideredsurface supplies becausethey are
groundwatetthatis underthe influenceof surfacewater.
The concernsabout contaminationby Giardia and
Cryptosporidiunbacterishavecreatedhe needfor higher
free chlorine residualsand longer disinfection contact
times.

The"CT" calculationis usedto determinethe necessary
contacttime at any given concentrationTheformulais C
x T = A, whereC is the chlorine concentration] is the
contacttime in minutes,and A is a temperaturédbased
constantRemovalof Cryptosporidiunis basecna3-log
reductionof the numbersfound in raw water. A 3-log
removal or deactivationwould meanthat 0.1% of the
bacteriamay survive or 99.9% were removed.A 4- log
removal or deactivationwould meanthat 0.01% of the
organismsmaysurviveor 99.99%wereremoved

DisINFECTION AND DisSINFECTION By-ProbucTsRuULE
SystemghatusechlorinationmaycreatelT THMs andhalo
aceticacids(HA, ) asaby-productof disinfection. If the

creationof theseby-productscauseghe systenmto exceed
theMCL for Total TTHMs (0.1 mg/l or L00ppb),thesystem
will be requiredto changeto a different meansof

disinfection.Total chlorineresidualsare alsolimited to a

maximumof 4.0mg/l. TheStagel & Stage2 D-DBPrules
applyto CommunityWaterSystemsndNon-TransientNon-

CommunityWaterSystemgasdefinedin SDQA) thatadd
adisinfectantto the drinking waterduring any partof the
treatmenprocess.The Statel D-DPB rule alsoappliesto

TransienNon-Communitywatersystemshatusechlorine
dioxide.

Refeences:

Office of WaterProgramsCaliforniaStateUniversity,Sacramento,
Water TreatmenPlant Operatia, Volume2, 4'"ed.,1999,
Chapte22

SafeDrinking WaterAct

NMED Drinking WaterRegulations

Basic Stuby QUESTIONS

1. Whatis anMCL?

2. Whyisturbidity aPrimaryContaminant?

3. Whatis anephelometer?

4. How muchis the"Water ConservatiorFee"?

5. Howlongmustbacteriologicahndchemicakampling

resultsbe kept?

Basic SampLE TEsT QUESTIONS
1. A public water systemis any systemthat servesa
populationgreaterthanor equalto:
A. 25
B. 50
C. 100
2. Whatisthemaximumtotal chlorineresiduakllowedby
the DisinfectantDisinfectionBy-ProductRule?
A. 2mg/l
B. 4mgl/l
C. 6mg/l
D. 8mgl/l
3. Whattypeof contaminantsiron?
A. Primarylnorganic
B. PrimaryOrganic
C. Secondary
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4. Which Primary Contaminants sometimesaddedto 9. How manybacteriologicasamplesnustbetaken

watersuppliesto preventtooth decay? everymonthbeforea systemis allowedto have
A. lron TWO positivesamplesvithoutviolatingthedrinking
B. Arsenic water standard?
C. Fluoride A. 10
D. Mercury B. 20
C. 40
5. Thefailure of apublicwatersystento complywith the D. 60

NM Drinking WaterRegulationsmustbe reportedto
NMED within:

A. 12Hours

B. 48Hours

C. 4 Days

D. Oneweek

AbvANCED Stuby QUESTIONS

1. Which Primary inorganic contaminantposesan
immediatenealthrisk?

2. WhenyougetapositiveTotal Coliform sampleresult,
whatis the minimumnumberof retakegequired?

3. Whataretheactionlevelsfor leadandcopper? i*?;gﬁ

4. If bacteriologicaretakesaredonethis month,whatis

the minimumnumbersof sampleghatmustbeturned ? '

' ?

in nextmonth? A ;&
i

5. If a3-log removalis requiredfor Giardia Lamblia, f / Ta{j

what percentag®f organismscansurvive andstill A
meetthe requirement? @%
ADVANCED SampPLE Stupy QUESTIONS M 5
1. TheMCL for Total Trihalomethaneis: Vot W Y
A. 0.08mgl/l
B. 0.1mg/l

C. 0.2mgl/l
D. 2.0mg/l

2. SDWAsamplingresultsmustbereportedo:
A. New Mexico WaterAssociation
B. AmericanWaterWorksAssociation
C. NewMexico EnvironmentDepartment

3. Groundwatesystemsnustsamplefor inorganic
chemicalsevery:

Month

Day

Year

Threeyears

oo0w>

4. The SDWA ComplianceCyclefor the Standardized
Monitoring Rule consistsof three:

Years

CompliancePeriods

Quarters

Months

oow>
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CHAPTER 3: INTRODUCTION TO DRINKING WATER SYSTEMS

WHAT 1s WATER?
Wateris themostabundanandcommommaterialonearth.
It covers70% of the surfaceof the earthaswaterandice.

Life Bl

Wateris thelife blood of the univerself we werewithout
watertherecould be no life. Our bodiesare 70% water.
Without drinking water for four to sevendaysour blood
becomesghick andcontainsa high concentratiorof toxic
waste materials.We becomedelirious and unableto
function.Deathis notfar behind.

Other Plapnets

As far aswe know, earthis the only
planetin thesolarsystenthatcontainsvater.Othershave
ice,butonly earthhasthismiraculoudife blood.

Universal Solvent
Wateris oftencalledthe"universal'solvent.Givenenough

timeit will dissolvealmosteverythinghatit comesn contact
with. Thus,it is effectivein carryingfoodthroughourbodies
to theindividual cellsandcarryingawaythe cell waste.

DissolvesMinerals

As waterflows throughthe gravels fissuresandsandsn

the earth'scrustand flows over the top of the groundit

picksup mineralsmicroorganisms dirt andbits of plants.
Someof thesematerialsarecarriedalongby thewaterdue
to its speed Others,suchasmineralsaredissolvedin the
water.

Gases

Water like manyotherfluids, alsohastheability to dissolve
gasessuchasoxygen(02) andcarbondioxide (CO2).The
oxygenin the waterallows fish and otheraquaticlife? to
live in thewater.Withoutoxygenfish, like humanswould
die. Thegills of thefish allowit tofilter thisdissolvedxygen
directly from thewater.

WATER AsA CHEMICAL

TheWater Molecule

Thewatermoleculé is composedf oneatomof oxygen
andtwo atomsof hydrogen.This moleculeis given the
chemicalsymbolH20 (H2 for two hydrogeratomsandO
for oneoxygenatom).The chemicalsymbolis readas"H
two O."

‘Tﬂ ".'-"’u“’ﬂtﬂ*l

AR

Figure 3.1- TheWo r |Whiirs
Like a Battery
Notice thatthe two hydrogenatomsare at oneendof the
molecule. The hydrogenatomsare positively charged.
Whenthey attachthemselvedo the oxygenmoleculethe
whole moleculeeffectivelybecomegpolarizedwith negative
andpositivepoles,muchlike abattery Becausét hasboth
negativeand positive chargesjt is much easierfor it to
attractother material. This is one of the reasonst is the
"universalsolvent.

Statesof Water
Water has another

uniqueproperty;it is the
only materialthatis found
onearthin thethreebasic
states at standard
temperatures. These
statesare solid (ice),
liquid (water) and gas
(water vapor).

0--

©ACRP
Figure 3.2- WaterMolecule

1 Microorganisms - Minute organismseitherplantor animal,invisible or barelyvisible ot thenakedeye.

2 Aquatic Life - All formsof plantandanimallife thatlive in water.
3 Molecule - Thesmallestivisionthata substanceanbe brokendownto without separatingts individual atoms.
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Moleculesin Motion

The water molecule,like other molecules,is in constant
motion. The rate of this motion is directly relatedto the

temperaturef thewater.lt movesslowestwhenthewater
isin theform of ice, andfastestwhenthewateris avapor.

Density of Water

As thetemperaturés reducedherateof movemenslows.
As this happensthe moleculesget closer and closer
together.At 4°C they are as close togetheras they are
ever going to be. This increaseswater'sdensityto its

maximum. Thevolumethata setamountof wateroccupies
isataminimumatthis point. Below4°Cthemoleculesare
movingsoslowthattheir electricalchargeseginto cause
themoleculego line upin apatternandform crystals.

Expands When it Freezes

At 0°Cthecrystalsarefully formed.Thisformationallows

the moleculesto line up in a way so that they occupya

greaterspacehantheydid beforethetemperatureeached
0°C. Thisexpansioris whatcausesvaterto breaka bottle

or pipe when it is frozen. Water is one of the few

compoundshat expandsvhenit freezesThis causesce

to belighter thanthe samevolume of waterandtherefore
it floatsin water.

Water and Heat

The amountof heatit takesto causethe temperatureof

water to change is used as the basic measureyhbaat.
In the English systemthis heatis referredto asa BTU

(British ThermalUnit). OneBTU is definedastheamount
of heatrequiredto raisethe temperatureof one poundof

water one degree Fahrenheft. In the S| (System
International- also called the metric system)the unit of

heatis the calorie.Onecalorieis definedasthe amountof

heatrequiredto raise one gram of water one degree
Celsius.

DisTriBUTION OF WATER ON EARTH

The Study of Water

Thestudyof water its location,use guantityandoccurrence
is calledhydrology. Thisnextsectionis abriefdiscussion
of the typesof watersourcesthe distributionof waterin

thosesourcesindsomeof theusesof water.Thisis asmall
portionof hydrology.

DEFINITION BY SOURCES
The sourcesof water on the earthare divided into two
categoriessurfacewater and groundwatet

Surface Water

Surfacewateris waterthatis foundin the oceans)akes,
streams,springs,and muskegponds. Surfacewater is
exposedto the atmosphergandis affectedby ambient®
conditions.This is the sourceof drinking waterfor some
of ourlargesttommunities.

Groundwater
Groundwateris all the water below the earth'ssurface.

However from a waterworksstandpoinive only consider
the waterbetweerthe surfaceand 2500feet down. Water

below this depthis too hot and expensiveto be usable.
Groundwatemay alsoincludesprings.Yes, springswere

includedin the surfacewaterdescription.Thatis because
theycanbeeither.

70% of Earth is Water
Seventypercentof the earths surfaceis coveredwith

water. The total volume of water on the earthis
approximatel\805.79million cubicmiles.Of this,296million
cubicmilesarein theoceansleavingonly 9.79million cubic
miles of freshwater.

4 Density - Theweightperunit volumeof asubstance.

5 Fahrenheit - Relatingto anEnglishthermometescalewith theboiling pointat212degreesndthefreezingpointat32degrees.
6 Celsius- Relatingto athermometescaleusedin the metric systemon which thefreezingpoint of wateris 0 degreesndthe

boiling pointis 100degrees.

Hydrology - Theappliedsciencepertainingto propertiesdistribution,andbehaviorof water.

8 Groundwater - Subsurfacevateroccupyingasaturatedjeologicaformationfrom whichwellsandspringsarefed.

9 Atmosphere- The gasses that surroutide earth.
10 Ambient - Thesurroundingatmosphere.
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of plantsandthe sun.In orderto understandhis process

HybroLocic CycLE
letsfollow thecycle.

The hydrologic cyclétis the key to our supply of fresh
water.The cycleis madeup of four key components. o
A The atmosphere Erecipitation . .
A The lithospheré- the crustof the earth You couIdstart.the.cycleany_wherebecagset is continuous
A The hydrospheré- the wateron the earth andhasno beginningor ending.Soletspickupadropletof

AThe sun - the energy sourceusedto drive the precipitationandfollow it throughthecycle.Precipitatiof
hydrologiccycle in theform of rain, snowor sleetfalls towardsthe earth.

Available Water Supply Eall Toward Earth

Theamounbf wateravailablein theatmospherdithosphere As the precipitationfalls toward the earthit can pickup
and hydrosphergemainsconstantlt wasformedduring contamination in the form ahinerals and toxic materials
the creationof the earth.Therewill neverbeanymoreor from industrialair pollution andnaturalpollution suchas
anylessthanthereis today.Thiswateris continuallyrecycled dustfrom a volcaniceruption.Onits fall towardthe earth
betweerthelithosphereandthe atmospherdy theaction someof the precipitationevaporates.

PRECIPITATION

j/

|

\

TRANSPIRATION -
STORAGE

INFILTRATION

PERCOLATION

"y"

EVAPORATION

Figure 3.3- The Hydrologic Cycle

11 Hydrologic Cycle - Nature'smethodof continuouslyrecyclingthe earth'senewablevatersupply,betweerthe earthand
atmospheremnakingit possibleto usethis wateroverandoveragain.
12 ithosphere - Thesolid crustof theearth. It consistof thethin, looselayerknownassoil andthe massof hardrock, several
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milesin thicknessuponwhich soil lies.
¥ Hydrosphere- All of thewaterontheearth.
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Evaporation
Theamounbf evaporations dependentponseverafactors.

Among themare the humidity’s, air temperatureand the
amounbf wind. Thereis asignificantamounif precipitation
thatis recycledbackto theatmospherbeforeit everstrikes
theground.

Hits the Forest
Someof the precipitationhits the forest canopy’, brush

and grass.Someof the precipitationevaporateslirectly
from the leavesof the canopy.

Hits the Groun

Somewaterflows down the outsideof the treesontothe
ground, and some strikesthe grounddirectly. As water
accumulatesnthegroundit runsdownhill. Thismovement
is referredto asoverlandflow?,

Elow Along the Surface

As the water moves along the surfaceit picks up
contaminationin the form of organié® materialsuchas,
bits of leavesmicroorganismsuchasbacteri&, viruseg?,
and protozo&?, and inorganié matter suchas silt, clay,
mineralsandvolcanicash.

rface Water
Theoverlandflow accumulatedn lakes,streamsmuskeg
pondsandrivers. Most riverswill eventuallyrun into the
ocean.Thesesourcesare referredto as surfacewater.A
largequantityof thewaterthatformssurfacewaterwill be
evaporatedbackinto theatmospherdn factin mostof the
world thisis thelargestsinglelossof surfacewater.

Groundwater

Someof thewaterthatis runningalongthe earth'ssurface
seepsdnto the soil. This processs calledinfiltration®. As
thewaterinfiltratesthe soilandmovesdownwardsomeis

takenup by therootsof treesandotherplants.The water
thatis takenin by plantsmovesupwardandis given off
into the atmospherghroughthe leavesof the plantsin a
processalledtranspiratiofp.

This moisturemixeswith the moisturethatis evaporated
from surfacewatersand from the plants.This combined
processs referredto asevapotranspiratich

Groundwater Movement
The water not taken up by plants continuesto move

downwardin a processcalled percolatio’. This water
continuego movedownwarduntil it collectsin gravelsand
sandscalledaquiferg®. Therethewatercontinuego slowly
movetowardsadjacentakes,streamsandtheocearwhere
it collectswith the surfacewaterandis evaporatedack
into theatmosphere.

Springs

Sometimein the past,changesn the earth'scrustleft the
edgeof an aquifer exposedto the surface.Where this
happensthe groundwatersupply exits the hillside or
mountainin whatis referredto asa spring.Fromthereit
runsalongthe surfaceandmixeswith surfacewater.

Back he Atmospher
As you canseeboththegroundwateandthesurfacewater

eventuallymix andareevaporatethackinto theatmosphere
and form water vapor. This vapor is condensedby
atmosphericonditionsandformsprecipitatiorwhichfalls
to thegroundandthecycleis continued providinguswith
cleanfreshwaterfor our watersystems.

14 Precipitation - The processy which atmospherienoistureis dischargeantothe earth'scrust. Precipitationtakesthe form of

rain,snow,hail, andsleet.

®Evaporate - Theproces®f conversiorof liquid waterto watervapor.

16 Humidity - Theamountofwatervaporin theair.

17 Forest Canopy - The enclosuremdkeby the treesin a forest. The canopycanblock all or mostof the light from the forest

floor.

18 Qverland flow - Themovemenbf wateron andjustundertheearth'scrust.

19 Organic - Chemicalsubstancesf animalor vegetablerigin, usuallycontainingcarbon.

20Bacteria - Living organismsmicroscopicin size,which consistof a singlecell. Most bacteriautilize organicmatterfor
their food and producewasteproductsasthe resultof their life processes.

2lViruses - A submicroscopiorganismwhich passeshroughfilters capableof removingbacteria.

22 protozoa- A small,onecelledanimalincluding,butnotlimited to, amoebasgiliates,andflagellates.

23|norganic - Chemicakubstancesf mineralorigin, notusuallycontainingcarbon.

24|nfiltration - Theinitial movemenbf waterfrom theearthsurfacento thesoil.

25Transpiration - Theprocesdy whichwatervaporis lostto theatmospherérom living plants.

26 Evapotranspiration - Thecombinedvaporizatiorof waterfrom surfacegndplants.

27 Percolation - Movementof waterinto andthroughthe ground.
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28 Aquifer - A porouswaterbearinggeologicformation.
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DisTriBUTION OFWATER

Total Supply

The total supply of all water
in theworld is approximately
305.79million cubicmiles.Of

this total supply 296 million

cubic milesarein the worlds
oceans.This leaves 9.79
million cubicmilesor 3.2%of

all waterin theworld asfresh
water.

Distributi
Water

74.7%0f the9.79million cubic
milesof freshwateris tied up
in the polar ice caps, soil

n__of Fresh

FRESH WATER

o

FRESH WATER DISTRIBUTION
3.2% of all water

-4 SURFACE WATER (0.3%)

-4 POLAR ICE CAPS, SOIL, ATMOSPHERE (74.7%)

-{ GOUNDWATER (25%)

ACE

pr

Figure 3.4- FreshWater

moisture and atmosphere.
25%of thisfreshwateris in thegroundwatesupply leaving

0.3%of the freshwaterin the

Usable Fresh Water

Thetotal groundwatesupplyis estimatedat
2.42million cubicmiles.Only 44%of this,or
1.06million cubicmiles,is usableThatis, it is
lessthen 2,500feet below the surface.The
lakesandriversrepresenf.03million cubic
milesof freshwater.This givesatotal of 1.09
million cubicmilesof usabldreshwater.

Division of Fresh Water

Of theusabldreshwater,97%or 1.06million
cubicmilesisin thegroundwatesupplyand
only 0.3%is in the surfacewatersupply.

lakesandstreams.

=i

FRESH WATER

USABLE FRESH WATER

1.09 million cubic miles

—~= USABLE SURFACE WATER (3%)

{ USABLE GROUNDWATER (97%)

T
w1

Figure 3.5- UseableFresh Water

Table 3.1- Location of the Worlds Fresh Water

%
74.60
0.06
0.035
14.00
11.00
0.30
0.03

Location by Per Cent of the Worlds Fresh \Water

L ocaTioN
Polarice caps
Soilmoisture
Atmosphere

Groundwatebetweer?,500and12,500feet
GroundwatebetweerQ and2,500feet

Lakes
Streams& Rivers

MiLLion Cusic MILES
7.33

0.00587

0.00342

1.36

1.06

0.029

0.00293




DISTRIBUTION BY SYSTEM

Within the continentalUnited States77.3%of the
public water systemausegroundwaterand 18% of
the systemausesurfacewater.4.7%of the systems
in the US usea combinationof surfacewaterand
groundwater.

DisTRIBUTION BY POPULATION

Within the continentalUnited States68% of the
populationis servedoy surfacewatersuppliersvhile
only 32% of the populationrelies on groundwater
supplies.

WHy THE DIFFERENCE ?

SystemlLocation

Thereareseveraleasongor thedifferencebetween
the number of surfacewater suppliersand the
numberof peopleobtainingtheirdrinkingwaterfrom
surfacewater suppliers.First, in the continental
UnitedStates37 of the100largesicommunities
usesurfacewater.Thisis becausehe majority

of thesecommunitiesare built nextto surface
watersourcesincludingtenthatarebuilt next

to the GreatLakes.In the West, communities
suchasLos Angeles,SanFrancisco,Portland
andSeattleall utilize surfacewater.

Water Availabili

Secondalargeportionof thiscountryis without
anysurfacewatersource Finally, therearefew
ground water supplieswhich can provide
sufficientwaterfor alargecommunity.

References
ACR Publications, Inc., Skeet Arasmith,
Introductionto SmallWaterSystemsChapterl

WATER DISTRIBUTION
BY SYSTEM TYPE
(1.5.)

- SURFACE WATER (5%)

- GOUNDWATER (95%)

Figure 3.6 - WaterDistribution by System

WATER DISTRIBUTION
BY POPULATION
(U.5.)

—=  GOUNDWATER (32%) |

—= SIURFACE WATER (68%) |

Figure 3.7 - Water Distribution by Population (U.S.)

Basic & Apvancep Stuby QUESTIONS
1. Wateris calledthe solvent.

2. Whatarethetwo sourcesf water?

3. Whatis theword usedto identify waterthatis safe

todrink?
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Water cyclesfrom the atmospherdo the earthand
backto the atmosphereWhat is this naturalwater
cyclecalled?

As a partof the normalwatercycle wateris lost, or
givenup, to theatmospherdy treesandby
evaporatiorfrom the surfaceof streams|akes,and
oceans. This combinediossis called



CHAPTER 4: WATER SAMPLING

New Mexico WATER CoNserRvATION FEE

The NM Water ConservationFee of 3 centsper 1000

gallonsis collectedfrom eachpublic watersystenin order
to fund samplecollectionandtestingfor inorganic,organic,
and radiological contaminants.The fee also covers
bacteriologicatesting.Thismeanghatmostwatersystems
are only responsible for collection of monthly

bacteriological(microbiological) samplesin order to

comply with SDWA monitoring schedules.

W ATERBORNE PATHOGENS

Watersystemsnuststriveto keeptheir drinking waterfree
of pathogeng(diseasecausingbacteria).They can be
transportecatitherby wateror physicalcontact Peoplethat
havecontractedhesediseasegarecalledcarriers. Without
propemedicalattentionandtreatmentindividualscanstill
transmitthediseaseventhoughtheynolongerhaveanyof
the symptoms.Thereare five waterbornepathogenghat
canbe foundin all water suppliesandtwo that are only
foundin surfacewatersuppliesThebacteriaghatarefound
only in surfacewater suppliesform cystsandsporeshat
protectthem from cold temperaturesBecauseof this
protection, they are much more difficult to kill with
disinfectantchemicals.

WATERBORNE DISEASES

All Water Supplies:
ATyphoid
A Paratyphoid TypesA & B)
A Cholera
A Dysentery
A Hepatitis

Surface Water Only:
A Cryptosporidium

AGiardia

All of thesediseasesare causedby pathogenichacteria
excepthepatitis,which is a virus. It is very difficult to
identify anyoneparticularpathogerby laboratorytesting.
Tomaketestingmorereliableandeconomicalthelabtests
aredesignedo identify a largefamily of bacteriathatare
related to the diseasecausingbacteria, rather than
identifying eachtype of pathogen.

Figure 4.1- WaterborneDiseases
Reprinted with permissionfrom Operationof WastewateilreatmentPlants
Vol. I, 2" ed.,Office of WaterPrograms(California StateUniversity,
Sacramentd-oundation

CoLiForm GRouP OF BACTERIA

Coliform bacteriaareentericbacteriaThis meanghatthey
arefoundin theintestinaltract of warm-bloodedanimals,
including humans.Thesebacteria,known as E. Coli in
humans,do not causediseasebut are necessaryor the
digestionof food. The waterbornepathogensare also
enteric bacteriaand are part of the coliform family.
Therefore,if coliform bacteriaare presentin the water
supply, pathogensmay also be present.The coliform
bacterialive longerin water and are easierto detectby
laboratorytesting.This is the reasonthe coliform group
hasbeenchosemasthe indicatororganismfor waterborne
pathogendf coliform bacteriaarenotpresentt is assumed
thereareno pathogengpresent.

Thecoliformfamily hasbeerdividedinto two groupsResults
maycomebackastotal coliform positiveor fecal coliform
positive. Total coliform positive meansthat no human
coliform arepresentFecalcoliform positiveindicateshe
presencef E. Coli, whichmeanghereis agreaterchance
of pathogensbeing present.The laboratorytestsfor
coliform include the MPN method,the MembraneFilter
test,andthe Colilert test.

SAMPLING SCHEDULES AND T ECHNIQUES

It is the responsibilityof the systemto collectsampledor

bacteriological("Bac T") testing.lt is very importantto

make sure samplesare collected, testedand reported
properly.If a samplebecomescontaminatediueto poor
samplingproceduresgr is not sentto thetestingfacility at
the propertime, thesystenmaytechnicallybein violation

of SDWA standardsThis mayresultin the systemhaving
to notify thepublic of violationswhenthewateris actually
safe.

SAMPLING SCHEDULES

The federal regulationsregarding"Bac T" sampling
schedulesset the minimum numberof samplesa water
systemmust submitat one per month.As the size of the
systemincreasesodoesthe minimumnumberof samples
required each month. Thesesampleresults,and any
necessarye-takes,mustbe reportedto the NMED by the
endof eachcalendamonth.

The samplingpoints should be identified by a sampling
plan that samplesare takenfrom all major partsof the

systemnto assurghattheentiresystermis representedsmall

systemsanusthaveat leasttwo samplesitesin the system.
Onepoint wherewaterentersthe distributionsystemand

anothemtacustomesfaucet.Sampleshouldalsobetaken

at regularintervals during the month. Even the best
samplingplancanonly indicatethatthesystenmwassafeat

thetimeit wassampledandonly atthesiteswheresamples
where taken.
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SAMPLING T ECHNIQUES

Thefirst consideratiorin collectinga"BacT" sampldsthe
samplebottle. Thesebottlesareprovidedby theNewMexico
EnvironmenDepartmentTheyaresterilizedprior to being
sentto the systemsThey shouldbe storedin a cool, dry
placeuntil theyareneededor asample Sodiumthiosulphate
is addedo thebottlebeforeit is sterilized Its presencenay
beindicatedby atraceof white powderin thebottomof the
bottle. Thepurposef thesodiumthiosulphateés to neutralize
anychlorinethatmaykill anybacterighatarein thesample.

Two thingsto remembewhenusingsamplebottles:

I. Neverwashoutabottleor evenopenit until you
arereadyto takethesample.

2.If asamplebottle hasanydirt or junkin it orin
thelid, don'tuseit. It's betterto getanewbottle
thanto takeabadsample.

Once the pre-sterilized bottles are obtained,the next
considerationis the actualcollection of the sample.The
procedurdor collectingthe sampleis givenbelow. These
instructions should be carefully followed to prevent
accidentatontaminatiorof the sample.

|. Selecta sampling point. Always keepsanitary
conditionsin mind when selectinga sampling
point. Never use a kitchen sink faucetor an
outdoor faucetthat drips. Any hoses,vacuum
breakersor other attachmentsnust also be
removed.Therule of thumbis to selecta faucet
thatis usedtheleast.

2. Flush the line. Openthetap andlet the water
run for severalminutes.This will insurethat
the waterbeingsampleds from the mainand
notfrom the customer'plumbing.

3. Collect the sample Removethe cap, making
surethatyou do nottouchtheinsideof thecap
or thetop of the samplebottle. Don't aeratehe
sampleor allow it to splashon the outsideof
thebottle.Fill thebottlecarefullyto theshoulder
of the bottle. This guaranteeshat thereis at
least100ml of samplein the bottle. Do not fill
it all theway.An air bubbleis neededo stir the
samplebeforeit is testedat the lab. Neverset
thecapdownor leaveit off longerthanit takes
to collect the sample.Mark the bottlesfor
identification. The samplesshould then be
placedunderrefrigerationuntil tested.

REPORTING AND SHIPPING CONSIDERATIONS
Thefinal consideratiorior "Bac T" samplingis the proper

completionof the sampleform. Make surethe following
itemsarelisted on the sampleform:

Table4.1- BAC-T SampleForm

Systemname,address,and
identification number

n

Location of sampling site

Date and time samplewastaken

W

Type of water sampled(raw or treated)

5. Chlorine residual

©

Computer ID number

7. Nameof operator taking sample

Therearetimeswhenwatersystemsieedto collectBacT

sampledor reasonstherthanmonitoringcomplianceNew
water lines and lines that have beenrepairedshould be
tested Wells that havebeendisinfectedshouldbe tested.
Thesesamplesnustbeidentifiedassomethingotherthan
acompliancesamplesotheywill not countasa violation

againsthe systemif theyarefoundto be positive.Thisis

done by checking"Special Sample"on the form and
identifying thetype of samplein the "Remarks'line.

Therearecertainrequirementsegardingheageof a Bac
T sample New Mexico Drinking WaterRegulationsstate
thatthesamplemustbetestedwithin thirty hoursafterit is
taken.If a sampledoesnot arrive at the lab within this
time periodit will not betested.To help avoidthis, make
sureall samplesaresentin ontime, preferablyat the first
of the week.Always obtaina receiptfrom the postmaster
aspartof thechainof custody.

REeTAKES AND VIOLATIONS

Anytime a Bac T sampleresultcomesbackpositive,
indicating the presenceof coliform, retakesamples
mustbetaken.Threeretakesareusuallyrequired One
mustbe takenat the site of the positive sample.The
otherretakesareupstreananddownstreanof thesite
(within five serviceconnections.Theseretakesmust
betakenwithin 24 hoursof receiptof positiveresults.
Theymustbe identifiedas"Resample’bnthesample
form. Whenretakesare neededa minimum of five
samples will be required for ttiellowing month.

Whenretakesomebackpositive, thesystems usually
in violation of the SDWA standardgunless40or more
samplesare taken then 5% of the samplescan be
positive.) If all of the positive sampleswere total
coliform, it is anon-acuteviolation. If fecal coliform
positivesoccurin eitherthe original or the retakesijt
becomesan acute violation with immediate
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notification.In eithercasehe NMED mustbenotified
within 24 hoursof any positive sampleresults.The
Watersystems responsibléor anypublic notification
thatmayberequired.

References

Office of Water Programs,California State University,
SacramentoWater TreatmentPlant Operations 4" ed. 1999,
Volume2, Chapter22.

SafeDrinking WaterAct

NMED Drinking WaterRegulations

Basic Stuby QUESTIONS

1. Whatis anindicatororganism?
2. Whatis sodiumthiosulphate?
3. Whyshouldyouflushbeforesampling?

Basic SampLE TeEST QUESTIONS

1. Which of thefollowing is anindicatororganism?
A. Giardia
B. Cryptosporidium
C. Hepatitis
D. E.Caoli

2. Which factoris usedto determinehow manyBac T
samplesnustbetaken?
A. Numberof operators
B. Typeof treatment
C. Numberof peopleserved
D. Amountof waterproduced

3. Whatis the minimum numberof Bact sample(s)
requiredeachmonth?

oCowx>
INFRYN P

ADbvANCED Stupy QUESTIONS

1. How manyretakesarerequiredfor eachpositive?

2. Which bacteriaare found only in surfacewater
supplies?

3. Whatmustbe doneon the sampleform to identify a
BacT sampleis from awell andis nota compliance
sample?

4. How soonmustNMED be notified that a bacterial
MCL hasbeenexceeded?

ADpVANCED SamPLE TEST QUESTIONS

1. Howmanysamplesnustbetakenbeforetwo positive
resultsDO NOT resultin anMCL violation?
A. 10
B. 20
C. 40
D. 80

2. A samplemustbetestedwithin how manyhours?
A. 24
B. 30
C. 48
D. 60

3. Anytimethe MCL is exceeded arfdcalcoliform
positiveresultscamebackfrom anyof thesamples.
A. Thisis anacuteviolation
B. Thisis anonacuteviolation
C. Thereis no notificationrequired
D. Only written notificationis required

4. If retakesrerequiredhismonth whatis theminimum
numberof samplegequirednextmonth?
A. 5
B. 10
C. 15
D. 20
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CHAPTER 5: DISINFECTION

TypPeEsoF DISINFECTION

The procesof killing pathogenidacteriain the drinking
watersupplyis knownasdisinfection. Disinfectionis the
final stepin the treatmentprocessand is hecessaryto
provide a "bacteriologicallysafe" drinking water for the
public. Disinfectionis now requiredfor all public water
suppliesChlorinationis themostcommonmeanf killing

diseasecausingobacteriain watersupplies.

While chlorineis usedprimarily for disinfectionin water

treatmentjt alsohasotherusesin the treatmentprocess.

Chlorinecanbeusedto removeiron andmanganesesome
kinds of tastesandodors,andsomedissolvedgasessuch
asAmmonia(NH ) andHydrogensulfide (H S). Theuse

of chlorinein thesseinstanceSJsuallyoccurszearlyin the
treatmentprocess Pretreatmentof raw water by pre-
chlorinatingusedto be a fairly commonpracticeuntil the
mid-1970's. Concerngverdisinfectionby-products such
as TriHaloMethanegTHM's) and halo aceticacids,have
almosteliminatedthe practiceof pre-chlorinationin the
United States.The removalof tasteand odorsfrom raw
water is now accomplishedusing PowderedActivated
Carbon(PAC) or oxidizing agentotherthanchlorine that
do not resultin chlorinatedby-products.The growing
concermregardingheuseof chlorineasadisinfectanimay
eventuallymeana changeto oneof theseotheroxidizing
agentsastheprimarymeanf disinfectionat sometiméan
thefuture.

CHLORINATION

Chlorineis the mostwidely useddisinfectantbecausét is
readily available,easily applied,and cheaperthan other

disinfectant.Dry chlorine is 2-3 times more expensive,
perpoundof chlorine,thanchlorinegas.

CHLORINE BLEACH

Chlorinebleachis aliquid solutionof sodiumhypochlorite
(NaOCl). Bleachis usually 3 - 12% available chlorine
and88 - 97%water. Bleachis the mostexpensivdorm of
chlorineandis normally usedfor disinfectingsmallwells
andwaterlines. It is sometimesisedor supplydisinfection
in very smallwatersystems.

CHLORINE TREATMENT TERMS

Severaltermsare usedto identify the variousstagesand
reactionghatoccurwhenchlorineis usedasadisinfectant.

Thebasicunit of measuremerior chlorination,or anyother
chemicaltreatmentis milligrams per liter (mg/l) or parts
per million (ppm). Theseare very small units reflecting
concentrationthatareessentiallyponepartchemicafor every
million partsof water. To get someideaof how smalla
concentratiotthisreallyis, it shouldbepointedoutthat1%
is equalto 10,000mg/l or ppm.

CHLORINE DosAaGE

Thechlorinedosagés theamountof chlorinethatis added
to the water.The dosagecan be determinedfrom the
numberof poundsof chlorine usedand the number of
millions of poundsof watertreated.

CHLorINE DEMAND

Chlorineis a very reactiveoxidizing agent.It will react
with a certainsubstancethatmaybefoundin water. This
list includes;iron, manganesehydrogensulfide, organic

oxidizing agentssuch as potassiumpermanganate compoundsandammonia.Whenchlorinereactswith these

(KMnQ,), chlorine dioxide (CIO,),UV disinfection, or
ozone (O,). Chlorine is applied in one of three forms;

substancesit losesit disinfecting properties.This is
referredto as the chlorine demand.For chlorine to be

chlorine gas, chlorine powder (HTH), or an aqueous effectiveasadisinfectantthe dosagemustalwaysexceed

solutionlike chlorinebleach.

CHiorINE Gas

Chlorine gagCl,) is compressethto aliquid for storage.
It canbe purchasedn cylinderscontaining150 or 2000
poundsof the liquefied gas. Chlorine gasis cheaperper
poundthaneitherof the otherforms.

CHLORINE POWDER

Chlorinein its dry formis calciumhypochloritefCa(OCl),].
It is alsomostcommonlyknown by the tradenameHTH
(High TestHypochlorite).Only about65 - 70%of theHTH
is availableaschlorine. Therestis calcium,whichis nota

the demandthat is presentin the water.The chlorine
demandmayvaryfrom dayto dayin asurfacevatersupply.
It is usuallyfairly constanin a groundwatersupply.

CHLORINE RESIDUAL
Thechlorinethatremainsn thewater afterit hadinishedreacting
with thosesubstancehatrepresenthedemandis knownasthe
chlorineresidual. Theconcentrationf theresiduals determined
by subtractinghedemandromthedosage.
EXAMPLE: A 4.0mg/ldosages addedo waterthat
hasa demandf 2.5mg/l.
Whatis theresidual?
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Dosage - Demand = Residual
or

41mg/ll - 25mg/l = 1.5mg/l Residual

There are two types of residualsthat result from the

chlorinationof water. Theyarefree chlorineresidualand

combinedchlorineresidual.

FreeChlorineResidual
After the demandhasbeensatisfied,any chlorine thatis
left will reactwith waterto from hydrochloricacid and
hyochlorousacid.

Cl,+ H,O> HCl + HOCI

The hypochlorousacid is the disinfectingagentand the
presenceof the hypochlorouson (OC1I) is measuredo
obtainthefree chlorineresidual.

CombinedChlorineResidual
Chlorinereactswith waterto form hypochlorousacid. If
ammoniais presentthe hypochlorousacidwill reactwith
it to form compoundknownaschloramines.

HOC1 + NH, > NH,CI + H,0O

Chloraminesarefoundin threeforms. Theymay contain
from one (NH,CI) up to three (NCI,) atomsof chlorine.
The chemistryof the waterand concentratiorof chlorine
will dictate which of the chloraminesare formed.
Chloraminesare weak disinfectantsThey requirelonger
contacttimes and higher concentrationsto achieve
disinfectionthanfree chlorineresidual. However theydo
not breakdownas quickly asfree chlorineandremainin
thesystemlonger.

DisINFECTION REQUIREMENTS

Two factors must be taken into considerationwhen
disinfecting drinking water. First, enoughchlorine must
be addedto reacha predeterminecconcentrationin the
water. Thenthe bacteriamust comein contactwith the
solutionfor a certainperiodof time. Thisis referredto as
achievingthe properresidualand contacttime. Killing
pathogenicbacteriarequiresa minimum of 0.2-0.4
milligrams per liter (mg/l) of free chlorineresidualanda
contactimeof 20minutes.Thecontactime canbereduced
if the residual is increased.Viruses, Giardia, and
Cryptosporidiumare harderto destroythan the other
waterbornediseasesFreeresidualsof 1.5-2.0 mg/l and
muchlongercontactimesmayberequiredto destroythese
organisms.

EFFeECTs oF TEMPERATURE AND PH
Changesn temperatureand pH of the watercanreduce
the effectivenesf chlorine. Coldertemperatureslow

down reactiontimes requiring higher concentrationsand
longercontactimesto achieveproperdisinfection. A high
pH impedesthe formation of the hypochlorousacid and
requiresa higherdosageo obtainthe properresidual.

BRreAKPOINT CHLORINATION

Whenchlorineis addedo waterthatcontaingnoammonia,
theresiduatthatis obtainedwill befreeavailablechlorine.
If ammonia is presengndthe demand haseen satisfied,
someof the free chlorinewill reactwith the ammoniato
form chloraminer combinedchlorineresidual. As more
chlorineis added,t will breakdowrthe chloramineghat
havebeenformedandthe combinedresidualwill beginto
drop. A pointwill bereachedvheretheresidualwill begin
to rise againafter all of the chloraminesthat canbe, are
destroyed.Theremay be somecombinedresidualleft in
the water at this point. From this point, any additional
chlorine dosagewill resultin the formation of only free
chlorineresidual. This is knownasthe "breakpoint”. All
water systemsthat chlorinate their water will, in fact,
practice breakpointchlorination. They will add enough
chlorineto the waterto achievea free chlorineresidualof
atleast0.2-0.5mg/I.

TheBreakpointCurveshownbelowillustratesheformation
and destructionof chloraminesbefore free residualsare
achieved. Evergystem'sbreakpoint willvary depending
on the chemicalmakeupand chlorine demandof the raw
water.

PPM 2
CHLORINE
RESIDUAL

PPM CHLORINE ADDED

Figure 5.1- BreakpointCurve

As chlorineis addedo thewater,it reactavith theammonia
thatis presenaindacombinedesiduareadings obtained.

TrackingtheBreakpointCurveillustratedin Figure5.1:

A"A" - In this case asthedosagéncreaseso about2ppm
(mg/l) the combinedresidual drops becausethe
chloraminesarebeingdestroyed.
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A"B" - When the dosagereaches3ppm (mg/l), the
breakpointoccursand first free chlorine residualis
obtained.Once the breakpointhas beenreached,the
freeresidualill increasatthesamerateasthedosage.

A"C" - Theremaystill be somecombinedresidualin the
watereventhoughthe breakpointhasbeenreachedput
it will remainatthis minimumlevelaslongasthedosage
is greatetthat3 ppm(mg/l).

A commoncomplaintreceivedby manyoperatords that
the water hasa "chlorine odor.” Theseodorsare almost
alwayscausedoy chloraminesn the waterratherthana
freechlorineresidual. Understandinghebreakpointcurve
may help solve this problem.

Theinitial reactionto thistypeof call maybeto reducehe

chlorine dosageto reducethe odors. This is actually the

last thing that you would want to do. First, the problem
mayberemediedoy simply flushingtheline in theareaof

thecomplaint. Theodorsareusuallyaresultof stalewater
sitting in the lines. The free chlorine that was originally

presentmay have broken back down into chloramines.
Flushingwill removethestalewaterandtheodorproblem,
until thewatergetsstaleagain. If flushingdoesn'tcorrect
theproblem,look atthe breakpointcurvebeforeadjusting
thechlorinefeedrate.

If the currentconditionsplaceus on the left side of the
breakpointthereis no free residualpresent.This canbe
confirmedwith aresidualtest. Thatmeanghewateris on
the "B" portion of the curve.Decreasingthe chlorine
dosagewill resultin movingfurtherto theleft onthecurve
into the"A" portion. Herethe chlormineconcentratioris
evenhigherandthe odorsmay becomeworseinsteadof
better.If the dosages increasedo the point wherefree
chlorine residualsare presentagain, the amount of
chloraminegandtheir odors)will bekeptto aminimum.

TesTING ForR CHLORINE RESIDUALS

Therearethreemethodghatareusedo testwaterfor chlorine
residual. Two of them arefield tests. The OrthoTolidine-
Arsenite(OTA) testwastheindustrystandardintil themid -
1970's. The problemwith the OTA testwasthat iron and
nitritesin thewaterwould interferewith thetest. In addition,
OTA wasfoundto bea carcinogenlt is no longerusedfor
chlorine residual testing today. Instead, the Diethyl-p-
PhenyleneDiemine (DPD) testis usedfor field work. It is

similar to OTA testbut is not known asthe amperometric

titrationmethod.It isnormallyrunin alaboratory.

TheDPDtestis a colormetricanalysis. Thereagents added
toavial of samplewater. Anothervial of samplevaterserves
asa"blank." If chlorineis presenthesamplewill turnpinkor

red. Thevial is placedin front of the "color wheel"andthe
samples comparedo the colorwheelandblank. Thereare
two chemicalpacketdor the DPD test. Oneis usedfor free
chlorine and the otheris usedfor total chlorine residual.
Subtractinghe freeresiduaffrom thetotal residualwill give
youthecombinedesidual.

GENERAL CHLORINE SAFETY

Chlorineis a greenishyellow gas.lt is 2.5 times heavier
than air. Chlorine gas is very corrosive.lt turns into
hydrochloricacidwhenit comesin contactwith moisture
(in thewater,in thechlorinelines,or in youreyesor lungs).
It doessupportcombustion It canbeharmfulif inhaledin
small quantitiesandfatal in largerdoses. The following
tableliststheeffectsof chlorinegasin variousconcentrations
in the atmosphereBecauseof the potentialfor injury to
workersandthegenerapublicfrom chlorinegasaccidents,
safetymustalwaysbethefirst considerationvhenhandling
chlorine.

Table 5.1- Chlorine Symptoms

SYMPTOM CONCENTRATION
Noticeable odor 0.2 ppm
Irritation after several hours 1.0 ppm
Irritation of throat after a few minutes 15 ppm
Immediate coughing 30 ppm
Dangerous after 30 minute exposure 50 ppm

Lethal in minutes 1000 ppm

CHORINATOR RoOM
Thechlorinatorroomshouldhaveawindowin thedoorso
thatthe operatotin theroomcanbe seerfrom theoutside.
Thelight andventswitchesshouldalsobelocatedoutside
theroom. Theroomshouldhaveventilationlocatedatfloor
level sincechlorinegasis heavierthanair andwill settlein
thelowestspotin theroom.

Theroomshouldbekeptbetweer6(®F and120F. Below
60 F, chlorine gasforms chlorine hydrate,alsoknown as
"greenice,” whenit comesin contactwith water. This
greenice canclog the injector and gaspiping, creatinga
seriougmaintenanceroblem.

Whenachlorinecylinderis full andatroomtemperaturei
is about85%full of liquefiedchlorine. Asthetemperature
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rises,the liquid expandsandtakesup more spacein the
cylinder. At 157 F theliquid will expando occupyl100%
of thecylinder. If theliquid expandsanyfurtherthecylinder
will rupture causingamassivechlorineleak.

NEVER entera chlorine facility without ventilating for

severaminutesfirst. TheNationalFire Codenowrequires
thatnewgaschlorinefacilitiesbeequippedvith ascrubber
systemthatwill removechlorinegasthat may be present
in the ventilation exhaust. Thesesystemsmust have a

backuppowersupplyto keepthe scrubberrunningin the
eventof apowerfailure. Checkwith local Fire authorities
beforenew chlorinefacilities are built to makesurethey
will bein compliance.

CHLORINE STORAGE

The room where chlorine cylindersor HTH drums are
stored must be kept dry and well ventilated.Chlorine
should always be storedin a room separatgrom other
chemicals.Chlorine cylindersthat are empty should be
separatedrom thosethat are full. Whennot in use,all
cylindersshouldbe chainedo thewall.

CHLORINE CYLINDERS

NEVER removethe valve hoodfrom a chlorine cylinder
unlesst is chainedo the scalesandreadyto be putonthe
system.All cylindersshouldbe chainedto thewall or the
scaleainlesgheyarebeingmoved. Emergencyepairkits
areavailablethat canbe usedto sealleaksin the broken
valvesor leakingcylinders.Every systemthat operatesa
gaschlorine systemshouldhavean emergencyit or be
ableto getaccesgo oneonvery shortnotice.

To preventthecylinderfrom rupturingwhenit getstoohot,

everygascylinderwill havea"fusible plug" thatis designed
to meltat 157 F. Thereis onein the valve assemblyof

Ton Tank Valve

100 and 150 b Cylinder Valve

every150 Ib. cylinder andsix (threeon eachend)in the
body of very 1-ton cylinder. As oneof thesefusible plugs
melts, it will allow the releaseof chlorine gasfrom the
cylinder. This still represents seriousproblem, but the
releasewill be more gradualthanit would if the tank
ruptured.

HTH HanDLING SAFETY

Powderedchlorine shouldbe storedin a cool dry place
separatérom otherchemicals.HTH mustneverbeallowed
to comein contactwith petroleumproductsor organic
solvents.If this happensit will explodeviolently! Thisis
alsotruefor theotherformsof chlorine,butis morelikely
to occurduring the handlingof HTH. Caremustalsobe
takento avoid contactwith the eyesor bareskin.

RESPIRATORY PROTECTION

Anyoneinvolvedin handlingchlorineshouldhaveaccess
to respiratoryprotectionequipment.Chlorine gasforms

hydrochloricacid whenit getsin the eyesor lungs. This

canresultin seriousinjury or deathdependingon the

concentratiorand exposuretime. The damagecausedby

exposurego chlorinegasis cumulative.Severalincidents
involving minor exposurecancontributeto serioushealth

problemsat sometimen thefuture.

Therearetwo basictypesof respiratoryprotection.Oneis

the gasmaskthatusesa filtering deviceto removechlorine.
Thesareeitherafull -facemaskor amouth/noséyperespirator.
The othertype of respiratoris the selfcontainedbreathing
apparatu$SCBA). TheSCBAunitis full-facemaskwith an

airtankto providetheoperatomwith freshair to breathevhen
in hazardousatmospheresBoth of thesedevicesmay be
renderedneffectiveif thewearehasfacial hairthatinterferes
with the faceto-maskseal.

GagViasks

The gasmaskis designedo allow
the operatortime to escapethe
chlorineroomwhena leak occurs.

J ] Stem

Packing Gland Nut
Packing Gland

j———-5tardad 34" Pipe Thread

Figure 5.2- Chlorine Cylinder Valve

THESEDEVICESAREINTENDED FOR
ESCAPEPURPOSESNLY! A GAS
CANISTERMASK MUST NEVERBE
USED TO ENTERANY AREAWHERE
CHLORINEGASIS PRESENT!If the
releasef chlorinedropstheoxygen
concentrationbelow 12%, it is
impossibleto surviveevenif all the
chlorineisfilteredout. If anoperator
is wearinga canistermaskhe must
still leavetheareammediatelyupon
detectiorof achlorineleak. Thegas
canistershouldoechangeaverysix
monthsor anytime it hasbeen
exposedo chlorinegas.
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Self-ContainedBreathingApparatugSCBA)

The SCBA unit mustbe usedwhenworkingin a chlorine
gasatmospherelt hasan air tank that allows the wearer
to breatheuncontaminatedir while attemptingto correct
achlorineleaksituation. TheSCBAtankwill holdenough
air for approximately30 minutes,dependingon working

conditions.Whenthe air pressuradropsto a point where
thereis aboutfive minutesof air remainingn thetank(500
psi),analarmwill ringto signaltheoperatothatit is timeto

exit the areaandchangetanks.

CHLORINATION  EQUIPMENT
Therearetwo waysto feedchlorineinto thewatersystem.
Gas chlorination uses liquefied chlorine gas.
Hypochlorinationusesa positive displacemenpump to
feedasolutionof dissolvedHTH or bleachinto thesystem.
Many smallersystemswill usea hypochlorinatiorsystem
becausethe equipmentcost is lower. The solution of
dissolvedHTH or bleachis much
easiernto handleandpresentdess
of a risk comparedto a gas
system. Gas chlorinating is used
wherethe systemrequireslarger
dosage=f chlorine than can be
delivered by hypochlorination.
Thoughcapitalcostsarehigherfor
gas chlorination, the chemical
costsaresignificantly lower than
whenHTH or bleachis used.

6 Fuble F e -0
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GAs CHLORINATION
A gaschlorine systemconsistsof

oneor moregascylindersconnectedo gaschlorinator. The
gaschlorinatorconsist®of a pressurgegulatingvalve,afeed

Townet Sevwen

\ e
Vent um_'J-

Chlerineder
—

Eimy by Watsr

Swpply Valve

Eeltef Vabe \ Safution
Lam

In ewh ol

rateindicator aflow regulatingdevicg(aV-notchplugor needle
valve), and an injector or ejector. The chlorine pressure
regulatingvalve (CPRV)opensvhenavacuumis createdy
theinjectorandmaintainsa constanhegativepressurénside
thechlorinator. Thefeedrateindicatorconsistof aball floating
insideaglasgube. Thefeedrateisindicatedontheglassube
andis readin "poundsperday." Thefeedrateshouldberead
atthewidestpointof theball or bead. Thefeedrateis controlled
usingthe needlevalve or V-notchplug. Waterflowing past
theinjectorcreateavacuunthatdrawshegasntothesystem.

Themaximumfeedratefor gasdrawnfroma150Ib. Cylinder
is 40 pounds/day.The maximumgasfeedrate for a 1-ton
cylinderis 400 pounds/day If thesdfeedratesareexceeded,
thetankswill frost overbecauséneatcan'tpassthroughthe
tanksasfastasit is usedto evaporatehe chlorinefrom a
liquid toagas. Thiscanalsooccurin situationsvhereseveral
tanksaremanifoldedo thechlorinator. If oneof thecylinder
valvesis partially closedthe othertanksmaytry to feedtoo

Figure 5.4- CrossSectionof a 1-ton Cylinder

muchgasandfrostover. Whenthis happenscheckthetank
thatisn'tfrostedfor aclosedvalveor pluggedigtail line. Ton
cylindersare sometimesset
up to feed liquefied gas.
These systemsuse an
evaporatorto changethe

Manife bl liquid to a gasbeforeit goes
/ biakivion Vil to the chlorinator. Thereis
p g no limit to how muchliquid

chlorinecanberemovedrom
a cylinder sincethe heatfor
evaporatioris suppliecby an
outside source. NEVER
manifold cylinders together
when feeding liquefied
chlorine to an evaporator.
Expansiontanks equipped
with rupturedisksareusedo
protectall liquid feedpiping.
Theseorovideprotectiorfrom
expansionof liquefied gas

Pl e s Cumnnson

Corlinades Vidwu
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) that may becomeisolated ) in
Figure 5.3- GasChlorine Installation (150Lb. Cylinders) theline.
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mayneedto dilute thesolutionfurther,sincethelow flows
mayrequirefeedratesoolow for mostfeedpumpsDilution
of 5.25%bleachmaybe easierthanHTH solutions.

HYPOCHLORINATION SYsTEMS
A typicalhypochlorinatiorsystenwill consisif:

The chemical feed pump
consistof a diaphragmdriven
Table 5.2 - TroubleshootingGasChlorinators pumpchamberandtwo check
valves. Thecheckvalves,that
provide the oneway flow
through the pump, can get
cloggedwith lime deposits.
Low Feed Rate and High Vacuum Clogged Gas Fead Line This occursbecausehe HTH
Clased Cvlindes Valve thatis addedo thesolutiontank
Empty Cylinder is 30-35% lime. The strainer
onthepumpsuctionline should
Feed Rare Jumps Clogged Flow Controller Needle Valve|  belocatedseverainchesabove
the bottomof the solutiontank
Feed Rate Won't “Zer’ Diety Flow Indicutor Rotamete to preventlime and grit from
beingdrawninto thepumpand
fouling thecheckvalves.

Svimptom Probable Canse

Low Feed Rare and Low Vacuum Clogeed Injector/Ejector

Chlorine Gas ar Vent Dirty Pressure Regulating Valve

No Viacunmn Na Supply Waer

Afrruaier T o If the checkvalvesgetfouled,
actum | enk

the pumpwill not pump any
solution. Flushingtheline with
cleanwateror a weakacid, like vinegar,may alsocorrect
the problem. In severecasesthe valves may haveto be
disassembledndcleaned.Always makesurethe pumpis
primedbeforeputtingit backinto service.lt mayalsobe
advantageouto locatethe pumpso thatit hasa positive
suctionhead.

- A solutiontankholdingbleachor anHTH solution.
- A chemicafeedpump,usuallyadiaphragmtypepump.
- Ateeintothewell line asthepointof application.

Thesolutiontankshouldhold atleasta oneday supplyof

chlorine solution. If the solution is bleach, it will have EMERGENCY RESPONSE PROCEDURES
betweens.25%and 12% availablechlorine (1/3to 1 Ib./ Whenchlorinesystemsrelocatedn areasvhereachlorine
gallon respectively).If HTH is used,add 1.5 poundsof releasemightendangethegenerapublic,thewatersystem
HTH pergallonof waterto achievea 1.0-b./gallonchlorine is responsiblefor developingan emergencyresponse
solution.Usingbreakpointhlorination,adjustthestrokeon Program.

the pumpto achievethe desireddosage Small systems
The following stepsshould be

followed when a leak poses
immediatedangerto employees

Chemical Manual Vil Prsiomatic orthepublic: ) i
Sulution Pusp Smingy Tank 1.Evacuate, in an upwind
1 e — direction,to highground.
A 2.0Onceevacuatioris complete,
/ notify emergencynedicalunits
— of casualties and begin
e gdministering:irstAid tothe
/ ‘\" 5}.& injured.
‘ \ 3. Notify local fire and police
a R —— departments.Include the
Check Valve Teo / following information:
Spushlayie * Dastribution a.Natureof the accident
abutivn Sands Fram Well b.Approximate amount of
mm "

| . . chlorinethatmaybereleased
Figure 5.6- Typical Hyochlorination Systen
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c. Location of chlorine
facility
d. Currentwinddirection
4. Notify CountyandStatehealth
agencies.

ULTRAVIOLE T LIGHT

Table 5.3- Componentf an Emergency Response Plan

COMPONENTS OF AN EMERGENCY RESPONSE PLAN
* Containment and repair of the leak

* Notification of other emergency preparedness agencies

BACKGROUND *
Oneof the numeroudorms of energy
is electromagnetic Electromagnetic |
energytravelsin wave forms and is

Evacuation plans for the general public

Medical evacuation for casualties

foundin a wide rangeof frequencies
all thewayfromradiowaveso X-rays
andincludesvisible light. Electromagnetienergyis divided
into bandsbasedon frequency.One of thesebandsis the
ultravioletband.Thisis abandof light thatrangegrom 200
to 390 nm (nanometers)Bacteria, when exposedto
electromagneticenergy at approximately260 nm are
preventedfrom multiplying and thus die off. A mercury
vaporlight will produceanultravioletwaveat254nmand
hasbeenfoundto be very effectivein the destructionof
bacteriaandviruses.

Not EFFecTive WiTH GIARDIA

Ultraviolet has not beenfound to be effective in the
destructionof Giardia cyst becauset cannotpenetrate
thehardwall of the cyst.

UsING ULTRAVIOLET LIGHT

Ultravioletlight is notselective.Thatis, it will kill all bacteria
in its path,providing thatthe wateris clean(lessthan15
ntu), free of color, the waterdepthis no morethanthree
inchesandanappropriateamountof energyis applied UV
leavesoresidualthusrequiringtheadditionof chlorineor
someotherdisinfectantin orderto maintaina residualin
the system.Typically, in drinking

watersystemsUV is moreexpensive

thanchlorine.

UV EoquipmENT

A UV deviceis fairly simple,it is a
stainlesssteel cylinder, housinga
mercuryvaporlight. Wateris passed
thoughthecylinderandthusexposed
to the light. Slime can build up on
thetubeandreduceheeffectiveness
of thedevice.Many of thesedevices
havewipersfor removingtheslime.
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Basic Struby QUESTIONS

1.

2.

3.

4,

Whatis meantby disinfection?

Whataresomeof the usesfor chlorineotherthan
disinfection?

Whatis afreechlorineresidual?

Whataretrihalomethanes?

Basic SampLE TEST QUESTIONS

1.

Locatechlorineleakswith:
Bleach

Ammonia
Hydrochloricacid
Water

cow»

Chlorinegasis 2.5timesheavierthanair.
A. True
B. False

Chloraminesire:

A. Formedwhenchlorinereactswith ammonia.
B. Weakerdisinfectantshanfree chlorine.

C. Responsibléor mostchlorineodorcomplaints.
D. All oftheabove

If asinglechlorinecylinderfreezeswhatis wrong?
A. Valve is too far open

B. Vacuumistoohigh

C. FeedRateistoohigh

SodiumHypochloriteis whatis foundin whichtype
of chlorine?

A. Bleach
B. HTH
C. Gas

ApvaNceD Stuby QUESTIONS

1.

Whattwo acidsareformedwhenchlorinereacts
with water?

Why shouldchlorineroomsbekeptbelow120F?

Whatis themaximumgasfeedratefor a 150lb.
cylinder?

How shouldyouhandlechlorineodorcomplaints?

Whatadditionalpiecesof equipmentvill beneeded
to feedliquefiedchlorinegasfrom atoncylinder?

ADVANCED SAMPLE TEST QUESTIONS

1.

5-9

Breakpointchlorination

A.
B.
C.
D. All of theabove

Resultsn afreechlorineresidual
Occurswhena 0.5 ppmdosagencreaseaaises
thefreeresidualby 0.5ppm

Very seldomcausehlorineodorcomplaints

Chloramines

A.
B.
C.

D.

Are a weakdisinfectant.

Are formedwhenchlorinereactswith ammonia.
Are usuallyresponsibldor mostchlorineodor
complaints.

All of theabove.

If gasis ventingfrom therelief valveonachlorinator
whereshouldyoulook for theproblem?

OCow>»

Theinjector

Therateof flow controlvalve
The rotameter
Thepressureegulatingvalve

Whentwo ton cylindersarefeedinggasandoneof

th
A.
B.

C.
D.

emis frosted,whatmightbetheproblem?
Thefeedrateis too high
Theline onthefrostedtankis clogged
Thevalveontheunfrostedank
Theinjectoris clogged

Thereis low vacuumon the systemandtheflow rate

is

low when the rate valve is wide open, what is the

problem?

A.
B.

C.
D.

Thefeedrateis too high
Theinjectoris clogged
Thereis acloggedfeedline
The rotameter islogged
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CHAPTER 6: FLUORIDATION

Fluoride hasbeenaddedto many water systemsaround
thecountryfor thepast40yearslt is usedto preventooth
decay.Fluoride makesthe enamelof the teethharderand
moreresistanto the bacterialenzymesandacidsthatcan
damageheenamehndresultin cavities.Theproblemwith

fluorideis thatit alsocauseshe otherbonesof thebodyto

becomeharderand more brittle. This cancausea higher
thannormalnumberof brokenbonesin olderindividuals
thatdrink waterwith anexcessivamounif fluoride. This
is why fluoride is a Primarylnorganiccontaminanandis

regulatedby the SafeDrinking WaterAct. The MCL for

fluorideis two-tiered.Natificationis requiredat 2 mg/l and
aviolation occurswhenthelevel exceed<lt mg/l.

Fluoridecanbenaturallyoccurringin agroundwatesystem.
If concentrationexceedhe SDWAMCL, the systemwill
haveto notify thepubliceverymonththatthestandardas
beerexceededin systemsvith ahighfluoride concentration,
peoplewill tendto developgray or mottled teeth. The
optimumrangefor fluoride concentratiors consideredo
be between0.8-1.2 mg/l. The rangeis basedon average
ambieniair temperaturedigherannuabverageemperatures
requirelowerdosagessincepeopledrink morewaterwhen
it's hot.

FLUORIDE FEED SYSTEMS

Fluorideis commerciallyavailablein severaforms.It can
be purchasedn a dry form as sodiumfluoride (NaF) or
sodiumsilicofluoride(Na,SiF,). It is alsoavailableasaliquid.
Theliquid form of fluorideis availableashydrofluorosilicic
acid (H,SiF,) This chemicalis also sometimescalled
fluosilicic acidandhydrofluosilicicacid.
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Fluoride is normally fed into the systemas a solution,
althoughdry chemicalfeederscanbe usedin very large
systemsHydrofluorosilicic acid is more commonlyused
for liquid feedsystemsPaositivedisplacementiaphragm
meteringpumps Jike thoseusedfor hypochlorinatiorsites,
areusedto feedthefluoride into the system.Thesepumps
aresubjecto thesameypesof operationaproblemsThese
issuesrecoveredn theMechanicaBystem©&M chapter.

SoDIUM FLUORIDE SATURATORS

Small systemghatusesodiumfluoride will probably
dissolveit andfeedthesolutionwith ameteringoump.
Theequipmenusedo dissolvehedry chemicals called
asaturata At saturatio thefluoride strengh wil | remain
constantWaterqualitywill impacttheactualsaturation
concentrationHardwatercancreatescalingoroblemsas
calciumandmagnesiunfluoridesprecipitateoutasscale.
Waterwith over10mg/l of hardnessancreatescaling
problemsWatersoftenersnustbeusedupstreamin most
casesto preventthesescaledeposits.
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Figure 6.1- Fluoride FeedSystems
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Figure 6.2- SodiumFluoride Saturator

MonNIToRING FLUORIDE CONCENTRATIONS

A systenthataddsfluoride musttakecarenotto overdose
andexceedhe SDWAMCL. Althoughahigh concentration
for a shortdurationwill not causeany immediatehealth

risks to customersa violation of the SDWA will require

publicnotification. Thiscanleadto apublicrelationgproblem

thatcouldhavebeenmavoidedwith morecarefulmonitoring.

Thisis particularlyimportantin systemshathavenaturally

occurringfluoridein therawwater.Systemshataddfluoride

shouldmonitorthe concentratiorin the systemon a daily
basis.
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Basic Srupy QUESTIONS
1. Whyisfluoride addedo drinkingwater?
2. Which chemicalscanbe usedassourcesf fluoride?

Basic SampLE TEST QUESTIONS
1. Whatistheoptimumconcentratiorf fluoridein
water?
A. 0.20.4mg/l
B. 0.81.2mgl/l
C. 2.04.0mgl/l
D. 8.012.0mgl/l

2. Whatfactoris usedto determinghe optimumdosage
of fluoride?

Air temperature

Water temperature

Fluoridesolutiontemperature.

pH

cow>

ADVANCED StupY QUESTIONS

1. Whattypeof equipmentvould beusedto feedliquid
fluoride?

2. Why s fluoride anlnorganicPrimaryContaminant?

ADVANCED SampLE TEST QUESTIONS

1. Liquid fluorideis deliveredas:
A. SodiumFluoride
B. Hydrofluorosilicicacid
C. SodiumsSilicofluoride

2. If asystemaddsfluoride,fluoridetestingshould
occur:
A. Daily
B. Weekly
C. Yearly
D. Everythreeyears
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CHAPTER 7: DISTRIBUTION

PiPED SysTEM

A piped systemcan vary from simple to extremely
complicated.Most piped systemshave the samebasic
componentspipes valves fire hydrantsserviceconnections
and reservoirs.Piped systemsmay also have pumping
stations.The following is a descriptionof the various
componentshatcouldbefoundin apipedsystenexcluding

pumping.

MaiN LINE PiPING M ATERIALS

Gray CasT IroN Pire (GCIP or CIP)

: ,
Gray castiron pipe usedin the waterworksindustry is
manufacturedo meetAWWA! standardC-106. This is
someof the oldestpiping materialin usetoday.Over 200
citiesin theUS havepipeinstalledthathasbeenin usefor
over100years.Graycastiron pipewasfirst manufactured
usingaprocessalledpit castingln this procesgshemolten
iron waspouredinto amold andallowedto cool.In 1925a
proces<alledspin castingvasdeveloped. Inhis process
molteniron is injectedinto aspinningmold. Theresultis a
pipeof consistentiameterandwall thickness.

DucTtiLe CasT Iron Pipe (DCIP or DIP)

Ductile castiron is not analloy. It is formedby injecting

magnesiuninto moltencastiron. The treatmentchanges
thecarbonstructureof castiron from aflake to aspherical
shapeThisalterationresultsin amaterialof high strength.
It canwithstandhighimpacts pothinternallyandexternally,

it hasgreatbeamstrengthiwon'tbreakeasily),andis much

betterin resistingcorrosionthangraycastiron.

Table 7-1 - PipeTypes

ABBREVIATIONS FOR WATER PIPES

Cast Iron Pipe (CIP or GLCIP)

Ductile Iron Pipe (DIP pr DCIP)

Steel Pipe (ST)

Asbestos-Cement Pipe (AC)

Concrete Cylinder Pipe (CCP)
Reinforced Concrete Pipe (RCP)
Polyvinyl Chloride Pipe (PVC)

High Density Polyethylene Pipe (HDPE)

Manufacturing Process

Ductile castiron pipeis commonlymanufacturedisingthe
spincastsystemjn whichmoltencastironis injectedinto a
spinningmold. Themold maybeeithermetalor sandined.

Size

DCIP pipeis availablein sizesrangingfrom 3" to 54" and
comesin 18'and20'lengths.The hydrauliccapabilitiesand
corrosiorresistancef thepipeareenhancetby lining it with
a thin coatingof cementmortar.Undertheseconditionsthe
HazemandWilliams"C" Factor?for thepipeis 140.

Joints & Fittings

Ductile castiron pipeis commonlyconnectedising
mechanicaljoints® (M.J.), flangesor the various
commonrubberring pushonjoints[seeFigure- 7.2].
Fittingsusedarecommonlymadeof grayor ductile cast
iron and use M.J. or hybints [see Figure 7.3].
Servicetapsaremadeby directly tappingtheline or
usingservicesaddles.

— W

EC

Figure 7.1- DIP on Truck

N

1 AWWA - AmericanWaterWorksAssociation An associatiomf waterworkspersonnelequipmenmanufacturerssuppliers,

andengineers.

2 "C' Factor - Thefactorusedin theHazenandWilliams equatiorfor determiningheadloss The"C" Factoris arepresentationf
thehydraulicroughnes®f the pipe. Thelargerthe numberthesmoothetthe pipeis hydraulically.

¥ Mechanical Joint - A joint usedon castiron valves fittings, fire hydrantsandcastiron pipe. Thejoint consistf arubber
gasketandfollower ring thatareheldto a flangeby a row of bolts. The gasketis compressethetweerthe follower ring and

flangeseat.
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g ' Figure 7.2- RubberRing Push-

on Joint

Figure 7.3- MechanicalJoint

AsgestosCement (A.C.) PIPE

A.C. pipeis alsoreferredtoasTr ans i t
which is the trade
mark of the Johns
Manville Corporation, /
one of the first U.S.
manufacturersof the
material. The pipe is
made by sprayinga
solution of portland
cement,long fibrous

eMEI\CHINED END

A

| ROUGH BARREL I

Figure 7.4- Asbestoement(A.C.) Pipe

asbestossilica sandandwateronto a spinninganvil. The rubbermpushonringfor connectionServicdine connections
pipeis thenshapedndplacedin anautoclaveo dry.

Size

A.C. pipeis availablen sizesfrom 3" to 36" andcomesn a
standardlength of 13 feet. There are two common
dimensionsassociatedwith A.C. pipe. The outside
dimensionof the pipe itself is referredto as the "rough
barrel". The outsidedimensionwherethe couplingfits is
referredto asthe "machinedend”. To reducethe amount
of field machiningrequiredduring constructionthe
manufacturersmake short sectionsof pipe that are 3'3"
and6'6"in length.Whentheshortsectionaremanufactured
similar to the regularpipe, they are referredto as MEE
(machinedeachend). However, short sectionsare also
manufactureavith machinedenddimensionsstheoutside
diameter.This type of sectionis referredto as MOA
(MachinedOverAll).

Joints

The materialis connectediogetherusing a double bell
couplingwith arubberringin eachend.Fittingsandvalves
usedon AC pipe arecommonlymadeof castiron usinga
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may be madeby direct tappingof the line or by using
a servicesaddle.

e ACRE

Figure 7.5- AC Couplin



SreeL Pire
Steelpipeusedin thewaterworksndustryin sizesabove6

inchesis manufacturedo meetAWWA C-200 standard.

SmallerdiametedinesusedareNSF (NationalSanitation
Foundation) approved. These materials may be
manufacturedy anyoneusinga variety of meansThese
materialsfall into two categoriesmill pipe andfabricated

pipe.
Size- Mill Pipe
Steelmill pipeis availablen sizesfrom 1/8inchto 36inches

andcommonlycomesin 21 foot lengths.Two of the most
commonmill pipesusedin the waterworksindustry are

StandardWeight and ScheduledPipe. The two common
ScheduledPipesareSchedulel0 andSchedule30.1n sizes
from 1/8 inch through 10 inches, standardweight and
Schedule40 pipe are the sameOD and wall thickness.
From12inchesthrough24inchesthewall thicknessf the
standardveight pipe remainsconstantwhile the schedule
40 pipe wall thicknessincreaseswith an increasein
diameter.

int
Steelpipe is coupledby a variety of methods;threaded

couplings,welded couplings,D r e s stype chuplings,
Vi c t aaodplingsftangesandrubberring pushonjoints.

irn.

CORL-TAR
ERIMER

CORAL-TAR
FRIMER

thick)

a1 T
COA TAR

PRIMEE

WHITEWASH or
KRAFT

WRAP

Figure 7.7 - SteelPipe,dippedand wrapped

4 NSF- NationalSanitationFoundation
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PVC - PoLyvinyL CHLORIDE PiPE

PVC water pipe is madefrom unplasticizedpolyvinyl
chloride. The materialis heatedand shapedy forcing it
througha die in a processcalledextrusion Although the
materialwasintroducedinto the U.S.in the late 1940's it
only gainedwide acceptanc&om thelargerwatersystems
when a thicker walled material was developedand an
AWWA standardvasadopted.The standardhatgoverns
mostof this thick walled PVC pipeis called C-900. This
distinguished from otherPVCwaterpipethathasathinner
wall.

Thematerialis light weightandeasyto install. |t is virtually
corrosionfree and thereforehas gainedrelatively wide
acceptancasa major pipelinematerial.

< =

¥ =¥

Figure 7.8- PVC - Integral Bell & SpigotJoint

Typesé& Sizes

PVCusedor waterlinesis generallyavailablein sizesof 1/
2 inchthrough16 inch. Therearethreecommontypesof
PVCutilized; Schedulgipe,PressurgipeandClasspipe.
The primary differencebetweenthesevariouspipe types
is wall thicknessputsidediameterandburststrength.

Size & Lengths

At thetimeof printing,schedulegipewasavailablen sizes
from 1/8inchesthrough24inch, Pressurgipeis available
in sizesfrom 1.5thrul2inchandClasspipeis availablein
sizesfrom4thrul2inchesAll threetypesareavailablein
standar@0footlengthsPVCpipehasaHazerandWilliams

CEMENT MORTAR COATING

PRETENSIONED STEEL ROD

SIZED

"C" factor of 150.PVC pipeis availablein variouswall
thicknessesand outside diameters.This has resultedin
considerableonfusionaboutwhich pipe is which. In the
discussiorbelowwe offer someclarification.

Joints

PVCClassandPressur@ipecanbeconnectedisingeither
anintegralbell andspigotprocessor a doubleendedbell.
In eithercasethe gasketis arubbermaterialandthejoints
are madeby lubricating the pipe and pushingit into the
couplingor bell.

Figure 7.9- PVC Integral Bell Crosssection

ConcreTE PIPE

Concretepipe usedin the waterworksindustry is
manufactureih accordanceith AWWA standard€-301
& C-302.This piping materialis primarily usedfor large
diametelines. Severakypesof concretepressurgipeare
used.However,the mostcommontypesof concretepipe
usedare manufacturedby wrappinga wire arounda steel
cylinderandusingacementoatingto coverthesteekylinder
bothinternallyandexternally.

PrestressedConcretePipe

Concretecylinderpipeis alsoavailablein variousprestressed
forms. The prestresseipe is made similar to the
pretensionedexceptthat the wire wrap is much smaller
andundermuch highertension(up to 170,000psi). This
materialis usually usedonly on large diameterlines.
(commonly36"to 240")

Pretensioned Concrete Cylinder Pipe

CEMENT GROUT POURED IN FIELD One of the most common

concretepressurepipes is
referredto as pretensioned
O-RING RUBBER GASKET concretecylinder pipe. (A
crosssectionof this pipe is
shownbelow.)This pipestarts
from a steel cylinder. The
cylinderis wrappedvith agteel
rod thatis undertension.The

i RING

CEMENT

STEEL CYLINDER

Figure 7.10- Crosssectionof PretensionedConcreteCylinder Pipe Joint

SIZED STEEL
MORTAR POURED IN

interiorandexteriorof thepipe
is coatedwith cementmortar.
Thecements thencuredin an
autoclave.Concretecylinder
pipe is an extremelydurable
materialwith high hydraulic
capabilities.

SPIGOT RING

FIELD
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Sizesof Cylinder Pipe

Pretensionedoncretecylinderpipeis availablen sizesrom
12"to42"andin standardgection®f 32and40footlengths.

Joint Types

Thispipeis connectedby bell andspigotrubberring push

onjoints (seethedrawingon the previouspage) Oncethe
joint hasbeenconnectedhe exposedsteelmustbe coated
with concreteo protectthe steelcylinderfrom corrosion.

HDPE Pire

High DensityPolyethylendHDPE)is manufacturedising
a heatextrusion processand polyethyleneresins.The
materialis usedfor water serviceslines and main lines.
There are a wide variety of HDPE piping materials
manufacturedTheprimarymaterialusedfor drinkingwater
is manufacturedo meetASTM standardsD1248 and
AWWA C-906. The designatiorusedto identify the resin
usedto produce this piping material ASTM andthe PPI
(PlasticPipelnstitute)designatioris PE3408.

Size & lLenqths

HDPE, PE 3408is manufacturedn pressureatingsfrom
65 psito 220 psi. ThemostcommonHDPE usedin water
systemshasa pressurerating of 160 psi. HDPE pipe is
availablein sizesof 3/4inchesthroughl6inch. Sizesof 3/
4inchthroughl.5inchis availablein rolls of upto 500feet,
2inchis availablein 350foot coils. Largersizes3inchand
up,areavailablein 20and40footlengthsAll materialused
for drinking wateris manufacturedo IPS (Iron PipeSize)
outsidedimensions.The wall thicknessof the pipe will

increasavith anincreasén pipediameterThewall thickness
is selectedo maintainaratio of pipe OD divided by wall
thicknes®f 11.Thisis calledtheSDR(Standardimension
Ratio).

Joints

The most commonconnectionfor HDPE pipe is a heat
fusedweld. The pipeis commonlyconnectedisinga butt
welding process.The welding of HDPE takesspecial
equipmentandspecialtraining. Smalldiameterlessand2
inch) can be connectedusing compressiorfittings and
stainlesssteel or brassinsert fittings. There are special
stainlesssteeladapterghatallow the pipeto be connected
usingthe Victaulic type of coupling.Flangedconnections
canbemadeby weldinga buttor socketweld flangeto the
pipe. Repairscan be madeto the pipe usingtypical cast
iron couplings,providing a specialstainlesssteelinsertis
placedin thepipeto preventcollapsingof thepipe.

7-6



Figure 7.11- HDPE Heat FusedWeldedJoint



Bepbing & BackFiLLING THE PiPE

BEDDING

ExamineFigure7.12- PipeBeddingandnote
the following Right and Wrong ways of

Trench Boltom

bedding: , D 2 RIGHT »
1. Right - Backfill materialcompletely ‘:V,p,,é l.'*”’&'t- ’&:'__ ‘ ,’ ey
coverghetrenchbottom. B S e O S AR SR S S8 52 SIS I IR AT
2. Right- Couplingsarenotrestingonthe
trenchbottom.
3. Wrong- Backfill materialhasonly been
placedunderthecouplings. ~
4. Wrong- Thereis nobackfill materialand f\ 3, WRONG ! !E
Lhoit%;r)n(?ls notrestingontheoriginaltrench e A ?3:'?’_;&’.‘."&"“0 2 g{*fg,. *.*.'.p:g;r.w_h
. - rekiill meatersal
1 Couplings - Never allow  french Batioan
;:oupli.ngslioresanct)trsettledown % . t[ l 4. WRONG ‘D
ooriginaltrenchbottom. T B i\ p— ]
1 Pipe- Make certainthat pipe R 000 MR e S I M SO Koo
_barreisglvenaneverbearlng‘or Figure 7.12- PipeBeddinc
itsfull length.
BackriLL  CONSIDERATIONS
Thetype of backfill materialusedis alsoa veryimportant Before Allet Belore Aliee
factorin the protectionof all pipes,especiallyplasticpipe. | Tamping Thmpleg iy e - AR TAmping |
If rocksor otherabrasivematerialarepresentn thebackfill, | ‘
a sharpedgemay cut into the line and causea leak to . | '
develop.Topreventhiskind of damagdrom happeninga :i ' N | = \ B
selectbackfill material, preferablysand,shouldbe used. E » E.‘ _.'1 A ';] \oso)
Thebackfill shouldbecarefullyaddedandproperlytamped Atatataty PR :‘:.‘I?:;:', R{‘ﬁ
to help supporttrenchloads.The backfill materialshould WRONG RIGHT
completelysurroundthe pipe. It shouldbe tampedwhen .T‘T""'""l"'l‘a':f" ' f’-‘;j_ P 7’;{‘0"“:"'* o ';'~=;ﬂ“' :
the pipe is still half exposedand againwhenthe pipe is e B 44 Lo o o
coveredby about6 inchesof material. properly uader pipe

An importantstepin theconstructiorjob is theinitial backfill
over and aroundthe pipe. It is estimatedthat 90% of
undergroundipe failurescanbe tracedto lack of proper
beddingandinitial backfill. Theoperatoshouldfollow these
steps:

1 Beddingmaterialshouldbeaddedaroundthepipe
upto overonehalf of thediameterandcompacted
to providesupportto theundersideof thepipe.
Nextthepipeshouldbecoveredo 12inchesabove
its top side with compactedbeddingmaterial or
compactedelectbackfill material. Propebedding
andgoodsidefill compactiorwill resultin a150%
increasen supportingstrength.

The remainingtrench backfill should be select
material. Native backfill canbeusedif it contains
no large rocks, lumps of compacted soil or piec
of organicmattersuchasroot, limbs, or grass.
Backfill should be compactedby mechanical
tampingor by waterflooding. Otherwisethesoil
cansettlearoundthe pipe and causetroublelong
afterthework is completed.
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Figure 7.13- Backfilling the Pipe

Plasticpipe shouldnot be usedunderrailroad crossings,
highways,or anywherethatvibration andstresdoadsare
a problem.Thesesituationscall for iron or steelpipethat
canwithstandtheseexternalpressuredlf a plasticline is
used,the PVC pipe shouldbe installedin a steelconduit.
Evenif thereinforcedPVC is used,a conduitis worth its
cost.In additionto this,a conduitwill makeit mucheasier
to replacethedamagedvatermain.KeepPVC waterlines
asfaraspossiblérom highwayright of ways All easements
to bothhighwaysandprivatepropertymustincludeaccess
for constructionrepairandinspection.

Eipally, PVC lines areimpossibleto locatewith a metal
detector.This canpresenfproblemswhenrepairsmustbe

made.To remedythis situation,aroll of metallictapecan
beusedo marktheline. After thebackfill hasbeentamped
properly the tape should be placedon top of it prior to

refilling thetrench.Thiscanbelocatedwith ametaldetector
andsavetime andeffort whenrepairsmustbe made.



Pipe PRESSURE RATINGS

Sometypesof pipeareavailablein morethanonepressure
rating. PVC pipe is availablein severalpressureatings.
Schedule40 and ScheduleB0, the latter beingratedat a
higherpressurearethe mostcommontypesof PVC. The
differencein thedimension®f thesawo isin thepipewall
thicknessTheywill bothhavethe sameOD, but different
inside diameters,requiring different sizesof clampsor
fittings.

SEPARATION OF WATER AND SEWER L INES
Wheninstallingnewwaterlinescertainprecautionsnustbe
takenwhencrossingor laying parallelto sewagdines.To
preventcrossconnection®r contaminatiorof thedrinking
water,thewaterline shouldbeseparatethy atleastlOfeet
horizontallywhenthelinesaresideby side.If thewaterline
crossedisewagédine, thewaterline mustbeontopandthe
linesseparatetly averticaldistanceof atleastl8incheslf
thesewelline crosse®verthewaterline it musthavea 20
footwatertight casingaroundt with thewaterline being10
feetfrom eitherendof thecasinglt is preferableo crossas
closeaspossibleto the middle of the sectionof waterline
so the endsof both lines are as far from eachother as
possible.

CLeaNnING WATER LINEs
Somesystemsfind that the
build up of scale,
tuberculation,or bio-slime
can reducethe carrying
capacityof the distribution
systempiping. Pigs can be
usedo cleantheinsideof the
piping. A pig is a bullet
shapedfoam swabthat can
be pushedhrougha pipeto
cleanit. The pig must be
insertedthrough a special
launchsite andis propelled

Figure 7.14-
Launching a Pig

throughthe pipe by water
pressureuntil it reachesan
extractionpoint. It scourghe
line and pushesthe debris
aheadf it.

WAaTER LINE REPAIRS

Brokenwaterlinesareamajorconcerrof all wateroperators.
Theynotonly createthe problemof disruptionof service

REFAIRING THE

but alsorepresenthelossof revenuegrom the waterthat
is lost. This canresultin excessivamountof waterthatis
unaccounteavhencomparingoroductionandbilling. This
levelshouldnotexceedl0%of productionThefirst concern
whena leakis reported or detectecby arapiddropin the
storagdevel,isto locatethepointwheretheline is broken.

L oCATING LEAKS

Leaksmainly occuratthejoints. Oftenlargeleakswill be
spottedandreportedby customerslf not, look for grass
andweedsthat are greenerand largerthan othersduring
thegrowingseasonkorruralareaspnemethodof locating
lossesn excesof 10%is to isolatevalvesto guideyouto
the sourceof the leak. This methodworks only whenthe
systemis asnearstaticconditionsaspossible .This means
working at 2 or 3 A.M. First, shutoff the pumps,sowater
will beflowing only fromthestorageankintothedistribution
systemlf you are purchasingvater, closethe valve near
the mastermeter.

Now thatyou knowfrom which directionwateris flowing,
go to thefirst valve on the mainline andslowly beginto
closeit. Whenthevalveis almostclosed placethebottom
of valve wrenchon the valve nut andthe top againstthe
bonein front of your ear.If wateris movingrapidlythrough
the valve, you will heara "singing" noise.If you hearno
suchnoise,thentheleakis a smalloneor the causeof the
water loss is not a leak. If you did hearthe "singing",
completelyopenthe valve andgo to the nextvalve onthe
main line and repeatthe procedurelf the noiseis again
heard,openthevalve andcontinueto the nextone.

Continueto go to eachvalve until you cometo onewhere
thenoisecannotbeheard Thattellsyouthatthereis aleak
betweenthis valve and the last one. If thereare several
branchlines betweenthe two valves,partially closeeach
andlistento it. Whentheright line is locatedandif it is

severamileslong,continueto movedowntheline listening
to valves.Whenthe sourceof the leakis isolatedwithin a

certainsection,the remainingwork canbe accomplished
duringa morereasonablelaylighthour.Be certainthatall
of the valvesthat were closedare openedandany pumps
turnedbackon.

Duringtheday,closethevalveson eachendof thesection
to beisolated.Turn off all of the curb stopson thatline

excepbne At thatoneresidencegonnectpressurgauge
andwatchit closelyfor thirty minutes A slow continuous
dropin pressurenould indicatea leak. Asteadypressure
followed by a quick dropwould indicateanillegal tap or
that someonehasturnedtheir
waterbackon.If thereis aleak,
walk directly over the line in
thatsectionandnoteanydamp
areasareasof very greenand
large grassand weeds,or an
unusuakollectionof insectslf
snowis onthegroundnoteany
meltedspotsdirectly overthe

HHTEM
M EMERGLICY e
MAILTERANCE CREW o o
SHROULD BE ON CALL AT ALLTIMES.



line. Another method of
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locatingaleakthathasnot surfaceds to drive ametalrod
into thegroundandnoteif theendof the probeis wet or if
waterbegingto risein theholethatis created.

REPAIRING THE L EAK

Oncetheleakhasbeenlocatedit is agoodpublic relations

practiceto inform residentsn that areathat servicemay

beinterruptedwvhile therepairis beingmadeAll businesses
in the areashouldalsobe notified so that equipmenthat
mightbe damagedy thelossof waterservicecanbe shut
down.This maytakealittle extratime butmayalsosavea
lot of unnecessaryardfeelingsbetweercustomerandthe
watersystem.

1. Assembleheproperequipmenandnotify thecustomers
of the interruption.If the work is goingto happenat
sometime in thefuture, notification shouldhapperat
least24-48 hoursin advance.

couplingsareusedo reconnecthenewsectionof pipe
totheexistingline.

Backfilling the excavationshouldbe doneby handat
first, preferably with sandor gravel. The area
underneatlandbesidetheclampor newsectionof line
shouldbe built up to supporttheline and4 to 6 inches
of materialshoveledn ontop of theline. This should
betampedcarefullyto avoiddamagingheclampsand
couplings.Oncethis is completed the ditch may be
filled in with thebackhoeandshouldbetampedn 12-
18"lifts.

Refill theline by carefullycrackinga valve atthelow
endof theline andopeninga hydrantor serviceto vent
air outasit fills. Air relief valvescanalsobe usedas
ventsif they are presenton that particularsectionof
pipe. The velocity of the waterin the line shouldbe
keptbelowl fpsandshouldalwaysbecontrolledfrom
thefill valveratherthanthe ventvalve.If allowedto
fill tooquickly, waterhammeicanoccurwhenthewater
finally fills thepipe.

Reopenall gatevalvesthat were closedand double
checkto makesurethe repairis not leaking. Prior to
puttingtheline backin servicejt shouldbedisinfected
andhaveBAC-T sampledaken.

8.

DisinFecTiON oF WATER L INES

2. lIsolate the breaky shutting all gatealves necessary , i , ,
to stop the flow ofvater.Tageach valve according toNewly Iald_ water lines or lines that he}ve been_repalrt_ad
OSHALOTO guidelinesldentify all closedvalveson shouIdbed.|S|nfectecbeforetheyareput|nto service.This
amap. _procec_iurels standardfor al! water systemcomponents
3. Mark theline usinga line locatoror probe A line can INcluding wells andreservoirs.Thereare four stepsthat
alsobespottedby siting alongtwo or morevalvecans. Shouldbe takento insurethat the line hasbeenproperly
Line spotsshouldalsobe calledin for otherutilities disinfected. .y . .
before attemptingto excavatethe leaks. Contact 1- Flushtheline. Thiswill removeanydirt or debristhat
NMOC (New Mexico OneCall), by phone,dial 811. ~ Maybeintheline. Flushingit outis easiethanburning
NMOC will coordinatelocating and marking all it upV\_/lth chlorlne.M_lnlmum_velocnyshouldbez.Sfps.
undergroundservices. Flushmgshoul_dcontlnueuntll anamounpf waterequal
4. If theexcavatioris goingto beover5 feetdeepmake to_ tWICE the pipe volume has _been discharged.
surethatthe propershoringequipmentis availableor 2. Disinfecttheline. EnoughchIormeshoul_dbeaddedo
thatenoughof thestreethasbeenclosedto adequately ~ CréateasS0mg/l dosagewith a5 mg/l residualafter24
slopethe trenchaccordingto OSHA guidelines.The hours.In someinstancesa higherchorinedosagecan
areaaroundthe leak shouldbe large enoughto work be usedandthe contacttime canthenbe reduced.
comfortably,usuallyonefoot oneithersideof thepipe. 3- Flushtheline again.This shouldbedonelong enough
A sumpholeis dugatoneendof thetrenchto allow the to removeall of the chlorinatedwatersothat"Bac T
waterto flow awayfrom the leak and be pumpedor samplescanbe taken.
dippedout.Any excavatiorthatis overfour feetdeep 4. After thellnells refilled, takeBAC-T sa_mpl_esfrom the
musthavealadderfor accessTheladdermustextend line. If negativeresultscomebacktheline is readyto
at least 3 feet abovethe excavation.They must be beputinto service.
located so that no workers are more than 25 feet from
aladder. All spoil must beplacedat least2 feetfrom The chlorine shouldbe addedat the samepoint that the
the sideof thetrench. wateris introducedbackinto theline. A solutionof HTH
5. Thetype of repairc|ampor Coup"ngis selectecbnce Of, INn mostsmall I|nes, householdbleachis norma”yfed

the line hasbeenuncoveredA wrap aroundrepair
clampcanbe usedif theleakis a hole from a blown
serviceor puncture Linesthatdevelopedracksalong
thelengthof apipeshouldbecutoutandanewsection
spliced in with compressioncouplings. Once the
damagedectionhasbeenremovedit is agoodideato
flush the lines out to removeany foreign matterthat
may have beensuckedinto the line. Compression

7-

througha corporatiorstopwith a solutionpumpastheline
is slowlyfilled. Dry HTH shouldnotbeputdirectlyinto the
line or it will bewashedo thefar endbeforeit dissolves.

In the caseof someline repairs,it may not be feasibleto
keeptheline isolatedwhile waiting for the sampleresults.
An acceptablalternativeto this proceduras to flush the
line with waterthathasafreechlorineresidualbf 0.5t0 1.0



mg/l. Takethe BAC-T sampleand maintainthe chlorine
residualuntil thenegativetestresultreturns.

DisTrIBUTION SYsSTEM VALVES

Valvesareusedto control flow in a water system.Most
of the valvesin a distribution systemare installed for
isolationof sectionof piping for maintenancandrepair.
Controlvalveslike pressureeducingvalves altitudevalves,
pressureelief valves pressureustainingzalves,andpump
controlvalvesaredesignedo controlpressureandthrottle
flows to preventdamageto the systemAir relief valves
canventtrappedair from the system Checkvalvesallow
waterto flow only in onedirection.

GENERAL VALVE M AINTENANCE
Valveson the water systemshouldbe completelyclosed
andthenreopenedht leastoncea year.If not, they may

becomdrozenandinoperativevhenisolationis necessary.

An up-to-datemapshouldbe keptof all thevalvesin the
systenplusanindividualrecordof eachvalve.

Table 7.2 - ValveMaintenance

GENERAL VALVE M AINTENANCE DATA
Locationof the valve from areferencepoint
Typeandsizeof valve
Make of thevalve
Numberof turnsto open/shut
Datesit wasoperated
Dateit wasrepackedr repaired
Conditionof thevalve

=4 =4 -a8-a_-8_-9_-°

Always checkthevalve stemfor leaks.Thereis a stuffing

box on the valve body wherethe shaftentersthe valve,

justlike onacentrifugalpump.Thedifferences that,unlike

apump,the packingglandshouldbetightenedo prevent
leakage.The packingseldomwearsout, sincethe valve
stemdoesn'tmoveoften. If it doeswearout, the stuffing

box canberepackedike a pump.Whena valve mustbe

disassembledhe valve seat the valve face,andthe disc

shouldbe checkedior damage.

GATEVALVES

Gatevalvesarethe mostcommonvalvesin adistribution
system.They are usedfor isolation of equipmentand
piping. They shouldneverbe usedto throttle flow. This
will causadamageo thevalveface.Opengatevalveshave
lessfriction lossthananyothertypeof valve.Gatevalves
canhaveplugtypedisksor split gates Split gatesareused
in higherpressurepplicationsGatevalvescanalsohave
rising or nonrising stemsaA rising stemis threadedo the
valvebodyandwill riseasthevalveis openedSometypes
of rising stemvalvesare called outsideyoke and stem
(OS&Y) valves A nortrising stemis threadedo the gate
assemblhandlifts thegatewithoutrising. Non-rising stems
arefoundonall largeburiedvalves.The numberof turns

-ﬂPEF‘.-'lTl.'III]
X{:-
|

b B

Figure 7.15- Non-Rising Sem Gatevalve

neededo openor closeagatevalvethatis notgeareduced
is equalto 3 timesthediameteplus1-3 turnsto seaproperly.
Soa6" valvewill take3x 6 =18+ 1-2 oraboutl9-20turns
to close.Largervalveswill take2-3 extraturns.

Largegatevalvesmay havea muchsmallerbypassvalve
thatis pipedin aroundhelargevalve.ln adistributionsystem,
the water pressurecan createdtons of force againstthe
valve face. When one side of the valve hasbeende-

pressurizedor somereason,the force againstthe other
side can makeit impossibleto openthe valve. The stem
will breakinstead.The bypassvalve is muchsmallerand
easierto open(lesstotal force on a smallersurfacearea.)
Whenthe pressurdiasequalizedon bothsidesof thelarge
valve, all the stemhasto do is lift the weight of the gate
assembly.

BUTTERFLY VALVES

Butterfly valvesservethesamepurposeasgatevalves These
valvesusuallyopenandclosewith Y4 of aturnof thevalve
disc.Largervalveswill haveagearboxonthestemandwill
requireanumbetrof turnsto open Butterfly valvesareeasier
to openthangatevalves,usually without the needfor a

Ciperalor

Brcechy

CLOSED

OPEN
Figure 7.16- Butterfly Valve
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bypassbut havemorefriction losswhenopen.Theycan
alsobeusedfor throttling flow withoutdamaginghedisc.
Cautionshouldbeusedwhenfilling aline througha butterfly
valve.Whenabutterflyvalveis 30%open,it canpas90%
of its ratedflow. Smallbutterfly valveswill simply havea
handle jnsteadof athreadedstem.Thehandleis normally
alignedwith thevalvedisc.Whenthehandleis in line with
the pipe,thevalveis open.Whenit's perpendiculato the
pipeit's closed.

BALL OR PLuG VALVES

Ball andplug valvesaresimilar to butterfly valves.They
haveaball or coneshapedlugthathasaholein it, instead
of adisc. Theyopenandclosewith Y4 turn. Theyarethe
secondnostcommortypesof valveonmostsystemsThey
are usedas corporationstopson servicelines, curb stops
on metersettersandisolation petcockson control valve
pilot piping. Theyareseldonmusedn sizesabove? Yz".

CHECK VALVES

Checkvalvesare usedwhereflow of watershouldbein
onedirectiononly. Theswingcheckvalveshouldbeoperated
in thehorizontalpositionandthelift checkvalveis operated
in a vertical position. Thesetypes of valves are most
commonlyusedonthedischargesideof thepumpsgo prevent
backflowandasfoot valvesonthebottomof suctionpiping
to preventlossof primeto the pumps.

AR RELEASE VALVES

Air releasevalvesareusedto allow air thatmaybetrapped
in theline to escapeThe trappedair cancreatepressure
andpumpingproblemsmilky-watercomplaintsandpressure
spikesthatresemblenvaterhammer.They arevery useful

in systemghatarein hilly country.Theyshouldbelocated
atthetop of hills wherethe trappedair will collect. They

arealsousednboostepumpsandwellstoremovedrapped
air. Combinatiorair releasevalveswill alsoletairin whena

vacuumoccurs.This is doneto protectthe piping. They

canalsobeusedto ventaline thatis beingdrained.

ConTroL VALVES

Control valves are usually one of the leastunderstood
componentsf awatersystemTheyaredesignedo control
theflow of waterby reactingto changesn thesystemand
automaticallyopeningor closingthevalveto compensate.
They areglobe valves.They sharethe samebasicdesign
as a hosebib valve. The differenceis thesevalves are
hydraulicallyoperateddiaphragmactuatedglobevalves.
Thetypeof pilot or controlmechanisnthatis placedonthe
valvedetermineshespecificuseof a controlvalve A control
valvecanbeusedasanaltitudevalve,a pressureeducing
valve,apressureeliefvalve,apressursustaining/alve,a
pumpcontrolvalve or acheckvalve.

ALTITUDE VALVES

An altitudevalveis acontrolvalvethatis designedo close

when an elevatedstoragetank is full. They are needed
whenthereareseveraktoragaanksat differentelevations
in asystemAltitude valveswill beusedonthelowertanks

to preventthemfrom overflowing.Eachvalve will isolate

its tank sothatthetop tankcanbefilled andnot drainout

throughthe lower tanks.This is oneof the mostcommon
usesof controlvalvesin watersystemsThe heightof the

waterin thetankcanbeadjustedy turningtheadjustment
nutor screwontop of thepilot mechanismTightenthenut

down to raisethe water level and loosenit to lower the

level.Adjustmentsshouldbemaden verysmallincrements
andseverahdjustmentsnaybenecessarpeforetheproper
levelis maintained.

PressurREREDUCING VALVES

Anothercommonuseof a control valve is foundin areas
where the differencesin elevationin the systemcreate
unacceptablyighwaterpressurei thelower elevations.
With the propercontrols,a control valve canreduceand
maintaina steadypressureon the downstreansideof the
valve. The setpointfor the downstreampressurecan be
increasedand decreasedby tighteningand looseningthe
pilot controlscrew.Thereis amaximumandminimumflow

Reservoir

ALTITUDE VALVE

Figure7.17- Altitude Valve
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thata PRV canhandle.Whenthe flow dropstoo low the
valvewill chatteror startslammingopenandclosed.This
will createseverewaterhammerproblems.To avoid this
problem PRVsaresometimednstalledin pairswith asmall
valve in parallelwith the largervalve. The smallvalveis
setatahigherpressureThiswill allow it to handlethelow
flows andkeepthe largevalve shutsoit doesn'tchatter.

PresSURERELIEF VALVES

Pressureelief valvesareusedo provideprotectionagainst
highpressurethatmaydevelopin thesystemTheyshould
be locatedin any part of the systemwhere pressureis
controlledby apressureeducingvalve.Theyarealsoused
atboostepumpstationsandonwellsthatdischargelirectly
to distribution. When the valve sensesa high pressure
upstream|jt will opento passenoughwaterto drop the
pressurdackdownto setpoint.Thewateris dischargedo
a stormseweror ditch. If the pressureupstreamdrops, it
will closeautomaticallyThe setpointshouldbe about10-
15psihigherthanthenormalsystenpressuratthatlocation.

PRESSURESUSTAINING VALVES

In some systemsthere are areasof very heavy water

demandhatcansometimegrob” thepressuref upstream
areas.The control valve will actto maintainthe desired
upstreanpressuraluringtheseconditionsandthrottlethe

flow of waterto the areaof heavydemand.

FIRE HYDRANTS

Thefire insuranceatesfor residentonthe systemwill be
dependentin part, on the proper spacingand discharge
capabilitiesof the fire hydrantsin the system.Hydrants
shouldnot be morethan500-600 feet apartin residential
districts. The spacingrequirementsn industrialandrural
districts may vary. They shouldbe locatedat the end of

STEM HUT _~WEATHER CAP
™
RUST COLLAR e COVER
PACK®G -
GLAND
———BONNET
OPERATING
STEM —— )
. >
_——BARREL

} 1
=T

SEAT RIMNG il DRAIN HOLE
FOOT WALYVE
PIECE

Dry Barrel Hydrant

everydeadendline. Hydrantsshouldbe operatedevery6
monthsandflow testedannually.

Fire hydrantsshouldneverbe placedon lessthana 6 inch
lineif it isto beusedor fire protectionln additionto provide
fire protection hydrantscanalsobeusefulfor flushinglines,
ventinglinesastheyarefilled, andpressurandflow testing.
Hydrantsonsmallerdines(4 inchanddown)will notsupply
enoughwaterto fight afire but maybe usedto flush dead
endlines. Thetraffic modelof adry barrelhydrantcomes
with specialbreakawayunionson the stemandflangeson
the upperbarrelthat allow it to breakcleanlyif hit by a
vehicle. Hydrantsmust be installed with the nozzlesat
least18 inchesabovegrade.This is the clearanceneeded
to operate a hydrant wrench when removing the nozzle.

Care must be takento avoid damaginglandscapingor

creatinga safetyhazardn traffic whenflushingahydrant.
Therearetwo typesof fire hydrantsusedin watersystems;
wet barrelanddry barrel.A wet barrelhydrantis always
pressurizedndthe mainvalveis atthetop of the hydrant
barrel.A dry barrelhydranthasthe valve at the bottomof

thebarrelanda drain hole thatdrainsthe barrelwhenthe

hydrantis closed.Thesehydrantsareusedin areaswhere
freezingoccursin the winter. Never operatea dry barrel

hydrantwith the main valve crackedto throttle flow. The

drain hole will be openandjetting waterto undercutthe

sidewalk and hydrant, anytime the main valve is not

completelyopen.

WALYE

STEM

BROMIE

EPEING BARREL

AUTOWATIC
CHECK

Wet Barrel Hydrant

Figure 7.18- Fire Hydrants
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Angle meter step with
copper connection inlet
and meter coupling coutlet

Capper to copper valve
for cuch stop serviee

Corporation step with
Mueller theead inlet
anid sopper theead autlet

Meter coupling with
copper connection

Figure 7.19- ServiceLine Installation

SERvICE LINES

Servicesconnectthe customerto the mainin the street.
Servicesareinstalledusinga tappingmachineto drill and
connectcorporatiorstopto themain.Thetapis normally
donewhile themainis undempressureThisis calleda"wet"

tap or "hot" tap. Tapscanbe madeby insertingthe corp
stopdirectly into themainor thecorpstopcanbeinstalled
onasaddlethat'sstrappedo the pipe.Tapsshouldbe made
ata45%anglefrom horizontalsothattheyarelesslikely

to bepulledby a backhoe.

The serviceline is usually copper,PVC or polyethylene
pipe.Galvanizedhndleadserviceshouldbereplacedsince
the former is proneto corrosionandthe latter cancause
lead problemsif the wateris corrosive.The serviceline
shouldhavea bendor gooseneckin it at the corp stop.
This will allow the serviceto flex slightly if thetrenchor
pipingshiftsafterbackfill. A curbstopshouldbeinstalledin
theeasemengothatthe servicecanbeisolated Sometimes
a meterstopon the yoke is usedinsteadof a cub stop.A
serviceline leak may requirekilling the main or usinga
crimpingtool to isolatefor maintenanc&vhenameterstop
is used.Servicelines and metersmustbe laid below the
frostline for theareaor freezingwill becomeaproblemin
thewinter.

WAaTER METERS

The meteris the primary piece of equipmentin a water
systemthat hasa direct bearingon income.lt is the cash
registerfor the system.Many small systemsdo not have
metersBilling is basedorimarily onthesizeof theservice
andis a fixed rate. Water metersencourageconservation
anddistributethe costof servicein proportionto its use.
Eventhoughtheyarecritical to maintainingthe cashflow
for a system,meterstendto be neglectednore thanany
otherpieceof waterequipmentAn inaccuratenetercheats
thewatersystemandalsoall thecustomersvhosemeters
areaccurate.

Whena meterbecomesvorn or brokenit alwaysunder
registeraandwill give waterawayto thecustomerThisis

notagoodpointto impressuponacustomemwhois surehe
or sheis beingchargedor too muchwater.Insteadcheck
the meterreadingsfor the last month.It may be that an
error hasbeenmadein readingthe meterwhich canbe
correctedby promisingacreditonthenextmonth'shill and
re-readingthe meterto makesurethe booksarestraight.

If this doesnot correctthe situation, go out to seethe
customerandtakea 5 gallonbucketanda newmeterwith
you. Whenyou get there havethe customerturn off all
waterusingappliancesn hisor herhomeandthenreadthe
meter.Fill the bucketup twice andthenre-readthe meter.
If the meterreads10 gallonsit is indeedaccuratelf the
readings lessthan10gallonsthemeteris wornandshould
bereplacedAt this pointthecustomemaywishhehadnot
called.

If the meterreadingis over 10 gallonsthenthereis a
substantialeak in the customer'plumbing. This canbe
confirmed by re-checkingthe readingas the customer
watchesandthenexplainthesituationto them.By thetime
thisis done,enoughwatershouldhaveleakedoutto make
themeterreadingchangewhichidentifiestheproblemasa
leakandnotthemeter.

Metersshouldbe maintainedandtestedo insurethatthey
areaccurateA meterthathasworn outwill underregister
androb the systemof revenuesMetersshouldbe tested
every5-10 years,or anytimea customerhasa complaint
regardingthe meter. Residentialmetersshould have an
accuracyof between98.5- 101.5%or 100% +/- 1.5%.
Larger meterscan have a wider accuracyrange, but
normallynotmorethan+/- 4%.

PosiTive DisPLACEMENT M ETERS
Thepositivedisplacemenmeteris themostcommonmeter
usedin awatersystemlt is the meterusedfor residences
andcommerciabkervicesipto 2inchesThemostcommon
typesof positivedisplacemenineterarethe nutatingdisk
and oscillating piston meters.Small multi-jet or turbine
meterscanalsobeusedin theseapplications.
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Positive displacement = ore of
two types: Oscillating piston
Nuloling disc

Mest commonly used of all meters and found servicing restdentioel as
well as small business. Found in Lhe following sizes: 3/4, 1,1 1/2,
and 2 Inch sizes. The regislers are magnetolly oriven. This meter
design con be found on the small side of 8 Compound meter

spindlewithin g

PULT IJET METERS- Are e specific class of current-type meter. The
meving element is myiliblede rotor mounled on o verticsl

cylinder-sheped measuring chamber

COMPOUND METERS- Are composed of two melers
One side is displocement Inlended for measuring
small flows. The olherside 1s & curreal of turdine
chaomber for large flow measuring large flows

PROPELLER METER- operates by water turning o propeller
The movement is then mechanicaily transmitied 1o o register

TURBINE METER_ is operated by water fiowing through the vains of a
turdine prop housed in & very close tolerance coge

Figure 7.20- Typesof Meters

The positive displacemenimeter containsa measuring
chambemvith afitted discor piston.Eachtimethechamber
fills and emptiesa predeterminecamountof water is
displacedas the disc or piston makesone rotation. The
actionof thenutatingdiscor thepistonis transferredo the
meterheadby the useof gearsor magneticdrives.

TursINE | CURRENT METERS

This meteris designedso that waterflowing throughthe
meter chamberspins a close toleranceturbine or rotor.
Propellemetersareusedn largelow pressurgransmission
lines. As the velocity of the waterincreaseghe speedof
the rotor/propeller/turbineincreases.The motion is
transferredthrough a shaftto the meter register.In the
pastturbinemetersvereusedonly for highflows andwere
consideredo beinaccuratet low flows. Smallrotor-type
metersarecalledmulti-jet meters Thesemetershavebeen
improvedoverrecentyearsandarenow availablein sizes
5/8 inch and up. Theseare very dependablenetersand
haverelativelylow lossof head

VENTURI M ETERS
Venturi metersareusedto measuréigh flows suchasthe
intakefrom rivers or lakesandthe discharggrom wells.

Thistypeof meterusuallyconsistof anupstreanreducer,
a short throat piece,and a long downstreamsectionto
increasehe meterbackto normalpipe size. The areathe
waterflows throughis reducedandthe differencein head
pressures measuredt the throat of the meterand just
before the upstreamreducer.Venturi metersare very

ReADING METERS

A systemshould get an accuratereadingof eachmeter
eachmonth. Most systemshave an employeereadthe
meters Somehavethecustomerseadingheirown meters.
If the customergeadtheir metersa systenrepresentative
shouldcheckthe metersat leasttwice a year.

Most meterswill

have a circular
registeffaceoradial
facewith atotalizer
similar to a car
odometer. The
circular register
facesare the more
difficult of the two
toread Toreacdthis
type of meter,start
with the scalewith

the highestnumber
(10,000,000)and
then read each of
the lower scales
until you readthe

Figure 7.21- WaterMeter Dial

dependableand with reasonablearewill work for many
yearswithoutadjustment.
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lastscalg10.)Whenthehands betweertwo numbergecord
thelower numberlf thehandis directly on a numberJook
at thenextscaleto seeif it is in front of or behindthe"0".
The readingor themeterdial showrhereis 2,697,49@u. ft.

A waterlossof lessthan10%is considere@cceptabland

usuallywill notsubstantiallyncreasehefinancialstres®n
the system.A loss between10-15% signalsthat some
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improvementis neededand sparetime should be spent
looking for the loss. Between15 20% indicatesthat the
problemis becomingseriousandtime shouldbe setaside
to searclfor thecause.

Table 7.3 - Lost Water

REAsoNSFOR L osTWATER

Nonworkingorinaccurateneters
Leaks

lllegal taps
Storagdankoverflowing

= =4 -8 -4

DisTriBUTION SYsTEM HYDRAULICS

Thereare a numberof issuesrelatedto the dynamicsof
movingwaterthroughadistributionsystemThepressures
in the systemaredeterminedy how high wateris stacked
in theair whenconditionsarestatic.But whenwaterbegins
to move throughthe systemhydraulic factors can affect
pressurediow, andforcesextertedagainsthepiping.

FRICTION Loss
Whenwaterflows througha pipeacertainamountof energy
must be expendedo overcomethe friction betweenthe
waterandthe surfaceof thepipe.Thedeterminatiorof the
friction lossin awaterline is dependenbnfour factors:

A certainamountof friction loss resultsfrom any flow
through any size or type of pipe, andthis loss must be
overcomeusuallyby increasinghe pumpingpressurein
orderto maintaina givenflow throughthe pipe.As metal
linesgetoldertheirinnersurfacegetrougherandthe"C"
Factorincreased-rictionlossesnaybereducedy pigging

thelinesto removescaleor tuberculatiorcausedy chemical :

stabilityproblems.

WAaTER HAMMER
Whenwater thatis movingthroughawaterline, is suddenly
stoppeda pressuresurgewill be createdin theline. This

occurrences known as a

"water hammer."Thefaste*
the water movementis

stoppedhegreatempressur
surge or waterhammerwill

be. Water hammer car
createa pressuresurgeup
to 120 psi greaterthanthe
systempressure.Severt
water hammer can caus:
rupturedlines andevenlift

water hydrantsout of the
ground.Oncewaterhamme
hasbeercreatedt will trave

downtheline at a speedof
about760mph.

tene ARE
SouE wmis T

Table 7.4 - Friction Loss

FricTion LossFacTors

1 Pipelength

1 Pipediameter

1 Flowthroughthepipe

1 Coefficientof friction -"C" factor

To minimize the effect of water hammer,all valvesand
hydrantsin the systemmustbe openedandclosedslowly.
Hydraulicallyoperateadheckvalvesknownaspumpcontrol
valvesalso help to protectthe pump and reducewater
hammerAll bendsandfittings on watermainsshouldbe
backedoy thrustblocksto protectthem.

THRUST AT PiPE BENDS

Whereverabend elbow,tee,or deadendexistsin apipeline
havingflexible joints,aforceis exertedvhichtendsto open
thejoints nearesthefittings. The magnitudeof this force
varieswith the amountof bend,the diameterof pipe,and
thepressurénsidethepipe.Whendeterminingheresultant
thrustfor a givenpipeit is advisableo usethe maximum
working pressuranticipatedn the pipe plusanallowance
for surgesor waterhammer.

Oncetheresultanthrusthasbeendeterminedor aparticular
bend,it becomesecessaryo providea backingblock of
suchsizeto resistthethrust. Thethrustmustultimatelybe
borneby the side of the pipe trenchandthe surrounding
soil. Thepurposeof thebackingblockis to spreadhethrust
overanareasufficientlylargethattheundisturbeaarthcan
supportit. Thesupportingstrengthof mostsolid clay soils
shouldvary betweenl,500and 4,000 poundsper square
oot. Sandysoils maynot supportl000poundspersquare
foot.

[ttRusT ResTRAINTS




Figure 7.22- Thrust Restraints
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CorrosioN CoNTROL
Corrosioncanbeamajorcauseof damageo adistribution
systemandthetestto determinethe stability of the water
goingto the public maybethe mostimportantoperational
testsa systemoperatorcanrun.

CorrosIVE WATERICHEMICAL  STABILITY

Waterthatis corrosivewill attackall of themetalcomponents
of thedistributionsystemnincludingstoragdanks pipe,valves
andmeterslt will causeaustandtuberculatiorin iron pipe
and steel storagetanks. Tuberculationcan dramatically
increasdhefriction lossandreducehecarryingcapacityof
adistributionline. Corrosivewatercanalsoresultin problems
from leadand copperthatcanleachout of the customers
plumbingfixtures.Brassis 7-11%lead.

Carbondioxide(CQO,) dissolvedn waterwill reactto form
carbonic acid (H,CO,) which can causecorrosion.
Dissolvedoxygenor D.O.in watercanalsocausesorrosion
problemsgspeciallyif thealkalinity is low. Watercanalso
be corrosiveif the properrelationshipbetweerthepH and
thealkalinity of thewaterdoesnotexist. TheBaylis Curve
andthe CalciumCarbonatéstability Test(Marble Test)are
two of themethodausedto determinghechemicalstability
of water.

Bavuis Curve

Onemethodof determiningwhetherthe pH andalkalinity
areproperlyadjustedo producestable noncorrosivewater
is with the Baylis Curve.Plottingthe pH andalkalinity of
the wateron this chartwill indicatewhetherthe wateris
corrosiveor not. If the point wherethe pH andalkalinity

crossis below the curve (dark gray area),the water is

corrosiveandwill attackmetaltanksandpipesin thesystem.
If the pointis abovethe curve,the wateris not corrosive
butdoeshaveexcessivamountf alkalinity presentyhich

will causeheformationof line scalein thelines.Thisscale
formationcanrestricttheflow of waterin theline if allowed
to build upoveralong periodof time andcanbeasbadfor

the systemascorrosivewater.Whenthe point falls within

the dottedlines or on the curveitself, the wateris stable
andwill notcausecorrosiorproblems.

GaLvanic CoRROSION

Whenevertwo dissimilarmetalscomein contactandare
submergedn water,an electriccurrentis generatedThis
type of reactionoccursin most storagebatterieslt also
occursin a water systemwheredifferent kinds of metal
componentareused suchasmeterinstallationsandservice
connectionandcouplings.

When theseconditionsexist, the electric currentthat is
generatedvill passfrom one metal surfaceto the other.

Metal from one side of the connection will be plated onto

theotherside.Thiswill eventuallycauseapipingfailureas
thethreadsof onesideareplatedon the other.

ELECTROLYSIS

When D.C. electric currententersa metal pipe, it runs
downthepipeand,atsomepoint,dischargegto theground.
The passag®f this currentfrom the pipe into the ground
will causeametalin thepipeto beplatedinto thesurrounding
soil. Thistypeof corrosionis knownaselectrolysis.
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Relation Between pH Valucc and Alhtinity
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Figure 7.23- BaylisCurve

7-18



Any D.C. currentmachinenyor telemetryequipmenthatis

groundedo waterlineswill causeelectrolysisHowever,

A.C. current,suchashouseholcturrent,canbe grounded
to waterlineswithout causingelectrolysissincealternating
currentwill not plate the metalinto the soil. The useof

plasticpipewill eliminateelectrolysigoroblemssinceplastic
isanon-conductor.

CORROSIVE sOIL

Metalpipethatis laid in highly acidsoilsmayalsoencounter
seriouscorrosionproblemsfrom the outsideaswell asthe

inside If castiron or ductileiron pipeisto belaidin corrosive
soil it shouldbecoatedwith tar or otherprotectivecoating

to preventt from beingdamaged.

Cross-ConnecTioN ConTROL
Theplumbingatschoolswatertreatmenplants wastewater
plants and other public and private facilities can be so
complicatedthat the potable water piping can be
unintentionallyconnectedo a sourceof contaminationlf
this happensa healthrisk is created Therearehundreds
of incidentseachyearwherecontaminatednaterialenters
a watersystemthroughcrossconnections.

In smallcommunitiegpossible
sourcesof contaminationare
associatedwith swimming
pools and wastewater
treatment plants where
chemicalssuch as chlorine,
fluoride andboiler additivesare o~
used.

A healthrisk would existif the
drinking water systemwere
connectedlirectly or indirectly
to contaminategourcesThis
could happenwhenyou are .

mixing a chemicalandyou =-r=p 7 aomeres

placethe hosein the mixing

tank or connectthe drinking

water systemto the seal

water®supply on a sewage
pump. This direct or indirect
connectionis called a cross
connectiorf.

BAckFLOw
Thecrossconnectiorcanonly

causeaproblemif thereis areversabf flow in thesystem.

_._—__’\J

This reversalof flow is calledbackflow. Backflow exists
anytimewatermovesbackwardhroughthesystem.

Backsiphonage

Therearetwo waysthatbackflowcanoccur;backsiphonage
andbackpressurdBacksiphonageccurswhenthepressure
in the systemdropsbelow atmospherigressureandthe
waterdistributionsysternis connectedio anonpotablesource
thatis opento the atmosphereThis could happenif the
distributionsystempressurevereloweredasa resultof a
breakor heavyuse,suchasduringafire.

Backpressure

Backpressureexists any time the pressurein the

contaminategourceexceedshepressuren thedistribution
systemBackpressureouldhapperasaresultof abooster
pumpin aheatingsystenmor excessiveressures aboiler

thatis improperlyconnectedo the potablewatersupply.

Failureof thecheckvalvewouldallow boilerfeedchemicals
to enterthedrinking watersystem. This couldoccurif the
boiler pressuraveregreatethanthewatersystenpressure
or if therewasadropin thewatersystempressurdrom a
brokenline.

e

-}'

——
Lo~ |
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Figure 7.24- Backpressurewith boilers

5 SealWater - Thewatersuppliedto the stuffing boxto lubricateandflush the packingor the mechanicateal.
6 Cross-Connection- Any physicalarrangemenivherebya public watersupplyis connecteddirectly or indirectly, with anon
9



potableor unapprovedvatersupplyor system.
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Prevention
Eachstate'drinking waterregulationsndicatethata known

crossconnectioncannotbe allowed to exist. Because

inspectiorof facilitiesis difficult, time-consumingandnot
always possible,the waterworksindustry has taken a
preventiveapproacho crossconnectiorcontrol.Underthis
approach facilities that have a high potential of cross

connectioror handlehighly hazardousnaterialsarerequired
to protect the water system.This is accomplishedby

installing specialdevicesin the facility and on the water
serviceconnectiorwhereit entersthefacility.

Devices

Thedeviceausedo prevenbackflowfrom apotentialcross
connectiorare:

A Air gaps

A Atmospheriovacuumbreakers

A Pressurevacuumbreakers

A Double checkK valve assemblies

AReducedpressurebackflow prevention
deviceassemblies

lecti : :
The deviceto be usedis selectedn the basisof
the degreeof hazard,plumbing arrangemenin
thefacility andtheuseof additionaldeviceswithin
thefacility.

Degreeof Hazard
A high hazardfacility would includea

arethattheair gapbetweerthetwo watersourcedetwice
thediameterof the outletof the supplyline or aminimum
of Linchfrom therim of thetank.Air gapscanbeusedon
highhazarcconditions.

Atmospheric Vacuum Breaker

Atmosphericzacuunbreakersreusedonlow degreéhazard
conditionssuchas janitor sinks, lawn sprinkler systems,
andsupplylinesonlow concentratiorthemicalvats,such
as chlorine and fluoride solutions.Atmosphericvacuum
breakerpenanytimethereis abacksiphonagandallow
air to bedrawninto theline, preventinga backflowof the
downstreansolution.Theywill notpreventbackflowasa

Figure 7.26- Atmosphericvacuumbreaker

result of backpressureA downstreanmvalve cannotbe
installedonanatmospherizacuumbreaker®.

sewagedreatmentplant or lift station.
A low level of hazardwould be a
situationwherethe odor and tasteof
the water might be affectedbut there
is no healthrisk.

D1 amet e
LR mTL!
—

BackrFLow Prevention Devices

Air Gap

The most protectiveof the devicesis
the air gap?. The air gap is easyto
observeandinspect.The air gapis a
positivewayto protecthewatersupply
fromachemicalat. Therequirements

PressureVacuum Breakers

Pressur@acuumbreakersareusedfor
the samefunctionsas an atmospheric
vacuumbreaker.Thereareonly three
differences.The pressurevacuum
breakehasaninternalspringthathelps
it open,thereare valvesto allow the
deviceto betested andavalve canbe
placedin thedownstreantine.

Figure 7.25- Air Gag.

” Double CheckValve Assembly An assemblyf two independentlactingcheckvalveswith shutoff valveson eachsideof the
checkvalvesandtestportsfor checkingthe watertightnessof eachcheckvalve.
8 Air Gap - A positivemeansof preventinga crossconnection.An air gapshouldbetwice the diameterof thedischargepipeor a
minimumof 1 inchabovetherim of thetank.
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® Vacuum Breaker - A mechanicatievicethatpreventdackflowdueto siphoningactioncreatecby a partialvacuumthatallows
air into thepiping systempreakingthevacuum.
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Figure 7.27- Double CheckValve

T

Double CheckValve Assemblies

A doublecheckvalve assembly(DCVA) is
composedof two independentinternally
weightedcheckvalves (springs),isolation
valveson eachsideof theassemblyandtest
portsontheassemblthatallow atesterno
determine that the check valves are

watertight. DCVA will protect against
backpressureor backsiphonageon low
hazarcconditions.

Reduced Pressure Device

High hazardconditionsrequireanair gapor
a reduced pressure zone backflow
preventiondevice(RPZY). It is composed
of two independent,internally weighted
check valves separatedby a reduced
pressurezone which is valved to the
atmosphereThe assemblyalsohasanisolationvalve on
eachend as well astest portsto determinethe proper
operationof the assembly.The valve is designedso that
thevalve onthereducedpressureonewill openanytime
the pressuren the zonegetsto within 2 psi of the supply
pressureln orderfor backflowto occurthroughthisvalve,
thetwo checkvalvesaswell asthereducedoressureone
valve would have to fail at the same time.

Selection of Devices

Only approvedievicesnaybeinstalledin awatersystem.
In order for a deviceto be approvedit must undergo
extensiveestingby aprivatetestinglaboratory Most state
regulatoryagenciesnaintainalist of approvedievices

10RPZ - ReducedPressur&oneBackflowPreventiorDevice- A

PRESSURE
DIFFERENTIEL
RELIEF VALVE

1l CHECK VAINE

Figure 7.28- RPZDevice

TestingDevice

The devicesmustbe testedonceeachyearby a certified
backflow preventiondevice tester.In order to obtain a
certification as a backflow preventiondevice testeryou

mustattendaschoolandpassawritten andpracticalexam.
In orderto maintainyour certificationsomestategequire
an annual refreshercourse, proof that you have tested
devicesin the pastyear and a certificate indicating that
yourtestinstrumenthavebeenestedwvithin thepastyear.

References
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WaterSystem&Chapteis
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backflowpreventiorassemblyontainingtwo checkvalves,a

differentialrelief valve locatedbetweerthetwo checkvalves,shutoff valveson eachendof the assemblyandtestportsfor
checkingthe watertightnes=f the checkvalves and the operatiaf therelief valve.
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Basic Struby QUESTIONS

S A

Whichtypeof pipeis notaffectedby corrosivewater?
Whatis the mostcommontype of residentiaimeter?
Whattype of valveis acorporationstop?
Whatarethe two typesof fire hydrants?

What shouldbe donebeforeyou excavateo makea
repair?

Basic SampLE TEST QUESTIONS

1.

At what percentagedoesunaccountedor water
becomeexcessive?

A. 5%

B. 10%
C. 20%
D. 30%

A corporatiorstopwill belocated:
Wherethe serviceis attachedo the main
Betweenthe mainandthe meter

At the meteryoke

On the customer'side of the meter

ocow>

Whichtypeof valveis bestsuitedfor throttling flows?
A. GateValve

B. Butterfly Valve

C. CheckVvalve

D. Air reliefValve

Whena metergetsworn it will alwaysover register
andrecordwater that wasn'tused.

A. True

B. False

Waterhammelis causediy:
Openingavalvetooslowly
Closingavalvetooquickly

Excessivehardness

High pressurenthe suctionsideof a pump

ocow>

ADVANCED Stupy QUESTIONS

1.
2.
3.
4.

5.

How is acompoundneterdifferentfrom othermeters?
Whatis the procedurdor disinfectingwaterlines?
Why shouldyounevetthrottletheflow usingthehydrant
valveonadry-barrelhydrant?

Whataretwo mean®f determininghechemicaktability
of water?

Whatis tuberculation?

ADVANCED SamPLE TEST QUESTIONS

1.

The bestway to protectthe water supply from
contaminatiorby crossconnections:

A. A doublecheckvalve

B. A vacuumbreaker

C. Anairgap

D. A reducedoressureonedevice

The positive side of the cathodicprotectionsystemis
the:

A. Tank

B. Cathode

C. Rectifier

D. Sacrificialanode

A flow meteronafire line would probablybea:
A. Venturimeter

B. Nutatingdiskmeter

C. Oscillatingpistonmeter

D. Compoundneter

Whenfilling a main, the watervelocity shouldnever
exceed:

A. 1ft/sec

B. 2.5ft/sec

C. 10ft/sec

D. 20ft/sec

5. Whentwo storageanksthatservethe sameareahave

7-24

differentoverflowelevationswhattypeof valve should
beincludedonthelowertank?

Checkvalve

Altitude valve

Air reliefvalve

Ball valve

COow>
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CHAPTER 8: WATER STORAGE

WATER STORAGE

Adequategroundandelevatedstoragetanksare essential
for the properoperationof a water system.Thesetanks
arenecessaryo provideanamplesupplyof waterduring

peak demandsdependabldire protectionwith lower

insuranceates,adequatevaterpressurdo outlying areas,
andlower pumpingcosts.Elevatedstoragetanksare said

to "float” on the system.This meansthat they hold large

volumesof waterhighenoughn theair to supplythesystem
with water at usablepressuresluring peakdemandsTo

maintaina static pressureof 50 psi, watermustbe stored
115feetabovethe customer.

Thetype andsizeof a storagegtankto be useddependon
the desiredoperatingmain pressureandthe highestdaily
peak demand.Ground elevationsin the areashould be
surveyedindthestoragaankslocatedatthehighestpossible
elevationto the areaserved Ample storagecapacityin a
waterdistributionsystermwill meanlower operatingcosts
andfewer pressureproblemsfor the operator.

GROUND STORAGE TANKS

The purposeof groundstorageis to hold enoughwaterin
reserveto compensatéor fluctuationof thewaterdemand
in thesystemThemostcommonlocationof groundstorage
tanksis nearthewell field or treatmenplant. Thesestorage
tanksareusuallyreferredto asclearwells. Clearwellsare
alsousedto storeadditionalwater,which canbe pumped
into thesystentor fire fighting purposes.

CoNsTRUCTION OF GROUND STORAGE T ANKS
Groundstoragdanksareconstructeaf reinforcedconcrete,
pre-stressedoncreteandsteel Reinforcedor pre-stressed
concretasthepreferredmaterialsinceit doesnotdeteriorate
in contactwith water.Concretaequiredittle maintenance
andcanhelpminimizerustscalen corrosivewater.Concrete
constructioris moreexpensivehanwhensteelis used Steel
is sometimeaisedwhenconstructiorbudgetsarelimited.
Theinitial savingsmay be sufficient to justify the added
expens®f maintenancenthesteelstructure.

DesigN CaPAcITIES OF GROUND STORAGE T ANKS

A clearwell shouldprovidestoragesquivalento atleast4

to 6 hourssupply at peak daily flow (2.5 times daily

average)Thisamountwill usuallypermitauniformpumping
rate throughoutthe day. Clear wells shouldalso contain
additional storagefor filter backwashwater. Plantsthat

operateon a parttime basismay requireadditionalclear
well capacityto meetthesepeakflow demandsThisstorage
capacitymayrangefrom severathousandyallonsin small

ruralsystemdgo severamillion gallonsin verylargeones.

L ocaTiION oF GROUND STORAGE
Somegroundstoragetanksare built abovegroundwhile
others may be partially or completely underground.
Undergroundstorageshould be locatedabovethe local
ground water table. All tanks should be locatedso that
surfaceand undergrounddrainageis away from the
structure.Tanksshouldneverbe locatedwithin the 100-
yearflood plain. Sewedineswithin 50feetof thetankmust
be watertightcastiron.

ProTECTION OF GROUND STORAGE T ANKS
Provisionanustbe madeto insurethatsunlight,rain, winds,
bugs,andpeopledo not enterthe tank. This will prevent
possiblecontaminatiorof thesupplyfrom outsidesources.
1 Ventsandoverflowsshouldbepointeddownto exclude
sunlightandrainwater Sunlightwill causealgaeto grow,
whichmayresultin customeicomplaints.

Ventsand overflows shouldhavea fine meshscreen
coverto preventheentrancef birdsandinsectsSome
gnatslay eggsin waterthathatchinto "bloodworms".
Theseare harmlessput their presencan water will
alwaysbring customercomplaints.
Manholesshouldbe extendedaboveroof levels. They
shouldbefitted with awatertightcoverthatshouldbe
lockedexceptwhenworkingin thetank.

FIre PrRoOTECTION

In somecaseseglevatedstoragetanksarelocatednearthe
centerof high value districtsin orderto provide greater
protectionfrom fire lossin theseareas.Standardsetup
by the Fire Insurance Commission must be roaeceive
creditin establishingfire insurancerates.The minimum
storag€or fire protection shouldbe 60 gallonspercapita
per24hoursor atleast50,000gallonsperday. Thisquantity
of waterplustheamountneededshouldsatisfydaily peak
demandsnustbeavailablein storage.

CAaTHODIC PROTECTION

Whentwo dissimilarmetalrodsareconnectedo avoltage
meterandsubmergedh waterthatcontaingdissolvedsalts,
a very smallvoltagereading(lessthan0.0001volts) will
occur. This is the way electric storagebatterieswork. In
anelevatedstoragdanktheimpuritiesin thewaterandthe
tank itself can causea voltageto be generatedwith the
tankgiving up metalasthecurrentflows into thesurrounding
waterandto ground.

Cathodicprotectionsystemsanbeinstalledto preventthis
corrosionby reversingthe flow of the electrical current
from the waterto the tank. The basictheory of cathodic
protectionis to supply current,from an outside source,
throughsacrificialanodesuspendeth thetankandback
intothetank.Thiselectricalcurrentis D.C. andthevoltage
shouldbejustenougho compensatéor thenaturalvoltage



setup betweerthetankandthe water.Thetankis nowthe
groundandwill notbecomepitted.

Thesacrificialanodds usuallyapieceof iron, magnesium,
carbon,or aluminumthatis 1-2 inchesin diameterand12
to 18inchedong. Theanodesredesignedo give up metal
to the water insteadof the tank. Therefore,they will
eventuallyneedreplacing.Theyshouldbeinspectedvery
six months and usually

replacedyearly. Installation

andmaintenancef acathodic

and falls. Circulation of waterinside the tank may help
minimizeicebuildup.

PRESSURESENSINGSYSTEMS

Pressuresensingcontrols are normally locatednearthe
bottomof thestorageaank.Thistypeof controlis activated
by theamountof headpressurén thetank.As thepressure
increasesa springor metalbandis expandedripping a

protection systemcan be

SACRIFICTAL

hazardousvork andshouldbe
doneby a professionaltank
and tower company.The
successof an installation
depends on the proper

SFounm
mELEAVEIR

AMODES

spacingof theanodesothat
all surfacesof the tank
receivethe flow of current
equally. When cathodic
systemsrun at too high a
voltage,abovel.2vonatest
cell, hydrogengas can be

generatecbetweenthe tank
andanycoatingmaterial.This
can resultin blistering and
peelingof the coating,which
canalsocausecorrosion.

LEeveL INDICATORS
Automaticpumpcontrolsareoperatedy signalsfrom the
storagdankthatindicatethatthe wateris at the lowestor
highestdesiredevel.A signalfrom thelow-levelindicator
will startthepump.Thepumpwill continueto rununtil the
waterfills thetankuptothehighlevel.A signalwill thengo
backto the pumpto shutit off. Therearethreemaintypes
of liquid level controlsystemsTheyareelectrodesystems,
float systemsandpressuresensingsystems.

ELecTRODE SysTEMS

The useof electrodess the mostcommonsystemused
today.Pumpcontrolsareactivatedasthewaterlevelrises
aboveor dropsbelowtheseelectrodesAs the waterlevel

dropsbelowthe low-level electrodethe circuit is opened
triggeringa control signalto startthe pump.As the water
levelrisesto contactthe high level electrodethecircuit is

closedriggeringacontrolsignalto shutoff thepumps.The

pumpwill notrestartuntil thewaterlevel dropsbelowthe

low-levelelectrodeagain.

FLoaT SvsTEMS

Float systemsareusedprimarily in groundstoragetanks.
Asthefloat risesor falls with thewaterlevel, highlevel or
low level switchesaretrippedactivatingthe pumpcontrol
circuit. This type of level controlwill haveto be checked
onaregularbasisto prevenimalfunctions Freezingduring
the winter is alwaysa problemwith floats andelectrodes
dueto damagecausedasthewaterlevel (andtheice)rises

Figure 8.1- Sacrificial AnodesUsedfor CathodicProtectior

microswitch or a mercury switch that then activatesthe
pump.The on andoff levelson theseswitchesare sethy
applyingor decreasinghetensioronthespring,or by setting
manualcontrol points on a dial for the mercury switch.
Theseswitchesmust be protectedfrom freezing and
extreme vibrations for proper operation. Pressure
transmitterscanalsobe usedto control multiple wells or
pumpsandthe signal can be convertedinto a tank level
reading.

HYDROPNEUMATIC STORAGE

Very small water systemsmay find that elevatedstorage
tanksaretoo expensiveand,in sometypesof terrain,very
difficult to install. They mustresortto other meansof
supplyingpressureto the customer.One way to do this
wouldbeto runapumpcontinuousliyto pressurizeclosed
system.This is sometimesreferredto as a deadhead
condition.Withoutsomespeciakontrolvalvingandbypass
piping, this couldresultin the pumprunningagainsshutoff
headmuchof thetime andcausethe pumpto overheatlt
alsolimits consumptiorio theratedflow of thepump.

Hydropneumaticstoragetanks are pressurizedoy a
surchargeof air thatformsabubblein thetank. Theycan
be usedto pressurizeéhe systemandprovidestorageThe
storagecapacitykeepsthe pumpfrom cycling off andon
everytime afaucetopens Pneumatidanksarealsoused
in large systemsas surge protection systems As the
pressurdrom a water hammersurgeentersthe tank, the
force is exertedagainstthe air pocket.The air pocketis
compresse@ndabsorbghe energyto dampenthe shock
wave.
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Typesor PNEUMATIC TANKS

Pneumaticstoragetanksare
availablein severaldesigns.
Theyall look the samefrom
theoutside Thedifferenceis
how the air pocketinsideis B
controlled. The plain steel 41[L

tanksimply hasanair bubble R

in it. Thereis nothing to :
separatethe air from the ;. v iume

Air | Air
Diaphragm Bladder

water.The advantage®f this (nienl E=SWATER— = VATER—

tankis thatair thatmaybein e — W= :

the water can be separated = === e F:::“"

in thetank.Thedisadvantage (e (= =1 O J, ‘T

. . . . E-—'—qi =

is that air is being - — ,
continuouslydissolvedn the Figure 8.2- Typesof PneumaticTanks
waterabsorbedsothebubble

will shrinkovertime. Thismeanghatair mustbeintroduced Figure 8.3- Drawdown

into thetankperiodically.Somewells havea specialsnifter
valve on the dischargdine thatinjectsa smallamountof
air into the line asthe pumpruns. Sincethis may put too
muchair in thetank,arelief valveactsasalevel controlto
keepthepropervolumeof air in thetank.

Theothertypesof pneumatidankshavea barrierbetween
theair andwaterto minimizeor eliminatetheamountof air
lost of absorption.Wafers and diaphragmsseparatethe
waterfrom the air, but a bladderdesignalso preventshe
waterfrom comingin directcontactwith the sidesof the
tank. This can help preventcorrosionfrom soft, low
alkalinity water. Thewafer,diaphragmandbladderdesigns
require air charging from an external source.Air
compressor$ied to level switchesautomaticallymaintain
the properair volumein largetanks.Smallertanksshould
be checkedregularly and chargedwith portable air
compressorsr air tanks.If the air pocketdoesdisappear,
thetankwill befull of waterandthe pumpwill beginsto
cycle more often sincetherewill be no drawdownin the
tank.

SzING A PNEUMATIC SYsTEM

The capacityof a pneumatictank is the drawdown.The
drawdownis thedifferencein waterlevelsfrom the point
wherethe pumpcutsin to the pointwhereit cutsout. The
generatulefor sizingapneumati¢ankis thatthedrawdown

e T e (T
PNEUMATIC TANK
CAPACITY IS
Water Level CALLED
= v
e DRAWDOWN
Kr‘m""_’ l Water Level
 E——
PUMPF CUT OUT PUMP CUT IN
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in the tank shouldequalat leasttwo minutesof the pump's
ratedflow. For example,if a well produces30 gallonsper
minute, the drawdownshould be at least60 gallons. This
meanghatthe pumpwill alwaysrun for atleasttwo minutes
eachtime it cycleson andoff. This will greatlyreducethe
impactthatcycling hasonthe pump.

The pump will actually get a start signal from a pressure
switch rather than a level indicator. The pressureswitch
will normally be setto start at 40 psi and stop at 60 psi,
althoughsomevery small systemsamay run from 20-40psi.
Theequipmensuppliercancalculatavhatthiswouldmeansin
terms of gallons of drawdown for a new tank. For an
existingtank, justisolatethetankat shutoffpressureand see
how muchwaterdrainsoutto dropthe pressurdo the cutin
point.

Elevatedstoragetanksarelocatedin areaghathavepressure
problemsdueto smalllines or long runsof piping. Pneumatic
tankscanalsobe movedout into the systemwherepressure
problemsexist. It will alsoincreasethe amountof waterin
storagefor the system.Pneumaticallypressurizedsystems
provide no fire protectionsincethereis not enoughwater
availableatpressure.
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Basic Sruby QUESTIONS

1. Wherewould you find anair gapon a groundstorage
tank?

2. Whatdoescathodicprotectiondo?

3. Whataresacrificialanodes?

4. Whatis thedrawdownin a pneumaticstorageank?

Basic SampLE TEST QUESTIONS
1. All ventsandoverflowsonastoraggankshouldbe

screened. il |
A. True |5:‘r!,‘-.|
B. False J':;I:] ,;r:
:: IIJ ‘N

'R

2. Pneumaticstorageanksmustbefull of waterto l;.i-"J ":'
work properly. /:‘_:] J,’:
A. True fizde] a;}'.il
B. False ":’*E f irﬁ:
JrENA Iy

Ir: r’ tl.:i P

:1'!!‘“1 Jb.*l

ApvaNcED Stuby QUESTIONS

1. Whichtypesof storagganksaremorelikely to have
corrosionproblems?

2. Whatarethreewaysto controlthe waterlevelin a
storagetank?

3. Whyisiceaproblemin thewinter?

ApvaNCED SampLE TEST QUESTIONS
1. Whattype of electricalcurrentis usedin cathodic
protection?
A. AC current
B. DC current
C. 3-phasecurrent
D. Synchronousurrent

2. Whatis likely to growin astoragdankthatis not
covered?
A. Sulphurbacteria
B. Algae
C. Trout



CHAPTER 9: Pumps & MOTORS

Pumpsprovide the meansfor moving water throughthe

systemat usableworking pressuresThe operationand

maintenancef thesgpumpsaresomeof themostimportant
dutiesfor manywaterutility operatorsTherearetwo basic
types of pumpsusedin water and wastewatersystems.
The mostcommontype of pumpis the centrifugalpump.

Theothertypeis the positivedisplacemenpump.

All pumpsare rated by the flow they produceand the

pressurethey mustwork against.Centrifugal pumpsare
usedfor high flow andlow headpressureapplications.
Boosterpumpsor primary servicepumpsare requiredto

move high volumesof waterandusually operatecdat low

head pressureq200-300 feet of headfor water and as
little as 50 feet of headfor wastewaterapplications).
Centrifugal pumpsare ideally suited to thesetypes of

applicationsand are much more efficient than positive
displacementpumps of comparablesize. Positive
displacemenpumpsare usedfor low flow and high-

pressurapplicationsHigh pressuravaterjet systemdike

thoseusedor well screeror sewetine cleaningusepositive
displacemenpumpssincepressuren excesof 2500feet
of headareneededandtheflows seldomexceedlO0gpm.

Sludgepumpsandchemicalfeedpumpsarealsolikely to

bepositivedisplacemenpumps Pistonpumpsdiaphragm
pumps,and progressivecavity screwpumpsare the most
commontypesof positivedisplacemenpumps.

Another difference betweencentrifugal and positive
displacemenpumpshasto do with how they reactto
changesn dischargepressure Whenthe pressurghat a
centrifugal pump hasto work againstchangesthe flow
from the pump changesAs the pressureincreasesthe
flow from the pumpwill decreaseandwhenthe pressure
dropstheflow will increasePositivedisplacemenpumps
do not reactthis way. Theflow doesnot changewhenthe
dischargepressurechangesThis is the main reasonthat
positivedisplacemenpumpsareusedfor chemicalfeeding
andsludgepumping.The operatorknowsthat everytime
the pumpstrokesijt is pumpingthe sameamountof fluid.
This is importantif accuraterecordsare to be kept of

chemicaldosagesand poundsof solids that are moving
through the system.

CENTRIFUGAL Pumps

A centrifugalpumpmoveswaterby the useof centrifugal
force.Any time anobjectmovesn acircularmotionthere
is aforceexertedagainstheobjectin thedirectionopposite
the centerof thecircle. Thiswould be easierto explainif
we useanexampleof apersorwith abucketfull of water.
If thepersomswingsthebucketin acircle fastenoughthe
waterwill stayin thebucketevenwhenit is upsidedown.
The force that holds the water in the bucketis called
centrifugalforce. If aholeis madein the bottomof the

[T'S MUCH CHEAPER

WE'LL PROTECT THE SHAFT

Figure 9.1- Impeller Rotation&
Centrifugal Force

bucket,andit is swungin acircularmotion,thecentrifugal
force will pushthe water out of the bucketthroughthe
hole. The sameprinciple applieswhen water is moved
throughacentrifugalpump.

Table 9.1 - Pump CharacteristicsOverview

TYPE OF PUMP

PRESSUREIFLOW RATING

CHARACTERISTICS

Centrifugal Low Pressure/Higklow Flowchangesvhen
pressurehanges
PositiveDisplacement HighPressure/Lowlow Flow doestt change

whenpressurehanges
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An impellerspinsinsidea centrifugalpump.lt is the heart
of the pump.Waterenterghe center,or suctioneye,of the
impeller. Astheimpellerrotatestheveinspick upthewater
andslingit outinto thepumpbodyunderpressurelt is the
pressureexertedby the vanesthat movesthe waterout of

the pumpandinto the system.The suctioncreatedasthe
water leavesthe impeller draws more water into the

impellerthroughthesuctioneye.

Thenumberof vanesandthe sweepof theveinsdetermine
the performancecharacteristic®f the impeller.As vanes
are added,the impeller will producehigher discharge
pressuresindlower flows. The samesituationappliesto

TvyPESOF CENTRIFUGAL PumPs
Therearethreebasictypesof centrifugalpumps Although
they differ in design,all three have the samebasic
components.The first centrifugal pumpswere called
horizontalsplit casepumps.[SeeFigure9.2] The shaftis
horizontalandthecasings splitin half. With thetop half of
the casingremoved,the entire rotating assemblycan be
removedfor maintenanceThe problemwith horizontal
pumpsis thefloor spaceheyrequire.

End suctioncentrifugal pumpswere designedo take up
lessfloor space[SeeFigure9.3] Thesuctionpipingenters
attheendof the pumpanddischargesta 9(° angleto the

increasing the length or sweep of the vanes. Reducing3Hgtion.Thisallowsmoreflexibility ininstallationand since
numberof vanesor the sweepof the vaneswill increase the pumpcanbe mountedvertically, more pumpscanbe

theflow andreducethe pressure.

9-2
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UPPER CASE

PUMP HALF
COUPLING

BEARING CAP

OQUTBOARD
BEARIN
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LOWER CASE

IMPELLER,

Figure 9.2- Horizontal Split CaseCentrifugal Pumg
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Figure93-End-SuctionCentrifugd Pump
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DRIVE SHAFT
LOCK SCREW

ADJUSTING NUT

HOLLOW CORE
y——= MOTOR

gy OIL DRIPFER

MOTOR
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SUCTION BEARING

SUCTION PLUG
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Figure 9.4- Vertical Turbine Centrifugal Pump
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A verticalturbinecentrifugalpumpconsistof multiple
impellersthatarestagednaverticalshaft. [SeeFigure
9.4] Theimpellersaredesignedo bring waterin the
bottomanddischarget outthetop. Thisresultsn axial
flow aswateris dischargedipthroughthecolumnpipe.
Stagingthe impellersin thesepumpscancreatevery
high dischargepressuressincethe pressurencreases
asthe watermovesthrougheachstage.

CenTrIFUGAL Pump COMPONENTS

Beforewe candiscussoperationand maintenancef
acentrifugalpump,it isimportantto understandéhowa
pumpis puttogetherandwhateachpumpcomponent
doesA centrifugalpumpis constructedrom abouta
dozenmajorcomponentd._et'stakealook athowthese
piecesdfit togetherto makea pump.

Theimpelleris attachedo the pumpshaft. The shaft
must be straightand true so that it will not cause
vibrationwhenit rotatesTheshaftshouldbeprotected
from potentialdamagecausedoy the failure of other
pumpparts.A shaftsleeveis usedto protectthe shaft
in the areawherethe shaft passeghroughthe pump
casing.

WE'LL FROTELCT THE SHAFT

IT'S MUCH CHEAFER

Figure 9.5- ShaftSleeve

Thisrotatingassemblynustbesupportedsit spinsin
the pump. Bearingshold the spinningshaftin place.
Therearetwo typesof antifriction bearingsnormally
found in centrifugal pumps.Onetype of bearingis

THESE BEARINGE WILL
_h,. SUFPORT THE SHAFT . .. AND FROTECT IT FROM
E THRUST AND RADIAL LOWATIS

Figure 9.6- PumpBearings



designedo keeptheshaftfrom wobblingfrom sideto-side
asit spins.This sideto-sidemotionis referredto asradial

movementThebearingausedto preventradialmovement
of the shaftare calledradial bearings The mostcommon
variety of radial bearingis the standardball-type roller

bearing

Astheimpellerspinswaterenteringhesuctioneyepushes
againstthe top of theimpeller exertingforce in the same
axisasthepumpshaft.Thisis referredto asupthrust.The

pressuredevelopednside the pump also pushesagainst
theimpellerin theoppositadirection.Thisdownwardforce

is referredto asdownthrustBearingsdesignedo support
theshaftagainsthistypeof forcearecalledthrustbearings.
The mostcommonvariety of thrustbearingis anangular
contactball bearing.

THE VOLUTE
COLLECTS AN 7

PDIRECTS THE
WATER THROUGH

Figure 9.7 - The Volute

Therotatingassemblyis placedin a pumpcasing.Partof
thepumpcasingis speciallydesignedo collectanddirect
theflow of waterasit entersandleavestheimpeller.This
partof the pumpcasingis calledthevolute.

Thesuctionanddischargepiping areattachedo the pump
casing.The suctionpiping will alwaysbe largerthanthe
dischargepiping. Suctionpipingis designedo bringwater
into the pumpat 4 ft/secin orderto minimize thefriction

SLOPE THE SUCITON PIPING UP
TOWARD THE PUMP,

AND USE AN
ECCENTRIC
REDUCER.

Figure 9.8- Suction Piping

lossonthesuctionsideof the pump.Thedischargeiping
is designedo carrywaterawayfrom the pumpat 7 ft/sec.
There are severalimportant aspectsto suction piping
installation.Horizontalrunsof piping shouldslopeupward
toward the pump. Any reducerson the line should be
horizontalacrosghetopinsteadof taperedA reducetthat
is flat on one side is known as an eccentricreducer.A
reducerthatis taperedon both sidesis calleda concentric
reducer.

Thesdnstallationfeaturesareusedo preventheformation
of air pocketsn thesuctionpiping.Air trappedn thesuction
piping cancreaterestrictionof flow into the pump.lt is
alsoimportantto makesuretherearenoleaksin thesuction
pipingthatmightallow air to bedrawninto thepump.The
pumpmustneversupportthe piping. Placingthatkind of
stresonthecasingcancauset to crackor becomesprung
enoughto causedamageo therotatingassembly.

Now thatthecasings assembledndthepipingis in place,
we canspinthe impeller and beginmoving water.Water
will enterfrom the suctionside of the volute andwill be
slungoutof theimpellerinto thedischargesideof thevolute.
Unfortunately,the waterwill try to passfrom the high-

pressursidebackto thesuctionsideandrecirculatehrough
theimpelleragain.

A=\ ) AND COMES
OUT HERE
UNDER PRESSURE.

LIQUID ENTERS THE
SUCTION
EYE...

BUT SOME OF IT LEAKS BACK FROM PRESSURE TO SUCTION!

Figure 9.9- LeakBack

The pumpcasingcould havebeenmachinedo closethis
gap,butthefit wouldbecomevornandwidenedovertime.
To preventthis internal recirculation,rings are installed
betweenthe pump and the impeller that reducethe
clearancebetweenthemto aslittle as0.010". Unlike the
casingtheseingsareremovableandcanbereplacedvhen
they becomeworn. Becausethey wear out and get
replacedtheyarecalledwearrings.

Thereis anotherareaof the pumpthatwill requiresome
attention.Somethingnustbe doneto plug the holewhere
the shaftentersthe pump casing.This is a placewhere
watercanleakoutandair canleakinto thepump.Neither
of thesesituationgs acceptablel hepartof thepumpcasing
thatthe shaftpasseshroughis calledthe stuffing box. It's
called the stuffing box becausewe are going to stuff

somethingn the box to keep the water in and the air out.
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AND THIS IS THE PACKING GLAND.
.

Lz

Figure 9.10- Stuffing Material

This"stuffing" will usuallyberingsof pumppacking.Several
rings of packingare placedin the stuffing box. A metal
insertring fits on top of the stuffing box andis usedto
adjustor tighten the packing down to minimize water
leakagelt is calledapackinggland.

Sincethe packingringstouchtheshaftsleeveasit rotates,
friction andheataregeneratedh thestuffingboxwhenthe
pumpis running.Wateris generallyusedo coolthepacking
rings during operation.This meansthat somewater must
leakoutof thestuffingboxwhenthepumpis running.Water
may simply be allowedto leak throughthe packingrings
frominsidethe pumpto coolthem.

e

{5

BUT ONLY IF THE LANTERN RING

SEAL WATER WILL IS IN THE RIGHT PLACE.

LUBRICATE AND
COOL THE PACKING

N

Figure 9.11- SealWater

This watermay be comingfrom the low-pressureside of
the pumpand may not be underenoughpressurdo leak
pastthe packingrings whenthe packingglandit properly
adjustedlf thisis the case high-pressuravaterfrom the
dischargesideof the pumpmay haveto be pipedinto the
stuffing box. Sealwaterpipingis usedto supplythiswater
to thepacking.The sealwaterenterghestuffing box from
theoutside butit's neededntheinside.

A lanternring is usedto getthe waterto the insideof the
packingringswheretheheatis beinggeneratedlhelantern
ring is a metalring that hasholesin it. Watercirculates
aroundthe outsideof the lanternring and passeshrough
theholesto getto theinsideof thepackingrings. Thelantern

box to makesurethat waterwill getto the centerof the
stuffingbox. Wheneverpotablesupplyis usedfor apump
thatis pumpingnon-potablewater,an air gapor reduced
pressurebackflow preventermust be usedto preventa
possiblecrossconnection.

If thereisn't enoughsealwater moving pastthe packing
androtatingpumpshaftto coolthemproperly,the packing
will overheatlf the packingis allowedto overheatthe
lubricantin thepackingwill bedrivenawayfrom the shaft
andthepackingwill becomeglazed muchlike nylon cord
that hasbeenburnedat the end. The glazedpackingwill

thenstartcuttinginto theshaftsleevecreatingmorefriction

ring mustbealignedwith thesealwaterportonthestuffing
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WATER-SEAL SUPPLY

WATER-SEAL RING (LANTERN RING)

\ PACKING

GLAND

SHAFT

PACKING

Figure 9.12- Stuffing Box CrossSection

andheat.Theresultwill bepackingfailure andaseverely
damageshaftsleeve.

Pumpsthatdo not havepackingin the stuffing box will be
equippedwith a mechanicalseal.[See Figure 9.13.]
Mechanicakealsarecomprisedf two highly polishedseal
faces.Onesealfaceis insertedn a glandring thatreplaces
the packingglandon the stuffing box. The othersealfaceis
attachedo therotatingshaft.It is heldin placewith alocking
collar andis springloadedsothatthereis constanpressure
pushingthetwo sealfacestogether.

Whenthepumpruns sealwateris pipedinto thestuffingbox
under enough pressueforcethesealfaces apariTheseal
facesdon'ttouchwhenthe pumpis running,butthefriction
loss createdas the water pusheshemapartpreventsany
leakagdromtheglandplate Failureof thesealwatersystem
will resultin the sealfacesrubbingagainsteachother. The
friction thatis generatedvhenthis happensandestroya
mechanicasealin a matterof seconds.
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Figure 9.13- MechanicalSealComponents

Pump HYDRAULICS
Whena pumpis installed,it is importantto makesurethat

3. Determinethedischargehead:

The dischargeheadis the vertical distancefrom the

it is designed to pump the proper amount of water against centerlineof the pumpto the overflow of the storage

thecorrectheadpressurePumpghatarenot properlysized

tank.Theillustrationshowsadischargdeadof 60feet.

for a specific applicationwill fail to give satisfactory 4. Determinethe total head

performanceThe majority of complaintsregardingoump
performanceusually result from placing a pump in an
applicationthatrequiresit to operateoutsideits designed
flow or pressureatings.

In orderto gettheright pumpfor thejob, you mustknow
not only how much water must be moved, but also how
much pressureit is going to have to pump against.
Determininghow muchwater needsto be pumpedis the
easypart.A pumpdealemayhavefifteendifferentpumps
thatareratedfor 500 gpm. Someof themwill pump500
gpmagainst00feetof headandsomewill only pump500
gpmagainst0 feetof headpressureThetrick is figuring
outhowmuchpressuréhepumpwill havetowork against.

Thefollowing stepsshouldbetakenwhensizingapump:

I. Determinethe gpm

Thepumpshouldbeableto meetthepeakdaily demand
thatwill beencountered.

Determinethe suction head

Thesuctionheads theverticaldistancdromthesurface
of thewatersupplyto thecenterlineof thepump.If the
watersupplyis belowthe centerlineof the pump,the
distancds negativesuctionhead,or suctionlift. If the
watersupplyis abovethe centerlinef the pump,it is

knownaspositivesuctionhead Theillustrationshows
both positive and negativesuction headsof 20 feet.
Atmosphericpressureandthe ability of the pumpto

pull avacuumlimit negativesuctionheadAt sealevel

the absolutemaximumnegativesuctionheadis 33.8
feet. For mostpumpingapplicationsnegativesuction
headsshouldneverexceed0feet.
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The total head can be determined by adding
a negative suction head to the discharge head:

T T

Discharge
Total
IHead Head |
L & |
u 20I' {
Negative Suction N
Head (Lift)

Total Head = Discharge Head + Negative Suction Head

or
by subtracting a positive suction head
from the discharge head:

60' 40'
I Discharge | Total
Head Head
| R
| Positive Suclion‘?ojl\
s ~Head \|/
Pump

Total Head = Discharge Head - Positive Suction Head

Figure 9.14- How to DetermineTotal Head



5. Determinethefriction loss
Thetotal headrepresentshe vertical distancethat the
pump mustlift the water.The horizontaldistancethe
watermustmovewill alsoimpactthe pressureagainst
thepump.As watermovesthroughapipe,it rubsagainst
the inside of the pipe. This createsfriction that will
reducethe availablepressureat the endof the pipe.A
pumpmustproducea pressuréiigherthantotal headto
overcomethis friction lossandstill movetherequired
amountof water. There are four factorsto consider
whendeterminindriction loss. Theyarethesizeof the
pipe,the flow throughthe pipe, the lengthof the pipe,
andthe"C factor". The"C factor" is alsoknownasthe
coefficient of friction. It representghe roughnessof
theinsideof thepipewall.

. Determinethe Total Dynamic Head
Oncethefriction losshasbeendeterminedit is added
to the total headto calculatethe total dynamichead.
Thetotal dynamichead(TDH) is theheadatwhichthe
pump should be rated. The pump can now be sized
accordingo thegpmdemandandthetotaldynamichead
thatit mustwork against.

T.D.H = Discharge Head +/ Suction Head + Fricion Loss

Pump CHARACTERISTICS CURVES
Everypumphascertaincharacteristicsinderwhichit will
operateefficiently. Theseconditionscanbeillu -stratedwith
pump characteristicurves.The graphof the pumpcurve
shouldshow:

1) The headcapacitycurve (A)

2) The brakehorsepowerurve (B)

3) The efficiencycurve(C)

Thegraphmaycontainacurvelabeled'NPSH"(NetPositive
SuctionHead)insteadof a BHp (BrakeHorsepowerkurve.
NPSHrepresentthe minimumdynamicsuctionheadthatis
requiredo keepthepumpfrom cavitating.

To usethe pumpcurve:

1. Startattheparticularheadpressurehatis desiredand
thentravelacrosghechartto thepointwhereit crosses
the headcapacitycurve (A).

Dropastraightline from this pointdownto thebottom
of the chartto determinethe gpm output at that
particularheadpressure.

The brakehorsepowercan be determinedoy starting
at the point where the vertical line crossesthe
horsepowercurve (B) and going acrossto the right
sideof thechart.Usethe sameprocedurdor NSPHif
it is usedinsteadof BHp.

4. Theefficiencyof thepumpatthisflow andpressure
is determinedy startingatthepointwherethevertical
line crossesheefficiencycurve(C) andgoingoverto
theright sideof thechart.

Whenthe headpressureof the pumprepresentedby this
curve is 200 feet, the outputis 350 gpm. The brake
horsepowerundertheseconditionsis about22 BHp and
the efficiency is 80%. If the impeller or the speedof the
pump changesall of the pump'scharacteristicsill also
change.

SHUT OFFHEAD

Thehighesheadpressurghatthepumpwill develogs called
the "shut off head"of the pump. The shutoff headfor the
pumpin this curveis 240feetof head Whena pumpreaches
shutoff headtheflow from the pumpalsodropsto 0 gpm.
Thisis avaluablepieceof informationfor conductingaquick
checkof thepump'sperformancdf thepumpcannoigenerate
its ratedshutoff headthepumpcurveis nolongerof anyreal
valuetotheoperatorAlossof shutoff heads probablycaused
by anincreasen recirculationinsidethe pumpdueto worn
wearringsor wornimpellers.

Thereis anotherfactor that might affect the
shutoff headof the pump.The pumpcurve

f k« s assumeshat the pumpis runningat design
260 A= = 80 % speedlf apumpthatis supposedo spin at
A Jusho .__9};,_;}’1 s <" § 1750rpmandit is only turningat1700rpm, the
220 = } ~] 70 ©  shutoff headwill belowerthanthepumpcurve
Lo — v ~ 65 @ too. However,if the pumpspeeds checked
180 v with atachometeandfoundto becorrectthe
L wearringsorimpellersareprobablyin neecdof
\ .
140 | repair.
= 100 | Checking Shutoff Head
25 It is fairly easyto checktheshutoff headona
o =T by Irly easyto cf :
S f____'f_?f_-:ﬁ""‘"'d 20 % pumpif it hassuctionanddischargepressure
= 80 =T | 15 ©  gauges:
1. Startthe pumpandclosethedischarge
20 J isolationvalve. This will createa shut
0 50 100 150 200 250 300 350 400 450 off heactonditionsincetheflow hasbeen

Discharge, Gal. Per Min.

Figure 9.15- PumpCurve

reducedo 0 gpm.Thepumpshouldnot
operateatshutoff headfor morethana
minuteorit will beginto overheat.



NOTE: NEVER attemptto createshut off head
conditionsonamulti-stagedurbinewell. Theshutoff
headmay be severalhundredfeethigherthannormal
operatingpressurewhich cancauselamageo piping.

2. With thepumprunningatshutoff headreadthesuction
and dischargepressuregauges.Subtractthe suction
pressurefrom the dischargepressureo get the shut
off head Comparehefield readinggo thepumpcurve
to seeif thewearringsarein needof replacement.

Dynamic

ynamic TN
Dynami Discharge Head

Suction Head

As thewatersurgesnto theimpeller,thepartialvacuumis

destroyedandthe cavitiescollapse allowing the waterto

slaminto the impeller vanes.Thesecavities form and
collapseseverahundredimesasecondAs theycollapse,
theydrawthewaterbehindtheminto theimpelleratabout
760 mph! Theimpactcreatedby the waterslamminginto

theimpelleris sogreatthatpiecesof theimpeller may be

chippedaway.

Whencavitationoccursjmmediateactionmustbetakento
preventthe impeller, pump and motor
bearings,and piping from being damaged.
Cavitationcan be temporarilycorrectedoy
throttling the dischargevalve. This action
preventslamageo the pumpuntil thecause
canbefoundandcorrectedRemembethat
the dischargevalve is thereto isolate the
pump, not control its flow. If it is left in a
throttledpositionthevalvefacemaybecome

L g

Closed

—)

Pump Running

Shut off Head = Dynamic Discharge Pressure — Dynamic Suction Pressure

Figure 9.16- How to DetermineShut-Off Heac

If theshutoff headmatcheghecurve thesamecalculation
canbeusedwhenthepumpis runningnormally,to estimate
the Total Dynamic Head (TDH) and determinethe flow
whenameteris notavailable.

CommvoN OPERATIONAL PROBLEMS

Theoperatoishouldcheckall pumpsandmotorseveryday
to insureproperoperationAfter spendinga certainamount
of time with thesepumpsandmotors,an operatorshould
be ableto tell just by listeningto themwhetherthey are
working properly. Thevastmajority of pumpingproblems
areeitheraresultof improperlysizingapumpfor thejob or

oneof thethreefollowing operationaproblems.

CAVITATION

Oneof themostseriougproblemsanoperatowill encounter
is cavitation It canbeidentifiedby anoisethatsounddike
marblesor rocks are being pumped.The pump may also
vibrateandshakeIn severecasespiping canbedamaged.
Cavitationoccurswhenthe pumpstartsdischargingvater
at a ratefasterthanit canbe drawninto the pump. This
situationis normally causedy thelossof dischargenead
pressureor an obstructionin the suctionline. Whenthis
happensapartialvacuumis createdn theimpellercausing
the flow to becomevery erratic. Thesevacuumcreated

Discharge Valve

wornto the pointthatit won't sealwhenthe
pumpmustbeisolatedfor maintenance.

If you suspecthat low suctionpressurds
the problem,checkthe pump curveto see
whatthe Net PositiveSuctionHead(NPSH)
is for the pump.If thereis no NPSHcurve,
checkwith thepumpsupplier.

AIR L ocKING

fable 9.2 - Causes of Cavitation
R ———— s
B Loss ot discharge pressure due to open hy
drants or boe breaks
B (Closed suction valve
B Obsiruction in the suction line
B Low suction head doe to drop in water level

Air locking is anothercommonproblemwith pumpst is
causedy air or dissolvedyaseshatbecomdrappedn the
volute of the pump. As the gas collects, it becomes
compresse@nd createsan artificial headpressurdn the
pumpvolute.As moreair collectsin the pump,thepressure
will continueto build until shutoff headis reachedAir
locking is mostoften causedoy leaksin the suctionline.
The failure of low level cut off switches,allowing air in
from thewetwell, mayalsocauseair locking.

An air lockedpumpwill overheain a matterof minutes.
Theshutoff headconditionsmeanthatnowateris moving

throughthepump.Verticalpumpsthatuseinternalleakage
to cool packingmay alsoexperienceackingring failure,

sincethe trappedair canpreventwaterfrom reachingthe

packing.

cavities are formed on the backside of the impeller vanes.
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Air relief valvesareusedto preventair locking. Theyare
located on the highestpoint on the pump volute and
automaticallyventair asit accumulatesn the pump.lt is
alsoagoodideato repairleakinggasketsandjoints onthe
suction piping. If the pressurein the line drops below
atmospherigressurevhenthe pumpis running, air will
leakin insteadof waterleakingout.

L ossoF PrIME

Lossof primehappensvhenwaterdrainsout of thevolute
andimpeller. The impeller can'tcreateany suctionat the
impellereyeunlessit is filled with fluid. This occursonly
when negativesuctionheadconditionsexist. Pumpsthat
operatewith negativesuctionlift areusuallyinstalledwith
a foot valve or checkvalve at the bottom of the suction
pipe. This valve holdsthe waterin the suctionpipe and
pumpwhenthe pumpis off.

Whenapumplosests primeit mustbeshutdown,reprimed,
andall theair bledoutof thesuctionline beforestartingthe
pump again. Worn packing and a defective foot valve
normallycausdossof prime. Thebestwayto preventioss
of prime is to designa pumpinstallationso that thereis
positivesuctionheadonthepump.

ELecTrRIC MOTORS

Veryfew operatorglo electricalrepairsor troubleshooting
becausedhis is a highly specializedield and unqualified
operatorganseriouslyinjurethemselvesr damageostly
equipment.Fortheseeasonstheoperatomustbefamiliar
with electricity, know the hazardsandrecognizehis own
limitationswhenworking with electricalequipmentMost
water systemsuse a commercialelectricianfor major
problemsHowever theoperatoishouldbeableto explain
howtheequipments supposedo work andwhatit is doing
or not doingwhenit fails. Electric motorsare commonly
usedto convertelectricalenergyinto mechanicaknergy.
A motorgenerallyconsistof a stator rotor, endbells,and
windings.Therotor hasanextendingshaft,whichallowsa
machingo becoupledtoit. Mostlargemotorswill bethree
phasamotorsratedfrom 2200r 4160volts.

Vertical turbineline shaftpumpswill oftenhavea hollow
core or hollow shaft motor. The rotor is hollow andthe
motor shaftcanslide up anddownto allow adjustmenof
impellerclearanceThislateraladjustments accomplished
by raisingandloweringthe shaftwith theadjustingnuton
top of theupperbearing.

PHASES

The term "phase"appliesto alternatingcurrent (AC)
systemsand describeshow many external winding
connectiongreavailablefrom a generatortransformeror
motorfor actualloadconnectionsMotorsareeithersingle
phaseor threephase.

SNGLE PHASE M OTORS
Singlephasanotorsarenormallyoperaten110-220volt
A.C. singlephasesystemsA straightsingle phasewinding
hasno startingtorqueso it mustincorporatesomeother
meansf spinningtheshaft.A singlephasemotorrequires
aspecialstartcircuit within the motorto makesureit runs
in the right direction. Severaldifferent types of starter
windingsareavailablein thesamotors.Single phasgpower
leadswill havethreewires, like a threeprongextension
cord.

THREE PHASE MoTORS

Threephasesystemsefer to the fact that therearethree
setsof windingsin themotorandthreelegsof powercoming

in from thedistributionsystemThistype of motoris used
whereloadsbecomeargerthansinglephasecircuits can

handle With threelegsto carry power,moreampscanbe

deliveredto the motor. Three phasemotorsare the most
commontypesusedin water and wastewatersystems.
Threemajor typesof threephasemotorsarethe squirrel

cageinductionmotor,synchronousnotors,andwoundrotor

inductionmotors.

Squirrelcageinductionmotorsarewidely usedbecaus®f
its simple constructionand relative low maintenance
requirementsThewindingsarestationaryandarebuilt into
the frameof the motor. The powersupplyis connectedo
thewindingsin thestator which createsrotatingmagnetic
field. Therotoris madeup of barsarrangedn theshapeof
a cylinder andjoined to form a "squirrel cage." Squirrel
cageinductionmotorsmakeup approximately90% of all
motorsusedin industrytoday.

Threephasamotorsdonotuseastartcircuit. Thedirection
of rotationis determinedy how thethreeleadsarewired
to themotor.If anytwo of theleadsareswitched themotor
rotationwill bereversed.

SINGLE PHASING

Anytime aleadbecomegroundeda deadshortdevelops,
or oneof the contactsopensin athreephaseamotor,single
phasingwill resultWhenthisoccursthespeedfthemotor
will dropandit will beginto overheatThesinglephaseawill
draw too manyampsandit will quickly burn up. When
singlephasingpccursvhile themotoris notrunning,it simply
will notstartup again.Speciakircuit protectionis available
thatwill shutthemotoroff if singlephasingoccurs.

Circuir PrOTECTION

Motors needto be protectedfrom power surgesand
overloadsFusesandcircuit breakersaaredesignedo open
the circuit whenthe currentload threatengo damagethe
motor. Fusesare generallysizedat 120-150% of motor
capacity. Circuit breakerscan be resetwhen they trip,

insteadof beingreplacedike afuse.Circuit breakersan
reactfasterthanfusesandare usuallysizedcloserto the
currentratingof themotor.
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Basic Stuby QUESTIONS

1. Whatarewearrings?

2. Whatthreefactorsdetermineotal dynamichead?

3. Whathappensvhenyou increasehe pressuren a
centrifugalpump?

4. Whataresomeof the possiblecause®f cavitation?

5. Whatdoessinglephasingn athreephasemotor
mean?

Basic SampLE TEST QUESTIONS
1. Alanternring:
A. Mustbelocatedin line with the sealwaterport
B. Isusedto putcoolingwaterto thecenterof the
stuffingbox
C. Will befoundin thestuffingbox
D. All of theabove

2. Thedischargeipingof acentrifugalpumpwill be
largerthanthesuctionpiping.
A. True
B. False

3. Air trappedn thevoluteof thepumpwill cause:
A. Cauvitation
B. Airlocking
C. Lossof prime
D. All of theabove

4. Whichtypeof pumpwould beusedin awell?
Verticd turbinecentrifugal
Splitcasenorizontalcentrifugal
Endsuctioncentrifugal
Positivedisplacement

o o>

ApvaNceD Stuby QUESTIONS

1. Whatdoestheterm"C" factorreferto?

2. Whatis the bestway to preventiossof prime?

3. Whatarefour conditionsthatcouldcausecavitation
in acentrifugalpump?

4. How do you reversetherotationof athreephase
motor?

5. Whatkind of informationis foundonapumpcurve?

ADVANCED SAMPLE TEST QUESTIONS
1. The maximum pressure a centrifugal pump can
generates called:
A. Shutoffhead
B. Totaldynamichead
C. Totalhead

2. Negativesuctionheadshouldneverexceed:
A. 10feet
B. 20feet
C. 30feet
D. 40feet

3. Whichof thefollowing would makea centrifugal
pumpstopcavitating?
A. Throttlethesuctionvalve
B. Throttlethedischargevalve
C. Decreasehe TDH
D

. Decreasehe NPSH
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CHAPTER 10: M ECHANICAL SYSTEMS

Like any other businessa water systemspendsa great

dealof moneyoninfrastructureandcapitalimprovements.

Theseexpensesnclude piping, storageand all of the
mechanicaéquipmentequiredo producefreat,anddeliver
water.A maintenanc@rogramis essentiato insuringthat
the mechanicalcomponentsof the systemstay in good
working orderandprovidethelongestpossibleservicelife.

A preventivemaintenancescheduleshouldbe utilized to

make surethat eachpiece of equipmentgetsthe proper
attention. Most preventive maintenanceconsistsof

inspecting,cleaning,and lubricating the equipment.The
equipmentoperatorscan usually completethesetasks.

lubricantssuchas Teflon. Pricesfor packingrangefrom
severaldollars a poundfor graphiteimpregnatedute to
hundredsof dollars a poundfor pure Teflon and other
synthetics.

A rule of thumbis to buy the mostexpensivepackingthat
you can afford, providedthat you are taking careof the
rest of the pump properly. If scoredor damagedshaft
sleevesandout of roundor bentshaftsarenot goingto be
repaired usethe cheapespackingyou canget. Expensive
packingwill notlastanylongerthanthe cheapstuff if the
sleeves scoredor theshatftis bent.If therestof thepump

Specially trained personnelthat possesghe necessary is properlycaredfor, the moreexpensivaypesof packing

mechanicalskills should handle major maintenance,

includingcomponenteplacemen&ndoverhaul.
Pump M AINTENANCE

Themostcommonpieceof equipmentn awatersystemnis

will lastseveraltimeslongerthanthe cheappackingand
will usuallypayfor itselfwith alongerlife.

RemovINg OLb PAckING
It's time to replacethe packing when thereis no more
adjustmenteft in the packingglandandthereis too much

the centrifugal pump. There are severalmaintenance |eakagefrom the stuffing box. Whenthis occurs all of the

procedureghat must be performedperiodically for any
centrifugalpump.Pumppackingwearsout, bearinganust
belubricatedor replacedmechanicasealseedreplacing,
couplingsmustbe maintainedandmotorandpumpshafts
mustbealigned. Theseproceduresrenotdifficult to learn.
Someof the proceduresnay require the use of a few
specialtools. Once an operatorunderstandghe basic
proceduresand has a chanceto put the theoriesinto
practice,it doesn'ttakelong to becomeproficientat each
task.

Pump Packing

Pump packingis one of the biggestproblemareasfor
operatorsin charge of pump maintenance.Poor
maintenancef pumppackingis responsibléor morepump
damagethan any other maintenancdatem. Improperly
maintainegackingcancauseseveraproblemsncluding:

Table 10.1- DamageCausedby Packing Failure

Loss of prime or suction due to an air leak
Shaft and sleeve damage

Water contamination of bearings

Flooding of pump stations

Therearemanydifferenttypesof pumppackingavailable
for usein today'pumps.Themostcommontypeof packing
comesin a squarebraidedstock. Thereare a numberof

differentkindsof braidedpacking.lt canbe manufactured

fromjute, asbestogyylon, Teflonor othersyntheticslt can
be lubricatedwith graphite,grease,or other synthetic

packingrings mustbereplacedAdding anadditionalring
orjustreplacingoneor two ringswill only leadto premature
packingfailure and damageto the shaftand sleeve.Use
thefollowing procedurdo removetheold packing:

1. Tagthepumpin the"OFF" positionandlock it out
sothatit can'tbe accidentallyrestarted.

2. lsolate the pump by closing the suction and
dischargevalves.

3. Drain the pump by openingthe drain cock or
removingthedrainplugin thebottomof thevolute.

4. Removethe packinggland.If it is not split for
removalfrom theshaft,it shouldbetied off sothat
it is out of theway.

5. Removethe packingrings with a packingpuller
(corkscrewontheendof flexible T-handle)taking
carenot to scorethe shaftsleeve.

6. Measurethe distanceto the lanternring andthen
removeit with the packingpuller. It may take a
puller oneachsideof thelanternring to pull it out
without gettingit cockedsidewayslf the lantern
ring is split, it canbe removedfrom the shatft. If
you'renotsurethatthelanternring wasin theright
placedto beginwith, measurethe distancefrom
the face of the stuffing box to the sealwater port
or referto thevendor'sangineeringlrawingof the
stuffing boxfor the correctposition.

7. Removeheremainingpackingringsandcleanthe
stuffing box andshatft.

8. Disconnectjnspect,andcleanthe sealwaterline
andsealwater port.

9. Inspectthe shaftor shaftsleevelf it is scoredor
grooved,the pump shouldbe dismantledandthe
shaftdressedr repairedby a machineshop.
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RepackING THE Pump

Before new rings are cut, it is important to determine t

sizeandnumberof packingringsthatareneededor the
stuffing box. This informationshouldbe availablein the
vendor'sengineeringdrawings.If thesedrawingsarenot
available measurementsf the stuffingbox andshaftcan
be usedto makethe determinationThe correctpacking
sizeis determinedisingthefollowing procedure:

1. Measurethe inside diameterof the stuffing box
andthe outsidediameterof the shaft.

2. Subtractheshaftdiameterfrom the stuffing box
diameter.

3. Divide thedifferenceby two. (SeeFigure10.1)

The correctnumberof ringscan be determined using the

following procedure:

1. Measurghedepthof the stuffing box.

2. Divide thedepthof thestuffingboxby thesizeof
the packingto getthetotal numberof rings.

3. Subtracobnefromthistotalif alanternringisused
in thestuffingbox.

Oncethe sizeandnumberof rings hasbeendetermined,
thenewpackingcanbecutandinstalled.Greatcareshould
betakento keepthe packingmaterialcleanandfreefrom
dirt. Packingspoolsshouldbe storedin plastic bagsto
preventcontaminationDirt andgrit in the packingrings
will leadto seriousshaftandsleevedamageThetwo most
importantaspect®f cuttingpackingringsinvolve cutting
themtherightlengthandcuttingthemsotheendswill butt
togetheisquarelyCuttingringsthesamdengthwith ends
thatbutttogethersquarelycanbeaccomplishedisingthe
following procedure:

1. Cutthe packingto the properlength and shape
using a very sharpknife or cartoncutter.Wrap
thepackingmaterialaroundheshaft,anold sleeve,
or evena pieceof hardwoodturnedto the proper
diameter.Cut all of the rings at once with the
packingon the shaftto insurethat the endswiill
butttogethersquarely.

2. Wrap eachring of packingaroundthe shaftand
sealft in thestuffingbox completelybeforeadding
thenextring. Openthering by twisting it instead
of pulling theendsapart A light coatof greasen
the outsideof thering will makeit mucheasieito
pushinto the stuffing box. Staggerthe joints of
theringssothattheyare90 degreespart.Make
surethe lanternring lines up with the sealwater
portwhenit is installed.

3. Install the packinggland. Make surethe gland
tighteneddown evenly.lt is usuallymadeout of
castmaterialandwill breakeasilyif it getsin a
bind.

ADJusTING THE PackiNG GLAND
Thefinal adjustmenof the packingglandis madewhile
the pumpis running.The pumpcanberestartecbncethe

locks and tags have beenremoved,the dis-chargeand

@Jctionvalvesare completelyopenedandthe pump has
e

enprimed. More packing jobs have beenruined by
impropergland adjustmenthan any other single reason.
Adjustthepackingglandusingthefollowing procedure:

1. Tightentheglandonehalfturnatime oneachside
until it justbeginsto put pressur@nthepacking.

2. Startthepumpandtightenthe glanduntil theflow
of wateris reducedustenougho preventlooding
thedrainline. Allow the pumpto run for at least
five minuteswhile the packingrings seat.Never
allow the packingto gethot duringthis "breaking
in" period.If the packingheatsup andlubricantis
seermoozingfrom thegland,the packingis already
ruined and should be removedand replaced
immediately.

3. After five minutes,adjustthe packingslowly until
the leakageis reducedto the desiredlevel. The
appropriateamountof leakagewill vary with the
sizeof thepumpandtypeof packing,butageneral
rule of thumbis 20-60dripsperminute.Tightenthe
gland and checking the water temperature
periodically. Whenthewaterturnslukewarmthere
is not enoughflow to cool the packingproperly.
Loosenthe packingglandjust enoughto cool the
waterbackdownto roomtemperaturel hepacking
glandwill probablyneedto be checkedagain,as
the packingrings get properly seated.This may
haveto be done severaltimes over the next 24
hoursof runtime.

BeaRING M AINTENANCE

Properbearinglubricationis a critical part of gettingthe
designedife out of pumpandmotorbearingsAs strange
as it may sound, more bearingshave failed from over
lubrication than from lack of lubrication. In fact, some
bearingseverrequirelubricationandmayfail if theyare
greased.Shieldedand sealedbearingscome factory-
lubricatedandhavesufficientlubricantto lastthelife of the
bearingShieldethearinghaveametalskirt thatis attached
to theouterrace.lt coverstherollersbutdoesn'touchthe
inner race.Sealedbearingshavea rubberskirt that does
touchtheinnerrace Bearingghatdorequireperiodicgrease
lubricationusea surprisinglysmallamountof greasevhen
comparedo the bearinghousingsize.A properlygreased
bearingwill haveabearinghousinghatis nevermorethan
25-30%full. Thegreasds responsibldor lubricatingand
coolingthebearing.

Greasehatis insidethebearingwill gethotasthebearing
heatsup. Whenthe greaseagetshot it becomesnorefluid

andis thrown out of the bearingandontothe wall of the
bearinghousing,whereit cools.Greasdhatis outsidethe
bearingis drawninto therace,whereit againheatsupand
is thrown out. This processkeepsthe bearinglubricated
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REMOVE OLD PACKING PACKING SIZE

Pipe

CUT AND FLATTEN PACKING

Right

D

MAKE SURE ENDS ARE SQUARE INSTALL NEW PACKING

8 Right Wrong

=

STAGGER PACKING RINGS POSITION LANTERN RING PROPERLY

Figure 10.1- RepackingA Pump

andremovesheatfrom thebearinglf thebearinghousing to about25®F. This meangheywill assumeheir original

is full of greasehereis no way for the hot greaselo get dimensionsaslong asthetemperatureloesnotrise above
outof thebearingThelubricantinsidethebearingoverheats 25CF. This is the reasonsmall electric motorsshouldnot

and breaksdown. Bearingsoverheatand fail whenthis operateabovel03C. Lubricationschedulegor low-speed
happens. (under2500rpm)antiriction bearingapplicationsarebased

on the operatingtemperaturef the bearing Always refer

As bearingsheatup andcool down,theracesandrollers tothevendorrecommendation®r theproperubricantand
expandandcontract.Bearingsaretemperaturestabilized lubricationfrequency.
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CoupLINGS

Couplingsconnectthe motor shaft tothe pump shaft. The

exceptionto thiswould bea closecoupledpump A close
coupledpumpwill havethe impeller mounteddirectly to
the motor shaft. Couplingscan be rubberor steel. Steel
couplingsaremostcommonlygeartypeor grid couplings.

Couplings are
mountedandremoved
by pressingor heating
the coupling. They
should never be
mounted using a
hammer.The halves
of thecouplingshould
be separatedby a gap
large enough to
acceptthe thermal
expansiorastheshaft
and motor heat up.
Couplingsflex asthe

two shaftsspin. This  Figyre 10.2- GearCoupling
movementgenerates

friction andheatin the

couplingandrequiregyreasdubrication. Themainproblem
with lubrication in a coupling is centrifugation.As the
couplingspinsit triesto throwthegreas@utof thehousing.

Couplings should be
inspectedperiodically.
The housingshouldbe
removedand the old
grease@emovedisinga
solvent. Care must be
takennotto getsolvent

Broken or worn teeth
andwearor pits onthe
gridsareindicatorsthat
the couplingshouldbe
replaced.Geartype
housingsare usually
cast material. The
housingbolts must be
tightenedcarefullyin a
crossingpatterrto avoid

Figure 10.3- Flexible Grid
Coupling

crackingtheassemblyVibrationoccursn acouplingwhen
it ismisaligned.

ALIGNMENT

If the pumpandmotorshaftsarenot alignedproperly,the
resultwill bevibrationandsubsequerdamageo thepump
couplingand mechanicakeals,and the pump and motor
bearingsMisalignmentcanbeangularor offset(parallel.)
Angular misalignmentmeansthat the motor is crooked

in thebearingsor seals.

is off center.Misalignmentcanalso be in the horizontal
plane,requiringa sideto-side movementof the motor. It

canalsobein theverticalplane requiringraisingthe motor
with shims.This meanghat measurementsiustbe taken
atthetop, bottom,andbothsidesof thecoupling.

A crudecheckof the misalignmentcanbe doneusinga
straightedgeonthecouplinghalvesA dial indicatoris used
to moreaccuratelygaugeheamountof offsetor angularity.
A dial indicatoris capableof precisemeasurementdown
t00.001".

Parallel Misalignment

Angular Misalignment

Usually a Combination of Both
Figure 10.4- Typesof Misalignment

| NSTRUMENTATION

Instrumentationn water systemsallows the operatorto
maintainand monitor water levels, flows, pressuresand
chemicalfeed ratesat a distance.This use of telemetry
givesconstanteadingof change# thesystemandallows

whenit lines up with the pumpshaft. Offset misalignment
meanghatthe shaftsarein a straightline but oneof them
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operationathangesobemaderomremotdocationsThis
allowstheoperatotto maintainbettercontrolandrespond
morequicklytochanges theprocessThebestnstruments
arethosethatprovidestability,accuracyandrepeatability
when monitoring theseparametersinstrumentation
equipment can range from simple devices like float
switchesand pressuregaugesto complexsystemdike
on-line chemicalanalyzers.

Instrumentatiolis usuallysetupaseithera"feedforward"
or a"feedback'loop.An exampleof afeedforwardloop
would beaventuriflow metersendinga signalto change
a
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chorinedosagebasedon a changein well

field flow. The meterwould be located
forward of the chlorine feed point and
changethe strokewhenthe flow changed.
An exampleof afeedbacKoopwouldbea
chlorine analyzerchangingthe chlorine
dosagebasedon a changein residual
downstreanof the chlorinator.lt would be
located downstream and feed the

informationbackto thechlorinator.

Three things determinethe rate at which
an instrumentmakesa changein the
processOneis the amountof changefor
eachreading.Thisisreferredio asthespan.

NEITIEAT

Chlorinator

i e T P
"L-,g;"\‘h'.: ',-. 2 9‘-‘ (‘I

Residual
Analyzer

Another is how often readingsare taken.
This is called the rate. The third is the i
deadbandDeadbandneansthatthereis a
rangearoundthe setpointwhereno action
is taken. For instance,a chemicalfeed
instrumentmay be setto maintaina pH of &

e —

7.0.But thedeadbandnaybe setsothatno
actionis takenuntil the pH risesto 7.2 or

Control f
Chlorine Signal Chlorinated
Application Water
Sample
&—P —— i _— 3

falls below6.8.If therateis too fastor the
spantoo large, the control conditionsmay
fluctuateasthe instrumentatiorthunts" for
thesetpoint.

Figure 10.5- FeedbackControl Loop

amountof eachchemicalis addedto the water on a
continuousbasis.Eachfeedermusthavea storagebin, a

CHemicaL Feep SvsTEms

devicethatfeedsthechemicalinto asolutiontankwhereit

is dissolved andadeliverysystemto addthe chemicalat

Chemicalfeedersare necessaryo assurehatthe proper

VERTICAL
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ROLLER

MOTOR
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. 1
SOLUTION i W o
TANK : /7
g % [ I s g
U I
= i WATER INLET
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.

» CLEARWELL

Figure 10.6- GravimetricChemicalFeede
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the proper point in the treatment
process.Chemicalfeedersare either
gravimetricor volumetric.Gravimetric
feedersusually have a conveyorthat
usesa set of scalesto maintain a
constantveightof materialonthebelt.
They are not usedin water treatment
much because most treatment
chemicalsare corrosive and will
damage the scale mechanism.
Volumetric feedersare the most
common.They include augerfeeders
and positive displacementmetering
pumps.

Theactualfeeddevicemaybeascrew
augerarotatingdisc,anoscillatingshelf,
or avariablespeedconveyorbelt. The
feeder control may be calibratedin

poundsper day, but usually the scale
simply readsfrom 1 to 10 or 1 to 100.
Themanufacturemay providea chart
thatcanbeusedto determinewhatthe
feedrateis for a given setting.If not,
the operatorcancalibratethe machine
manually. This should be done
periodicallyto determinef themachine



The diaphragmfeed pump consistsof a

E\l diaphragmdriven pump chamberandtwo
CHEMICAL checkvalves. Thecheckvalves thatprovide
HOPPER theonewayflow throughthepump,canget
cloggedwith lime depositsThe straineron
HOPPER the pump suction line should be located
|} —— AGITATING severalinches abovethe bottom of the
MOTOR —= ARALE solutiontankto preventlime andgrit from
beingdrawninto the pumpandfouling the
GEAR __ ROTATING checkvalves.
REDUCER FEED SCREW
FEED RATE L If thecheckvalvesgetfouled,the pumpwiill
Fggg’%ﬁs Sﬁr':'P?G — \m"_r:? notpumpanysolution. F_Ius_hingt_heline with
KNOB — cleanwateror aweakacid, like vinegarmay
bl also correctthe problem. In severecases
: thevalvesmayhaveto bedisassemblednd
i’ JET cleaned. Always make sure the pump is
RO Ak MIXER primed beforeputting it backinto service.

Figure 10.7- Volumetric ChemicalFeeder

is in needof cleaningor maintenancelue
to cloggingor belt slippage. Thefirst step
is collecting and weighingthe amountof
chemicalfed in one minute at severa
differentsettings. Thesefiguresmultiplied
by 1,440minutesperdaywill give pounds
per day feed rate. Thesepoints can be
plottedto createa straightline graphthat
canbeusedto accuratelysetthefeedrate.

Chemicalfeed pumpsare small positive
displacementpumps. They are usually
diaphragnpumpsbutperistalticoumpsare
becomingpopularfor very small systems
Peristalticpumpsconsisiof acircularpump
headthatcontainsa pieceof rubbertubing
anda roller assemblyAs the pumpmotor
turnstheroller, fluid is squeezeadut of the

s meterfloGSEEIEn |

-4 rlps';be:mlhu'é(0.1-0.15mllmin). ROLLER

It may also be advantageou$o locate the
pumpsothatit hasapositivesuctionhead.

RETURN SFRMG
PUSH ROD:
BALL BEARING

ECCENTAIC

BALL BEARIMNG

INFUT EHAFT
& 'I'Igﬁll

DETAIL OF
PLASTIC TUBE
HOUSING

Figure 10.8- PeristalticPump
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Basic Struby QUESTIONS
1.
2.

3.

Why is a maintenanc@rogramimportant? 1.
Whatwould indicatethatit is timeto changehe 2.
pumppacking? 3.

Why would a bearingthathasjust beenlubricated
runtoohot?

Whatconditiongndicatethata couplingshouldbe
replaced?
Whatarethe advantagesf instrumentatiorand 1

telemetry?

Basic SampLE TeEST QUESTIONS
Whatwould adial indicatorbe usedfor?

1.

Cow>

Measuringtemperature 2

Measuringribration
Measuringlow
Measuringshaftmisalignment

Connectamotorto apumpusing:

ooy

A sleeve clamp 3

A coupling
Mechanicalseals
Bailingwire andbubblegum

Which of thefollowing wouldbeagoodapplication
for aperistalticoump?

A.

Boostempump

B. Wellpump
C.
D

Chemicalfeedpump
Air compressor

Which componentn adiaphragnpumpcauseshe
mostmaintenance@roblems?

A.

Shaft

B. Checkvalves
C.
D. Pumphead

Diaphragm

A straightedgecanbe usedasaninitial checkof
couplingalignment

A.
B.

True
False

109

ApvanceD Stuby QUESTIONS

Whatis aninstrumentatiorieedbacKkoop?
Whatcause&ninstrumento "hunt” for a setpoint?
How manyplacesmustreadingsbe takento check

motoralignment?

ADVANCED SAMPLE TEST QUESTIONS

Misalignmentof the pumpandmotorcancause
damageo:

A. Thecoupling

B. Thebearings

C. Themechanicakeal

D. All of theabove

An importantquality of aninstrumentatiorsensois:
A. Reliability

B. Repeatability

C. Accuracy

D. All of theabove

Graduated cylinders can heed to:
A. Calibratechemicafeedpumps
B. Storechemicals

C. Adjustmechanicaeals

D. Preventsurgesn thesystem
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CHAPTER 11: GROUNDWATER & WELLS

HyproLocic CycLE

Water is being exchangedetweenthe earth and the
atmospherall the time. This exchangds accomplished
with energysuppliedby the heatof thesunandthe pull of
gravity. Waterthatentergheatmospheréomwetground,
lakes riversandtheoceans knownasevaporationPlants
also releasewater to the atmosphereThis processis
known as transpiration.lt is carriedin the air aswater
vapor. When the water vapor cools and condensesit
changedrom a gasto aliquid andfalls backto earthas
precipitationin the form of rain, sleet, snow, or hail.
Evaporationfrom land and oceanputswaterbackin the
atmosphereandtheexchanggoeson continuallyaswater
goesfrom earthto atmospherdo earth.For this reason,
the exchangeof water betweenearthand atmospheras
calledtheHydrologicCycle.

When precipitationfalls, part of the water runs off into
naturalchannelspartof it evaporatesandthe remainder
seepor infiltratesinto the ground.The amountof water

Condensation

Precipitation
Evaporation

Groundwater
recharge

thatpercolategartherinto thegroundwatersupplydepends
on the type of soil it must passthroughand how much
wateris retainedin theroot zone.Plantsretainthe water
in theroot zoneandreleasdt backto the atmospheras
transpiration.Percolationis the mostcommonmeansof
rechargingyroundwatersupplies.

GROUNDWATER SUPPLIES

Waterwill continueto percolatedown throughthe earth
until an imperviousstratumis reached An impervious
stratumis alayerof materialin theearththatwill notallow
waterto passthroughit. This materialis usuallymadeof
rockformationor clay.As thewaterreachesheimpervious
stratumjt will beginto collectandsaturatehesurrounding
soil, forminganaquifer.lt isacommonbeliefthatthewater
guality of anaquiferis constanthroughouthe aquifer.In
fact, thewaterquality canchangedramaticallywithin the
confinesof agivenaquifer.Thiscanbeattributedto changes
in themediumor mineraldepositsn thezoneof saturation.
Aquifers are generallyclassifiedas Water Table
(unconfinedyandArtesian(confined).
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Figure 11.1- Groundwater& The Hydrologic Cycle
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WATER T ABLE AQUIFER

An aquiferthatis formedfrom asingleimperviousstratum
andhasanuppersurfacethatis freeto rise andfall with

seasonathangesof rechargerate is known as a water
tableor unconfinedaquifer.This conditionallowsthefree
flow of waterin theaquifergenerallyin thesamedirection
as surfacewater. The water level in a well locatedin a
watertableaquiferwill notrise abovetheinitial point of

encounter.

A perchedaquiferis avery small,unconfinedaquiferthat
doesn'tontainmuchwaterandis only rechargedy local
precipitation.

ARTESIAN WELLS

Artesianwells originatefrom groundwatethatis trapped
betweentwo imperviousstrata(SeeFigure11.2).As the
waterflows betweerthesestratait becomegonfinedand,
as rechargecontinues,the water backs up creating
pressurizedonditionsn theaquifer. Waterin awell located
in anartesiaraquiferwill riseabovethepointatwhichit is

first located.If the waterrisesto the surfaceit is a free-

flowing artesianwell. If not, it is called a nonflowing

artesianwell.

TyPESOF GROUND WATER FORMATIONS
Thesaturatiorzoneof anaquifermaybeanyoneof several
differentmaterials Most aquifersoccurin formationsof
sand or gravel. Others may be found in limestone,
dolomite, sandstoneshale,clay, or evensilt. The type
of formationwill influencethe waterquality andyield of
awell.

WaTter WELL LocaTion

Severalfactorsareinvolvedin selectinga site for a new
well. The mostimportantof theseis finding adequate
guantitiesof waterthatwill meetSDWAdrinkingstandards
with theminimumamountof treatmentPotentialpollution
of thewatersupplyis anothemajor concernEconomics
relatedto purchasingeasementand connectingto the
systemandpopulationor demandwithin the systemwill
also be factoredinto the decision.Finally, politics can
becomeanissuein somecases.

Consultingengineersvill rely onwell logsfrom otherwells
in the area,geologicaldata,andtestholesto determine
wherethe bestchanceof finding the appropriateguantity
andquality of waterexists But eventhen,drilling awater
wellis still ahit or missproposition.

SaNiTaARY CONSIDERATIONS

Sanitaryhazardsnustbeconsideredvhenlocatingawell.
NMED should be consultedregardingrequirements
concerningvell location,especiallyvith regardgo potential
source®f pollution. Theminimumdistancdrom awell to
a potential pollution sourceshouldbe at least200 feet.
Potentiallyhazardousonditionssuchaspetroleunstorage

areaschemicalor radioactivedisposakites,andindustrial
wastetreatmenftacilities mayrequirespecialconsideration
asfar aswell locationis concernedwWellsshouldneverbe
locatedn al00-yearflood plain.

WaTeEr WELL CONSTRUCTION

Waterwells maybe classifiedaccordingto the methodof
constructionThetype of constructiorwill dependonthe
depth of the well, the geological formationsto be
encounteredand the amountof water neededfor the
system.

Smallwells, particularlyprivatewells,maybedugor driven
Public water systemsusually require more water than
eitherdugor drivenwells canproduce Themostcommon
methodof constructionusedby public water systemss
thedrilled well. Thesewellsareideally suitedto deepwater
bearingformationswherelargeryieldsareavailable This
type of well, when properly constructedoffers good
protectionagainstcontaminationfrom the surface Two
differentmethodf constructingirilled wellsarethecable
tool or percussiomethodandtherotarydrilling method

CasLE TooL METHOD

Theimpactscreatedoy raisinganddroppinga heavydrill
bit andstemcrushesnddislodgegiecesf theformation
asthewell is drilled. Theup anddownmotionof thedrill
bit mixesthecuttingswith waterto form slurryandabailer
is usedperiodicallyto removetheslurry.A baileris made
of a10to 20foot sectionof pipewith afoot or checkvalve
atthebottom.Thecasings usuallyputin placeasthewell
is drilled, especiallyin looseformationssuchassandand
sandyloam.Wellsdrilled by thecabletool methodaremore
likely to haveproblemswith verticalalignmenthanthose
drilled by therotarymethod.

RoTaArY DrRiLLED WELLS

Thesetypesof wells usepowerdrivendrill stemswhich
in mostcasesare hollow. The drill bit is attachedo the
lower endof thedrill stemandbreaksupthe materialasit

advancesWateror drilling mudis pumpeddownthedrill

stemto coolthebit. It alsopicksupthe cuttingsor drilling

finesandcarriesthemto the surface The mixture of mud
cuttingsis dischargedo a settlingpit wherethe cuttings
are removedandthe drilling mud is recirculated When
thewell holeis completedthedrill stemis withdrawnand
thecasingis putin place.

VERTICAL CASING ALIGNMENT

It isimportantthatthecasingsin propetrverticalalignment
whenit is installed Evenaslight misalignmentnaycreate
stresson the pump shaft and bearingsthat can lead to

mechanicafailures.If a casingis misaligned,it may be
necessaryo install a submersiblevell pumpinsteadof a

line shaftpump. This maybetheonly solutionto chronic
line shaftfailuresin amisaligneccasing.Thereareseveral
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Figure 11.2- Artesian& WaterTableAquifers
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